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1.0 INTRODUCTION

WSP Canada Inc. (WSP) was retained by the British Columbia Ministry of Transportation & Transit (MOT) to carry
out geotechnical services to support replacement of the existing Craig Brook culvert which crosses beneath
Highway 16, approximately 44 km southeast of McBride, BC. This report presents the results of a terrain
assessment carried out in support of the culvert replacement design work. WSP understands that the purpose of
this project is to replace the existing, aging culvert and to improve the resiliency of the proposed culvert crossing
by increasing the diameter of the culvert beneath the highway and replacing the manhole and buried culvert
upstream of the highway with a new open channel. RF Binnie & Associates Ltd. (Binnie) is currently designing the
replacement culvert and associated channel improvements. The current culverts and manhole are located within
the Highway 16 right-of-way (ROW) within the jurisdiction of MOT, while the property on either side of the ROW is
located within the Regional District of Fraser-Fort George. The location of the Craig Brook project site is shown in
Figure 1.

The work described in this letter was carried out in general accordance with WSP’s proposed scope of work for
the terrain assessment dated October 20, 2023. MOT authorized WSP to proceed with the work under As-and-
When contract 863-CS-1152. Note that the information contained in this report is specific to the resiliency of the
Highway 16 culvert and does not specifically speak to geohazards and risk that may impact the properties (11095,
11119, 11120, and 11142 E Highway 16) located within the Craig Brook alluvial fan adjacent to the Highway 16
culvert and on the upstream and downstream sides of the highway. As described further in this report,
geohazards associated with the creek and fan may impact the adjacent properties and could pose risk to those
properties.

It should be further noted that the mitigation measures described in this are letter are only for the culvert crossing
below Highway 16 and reducing the impact of future significant water flow and debris events on the culvert and
road. Stream avulsion, high stream flow, debris flow, debris flood and other geohazards that can impact the larger
area of the Craig Brook fan will not be mitigated by the measures described in this letter and will continue to exist
on the fan. It is our understanding that the purpose of this terrain analysis is only to identify and communicate any
potential hazards that could impact the culvert crossing below Highway 16 to MOT, and that discussion of
mitigation of hazards that exist elsewhere on the fan is beyond the scope of this assignment. The assessment
outlined in this assignment is not suitable for residential development.

2.0 BACKGROUND INFORMATION

The Craig Brook culvert crossing site is located along Highway 16 in the Robson Valley approximately 44 km
southeast of the town of McBride, BC. The current culvert system consists of two 1400 mm diameter corrugated
steel pipe (CSP) sections that are connected via a concrete manhole structure. The first section of the culvert is
located upstream of the highway ditch and has a gradient of 35%, while the second section below the highway
has a much shallower gradient of 1-2%. The concrete structure connecting the two pipe sections is located below
the westbound (upstream) highway ditch and collects water from the ditch. The culvert system conveys Craig
Brook stream flows that originate high in the Rocky Mountains and discharge into the Fraser River. The upper
reaches of the Craig Brook stream are located in a deeply incised, mainly bedrock-controlled mountain valley; the
stream then flows onto an alluvial fan located in the Robson Valley. The stream channel is located on the western
side of the fan and crosses through residential property directly upstream and downstream of the highway culvert
system. The highway crosses Craig Brook Stream, approximately 280 m from the fan’s apex. Downstream of the
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highway, the stream flows through a second culvert below a private property driveway before connecting with
Wardman Creek approximately 700 m southwest of the highway culvert. The stream ultimately discharges into the
Fraser River approximately 1.25 km southwest of the highway. The site's location relative to the town of McBride
is shown in Figure 1. Site plans showing the location of the highway culvert crossing relative to the alluvial fan and
lower reaches of the channel are shown in Figures 2 and 3.

