






 

  

Flow rate and water temperature quantification 

The mathematical model was used to analyze the 

impact of the water temperature, the flow rate and the 

culvert diameter. Figure 1 shows the impact of the size 

of the pipe and of the flow rate on the heat flux. 

 
Figure 1 : Influence of the pipe diameter and flow rate 

on the heat flux 

For the same flow rate, the heat flux increases with 

decreasing pipe diameter because the wet area is 

decreasing. 

Figure 2 presents the impact of water temperature 

on the heat flux. The water temperature significantly 

influences the heat flux. 

 
Figure 2 : Influence of the water temperature on the 

heat flux 

Consequently, the water temperature has an important 

impact on thermal regime under the culvert. So, water 

temperature, which can be characterized by the water 

source and its provenance, should be taken into 

account in the design of culverts on permafrost.  

 

 

Design tool, the Beaver Creek Culvert example 

The Beaver Creek Culvert has a diameter of 0.9 m.  

The average temperature of water is 2.5 °C and the 

average flow rate is 0.04 m3/s. 

Considering these values, Figure 3 is used to assess 

the heat flux transferred from the culvert to the soil. In 

such a case, the heat flux is equal to 2.7 W/m2. 

 
Figure 3 : Estimation of the heat flux for a 0.04 m3/s flow 

rate 

Conclusion  

A mathematical model was developed to link water 

temperature, flow rate and heat flux. The model made 

it possible to quantify the effect of water temperature 

and flow rate in terms of the quantity of heat 

transmitted from the culvert to the ground.  

It was observed that for the same flow rate, the heat 

flux is smaller for a larger pipe diameter due to its wet 

area. It was also noted that the impact of flow rate and 

water temperature on the heat flux was respectively 

moderate and large.  

Finally, a design tool has been proposed to estimate 

the heat flux as a function of water temperature 

average, flow design and pipe diameter.  
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Introduction 

The Hudson Bay Mining and Smelting Co. Ltd. 

(Hudbay) Flin Flon Tailings Impoundment System 

(FFTIS) in Flin Flon, MB consists of numerous water 

retention dams which rely on a low permeability core 

to reduce seepage through the dam. This low 

permeability fill (LPF) is often fine grained material 

sourced from nearby borrow pits. Identifying locations 

with suitable borrow material is typically done with a 

site investigation prior to dam construction. The 

relationship between plasticity and optimum moisture 

content (OMC) can be a useful tool in borrow pit 

assessment. 

 

Background 

Criteria for Borrow Material 

The following criteria were established for LPF to 

meet the requirements for the dam core: 

 Grain size > 77% passing the #200 sieve 

 Plasticity Index > 15 

 Moisture Content +/- 2% of OMC 

Grain size and plasticity are inherent characteristics of 

the source material, while moisture content is 

dependent on the condition of the borrow pit. The 

moisture content of a material can be altered through 

drying, however, it is preferable to obtain material 

close to OMC.  

 

Flin Flon Borrow Pits 

The landscape in the Flin Flon area consists of low-

lying saturated soils bounded by exposed bedrock 

outcrops. The LPF is found within these low lying 

areas and is typically wet of OMC. Previous work 

found that if construction occurs during the summer 

months, material up to 6-10% wet of OMC can be 

spread out and dried sufficiently to be suitable for 

construction. Therefore, borrow pit assessments need 

to identify clay that is less than 10% wet of OMC.  

 

Plasticity-OMC Relationship 

The relationship between plasticity and OMC is well 

known and various authors have published charts with 

empirical relationships. However, authors caution that 

the relationship is highly variable by location. This is 

attributed to different clay mineralogy and the nature 

of cation exchange complex in the materials 

(Hausmann 1990). Sridharan and Nagaraj (2005) 

investigated different relationships and found that the 

plastic limit provided a better correlation with OMC 

and maximum dry density than liquid limit or 

plasticity index.  

The advantage of a plasticity-OMC relationship is 

that the suitability of borrow pits can be assessed with 

fewer tests and therefore, more economically. If a site-

specific relationship is known, the plasticity 

characteristics can be correlated with an expected 

OMC for each sample. The estimated OMC can be 

compared to the natural moisture content of the soil to 

assess the borrow suitability. Plasticity tests (Atterberg 
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limits) require less material and are less expensive 

than assessing the OMC by Standard Proctor tests. 

However, Standard Proctor tests would still be 

required to confirm the material still remains within 

the established relationship. 

 

Developing a relationship for Flin Flon 

An initial Plasticity Index-OMC relationship was 

developed with test data from the 2006-07 

construction season. This relationship was used during 

a large borrow assessment in 2009 consisting of 93 test 

pits, which identified approximately 175,000 m3 of 

suitable LPF borrow material. An additional two 

Standard Proctor tests were completed during this 

program to verify the relationship. The results of the 

tests are shown in Figure 1. 

 
Figure 1. Optimum Moisture Content vs. Plasticity 

Index Relationship for 2006-2009 Results for the FFTIS 

Since 2009, this relationship has been verified and 

adjusted with testing results from subsequent borrow 

programs in 2011, 2013 and 2015. The additional 

samples were added to the plot of OMC vs. PI and are 

shown in Figure 2.  

 
Figure 2. Optimum Moisture Content vs. Plasticity 

Index Relationship for 2006-2015 Results for the FFTIS 

Figure 2 shows that the correlation between PI and 

OMC decreased with additional samples. The samples 

from 2011 and 2015 generally show a higher OMC for 

a given plasticity index (PI) than earlier samples. 

There may be a slight difference in mineralogy of the 

material in these borrow pits or it may be a result of 

different laboratories completing the tests. 

