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Technology trickle down in BC 
 

The Olympic Games have come and gone in 

Vancouver and British Columbia is still giddy with 
the astounding success of our Canadian athletes.  
The events and the athleticisms shown were 
nothing short of remarkable, and athletes that 
didn’t step up to the podium still performed 
blazingly well.  Consider the 50 km biathlon; the 
convergence of physical elitism where the 
separation between first place and fourth was a 
mere 1.5 seconds after more than two hours of 
racing,  a difference of less than two per mil.   
 
At the same time the technology associated with 
the games was breathtaking.  Apparently more 
people accessed the games than ever before via 
conventional means, but also over mobile media in 
a way that will likely change how games are 
broadcast and accessed from this point forth. 
 
I find myself constantly amazed by technological 
advances in all walks of life, including geoscience.  
The European based Maxwave project for 
example, which has documented the presence of 
rogue waves using satellite borne radar covering 
large swaths of ocean. 
 
Technology provides us with amazing tools to 
solve human-centric problems.  US writer Malcolm 
Gladwell recently observed, however, that 
problems can be sorted into puzzles and 
mysteries, but the two are not the same.  A puzzle 
is solved by adding new information; a mystery 
may become more complicated, and technologies 
can be like either.    
 
This quarter we look at two technologies:  The 
first, rock catchment fences, is like the puzzle 
problem.  It is a clear technological application that 
has seen considerable use in Europe and is just 
beginning to see more use here in Canada.   

 
 
The second, hydrologic models are arguably more 
like the mystery whereby they become potentially 
more revealing, but also harder to use and 
interpret with every new complex algorithm.  The 
second article considers the applicability of several 
hydrologic models to forest management issues in 
BC that will hopefully bring users closer to a 
usable understanding of those models. 
 
In either case, as technology trickles down into the 
hands of users, it behooves us to take notice.  I 
hope these articles help somewhat. 
 
As always, Island Geoscience welcomes new 
submissions or ideas for articles.  If there are 
topics you would like to see covered, or if you 
have an article or idea you would like to contribute, 
please send me your ideas at:  
richard.guthrie@gov.bc.ca 

 
Past issues of Island Geoscience are here: 
http://www.for.gov.bc.ca/hfd/LIBRARY/Island_Geoscience.htm 
 
Thanks for reading! 
 
Rick. 
 

 
 
The Olympic flame in Vancouver 

mailto:Richard.guthrie@gems6.gov.bc.ca
http://www.for.gov.bc.ca/hfd/LIBRARY/Island_Geoscience.htm
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Rockfall catchment fences: Technology 
being used to protect coastal BC homes. 
 
Ahren Bichler 
 

 
 
Figure 1.  A rockfall fence erected above a home on Mayne 
Island (see text). 

 

Rockfall catchment fences have been used 

throughout Europe for more than 50 years to 
protect infrastructure, buildings and against loss of 
life.  Modern fences are steel post structures with 
a variety of net types, energy dissipating elements 
and bearing rope configurations.  These 
sophisticated fences can absorb energies in 
excess of 5000 kJ (consider a boulder 
approximately 13,000 kg traveling 100 km/h as in 
Figure 2).  In Canada, despite considerable 
rockfall hazards, use has historically been limited 
to large budget projects.   
 
In the past five years, however, rockfall catchment 
fences have been implimented as an effective 
form of rockfall mitigation for smaller projects.  The 
technological uptake is even occurring in 
residential housing along coastal British Columbia, 
three examples of which are presented herein as 

case studies from North Vancouver, Pender and 
Mayne Islands. 
 
North Vancouver 
 
In the District of North Vancouver, rockfall hazards 
emanate from a steep slope with near vertical to 
overhanging massive to fractured, blocky granitic 
bedrock outcropping upslope from private homes.  
 
The slope, rising approximately 45 m above the 
houses could release blocks between 20 and 75 
cm in diameter and mitigation was necessary.   
 
The primary method of mitigation consisted of 
scaling, rock bolting, meshing, and cabling large 
rock masses. In two areas, however, a rockfall 
catchment fence was proposed because the 
identification of potential rockfall material was 
hindered by vegetation and thin overburden cover. 
 
