
 

Island Geoscience  

 
Vol. 06, No. 01 – Spring 2009 
 
Geoscience – Is it necessary? 
 

I received an intriguing call the other day.  An 
investor in Toronto was following up on some 
comments I had made to a micro-Hydro proposal 
that involved, among other things, about 16 km of 
tunnelling through bedrock in coastal BC.  The 
caller was concerned that the proponent was not 
giving the recommendations sufficient merit and 
wanted to know further whether I thought they 
were necessary to the project.   
 
I briefly flashed through the dozens of proposals 
we (MOE) see each week.  Proposals related to 
the Riparian Area Regulation, proposals that 
require approval under the Water Act, and 
increasingly, IPPs that require extensive review.  If 
there is a consistent theme, it is that proponents 
rarely display a full technical understanding of 
what they propose or its potential impacts.   
 
Back to the Investor.   
 
I pointed out, among other things that almost 
nowhere in the modern world are tunnels through 
several kilometres of rock built without serious 
detailed geological examination.  That major works 
in active rivers benefit from understanding the river 
regimes and geomorphology.  That the fractional 
cost of good planning may be inconvenient, 
however, is millions of dollars cheaper than trying 
to clean up a mess of a damaged environment, 
infrastructure, or deal with unsafe working 
conditions.   
 
It was, and remains, my opinion that adequate 
preparation not only protects the environment and 
the people involved, but is the cheapest way to 
capitalize on one’s investment.   
 
Measure twice, cut once. 

 
I was reminded of British Columbia’s history in 
engineering geology that arguably began in the 
latter half of the 20th Century with the Alcan Tunnel 
in Kemano.  I told him the story of the tunnel and 
the lessons learned in the process.  That story is 
the main topic covered this quarter.  I hope you 
find it useful and can relate in some manner to the 
metaphor implicit in the outcomes. 
 
Island Geoscience always welcomes new 
submissions or ideas for articles.  Please send 
ideas or comments to:  richard.guthrie@gov.bc.ca 
 
Past issues of Island Geoscience are here: 
http://www.for.gov.bc.ca/hfd/LIBRARY/Island_Geoscience.htm 
 
Enjoy your spring! 
 
Rick. 
 
Rick Guthrie, MSc, PGeo, 
Regional Geomorphologist 
 
Ministry of Environment,  
Vancouver Island Region 
2080 A Labieux Road 
Nanaimo BC, V9T 6J9 
250-751-3138 
 

 
 

Zeballos Lake.  Site of recent IPP construction that sees the 
water running through a tunnel and tailrace to power a 
generator below. 
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The Kemano Tunnel: The Emergence 
of Geological Engineering in British 
Columbia. 
 

 
 
Location of the Kemano tunnel in the rugged mountains of 
coastal British Columbia.   
 

In 1950, the Aluminum Company of Canada 
(Alcan) was mining bauxite deposits in Jamaica 
and the British West Indies, and extracting from it 
powdered aluminum oxide that would ultimately be 
converted to metal aluminum.  The power 
requirements, however, were tremendous; it 
requires almost 13,000 Kilowatt hours of power to 
produce one metric ton of aluminum from two of 
alumina.  Alcan was invited in the early forties to 
consider British Columbia as a smelting site.  They 
were granted a water license from the province of 
BC in 1950, to both manufacture aluminum and 
generate water power (Prokopanko, 2002).  The 
project was at the time, one of the worlds biggest 
with a planned capacity of smelting 550,000 tons 
of aluminum (Matthias and Abrahamson, 1953).  
Today the Kitimat smelter still produces 272,000 
tons of aluminum per year (Prokopanko, 2002).   
 
There are severe limitations to locating a viable 
smelting operation.  Cheap power must be 
available in vast quantities and the company must 
be capable of hauling ore to the smelting site.  

British Columbia was to provide a solution to both 
of these requirements.   
 