The plastic limit (PL) and liquid limit (LL) were 

also plotted against OMC for all samples.  The highest 

correlation resulted between liquid limit and OMC, 

which is different than was found by Sridharan and 

Naharaj (2005). The relationship between LL and 

OMC for all samples is presented in Figure 3. 

 
Figure 3. Optimum Moisture Content vs. Liquid Limit 

Relationship for 2006-2015 Results for the FFTIS 

Conclusion 

The relationship between plasticity and OMC has been 

developed for LPF at the FFTIS in Flin Flon, MB. This 

relationship has proven useful in identifying suitable 

borrow sources for low permeability fill for water 

retention dams by reducing sample size requirements 

and costs. Empirical relationships for plasticity-OMC 

can be useful for initial guidance and planning; 

however, the actual relationships can vary 

significantly and should always be developed and 

verified for specific sites for detailed engineering and 

construction purposes. 
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Introduction 

The Cheekeye River Fan is located along Highway 99 

near Brackendale, north of Squamish, British 

Columbia. Proposed developments on the fan have 

prompted an assessment of the risk posed by the debris 

flow hazard to existing and proposed infrastructure 

downstream of the Cheekeye Fan.   

 

Hazard Characterization 

Debris Flow Event History 

Multiple studies have focused heavily on 

characterizing previous debris flow events occurring 

along the Cheekeye River; these studies have 

combined information gained from test pit studies, 

dendrochronology, and historic records of past events. 

The results of these previous studies were combined to 

develop a frequency magnitude relation for debris 

flow events along the Cheekeye River channel. 

Previous events such as the Garbage Dump debris 

flow which occurred approximately 900 years ago 

carried as much as 2.1 M m3 of material (Jakob and 

Friele 2010) (Figure 1). 

 

 
 
Figure 1. Approximate extents of the Garbage Dump 

debris flow event. 

 

Upper Design Limit 

The upper design limit is intended to characterize the 

worst case scenario by identifying the largest event 

which could potentially occur. Design criteria for 

similar debris flow events both locally and 

internationally were considered when selecting an 

upper design limit return period for the Cheekeye 

River Fan. Input from multiple experts in the field 

yielded a maximum event with a 1:10,000 year return 

period. Estimates for the potential size of such an event 

ranged in size from 2.8 M m3 to 5.5 M m3. The worst 

case estimate of 5.5 M m3 was selected for use in 

subsequent risk assessments. 

 

Event Modelling 

Numerical modelling of a selection of debris flow 

events based on the frequency-magnitude relation was 

carried out using the program DAN3D (McDougall 

and Hungr 2004). The results of these model runs was 

used to quantify the unmitigated hazards posed by the 

1:20 year, 1:100 year, 1:2500 year, and 1:10,000 year 

events.  

 

Highway 99 

BC Hydro 

Substation 

Cheakamus River 

mailto:dmcclarty@bgcengineering.ca


 

  

 
Figure 2. 1:2,500 year return period debris flow event 

as modelled using DAN3D. 

 

Current Risk 

The results of the event modelling were used to 

quantify the debris flow hazard risk for the proposed 

and current developments on the fan. As no formal 

definitions of acceptable risk currently exist in 

Canada, the risk standards adopted by the District of 

North Vancouver were used to evaluate the risk to 

existing and proposed developments on the Cheekeye 

Fan. According to these standards, the current level of 

debris flow hazard risk is unacceptable. Efforts to 

mitigate this risk are ongoing. 

 

Mitigation Design 

Site Investigation 

In order to facilitate ongoing design work, a site 

investigation of the upper fan area was completed in 

2014. This site investigation included multiple drill 

holes and test pits, as well as seismic refraction and 

downhole shear wave velocity surveys.  

Depth to bedrock at the Upper Fan ranged from 5 

m to greater than 80 m below ground surface. 

Overburden consisted of variable deposits of debris 

from past debris flow events. This material ranged in 

grain size from silts and sands to boulders greater than 

10 m in diameter. 

 

Preliminary Design Concepts 

The preliminary design concept consists of a barrier 

structure at the base of the Upper Fan large enough to 

contain a sufficient volume of the maximum design 

event, such that the risk to downstream developments 

is limited to an acceptable level. The conceptual 

structure includes an outlet through the barrier, which 

will allow small events and portions of large events 

that will remain within the Cheekeye River channel to 

flow through the barrier; thereby reducing 

maintenance costs to clean out the basin after a debris 

flow event occurs. Design of potential mitigation 

structures is ongoing. 
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Introduction 

Geologists and engineers require access to map the 

lithology, geometry and structure of rock outcrops, 

and in many instances this may not be possible. 

Remote sensing methods provide a means to bridge 

this gap; however, the interaction between the 

geologist and the rock mass is in most cases severely 

impeded due to the observation distance. In response 

to this problem, a geovisualization interface called ‘Up 

Close with Virtual Rock Outcrops’ was created using 

Unity3D, a free game engine software, to provide 

unrestricted access to a virtual field site at the Chasm, 

in central British Columbia. Building a virtual outcrop 

in a game-like environment using Unity3D has several 

benefits, including the direct interaction between the 

user and outcrop, the capability of having multiple 

datasets available in one interface, and the ability to 

view data from all angles. 

 

Field Site 

The Chasm is a 7 km-long canyon approximately 20 

km northeast of Clinton, BC (Figure 1) comprised of 

cliffs up to 200 m high of nine layered, columnar-

jointed basalt lava flows, interstratified with paleosol 

units (Farrell et al. 2007; Andrews and Russell 2007). 