The selected fence was a rigid post design 
capable of resisting a 100 kJ impact (~410 kg at 
90 km/h). It has a height of 3 m and was built in 
two sections: a lower fence with two posts and an 
upper fence supported by just one post. In both 
cases, the fence ends in a near vertical bedrock 
face that also acts as an end post. The post 
spacing is approximately 10 m over a combined 
distance of 30 metres. 
 

 
 
Figure 2.  Impact test of a 5000 kJ rockfall catchment fence. 

 
Three anchors per post are normally required, 
supported by either a concrete foundation or 
competent bedrock.  Bedrock was readily 
available at the site, so only a small levelling pad 
of concrete was required for the post base. Lateral 
anchors for the load-bearing ropes were also 
drilled directly into bedrock and no retaining ropes 
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of the post head were required as the posts had a 
fixed rotation about their base. 
 
The overall cost of rockslope mitigation above the 
North Vancouver homes was $132,000.  Of this, 
$31,000 went to the rockfall catchment fences, 
half of which was for the materials, and the 
remainder for engineering design and 
construction.  In contrast, the average home in 
North Vancouver is well in excess of $500,000.  
Even before considering the potential threat to 
human lives, the increased protection as a result 
of the fences is a small price to pay. 
 
 
 

 
 
Figure 3.  District of North Vancouver rockfall fence showing 
main fence structure and supplementary mesh to fill gaps. 
 

 
Pender Island 
 

On Pender Island, a single residential house sits 
at the base of a 20 m slope inclined about 45 
degrees with vertical faces from 1 to 3 m in height 
and separated by moderately sloped, irregular 
sections. The bedrock is made of coarse 
conglomerates and massive sandstones with 
occasional thinly interbedded shales, all of the 
Nanaimo Group.  Bedrock ranges from massive to 
highly fractured and exhibits closely spaced joints 
oriented normal to bedding planes with localized 
areas of sub-parallel joint sets. 
 
A moderate to high hazard rating for block sliding 
and toppling failures is exacerbated by the 
potential for seismic events of even small to 
moderate magnitude.  Mitigation would have to 
deal with blocks up to 2 m in size and initial 
recommendations were for the removal of loose 
blocks from the slope by scaling. Initial estimates 

for undertaking the work were up to $80,000 with 
several unknowns, including additional potential 
rock splitting, trim blasting and shotcrete as the 
project got underway.  A low energy rockfall 
catchment fence (100 kJ) was recommended to 
protect the building over the long term.  
 
In the event that the slope stabilisation measures 
could not be undertaken due to property line 
issues (the hazard was on one property, the house 
at risk on another), a higher energy fence was 
recommended (1000 kJ) that would be able to 
absorb the impact of the larger blocks.  However, 
the neighboring property owners struck an 
agreement and undertook the work together.  
 
The rockfall catchment fence was installed first to 
provide protection to the building during the 
scaling process.  Like the North Vancouver 
example a rigid post system was selected.  It was 
a 2 m high fence with a length of 20 m and a post 
spacing of 10 m (three posts).  The foundations for 
the posts were reinforced concrete foundations 
with tieback anchors into the subsurface.  Lateral 
load-bearing ropes were anchored directly to 
bedrock on one side of the fence, while a dead-
man with a tieback anchor was used on the 
opposite side. 
 
The overall cost of mitigation, included 
engineering fees, legal fees (a covenant was 
registered against the house), construction 
(including a boulder stack wall further along the 
slope), and material and came to approximately 
$40,000.  Approximately half the total costs were 
associated with the rockfall catchment fence and 
fence materials were approximately $10,000. 
 

 
 
Figure 4.  Protecting the house on Pender Island 

 
 



 

Island Geoscience
 

Mayne Island 
 
Engineering reports for a private home, garage 
and boat/guest house on Mayne Island revealed 
rock hazards similar (though somewhat worse) to 
the ones in the previous example:  the sliding and 
toppling of Nanaimo Group blocks originating from 
a steep slope above the residential buildings. 
Once again, potential seismic activity was a 
particular concern. Recommendations that the 
house be removed and mitigative measures 
carried out on the slope prior to new construction 
were unacceptable to the owner.  
 