2.1 Bedrock and Surficial Geology

Bedrock geology mapping, from iMapBC* , identifies the site as generally being underlain by Miette Group coarse
clastic sedimentary rocks from the upper Proterozoic. The clastic sedimentary rocks within this formation range
from sandstones to pebble conglomerates, siltstones, argillites, and phyllites. This section of the Rocky Mountains
is also underlain by rock from the Lower Cambrian Gog Group. These Gog Group deposits typically overlie the
Miette group and consist of quartz arenite and quartz granule sedimentary rocks that were most often deposited in
shallow marine environments. Bedrock bluffs are visible along the Craig Brook valley as it ascends the mountain
slopes.

Surficial geology, from iMapBC?, indicates that quaternary deposits within the trench between the Rocky
Mountains (to the north) and the Cariboo Mountains (to the south) mainly consist of alluvial and glacial deposits.
At the Craig Brook site, boreholes drilled along the highway and near the culvert inlet (as part of a separate scope
for this project) encountered deposits consisting of interlayered sands, silts, and gravels to depths of 15 m below
the existing ground surface. These deposits are consistent with soils deposited by alluvial fans. Each borehole
was terminated within the alluvial fan deposits, while groundwater was not identified in any of the three boreholes
drilled between August 28 and 29, 2023. Results of the borehole drilling program will be provided under a
separate cover.

2.2  Aerial Photographs and LIDAR

Based on a review of historic aerial photographs, disturbance of vegetation along the channel and fan has been
limited to some clearing near the highway to establish the current residential properties located just upslope of the
highway between approximately 1958 and 1970. There has also been some clearing on the downslope side of the
highway to develop residential and agricultural land both before and after the earliest aerial photographs were
taken in 19462,

A review of LIDAR hillshade imagery generated from data collected on July 22, 2022, and provided by MOT for
the Craig Brook site, shows numerous inactive stream channels across the surface of the alluvial fan, indicating
that channel changes, or avulsion, is a geological process on the fan. Based on this information, stream avulsion
potential was made a point of focus during the field terrain assessment. A review of the LIDAR hillshade imagery
also identified geological features along the upper reaches of the stream channel that could represent geological
processes that might result in debris/material entering the stream channel. In general, the incised valley slopes
along the upper reaches of the channel appear to be over-steepened and marginally stable, particularly near the
toe of the slopes where stream erosion could be taking place, resulting in a convex slope profile. Convex slope

! Maps.gov.bc.ca, access January 16, 2024.
2 Based on Province of BC aerial photographs dated 1946, 1955, 1958, 1970, 1979, 1986, 1991, 1996, 2000, 2005, 2006.
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profiles can be prone to instability, which can contribute to stream bedload or temporary damming of the stream.
Other features include what appears to be a large landslide on the eastern slope of the stream channel
approximately 850 m upstream of the culvert. This feature has been identified in Figure 3. Reactivation or
increased landslide movement could result in slide debris entering or damming of the stream channel. Other
features include two large tension cracks approximately 10 m and 25 m from the top of the western valley wall,
covering a lateral distance of approximately 100 m, located approximately 850 m upstream of the culvert. Based
on the extent of cracking observed in the LIDAR hillshade imagery, this could deposit a significant volume of
material into the channel should it fail. Processes that deposit debris into the channel or temporarily dam the
channel can increase the likelihood of downstream flooding from dam breaks and generate debris flows and
debris floods. It is anticipated that smaller slope failures (such as failures associated with slope over-steepening
from toe erosion) will occur more frequently than more extensive slope failures (such as those associated with the
landslide on the eastern slope or the tension crack above the western valley wall).

3.0 FIELD ASSESSMENT

On October 30, 2023, personnel from WSP visited the Craig Brook project site and reviewed the site and stream
above the culvert crossing. To carry out the site review, personnel walked along the current stream channel from
the existing culvert inlet to approximately 825 m upstream of the culvert to observe general site conditions along
the stream. Note that the traverse was initially planned to extend further up the channel; however, due to the
steep gradients of the mountain and channel side slopes and the quantity of large fallen trees along the slopes, it
was not possible to walk any further up the channel within the allotted time for the site visit. During the review,
Areas of Interest (AOI) were documented along the channel and wider fan area. The locations of the AOIs were
recorded using a hand-held GPS device and are shown in Figures 2 and 3. Selected photos from the traverse and
AOIs are included in APPENDIX A, and a summary of the AOIs observed in the field are included in Table 1.
Distances provided in Table 1 are referenced to the existing culvert inlet.