The Chilcotin Group basalts, to which these lavas 

belong, cover approximately 55,500 km2 in south-

central British Columbia, and range in age from 

Middle Oligocene (28 Ma) to Middle Pleistocene (1 

Ma) (Bevier 1983; Farrell et al. 2008; Andrews and 

Russell 2007).  

 

 
Figure 1. Map showing the location of the Chasm in 

south-central British Columbia 

 

The abundance of exposed rock mass at the Chasm, 

paired with modern remote sensing methods, allows 

for the developed interface to include high-resolution, 

mailto:mdewit@sfu.ca
mailto:hedley@sfu.ca
mailto:glynwj@sfu.ca
mailto:dstead@sfu.ca


 

  

multi-scale, multi-dimensional datasets acquired 

through field surveys in August 2015 of terrestrial 

LiDAR, infrared thermography, and Structures-from-

Motion photogrammetry. These types of data were 

chosen so as to obtain three-dimensional geometry of 

the lava flows, upon which geotechnical and 

geological analyses could be made, and so properties 

such as composition of the rock could be determined. 

 

Geovisualization of a Virtual Outcrop 

‘Up Close with Virtual Rock Outcrops’ is an 

application which allows the user to come face-to-face 

with the virtual rock outcrop, exploring the different 

datasets from all angles, investigating combinations of 

data through interactive menus and buttons, and 

examining an outcrop, in detail, which in reality is 

very difficult to access. Data include three-

dimensional models of the outcrops in both RGB 

colour (Figure 2) and LiDAR reflectivity, detailed 3D 

high-resolution photogrammetric models of key areas 

of the slopes in RGB colour, LiDAR reflectivity 

profiles, thermal imagery, 3D mapping of geological 

and structural features, three-dimensional models of 

hand samples acquired from the field site (Figure 3), 

and results from thermal laboratory experiments on 

hand samples. The variety of datasets available not 

only in ‘Up Close with Virtual Rock Outcrops’, but 

through other remote sensing methods as well, allows 

the concept of a virtual outcrop to be useful to a range 

of Earth sciences topics including geological, 

volcanological, and geotechnical studies. 

 

 
Figure 2. Snapshot of the geovisualization interface, 

showing the different available datasets for viewing. 

Current dataset is a three-dimensional model of a 

section of the east cliff face at the Chasm 

 

 
Figure 3. Three-dimensional model of one of the hand 

samples of a paleosol unit at the Chasm 

 

In a virtual field site such as that developed in ‘Up 

Close with Virtual Rock Outcrops’, geologists and 

engineers can revisit the field site whenever needed, as 

well as instantaneously switch between different data 

types in scales ranging between hand sample and full 

canyon outcrops, and easily analyze the relationships 

between these datasets. This versatility is especially 

important at sites like the Chasm, where accessibility 

is difficult, and therefore inhibiting analysis of the 

outcrop as well. Intended for scientists and students, 

‘Up Close with Virtual Rock Outcrops’ is a means for 

research, analysis, and learning, and allows for direct 

interaction between the geologist and the outcrop in 

virtual space. © 
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Introduction 

Differences in the approach to data gaps between 

consulting and academia became apparent to the 

author while completing a masters degree following 4 

years of experience in the consulting industry.  

Academia seeks to provide quantitative solutions to 

data gaps, whereas the consulting industry generally 

seeks to provide a design with adequate performance 

within a specified budget. In both disciplines 

uncertainty is accounted for with conservatism in 

design. 

This abstract outlines the author’s observations and 

presents two relevant case studies to illustrate some of 

the differences between consulting and academia. The 

abstract is intended to provide a rough guide for the 

move from academia to consulting.  

 

Case Study 1: Master’s Paper 

A colleague was researching sub-aerial landslides 

impacting bodies of water and causing tsunamis. The 

study had made an assumption that landslide material, 

3 mm diameter ceramic beads, were sufficiently large 

enough to not be affected by capillary forces. One 

purpose of the author’s masters project was to test this 

assumption. Another purpose was to test 

photogrammetry as a method for measuring the 

landslide deposit shape.  

    To measure the effect of capillarity, the velocity and 

thickness of the landslide material at five different 

relative moisture conditions were measured with a 

high-speed camera as shown in Figure 1. The 

distribution of each submarine deposit was measured 

using photogrammetry and manual measurements. 

 
Figure 1. High Speed Camera Measurement  

(Take et al. 2016) 

 

The high speed camera was shooting 1632 x 1200 

pixel images at 1000 frames per second. The landslide 

front was also filmed with a go-pro camera to measure 

the difference of speed and position between the centre 

and edge of the slide. 

The deposit was measured with a 22-megapixel 

digital camera fitted with a 50 mm fixed lens. 

3-dimensional point clouds of the deposit were 

generated using photogrammetry software, as shown 

in Figure 2. The point clouds were then compared to 

hand measurements to confirm that they were 

accurate. 
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Figure 2. Photogrammetric Measurement of Landslide 

Deposit (Take et al. 2016) 

 

During this project, the uncertainty regarding the 

capillary forces was studied over 5 months and about 

120 to 180 hours. As there is no cost for a grad 

student’s time it was possible to spend these resources. 

In consulting, this would have cost approximately 

$15,000 to $30,000 in engineering time alone.  

 

Case Study 2: Car Hoist Foundation 

A school needed to construct a car hoist inside of an 

existing building and contacted a consulting company 

for the foundation design. There was little budget 

available, and construction had to be completed during 

spring break, which left 2 weeks for design and 

construction.  