The first British Columbia contribution to the 
project was its rugged topography.  On the east 
slope of the Coast Mountains laid Tweedsmuir 
Park and the Nechako Plateau, with local relief of 
about 300 m and containing several finger lakes 
including Tahtsa Lake.  West of Tahtsa Lake the 
Coast Mountains rise to an elevation of 2134 m at 
Mount DuBose before dropping to sea level at the 
fjord.  The location of Tahtsa Lake was considered 
ideal because it was relatively close to a coastal 
inlet at Kemano, some 16 km west and 
approximately 853 m below the plateau.  Tahtsa 
Lake was also only 79 m above the Nechako 
River, 193 km further east.  Consequently, a 91 m 
dam on the Nechako River completed in 1952 
created a huge reservoir, 193 km long, and that 
included several other lakes to the south 
(Whitesail, Eutsuck and Tetachuck lakes; 
Armstrong, 1955, 1960; Matthias and 
Abrahamson, 1953).   
 
Deep coastal fjords penetrate into the Coast 
Mountains of British Columbia and offer adequate 
harbour for ocean going carriers at Kitimat, about 
80 km northwest of Kemano.  Power generated at 
the Kemano station was to be carried by wire, 80 
km to the smelter at Kitimat. 
 
The potential energy in the reservoir was exploited 
by constructing a tunnel 16 km long from an intake 
at Tahtsa Lake to a powerhouse excavated out of 
rock at 61 m above sea level in Kemano. 
 
In a colossal feat of engineering and construction, 
the Kemano tunnel employed thousands of 
workers to excavate approximately 1,200,000 m3, 
or over 3,000,000 tons of rock in just three short 
years between 1951 and 1954.  Just less than 
1,000,000 m3 of this excavated rock constituted 
the 16 km long, 7.6 m (25 foot) arch tunnel from 
the Tahtsa Lake reservoir to the top of the 
penstocks.   
 
Two circular, 4.6 m (15 foot) diameter penstocks 
conduct water from the power tunnel down 728 m 
in elevation at an angle of 48o before splitting into 
8 conduits leading to a massive valve chamber 
and then on to the power house.  The power 
house itself is a 190,000 m2 chamber excavated 
some 426 m into the mountain.  The water powers 
a 104,400 kW generator before exiting the tailrace 
tunnels and the mountain (Stuart, 1960; Matthias 
and Abrahamson, 1953).   
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Figure 1.  A geology map and profile of the Alcan tunnel (from Stuart, 1960).  Geological formations are named, and the profile colors 
correspond to the similar map units.  The profile extends directly along the tunnel (purple line) from Tahtsa Lake on the east side of the 
map, to the Kemano River on the west.  Main faults and contacts are drawn on both.  You can also see the Hortezky adit  (in the plan 
view) and another adit (in profile) on the west side giving access to the penstocks.  Both adits were about 5 m in diameter, compared to 
the wider tunnel at 7.6 m (25 feet). 
 
Bedrock geology of the Kemano tunnel and 
powerhouse 
 
The Kemano tunnel crosses, from the east at 
Tahtsa Lake and west to the Kemano river, 
through three major lithographic units:  Early to 
middle Jurrasic Tahtsa Intrusive Complex, middle 
to late Jurrasic Coast Intrusions, and a small foray 
into the Hazleton Group, a middle Jurassic blend 
of metavolcanic and metasedimentary rocks 
(Stuart, 1955, 1960; British Columbia Ministry of 
Energy and Mines, 2006).  The map area is 
regionally faulted in a NNW trending pattern, and 
this affects all units.  Major faults are shown in the 
profile on Figure 1. 
 
The Tahtsa Complex is made of intensely sheared 
and fractured hornblende diorite and granodiorite.  
Shear zones vary in width from several 
centimeters to hundreds of metres and include 
slickenslides and fractures lined with serpentine, 
talc or zeolite.  Excavation of the rock at the intake 

revealed few intact rock fragments greater than 
2.5 cm in diameter (Dolmage, 1952).   
 
As a consequence, the Tahtsa Complex was 
vulnerable to wedge failures in both the north and 
south walls of the tunnel, planar failures in the 
north wall and rock falls of various sizes from the 
roof.  Support was recommended for most of the 
length through the Tahtsa Complex (Dolamage, 
1952).     
 