Instead, two hinged post fences were installed:  
the first was 4 m high and 80 m long 1000 kJ 
fence, and the second a 3 m high and 30 m long 
500 kJ fence. The fences were designed to absorb 
the impact of a 3200 kg and 1600 kg projectile 
traveling at 100 km/h, respectively.  Unlike the 
rigid post systems in the previous examples, the 
hinged post system can rotate at the base plate 
coupling and requires retaining ropes on the post 
head. In addition, heavier more elastic net material 
is used. The hinged post fence behaves more 
elastically and absorbs more energy than rigid 
post fences.  
 

 
 
Figure 5.  500 kJ rockfall fence protecting garage on Mayne 
Island.  The 1000 kJ fence is shown in Figure 1 and protects 
the house. 

 
Site conditions were difficult and drilling and 
construction had to be carried out by hand. A 
series of zip lines were constructed in the trees to 
assist in the movement of the drill and heavy steel 
beams.  The base plate anchors (2 per plate) and 
anchors for the bearing and retaining ropes were 
all injection bore anchors (self-drilling hollow core 
anchors into which grout is pumped either during 

or after drilling) to compensate for thick 
overburden and weak rock conditions.  
 
The total cost of mitigation was under $140,000, 
with material costs being approximately one third. 
 

 
 
Figure 6.  Difficult site conditions on Mayne Island meant that 
drilling and installing anchors was done by hand. 

 
Closing 
 
Though rockfall catchment systems have been 
used in Europe for a long time, they are still 
relatively rare in Canada.  The reasons are 
several:  traditionally high cost associated with 
these systems, limited Canadian engineering 
expertise with these systems, limited testing and 
production facilities in Canada necessary to 
produce competent products and comply with 
international certification, and finally, limited 
construction companies with experience in their 
installation.  
 
However, as the market expands and more 
products become available in Canada, the cost of 
rockfall catchment fences and their installation 
continues to decrease.  In coastal BC, small 
projects are being undertaken to protect 
residential dwellings and inhabitants.  To date, 
none of the fences described above have been 
tested by actual rockfalls.  Inevitably, however, 
they will be tested, and the geoscience and 
engineering community will be closely monitoring 
the results.    
 
 

More information: 
 
Ahren Bichler is the manager of Trumer Schutzbauten 
Canada Limited.  He got a Masters degree in 
Quaternary Geology from UVIC before going to 
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Germany as a researcher on rockfall hazards at the 
University of Erlangen. He may be contacted at 
a.bichler@trumer.cc  
 
Information for engineering and design of the North 
Vancouver case study was provided by EBA 
Engineering Consultants Ltd.  Information for 
engineering and design of the Pender Island case study 
was provided by CN Ryzuk and Associates Ltd. 
 
 

Selecting hydrologic models to investigate 
the potential effects of forest management 
and climate change on watersheds 
 
Todd Redding, Jos Beckers & Robin Pike 
 

 
 
Carnation Creek on Vancouver Island has been the subject of 
several hydrologic models predicting everything from 
streamflow to channel recovery. 

 

Predicting the effects of forest management and 

climate change on watershed processes and 
streamflow is a complex activity. To date, the 
application of hydrologic models has been limited 
primarily to research, and routine use of 
watershed models by resource managers and 
their consultants is not widespread. One of the 
likely barriers to model use is a lack of information 

to support the selection of a model appropriate to 
the need. To address that information gap, 
FORREX, Alberta Sustainable Resource 
Development (Forest Management Branch), and 
the BC Ministry of Forests and Range 
commissioned a synthesis report and a decision 
support tool for managers and operational staff.  
 

One of the main findings is that each 
model has trade-offs between model 
complexity and functionality in a forest 
management context 
 
The review (Beckers et al. 2009a) examined 30 
hydrologic models, and synthesized information 
from user manuals, technical documentation, and 
published model applications from the Pacific 
Northwest and in physical and climatic settings 
similar to those encountered in BC and Alberta. 
Summary articles were also published in 
Streamline Watershed Management Bulletin that 
focus on models for forest management (Beckers 
et al. 2009b) and climate change (Beckers et al. 
2009c) applications.  In the review, models were 
ranked based on their functionality and complexity.  
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Figure 1.  Forest management functionality and complexity 
ranking of short-listed models. Refer to Beckers et al. (2009a) 
for ranking of all models considered in the study. 