The car hoist had relatively low loads (12 kN) and 

there was an existing one already installed. Helical 

piles were selected for the foundation system. They 

could be installed using a mini excavator, induce very 

little vibration (so were unlikely to cause damage to 

surrounding structures), and the piles are relatively 

inexpensive.  

The designer had previous experience with the 

interaction of foundation type and soil conditions, so 

the piles were designed using an in-house correlation 

between torque and axial capacity. Four piles were 

installed beneath each column to account for load 

eccentricities, which resulted in a factor of safety over 

5 for axial resistance.  

The eight piles were installed in about four hours. 

The number of piles could have been reduced, but cost 

of the extra piles including the time to install them 

(less than $8000) was less than the cost of an 

investigation and rigorous pile design ($10,000–

15,000). As such, the client’s needs were met by 

improving the performance of the foundation through 

construction rather than engineering. 

 

Conclusion 

As shown in the presented case studies, in academia a 

lot of time and effort can be spent reducing potential 

sources of error, since there is no unit cost to a grad 

student’s time. As such, assumptions or other gaps in 

the methodology can be studied rigorously. Although 

consulting also experiences data gaps, they are 

typically investigated only when there is the potential 

for cost-savings over a ‘safe’ assumption. In some 

instances, there is a benefit to seek and eliminate 

engineering data-gaps. In others, it is more cost 

efficient to design using conservative assumptions.   
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Introduction 

Internal Erosion in Earth Dams 

Hydroelectric dams and by extension, earth dams, are 

a vital component of Canada’s energy generation 

system. With many of the countries’ prominent dams 

approaching or passing the half century mark, like 

other older infrastructural assets, they are beginning to 

show their age. One temporal mechanism that has 

emerged as a growing concern for earth dam safety 

management is seepage-induced internal erosion. By 

the accounts of Foster et al. (2000), internal erosion 

has been recognized as a contributor to nearly 50% of 

historic earth dam failures.   

 

Crosshole Shear Wave Tomography 

One of the emerging technologies used to manage this 

safety risk has been crosshole shear wave tomography 

(Fannin and Garner 2008). Notably, BC Hydro 

employed the use of shear wave tomography to 

delineate the 1996 W.A.C. Bennett Dam sinkholes 

(Stewart and Watts 2000). Since then, shear wave 

tomography has been adopted as part of the ongoing 

performance monitoring of the dam, generating a 

temporal and spatial database of shear wave velocities. 

Few studies have explored the relation between 

shear wave velocity and the micromechancis of 

internal erosion. As a result, the understanding of the 

relation is underdeveloped. 

 

Laboratory Study 

Apparatus 

Considering this research need, a lab program utilizing 

the existing UBC flexible wall permeameter (Slangen 

2015) is proposed. Over the past year, the device has 

been updated and modified to allow for the inclusion 

of bender elements to measure shear wave velocity. A 

unique method for seating the bender elements within 

the perforated plates on either end of the specimen was 

devised (see Figure 1). One consequence of this 

modification was the reduction of the cross-sectional 

area for flow entering and exiting the specimen by 

approximately 7%.  

 

Objectives 

The overarching goal for the program of research is to 

develop the understanding of the relation between 

shear wave velocity and internal erosion to better 

inform the trends and analysis of crosshole seismic 

field data. 

The immediate purpose of the author’s lab study is 

twofold: (1) determine whether the mounting of 

bender elements within the UBC flexible wall 

permeameter adversely affects the flow regime 

through a reconstituted specimen, and (2) compare and 

contrast measured shear wave velocities with state-of-

the-art bender element tests conducted in a triaxial cell 

(Styler 2014).    
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Introduction 

As part of the University of Saskatchewan College of 

Engineering Capstone Design Project my group was 

asked to provide consulting services to rehabilitate a 

geomembrane-line industrial processing water pond at 

a plant in Northern Alberta. This pond acts as a water 

containment system for a large-scale production 

facility to draw from. This pond also serves as a 

drainage pond, collecting precipitation and runoff 

from the surrounding area. In recent years, the pond 

was expanded and geosynthetics were added to help 

with water retention, drainage, and to stabilize the soil. 

After the expansion of the pond, two slope failures 

occurred, shown in Figure 1. A smaller failure along 

the south side of the pond had already been fixed and 

therefore was not included. The failure of interest was 

along the north side of the pond. A bulge, 30 m wide, 

on the sidewall was identified close to the pond water 

level, and indicated a local failure of soil. Subsequent 

movement occurred over a six-month period causing 

excessive tension in the geomembrane leading to the 

geomembrane being pulled out of the anchor trench 

surrounding the pond.  This resulted in a sub-vertical 

back scarp in the pond slope, approximately 3 m high, 

ripping the geomembrane. 

 
Figure 1: Slope Failure Locations 

 

The Project  

Scope of Work 

The scope of the project included an investigation to 

determine the key features of the site that contributed 

to the failure and why the failure occurred. In order to 

avoid another failure an in-depth investigation was a 

crucial part of the rehabilitation process. Once the 

source of the failure was understood a detailed design 

of a new and innovative rehabilitation solution was 

generated. After obtaining site history, layout and the 

project requirements, the main constraints of the 

project were linked to the operation of the facility, and 

the geometry of the site. The pond had to remain in 

operation throughout the entire rehabilitation period, 

which meant the pond could not be drained, and an 

environmentally sensitive containment structure 

located behind the failure posed as a space constraint.  

