DRAFT GEOTECHNICAL STUDY
ARRC NORTHERN RAIL EXTENSION
TANANA RIVER CROSSING
SALCHA, ALASKA

MAY 2008

Submitted To:

TNH-Hanson, LLC

911 West 8" Avenue, Suite 300
Anchorage, Alaska 99501

By:

Shannon & Wilson, Inc.

2355 Hill Road

Fairbanks, Alaska 99709-5326

31-1-02056-008



SHANNON & WILSON, INC

TABLE OF CONTENTS
Page
1.0 INTRODUCTION . ....oittititiitisiieiieiete ettt bbbttt e bbbt e b be b s e 1
11 PUIPOSE @NA SCOPE ...ttt b ettt sn e sbeebenneenns 1
1.2 Project Understanding and HiStOIY ........cccooiiiiiiiiieir e 1
1.3 Summary of WOrk Performed ..o 1
2.0  FIELD EXPLORATIONS ....ooiitiiiiiiiieie ettt bbb 2
2.1 ACCESS AN PEIMITLING ...c.veiiiiiieiiiie e e 2
2.2 ACCESS CONSLIUCTION ...ttt bbb bbb 3
2.3 FIeld EXPIOTAtIONS ....c.eoiiiiieiie ettt e 3
A I Lo 1o =1 (0] VN 1= [ o PSS 5
2.5  Shear Wave VeloCity MEasUIEMENTS .........ccceeiiiierieieeiesiesiee e 6
3.0 GENERAL GEOLOGIC AND SEISMIC SETTING.......ccecctiiiiiiiininieieenie e 6
X T8 R ©1-To] oo [0S T=1 1] T TSR 6
T 1= [N 401 TR T 1 4o o USSR 7
4.0 SURFACE AND SUBSURFACE CONDITIONS ..ottt 9
50 EARTHQUAKE HAZARDS........cot ittt st 10
5.1 Earthquake Hazards............ccooiiiiiiiieic e 10
5.2 SeisSMIC Ground IMOLION ........ccueiiiiriiieii e 11
5.3 SOIl LIQUETACTION ......ooiiiiiiiieitee e et 14
5.4  Seismically Induced SettlemENnt ...........coovveiiiieiiieie e 15
5.5 Lateral SPreading ........ooeeiiiii i 16
56  Fault SUrface RUPLUIE.......ccviiecie et 16
5.7 SeISMIC PeIfOIMANCE.........oiiiiiiie ettt 17
6.0 CROSSING FOUNDATION RECOMMENDATIONS ......cccoiiiiiiiiiiieieene e 17
6.1  Allowable Pile CapaACILIES ........ccveiieiiiiiiiiece e 18
6.2 L-Pile Parameters and Lateral LOAAS .........cccovveieeieiienieie e 19
6.3 Driven Pile ReCOMMENUALIONS........cciiiiiiiiiiieieie e 20
6.4 TESEPIE PrOQIaM ....oviiiiiiiciieiieiet ettt 22
7.0 LIMITATIONS ..ottt b et b e b et e ettt beabeene e 23
REFERENGCES ...ttt ettt beateeseesa e st e e a e tesaesneateaneanaenens 25
31-1-02056-008



TABLE OF CONTENTS (cont.) SHANNON & WILSON, INC

Table No.

Figure No.

P OO ~NO O~ WN PR

Appendix No.

mooOw>

LIST OF TABLES

Summary of Uncorrected Blow Count Values and Liquefaction Potential for
AREMA Ground Motion 1

Summary of Uncorrected Blow Count Values and Liquefaction Potential for
AREMA Ground Motion 2

Summary of Uncorrected Blow Count Values and Liquefaction Potential for
AREMA Ground Motion 3

Summary of Average Uncorrected Shear Wave Velocity and Liquefaction
Potential for AREMA Ground Motions 1, 2, and 3

L-Pile Group Reduction Factors

LIST OF FIGURES

Site Plan and Boring Locations

Summary of Shear Wave Velocity Versus Depth

Summary of Blow Counts Versus Depth

Fairbanks and Salcha Seismic Zone Seismicity

Project Location and Local Seismicity

Profile of Uncorrected Blow Counts and Liquefaction Potential

Profile of Uncorrected Average Shear Wave Velocity and Liquefaction Potential
Allowable Pile Bearing Capacity Static and AREMA Ground Motion 1
Allowable Pile Bearing Capacity Static and AREMA Ground Motion 2
Allowable Pile Bearing Capacity Static and AREMA Ground Motion 3

LIST OF APPENDICES

Soil Classification System and Exploratory Boring Logs

Grain Size Analysis Test Results

Shear Wave Velocity Measurement Report

Project Photographs

Important Information About Your Geotechnical/Environmental Report

31-1-02056-008



SHANNON & WILSON, INC

DRAFT GEOTECHNICAL STUDY
ARRC NORTHERN RAIL EXTENSION
TANANA RIVER CROSSING
SALCHA, ALASKA

1.0 INTRODUCTION
1.1 Purpose and Scope

This draft report presents the results of our geotechnical study for the proposed Alaska Railroad
Corporation (ARRC) Tanana River Crossing in the Salcha area of Alaska. The proposed crossing
will be an initial portion of the ARRC Northern Rail Extension project. The crossing will be
designed for future rail and military vehicle access to training areas on the south side of the
Tanana River. The purpose of the study was to characterize subsurface conditions at the site and
provide geotechnical design foundation recommendations for a crossing structure.

1.2 Project Understanding and History

The river at the proposed crossing is approximately 3,800 feet wide. We understand the crossing
structure will be on the order of 3,200 to 3,600 feet long. Concept-level design, which we
completed in 2007, outlined a pile-supported structure with spans on the order of 100 feet to
151.5 feet. The crossing will be designed to meet the requirements of the American Railway
Engineering and Maintenance-of-Way Association (AREMA) Manual and the January 16, 2004,
Military Unified Facilities Criteria (UFC) Manual for Railroad Design and Rehabilitation (UFC
4-860-01FA).

1.3 Summary of Work Performed

The proposed crossing alignment was explored with a series of 10 borings drilled to depths
ranging from 50 feet to 150 feet. Soil samples collected during drilling were tested in our
laboratory for classification purposes and to characterize their engineering index properties.
Three borings were cased and down-hole shear wave velocity testing was conducted to better
quantify liquefaction potential in soil zones where large gravel or cobbles may have skewed
blow count data.
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Access to the boring locations was via a temporary road across bars and active channels in the
riverbed. Localized areas of ice over active winter river channels were thickened to support
drilling equipment. Access was constructed in late February 2008. Exploratory drilling occurred
in March 2008.