Table 1: Areas of Interest (AOI) Identified During Terrain Hazard Site Assessment

Approx. Distance Photos in

AOI Description

from Culvert

Appendix A

1 Om = Culvert inlet. Water in creek at time of site visit. Fallen trees | 1,2
spanning the full channel width.

2 30m = Steel corrugated cistern with plastic water pipes running 3
into the cistern.

= An approximately 1 m stepped drop in creek, appears to be
manmade with some steel and/or wood.

3 45m = Small abandoned channel just west of existing channel. 4
Overgrown with trees and vegetation no water. Only 1-2 m
depth, less than 5 m wide.

4 100 m ®  Pump building and pump in creek to draw water. Wood logs | 5,6,7,8
used to create a small dam to pool water for pump.

5 250 m = Evidence of an abandoned channel (relatively shallow, 9
<5 m deep) to the west of the existing channel at the edge
of the fan.
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Approx. Distance Description Photos in
from Culvert P Appendix A

6 265m = Manmade timber lagging retaining wall constructed at the 10
base of a tree on the inside corner of a bend in the creek.

7 275 m = Manmade weir/wall structure that is constructed out of 11,12,13,14
stacked rocks, some geotextile, plastic sheeting, and other
material. Water is being pooled above to feed another
corrugated steel pipe surface well.

®=  The channel turns to the west at an angle of approx. 75°-
90° at this location. A portion of the downstream channel
bank could be berm material constructed to keep the
stream in its current channel, though different to tell how
much is manmade and how old it is as the area is heavily
overgrown with vegetation.

8 425 m =  Abandoned channel located more than 10 m above the 15,16
current channel elevation. It follows the eastern boundary of
the fan at the toe of the side slope and is overgrown with

vegetation.
9 550 m *  Gully towards main channel. 17,18
10 815m = Gully towards main channel. 19
11 825m . OpeEing in trees, potential drainage or debris path towards | 20
creek.

= Rock outcrops observed above west side of the channel
about 50-100 m to the north.

12 300 m NE of culvert | = Some mounding and evidence of shallow channel banks 21

on opposite side of across the eastern side of the fan.
fan from channel

The upper channel is located in a bedrock-controlled valley upstream of the traverse area, as evidenced by
bedrock bluffs observed above the western bank of the channel upstream of AOI 11. Near AOI 9 (approximately
550 m to 900 m upstream of the existing culvert inlet), the channel appears to be downcut through the apex of the
alluvial fan. Downstream of AOI 9, the channel was bordered by a steep mountain slope on the west, and on the
east, it was bordered by an approximately 10 m to 15 m high alluvial bench. Note that for ease of reference, it has
generally been assumed that the channel flows from north to south (technically, the flow is more northeast to
southwest). The top of the alluvial bench above the east side of the channel was relatively flat, sloping gently from
north to south in the general direction of the creek. The bench was approximately 275 m long (between AOI 9 and
AOI 7). An abandoned channel was observed on the eastern side of this bench starting around AOI 8, indicating
that in this area, the current channel elevation is much lower than what it was in the past. Photos showing the
elevation difference between this bench of the channel through this upper section of the fan and the abandoned
channel along this higher elevation bench are included in APPENDIX A. The height of the bench slope gradually
decreases from around AOI 9 to around AOI 7. The channel exits the confined valley and enters the relatively
unconfined fan at AOI 6.
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At AOI 7, the channel changes direction from a more north-south direction to an east-west direction before
returning to a north-south direction at AOI 6, approximately 10 m to 15 m west of AOI 7. The channel bends
appeared to be close to 90° at each location. Several manmade features were also observed along the channel
edges and within the stream channel between AOI 6 and 7. At AOI 7, a manmade weir structure was constructed
to pool and supply water for a corrugated steel pipe cistern placed at the bend in the channel. The weir appeared
to be built out of a variety of materials ranging from stacked rocks to some geotextiles and plastic sheeting.
Pictures of the weir structure and well are included in Photos 11, 12 and 13 in APPENDIX AThe channel bank on
the outside corner of the bend (downslope side) appeared to have been partially manmade, though it was difficult
to tell how much may have been manmade versus natural stream erosion. Regardless of how the channel bank
was developed, the tight bends make it a risk of being overtopped or damaged during high flows.