 

The Failure  

In order to determine how the failure occurred, 

seepage and stability analyses were conducted using 

GeoStudio software. Extensive modeling of in-situ 

conditions was conducted to determine the factor of 

safety of the failed slope. The specific conditions 

modeled consisted of:   
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 In-situ: 3:1 slope of material in place,  

 Drains: Fully operational sub-surface drainage 

system in place, and  

 Ineffective Drains: Geonet placed on side 

slope 

 

During the detailed investigation, it was determined 

that the layering of the geosynthetics may have been 

incorrectly installed during the expansion. An 

additional model was used to simulate a situation 

where the geonet and drains were not working. This 

was done in order to confirm whether the layering of 

the geosynthetics had originally been placed in the 

correct order. SEEP/W was used to analyze how pore-

water pressure could have contributed to the slope 

failure. Parameters for the SEEP/W analyses used 

values generated from a soil water characteristic 

curve. The SLOPE/W analysis was conducted using 

the Morgenstern-Price method, using Mohr-Coulomb 

parameters.  

It was concluded that the construction phases 

during the expansion contributed to the failure. The 

analyses determined that the cause of the failure was, 

probably, a localized weak layer of soil. The weak 

layer of soil was located where the berm used during 

the staged construction had been located, see Figure 2. 

Another contributing factor was, probably, incorrect 

layering of the geosynthetics (Figure 3). The geonet 

was placed directly above the clay soil, which caused 

the geonet and drains to be ineffective, this added to 

the slope instability and exacerbated drainage 

problems. This led to a buildup of pore-water pressure 

behind the geomembrane, weakening the soil. A bulge 

was noted in the fall of 2014, with the geomembrane 

rupturing in the spring of 2015.  

 

 
Figure 2: Construction Phases 

 
Figure 3: In-situ Geosynthetic Placement  

 

Solution  

Four alternatives were considered for rehabilitation: 

Sheet Piles, Grout Injection Columns, Slope Rebuild 

with Water Filled Geomembrane Tubes, and a Gabion 

Mattress Buttress. The alternatives were evaluated 

using the following metrics: performance, cost, ease of 

installation, safety, and sustainability. The chosen 

alternative combined foam blocks, a trench drain, a 

new geosynthetic system, with gabion mattresses 

located at the toe of the slope (Figure 4). The gabion 

mattresses act as a buttress at the toe of the slope, 

increasing resisting forces, and ultimately increasing 

the factor of safety. Geofoam is a lightweight fill, 

which reduces the driving forces that would have 

otherwise been generated at the crest of the slope. The 

trench drain and correct layering of geosynthetics will 

dissipate pore-water pressure within the slope. The 

total cost of the project including construction, 

engineering, and site investigation tests was found to 

be $788,000.  

 
Figure 4: Chosen Design Configuration  
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Introduction 

It is well known that flow within soils is strongly 

dependent on a soil’s physical structure and pore space 

architecture and is therefore affected by the presence 

and interconnectivity of macropores. Macropore 

influence on governing flow has traditionally been 

hard to define within laboratory experiments. Recently 

however, X-ray computed tomography (CT) has 

developed as a means of visualising and quantifying 

macropore characteristics in a non-intrusive manner. 

Using this technique to improve our understanding of 

macropore influence may enable the development of 

current infiltration modelling. 

To that end, this paper presents the results of a 

series of CT scans coupled with traditional physical 

laboratory measurements on clay samples from a 

railway embankment.  

 

Background  

Over the past decade or so, CT scanning has become a 

more widely used experimental technique in 

disciplines outside of medicine, including hydrology 

and soil science (See Mees & London 2003; Cnudde 

& Boone 2013; Wildenschild & Sheppard 2013, etc.). 

The draw of this technique is that it allows high 

resolution, 3D, non-destructive imaging of soil 

structure and macropore networks. This imaging data 

can then be used to estimate many soil properties 

including porosity, pore connectivity and potentially 

permeability. 

This project aims to explore the use of CT for non-

destructive permeability estimation on clay samples 

by establishing a relationship between the pore 

properties of samples and permeability measurements 

from traditional methods. 

 

Method 

Good quality, relatively undisturbed cores (100mm 

diameter, 80mm length) were scanned using a micro 

CT machine (Nikon X-Trek XTH225ST) at a voxel 

resolution of 0.057 mm3.  

The scan data, reconstructed in Figure 1, was 

processed using a rigorous analysis procedure 

developed in order to filter, sharpen, segment, and 

skeletonise the image data of all the samples in a 

reliable and repeatable fashion.  

The image data was used to visualise the 

macropores within the samples (Figure 2) and to 

determine sample macroporosity, pore size 

distributions, pore variation with depth and pore 

interconnectivity properties, both in partially saturated 

and fully saturated conditions. These scans at different 

moisture contents allow for a direct comparison and 

assessment of any changes in macropore structure as a 

result of wetting the sample (Figure 3). Traditional 

laboratory permeability tests at different scales were 

subsequently carried out using the samples and the 

results related to the CT generated image data. 
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Figure 1 - 3D Visualisation of a scanned sample 

 

Results 

A visualisation of the 10 largest macropores present in 

one scanned sample is shown in Figure 2. Estimated 

macroporosity varied widley between samples, 

although across all samples it could be considered low.  

No macropores extended the entire length of any of the 

samples. After saturation overall macroporosity, 

connectivity and pore network density was observed 

to have increased. However, as shown in Figure 3, the 

size of the largest pores present was significantly 

reduced. 

 

 
Figure 2 - Visualisation of the 10 largest macropores in 

one of the samples 

 

Saturated permability test results at all scales 

indictated that the macroporosity within the tested 

samples had little effect on overall permeability. This 

was possibly a consequence of the small number of 

large macropores in even the most porous samples and 

the isolated nature of many of these pores. 