Securing temporary-use permission by our team to access the planned drill sites across private
land was difficult, so an alternate access route across public lands was used. Two planned drill
sites on the northeast bank could not be drilled due to private land access restrictions.

The geotechnical exploration and design study for this project was completed in general
accordance with our proposal dated November 28, 2007, and authorized by TNH-Hanson, LLC
in a letter dated January, 15, 2008.

2.0 FIELD EXPLORATIONS
2.1 Access and Permitting

Several access routes to the proposed crossing, including private property, were considered in the
planning phases for the project. Charlie Parr of Landfield Services was retained to assist in
determining land status for potential access routes to the river. Final access avoided private lands
via the Old Richardson Highway/Valdez Trail through an opening across state road right-of-way
(ROW) to Piledriver Slough adjacent to the road, and along the bottom of the slough to the
Tanana River. We retained Brice, Inc. (Brice) to construct access to the drill sites.

Permits to complete our field exploration program were obtained from the Alaska Department of
Transportation and Public Facilities (ADOT&PF) and the Alaska Department of Natural
Resources (ADNR), with agency input from the Alaska Department of Fish and Game (ADFG).
Our exploration program was completed under the United States Army Corps of Engineers
Nationwide Permit for survey activities, which includes core sampling. We conducted access and
field exploration activities in accordance with permit conditions and our plan submitted to the
aforementioned agencies.

Access to Piledriver Slough was gained via snow ramps with minimal brush clearing; however,
unauthorized additional clearing of the access to Piledriver Slough was conducted by a local
landowner as described below.
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The property on the southwest side of Piledriver Slough, at the point of access from the Old
Richardson Highway/Valdez Trail, is owned by David L. Peterson. As a courtesy, Brice offered
the use of their 450 dozer to Mr. Peterson, as Mr. Peterson wanted to clear a building site on his
property. In addition to clearing a building site, Peterson also used the dozer to clear access to his
property in the ROW between the Old Richardson Highway and Piledriver Slough and from the
slough to his property on the southwest side of the slough. Photographs in Appendix D document
the access Mr. Peterson cleared on both sides of the slough (Figures 2 through 4). We promptly
notified Mr. Stuart Pechek, ADNR, of the unauthorized clearing work along the slough banks.

2.2 Access Construction

We accessed the drill sites primarily across bars and dry channels of the Tanana River. Access
generally consisted of compacting snow and building snow approach ramps into channels. We
limited the ice road construction and localized it to active winter channels of the Tanana River
where the ice was too thin to support equipment. It was not necessary to construct an ice road
along Piledriver Slough.

The ice road was constructed by clearing snow off the existing ice cover and pushing it into
berms along the edge of the road. The area between the berms was flooded with water and
allowed to freeze, to create a section of ice capable of supporting the drilling equipment. Water
was pumped from augured holes in ice covering active winter channels to construct the ice road.
The snow approach ramps and snow berms were removed after the drilling was completed and
before spring breakup. Before and after pictures of access, snow ramp, and ice road construction
are shown in Appendix D.

Access to two borings on the southwest bank of the Tanana required clearing a trail through
brush and trees. The cleared brush and trees were spread over the clearing upon completion of
drilling.

23 Field Explorations

The subsurface exploration program for this project consisted of drilling 10 borings along the
proposed crossing alignment. Four borings were drilled to depths of approximately 50 feet, five
to approximately 150 feet, and one to approximately 80 feet. A site plan with boring locations
and our access route is shown in Figure 1. The boring locations and depths are summarized in the
following table:
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BORING INFORMATION
GPS Location (WGS84) Depth
Boring | Latitude | Longitude (ft)
08-1 N64.55486 | W147.08188 | 51.5
08-2 N64.55540 | W147.08058 | 151.1
08-3 N64.55686 | W147.07768 | 151.0
08-4 N64.55768 | W147.07650 | 51.5
08-5 N64.55864 | W147.07455 | 81.5
08-6 N64.55998 | W147.07228 | 154.2
08-7 N64.56131 | W147.06984 | 50.5
08-8 N64.56170 | W147.06930 | 151.5
08-9 N64.56334 | W147.06614 | 151.5
08-10 N64.56366 | W147.06568 | 49.2

SHANNON & WILSON, INC

Boring locations were initially staked in the field by PDC Engineers. The coordinates shown in
the above table were obtained by our field personnel using a handheld GPS unit at the time of
drilling.

Our initial drilling plan scheduled two borings on the northeast bank of the Tanana River, but
because of access conditions and private land access limitations, these borings were relocated
into the river channel. We placed two drill sites on the southwest bank of the Tanana River and
the remaining drill sites in the river channel. No drilling occurred over water. We disposed of
drill cuttings outside the river channel on the southwest bank upon completion of drilling.

We conducted our drilling between March 5 and March 28, 2008, after site access was
constructed. The field explorations were accelerated by working two 12-hour shifts per day to
complete our field exploration activities prior to spring breakup and before ice conditions
deteriorated. Geotechnical engineers Charles Schulz and Mathew Billings and geologist Peter
Grey supervised the drilling operations and logged subsurface conditions encountered in the
borings. Logs of the conditions encountered in the borings are presented in Appendix A.

Drilling was subcontracted to Homestead Drilling Company. The borings were generally drilled
using a truck-mounted Mobile B-61 and an Acker ADII drill rig equipped with an 8-inch O.D.
(outside diameter) hollow-stem auger. The augers were stemmed with mud to help control heave
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and minimize disturbance of the in situ soil prior to sampling. As the borings progressed,
samples were generally obtained at 2%2-foot intervals to a depth of 20 feet, 5-foot intervals to a
depth of 50 feet, 10-foot intervals to 70 feet, and 15-foot intervals thereafter. Samples were
obtained by driving, a 3-inch O.D. by 2%-inch 1.D. (inside diameter) split-spoon sampler driven
into the soil at the base of the auger. The sampler was driven using a 340-pound safety hammer
falling 30 inches onto the drill rods. The blows required to drive each 18-inch sample were
recorded. The number of blows required to advance the sampler the final 12 inches of the 18-
inch sample is termed the penetration resistance or blow count. The penetration resistance is a
measure of the relative consistency of unfrozen fine-grained, cohesive soils and the relative
density of unfrozen granular soils.

Boring 08-2 was advanced to a depth of 80 feet with an open-hole mud-rotary technique using a
tricone bit and bentonite slurry. The technique was abandoned because of problems with
sloughing soil conditions. The remaining borings were advanced using hollow-stem augers.

We used an automatic hammer to advance the split-spoon samplers in Boring 08-10. Hammer
reliability and data quality became a concern, so we replaced the automatic hammer with a
standard safety hammer. The safety hammer was used to advance the split-spoon samplers in the
remaining borings.