As mentioned, at AOI 6, the channel turns back towards the south at another near 90° bend. On the inside corner
of this bend in the channel (east side), there was an approximately 1 m high by 3 m wide retaining wall
constructed on the inside bank of the bend below a tree. This retaining wall can be seen in Photo 10 in
APPENDIX A. Downstream of AOI 6, the stream flows near the surface of the fan, with the top of the channel
banks only a couple of meters higher than the top of the stream during a period of low flow in late October.
Pictures of the stream level relative to the surrounding ground are illustrated in Photos 5 through 8 in APPENDIX
A. Through this lower section of the channel, several large boulders and rocks were observed in the channel
banks below the surrounding ground surface, indicative of a high energy depositional area, possibly from high
stream flows, debris flows, or debris floods. These large boulders can be seen in Photos 5 through 7 in
APPENDIX A. Throughout this section of the channel, there were also several trees along the channel banks that
showed signs of damage near the base of their trunks. This damage, which can be seen in Photos 7 and 8 in
APPENDIX A, would likely have been caused by larger rocks being transported down the creek and contacting
the trees during high flows. This section of the stream channel also crosses through a cleared section of
residential property, with the stream located approximately 50 m west of the current residential structure. Another
pump was located within the stream at AOI 2, next to a small pump building, which appeared to provide water for
the property. The channel gradient was relatively gentle through this section before entering a section of smaller,
younger trees lining the creek within approximately 50 m of the culvert inlet at AOI 1. Several fallen trees were
observed spanning the channel through this section, as shown in Photos 1 and 2 in APPENDIX A.

The traverse did not extend downstream of the highway.

4.0 DISCUSSION AND RECOMMENDATIONS

Based on discussions with Binnie, it is understood that the current culvert system has not encountered any
sediment build-up or blockage related issues since it was installed in the 1970s (information provided by Binnie
and MOT), with the replacement of the culvert being a response to age related deterioration of the culvert pipes
and concrete manhole. At the time of the site visit at the end of October 2023, the existing culvert inlet showed no
apparent signs of damage or issues impeding the channel flows into the culvert system. The condition of the
existing culvert inlet is shown in Photo 1 in APPENDIX A. It is understood that previous geohazard assessment
work was completed for the Craig Brook site in 2002 by Firth Hollin Resource Science Corporation (FHRS) as part
of a more extensive terrain and landscape hazard assessment for 13 different streams along Highway 16 through
the Robson Valley area of British Columbia (FHRS, 2002). The FHRS work was based on a review of general site
conditions at the time of the site assessment, which was carried out between September and November of 2001.

The objective of this terrain hazard assessment was to evaluate current site conditions and identify potential
hazards that could affect the performance of the proposed replacement culvert using the latest information
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available for this site. This includes observations of current channel conditions, including and, where possible,
identification of any significant changes to the site since the FHRS site visit was conducted in 2001, a review of
aerial photographs up until the present, and a review of LIDAR hillshade imagery mapping for the site (dated

July 22, 2022), which was not previously available during the FHRS assessment. This terrain hazard assessment
primarily focused on identifying potential geohazards that could impact the replacement culvert over a design life
of 75 years; however, the geohazards that could impact the culvert could also impact other infrastructure in the
vicinity of the stream or on the fan. Below is a list of potential geohazards that were identified for the Craig Brook
culvert site:

m High stream flows from rainfall, rain on snow, snow melt, etc.
s Outburst flooding from temporary channel blockage (from landslides or woody debris, etc.).

s Debris flow and debris floods. This includes transporting sediments ranging from finer sands and silts to larger
cobbles and boulders.