 

 
Figure 3 - Pore size distributions derived from scanning 

data of a saturated and partially saturated sample 

 

Conclusions 

In conjunction with traditional permeability tests it is 

shown that the flow inside the samples appeared 

predominately matrix governed and that 

macroporosity within the tested samples had little 

effect on overall saturated permeability. This was 

supported by scanning and permeability tests of 

reconstituted samples with the number of large 

macropores further reduced.  

Comparisons between saturated and partially 

saturated scans of the same samples showed that while 

overall macroporosity, connectivity and pore network 

density increased after saturation, the size of the 

largest pores present was significantly reduced. 
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Introduction 

The Cascade Bay Landslide is located on the eastern 

side of Harrison Lake in southwestern British 

Columbia. To understand the geomorphic evolution 

and processes currently active at the Cascade Bay 

Landslide, geomorphological mapping has been 

undertaken based on a digital elevation model (DEM) 

derived from airborne LiDAR. The LiDAR-based map 

will be combined with outcrop discontinuity mapping 

from terrestrial remote sensing techniques to improve 

our understanding of the landslide structure and 

evolution, as well as provide a basis for geohazard 

assessment. 

 

Background 

The highest point on the Cascade Bay Landslide is 

1400 m above the surface of Harrison Lake. The 

landslide is approximately 2.7 km in length east to 

west, 1.5 km in width north to south, and has a volume 

of 45 million m3 estimated by the dimensions of the 

wedge-shaped headscarp. The landslide is bisected by 

a NE-dipping thrust fault connected to the Harrison 

Lake Shear Zone (Journeay and Csontos, 1989). The 

thrust fault separates the meta-sedimentary and meta-

volcanic rocks of the Slollicum Schist from the low-

grade metamorphic to non-metamorphic sedimentary 

and volcanic rocks of the Gambier Group (Crickmay, 

1930; Monger, 1986; Lynch, 1995). 

 

Methods 

A virtual 3-dimensional landslide model is created to 

allow the combined visualization of outcrop structures 

and surface morphology across the study area. The 

base layer of this digital model is a DEM derived from 

airborne LiDAR. The DEM has a resolution of 0.5 m 

and covers the landslide deposit and adjacent areas up 

to 600 m from the identified slide boundary.  

The airborne LiDAR data is combined with 

terrestrial remote sensing techniques comprising 

terrestrial laser scanning (TLS) and structures from 

motion (SfM) photogrammetry. TLS has been used to 

create a 3-dimensional model of the headscarp with an 

average point resolution of 0.1 m. Portions of the 

headscarp inaccessible to TLS are added using the 

more maneuverable and versatile SfM 

photogrammetry. The combined approach of TLS and 

SfM is used to create 3-dimensional outcrop models 

across the study area, allowing discontinuities to be 

compared. 
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Once the 3 dimensional outcrop models are built 

they will be combined with the airborne LiDAR 

creating a model that shows the land surface 

morphology and outcrop structure. This model will be 

used to compare discontinuities observed on the 

outcrop to surface lineaments mapped from the 

airborne LiDAR DEM. 

Outcrop discontinuity mapping is done in two 

stages. The first stage identifies large-scale 

discontinuities with an outcrop trace length greater 

than 25 meters, while the second stage maps 

discontinuities in windows down to the 1 m trace 

length. The orientations of outcrop discontinuities and 

surface lineaments are plotted on stereonets and rose 

diagrams to identify the structures controlling surface 

morphology across the study area.  

 

 
Figure 1: The headscarp of the initial landslide is shown in 

red, the slump scarps of the phase one remobilization are 

show in blue, and the slump scarps of the phase two 

remobilization are shown in teal. 

Initial Interpretation 

An initial interpretation of the geomorphologic map 

shows there has been at least two phases of movement 

after the initial failure of the Cascade Bay Landslide 

(Figure 1). The first phase involves the landslide 

deposit being remobilized by slumping in two 

different zones in the middle of the slide deposit. The 

deposits of the phase 1 remobilization are crosscut by 

failure zones on the lower slopes of the Cascade Bay 

Landslide, representing the second phase of 

remobilization. While the landslide deposit was being 

reworked during remobilization phases 1 and 2, 

smaller, localized failures from ongoing instabilities in 

the headscarp buried the upper portion of the landslide 

deposit in an area known as the Cone. 

Preliminary lineament mapping shows the 

orientations of linear outcrop sections in the headscarp 

are repeated in the surrounding landscape (Figure 2). 

This shows the landslide failed along large regional 

geologic discontinuities. 

 

 
Figure 2; Lineament mapping of the Cascade Bay Landslide 

shows the orientation of each headscarp segment matches 

linear features in the surrounding landscape. This shows that 

each section of the headscarp likely failed along a large 

discontinuity in the rock mass.  
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Introduction 

Blasted and crushed rock produced at Canadian 

National Railway's (CN Rail) McAbee Pit in British 

Columbia is the primary source of ballast for CN Rail 

in Western Canada. To reduce track maintenance 

costs, which are influenced by the distance from the 

McAbee pit to the area of track being maintained, CN 

Rail is evaluating the characteristics of crushed gravel, 

Gravel Ballast, sourced and produced in Alberta, for 

some of their branch lines in this province. Large-scale 

laboratory tests were carried out to investigate the 

lateral resistance provided by the two ballast types. 

 

Material Characterization  

An extensive physical characterization of the two 

ballast types is currently being undertaken. The 

particle size distribution plots obtained from sieve 

analysis are presented in Figure 1, and aggregate 

photographs obtained from photogrammetry analysis 

are shown in Figure 2. Flakiness Index and Los 

Angeles Abrasion testing have also been completed to 

determine the angularity and durability of the two 

ballast types. The McAbee Ballast was determined to 

have a flakiness index of 12% and the Gravel Ballast 

a flakiness index of 15%, indicating the Gravel Ballast 

has more flaky aggregates than the McAbee Ballast. 

