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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by Government of Yukon (Yukon)
to provide geotechnical engineering services for the design and construction of the
proposed new replacement bridge over Slims River at km 1702 along the
Alaska Highway No. 1 in Yukon. The replacement of the bridge is required due to
highway and structure upgrading and is being performed under the American-funded
Shakwak project. The location of the bridge site is shown in Figure 1.

EarthTech (Canada) Inc. has completed a conceptual design for the new Slims River
Bridge. A single span bridge located on the same highway alignment has been selected
as the new replacement bridge structure. The new bridge is about 80 m in length.
The two abutments will be supported on driven steel pipe piles. The new structure is
classified as a Lifeline Bridge in accordance with the criteria given in the Canadian
Highway Bridge Design Code (CHBDC) CSA-S6-06.

This report summarizes the site-specific geotechnical data collected during the field
investigation carried out in May 2007 and recommendations for the design of the
foundations of the proposed new bridge. All elevations reported herein are with respect
to the Geodetic datum.

This report should be read in conjunction with “Important Information and
Limitations of This Report” which is appended following the text. The reader’s
attention is specifically drawn to this information for the proper use and interpretation of
this report.

2.0 SITE CONDITIONS AND PROPOSED NEW BRIDGE
2.1 Site Conditions

The existing Slims River Bridge was built in 1955 by the Canadian Military.
The existing bridge is a two-lane two span steel through truss structure which measures
about 122 m in total length. Based on the recent information provided by Yukon and
EarthTech, we understand that the abutments are supported on driven timber piles and the
centre pier is supported on driven steel H piles. It is reported that the timber piles were
about 15 m (50 ft.) long and the steel H piles were about 19.8 m (65 ft.) long. All piles
were driven using a number 7B steam hammer. The base of the pile cap for the abutment
and the centre pier are founded at some 7 m below the existing road grade. A photograph
of the existing bridge taken on June 2006 is shown in Figure 2.

The existing bridge has river training works, which includes guide banks extending
upstream on both sides.
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2.2 Proposed New Bridge

As shown in EarthTech Drawing No. 1702-01a dated September 7, 2007, the proposed
new bridge will be a single span bridge. The abutments will be supported on both
610 mm diameter and 914 mm diameter driven steel pipe piles. The new bridge will be
about 80 m long, 13.4 m wide, and will be located at the existing bridge alignment. The
abutments will include 8.5 m long approach slabs at either end. A temporary bridge
upstream of the existing bridge will be constructed on a parallel alignment to divert
traffic during construction of the new bridge.

The new bridge deck will be at approximately elevation 788.2 m. The underside of the
abutment walls will be at approximately elevation 780 m resulting in an approximately
8 m high abutment wall. 914 mm diameter steel pipe piles are being considered for
foundation support of the abutments No. 1 and 610 mm diameter steel pipe piles for
abutment No. 2. Based on information provided by EarthTech, the superstructure is
longitudinally fixed at abutment No.1 and free to move at abutment No. 2.

3.0 GEOTECHNICAL FIELD INVESTIGATION
3.1 1954 Field Investigation

Three boreholes were drilled at the site in 1954 by Hardy & Associates as part of the
investigation for the existing bridge. The boreholes were drilled up to a depth of about
46 m below the ground surface. The 1954 boreholes indicated that the site soils are
alluvial deposits, which consist of fine silty sand, silty clay and clayey silt with layers of
loose fine sand, clay and gravely clay. In general, the upper soils consist mainly of loose
silty sand of low plasticity and the underlying clayey silt encountered at deeper depth are
firm to stiff in consistency.

3.2 2007 Field Investigation

The 1954 investigation has limited subsurface information for the design and
construction of the new bridge. Some of the test methods used in the 1954 investigation
to obtain geotechnical data differs from those used in the current state of practice for the
assessment of liquefaction potential. For this reason, a drilling program has been carried
out primarily to obtain supplementary geotechnical field and laboratory data for a proper
assessment of the liquefaction potential and estimation of geotechnical engineering
parameters for the foundation design. The following section describes the 2007 field
investigation program.
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The 2007 geotechnical field investigation was carried out during the period between
May 13 and May 20, 2007, during which two cone penetration tests (SCPT07-1S and
CPT07-2S) and two air rotary boreholes (BH07-1S and BH07-2S) were completed. A
pair of one borehole and one CPT was put down from the existing guide bank near each
of the existing abutment. The upper portion of the guide bank was drilled out to avoid
premature refusal of the cone within denser materials. Downhole seismic shear wave
velocity measurements were also obtained during cone penetration testing at the test hole
~ SCPTO07-18. The test holes SCPT07-1S and CPT07-2S were advanced to a depth of about
58 m and 41 m, respectively, below the existing ground surface. Boreholes BH07-1S and
BHO07-2S were drilled to depth of about 33 m and 20 m, respectively, below the existing
ground surface. Standard Penetration Tests (SPT’s) were also carried out within the
boreholes at 1.5 m interval to assess the relative density of the soils encountered at the
site.

The boreholes were drilled using a truck-mounted drill rig supplied and operated by
Geotech Drilling Services Limited of Prince George, BC. The boreholes were advanced
using an Odex (air rotary) drill bit with 100 mm diameter steel casings advancing
together with the bit. The cone penetration tests were carried out by ConeTec
Investigations Ltd. of Richmond, BC.

The fieldwork was carried out under the full-time inspection of a member of
Golder Associates’ geotechnical staff who logged the soil conditions encountered in the
boreholes, and brought representative recovered soil samples to our Burnaby laboratory
for detailed examination and testing.

Following completion of the field investigation, the boreholes were backfilled with sand
and drill cuttings. The boreholes were surveyed by others for locations and elevations.
The locations of the boreholes established based on survey measurements are shown on
Figure 3.

3.2.1 Laboratory Testing Program

Following a detailed examination of the samples collected from the field investigation
program, routine laboratory testing was carried out on selected soil samples recovered
from the drilling program for the purpose of soil classification. A total of 9 gradation
analyses and 3 Atterberg Limits test were carried out on disturbed soil samples collected
from the boreholes.

Golder Associates
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4.0 SUBSURFACE CONDITIONS

Detailed descriptions of the subsurface soil and groundwater conditions encountered in
the boreholes put down during our field investigation are presented in the Record of
Borehole Log sheets presented in Appendix 1. The results of grain size analysis testing
carried out on selected samples of soil are presented in Appendix II.

The following sections provide a summary of the inferred subsurface soil and
groundwater conditions at the bridge site based on the results of our field investigation.

It should be noted that sampling procedures using the SPT sampler precludes sampling of
sizes larger than 35 mm in diameter, although larger sizes may be present within the
different soil units. These larger particles are not reflected in the gradation data provided
in this report. It should also be noted that the boreholes were drilled below the
groundwater table with the air-rotary drill method. Sloughing and heave were observed
during SPT due to unbalanced pressure at the base of the borehole and the penetration
resistance obtained during SPT may not reflect the actual relative density of the soils.

4.1 Fill

Fill consisting of loose to very dense, moist, brown-grey sand and gravel to silty sand
(with some cobbles and boulders) was encountered in the two boreholes (BH07-1S and
BHO07-2S) drilled near the two abutments of the existing bridge.

In BHO7-1S drilled on the northeast side of the existing Slims River Bridge, the fill
materials extended to a depth of about 3.3 m below ground surface. In BH07-2S drilled
on the southwest side of the existing Slims River Bridge, the fill materials extended to a
depth of about 5.8 m below ground surface. Based on visual examination of the fill
materials obtained from drill cuttings and split spoon sampling, it is inferred that the fill
may consist of the approach embankment fills and/or the guide bank fills placed during
construction of the existing bridge.

The SPT N values measured within this deposit were found to be between 12 blows/0.3m
to 30 blows/0.3 m. These larger N values reflect the presence of coarser material sizes
rather than the in-situ relative density.
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42 Sand

Underlying the fill materials at boreholes BH07-1S and BH07-2S, a deposit of loose to
compact, grey grading to brown, moist to wet, sand with a trace to some silt and trace
gravel was encountered. Some sandy silt layers were also encountered within this
predominantly sand deposit.

The cone tip resistance values up to about 100 bars were obtained within the sand
deposit. The SPT N values measured within this deposit were found to be generally
between 3 blows/0.3 m to 12 blows/0.3 m except in one case a SPT value of
22 blows/0.3 m was obtained. Based on these, the sand deposit is generally loose to
compact in relative density.

The gradation results of representative samples taken from this deposit are shown on
Figure II-1 to II-5 in Appendix II. The results indicate that samples contained 0to 5%
gravel sizes, 26 to 98% sand sizes, and 2 to 74% finer sizes. At borehole BH07-2S,
a clayey silt layer was encountered at a depth of about 7.9 m below the ground surface.
Thickness of this clayey silt layer was found to be about 0.3 m at this borehole location.
The gradation results of representative sample taken from this deposit are shown on
Figure II-6 in Appendix II. The samples tested contained 7% sand sizes and 93% finer
sizes. The SPT N value obtained within this layer was found to be 22 blows/0.3m
indicating that the layer is very stiff in consistency.

43  Silty Sand

Underlying the native sand deposit at borehole BH07-18S, a deposit of loose to compact,
grey grading to brown, moist to wet, silty sand inter-layered with sandy silt was
encountered. The thickness of this deposit is found to be about 12 m at the borehole
BHO7-1S location. Based on the cone tip resistances values recorded at the two CPT
locations, the tip resistance ranged between 14 and 150 bars. The SPT N values of
2 blows/0.3 m and 3 blows/0.3 m were obtained within this deposit.

The gradation results of the sandy silt layer encountered within the silty sand deposits are
shown on Figures II-7 to II-9 in Appendix II. The samples tested contained 0 to 10%
sand sizes and 90 to 100% finer sizes. Atterberg Limit tests conducted on two samples of
this sandy silt layer yielded the following results:

e Liquid Limit =27.7 % and 27.6 %;
e Plastic Limit = 20.5 % and 23.5 %; and
e Natural water content =29 % and 25.3 %.

Based on the index test results, the interlayer of sandy silt is considered to be low plastic.
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4.4  Sandy Silt to Silt

Underlying silty sand layer, a deposit of sandy silt to silt was encountered at CPT
locations. Based on the cone tip resistances values recorded at the two CPT locations, the
tip resistance ranged between 16 and 33 bars.