 
Model functionality relates to the ability of a model 
to simulate the desired land use, disturbance, or 
climate change scenario and is affected by the 
hydrologic processes represented in the model, 
the equations adopted to simulate these 
processes, and by model discretization (spatial 
and temporal). For coastal BC,   key hydrological 
processes that should be considered include: 
precipitation intensity, rain-on-snow processes, 
steep topography with shallow soils and 
preferential subsurface flow. 

mailto:a.bichler@trumer.cc
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 Low Complexity  Medium Complexity High Complexity 

Data 
requirements 

Monthly precipitation and 
temperature 

Daily precipitation and 
temperature 

Hourly to daily precipitation 
and temperature 

 No additional meteorological 
forcing required 

Additional meteorological 
forcing may be required 

Additional meteorological 
forcing may be required 

 No need for map data Requires map data (DEM, 
soils and forest cover) 

Requires map data (DEM, 
soils and forest cover) 

 Less than 25 parameters About 25 to 75 input 
parameters 

Typically over 75 input 
parameters 

 Parameters are experimentally 
based (no calibration 
required). Models suitable for 
un-gauged basins. 

Minimal number of 
calibration parameters. 
Some model applicable to 
un-gauged basins. 

Medium to high number of 
calibration parameters. 
Models applicable to gauged 
basins only. 

Resource 
Requirements 

Low data pre-processing effort Medium data pre-processing 
effort 

High data pre-processing 
effort 

 Does not require GIS analysis GIS analysis required for 
some models 

GIS analysis required for 
most models 

 Can be completed by one 
person 

Can mostly be completed by 
one person 

May require project team 

Time 
Requirements 
(Cost) 

Less than 2 weeks About 2 weeks to 2 months About 2 to 6 months 

 Less than $10,000 About $10,000 - $40,000 From about $40,000 to 
greater than $100,000 

  
Table 1.  Model complexity evaluation criteria.  Cost estimates based on quoted time requirements, 40 person hours per week at 
$100/hour. The hourly rate is typical of intermediate level consultant. 

 

 
Model complexity was defined based on the 
estimated data, resources, and time (which is a 
proxy for cost) required to parameterize and 
calibrate a model (Table 1).  
 
The reviewed models were organized into three 
categories (low, medium and high complexity; 
Figure 1). Low complexity models are typically 
useful for screening-level studies that seek to 
assess the sensitivity of watersheds to the effects 
of forest management without quantifying these 
effects in absolute terms. Medium complexity 
models are useful for studies that seek to assess 
potential effects of forest management in 
somewhat greater detail.  These models require a 
greater amount of data and some calibration 
(streamflow data for example) to achieve the 
additional confidence they provide. The practical 
use of high complexity models may be limited to 
high-value or high-risk planning studies and for 
research purposes.  
 

Nine models were identified as being most 
practical to address forest management and  
climate change questions in BC and Alberta 
(Table 2). However, one of the main findings in the 
report is that there is currently no “best” model and 
trade-offs between model complexity 
(data/time/cost required to apply the model) and 
model functionality (what the model is able to do) 
for addressing forest management questions were 
identified.  Each of these nine models is, 
consequently, characterized by advantages and 
disadvantages for operational use, and may be 
best applicable to particular physiographic or 
climatic settings. The review also makes 
recommendations for advancing the routine and 
consistent use of watershed models. 
The review also considered the suitability of 
models for exploring the potential effects of 
climate change on future watershed processes 
that are relevant to forest management. The 
barriers and challenges to using hydrologic 
models for answering climate change questions 
are discussed, and areas for model improvement 
are identified. 