Both had a Los Angeles Abrasion parameter of 17%, 

indicating they have a comparable durability.  

The foremost difference between the two material 

types is that the McAbee Ballast consists of angular to 

sub-angular particles with rough faces; while the 

Gravel Ballast consists of particles with smooth, 

rounded faces (original rounded gravel) and rough 

angular to sub-angular faces (crushed gravel). 

 

 
Figure 1: Ballast particle size distribution   

 

 

 
Figure 2: Photograph of McAbee Ballast (left) and 

Gravel Ballast (right)  

 

Testing Methodology  

Large-scale tests, as depicted in Figures 3 and 4, were 

performed to evaluate the contribution of the 
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tie/ballast base friction (bottom of the tie sliding on 

ballast), crib friction (side of the tie sliding against 

ballast on the sides), and shoulder resistance (end of 

tie embedded in ballast – required modification of 

setting in Figure 3); to the overall tie lateral resistance. 

Several static normal (or vertical) loads, ranging from 

5 kN to 160 kN were applied, the loads were 

considered to be representative of the expected range 

of in-service train loads transferred to an individual 

railway tie. The effect of a low (0.05 mm/s) and a fast 

(0.5 mm/s) horizontal loading rate were also 

evaluated. Vertical and horizontal loads and 

displacements were recorded; and used to determine 

the peak lateral resistance, at varying horizontal 

displacements, for each applied normal load. 
 

 
Figure 3: Ballast box loading configuration  
 

 
Figure 4: Photograph of testing apparatus  
 

Preliminary Results  

Example lateral load verse horizontal displacement 

curves for the McAbee and Gravel ballast are shown 

in Figure 5, for both the ‘base friction’ and the ‘base 

and crib friction’ resistance testing. These tests were 

completed at an applied normal load of 160 kN (~477 

kPa) and a loading rate of 0.05 mm/sec. The lateral 

load increased with horizontal displacement until it 

reached a peak value at approximately 20 mm to 25 

mm of horizontal displacement.  

The preliminary results for the various normal 

loads are shown in Figure 6. The peak friction angle 

was calculated to be 32° and 28° for the McAbee 

Ballast and the Gravel Ballast, respectively. The linear 

strength envelopes in Figure 6 are consistent with a 

frictional system, with no significant dilation. On 

average 10% less base resistance was developed 

between the railway tie and the Gravel Ballast, than 

the McAbee Ballast. It was also observed that the base 

resistance, under the applied loads, was not a function 

of the horizontal loading rate; and that the contribution 

to the peak resistance from the crib friction and 

shoulder friction was negligible compared to the 

resistance from the base friction.  
 

 
Figure 5: Example lateral load versus horizontal 

displacement curves for a normal load of 160 kN and a 

loading rate of 0.05 mm/sec 

 

 
Figure 6: Comparison of the peak lateral load versus 

applied normal load  
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The highway 

There is an important project nearing completion in 

the Northwest Territories. The Mackenzie Valley 

Highway, connecting Inuvik (population: ~3,500) to 

Tuktoyaktuk (population: ~950), is a 120 km long, 

two-lane highway that will serve as Canada’s first 

all-weather road to the Arctic coast. Tuktoyaktuk was 

previously only accessible by airplane or ice-roads, 

which form during the winter months. 

Construction on the $300 million project began in 

January 2014. Crews met in the middle in April 2016. 

Expected to open Fall 2017, the highway has been a 

priority of the federal and territorial governments 

since it was first proposed in the 1960’s. 

 

Why build the highway? 

Due to climate change, things are warming up in the 

Northwest Territories (3 to 4 times faster than the 

global average) (Government of Northwest 

Territories, 2015). Resources and transportation 

routes are becoming accessible in the Arctic Ocean 

and there is a desire to connect isolated communities 

in the far north. Economic and social advantages 

along with an expression of arctic sovereignty can be 

achieved through the highway’s construction. 

Benefits for the local residents include long-term 

employment, reduced costs of living, increased 

tourism, access to enriched health care, education and 

economic opportunities (Department of 

Transportation, Northwest Territories, 2016). 

 

Experimentation 

The underlying permafrost provides opportunity for 

groundbreaking experimentation. The highway is 

considered a science project, with Transport Canada 

providing an additional $670,000 implementing two 

experimental road-building applications. The first 

uses plastic culverts (rather than metal) to reduce heat 

transferred to the roadbed. The second is an 

experimental embankment, reinforced using layers of 

gravel and geotextiles and fitted with sensors to study 

settlement (Windeyer, 2015). The focus of these 

experimental applications highlights the paramount 

challenge faced in permafrost construction: keeping 

the permafrost intact. Permafrost is sensitive to 

changes in thermal conditions and only provides an 

excellent foundation if kept frozen. 

 

Embankment material 

The embankment upon which the highway is built 

must provide enough strength to support the traffic 

above, and must be thick enough to insulate the 

permafrost in the ground below. Higher summer 

temperatures are shielded, preventing the ground 

underneath from thawing. Leaving the foundation of 

permafrost intact reduces settlement. 

The embankment material was taken from local 

borrow sources. Construction took place during 

winter and embankment soils were compacted frozen 

on-site. Frozen soil is generally not recommended for 
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embankment construction because it is difficult to 

compact at high ice-contents. Local borrow sources 

did not contain the ideal soil type that was desired. 