The Hazelton group contains a mixture of 
argillites, silicates, volcanic breccias and tuffs, 
andesitic flows and limestone (Duffell, 1952; 
Stuart, 1960).  The group moves progressively 
from volcanic type rocks to sedimentary as one 
moves west and up through the sequence.  
 
Like the Tahtsa Complex, sections of the Hazelton 
Group are intensely fractured and the unit contains 
several major shear zones some of which are over 
100m wide.  Shear zones are typically filled with 
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gouge and the fractures are filled with zeolite and 
calcite (Dolmage 1952, Stuart, 1960, Greig et al., 
1961).  Fractures and shear zones are randomly 
oriented and closely spaced in the Hazelton 
Group, leading to caving and wedge failures 
where unsupported.  Support was recommended 
for much of the length and accommodated using 
either steel or wood frame sets.  Solution of softer 
materials was probably considered, and gunite 
was sprayed to seal joints and fissures.    
 

The Coast Intrusions are better tunneling rock 
comprised of weakly foliated comprised chiefly of 
unaltered diorite and granodiorite with few 
problems at the regional scale.  Generally 
speaking, the tunnel was unsupported for most of 
its length through the Coast Intrusions with local 
treatment of fractures and shear zones.  
Excavation costs in terms of drill bit life and blast 
powder consumption increase, however, when 
dealing with competent rock. 
 

 
 
Figure 2.  Plan view and cross section view of the Kemano powerhouse (Stuart, 1960, p. 41) showing local discontinuities and a major 
shear zone relative to the powerhouse.   
 
 
Construction 
 
The tunnels were excavated from four headings: 
one beginning at Tahtsa Lake, one at the Horetzky 
adit (Figure 1) about 520 m into the mountain then 
simultaneously heading east and west, and one 
from Kemano (Matthias and Abrahamson, 1953).  
The tunnels were generally speaking 7.6 m (25 
feet) in diameter, and either horseshoe shaped or 
arched with straight walls.  A typical drilling cycle  

 
 
 
involved 27 – 38 employees including miners, 
electricians, mechanics, a mucking machine 
operator and various other workers, and took 
approximately 9 hours.  In that time, over 300 m of 
holes were drilled into the heading in an intricate 
blast pattern, the blast was loaded and fired, the 
tunnel was ventilated and finally the blast rock 
removed.  The heading face would advance 
approximately 3.5 m/cycle and remove 120 tons of 
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rock (Matthias and Abrahamson, 1953).  Over the 
course of the project, as tunnelling teams gained 
experience, several new world records were 
established for distance/day in a 7.6 m bore 
culminating with a 86 m advance in 144 hours (6 
days).   
 
…While geological knowledge had been 
pivotal in locating reasonable tunnel 
sites…shears, fractures or joints that were 
encountered along the way were dealt with 
strictly as engineering construction 
problems… 
 
Two circular 4.6 m diameter penstocks ran down 
two 48o slopes (separated by a 209 m horizontal 
run) dropping a total of 728 m in elevation.  They 
were accessed from the powerhouse at the 
bottom, or by a 5 m diameter adit at about 500 m 
above sea level.  A smaller pilot shaft was 
excavated into inclined sections of the penstocks 
from the bottom up and then the shaft was 
expanded from the top down, using the pilot shaft 
as a mucking chute (Matthias and Abrahamson, 
1953). 
 

The powerhouse excavation involved creating a 
cavity more than 36 m high with a 24 m wide 
parabolic arch roof (Figure 2).  The arch was 
excavated first and local discontinuities and shear 
zones required that portions of the roof be rock 
bolted in between blasting cycles.  The arch was 
lined with concrete using movable wood forms one 
section at a time, and when it was complete, the 
rest of the powerhouse was excavated.  The valve 
chamber was excavated in a similar manner 
(Matthias and Abrahamson, 1953). 
 
While geological knowledge had been pivotal in 
locating reasonable tunnel sites, at the excavation 
stage, it was not incorporated into the engineering 
of the tunnel once the drilling began.  Shears, 
fractures or joints that were encountered along the 
way were dealt with strictly as engineering 
construction problems, and not problems with a 
geological context. 
 
