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Abstract:

The Canadian Pacific Railway (CP Rail) is constructing a 14.7km tunnel through Mount
MacDonald in Glacier National Park, British Columbia, as part of the Rogers Pass Project to
reduce grades and increase capacity on its main line. The tunnel is single-track and will serve
diesel locomotive operations. It will be the longest diesel rail tunnel in North America.

The purpose of the new tunnel is to reduce grades and avoid a potentially serious
bottleneck for rail traffic through the Selkirk Range of the Canadian Rockies. Existing traffic
through this portion of Glacier National Park is via the 8.0km Connaught Tunnel, a 0.95% grade
single-track tunnel serving bi-directional traffic. Although the tunnel itself has only a moderate
grade, the west-bound approach grades to this tunnel are much higher, on the order of 2.2%, and
require the use of locomotive pushers to move heavy laden coal and freight trains through this
portion of the park. This procedure is costly and time consuming. With increased traffic forecast,
continuing the use of pushers would make the tunnel and its approach grades a bottleneck. The
railway is therefore constructing a second tunnel. East-bound traffic would run through the
existing tunnel, and west-bound traffic would run through the 0.7% grade new tunnel. At the
completion of the project, trains will be able to run from Calgary to VVancouver over grades not
higher than 1.0%. This in turn will reduce the required hauling capacity over the entire route to
approximately 0.8KW (for traction) per trailing tonne, less than half of the current required
capacity.

The ventilation concept for long diesel rail tunnels requires a cooling cycle as the train
progresses through the tunnel followed by a purge cycle to clear smoke and diesel pollutants
before another train enters the tunnel. Due to the tunnel's length, however, the standard portal-to-
portal ventilation concept could not be readily applied without excessively restricting the
frequency of traffic. Accordingly, a unique system had to be developed to meet the railway's
traffic operating requirements.

The tunnel extends below two mountains, so that the greatest overburdens occur to each
side of the mid-tunnel region. This unusual overburden permitted the location of an economically
feasible ventilation shaft near the mid-point of the tunnel. The somewhat skewed alignment in the
vicinity of the shaft also permitted a ventilation building atop the shaft to be located in a region
safe from avalanches.

Keywords: Fan operation; Gates; Dampers; Emergency operation; Train frequency; Evaluation
of power; Anti-stall feature; Testing.
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Rogers Pass Tunnel Ventilation

G.E. Smith
Flakt Canada Lid., Calgary, Alberia

1. Imtroduction

The Canadian Pacific Railway (CP Rail)
is constructing a 14.7km tunnel
through Mount MacDonald in Glacier
National Park, British Columbia, as
part of the Rogers Pass Project to
reduce grades and increase capacity
on its main line. 7The tunnel is
single-track and will serve diesel
locomotive operations. It will be
the longest diesel rail tunnel in
North America.

The purpose of the new tunnel is to
reduce grades and avoid a potenti-
ally serious bottleneck for rail
traffic through the Selkirk Range of
the Canadian Rockies. Existing
traffic through this portion of
Glacier National Park is via the
8.0km Connaught Tunnel, a 0.95%

grade single-track tunnel serving
bi-directional traffic. Although

the tunnel itself has only a moderate
grade, the west~bound approach grades
to this tunnel are much higher, on
the order of 2.2%, and require the
use of locomotive pushers to move
heavy laden coal and freight trains
through this portion of the park.
This procedure is costly and time
consuming. With increased traffic
forecast, continuing the use of
pushers would make the tunnel and its
approach grades a bottleneck. The
railway is therefore constructing a
second tunnel. East-bound traffic
would run through the existing
tunnel, and west-bound traffic would

run through the 0.7% grade new
tunnel. At the completion of the
project, trains will be able to run
from Calgary to Vancouver over grades
not higher than 1.0%. This in turn
will reduce the required hauling
capacity over the entire route to
approximately 0.8KW (for traction)
per trailing tonne, less than half

of the current required capacity.

The ventilation concept for long
diesel rail tunnels requires a
cooling cycle as the train progresses
through the tunnel followed by a
purge cycle to clear smoke and diesel
pollutants before another train
enters the tunnel. Due to the
tunnel's length, however, the
standard portal-to-portal ventilation
concept could not be readily applied
without excessively restricting the
frequency of traffic. Accordingly,

a unigue system had to be developed
to meet the railway's traffic oper-
ating requirements.