Based on the index test results of samples within this layer from the 1954 investigation
and the evaluation of the results of the cone penetration testing from the current 2007
investigation, the sandy silt to silt deposit is considered to be low plastic. Some clayey
silt layers were also encountered within this deposit.

4.5 Groundwater Conditions

The natural groundwater level at the site is expected to vary with the water level in the
river, season, and precipitation. Based on the information collected from the drilling
program between May 13 and May 20, 2007, the groundwater table is encountered at a
depth of about 3 m below the existing ground surface.

Based on the information provided in EarthTech Drawing No. 1702-01a, we understand
that the 100-year flow in Slims River is approximately at elevation 783 m or some 5 m
below the new road grade elevation.

5.0 SEISMIC DESIGN CONSIDERATIONS
5.1 Site Seismicity

Several large earthquakes have occurred in the recent past some 180 to 380 km west of
the site; i.e. 1912 M7.2 Earthquake, 1958 M6.2 Earthquake, 2002 M6.7 Earthquake, and
2002 M?7.9 Earthquake. These earthquakes occurred due to rupturing of the
Denali/Totschunda Fault System that runs approximately in a southeast alignment.
It is reported that the 2002 M7.9 earthquake resulted from predominantly a right lateral
offset along portions of the fault system that ruptured over estimated length of 300 km
between towns of Northway (Alaska) to the east and Cantwell (Alaska) to the west.

A site-specific seismic hazard analysis completed by the Geological Survey of Canada

(GSC) has established the following ground motion parameters for the Slims River
Bridge site:
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TABLE 1: Site-Specific Ground Motion Parameters

Return Period 100 yr. 475 yr. 1,000 yr.
Probability of Exceedance in 50 years 40% 10% 5%
Peak ground horizontal Acceleration — Class C Soils 0.108g 0.196g 0.252g

The GSC has established the peak ground acceleration for Class C ground conditions or
for soil profiles where the average shear wave velocity of soils within the upper 30 m
varies between 360 m/s and 760 m/s. '

The corresponding response spectra (5% damped) that are applicable for Class C ground
conditions are summarized in Table 2.

TABLE 2: Site-Specific Spectral Accelerations (5% Damped)

Period (Seconds) (P%?A) 0.10 | 0.15 | 0.20 | 0.30 | 0.40 [ 0.50 1.0 2.0

475-Year Spectral

: 0.196 | 0.275 | 0.385 | 0.410 | 0.366 | 0.307 | 0.258 | 0.143 | 0.079
Accelerations (g)

1,000-Year Spectral

. 0.252 | 0.366 | 0.507 | 0.540 | 0.488 | 0.411 | 0.346 | 0.199 | 0.110
Accelerations (g)

5.2 Seismic Design Criteria

The bridge is classified as a lifeline bridge. Accordingly, the design guidelines given in
Section 4.4.2 of the Canadian Highway Bridge Design Code (CHBDC) S-6-06 indicates
that the bridge must remain open for all traffic following a 475 year return period ground
motions (10% probability of exceedance in 50 years) and also usable by emergency
vehicles and for security/defence purposes immediately following a 1000 year return
period ground motions.

According to section 4.4.6.1 of the CHBDC and based on soil conditions encountered at

the site, the effects of site conditions on bridge response can be taken into consideration
by considering a Site Coefficient (S) of 1.5 that corresponds to Soil Profile Type IIL
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5.3 Site Specific Ground Response Analyses

Following our discussion with EarthTech, ground response analyses were undertaken to
assess the liquefaction potential of site soils under design earthquake ground motions. As
the proposed bridge is deigned to be a life line bridge, analyses were only carried out for
the 1,000-year ground motions to assess the liquefaction potential of the site soils due to
budget considerations.

Based on the available subsurface data, the subsurface conditions across the site are
consistent. Therefore, the ground response analyses were carried out for a single soil
column which is representative of both north and south abutments of the proposed bridge.
We have carried out the ground response analyses for an average shear wave velocity
(Vs) profile, which was derived, based on measured and computed shear wave velocities,
shown on Figure 4.

It should be noted that the firm ground, which is defined as Class C ground conditions, is
not known at the site. We have carried out the ground response analyses assuming that
the firm ground is just below the maximum depth of investigation (i.e., 60 m depth)
conservatively. Ground response analyses were also carried out for a firm ground depth
of 100 m to assess the sensitivity of the firm ground to liquefaction potential of the site
soils.

5.3.1 Firm-Ground Acceleration Time-Histories

For the site specific ground response analyses, an acceleration time history from one set
of ground motions recorded during 2002 Delani Earthquake was selected as a
representative time-history for the 1,000 year motions event based on distance,
magnitude, and peak horizontal ground acceleration (PHGA). Records from the 1992
Landers, 1989 Loma Prieta, and 1999 Chi Chi earthquakes were also selected as
representative time-histories for the 1,000 year motions event.

The above selected time histories were spectrally-matched to the GSC target spectrum for
the 1,000-year motions event. Spectral matching was carried out in the time-domain
using the computer program EZ-FRISK (Risk Engineering, Version 7.23).

54 Liquefaction Susceptibility of Site Soils
Liquefaction susceptibility of the site soils were assessed based on the results of ground
response analyses carried out using the computer program ProShake. Ground response

analyses were carried out for a total of eight (8) time-histories obtained from the
earthquakes noted in the previous section spectrally matched to the target spectrum.
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Design earthquakes of magnitude M7 to M7.3 that is representative of 10 to 15 cycles of
effective loading, was used in the assessment of liquefaction susceptibility of soils under
the 1,000-year ground motions.

5.4.1 Liquefaction Susceptibility of Granular Soils (Sand and Silty Sand)

The liquefaction susceptibility of granular soils was evaluated by comparing the
penetration resistance required to prevent liquefaction with the available penetration
resistance. Liquefaction is predicted to occur when the available penetration resistance is
less than the resistance required. The penetration resistance required to trigger
liquefaction was computed using the cyclic resistance ratio (CRR) induced by the design
earthquake and NCEER (1997) liquefaction resistance charts. The variations in cyclic
stress ratio (CSR) induced by the design earthquake with depth were computed using
computer program ProShake.

The near-continuous profiles of equivalent SPT (N;)eo values obtained from SCPT 07-1 S
and CPT07-2S were used to assess the liquefaction potential of the sand and silty sand
deposits. The results of the ground response analyses were carried out for a firm ground
depth of 60 m are shown in Figure 5. As shown on Figure 5, the sand and the silty sand
deposits are susceptible to liquefaction under the design 1,000-year ground motions. It is
important to note that the influence of fines content within the silty sand deposits were
also considered in the liquefaction assessment of the deposit and, based on our
assessment, only the upper half of the silty sand layer is considered to be susceptible to
liquefaction. Our analyses indicate that the potentially liquefiable zone is estimated to be
about 29 m below the existing ground surface at the abutments.

Similar potential liquefiable zone was also estimated from the ground response analyses
carried out for the firm ground depth of 100 m.

It should be noted that ground improvement measures are required to prevent liquefaction
and associated ground failure for the proposed bridge to meet the seismic design
requirements.

5.4.2 Liquefaction Susceptibility of Fine-Grained Soils (Sandy Silt to Silt)

Based on the recent Task Force Report on “Geotechnical Guidelines For Buildings On
Liquefiable Sites in Greater Vancouver” dated May 8, 2007, liquefaction susceptibility of
the fine-grained soils was evaluated using the criterion developed by Boulanger and
Idriss (2006). Based on the criterion, soils with PI<7% are generally susceptible to
liquefaction.
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Based on the results of index tests, the deeper sandy silt to silt layer underlying the site is
considered to be low plastic with PI<7%, and potentially liquefiable. However, the low
plastic silt deposit requires large number of effective loading cycles to undergo
liquefaction. Based on the results of laboratory tests carried out by Wijewickreme et. al.
(2004) on a low plastic silt deposit, for effective loading cycles of 10 to 15, the CRR
required for the deposit to liquefy is about 0.17.

Figure 6 shows the CSR generated by the design earthquake motions and, as shown on
Figure 6, the maximum CSR within the low plastic sandy silt to silt deposit encountered
at the site is computed to be about 0.12 and, therefore, the liquefaction potential for the
deposits is considered to be low. However, some strain softening or cyclic mobility will
occur in this deposit as a result of seismic shaking which could lead to permanent
deformations.

Based on the laboratory test results published by Wijewickreme et. al. (2004), the
permanent lateral deformations within this deposit is expected to be in order of 0.3 m
under the 1,000-year ground motions.

We have also estimated the vertical settlements following cessation of earthquake ground
motions and the post-earthquake vertical ground surface settlements are estimated to be
in the order of 150 mm for the 1,000-year ground motions in areas where ground
improvement of the upper liquefiable soils are carried out as outlined below.

5.5 Ground Improvement Measures to Mitigate Liquefaction

As mentioned in the previous sections, liquefaction mitigation measures are required to
minimize the risk of abutment and approach embankment slope failures and to reduce the
liquefaction-induced lateral ground movements at the bridge foundations.

Based on soil conditions encountered at the site, ground improvement measures involving
vibro-replacement (i.e., stone columns) can be used. Provision should be made to carry
out local excavation to remove or relocate large size cobbles or boulders and/or rip rap
materials that may obstruct vibro probe installation.

5.5.1 Soil Improvement Requirements for Foundations and Abutments

As discussed in section 5.4.1 and shown on Figure 5, the sand and silty sand deposits
underlying the site is susceptible to liquefaction. It is recommended that the proposed
ground improvement zone should be directly beneath the entire foundation footprint plus
a minimum horizontal distance outside the foundation footprint depending on the pile cap
geometry. The depth of ground improvement should be at least 25 m below the pile cap.
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It is important to note that the approach fills will also undergo significant deformation
due to liquefaction of the site soils and the ground improvement zone should be extended
adequately to protect abutments, settlement slab areas, etc. For preliminary design
purposes, a minimum ground improvement zone of 17 m x 17 m in plan is assumed based
on seismic performance requirements.

6.0 GEOTECHNICAL ANALYSES AND RECOMMENDATIONS

Geotechnical engineering analyses were carried out to provide geotechnical design input
on selected aspects of the design and construction of the proposed new bridge
foundations. We have also assessed the requirements for site preparation and engineered
fill placement from a geotechnical perspective.