= Mobilization of woody debris in the channel, which can be transported to the culvert inlet.
m Stream avulsion across the wider fan area.

A risk matrix has been developed for the culvert to assess the risk associated with each identified geohazard. The
risk matrix is based on limited information collected during the assessment and is qualitative in nature. The
relative likelihood of a hazard potentially impacting the replacement culvert over the intended design life was
estimated based on a review of available site information. The relative likelihood values estimated for the hazards
presented later in the report are approximate. The relative consequence levels included in the risk matrix were
developed to coincide with different potential outcomes for the culvert and highway at the replacement culvert
location. The risk matrix is provided in Table 2.

Table 2: Risk Matrix

Likelihood of Geohazard Occurring Qualitative Risk Levels

Rare Very Low Very Low Very Low Low
Unlikely Very Low Very Low Low Moderate

Possible Very Low Low Moderate High
High

Increasing
Likelihood

Likely Low Moderate
Almost Certain Moderate High
Consequence Level Moderate Major Severe
Minor riprap/channel | Damage to highway,

repairs, culvert SLAT or temporary
maintenance closure to repair road

Full highway washout,
replacement of culvert

Potential Impact Culvert maintenance

The following sections discuss each geohazard and the qualitative risk levels determined for each geohazard as
they relate to their impact on the replacement culvert. This risk discussion includes recommendations for
mitigation measures that could be incorporated into the design to reduce the impact associated with these risks. A
brief discussion on risk to the greater site and infrastructure within the vicinity of the fan is also included in the
following sections of this report; however, this part of the discussion is only meant to inform MOT of these
additional risks. As such, no recommendations are provided to deal with risks to other infrastructure at the site.
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4.1 High Stream Flows

The hydrological design of the culvert, developed by Binnie, will consider high stream flows from rainfall, rain on
snow, snow melt, etc. Note that the hydrological capacity of the culvert likely assumes limited transported
sediment through the culvert (i.e., clear flow) and does not apply to debris flow or debris flood events, which have
significant transported sediment and debris.

4.2  Outburst Flooding

Outburst flooding can occur when water accumulates behind a temporary dam in the stream and the dam fails,
catastrophically releasing the accumulated water. It can result in high stream flows and initiate debris flows, debris
floods, and stream avulsions, which are discussed below.

4.3 Debris Flows and Debris Floods

Of the potential geohazards identified for the Craig Brook site, debris flow or debris flood events could significantly
impact the performance of the replacement culvert. Debris flow or debris flood events of a given magnitude have
the potential to plug the culvert with sediment or debris, which could damage the culvert and, in the event of
plugging, erosion of the surrounding highway foundation soils. The destructive power of a debris flow or debris
flood event is a combination of the volume of debris, type of debris, and velocity of the flow. A review of the
existing channel characteristics and overall site topography was completed for Craig Brook to assess the potential
of a debris flow event developing that could adversely impact the performance of the replacement culvert.

For debris flows to develop at the site, the stream must be capable of mobilizing and transporting sediments down
the channel, and there needs to be a source of sediment/material to feed a debris flow. Based on site
observations from the site assessment, which included damage to the base of trees along the channel banks and
large boulders both in the current channel and in the banks of the channel, it appears that the stream can mobilize
larger particles during high energy events. Damage to the base of trees and boulders within the lower reaches of
the channel can be seen in Photos 7 and 8 in APPENDIX A. Large boulders were also visible in the cut banks
along the edges of the channel. This indicates a higher energy depositional environment that may suggest the fan
is subject to debris flow or debris flood processes. Another means to assess debris flow or debris flood potential is
the Melton Ratio, which is defined as the ratio of watershed relief (difference in elevation between the low and
high points in the watershed) to the square root of the catchment area. Relationships between the Melton Ratio
and watershed characteristics were developed by Wilford et al. (2004) for a study area in west central B.C.
Although the study is specific to the regional conditions of west central B.C., it provides insight into how the
Melton Ratio and watershed characteristics can be used to predict hazards. A copy of predictive ranges from
Figure 5 of the Wilford et al. (2004) paper is shown in Chart 1.
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not fall within the appropriate process class limits