A few years after construction, the hydraulic 
pressures dropped considerably within the pipe.  
Investigations lead to the discovery of several rock 
falls in the difficult fractured section between 
Tahtsa Lake and the Horetzky adit, something that 
could have been been prevented by detailed 
geological investigation.

 

Lithology
Tunnel 
length

% of tunnel 
with strong 

fracturing
% supported by 

steel sets
% lined with 

concrete Bit life (m)

Powder 
consumption 

(kg/m3)
Tahtsa 
Complex 5408 42 48 52 183 1.9
Hazelton 
Group 2225 46 49 51 183 1.6
Coast 
Intrusions 5800 11 8.5 11.5 73 3.2   

 
Table 1.  A comparison of tunnel construction costs compared to geological unit.  Coastal Intrusions required less support but more drill 
bits and blast powder compared to the other groups.
 
Rock fall 
 
In 1960, Alcan engineers faced substantial head 
losses in the Kemano tunnel (Lester, 1960, 1961a; 
Lawton, 1961; Madill, 1961).  In an attempt to 
guesstimate reasons behind the drop in water 
pressure, the engineers finally converged on the 
idea of a rock fall within the tunnel acting as a 
barrier to flow and estimated that the barrier 
existed between Tahtsa Lake and the Horeztky 
Adit.  An inspection involved a reduction in flow 
within the tunnel to a minimum level required to 
maintain power requirements at the smelter.   

 
 
 
Alternatively, the tunnel could be shut drained 
entirely for a few short hours (Forster and Glenn, 
1956) provided the aluminum pot-lines were not 
given sufficient time to cool down.  Proposals 
required an inspection to be carried out with the 
help of divers in a very short timeframe (Lester, 
1960, 1961b), approximately 2.5 hours.   
 
In the end a more detailed assessment was 
undertaken (Greig et al., 1961) and several rock 
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falls found.  Most were minor events, and 
corresponded to the dominant set of fractures.  
 
Cavities above the tunnel were substantial even in 
the minor rock falls (Figure 3), on the order of 20 
m high and 20 m wide with corresponding volumes 
of 1000 m3 – 2000 m3 apiece.  The major rock fall 
was approximately 10000 m3 and blocked a 
considerable portion of the tunnel (Figure 3).  
 

 
 
Figure 3.  Rock falls and associated cavities within the Kemano 
tunnel.  Four relatively minor and one major rock fall occurred 
between the Horetzky Adit and Tahtsa Lake (Tahtsa Complex 
and Hazelton Group).  Two of the rock falls are shown 
diagrammatically first in tunnel profile (A) and in cross-section 
(B) (redrawn from Greig et al., 1961).  Total sediment volume 
for both failures is about 2300m3 – 3000 m3 and is represented 
by darker shading.  The major rock fall occurred in the Hazelton 
Group, and is shown in cross section (C).  In addition to the 
dimensions shown, the depth was about 18 m for a total 
volume of about 10000 m3.  
 
In addition to the rock falls that existed already, 
Greig et al. (1961) found upon inspection that 
there were significant voids between the tunnel 
lining and the bedrock in sections from Tahtsa 
Lake to the Horetzky Adit.  They observed along 
walls in the tunnel and at the rock fall locations 
that calcite and zeolite minerals that previously 
filled fractures and joints were dissolved and the 
minerals removed to depths of several feet.  They 
realized that in addition to the solution of minerals 
on the exposed surfaces, water had found its way 
behind the gunite sealant and attacked calcite 
fillings behind the lining.  This was of particular 

consequence where the sets beneath the gunite 
were made of plywood.  In fact, Greig et al. (1961) 
found near the Tahtsa intake, a fungus living off 
the wood and concrete.  
 