The following sections present the results of our analyses together with our comments
and recommendations.

6.1 Subgrade Preparation

Given the soils at the bridge site is granular in nature, it is anticipated that the proposed
site grade increase is achievable with properly designed side slopes and associated rip rap
protection. Free élopes of the filled embankment should be developed not steeper than
2 horizontal to 1 vertical.

Engineered fill should consist of 75 mm minus pit run sand and gravel, or equivalent,
with a grain size distribution that falls within the envelope shown in Table 3.

TABLE 3: Recommended Gradation For Engineered Backfill

Sieve Size (mm) 75 37.5 19 4.75 1.18 0.3 0.075

Percent Passing (%) 100 | 30-100 | 20-100 | 10-60 6-32 4-15 0-5

Consideration may be given to the use of clean, well-graded on-site sand and gravel
subject to adequate testing of representative samples and review by geotechnical
engineer. These fills should be placed in lifts not exceeding 300 mm in loose thickness
and compacted to a minimum of 95 percent of Standard Proctor maximum dry density
immediately behind (within ~1 to 2 m) the integral abutments.

Temporary cut slopes may be excavated using slopes that are no steeper than 1.3H:1V. If
work is carried out during or following wet weather conditions, or if the water content of
the subgrade soils is relatively high, it is recommended that proof rolling be carried out
using a static roller to reduce the risk of "pumping" or "weaving" of subgrade soils.
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If work is carried out during winter months with subzero temperatures, it is recommended
that the stockpiled fill materials and any unfinished work surfaces be covered at the end
of each working day to reduce the risk of snow/ice contamination of the fill materials.
Compaction of wet or snow/ice contaminated materials under subzero temperature is not
recommended. |

Any soft or disturbed zones or pockets of soils, or soils containing organic materials,
encountered during excavation and proof-rolling should be sub-excavated and replaced
with well-compacted engineered fill or select sand and gravel excavation materials,
or equivalent.

6.2 Piled Foundations

As mentioned before, the bridge site is located in a zone with high seismic risk, and the
lateral stiffness required for the foundation piles to resist seismic loading could be quite
high. Therefore, consideration should be given to use of large diameter (0.6 m or larger)
steel pipe piles for foundations support. In addition, use of steel pipe piles has the
following benefits:

e The compressive stresses induced in the piles during driving could be high due to
presence of coarse grained soils including boulders at the site and the steel pipe piles
would be able to withstand such relatively high level of stresses; and

e The steel pipe piles would be able to handle any required length of extension quite
easily.

We have estimated geotechnical ultimate axial compression capacities for 610 mm,
762 mm, and 914 mm diameter steel pipe piles driven closed-end with improved ground
conditions and the table below summarizes the estimated axial compression capacities for
the piles. Settlements of the piles under static loading conditions are expected to be less
than 25 mm.

TABLE 4a: Estimated Geotechnical Ultimate Axial Compression Capacity

Diameter | Lengthof | Ultimate Capacity Resistance* Factored Resistance
(mm) Piles (m) (kN) Factor (kN)
610 20 3000 0.5 1500
762 20 4500 0.5 2250
914 20 6000 0.5 3000

* Based on conducting appropriate number of PDA tests
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A geotechnical resistance factor of 0.5 is recommended for the computation of the
factored resistance for ultimate limit state (ULS) design, provided that field verification
of pile capacity would be carried out using Pile Driving Analyzer (PDA) testing during
construction. A resistance factor of 0.4 should be used if verification testing is not
considered.

The estimated geotechnical factored resistance under tension/uplift conditions are given
in Table 4b below. These are for piles driven 20 m into the improved/densified ground
below the pile cap level and are based on a geotechnical resistance factor of 0.3 which is
the recommended value as per Table 6.1 of Section 6.6.2.4 of the Canadian Highway
Bridge Design Code (CHBDC) S-6-06.

TABLE 4b: Estimated Geotechnical Factored Resistance Under Tension/Uplift

Dia. (mm) | Length of Piles (m) Factored Resistance Under Tension/Uplift (kN)

610 20 690
762 20 860
914 20 1035

6.3 . Pile Driveability Analyses

We have carried out driveability analyses using the computer program GRL-WEAP
(Version 2005, by Goble Rausche Likins and Associates, Inc.) to assess the final set
requirements for the 914 mm diameter steel pipe piles to develop the required capacity,
and to estimate the potential stresses induced in the pile during installation. The analyses
were carried out for the 914 mm diameter steel pipe piles driven open-ended to a depth of
20 m below the underside of the pile cap. The piles were assumed to be driven following
ground improvement work at the abutment areas. The wall thickness of the 914 mm piles
were assumed to be 19 mm based on the information provided by Earth Tech (Drawing
No 01-1702-06 dated April 2008).

Since the actual hammer that will be used for the installation of the piles is unknown at
the time of the preparation of this report, we have assumed a diesel hammer (Delmag
D62-22) with a maximum rated energy of 223 kJ (165 kip-ft) per blow for the drivability
analyses. The results of our analyses with a D 62-22 hammer are summarized
in Table 4c.
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TABLE 4c: Results of WEAP Analyses With D 62-22 Hammer

Pile Diameter | Ultimate Capacity | Estimated Final Set | Compressive Stress | ENTHU
(mm) (kN/pile) (Blows/25mm) (MPa) kJ)

914 6000 7 ~175 ~90

Note: ENTHU - Energy transferred at pile top

The analyses indicate that a final set of 7 blows/25 mm is required for the 914 mm
diameter pile to achieve the ultimate capacity indicated in Table 4a. The Delmag D62-22
diesel hammer is expected to operate at a stroke height of 2.8 m and a strike rate of
about 39 blows per minute.

The pile driveability analyses should be revisited and the final set requirements should be
revised once the information of actual pile driving hammer is available prior to the
commencing of pile installation.

6.4  Soil Springs

Soil response for laterally loaded piles can be modeled using non-linear “p-y” curves.
The “p-y” curves are dependent on various parameters, including pile diameter and depth.
For the preliminary design, the “p-y” curves for the 610 mm and 914 mm diameter piles
were developed using API guidelines, and are provided in Tables 5 and 6, respectively.

It should be noted that these “p-y” curves are dependent on the diameter of the piles and
depth. Modifications would be required if the diameter is different than assumed.
The “p-y” curves between depths given can be linearly interpolated

6.5 Lateral Earth Pressure Coefficients — Static Loading Conditions

The lateral earth pressure coefficients on the walls of the integral abutments should be
estimated using the chart shown in Figure C6.16 of the Canadian Highway Bridge Design
Code (Commentary on CAN/CSA-S6-06, page 243) as a function of the wall movement
or rotation. A copy of this chart is included in this report as Figure 7. The curve labeled
as ‘medium dense’ in Figure 7 is appropriate for backfill compacted to 95 percent of
Standard Proctor density.

It should be noted that the K, values shown on Figure 7 represent the passive resistance

of the soil in an unfrozen state. The passive resistance of soil in a frozen state will be
much higher than the resistance of soil in an unfrozen state.
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An at-rest lateral earth pressure coefficient of 0.40 is recommended for the design of
non-yielding abutment walls (or walls that are not allowed to translate or rotate) under
static loading conditions. A minimum soil unit weight of 20 kN/m’ should be used when
computing the lateral earth pressures.

It should be noted that the lateral earth pressure values are dependent on the interface
friction between the wall and backfill and the amount of permissible wall movement.

6.6 Lateral Earth Pressure Coefficients — Seismic Loading Conditions

The lateral earth pressure on the abutments under seismic loading conditions can be
determined using the Mononobe-Okabe formulation. The conventional
Mononobe-Okabe formulation estimates the combined static and lateral pressure
coefficient (Kg) that is applicable to a wall that can move outwards and develop active
pressure coefficient in the soils retained. However, if the wall is held or “restrained”
against movement, the lateral earth pressures developed against the wall are larger then
the pressure computed from the conventional Mononobe-Okabe formulation.

In practice, the increased lateral earth pressure behind restrained walls is computed using
the Mononobe-Okabe formulation following the guidelines provided in ATC-6 (1982)
and CSA-S6 (2006) for restrained wall conditions. Based on our calculations, it is
recommended that a dynamic lateral earth pressure coefficient (Ka) of 0.50 be used in
design for the 1,000 year ground motions under restrained wall condition.

Alternatively, abutment walls may be designed with a seismic lateral earth pressure
coefficient (Kq) of 0.31, corresponding to a yielding wall condition, provided lateral
movement of up to 25 mm can be accommodated.

The following additional assumptions have been made in the derivation of seismic lateral
earth pressure coefficients:

e Backfill retained by the wall is dry or moist;

e Backfill retained by the wall is horizontal;

e No backfill surcharge is included;

e Backfill friction angle of 36 degrees;

o Interface friction angle of 18 degrees between the wall and backfill; and,

e The peak horizontal ground surface acceleration for the 1,000 year ground motions is
0.21g.
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The combined static and seismic lateral earth pressure (Pae) against the abutment wall
should be calculated using the following equation;

Pae = % (K,.) YH

where, H is the embedded height of the wall and 7 is the saturated unit weight of backfill.
A saturated unit weight of 20 kN/m® should be used in computing the lateral earth
pressures. The computed triangular earth pressure distribution should be distributed as an
inverted triangle over the depth of the embedded portion of the wall with the apex of the
triangle at the base of the wall. The effects of water pressure, where applicable, should
be added to the lateral earth pressures computed above. For the portion of soil below the
water table, a submerged unit weight of 10.2 kN/m’ should be used when computing the
lateral earth pressures.

7.0 STABILITY OF ABUTMENT SLOPES

Engineering analyses were carried out to assess the stability of the post-construction
abutment slopes as shown in EarthTech Drawings Nos. 1702-01a. The global stability of
the bridge abutments was evaluated using the computer program SLOPE/W
(Version 6.16). The water level in the river was taken as 783 m. A minimum ground
improvement zone of 17 m x 17 m in plan was assumed in the analyses. The depth of
ground improvement was assumed to be about 25 m below the pile cap level.