 

Island Geoscience
 

 
 
References 
 
Beckers, J., B. Smerdon, and M. Wilson. 2009a. Review 
of hydrologic models for forest management and climate 
change applications in British Columbia and Alberta. 
FORREX, Kamloops, BC. FORREX Series Report No. 
26. www.forrex.org/publications/forrexseries/fs26.pdf  
 
Beckers, J, Smerdon, B, Redding, T, Anderson, A, Pike, 
R and Werner, A. 2009b. Hydrologic models for forest 
management applications: Part 1 – Model selection. 
Streamline Watershed Management Bulletin 13(1): 35-
44. 
http://www.forrex.org/publications/streamline/ISS41/Streamline
_Vol13_No1_art7.pdf  

 
Beckers, J, Pike, R, Werner, A, Redding, T, Smerdon, B 
and Anderson, A. 2009c. Hydrologic models for forest 
management applications: Part 2 – Incorporating the 
effects of climate change. Streamline Watershed  
 
 
 

 
Management Bulletin 13(1): 45-54. 
http://www.forrex.org/publications/streamline/ISS41/Streamline
_Vol13_No1_art8.pdf  
 
 

More information: 
 
Todd Redding is the FORREX watershed management 
extension specialist for Nanaimo and featured in this 
quarters “Introducing” section.  See that section for 
contact information.  Jos Beckers is a hydrologist for 
WorleyParsons in Burnaby.  He may be contacted at: 
jos.beckers@worleyparsons.com Robin Pike was also a 
watershed management extension specialist before 
taking a position as watershed research hydrologist with 
the Ministry of Forests.  He may be contacted at: 
Robin.G.Pike@gov.bc.ca  
 
 

 
 

 
 

Category Model Name Main Advantages Main Disadvantages 

Annual 
Yield 

WRENSS 
(WinWrnsHyd/E
CA-AB) 

Easy to use procedures with low 
data requirements 

Limited functionality (annual yield, 
hydrologic recovery) 

Peak Flow DRP-PF Valuable province-wide (BC) 
databases provided; simple 
treatment of road effects 

Limited functionality (only peak flows); 
limited model testing to date 

Water 
Balance 

BROOK90 Useful for site water balances; 
moderate complexity 

Empirical degree-day method for 
snowmelt; no channel routing 

 ForWaDy Linkage with forest growth models; 
moderate complexity 

No channel routing; limited model 
documentation and testing 

Watershed
Hydrology 

CRHM Strong focus on cold regions 
hydrology (blowing snow/frozen 
soils) 

Simplified channel routing 

 DHSVM Powerful for a wide range of 
watershed hydrology applications  

Difficult to use; functionality may be limited 
to mountainous watersheds; high model 
parameterization requirements 

 RHESSys Potential for ecohydrology 
application (forest growth, mortality); 
simple groundwater components 

Difficult to use with high model 
parameterization requirements 

 UBCWM Widely used; modest data 
requirements; glaciers and upland 
lakes 

Elevation bands and simplified forest cover 
limit forest management functionality 

 WaSiM-ETH Can handle glacial melt, 
groundwater, lakes and reservoirs 

Complex model; no testing to date in forest 
management context 

    

 
Table 2. Advantages and disadvantages of short-listed models. See Beckers et al. (2009a) for more models.  
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Introducing: 
 

 
 

Todd Redding is a Watershed Management 

Extension Specialist with FORREX, based in 
Nanaimo, BC. Todd has a BSc from UVic, an MSc 
from Simon Fraser University, and a PhD from the 
University of Alberta. He is a Registered 
Professional Agrologist with background and 
interests in forest hydrology, soil science, and 

watershed management. Todd also has also 
taught hydrology at the University of Alberta and 
Vancouver Island University. 
 
As part of his work with FORREX, Todd is the 
editor of Streamline Watershed Management 
Bulletin: 
(http://www.forrex.org/publications/streamline/streamline.asp), 
He is co-editor of the textbook “Compendium of 
Forest Hydrology and Geomorphology in BC” 
(http://www.forrex.org/program/water/compendium.asp) and 
he produces a monthly electronic watershed 
management newsletter 
(http://www.forrex.org/tools/mailinglists.asp).  
 
When not working, Todd can often be found 
exploring local forests and beaches with his family. 
 
Todd can be contacted at (250) 713-1184 or by 
email at todd.redding@forrex.org. 

 
 
 
Upcoming issues: 
 
Controls to landslide runout: How far will it go? 
 
If you have topics that you would like to see in 
Island Geoscience, drop me a line at 
richard.guthrie@gov.bc.ca.  In the meantime, 
thanks for reading and enjoy your fall!  
  
- RHG 
 
 

 
 
 
 
 
 
 
 
Salmon River Estuary 
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