The 2%-inch 1.D. of the split-spoon sampler limited the size of soil particles that could be
sampled, therefore, an additional bulk grab sample (roughly10 gallons) was collected at the
surface near Boring 08-6 for gradation analysis. The grab sample was designated SGS-1.

Geotechnical samples recovered using the techniques described above were examined and
visually classified in the field, sealed in plastic bags, and returned to our laboratory in Fairbanks
for testing. A description of our soil classification system is presented in Appendix A.

24 Laboratory Testing

The visual classifications of samples were reviewed, and selected samples were prepared for
testing in our laboratory. Testing was conducted in general accordance with ASTM International
(ASTM) procedures. The following table summarizes our testing program. The moisture content
test results are plotted on the logs in Appendix A; gradation test results are shown in Appendix B.
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LABORATORY TESTING PROGRAM

Test Description ASTM Method | Number of Tests
Moisture Content D2216 14
Grain Size Analysis (No. 200 to 3 inch) | C136/C117 53

2.5  Shear Wave Velocity Measurements

Downhole compression and shear wave velocity was conducted in three of the borings. The
velocity measurements were conducted in Borings 08-2, 08-6, and 08-9 on March 14-16, 2008.
The measurements were made by GeoRecon International of Seattle, Washington, under
subcontract to Shannon & Wilson. Upon completion of each of the three borings, a 2-inch-
diameter schedule 40 polyvinyl chloride (PVVC) pipe was installed and grouted in the boreholes.
Compression and shear wave velocity measurements were made throughout the depth of the
casing by the procedures described in GeoRecon’s report, presented in Appendix C. The
measured shear wave velocity profiles are plotted in Figure 2. The blow count and shear wave
velocity data aid in classifying the site in terms of the potential risks associated with geotechnical
earthquake hazards (i.e., soil liquefaction, seismically induced soil settlement, loss of soil
strength, and lateral spreading).

3.0 GENERAL GEOLOGIC AND SEISMIC SETTING
3.1 Geologic Setting

The proposed crossing is at the northern edge of the Tanana Lowlands near the base of the
Yukon-Tanana uplands, approximately 28 miles southeast of Fairbanks in the relatively flat,
Tanana River basin. The basin is filled with alluvial deposits of gravel, sand, and silt of fluvial
and glacio-fluvial origin. The Tanana River and its southern, glacier-fed tributaries from the
Alaska Range have pushed the Tanana River against the lower foothills of the Yukon-Tanana
uplands. These alluvial deposits range in thickness from a few feet to an excess of 400 feet to
500 feet near the Tanana River. In the Eielson-Salcha area, soils in the lowlands typically consist
of interbedded alluvial sands and gravels covered by silty overbank deposits and organic-rich
slough deposits in former river channels.
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Though most of the northern portion of the North American continent was covered with ice
during the last ice age, only localized areas of the Yukon-Tanana uplands north of the site were
glaciated. As a result, the deep alluvial deposits of the Tanana River floodplain have not been
glacially-overridden and are normally consolidated.

The project is in a discontinuous permafrost zone. Permafrost is defined as material that has been
colder than 32 °F (0 °C) for at least two consecutive years. The presence of permafrost is
widespread in the area, although its nature and occurrence varies. Permafrost ground
temperatures in the area are generally only a few tenths of a degree below freezing. Removal of
trees and insulating ground cover generally leads to degradation of the near-surface permafrost.
While discontinuous permafrost may be found in vegetated areas on the river banks, river
channels and deep lakes in the Interior are typically free of permafrost.

Seasonal frost depths can exceed 12 feet in areas kept clear of insulating snow cover, such as
roads. In natural undisturbed vegetated areas with thick organic surface cover, seasonal frost
depths may be less than 2 feet.

3.2 Seismic Setting

The interior of Alaska has been subjected to numerous moderate earthquakes and occasional
strong shocks during the region’s 200-year recorded history. This seismicity is the result of
interaction between the Pacific and North American plates, over 300 miles the south of the
project site. The northwestward movement of the Pacific Plate relative to the North American
Plate results in a transform boundary with associated right-lateral strike slip faults parallel to the
continental margin along southeast Alaska; a convergent, plate-boundary subduction along the
western portion of the Gulf of Alaska and the Aleutians; and a transition zone between the
transform and subduction zone in the central portion of the Gulf of Alaska.

The northwestward movement of the Pacific Plate produces stresses in the overlying North
American Plate that are transmitted into the interior of Alaska. It is postulated that the relatively
thick, rigid portion of the North American Plate along the transform and transition zone
effectively transmits the stresses generated at the edge of the North American Plate into the
interior of Alaska, resulting in deformations and historic seismicity within the interior (Page et
al., 1991). The stress and a significant portion of the resulting strains are accommodated on a

31-1-02056-008



SHANNON & WILSON, INC

series of arcuate, right-lateral shear systems of continental scale through the interior that roughly
parallel the continental margin along the Gulf of Alaska.

The project is in the Tanana Lowlands, which is situated between the Denali system,
approximately 70 miles south along the Alaska Range, and the Kaltag-Tintina system,
approximately 100 miles north. As demonstrated by the November 3, 2002, magnitude My 7.9
Denali Fault earthquake, these systems are active and, although relatively distant from the
proposed crossing, capable of generating large earthquakes. The November 3, 2002, magnitude
My 7.9 Denali Fault earthquake, the largest inland earthquake in North America in almost 150
years, was felt widely throughout central and southern Alaska and resulted in minor liquefaction
in the Fairbanks area. The peak horizontal ground acceleration of this event recorded on bedrock
at the University of Alaska campus in Fairbanks was 0.09g.

While there are relatively few known or postulated active faults (faults with known or suspected
Quaternary movement) within the Tanana Lowlands, moderate to large earthquakes have
occurred within this area. In the last 100 years, there have been at least seven earthquakes of
magnitude 6.0 or greater within the Tanana Lowlands. Fletcher and Christensen (1996) showed
that the two largest events were the July 22, 1937, magnitude (M) 7.3 event, approximately 3
miles northwest of the proposed crossing, and the October 16, 1947, magnitude (Ms) 7.2 event,
approximately 40 mile southwest of the site, as shown in Figure 4. They also indicated the depths
of these events were less than 6 miles. Other large earthquakes within the Tanana Lowland and
in the vicinity of the project include the August 27, 1904, magnitude (m,) 7.3 event, located
approximately 30 miles west-northwest of the site.