Under static loading conditions, our analyses indicate that the static factor of safety
against an overall slip circle failure of the new abutment slope is approximately 1.53 or
greater which is considered to be adequate. The results of the slope stability analyses are
presented in Figure 8.

Under the 1,000 year ground motions, the pseudo-static factor of safety against an overall
failure of the abutment slope is estimated to be about 0.93. The results of the slope
stability analyses are presented in Figure 9.

Stability analyses were also conducted for the 1,000 year ground motions for the post
liquefaction case. The pseudo-static factor of safety against an overall failure of the
abutment slope following liquefaction under the 1,000 year return period seismic event is
approximately 1.15 (see Figure 10). This indicates that flow slide following the seismic
event involving the abutment slope should not be expected.

The above analyses indicate that the seismic loading-induced soil deformations at the
abutments are expected to be small following the 475 and 1,000 year seismic events,
provided that the ground improvement and site preparation measures identified in
sections 5 and 6 are adhered to during construction.
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8.0 FROST ACTION

The bridge site is located at high latitude with long cold winters. Available climatic data
for a nearby location of the bridge site has a mean freezing index of about 3500+ degree
C days (Canadian Foundation Engineering Manual). If we extrapolate from a US Corps
of Engineers empirical relationship, it is estimated that the mean frost penetration in a
well-drained non-frost susceptible granular material is of the order of 3.0 m if there is no
SNOW cover.

Due to the presence of highly frost susceptible soils at the project site, and the large frost
heave induced deformations occurred on the original bridge during the period between
1943 and 1955, suitable engineering measures should be implemented to provide
sufficient protection to the bridge foundations against the potential frost hazard.
The engineered fill to be used for construction of the new bridge abutments should
consist of non-frost susceptible, clean, well-graded, granular materials.

Based on the preliminary design drawing (General Arrangement, drawing #1702-01
dated April 11, 2008) provided to us by Earth Tech, the granular fill extends to about
2.0 m below the underside of the pile cap at the north (towards Alaska) abutment and the
south (towards Whitehorse) abutment. This is considered adequate to reduce frost heave
hazard.

Based on our discussions with Earth Tech during a meeting on August 3, 2007, we
understand that installation of drains pipes near the base of the granular fill will be
considered. Installation of drains is considered one of the practical engineering measures
that can help reducing the future risk of frost heave hazard, and has been implemented in
bridges constructed in the cold region. It is recommended that the drains be incorporated.

9.0 CLOSURE

It is recommended that the geotechnical aspects of the final design and specifications be
reviewed prior to tendering. Provision should be made for periodic geotechnical field
review, geotechnical inspection during ground improvement, pile installation, verification
testing and subgrade preparations to permit confirmation that the actual subgrade
conditions and construction operations are as anticipated and in overall conformance with
our recommendations.
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We trust that this report provides the information required. Should you have any
questions or require any further information regarding the above, please do not hesitate to
contact us.

Yours very truly,

GOLDER ASSOCIATES LTD.

Viji Fernando, M.E.Sc,

Geotechnical Engjuée)® ES3/0,1,
Qq‘if/“‘“\{ﬁ’

Assocmte

\

M. (Yogl) Yogendrakumar PE D P. Eng

Principal

VF/JZJ/MY /nnv

0:\Final\2007\1411\07-1411-0005\8000\0609_08\Frpt-0609_08 Yukon-Slims River Bridge Replacement.Doc

Golder Associates



June 2008 07-1411-0005/8000

IMPORTANT INFORMATION AND LIMITATIONSOF THIS REPORT

Standard of Care: Golder Associates Ltd. (Golder) has prepared this report in a manner
consistent with that level of care and skill ordinarily exercised by members of the
engineering and science professions currently practicing under similar conditions in the
jurisdiction in which the services are provided, subject to the time limits and physical
constraints applicable to this report. No other warranty, expressed or implied is made.

Basis and Use of the Report: This report has been prepared for the specific site, design
objective, development and purpose described to Golder by the Client. The factual data,
interpretations and recommendations pertain to a specific project as described in this
report and are not applicable to any other project or site location. Any change of site
conditions, purpose, development plans or if the project is not initiated within eighteen
months of the date of the report may alter the validity of the report. Golder can not be
responsible for use of this report, or portions thereof, unless Golder is requested to review
and, if necessary, revise the report.

The information, recommendations and opinions expressed in this report are for the sole
benefit of the Client. No other party may use or rely on this report or any portion thereof
without Golder’s express written consent. If the report was prepared to be included for a
specific permit application process, then upon the reasonable request of the client, Golder
may authorize in writing the use of this report by the regulatory agency as an Approved
User for the specific and identified purpose of the applicable permit review process. Any
other use of this report by others is prohibited and is without responsibility to Golder.
The report, all plans, data, drawings and other documents as well as all electronic media
prepared by Golder are considered its professional work product and shall remain the
copyright property of Golder, who authorizes only the Client and Approved Users to
make copies of the report, but only in such quantities as are reasonably necessary for the
use of the report by those parties. The Client and Approved Users may not give, lend,
sell, or otherwise make available the report or any portion thereof to any other party
without the express written permission of Golder. The Client acknowledges that
electronic media is susceptible to unauthorized modification, deterioration and
incompatibility and therefore the Client can not rely upon the electronic media versions
of Golder’s report or other work products.

The report is of a summary nature and is not intended to stand alone without reference to
the instructions given to Golder by the Client, communications between Golder and the
Client, and to any other reports prepared by Golder for the Client relative to the specific
site described in the report. In order to properly understand the suggestions,
recommendations and opinions expressed in this report, reference must be made to the
whole of the report. Golder can not be responsible for use of portions of the report
without reference to the entire report.

Golder Associates



June 2008 07-1411-0005/8000

IMPORTANT INFORMATION AND LIMITATIONSOF THIS REPORT (cont'd)

Unless otherwise stated, the suggestions, recommendations and opinions given in this
report are intended only for the guidance of the Client in the design of the specific
project. The extent and detail of investigations, including the number of test holes,
necessary to determine all of the relevant conditions which may affect construction costs
would normally be greater than has been carried out for design purposes. Contractors
bidding on, or undertaking the work, should rely on their own investigations, as well as
their own interpretations of the factual data presented in the report, as to how subsurface
conditions may affect their work, including but not limited to proposed construction
techniques, schedule, safety and equipment capabilities.

Soil, Rock and Groundwater Conditions: Classification and identification of soils,
rocks, and geologic units have been based on commonly accepted methods employed in
the practice of geotechnical engineering and related disciplines. ~Classification and
identification of the type and condition of these materials or units involves judgment, and
boundaries between different soil, rock or geologic types or units may be transitional
rather than abrupt. Accordingly, Golder does not warrant or guarantee the exactness of
the descriptions.

Special risks occur whenever engineering or related disciplines are applied to identify
subsurface conditions and even a comprehensive investigation, sampling and testing
program may fail to detect all or certain subsurface conditions. The environmental,
geologic, geotechnical, geochemical and hydrogeologic conditions that Golder interprets
to exist between and beyond sampling points may differ from those that actually exist.
In addition to soil variability, fill of variable physical and chemical composition can be
present over portions of the site or on adjacent properties. The professional services
retained for this project include only the geotechnical aspects of the subsurface
conditions at the site, unless otherwise specifically stated and identified in the
report. The presence or implication(s) of possible surface and/or subsurface
contamination resulting from previous activities or uses of the site and/or resulting from
the introduction onto the site of materials from off-site sources are outside the terms of
reference for this project and have not been investigated or addressed.

Soil and groundwater conditions shown in the factual data and described in the report are
the observed conditions at the time of their determination or measurement. Unless
otherwise noted, those conditions form the basis of the recommendations in the report.
Groundwater conditions may vary between and beyond reported locations and can be
affected by annual, seasonal and meteorological conditions. The condition of the soil,
rock and groundwater may be significantly altered by construction activities (traffic,
excavation, groundwater level lowering, pile driving, blasting, etc.) on the site or on
adjacent sites. Excavation may expose the soils to changes due to wetting, drying or
frost. Unless otherwise indicated the soil must be protected from these changes during
construction.
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IMPORTANT INFORMATION AND LIMITATIONSOF THIS REPORT (cont'd)

Sample Disposal: Golder will dispose of all uncontaminated soil and/or rock samples
90 days following issue of this report or, upon written request of the Client, will store
uncontaminated samples and materials at the Client’s expense. In the event that actual
contaminated soils, fills or groundwater are encountered or are inferred to be present, all
contaminated samples shall remain the property and responsibility of the Client for
proper disposal.

Follow-Up and Construction Services: All details of the design were not known at the
time of submission of Golder’s report. Golder should be retained to review the final
design, project plans and documents prior to construction, to confirm that they are
consistent with the intent of Golder’s report.

During construction, Golder should be retained to perform sufficient and timely
observations of encountered conditions to confirm and document that the subsurface
conditions do not materially differ from those interpreted conditions considered in the
preparation of Golder’s report and to confirm and document that construction activities
do not adversely affect the suggestions, recommendations and opinions contained in
Golder’s report. Adequate field review, observation and testing during construction are
necessary for Golder to be able to provide letters of assurance, in accordance with the
requirements of many regulatory authorities. In cases where this reccommendation is not
followed, Golder’s responsibility is limited to interpreting accurately the information
encountered at the borehole locations, at the time of their initial determination or
measurement during the preparation of the Report.

Changed Conditions and Drainage: Where conditions encountered at the site differ
significantly from those anticipated in this report, either due to natural variability of
subsurface conditions or construction activities, it is a condition of this report that Golder
be notified of any changes and be provided with an opportunity to review or revise the
recommendations within this report. Recognition of changed soil and rock conditions
requires experience and it is recommended that Golder be employed to visit the site with
sufficient frequency to detect if conditions have changed significantly.