The builders had to make do with what they could 

find locally as it is expensive to ship soil long 

distances. Due to the circumstances of this difficult 

project, compaction testing was not completed on the 

embankment material during construction. 

Understanding the conditions that determine the 

stability of the compacted frozen soil and its 

responsiveness to changes in temperature are 

necessary in predicting the probability and severity of 

embankment settlement. This knowledge can be 

applied to reduce settlement and is instrumental for 

future permafrost construction; therefore testing on 

the embankment material was desired. 

 

Compaction and thaw-strain testing 

Many factors affect the stability of the embankment: 

geometry, particle size distribution, ice-content, 

compaction effort, thermal regime, drainage and 

snow removal. Many of these factors can be studied 

by compaction testing. Because this testing was not 

undertaken on-site, samples from three of the 

project’s borrow sources were delivered to the 

University of Calgary laboratory, with which we 

performed particle size distribution tests, hydrometer 

analyses, and compaction tests. 

The Proctor compaction method subjects soil at 

varying water-contents to compaction forces using a 

hammer. The resulting dry density at various water-

contents is determined. Compaction curves are 

formed in order to determine “maximum dry 

densities” and corresponding “optimum water-

contents.” Similarly, frozen soil at various moisture 

contents can be compacted, providing similar results. 

The compaction and thaw-strain data will be used to 

quantify the effects of ice-content within compacted 

soil and estimate conditions that could cause 

excessive settlement on the highway. 

 

Observations and results 
The effectiveness of compaction on frozen material is 

dependent on the soil’s moisture content. Figure 1 

compares a sample’s wet and frozen compactions at 

varying moisture contents. Frozen soil was found to 

have lower dry densities when compacted at given 

water-contents than unfrozen soil. Compacting had 

little effect when the samples contained ice-contents 

greater than approximately 10-12% (Figure 2). Many 

site samples had moisture contents higher than the 

highest compactable ice content determined 

experimentally. Thaw-strain tests (yet to be 

performed) are expected to show increasing 

settlement with increasing ice-content. Results will 

be used to build a model to predict settlement. 
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Figure 1: “Wet” and “Frozen” compactions compared 

for Sample B. 

 

 
Figure 2: Compaction cannot be achieved at high ice 

contents (12% moisture content after 50 compactions). 
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Introduction 

Shovelnose Creek is tributary of the Squamish River 

located approximately 40 km north of the town of 

Squamish, British Columbia.  It flows along the 

eastern extent of the Squamish River floodplain for 

approximately 2 km before discharging into the main 

steam of the river.  The slow flowing meanders and 

deep pools of Shovelnose Creek have been designated 

by the Steelhead Society of British Columbia (SSBC) 

as the premier steelhead trout habitat within the 

Squamish River Valley.  A site overview is shown in 

Figure 1. 

Turbid Creek is located approximately 4 km 

upstream of the Shovelnose Creek outlet, and has a 

history of frequent, massive debris flow events 

(Cruden 1992).  In the past, the large influx of water 

and sediment during one of these events has cause the 

Squamish River to overflow into Shovelnose Creek 

and destroy steelhead habitat. 

 

 
Figure 1. Site overview showing Turbid Creek, 

Shovelnose Creek, and the Squamish River. 

 

Site History 

Three major prehistoric debris flows occurred within 

Turbid Creek’s watershed, initiated by the collapse of 

the western flank of Mount Cayley.  All three events 

temporarily dammed the Squamish River (Evans 

1991).  The eventual debris-dam breached caused 

mass flooding and channel migration in the lower 

reaches of the Squamish River (Brooks 1991).   

Recent debris flow events, albeit smaller in 

magnitude, continue to affect channel migration of the 
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Introduction 

BC Hydro (BCH) owns, operates, and maintains 

thousands of high voltage (69kV and above) 

transmission assets spanning over 18,000 linear 

kilometers in the province of British Columbia in areas 

that include steep mountainous terrain, wet liquefiable 

soils and major river crossings.  In order to continue to 

provide reliable electricity to their customers, an 

annual Geohazard Review Program is implemented by 

the BCH Transmission Engineering Geotechnical 

Design Team to identify and assess geotechnical risk 

to these assets.  

 

Geohazard Review Overview  

Review Methodology 

In general, the primary methodology for carrying-out 

the geohazard reviews is by visual inspection of the 

transmission structures and surrounding area via 

helicopter. This is due to the remote nature of many of 

the structure sites.  

However, in more urban areas with good road 

access and restrictions on low-level helicopter flight, 

such as Vancouver, and in areas paralleling major 

rivers, ground and boat based reviews are carried-out 

respectively. 

 

Regions 

In order to fully cover the extent of the transmission 

system, the province is divided into nine geographical 

regions.  

 

Review Frequency 

A quantitative approach is taken to determine the 

review period (P) of a transmission circuit, based on 

four factors/categories: Development level (D), 

importance (I), voltage (V), and area type (A) and 

entered into the equation below: 

 
Equation 1: Derivation of Review Period, P (in years) 

 

Exceptions to this equation include circuits that are 

completely within urban areas, circuits which parallel 

a circuit that is scheduled to be reviewed, per 

recommendations of BCH field operations staff, or 

after a maximum return period of twelve years.  

 

Geohazard Identification 

Typical Hazard Types 

BCH transmission structures are exposed to a wide 

range of geotechnical hazards but most commonly 

include: Riverbank erosion, debris flow, slope failure, 

and avalanche.  

 

Secondary Hazards 

Non-geotechnical secondary hazards also pose a risk 

to assets and are recorded during reviews. This 

includes risks due to land development, motor vehicle 

accidents, vegetation, and fire.  

 

 

 

 