There are no mapped faults with surface expression and known or suspected Quaternary
movement (i.e., movement within the last 3 million years) within approximately 60 miles of the
project area (Plafker et al., 1994). The nearest mapped fault is a northeast-trending, unnamed
structure, the south end of which is approximately 2 miles southeast of the project; this fault has
no evidence of Quaternary movement (Plafker et al., 1994). However, instrument-recorded
seismicity suggests fault zones beneath the Tanana Lowlands for which no surface expression
has been observed. These zones appear as northeast linear trends and include the Minto Flats,
Fairbanks, and Salcha seismic zones. The proposed Tanana River Crossing is near the Salcha
Seismic Zone (SSZ), as shown in Figures 4 and 5. The July 22, 1937, magnitude (M) 7.3
earthquake appears to have been in the SSZ near the proposed crossing. Instrumentally recorded
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earthquakes in these zones typically indicate left-lateral, strike-slip motion (Page et al., 1995;
Ratchkovksi and Hansen, 2002).

Page and others (1995) hypothesize that the Tanana Lowlands consist of a series of structural
blocks undergoing clockwise rotation between the right-lateral shear systems to the north
(Kaltag-Tintina system) and south (Denali system). The Minto Flats, Fairbanks, and Salcha
seismic zones occur at the edges of these blocks, where the clockwise rotation results in left-
lateral motion between the blocks, consistent with the motions determined for the instrumental
seismicity.

The July 22, 1937, magnitude (M) 7.3 earthquake near the proposed Tanana River Crossing was
widely felt throughout central Alaska and produced extensive ground failures in the epicentral
area but no evidence of faulting at the ground surface. An abridged account of the damage from
Seismicity of the United States, 1568-1989 (Revised) follows:

Only slight damage was caused by this major earthquake because the epicentral
area was sparsely populated. Fairbanks sustained considerable minor damage,
consisting mostly of broken windows and loss of merchandise in stores. Slight
damage also was reported at Anchorage, about 580 kilometers south of Fairbanks.
At Salcha Bluff, southeast of Fairbanks, the highway was blocked for several
meters by a landslide; near there, mud boils appeared and cracks as wide as 38
centimeters were formed. Water in the nearby slough rose considerably above its
normal level and did not subside for several days.

At Mile-33 Station of the Alaska Road Commission, a two-story log structure was
knocked askew and several windows were broken. About 22 kilometers from
Fairbanks, small cracks formed in the road, and near the Mile-18 Roadhouse, silt
and sand from many cracks covered the highway. The main earthquake was felt
over most of central Alaska. Aftershocks occurred for several months.

4.0 SURFACE AND SUBSURFACE CONDITIONS

The Tanana is a wide, highly braided river consisting of numerous channels and bars. The river

at the proposed crossing is approximately 3,800 feet wide. At the time of our study, the majority
of the riverbed was dry; active winter flow was limited to a few relatively narrow channels. The
active channels were covered with ice except for an open lead on the southwest side of the river.
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The drilling for this project was completed on dry, snow-covered bars within the channel of the
river, except for two borings (08-1 and 08-2) completed on the southwest bank of the river.

The Tanana River channel and its bars are generally free of vegetation. The southwest bank is
vegetated with a mix of small-diameter aspen and spruce and brush. The northeast bank is
vegetated with large white spruce and brush.

The soils encountered in our exploratory borings consisted of alluvial deposits of relatively
clean, medium-dense to dense sandy gravels and gravelly sands with scattered cobbles and
occasional layers of fine to medium sands. The silt content of these deposits generally ranged
from trace to slightly silty. In borings 08-1 and 08-2 on the southwest bank, approximately 2 feet
of silt with organics occurred at the surface, overlying the sands and gravels. In boring 08-5,
approximately 1.5 feet of silt was encountered at the surface.

We did not encounter permafrost in our explorations. In the river channel, seasonal frost
extended to depths of 2.5 feet to 12 feet. On the southwest bank, seasonal frost was encountered
to depths of 2.5 feet and 3 feet in borings 08-2 and 08-1, respectively. We encountered 4 feet, 2
feet, and 1 foot of surface ice at borings 08-3, 08-8, and 08-10, respectively.

During drilling, the groundwater table was at depths ranging from 3 feet to 6 feet in the borings
within the channel, and at roughly 4.5 feet in the borings on the southwest bank. The water levels
will fluctuate seasonally. Highest water levels should be anticipated at breakup and during the
summer when rainfall combines with melting snow and ice in the headwaters. Groundwater
levels are expected to drop throughout the late fall and winter months, reaching their lowest
levels before spring breakup. We expect the levels encountered at the time of field exploration
work were near seasonal lows.

5.0 EARTHQUAKE HAZARDS
5.1 Earthquake Hazards

The project is in a seismic area where major earthquakes can and have occurred. Earthquake-
induced geologic hazards that may affect the site include landsliding, ground surface fault
rupture, soil compaction and resulting settlement, and liquefaction and associated effects (e.g.,
loss of shear strength, bearing capacity failures, loss of lateral support, ground oscillation, and
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lateral spreading). Using the ground motions developed below, we assessed potential earthquake-
induced geologic hazards at the site.

5.2 Seismic Ground Motion

The AREMA code identifies three earthquake ground motions and associated performance
criteria to be considered in the design of new rail and crossing structures:

1. Ground Motion 1 (Serviceability Limit State) represents an occasional event with an
average return period of 50 to 100 years and a reasonable probability of being exceeded
during the life of the structure. Moderate damage to tracks, structures, signals, and
communications is expected, which may require temporary speed restrictions. As a result
of Ground Motion 1, only moderate damage that does not affect the safety of trains at
restricted speeds is allowed. Crossing structures should not suffer any permanent
deformation due to settlement or liquefaction in the foundation soil.

2. Ground Motion 2 (Ultimate Limit State) represents a rare ground motion event with an
average return period of 200 to 500 years and a low probability of being exceeded during
the life of the structure. Heavy damage to tracks, structures, signals, and communications
is expected, which can be economically repaired. Track or structures may be out of
service for short periods of time. As a result of a Ground Motion 2 event, the strength and
stability of critical crossing members shall not be exceeded. Displacement, ductility, and
detailing requirements should be satisfied to reduce damage and loss of structural use.
The damage that would occur should be controlled, readily detectable, and accessible for
repair. The structure should not suffer damage that threatens the overall integrity of the
crossing due to deformations or liquefaction in the foundation soil.

3. Ground Motion 3 (Survivability Limit State) represents a very rare or maximum credible
event, with typical return periods of 1,000 to 2,400 years and a very low probability of
being exceeded during the life of the structure. Severe damage or failure of tracks,
structures, signals, and communications is expected, requiring new construction or major
rehabilitation. Track or structures may be out of service for an indefinite period of time.
As a result of a Ground Motion 3 event, extensive structural damage, short of crossing
collapse, is allowed. Failures in the foundation soil shall not cause major changes in the
geometry of the crossing. Depending on the importance of the crossing, the ARRC may
allow irreparable damage for the survivability limit state.