Drainage of subsurface water is commonly required either for temporary or permanent
installations for the project. Improper design or construction of drainage or dewatering
can have serious consequences. Golder takes no responsibility for the effects of drainage
unless specifically involved in the detailed design and construction monitoring of the
system

Golder Associates



0 | a3e, SI}RID0SSY 43P]0! [oitd_anug19] six'saain) A4 L07S011-9 7 § 914eL
e HERESVESHIES \ua00dwa N0 6090\000MS000-1 1¥1-LON 1 F1\LOOTIPUING

2vs89 | 1169 | 88919 | 1'9286 | v'E8¥S | 2OvlS | 086y | 2GSvv | SZLlv | 8'69/€ | 6'8/LE | 0°€65C | 29902 | 6'66GL | 2'z6LL 0'5Y8 6'955 £'82¢ €651 9'€6 6258°L
Z¥S89 | G1159 | 88919 | 19286 | v'€8yS | LowlS | 086LF | TGSyy | SCLiv | 869/€ | 68/LE | 0°€6GZ | 2990 | 6°66GL | LZ6LL 0'Gt8 6955 €82€ €651 9'€6 62ve’L
Z¥589 | S1159 | 88919 | 19285 | v'esys | LoviS [ 086.F | TGShy [ SZily | 86926 | 68LLE | 0€66Z | 2990 | 6'66GL | 2T6LL 0°G¥8 6995 £'82¢ €651 9'€6 62£9'0
L'vpb9 | 61219 | 2665 | GZ.¥S | €GG1S | L'eesy | 6°0LSy | 988y | v'998e | TiGE | 6'z€0e | 91162 | 29202 | 9'zZ8SL | 8'98LL 9’8 1955 £'82¢ €651 9'€6 6220°0
S'Ovvy | L'beey | 8100V | S6L/€ | ¢ZGSE | 8¥EEE | G2LIE | 20682 | 64992 | SSvbz | 069LZ | 81881 | 8GESL | CELEL | 9/€0L 9'vLL 1°2€S A3 6'851 0'€6 2010°0
661y | 60/6€ | 619/ | 62566 | Ovpee | 0'GELE | 0926¢ | 0'/l122 | 08052 | 06622 | v'Sv0z | veszL | 9'6LGL | 9'852L [ 1'200L L'¥SL 6'€2S 1°0Z€ 9851 9'Z6 £600°0
2168 | 1'269€ | G20S€ | 6/06€ | €€LI€ | 2'816C | Z¥elZ | 9625 | 0'GEEZ | v'Oviz | ¢OL6L | 64291 | Z'€EVL | 0°S6LL €656 9'62L 1215 6'9LE 1851 616 58000
G'18GE | veOvE | veeee | €¥v0E | 26982 | 1'9892 | L2052 | 0826 | 6'8vlZ | 8696 | 2 €91 | L'0GSL | 0°9eElL | 9iziL 2806 1'869 €£'96¥ VLLE T'LS1 016 9000
862 | £280€ | 8ve6e | £29/¢ | 8665C | viE€ve | 6vice | veile | 66¥6L | ¥28/L | G¥09L | S9LvL | S/zel | 9Z€0L 9'/18 0659 €6y €'€0€ 9'GGL 7'68 8900°0
Z168¢ | vesiz | 6209z | 9zove | silez | 6Tiiz | 1'8e0oz | zessl | €8€LL | S'€6SL [ ZveEvL | €h/2L [ €L0LL ¥'Tr6 89/, [T 8'Lvy 9’162 6251 08 6500°0
6'veSe | 286€2 | velzz | z9viz | 66102 | 2€68L | ¥29ZL | ZL¥9L | OGLSL | 288€L | 0€SZh | 8HLLL 1’616 £°GE8 6769 ¥'€SS vTiy 8'v/Z €8yl €8 15000
GPpELZ | 82202 | L'Le6L | vvi8L | 9/0/L | 6009, | ZwebL | GZ8€lL | 208ZL | O¥ZLL | 91901 9'/v6 0EE8 8/1L 2109 68y 9°'/9¢ [ 901 [ Z¥00°0
z82/L | 81¥9L | ¥'SSSL | 069y, | 9e8el | 296zl | 2'60zL | €€Til | 6'9€0L 5'056 1198 80, 2089 2685 9'/6¥ £'50¥ yZLE €61LC 0821 069 ¥£00°0
G'80€l | O'€vel | 9ZZLL | ZTLiL | 8'9p0L €186 6'GL6 5058 1'682 L1'61L 6259 885 9'81G LISy €8¢ TSLE 9'9vZ G/LL 5801 025 52000
€8/8 [ G062 S'ovL 920 1'859 8'v19 605 022 1'€8% 8'8EY €Y6€ 6'6VE €'G0E 1092 6'G12 6°0L1 /621 €08 1Ly 21000
0'L¥Y 6811 696€ 8v.E 8'25€ £'0E€ £°80€ 9'982 9'¥9Z S'2he ¥'02C €861 2Ll 1'¥GL 6LEL 8'601 9'/8 ¥'G9 L'EY 1'\2 8000°0
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0
(wyNy) d (w) A
(w) ded apd
0z 6l -] L L] Si vi €l 4} 1 oL 6 8 L 9 S 14 € z b mojsq yideq

3jid adid ww 19 J0j saaIn) A-d :g a|qe)

000L/5000-11¥1L0 8002/90/60



o0z ade S$9)e100SSY 13pjo [oudamny (o) sprsaan) &4 10750119 2 § 219 L
cioTatd SRESWSPIND \U200dUIONRY6090\000R\S000-1 171-LON 1 1\LOOTPUANO

1'0220L | 9956 | L'€vz6 | 9628 | ¥'G0L8 | L'2GLL | v'8529 | €vevS | L'6v9y | Lveee | celze | €€89¢ | 6'9viz | 1091 | 82521 1°568 0°265 ¥'8G€ 0’62 SLyl £9/1'C
1'02201 | 9956 | L'€ve6 | 9628 | ¥'SOL8 | VeSiZ | v'8S29 | €vevS | L'6voy | L'veee | z6Lce | €€89¢ | 6'9vic | 1029 | 8'escl 1'G68 0265 ¥'8GE 0'6¥2C S'Lyl €298°'L
1°02201 | 99S/6 | L'€vZ6 | 96228 | ¥SOL8 | teSLL | ¥8529 | €vevs | Levoy | Lveee | z6lee | €€892 | 6'9viz | 1091 | 8'esel 1'668 0265 ¥'8G€ 0'6¥Z Syl £816°0
G'GG06 | 8¢/L6 | 00698 | 22028 | ¢ev9l | €2¢289 | v2e09 | €9/26 | L'8Sv | 2188€ | 1'1S2e | 66992 [ vivic | 28991 | ¥zsel 1568 0265 ¥'85€ 0'6¥2 Syl £v€0°0
$2999 | €6269 | 29665 | 0€99S | €/0€5 | 29/87 | L'9vvy | €910V | 2'88SE€ | G'€9LE | cvbiz | vEEEZ | L'GE6L | ¥'¥SGL | L'86LI [R2%] T'16S G'.GE 2'8¥C y'ovL 25100
1'€929 | 66v6G | 8'9¢9S | 9'€CES | 61667 | G865y | SvOZy | €018 | 8'9LVE | 6420 €9€92 | G'eSez | G6/8L | L'6LGL | v'8LLL 6198 0885 8°95€ 9'/¥C 8'6EL ¥10°0
1'1€85 | 96£65 | 08¥2S | v'9S6v | L0S9F | €¥6er | 92€6€ | 1°08S€ | v'zeee | 25982 | S'60S2 | 1ZSle | 9°0i8L | L'€ivL | 2IGLL 8168 0°€8S 9'GGE 9'9¥Z 88l 12100
996G | 1'860S | 8628V | ¥1L9GF | 2182y | 8'€96€ | L'¥¥9E | 9beee | L'€00€ | v2892 | G196z | 0'2v0z | 8'GeLL | 2GivL | L'9LLL 0°€E8 €'G.S G'EGE (X444 €L ¥110°0
698y | 6629y | vescy | 06ELy | L288€ | 8'909€ | ¥'GZ€E | O'€YOE | S'65/¢ | 2G/vZ | vo6Lc | 85061 | S'Zz9l | vevElL | 89904 1908 9'€95 0°0S€E 0z 6VEL 20100
\'LvEy | OvZly | 0206€ | 6689€ | 0/9v€ | O¥Zee | L'086C | z'S€lz | €68v2 | vevee | L¥66L | €9¥LL | 0'86¥L | 6°0SZL | 6°900L 669 1'S¥S 6EPE €L€C L'LEL 6800°0
2€8lE | V' ¥BSE | 6VOVE | 8GlZE | 22eOE | G918z | 96092 | 610y | €€6LZ | 8'€86L | v'E€LLL | 2Z9SL | COSEL | Z'8ELL 2126 €6LL 681G G'EEE €622 €6l 92000
€86LE | v8e0c | S8/8¢ | 98LJZ | €955 | ¢98€C | GGlez | €vpOZ | Gel8L | 000ZL | 292GL | 272SeV | 8/LLL | Z'zook | +'9z8 ¥'159 L'6LY 1'91€ ¥'91Z 9911 £900°0
G'68G2 | 009rZ | G0€€z | 1’1022 | ¥0.0Z | SGe6L | €008L | 8¥99L | 6'82GL | 9'26€L | 8GSZL | v'8LIL ¥'086 L8 ¥'20L 1295 L'€Ty 682 6'G61 L'€01 15000
9'0961 | Ge98L | Gv¥9ZL | 69991 | 629GL | S/9vL | 029er | ¥'99zL | 9'S9LL [ S'¥90L €96 9’198 9'65. 2159 R 0°1G¥ T LVE 0'vre 0691 9'G8 8£00°0
091l | c0S2L | v¥8lL | 9'8LLL | 92504 1°986 9'616 0€s8 | €982 9612 8259 6585 881G 9'LSY Tv8e S91E 9'8¥Z ¥'081 [N 219 5200°0
£°099 1129 9'v6S 9'L9g 9'825 ¥'G6Y €29y z'62h 0'96€ 6°29¢ 1'62€ 5'96C €'€9C 1°0€C 8961 9'€91 2'0EL 896 L'v9 G2 €100°0
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0
(w/Ny) d (w) £
(w) ded apid
0z 6L 81 L 9l Sk vi €1 zi 1 ot 6 8 L 9 S ¥ € z 1 mojeq pdag

9)id adid ww p1§ 10§ saan) A-d :g ajqe]