Chart 1: Melton Ratio vs. Watershed Length to Estimate Flood / Debris Flood / Debris Flow Potential

For Craig Brook, Binnie calculated a Melton Ratio of 0.71 using an estimated catchment area of 6.9 km? and a
watershed relief of 1.867 km. Binnie estimates the watershed length to be 5.6 km (calculated as the straight-line
length from the catchment outfall to the most distant watershed boundary). The calculated Melton Ratio and the
watershed length fall in the debris flood area in the Wilford et al. figure and agree well with the observations from
the field traverse. However, it should be noted that Wilford et al. (2005) was developed in different regional
conditions. Its predictive capacity may differ at this site; when considering just the Melton Ratio by itself, the
watershed would meet a threshold for debris flows. It should be noted that debris flow type events may be more
prevalent in the upper, mountainous section of the channel directly above the fan and may transition to debris
flood events on the fan.

Relatively large volume debris flows may be triggered by a significant volume of material entering the channel
from the areas of instability discussed previously in Section 2.0 of this report. The two potential areas of instability
identified during the LIDAR hillshade imagery review, which includes a landslide upslope of AOI 11 on the east
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side of the channel approximately 850 m upstream of the existing culvert inlet and a potentially unstable section of
rock (delineated by tension cracks) at the top of the western channel slope across from AOI 11, could become
significant sources of material and contribute to debris flow should a large failure occur into the channel.

The landslide feature on the east side of the creek was identified as having a somewhat arcuate head scarp at the
top of the slope, with a flatter graben-like block occupying the northern portion of the head scarp. The graben-like
block could be slide-disturbed material that has yet to fail into the valley. This feature is also evident in the aerial
photographs, as there is a lack of vegetation on the northern side of the scarp dating back to the earliest aerial
photograph from 1946. Given that there was no discernible change in the vegetation at this location based on a
review of the aerial photographs and more recent Google Earth imagery, and the head scarp was already evident
in 1946, movement or failure likely occurred before 1946.

As for the tension cracks on the opposite side of the channel, there appears to be two separate lines of tension
cracks that are relatively perpendicular to the slope, setback at distances of approximately 10 m and 25 m from
the crest of the slope. These tension cracks cover a lateral distance of approximately 100 m, meaning a
significant volume of material could fall into the channel should a failure occur at this location. There is evidence
of similar, steep rock slope failure surfaces along the slope, though none of these failures appear to have
happened since the first aerial photograph was taken in 1946.

The significance of these two areas of potential instability is that if either area were to slide into the channel, there
is a high likelihood that the volume of debris deposited into the channel could temporarily dam the stream and/or
cause a significant debris flow. Such an event has the potential to impact the highway at the culvert crossing
significantly and lead to stream avulsion and/or a large volume of material being discharged onto the fan. While
estimating stream avulsion and material discharge areas/locations is beyond the scope of this assessment, one
such area that an event of this magnitude could impact is near AOI 7, where the channel makes a tight turn to the
west next to the manmade weir structure identified during the terrain assessment site traverse. In terms of the risk
of such an event impacting the culvert over its design life, given that there was no evidence of relatively recent
past debris flows identified during the site traverse or on the air photos dating back to 1946 (span of 77 years), it
is estimated that the likelihood of occurrence of a significant debris flow or debris flood impacting the culvert is
rare.