31-1-02056-008
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SUMMARY OF GROUND MOTION LEVELS

AREMA Average
Ground Motion Return Period
Level Frequency (Years)
1 Occasional 50-100
2 Rare 200-500
3 Very Rare 1,000-2,400

Seismic ground motions are typically determined from base acceleration coefficient maps
presented in AREMA. However, AREMA maps only cover the 48 contiguous states and Canada.
AREMA Chapter 9, 1.3.2.3, allows other maps to be used as long as they are based on accepted
methods.

Earthquake ground motions developed for this study are based on regional probabilistic seismic
hazard analyses and mapping conducted by the United States Geological Survey (USGS) (e.g.,
Wesson et al., 1999). From the USGS study, deaggregations of the probabilistic peak ground
acceleration for rock (PGA.ck) for a 50-percent probability of exceedance in 75 years (108-year
return period), a 10 percent probability of exceedance in 50 years (475-year return period), and a
2 percent probability of exceedance in 50 years (2,475-year return period) were obtained. The
distance and magnitudes (My,) of potential earthquakes from each seismic source contributing to
the ground motion hazard for each return period are available from the deaggregation. The
deaggregations show probabilistic contributions to the peak ground motion at the proposed
crossing are dominated by local sources.

The USGS probabilistic ground motion maps were revised in 2007; however, deaggregations for
the revisions are not yet available. The maps are too coarse to determine changes to the ground
motions in the Salcha area. In a table of selected ground motion values for various cities in
Alaska, the PGAo for Fairbanks has decreased 5 percent compared to 1999. For these studies,
we used the 1999 values.

We note that the USGS studies for Alaska (Wesson et al., 1999 and the 2007 revision) did not
explicitly consider Salcha or other seismic source zones in the Tanana Lowlands as discrete
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seismogenic sources. For the purposes of preparing the probabilistic seismic hazard model,
uncharacterized and unrecognized faults are represented by spatially smoothed seismicity across
the region. Based on the historic seismicity record, an earthquake of magnitude 7.3 has occurred
on the SSZ (The October 16, 1947, event) near the proposed crossing. Accelerations based on the
occurrence of an historic earthquake on the SSZ may be larger than the probabilistic-based
motion estimates by Wesson et al. (1999). We also note that AREMA Chapter 9, 1.4.4.3, states
for areas with soft soil conditions and high seismicity, or close proximity to known faults, use of
a site-specific response spectrum is preferred.

Given the relatively stiff nature of the site soils, it is our opinion that code-determined soil
response factors are suitable for the site. However, because the base acceleration maps used for
this project did not explicitly consider the SSZ, seismological effects such as directivity and
near-source effects may result in higher base accelerations. We recommend considering these
seismological effects in the final geotechnical report.

AREMA provides a method to determine the ground motion return period for each of the three
limit states (serviceability, ultimate, and survivability) falling within the ranges previously
described. The ground motion return period is a function of the importance of the structure and
seismic risk, determined by three measures: immediate safety, immediate value, and replacement
value. The return periods available from the USGS probabilistic seismic hazard mapping
approximate the upper end of the ranges for the three ground motion levels considered in
AREMA. For the purposes of this study, we conservatively selected the USGS motions to
represent the three AREMA motions. Ground motions for return periods determined by explicit
consideration of specific importance factors can be provided at your request.

The peak rock ground accelerations obtained from the USGS were modified by empirical
amplification factors, corresponding to soil conditions, to obtain the seismic response of the site
(i.e. soil motions, PGAg;). Based on explorations and our knowledge of the area, it is our
opinion that the soils at the crossing are consistent with AREMA Soil Type 2. Soil Type 1
includes stable deposits of sand, gravel, and stiff clays less than 200 feet thick; Soil Type 2
includes these deposits more than 200 feet thick. The precise depth of bedrock at the site is
unknown but is likely more than 200 feet. For this project, we assumed Type 2 conditions to
develop soil motions. As such, the ground motions for the three limit states were multiplied by a
factor of 1.2. The following table summarizes the base ground accelerations developed for this
study and the resulting peak soil accelerations (PGAsi).
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DESIGN GROUND MOTION PARAMETERS

AREMA
Ground Probability of Return Magnitude Amplification
Motion Level Exceedance Period (M) PGA ok Factor PGA.i
1 50% in 75 yrs 108 yrs 6 0.09 1.2 0.11
2 10% in 50 yrs 475 yrs 6.5 0.20 1.2 0.24
3 2% in 50 yrs 2,475 yrs 7.3 0.39 1.2 0.47

53 Soil Liquefaction

We evaluated the liquefaction potential in the granular soils underlying the site using two
methods. The first method considered the procedure described in Youd, T.L. et al (2001),
Liquefaction resistance of soils: summary report from the 1996 NCEER and 1998 NCEER/NSF
workshops on evaluation of liquefaction resistance of soil. The procedure, also referred to as the
simplified procedure, uses standard penetration test (SPT) resistance (i.e., blow counts) to assess
liquefaction resistance against earthquake ground motions. Tables 1, 2, and 3 summarize the
blow counts for which liquefaction is predicted for ground motions 1, 2, and 3, respectively.
Minor liquefaction below 60 feet for Level 3 ground motions is not shown due to uncertainties in
the analyses at these depths. A plan and profile of blow counts and liquefaction potential is
shown in Figure 6.

We note the blow count data obtained during drilling was not taken in accordance with the SPT
used in the analyses. The SPT uses a 140-pound hammer to drive a 2-inch O.D. split-spoon
sampler rather than the 340-pound hammer and 3-inch O.D. sampler used in our explorations.
The larger sampler was used to obtain better samples and reduce the chance of artificially high
blow counts in gravelly soils. Based on correlations in the Foundation Engineering Handbook
(Winterkorn and Fang, 1990), the blow count obtained using the larger hammer and sampler
combination is approximately equivalent to the SPT blow count in cohesionless soils. Even
though a larger sampler was used, we anticipate some of the blow counts obtained for this study
may be artificially high because of the gravel.

The second method, developed by Andrus and Stokoe (1979, 2000), uses field measurements of
shear wave velocity (Vs) as an index of liquefaction resistance. The shear wave velocity method
follows the general format of the simplified procedure, and was completed for this study because
we were concerned blow counts might be skewed high due to large gravel particles, even though

31-1-02056-008
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a larger-than-standard sampler was used. Table 4 summarizes uncorrected shear wave velocities
for which liquefaction is predicted for ground motions 1, 2, and 3, respectively. A plan and
profile of shear wave velocity and liquefaction potential is shown in Figure 7.

The analyses based on penetration resistance shows that liquefaction is triggered in only one
sample for Level 1 ground motions, liquefaction is predicted in three samples above the 10 foot
depth for Level 2 ground motions, and more widespread liquefaction is predicted for Level 3
ground motions above the 20-foot depth and isolated pockets below the 20-foot depth. We note
the borings are generally widely spaced; correlating liquefaction zones from boring to boring is
probably not accurate.