 The Expense 
 
The economic impacts of the rock falls in the 
tunnel were substantial.  The powerhouse needed 
to be shut down for several weeks while the 
material was removed, a detailed geological 
examination of the tunnel was undertaken, the 
cavities filled and the tunnel relined and supported 
where necessary (Weeks, pers. com.).  Alcan was 
the primary power source for the northern quarter 
of British Columbia including such towns as Prince 
Rupert, Terrace and Smithers.  The towns needed 
to rely on emergency or auxiliary power for the 
entire shutdown period.  Locally, jobs were 
suspended when the smelter, also without power, 
was shut down and the smelting pots allowed to 
cool.   
 
…The economic impacts of the rock falls 
in the tunnel…are probably in the order of 
$87 million… 
 
Finally, once the smelting pots have cooled the 
restarting costs for an aluminum smelter are 
exceedingly high.  A restart at similar plant in 1976 
cost about $25 million (Weeks, pers. com.).  
Translated to 2006 dollars, the startup costs alone 
for the smelter at Kitimat are probably in the order 
of $87 million (US Dept of Labor, 2006).     
 
The treatment ultimately given to the tunnel, a 
treatment that would have included the detailed 
geological considerations into the engineering 
design recommended by Greig et al. (1961), has 
worked ever since.  There have apparently been 
no failures of a similar nature in more than 4 
decades since the tunnel was repaired (Weeks, 
pers. com.). 
 
Conclusions 
 
The construction of the Alcan tunnel represents 
one of the first major engineering works in British 
Columbia that incorporated the emerging 
discipline of engineering geology.  It remains a 
functional tunnel today, a conduit to an 
underground powerhouse that generates power 
for the northwestern portion of the province and 
the smelter in Kitimat that produces nearly 
300,000 tons of Aluminum per year. 
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The success of the project relied on the excellent 
geological mapping by R. Stuart, pivotal in 
determining the appropriate site for the dam, 
tunnel and powerhouse, and the works of Victor 
Dolmage, arguably British Columbia’s first 
engineering geologist (VanDine, 1992).   
 
Stuart (1960) observed that once construction of 
the tunnel began, geological considerations were 
largely shelved.  However, it is notable that after 
the rock failures in 1960, close examination of the 
tunnel revealed concerns largely geological in 
nature and detailed geological inspections were 
recommended.  It remains a tribute to the field of 
engineering geology that the subsequent 4 and 
more decades have passed without similar 
incidents and that the tunnel continues to provide 
hydro-power today. 
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Book Review  
Keeping Our Cool: Canada in a Warming 
World (Andrew Weaver) 
 
 

 
 

A brief look at the current line up of available 
books on global warming and climate change 
reveals hundreds of titles:  There’s the cocktail 
guide, the survival guide, the no-nonsense guide; 
there’s the rough guide, the idiot’s guide, the kids 
guide and the politically incorrect guide.  There are 
inconvenient truths and sceptical rebuttals.  In this 
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overwhelming stack of literature, how does one 
find a book that is authoritative, up to date, and 
still readable?  And is there more to learn by 
reading these books, or have we heard it all 
before? 
 
At the outset, Keeping Our Cool establishes itself 
as authoritative, comprehensive, up to date, and 
ultimately readable.  It establishes its authority 
early by having something that almost none of the 
other books can claim: The author, Andrew 
Weaver, is actually a climate scientist.   
 
Andrew Weaver is a world recognized climate 
scientist at UVic, and part of the IPCC team that 
co-won the 2007 Nobel Prize.  He’s the chief 
editor of the Journal of Climate, and author or co-
author of almost 200 scientific publications on 
climate change.  A reference that begins with 
“They say…”, at least in terms of climate change, 
refers to Dr. Weaver and his colleagues.   
 
Keeping Our Cool ... [has something] 
almost none of the other books can claim: 
The author, Andrew Weaver, is actually a 
climate scientist.   
 
It shouldn’t be surprising then, that Keeping Our 
Cool demonstrates such a deep understanding of 
the subject.  It answers all the questions you 
would like to ask if you had a world renowned 
climate scientist in your living room, and answers 
the questions clearly, knowledgably and 
unequivocally.  What is perhaps surprising is that it 
is so readable.   
 