In addition to this significant debris flow event, the risk of debris floods impacting the culvert during high-flow
events was also considered. This risk was based on evidence of relatively recent debris flood activity

(e.g., damage to trees) that was observed along the channel during the site traverse. For this type of debris flood
event, the likelihood of significantly impacting the culvert was estimated to be unlikely, given that there appears to
be no record of debris build-up or culvert damage since the culvert was installed in the 1970s (based on
information relayed by Binnie and MOT).

The risk matrix provided in Table 2 was used to assign a qualitative level of risk to debris flows and debris floods
potentially impacting the replacement culvert and surrounding highway. In terms of consequence level, there
could be severe consequences if a large debris flow or debris flood event triggered by slope instability blocked the
culvert and/or washed out the highway. A debris flow likelihood of rare combined with severe consequences
results in a risk level of low for this hazard.

For debris floods triggered by high flows in the channel (like the events that damaged trees along the channel),
the likelihood is considered to be unlikely, given that there is no record of past events severely impacting the
performance of the culvert and highway. A moderate to major consequence level has been assumed based on
signs of limited damage during past events, though there is a possibility of significant damage should there be
very high flows. A likelihood of unlikely combined with a consequence level of moderate to major also results in a
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risk level of low for this type of debris flood hazard. Note that this debris flood event does not include debris floods
related to damming of the channel following a slope failure, which could have more severe consequences.

While the debris flow and debris flood risks are generally estimated to be low for major to severe events impacting
the culvert, the channel could be subject to ongoing bedload transport, particularly during high flow events or if
upstream constructed dams or weirs fail. To mitigate the potential transport and deposition of sediments into the
culvert, it is recommended that consideration be given to incorporating bedload catchment pools into the channel
design. Debris catchment pools would help to limit the amount of sediment transported towards and into the
culvert.

4.4  Woody Debris

Another geohazard that presents a higher level of risk to the performance of the replacement culvert is the
transport of woody debris. Woody debris presents a risk of culvert blockage at the inlet and within the culvert,
which could adversely affect stream flows and be challenging to address through maintenance. This risk is
estimated to be low to moderate given that the likelihood of woody debris blockage is likely given the significant
amount of loose woody debris at the site. However, the consequences of debris build-up are considered to be
minor to moderate depending on when an issue is identified and maintenance is carried out. Photos from the
terrain analysis included in APPENDIX A provide a good indication of the amount of woody debris in the channel
that the stream has the potential to transport. To mitigate this risk, a vertical debris rack should be incorporated at
the culvert inlet and/or at the catchment pools.

4.5 Stream Avulsion

Stream avulsion poses a risk to the overall fan, including residential structures on the fan, and along the length of
the highway where it is located on the fan. Numerous abandoned channels were identified both during the terrain
site assessment and during a review of the LIDAR hillshade provided by MOT, indicating prior stream avulsion
across the fan. Examples of abandoned channels on the fan can be seen on the LIDAR hillshade included in
Figure 3. The channel is relatively well-defined, with channel slopes of up to 10 m in height upstream of AOI 7;
however, downstream of AOI 7, the channel is relatively shallow, with bank heights of only a few meters in
locations. Where the channel banks are lower, there is a higher risk of avulsion during high stream flow events. In
addition to the shallower channel banks downstream of AOI 7, the previously mentioned avulsion risk is also
associated with channel erosion at this location where the channel changes direction.

This type of stream avulsion is not considered to pose a hazard to the performance of the culvert as the stream
changing channels would most likely result in less water flow making it to the culvert. However, the more
considerable hazard would be to structures or infrastructure located along the route of the new stream flow. The
stream would also likely intersect the highway at a new location and could damage the highway at that location.
Using the risk matrix in Table 2, the risk associated with this geohazard for the culvert and highway is assumed to
be low, based on a likelihood of rare to unlikely, and a consequence level of moderate to major. This type of event
was estimated to be rare to unlikely based on our understanding that significant avulsion resulting in re-routing of
the channel has not occurred since the culvert was installed. A consequence level of moderate to major was
assumed as there could be some damage where the stream intersects the highway.