The analyses based on shear wave velocity measurements support the analyses based on
penetration resistance values showing liquefaction is primarily a concern at depths of less than
20 feet for Level 3 ground motions.

5.4 Seismically Induced Settlement

An associated effect of earthquake shaking is densification of the soils and potential settlement
of the ground surface. The relationships by Tokimatsu and Seed (1987) and Pradel (1998),
relating earthquake ground motion and penetration resistance with volumetric strain, were used
to make an estimate of the magnitude of ground settlement that may occur at the Tanana River
Crossing for the three AREMA ground motion levels. The estimated total free-field ground
settlements that develop above the 60-foot depth for each boring are summarized in the
following table:

ESTIMATED FREE-FIELD EARTHQUAKE-INDUCED SETTLEMENT (INCHES)

Ground
Motion | 08-1 08-2 08-3 08-4 08-5 08-6 08-7 08-8 08-9
Level
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 1 0.6 0.5 0 0.3 0.3 2.3 1.2 0.3
3 2.1 0.8 0.7 0.5 0.7 1.1 3 2.3 0.7
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5.5 Lateral Spreading

Lateral spreading is a phenomenon that can occur in loose to dense saturated, granular soils
beneath even very gently sloping ground surfaces and on level ground near slopes (i.e., free
faces) such as riverbanks or lakes. Due to the potential for scour within the river channel, lateral
spreading is a concern.

We note that limited lateral spreading was recently observed along streams in the Tanana Valley
east of Fairbanks following the 2002 Denali Fault magnitude 7.9 earthquake. The Northway
Runway and portions of the Glenn Highway in the Mentasta area sustained considerable damage
as the result of lateral spreading during the earthquake.

Several investigators have developed predictive relationships for the permanent displacement
produced by lateral spreading. Because the mechanics of cyclic mobility and lateral spreading
are complex and, until relatively recently, poorly understood, these relationships have been
almost exclusively empirical in nature. We considered the predicative relationship developed by
Bartlett and Youd (1992), expanded and corrected by Youd et al. (2002), to make a preliminary
estimate lateral spreading for the AREMA ground-motion levels. Based on this relationship, the
potential for lateral spreading at the Tanana River Crossing could be several feet if continuous
zones of liquefiable soils were present with relatively low blow counts (i.e. corrected blow count
of less than 15). Widespread lateral spreading is not anticipated; however localized areas of
spreading may occur, particularly at Ground Motion 3 levels and perhaps Ground Motion 2
levels. In our opinion, it would conservative but prudent to design for potential lateral spreading
at both the abutments and in-channel piers for ground motion 2 and 3 earthquakes.

5.6  Fault Surface Rupture

We reviewed a geologic map of the area by the State of Alaska Division of Geological and
Geophysical Surveys (Public Data File 96-16) to evaluate the proximity of active faults to the
project. This map shows the Healy Fault approximately 75 miles southwest of the site is the
nearest mapped fault displacing Holocene sediments in the Interior. As we stated, seismicity in
the Fairbanks and Salcha area has historically been aligned in three major north-northeast
trending zones. Little is known about the geological structures that produce this broadly
distributed seismicity. Although there is no conclusive evidence of active faulting in the area, the
relative young age of the floodplain deposits along the Tanana River may limit expression of
underlying faults that result in surface fault rupture during a relatively rare event.
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5.7 Seismic Performance

The primary effects of liquefaction at the site are settlement of embankments, potential
downdrag forces on deep foundations due to ground settlement, and lateral ground
displacements. The following table has been prepared to assist in assessing the potential seismic
performance of the structure for the three ground motion levels:

SUMMARY OF SITE RESPONSE

Ground
Motion
Level Site Response
1 No liquefaction
2 Isolated, discontinuous triggering of liquefaction. Up to

2 inches of free-field ground settlement, minor lateral
ground spreading

3 Widespread liquefaction, up to 3 inches of free-field
ground settlement, lateral ground spreading, and
potential downdrag on abutment piles

6.0 CROSSING FOUNDATION RECOMMENDATIONS

We understand the proposed crossing structure will support both vehicles and rail. At the time of
this report pier design and spacing was conceptual. We also understand crossing supports might
consist of hammerhead piers on 150-centers. Service loads for this configuration (assuming E80
loading) might be on the order of 3,000 Kips vertically. Longitudinal loads (parallel to bridge
centerline) are on the order of 200 kips/pier, and lateral loads (perpendicular to bridge centerline)
are on the order of 200 kips/pier.

Our foundation design analyses considered both driven piles and drilled shafts. We understand
that it is desirable to minimize the number of pile or shaft supports for each pier because of scour
concerns and to reduce the amount debris that may accumulate beneath the pier. For this reason,
large drilled shafts were considered, but they are considered to have more disadvantages than a
driven pile foundation. Drilled shafts require larger specialized equipment, which is not readily
available and can be more expensive. In addition, our preliminary calculations suggest it will be
difficult to support the design loads with a single drilled shaft. Single shafts have less
redundancy than a pile group and therefore require a more conservative design. Within a pile
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group, the load is shared among the piles in the group, so if an individual pile cannot support the
load, the load can be transferred to other piles in the group. The capacity of driven piles can be
economically tested during installation using dynamic pile tests, allowing the design to be
optimized and the potential for more rigorous quality control testing.

We have prepared the following driven pile recommendations for the project. We will revisit the
concept of single drilled shafts if necessary as the design proceeds.

6.1 Allowable Pile Capacities

We developed preliminary allowable pile-bearing capacities in compression based on a
compilation of the soils data. There were no trends in the data suggesting bearing conditions
were predictably different along the crossing. The pile capacities presented in this draft report are
for all the channel piers. Pile capacities at the abutments will depend on the configuration of the
abutments and approach embankments. We note that downdrag and lateral loads due lateral
spreading may develop on piles installed through approach embankment fill depending on site
preparation at the embankments. Capacities for abutment piers will be developed as the design
proceeds and will be incorporated into our final report

The capacities for channel piers were calculated for steel pipe piles with diameters of 3 feet, 4
feet, and 6 feet. The 3-foot and 4-foot diameters capacities were based on closed-end conditions;
the 6-foot diameter pile capacity was based on open-ended conditions. The closed-end driving
will help densify soils around the piles, thereby increasing the unit skin friction of the 3-foot and
4-foot diameter piles.

The capacities consider three different scenarios: static and Ground Motion 1 (GM1), Ground
Motion 2 (GM2), and Ground Motion 3 (GM3). Allowable capacities for static and GM1
conditions were developed using a factor of safety of 2.5. Allowable capacities for GM2 were
developed using a factor of safety of 1.5 and GM3 conditions a factor of safety of 1.0. Estimated
pile capacities are presented in Figures 8 through 10.