000L/S000-11¥1-L0 8002/90/60



-0005_SlimsRiver.mxd

N:\Bur-Graphics\Projects\Key-plans\2007\aprs\07-1411

Cogees P1
¥ &
5%
.'.: % - o l
; i ;
(g y
( 9
]
\ I .’\(-" < N g ¥ = *‘(}J‘L .
- o i < ] i o
s % " ~ ST \ ; g 3 & W =
: % k> 3 MRS 4 2
| ) Y N ! = : . e/ g E
STk Fr oot ) NG -»}\;_.—1
4 N E ¥ all_ . Mot 2 __-__ Ty, C‘y
N J E K ) 13 KIUANE WILDLIFE SANCTUARY. %
= E luryy, .
- i
%] ’ R 4 v
it \ | N o
3 u-:-:f + 1‘__:__ G E 8 A &
2~ g: = » —-—.._C‘-é'.-._'g @ \5‘\'.
NGE % g k
) ! : " SR
Obseryate = z ; o
Mounts 2 A ~
- b 7 i
e ey P, - _:-
755
LEGEND 6 3 0 6
Project Site e —
SCALE 1:300,000  KILOMETRES
= GOVERNMENT OF YUKON
SLIMS RIVER BRIDGE REPLACEMENT KM 1702
ALASKA HWY, YUKON
TITLE
KEY PLAN
REFERENCE | scaLe s siown | Rev.o |

NTS 250k provided by Geogratis - Canmatrix
Datum: NAD 83 Projection: UTM Zone 7

h- PROJECT No. 07-1411-0005

DESIGN | W 17 L2007

@Golder GIs_| A_[17Sept. 2007
Associates [ceEx

FIGURE 1

Burmnaby, B.C. REVEW




REVISION DATE: BY: FILE:

Photograph of Slims River Bridge — Looking North

FRaRG! GOVERNMENT OF YUKON
SLIMS RIVER BRIDGE REPLACEMENT
KM 1702, ALASKA HWY, YUKON

TITLE

Photographs of Existing Slims River Bridge

A

PROJECT No.07-1411-0005 [PHASE / TASK No. 6000
DESIGN VF | 14SEPO7 |SCALE NTS _REV.
CADD -

cieck | My | 14sero7 | FIGURE 2
REVIEW




MY
€ 3¥NOI4d 030 o
L0d3SLL HI'N aavd HUE@ e U B1E2S

0 'A34 [NMOHS S¥ 3OS | £0<3541 A | Nois3g m«ﬂ”ﬂ”ﬂom S— . !

107V 0001 7G000LL¥LL0  "ON 374 | SO00-Li¥l—L0 "ON LO3MOHd

NV1d NOILVYOO01 3T0H3¥08

3L

NOMNA ‘AMH YXSVYTV ‘20LL WM
LNIWIOVId3H 390149 H3AIE SWITS
NOXNA 4O LNIJWNHIAOD

123r0ud

S1-101d0S

'500Z ‘AInr pejep
‘LO-MS "ou Bumesp ‘yoa | yue3 Aq papiroid ueid eseg

SERLENEEER]

4

aN3o3a1

uonedoT ejoH Jse L

wN.hetm.%u
m«.ho._h_nw%-

Bmp L0V T000LTS0001 L 1 £0\D00 L \BuoIg\SD00— L L ¥ L—L0\ L L+ L\ L00Z\S199l0ud\so1ydoig—ing\:N

34 aavo

AojuiHi A8 WJBS:¥0 £1/60/L0:31v0 NOISIATY




500

300

Shear Wave Velocity (m/s)
200

s .
o 2 -«
= 8
e I3 | w
a |g | &
~ 2 35 3
wz M HM —
Mo - %C 8
_, _. __ : zwy| ¢ |mo
. _ _ _ 22| o a5l |5
| . _ _ 3> £ |[8g (&
] i = ] 1 o ™ 2l w 7]
1 L_ ¢, 4 il > - = <
i 7] ; ! F%M S 25| |5
“ | -2 __ _ OwZl & |&y.l:
R
| _.M = | _ _MGM .nnv S| o
! - I S I WSS . DS (O (SN AU, (S| WO wenl @ 8z <[z
; . _ =x<g 3|2|8[2|=
NBI_ .m REWHE
RRA - P_D O
5 =
ww
328 £
|||||||||||||||||||||||||||||| 0R1 =]
GSM &) Y
=< = <
-~ =
— 3| i 3
5 =
= :
! = %
- @ |
o
m re==="7 .W I ESE R RS ..El w M %
__ = g = g E
* m m [
] [-¥] —d® L o e e e e e
+ = aprr-————"=="f-————+
| £ g E
; g & S
| | § &5 fat
| | | = -
1 | [—-] m m m
" | & 2 & 3 ¢
' " Y < B 3B o
e | e e et Lol SES L SRS i 2 | LN S ,m._[ ......................
] ] P m
| a 1
: @ 2 S S|
..... (O O . s | |}
| | |
1 | | |
] ] ] e
(=] o = = (=] (=]
= & R = 2 2 5 3 3 g e e
(w) pdaq

A4 ‘A8 3LvA NOISIASH




REVISION DATE: BY: FILE:

Elevation (m)

Equivalent SPT (N,)4, (blows/ft)

0 10 20 30 40 50
785 = _:_ T T
' : s | HDI . m

780 ) —— .
: A |

oy L SRS, S | W I—— - E :
! ; Sand

770 : et e o
i Potentially Liquefiable

765 === R e e

760 | S R s e
: . Silty Sand

755 e mnel W 5 -

750 posemassss :

745 +-- et e o e s
J | Sandy Silt to Silt

740 1-- B - bom e oo o mmmm e

735 | !

730 | 5 |

s  Mon Gronid

. i Th " a BHOT-IS
; ——SCPT 07-18

T Jromsmdnmresslonnmrnmme F | = BHO07-2S
~——CPT 07-2S

710 | —— (N1)60 Required - Delani - Carlo 360 |- - |
: — (N1)60 Required - Chi Chi - EW |

705 J —— (N1)60 Required - Landers - EW |
: (N1)60 Required - Loma Prieta - NS

700 7 ’

PROJECT

GOVERNMENT OF YUKON
SLIMS RIVER BRIDGE REPLACEMENT
KM 1702, ALASKA HWY, YUKON

TITLE

Predicted Zone of Liquefaction
(1000-year Ground Motions)

= PROJECT No.07-1411-0005 |PHASE / TASK No. 6000

DESIGN VF 14SEPO7 |SCALE NTS | REV.
= Golder

CADD -
et FIGURE 5

CHECK | MY
REVIEW

14SEPO7




Depth (m)

REVISION DATE: BY: FILE:

Cyclic Stress Ratio (CSR)
0 0.05 0.1 0.15 0.2 0.25 0.3

Fill

Sand

Sandy Silt to Silt

—&— Delani - Carlo 360
—#— Delani - Carlo 90
—&— Chi Chi EW

—&— Chi Chi NS

—@— Landers EW

—6— Landers NS

—#— Loma Prieta EW |
—&— Loma Prieta NS |

70

PROJECT GOVERNMENT OF YUKON
SLIMS RIVER BRIDGE REPLACEMENT
KM 1702, ALASKA HWY, YUKON

TITLE

Profiles of Cyclic Stress Ratio
(1000-year Ground Motions)

— PROJECT No.07-1411-0005 |PHASE | TASK No. 6000

DESIGN | VF | 14SEPO7 |SCALE NTS (REV.

FGolder e
%&m cexttw_{vaww] FIGURE 6




N:\Bur—Grophics\Projects\ 2007, 141 14,07—1411-0005\Drofting\ 2000 Duke\071411005-2000-A_04.dwg

CADD FILE:

REVISION DATE: 07/09/18 09:52AM  By: MHintay

dense Eand

medium dense sand
._

loose sand

—————— - —
-

i-“--*;—‘w-
-

NI

=

passive movemenl

at-rest

p&‘SSfVG -+ active
K-—8.0 A
o .
“ i X N7
e NE 'h
\ ——4.0 bl i
Y Y
DIZZNN
A
e -
LINNNX A'
|“ n:- h
i ‘.“ Y
ANNTANNN

active movement

loose sand

——————— ——— ——— ———

medium dense sand

__dense s_gng

I ! | | |

| I | I | | l

0.049 0.025 0.009

0.001 0 0.001 0.009 0.025

movement toward retained soil <«——{———~ movement away from retained soil

REFERENCE

ratio of wall movement to wall height, A/h

PROJECT

GOVERNMENT OF YUKON
SLIMS RIVER BRIDGE REPLACEMENT
KM 1702, ALASKA HWY, YUKON

TITLE

VARIATION OF EARTH PRESSURE WITH
LATERAL WALL MOVEMENT

1) Canadian Highway Bridge Design Code (commentary on
CAN/CSA-S6-06, Page 243).

PROJECT No, 07-1411-0005 | FILE No,

DESIGN MY 25JUND7 | SCALE NTSl REV.

CADD BAD 25JUNOT
CHECK MY 25JUNOT
REVIEW MY 25JUND7

Pese..

FIGURE 7




| SONVIOL |

8 JANOI4  [eowvro

000L 'ONMSYL/3SYHd| SO00-Li¥i-L0 "ON LO3rO¥d

‘A3 NMOHS SV 3Tv¥JS| BONVIE0 NOIS30

|&,§ls

ﬁ%@

uonIpuoY ANeIS
sisAjeuy Ajjiqels [eqoio

NOMNA ‘AMH VMSVIV ‘Z0ZL W)
INIWIDV1d3N 39aINg ¥IAN SIS
NOMNA 40 LNIWNNIA0D il (w) @duelsiq

0L 99 09 S 0 S O S 0 S 0 S oL S 0
T T T T T T T T 1 1 1 1 1%

(w) uonens|3

eem-3 e fmm.f..,..‘..