In the introduction, we see Weaver as both a 
scientist actively involved in understanding and 
unravelling the physics behind the global warming 
phenomenon, and as a regular guy struggling to 
understand why the rest of the world is having 
such a hard time keeping up.  His prose reveal a 
deep, if restrained, frustration at the discrepancy 
between the science shared by his colleagues 
across the globe, and the reluctance of non-
specialists to accept this science as evidence for 
climate change.  This Cassandrian conundrum 
provides an ongoing subplot that is actually 
fascinating to read throughout. 
 
This book is written from a Canadian-centric view 
of the world, but the overall lessons are global in 
nature.   
 

The first four chapters walk the reader through the 
ins and outs of climate science:  The media 
hyperbole and the excruciating levels of scientific 
review imposed on the IPCC technical teams; the 
fundamental physics and the surprisingly long 
history of climate change research, the current 
rates of change and the role of humans.  Within 
Weaver answers the questions that are frequently 
posed around climate change:  What about 
volcanoes?  Hasn’t climate always varied?  What 
about sun spots, orbital patterns and axial tilt and 
other natural oscillations?  How serious are a 
couple of degrees anyway?   
 
The last two chapters are about solutions.  
Beginning with a decidedly rational approach to 
minimize the impact of climate change, Dr. 
Weaver lays out what it is we have to do to avoid 
surpassing a 2oC increase relative to pre-industrial 
times; a threshold beyond which the Greenland ice 
sheet, for example, is committed to melting.   
 
The single drawback to the book is its 
presentation.  On a shelf of colourful manuscripts, 
this one is decidedly plain.  Printed on recycled 
paper and devoid of color, it is morally consistent, 
but has the appearance of a much drier book.  I 
suspect it will simply be missed by many readers 
and the complicated looking graphs will turn away 
others in search of something easier.  Don’t be 
fooled; it is a well written and immeasurably 
important read.  I highly recommend it.   
 

 
 
Polar Bears:  Iconoclastic reminders of a warming planet.  
Image from: www.ltscotland.org.uk/.../climatechange/ 
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Introducing: 
 

 
 

John Baldwin is one of two Assistant Regional 
Water Managers with the Ministry of 
Environment's Water Stewardship Division (WSD) 
stationed in Nanaimo.  John received a diploma in 
Civil Engineering from Harare Polytechnic in 
Zimbabwe in 1974, and has been involved with 
water management throughout his working career.  
John's experience covers water regulation through 
design, construction and maintenance of water 
storage and water use systems. 
 
John worked on several water irrigation projects in 
Africa before immigrating to Canada in 1982. He 
spent ten years working for Ducks Unlimited in the 
Cariboo Chilcotin Region of British Columbia as a 
member of a multidisciplinary wetland protection 
team that identified, secured and developed 
wildfowl habitat. This work provided an opportunity 

to obtain Canadian experience in water 
governance and management. 
John moved to Vancouver Island in 1992 with his 
wife and three sons to join the Water Management 
Branch of the Ministry of Environment, Lands and 
Parks.  He has since visited much of the Island 
and has been involved in a number of government 
initiatives on both private and crown lands 
(watershed planning, watershed restoration, 
stream side protection, First Nation consultation to 
independent water power).  His current 
responsibilities include dam safety on Vancouver 
Island, liaising with FrontCounterBC, and 
participating in the Nanwakolas Council Strategic 
Engagement Agreement and independent water 
power program for Vancouver Island. John also 
continues to work within the Vancouver Island 
water allocation team on water licence and 
approval applications under the Water Act of BC. 
 
“Science and existing knowledge needs to 
drive water decisions. It's important to 
understand watersheds, their contribution to 
human health and the environment, and the 
best way to protect water resources.” 
 
John may be contacted at (250) 751-3179 or 
John.Baldwin@gov.bc.ca. 
 
Upcoming issues: 
 
The ice age legacy: How glaciers have impacted 
our current landscape. 
 
Controls to landslide runout: How far will it go? 
 
If you have topics you’d like to see, let me know.  
Have a great holiday! 
  
- RHG 
 
 
 
 

 
 

 

Looking west at Nootka Island. 
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