We recommend that pile load tests be conducted to verify pile capacity at the site.
Recommendations for a pile load test are discussed in Section 6.4. We recommend that final pile
embedment be established at the time of driving using the Wave Equation Analysis of Pile
Driving (WEAP) as evaluated by our geotechnical engineer. Densification of in situ soils during
installation may result in the piles achieving the required axial capacities at shallower depths
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than indicated by our analyses. The piles should be monitored and not overstressed during
driving.

We understand low-flow scour is estimated to be approximately 26 feet below the top of bank.
We developed the estimated capacities ignoring the contribution of the soils within the scour
zone, which we assumed is 20 feet below the river bed. Liquefaction during GM2 and GM3
generally occurs within depths of 15 feet to 20 feet, which is within the low-flow scour zone.
Since the bearing capacity in the upper 20 feet is controlled by scour, the pile capacities were not
reduced for liquefaction and associated loss of skin friction and downdrag.

Both static and GML1, as well as GM2 and GM3 capacities, should be checked, since different
factors of safety were used to calculate the allowable capacities. There may be cases where static
and GM1 capacities control or vice-versa.

Pile groups will likely be used to support the bridge structures. The single pile capacities given
in this report can be used to estimate preliminary pile group size. It is generally accepted that for
cohesionless soils, piles behave as individual piles if pile spacing is greater than 7 times the
diameter of the pile. For pile spacing in the range of 3 to 7 times the diameter, piles may behave
and carry load as a group. We do not recommended driving piles closer than 3-pile diameters
(center to center) due to potential interference between piles during driving. Driven, closed-end,
pipe pile groups will likely increase the density of the surrounding soil. Once a pile-group layout
is determined, Shannon & Wilson should review the allowable design capacity of the group.

6.2 L-Pile Parameters and Lateral Loads

L-Pile parameters shown in the table below were developed for in-channel piers. Abutment pile
capacities will depend on the configuration of the abutments and approach embankments.
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L-PILE PARAMETERS FOR PIERS FOR GM1, GM2, AND GM3

Total Effective
Unit Unit Friction
Depth Weight Weight Angle Cohesion
(ft) (pcef) (pcef) (degrees) (pcf) k (pci) €50
0-20 Within low-flow scour depth
20-50 140 77.6 36 0 90 0.004
50-80 140 77.6 38 0 110 0.004
80-150 140 77.6 40 0 125 0.004

The groundwater table is assumed to be at the surface.

The recommended efficiency (reduction) factors due to the effect of pile group action are
presented in Table 5. The efficiency factors are based on recommendations presented in a 1998
ENSOFT Seminar (ENSOFT, 1998).

We recommend designing in-channel piers to resist 15 feet of lateral spreading for GM2 and
GMa3 conditions. Lateral earth pressures will be developed against buried portions of the
foundations as lateral spreading occurs. We recommend using an equivalent fluid weight of 68
pcf to estimate the net lateral earth pressures on mid-channel foundations systems below the
water table. This value does not include a factor of safety.

Passive-earth pressures will develop against buried portions of structures above the water table
as lateral spreading occurs. We recommend using an equivalent fluid weight of 460 pcf to
estimate passive earth pressures on portions of structures above the water table. This value does
not include a factor of safety.

6.3 Driven Pile Recommendations

We recommend initiating the driving of all three pile sizes (3-foot, 4-foot, and 6-foot) open
ended with pile-tip protection provided. Driving of the 6-foot pile should continue open ended to
the design depth of the pile. After driving an initial 40 feet to establish alignment, a horizontal
plate should be installed in the 3-foot 4-foot piles to force a closed-end condition.
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Compacted fills, such as embankment, should be predrilled prior to pile driving. The predrilled
hole diameters should approximate but be no larger than the pile diameter.

Before pile-driving is scheduled to begin, the contractor should provide the engineer with a pile
driving plan for approval with the following information: pile-driving hammer, hammer cushion,
drive head, pile cushion, and other appurtenances to be furnished by the contractor. During pile-
driving operations, the contractor should use the approved system. Any change in the driving
equipment should only be considered after the contractor has submitted a revised pile-driving
plan to the engineer. After receiving the change, the contractor should allow seven days for
approval of the revised equipment and plan.

We recommend the specifications stipulate that the time required for submission, review, and
approval of a revised driving plan should not constitute a basis for contract time extension or
damages for a delay in the contract. We also recommend the specifications stipulate that
approval of pile-driving equipment does not relieve the contractor of the responsibility to drive
piles, free from damage, to the required depth.

Pile-driving equipment and driving performance should be assessed based on a wave equation
analysis as evaluated by our geotechnical engineer. An experienced and qualified geotechnical
engineer familiar with the subsurface conditions and design goals of the project should monitor
installation of piles. The wave equation analysis will serve to evaluate driving stresses in the pile,
S0 an appropriate pile-driving hammer size can be selected to obtain the desired penetration
resistance and depth without damage to the pile.

We recommend using a Saximeter if the contractor selects a diesel hammer, since it may be
difficult to estimate the energy delivered by diesel hammers. The Saximeter, developed by Pile
Dynamics, Inc., can be used to record hammer strokes and hammer blows, as well as provide an
estimate of the driving energy of diesel hammers.

We recommend keeping a complete installation record for each pile, such record to include: the
number of blows required for each foot of pile penetration, ram stroke, type and energy rating of
the hammer, and blows per minute near full penetration. Each pile should be clearly marked in 1-
foot increments for its full length.

We recommend fixed-lead pile-driving equipment to install steel pipe piles. The use of hanging
or swinging leads is not recommended, unless constructed so they can be held in a fixed position
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during driving operations. Leads should be of sufficient length so the use of followers will not be
necessary.

All driven piles should be checked for possible heave prior to cutoff. The heave should be
checked by surveying the elevation of each pile butt after a pile is driven within the group. The
heave data should be provided to the Owner and Engineer to determine if redrive is required. In
general, if the heave is greater than 0.15 inch to 0.25 inch, the pile should be redriven to the
original cutoff or tip elevation. For pile groups, we recommend the central piles be driven first.
Subsequent piles should be installed from the center out, proceeding in a radial pattern or from
one end to another.

Upon completion of inspection, the pile may be filled with concrete to increase the section
modulus and rigidity. If required, concrete should be placed in accordance with the requirements
of AREMA. We recommend the use of a tremmie to place the concrete in the pile from the
bottom up.