(cW/NY 61 = 4 ‘Bap Lg = ¢) pueg — @ ceet L NANRL A
(sWw/N¥ 0 = 4 ‘Bap g¢ = 9) pues payisusg - 9 Cesem t AN N
(sW/NX 0Z = 4 ‘Bop 8¢ = ) 11 — g et el lod ,jm,
(sw/NX vZ = 4 ‘ed) 00 = 2) aja10u0) — ¥ herres .,/:ﬁm. .\ & c




BONVTOL

6 3¥NOId [eowro

"A3d NMOHS SY 31v0S| BONVIOL NOIS3a
D00Z  ONYS¥L/3S¥Hd| G000-1E¥1-Z0 ON Lo3roud

o .@-&%

l&;is

(uonjoy punous Jeak ppQL) uonipuoy dlwsiss
sisAjeuy Ajigess jeqo|o

L
NOMNA ‘AMH V0SVIV Z0Z} W)l
INIW3OV1d3N 3Oaidg HIAR SWIS
NOMNA 40 LNIWNY3A0D il (w) souessiq
0L Q9 09 GS 0S Sy (0] Geg (0] Ggc 0c Gl 0l G 0

1] ] 1 [ T 1 1%

| soz
m
o
<
8
SLL &
=
08, 3
S
m _4 uuo.-'OM_/-o mmuﬁl
I..l. t.___olot. ./.
vy e oo-\\-__xoo__ -oj.o ‘* 061
p B @ .l-rn
. ® OW\._ _\L_oo\l

oem—a Ak R
(cw/NY 61 =4 ‘Bap Lg = ¢) pues — @ oy

o T -._-_-...,o LN "

=46 = - gl U L -t BAREN LR R

(sw/NY 02 ap 8¢ = ¢) pueg payisuaqg - 9 ik AL ....ﬁmm 0- ....,__J. e s
(sw/N>l 0z = 4 ‘Bap 8g = ¢) 114 — & .o g_ «fo /. A
lo_cn o-oloo oclw .”I-o-

(sW/NY 2 = 4 ‘ed) 002 = ) 8j810U0D — v g LT s L AR




M3
MO3HO

0} 3¥NOI4
Qavd

BONVIOL
BONVTOL

1|3

"A3d NMOHS SV _31v0S| BONVIO} NOISIa

— : %
0004  "ONMSYL/3SvHd| SO00-LL¥L-L0 "ON LOArOuWd =

(pueg payanby) uoRIPUOY JNWSIAG }S0d
sisAjeuy Aiqels [eqo|o

EQIUR
NOXNA ‘AMH VISV TV ‘Z0LL WX
INIWIOV1d3Y 39AINE ¥IAN SWITS
NOMNA 40 LNIWN¥IA0D 103108
0. S99 09 S5 09

(w) souessig
417 oY Ge 0g T4 0c Gl (1] g 0

_ _ | _ |

_ _ | _ _ | _

19)eM - 3

(sw/NY 61 = 4 “}"0 = 0/2) pueg payanbi] - Qg
(sw/N> 02 = 4 ‘Bap g¢ = ¢) pueg payisuaq — 9
(sw/N¥ 0z =4A‘Bap ge =9) 14— g

(sW/NY 2 = 4 ‘ed) 00Z = 9) 93210U0) — ¥

& -0 ” [ e P -/ i *
..o. . m o /® o____o- b t.n}nb.‘ o & -t nw e ® .
. m -% ll” a%a * ,4 e - *° . o_-
-\ P =T & " Sl e . e ..4.- PR L]
no___.__ z a_____ * oﬂ_-..w oo + .o V, n..-*.._“ ib_- =1 .oto
= 01\0000 e ® ._. 0!!I|OQC/L\h\r m...... . ®
l-\ PR o + . e B ® : ‘

(w) uoneas|3




APPENDIX |

BOREHOLE LOGS



PROJECT No.: 07-1411-0005 RECORD OF BOREHOLE: BH07-1S SHEET 1 OF 4

LOCATION: NE Side of Slims Bridge BORING DATE: May 13-14, 2007 DATUM: Geodetic
N: 195584.36 E: 253550.701

BOREHOLE 07-1411-0005.GPJ GLDR_CAN.GDT 6/9/08

o DYNAMIC PENETRATION HYDRAULIC CONDUCTIVITY, PIEZOMETER
y |8 SOIL PROFILE SAMPLES | RESISTANCE, BLOWS/0.3m k, cmis I 22 oR
sel & 5 £ 2 4 6 8 10 10° 0% 10° 35 STANDPIPE
173 z| = 7 & w 2 I 1 I I I 1 1 1 Eu INSTALLATION
tul| o < |ELEV. | @ |8 | G | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT | 5+
culg DESCRIPTION i z|z|g P V.® U-0 SW. . 22
I H 2 |DEPTH| S 2 Cu, kPa remV. - Wp wi 22
° |8 El m |=| |2 -
@ ” @ 10 20 30 40 5 10 15 20
| Ground Surface 783.00
— 0 0.00 q
N Loose to compact, moist, silty SAND, ]
- some gravel, contains cobbles and B
o boulders. 7
r (Berm FILL) B
Co - boulder from 0.61m - 1.07m depth. —]
L - cobbles at 1.83m depth. R
r 78148 N
L 152 E
50
L 1 DO 16 :
r Compact to dense, moist SAND and ]
L GRAVEL, some silt, contains cobbles -
o and boulders. p
- (Berm FILL) ]
r - cobbles at 3.05m depth. ]
- 3 || —_
C 2|50 12 .
[ 77934 7]
= 366 ]
— 4 -
r £ Loose, wet, grey, fine to medium SAND, - 2
L | &| some silt, trace gravel. e
- £(3| -gravelly layer from 4.88m - 5.18m 1
- 5| 2| depth. ]
- 3 50
-® g £ 3 |po| 3 _j‘
- K
L 0|z B
- F -
° - N
- -
- 777.21 ]
N 579 _
— G -
50 i
- 4 loof 4 M ]
C Loose, wet, grey, fine to medium SAND, n
= 7 trace to some silt, some sandy silt ]
r layers. 4
L 50 ]
L 5100| 6 ]
u 77477 ]
L 823 —
L i Loose, wet, grey, fine to medium SAND, 50 p
B trace to some silt, trace sandy silt layers. 8 [po| ® E
Y - —-—-—-[——— —————— -—————-t——-at —_-——_—_-—t - -—-t-—-—|--—--—-— - — —
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: LW
150 CHECKED: MY




BOREHOLE 07-1411-0005.GPJ GLDR_CAN.GDT 6/9/08

PROJECT No.: 07-1411-0005

LOCATION: NE Side of Slims Bridge

N: 195584.36 E: 253550.701

BORING DATE: May 13-14, 2007

RECORD OF BOREHOLE: BHO07-1S

SHEET 2 OF 4
DATUM: Geodetic

1

: 50

o DYNAMIC PENETRATION HYDRAULIC CONDUCTIVITY, PIEZOMETER

u g SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m k, cm/s I 2 %)

< Z

ol | ] & 2 4 6 8 10¢ 10° 100 10° Ze STANDPIPE

g E s z ELEV ECJ wlae ) 1 1 1 ! 1 1 L Ew INSTALLATION

ZFuwl| @ DESCRIPTION < {@|a|g| SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT 5=

a2 | £ = 2z |3 cukr V.® U-O ad

uw 4 < |DEPTH| S 3 u, kPa remV. i—-——eLi w 2%

o o] 24 m |2 S Wp |

@ = @
(4 10 20 30 40 5 10 15 20
— 10
L 0 -
L 7 ool 4 ]
— 11 " —
- 12 ]
- g
- B
L 43 —
C 50 ]
C 8 ool © M ]
— 14 [ | —
L i
- > :
L s
o
C12)s ;
L HE 3
I 5|2 |3 Loose, wet, grey, fine to medium SAND, ]
- 3 g trace to some silt, trace sandy silt layers. n
- 2 g (continued) -
- 3 3 ]
- - -
L 4
L 16 ]
C ]
— -]
i 50 ]
B 9 {pol 10 .
— 18 ]
- 19 —]
| 6 R
|- 20} [ IR AU A R AP AU SN RN S PR SN S —————— —
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: LW
CHECKED: MY




PROJECT No.: 07-1411-0005 RECORD OF BOREHOLE: BH07-1S SHEET 3 OF 4

LOCATION: NE Side of Slims Bridge BORING DATE: May 13-14, 2007 DATUM: Geodetic
N: 195584.36 E: 253550.701

BOREHOLE 07-1411-0005.GPJ GLDR_CAN.GDT 6/9/08

a DYNAMIC PENETRATION HYDRAULIC CONDUCTIVITY, PIEZOMETER

u 8 SOIL PROFILE SAMPLES | RESISTANCE, BLOWS/0.3m \ k, cmv/s I 22 OR

< =

sel G 5 £ 2 4 6 8 w0 10% 100 10° zE STANDPIPE

2| = & | pey B w|s L L L . L I . ! 24 INSTALLATION

Fw 2 DESCRIPTION < ‘|@|a || SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT 5F

oS | 2 = = 2 a

w o < |DEPTH| S [ g Cu, kPa remV.®@ U- O 2

a ) gl m |2 S wpb———oeW—jwi 3

° o @ 1020 30 40 5 10 15 20
- 20
N 50 N
L 10|50| € ]
N Loose, wet, grey, fine to medium SAND, - ]
- trace to some silt, trace sandy silt layers. 4
o (continued) e
L 761.97 ]
- 21.03 4
L .‘.:‘ B 7]
L 1k h
— 22 T4 —
I ol ]
o -
C 50 ]
C 1{50| 2 M .
— 2 -
¥ . ]
L s
L o & ]
- £|3 -
=
I 2 e 15, Loose, wet, grey, silty SAND, some silt ]
N B ‘“g' and sand layers (interlayering). ]
- 2l2 -
- 0|2 i
- @ .
B £ i
— 26 ] ]
r 50 7
- 12 3
C 00 ]
- -
I -1
T 3
L s 754.04 ]
— 29 28.96 ]
- 2 -
C K —% M ]
N Firm, grey, wet, sandy SILT, some B
B clayey silt layers (interlayering). — 7
N N U SN AR (U A A IS S U M I I A ——— 1
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: LW
CHECKED: MY

1:50




BOREHOLE 07-1411-0005.GPJ GLDR_CAN.GDT 6/9/08

PROJECT No.:

07-1411-0005

LOCATION: NE Side of Slims Bridge

N: 195584.36 E: 253550.701

RECORD OF BOREHOLE: BHO07-1S

BORING DATE: May 13-14, 2007

SHEET 4 OF 4
DATUM: Geodetic

a DYNAMIC PENETRATION HYDRAULIC CONDUCTIVITY, PIEZOMETER
w 8 SOIL PROFILE SAMPLES | RESISTANCE, BLOWS/0.3m k, cm/s I 22 OR
32|k 5 E 2 4 6 8 10° 10°  10* 107 zZ= STANDPIPE
gu|u 3 ol | . . . I I ] i L 28 INSTALLATION
E o leEv. [Blwlg -
Ih| o DESCRIPTION < |2|a |G| SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT 5F
4 = = ]
a2 | £ % |oeptH| S | & | 2 | CukPa remV.® U-O a
gtz g% 121718 wppb——eW——w |<S
@ ” @ 10 20 30 40 5 10 15 20
— 30 .
I 5 -
- ° _
ol X -4
B Elo
- % § -1
o Q|3 | Fim, grey, wet, sandy SILT, some ]
F §| €| clayey silt layers (interlayering). ]
r E é (continued) ]
L © e
3
- g 4
— 32| |7 — .
- 0 .
: gl s = :
C Jak+l 75008 i
I 32.92 -
- End of BOREHOLE. ]
r ]
r .
T o 1
C .
l— a5 —..
— 36 ]
- ]
L 4 ]
N -]
[ 3 -
- 40 —
DEPTH SCALE LOGGED: LW
1:50 CHECKED: MY




BOREHOLE 07-1411-0005.GPJ GLDR_CAN.GDT 6/9/08

PROJECT No.: 07-1411-0005

LOCATION: SW Side of Slims Bridge

N: 195475.184 E: 253602.451

BORING DATE: May 16, 2007

RECORD OF BOREHOLE: BHO07-2S

SHEET 1 OF 3

DATUM: Geodetic

: 50

a DYNAMIC PENETRATION HYDRAULIC CONDUCTIVITY, Pl
w :O: SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m \ k, cmis I . % EZOMETER
<2
S8l & 5 3 2 4 6 8 10 10°  10* 10° zZe STANDPIPE
qu | u S o I i ! ; i I I i L o INSTALLATION
Ih | o o lEeev. |[B|w | (==
i DESCRIPTION < ©|a|&| SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT 4
as | £ > = = o
i z 2 (oeetH| 2 | B Cu, kPa remV.® U- O oW a8
o o € m |2 9 Wp wi <g
@ B o
” 10 20 30 40 10 15 20
L Ground Surface 784.08
N 0.00 4
I -
L 50 _
r 1 0ol 26 n
-2 — -
- Loose to compact, moist, brown and 1
r grey, silty SAND, some gravel, contains b
r cobbles and boulders. ]
- 3 (Berm FILL) -
l- - boulder from 0.61m - 0.91m depth. 1 .
- - rock at 1.9m depth. -
L 50 4
B 2 |pof % ]
- 4 —
L ]
r 2| - wet rock fill layer from 4.57m - 5.18m - T
S| depth. ]
L > 4
L £lg N
C HE 3|501 15 ]
— 5 .5 B —
- 1 4
L 213 — R
L o2 ]
N 3
] 4
L = 4
r 778.29 7]
- 5.79 ]
— 6 —
F N ]
: 50 -
r 4 DO 1 M :
r Loose to compact, wet, grey, fine to ]
I medium SAND, some sandy silt _
- - clayey silt layer from 7.62m - 7.92m .
- depth. B
: 50 26. 7
. S EAR = 2% m E
L 775.85 i
- 8.23 ]
- ° Loose to compact, wet, grey, fine to ]
o medium SAND, some sandy silt layers. ] 4
- 50 e
r 6 |po| 10 7]
S ) I A O N S I IO N I I _
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: LW
1 CHECKED: MY




BOREHOLE 07-1411-0005.GPJ GLDR_CAN.GDT 6/9/08

PROJECT No.: 07-1411-0005 RECORD OF BOREHOLE: BHO07-2S SHEET 2 OF 3
LOCATION: SW Side of Slims Bridge BORING DATE: May 16, 2007 DATUM: Geodetic
N: 195475.184 E: 253602.451
DYNAMIC PENETRATION HYDRAULIC CONDUCTIVITY, PIEZOMETER
w § SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m \ k, cm/s I 2 g OR
20 z = " 3 " -3 ZE STANDPIPE
ax | ¢ 9 el |8 2 4 ¢ 8 W W eq INSTALLATION
& wiw|e EE
Za| g DESCRIPTION < |ELEY- |2 | & | G | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT | 57
gi g 'é' DEPTH E s % Cu, kPa remV.® U-O Wo w wi 25
m par}
@ "‘7’ m @ 10 20 30 40 5 10 15 20
10 .
- B ]
- 0 -1
4 AR .
L 12 —_
:- 13 —_
C - trace gravel at 13.7m, 15.2m and | i
- 16.8m depths. h
- 8 |60 " .
C . .
C > n
B ] ]
L & 4
HE ]
r 15 O|3| Loose to compact, wet, grey, fine to ]
L 8| £| medium SAND, some sandy silt layers. ]
L 2 g (continued) R
- (0] -
5
;| :
= -
L -
- 16 .
L i
Y 50 —
B R M 1
C s ]
-— 19 ——
C — ]
- 10 2
. —_M®pojtl | 1 _ I I I I A | _
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: LW
1:560 CHECKED: MY




PROJECT No.: 07-1411-0005

LOCATION: SW Side of Slims Bridge

N: 195475.184 E: 253602.451

RECORD OF BOREHOLE: BHO07-2S

BORING DATE: May 16, 2007

SHEET 3 OF 3

DATUM: Geodetic

BOREHOLE 07-1411-0005.GPJ GLDR_CAN.GDT 6/9/08

DYNAMIC PENETRATION HYDRAULIC CONDUCTIVITY, PIEZOMETER

w |8 SOIL PROFILE SAMPLES | RESISTANCE, BLOWS/0.3m \ K, cmis I 22
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a2 DESCRIPTION < |EEV |2 | & | g | SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT | 57
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APPENDIX i

LABORATORY TEST RESULT
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Project # 07-1411-0005 Tech : ™

Liquid Limit, Plastic Limit and Plasticity Index of Soils
ASTM D 4318-93
TYPE OF TEST LL LL LL LL W% Nat.
CONTAINER NUMBER
NUMBER OF BLOWS 33 28 24 19
MASS WET SOIL + TARE 43.50 43.62 48.41 47.64 267.90
MASS DRY SOIL + TARE 40.14 40.45 44.29 43.19 211.50
MASS OF WATER 3.36 3.17 412 445 56.40
MASS OF CONTAINER 27.46 28.78 29.40 27.96 17.10
MASS OF DRY SOIL 12.68 11.67 14.89 15.23 194 4
WATER CONTENT W (%) 26.5 27.2 27.7 29.2 29.0
TYPE OF TEST PL PL BOREHOLE NO. BH07-1S
CONTAINER NUMBER SAMPLE 13
MASS WET SOIL + TARE 39.82 4158 |DEPTH 28.96-29.57m
MASS DRY SOIL + TARE 38.27 39.49  |LIQUID LIMIT (%) 27.7
MASS OF WATER 1.55 2.09 PLASTIC LIMIT (%) 20.5
MASS OF CONTAINER 30.75 2925 |PLASTICITY INDEX (%) }7.2
MASS OF DRY SOIL 7.52 10.24  |W% Natural (%) 29.0
WATER CONTENT W (%) 20.6 20.4 JLIQUIDITY INDEX 1.18
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SAMPLE DESCRIPTION: CL
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Project # 07-1411-0005 Tech : ™

Liquid Limit, Plastic Limit and Plasticity Index of Soils
ASTM D 4318-93

TYPE OF TEST LL LL LL LL W% Nat.
CONTAINER NUMBER
NUMBER OF BLOWS 32 25 22 19
MASS WET SOIL + TARE 45.91 46.01 46.11 44,95 335.60
JMASS DRY SOIL + TARE 42.48 42.11 42.16 41.21 271.40
IMASS OF WATER 3.43 3.90 3.95 3.74 64.20
IMASS OF CONTAINER 29.82 27.99 27.94 28.00 17.40
MASS OF DRY SOIL 12.66 14.12 14,22 13.21 254.0
WATER CONTENT W (%) 271 27.6 27.8 28.3 25.3
TYPE OF TEST PL PL BOREHOLE NO. BH07-1S
CONTAINER NUMBER SAMPLE 14
MASS WET SOIL + TARE 37.07 38.80 |DEPTH 32.00-32.92m
|JMASS DRY SOIL + TARE 35.34 36.64 JLIQUID LIMIT (%) 27.6
MASS OF WATER 1.73 2.16 PLASTIC LIMIT (%) 23.5
MASS OF CONTAINER 27.99 27.47 |PLASTICITY INDEX (%) }4.1
MASS OF DRY SOIL 7.35 9.17  |W% Natural (%) 25.3
WATER CONTENT W (%) 23.5 23.6 JLIQUIDITY INDEX 0.43
45
40
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SAMPLE DESCRIPTION: ML
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Project # 07-1411-0005 Tech : ™

. Liquid Limit, Plastic Limit and Plasticity Index of Soils
ASTM D 4318-93
TYPE OF TEST LL LL LL LL W% Nat.
CONTAINER NUMBER
NUMBER OF BLOWS 25 22 19 15
MASS WET SOIL + TARE 15.27 16.87 19.08 20.45 412.80
JMASS DRY SOIL + TARE 12.82 14.08 15.88 16.86 329.10
MASS OF WATER 2.45 2.79 3.20 3.59 83.70
MASS OF CONTAINER 1.56 1.63 1.59 1.54 14.50
MASS OF DRY SOIL 11.26 12.45 14.29 15.32 314.6
WATER CONTENT W (%) 21.8 22.4 22.4 23.4 26.6
TYPE OF TEST PL PL BOREHOLE NO. BHO07-2S
CONTAINER NUMBER SAMPLE 5
MASS WET SOIL + TARE 12.13 15.18 |DEPTH 7.62-8.23m
MASS DRY SOIL + TARE 10.35 12.89  JLIQUID LIMIT (%) 21.8
MASS OF WATER 1.78 2.29 PLASTIC LIMIT (%) 20.2
MASS OF CONTAINER 1.60 1.52 PLASTICITY INDEX (%) }1.6
MASS OF DRY SOIL 8.75 11.37  |W% Natural (%) 26.6
WATER CONTENT W (%) 20.3 20.1 LIQUIDITY INDEX 4.08
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SAMPLE DESCRIPTION: ML
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