Once again, it should be noted that the scope of this assessment does not include identifying risk or mitigation
measures for structures on the fan other than the replacement culvert and that this assessment is not suitable for
residential development evaluations.
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5.0 CLOSURE

Comments and recommendations presented herein are based on a geotechnical evaluation of the available
information as noted. If conditions other than those reported are noted in subsequent phases of the project, WSP
should be notified and be given the opportunity to review and revise the current comments and recommendations
if necessary. Recommendations presented herein may not be valid if an adequate level of review or inspection is
not provided during construction.

This report has been prepared for the exclusive use of British Columbia Ministry of Transportation and
Infrastructure and their appointed agents for specific application to the area covered within this report. Any use
which a third party makes of this report or any reliance on or decisions made based on it are the responsibility of
such third parties. WSP accepts no responsibility for damages, if any, suffered by any third party as a result of
decisions made or actions taken based on this report. It has been prepared in accordance with generally accepted
soil and foundation engineering practices. No other warranty, expressed or implied, is made.

The report is subject to the Limitations in APPENDIX B.

WSP Canada Inc.

Reviewed by:
Craig Banks, P.Eng. Eric Mohlmann, P.Eng.
Lead Geotechnical Engineer Principal Geotechnical Engineer

CB/EM/lih

https://wsponlinecan.sharepoint.com/sites/ca-ca00344340468/shared documents/06. deliverables/3.0_issued/ca0034434.0468-001-r-rev1/ca0034434.0468-001-r-rev1-craig brook_geotech terrain hazard assess 26feb_25.docx
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APPENDIX A

Terrain Hazard Site Assessment
Photos
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Photo 13. AOI 7, looking upstream from south channel bank/berm on downstream side of the channel bend.
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Photo 14. AOI 8, steep slopes above channel directly upstream of AOI 7.
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Photo 15. AOI 8, looking south down abandoned channel on east side of fan.



Photo 16. Channel below alluvial bench near AOI 8.



Photo 17. AOI 9, gully above alluvial bench east of the channel.



Photo 18. Stream between AOI 9 and 10.



base of gully above east side of channel.

Photo 19. AOI 10



Photo 20. AOI 11, clearing in trees on east slope.
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Photo 21. AOI 12, abandoned channels on east side of fan.



February 26, 2025 CA0034434.0468-001-R-Rev1

APPENDIX B

Important Information and
Limitations of this Report

\\\I)



Important Information and Limitations of this Report

IMPORTANT INFORMATION AND LIMITATIONS OF THIS REPORT

Standard of Care: WSP Canada Inc. (WSP) 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 practising
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 WSP 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. WSP can not be responsible for use of this report, or portions
thereof, unless WSP 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 WSP’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, WSP 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 WSP. The report, all plans, data, drawings and other documents as
well as all electronic media prepared by WSP are considered its professional work product and shall remain the
copyright property of WSP, 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 WSP. The Client acknowledges that electronic media is
susceptible to unauthorized modification, deterioration and incompatibility and therefore the Client cannot rely
upon the electronic media versions of WSP’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
WSP by the Client, communications between WSP and the Client, and to any other reports prepared by WSP 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. WSP
can not be responsible for use of portions of the report without reference to the entire report.

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, WSP 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
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that WSP 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.

Sample Disposal: WSP 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
WSP’s report. WSP 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 WSP’s report.

During construction, WSP 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 WSP’s report and to confirm and document that construction activities
do not adversely affect the suggestions, recommendations and opinions contained in WSP’s report. Adequate
field review, observation and testing during construction are necessary for WSP to be able to provide letters of
assurance, in accordance with the requirements of many regulatory authorities. In cases where this
recommendation is not followed, WSP’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 WSP 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 WSP 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. WSP takes no
responsibility for the effects of drainage unless specifically involved in the detailed design and construction
monitoring of the system.
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