6.4  Test Pile Program

Recommendations for pile foundations and, in particular, the recommendations for pile
penetrations and capacities, are based on theoretical and empirical data, the field explorations
performed at the site, and our engineering judgment and experience. To substantiate our
recommendations, we recommend a test pile program be undertaken to establish driving criteria
and lengths for production piles.

Prior to construction of the project, we recommend conducting dynamic pile load testing. The
testing should consist of taking dynamic measurements using a Goble pile-driving analyzer and
performing Case Pile Wave Analysis Program (CAPWAP) analyses. Based on our experience,
dynamic pile tests are one of the most cost-effective methods for determining the total ultimate
capacities and load distributions of the piles. Dynamic measurements are also recommended to
confirm compliance with the pile-driving criteria, to adjust the pile-driving equipment if
required, and to alter the pile installation techniques or the pile-driving criteria, if necessary.

The results of the preconstruction test program should be used to support our recommendations
and reduce the conservatism in the design. Given the width of the crossing and number of
potential piles, a preconstruction test program could result in a significant cost savings to the
project.
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During construction, we recommend performing additional dynamic pile load testing using a
pile-driving analyzer. We recommend performing at least one dynamic pile load test per pier for
quality control purposes.

7.0 LIMITATIONS

Subsurface explorations and testing will identify subsurface conditions only at those points
where samples are taken, and at the time they are taken. Actual conditions at other locations of
the project site, including those inferred to exist between the sample points, may differ
significantly from conditions existing at the sampling locations. The passage of time or
intervening causes may change the actual conditions at the sampling locations as well.

Interpretations and recommendations made by Shannon & Wilson are based solely upon
information available to Shannon & Wilson at the time the interpretations and recommendations
are made.

All documents prepared by Shannon & Wilson are instruments of service with respect to the
project for the sole use of the client and owner. Only our team shall have the right to rely upon
such documents. Such documents are not intended or represented to be suitable for reuse. Any
such reuse without written verification or adaptation by Shannon & Wilson, as appropriate for
the specific purpose intended, shall be at the user’s sole risk.

Copies of documents that may be relied upon by the design-construct team are limited to the
printed copies (also known as hard copies) signed or sealed by Shannon & Wilson. Text, data, or
graphics files in electronic media format are furnished solely for convenience. Any conclusion or
information obtained or derived from such electronic files shall be at the user’s sole risk. If there
is a discrepancy between the electronic files and the hard copies, the hard copies govern.

Shannon & Wilson, Inc., has prepared the attachment Important Information About Your
Geotechnical/Environmental Report in Appendix E to assist you and others in understanding the
uses and limitations of our reports. We trust this information is sufficient for your needs at the
present time.
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Figure 14a - Looklng west along access route before Figure 14b — Looking west along access route after
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Figure 17b — Looking southwest at southwest end of
alignment before drilling. alignment after drilling.
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Date:  May 2008

To: TNH-Hanson, LLC

Re: Draft Geotechinical Study
ARRC Northern Rail Extension
Tanana River Crossing
Salcha, Alaska

y | SHANNON & WILSON, INC. Attachment to Data Report: 31-1-02056-008
- Geotechnical and Environmental Consultants
Iy

Important Information About Your Geotechnical/Environmental Report

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a civil engineer may not be adequate for
a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant prepared your report expressly for you
and expressly for the purposes you indicated. No one other than you should apply this report for its intended purpose without first
conferring with the consultant. No party should apply this report for any purpose other than that originally contemplated without first
conferring with the consultant.

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-specific factors.
Depending on the project, these may include: the general nature of the structure and property involved; its size and configuration; its
historical use and practice; the location of the structure on the site and its orientation; other improvements such as access roads, parking lots,
and underground utilities; and the additional risk created by scope-of-service limitations imposed by the client. To help avoid costly
problems, ask the consultant to evaluate how any factors that change subsequent to the date of the report may affect the recommendations.
Unless your consultant indicates otherwise, your report should not be used: (1) when the nature of the proposed project is changed (for
example, if an office building will be erected instead of a parking garage, or if a refrigerated warehouse will be built instead of an
unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation, or configuration of the proposed project is
altered; (3) when the location or orientation of the proposed project is modified; (4) when there is a change of ownership; or (5) for
application to an adjacent site. Consultants cannot accept responsibility for problems that may occur if they are not consulted after factors,
which were considered in the development of the report, have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a geotechnical/environmental report is
based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose
adequacy may have been affected by time. Ask the consultant to advise if additional tests are desirable before construction starts; for
example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also affect
subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report. The consultant should be kept apprised of
any such events, and should be consulted to determine if additional tests are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken. The data were
extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions. The actual interface
between materials may be far more gradual or abrupt than your report indicates. Actual conditions in areas not sampled may differ from
those predicted in your report. While nothing can be done to prevent such situations, you and your consultant can work together to help
reduce their impacts. Retaining your consultant to observe subsurface construction operations can be particularly beneficial in this respect.
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A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions
revealed through selective exploratory sampling are indicative of actual conditions throughout a site. Actual subsurface conditions can be
discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide conclusions. Only
the consultant who prepared the report is fully familiar with the background information needed to determine whether or not the report’s
recommendations based on those conclusions are valid and whether or not the contractor is abiding by applicable recommendations. The
consultant who developed your report cannot assume responsibility or liability for the adequacy of the report's recommendations if another
party is retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a geotechnical/environmental
report. To help avoid these problems, the consultant should be retained to work with other project design professionals to explain relevant
geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of their plans and specifications relative
to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT.

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test results, and
laboratory and/or office evaluation of field samples and data. Only final boring logs and data are customarily included in
geotechnical/environmental reports. These final logs should not, under any circumstances, be redrawn for inclusion in architectural or other
design drawings, because drafters may commit errors or omissions in the transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete
geotechnical engineering/environmental report prepared or authorized for their use. If access is provided only to the report prepared for
you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for whom the
report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was prepared. While a
contractor may gain important knowledge from a report prepared for another party, the contractor should discuss the report with your
consultant and perform the additional or alternative work believed necessary to obtain the data specifically appropriate for construction cost
estimating purposes. Some clients hold the mistaken impression that simply disclaiming responsibility for the accuracy of subsurface
information always insulates them from attendant liability. Providing the best available information to contractors helps prevent costly
construction problems and the adversarial attitudes that aggravate them to a disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY.

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than other design
disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants. To help prevent this problem,
consultants have developed a number of clauses for use in their contracts, reports and other documents. These responsibility clauses are not
exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that identify where the
consultant's responsibilities begin and end. Their use helps all parties involved recognize their individual responsibilities and take
appropriate action. Some of these definitive clauses are likely to appear in your report, and you are encouraged to read them closely. Your
consultant will be pleased to give full and frank answers to your questions.

The preceding paragraphs are based on information provided by the
ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland
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