The tunnel extends below two
mountains, so that the greatest
overburdens occur to each side of
the mid-tunnel region. This unusual
overburden permitted the location of
an economically feasible ventilation
shaft near the mid-point of the
tunnel. The somewhat skewed align-
ment in the vicinity of the shaft
also permitted a ventilation building
atop the shaft to be located in a
region safe from avalanches.
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Physical and Operational Parameters

Physical Parameters of Tunnel:
Cross-sectional area
Perimeter

Length - easi segment

west segment
Grade -~ westward
Friction factor (comcrete lined)
Physical Parameters of Design Trains:

Coal:

Weight

Length

Effective cross~sectional area

Effective perimetex

Skin friction factor
Tri-levels, highway trailers:

Weight

Length

Effective cross-sectional area

EBffective perimeter

Skin friction factor

40.2 m?
24.7 m
8,567 m
6,156 m
+0.7%
0.017
5 Units 6 Units
1%,442 14,609 tonnes
2,049 2,070 m
11.15 11.15 m?
13.11 13,11 m
0.09 0.09
6,090 tonnes

3,108 m
13.19 m?

14.9 m

0.10
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2. System description and functional re-
quirements

The opportunity to use mid-tunnel
ventilation provided a solution to
the problem of adequately ventil-
ating such a long tunnel without
unduly delaying entering trains.

The major components include a

tunnel gate system at the east
portal, a tunnel gate system at mid-
tunnel, a 354m deep, 8.5m I.D.,
ventilation shaft, which is parti-
tioned and coanects to the tunnel on
opposite sides of the mid-tunnel
gate, a series of dampers, and a
system of five fans. One fan (¥F-1)
is housed in a structure at the east
portal, and the remaining four fans
(F-2, ¥-3, F~4 and ¥-5) are housed

in a ventilation building atop the
mid-tunnel wventilation shaft. The
combination of the partitioned shaft
and the mid-tunnel gate serve to
divide the tunnel into two segments,
east and west, each having its own
ventilation system. This permits

the ventilation reguirements of each
segment to be satisfied independently.
The system will purge one half of the
tunnel while a train is still passing
through the other half. As a train
passes from the east to the west
segment, the gate closes behind it
and the east segment is purged. By
the time the train exits the tunnel,
the east segment will be clean and
ready to receive the next train. The
purge cycle then shifts to the west
segment.

3. Fan operation

When a train is proceeding through
the tunnel, ventilating air required
for locomotive cooling is generated
by the piston effect of the train
moving toward or away from a closed
tunnel gate. Under certain condi-

tions when the train piston effect
cannot provide the required air flow
for a west-bound train, a fan will
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operate to supplement the piston
effect. This mode of fan operation
is referred to as "cooling". All
five fans will be capable of
operating in cooling.

Fan F-1 is located at the east portal
to provide cooling teo a train in the
east segment and during transition

to the west. When the entire train
is in the east segment and the east
portal gate is closed, F-1 draws air
from the top of the shaft. When the
train is moving through the mid-
tunnel gate area, F-1 draws air from
the west portal. The remaining four
fans are located above the mid-tunnel
ventilation shaft. With the mid-
tunnel gate closed, fan P~2 or F-3
provides cooling to a train as it
enters the east segment. If fan F-1
ig inoperable, each of these fans
could be used to provide cooling to

a train until it nears the mid-tunnel
area. The sequential use of either
fans F-2 or F-3 and F-1 provides
continuous cooling when any portion
of the train is in the east segment.
Fan P-4 or ¥-5% provides cooling to a
train in the west segment. Air is
drawn from the west portal up through
the shaft.

After a train leaves a tunnel segment,
the residual smoke and diesel pollu-
tants are removed by having two fans,
operating in parallel, move fresh air
from one end of the segment to the
other. This mode of fan operation

is referred to as "purge". Purge of
the east segment is accomplished
with fans ¥-2 and F-3 operating in
supply. Purge of the west segment

is accomplighed with fans F-4 and

F~5 operating in exhaust.

4. Gates

Tunnel gate systems are located at
two points, the east portal and
beneath the mid-tunnel ventilation’
shafr. PBach tunnel gate system
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contains two vertical-lift, inde-
pendently operating gates. Only one
gate is operational at any given
time. The other serves as standby.
The standby gate is de-energized and
is held in its up position by the
force of its counterweights.

In addition to permitting a train to,
generate maximum piston-action
ventilation and fan-generated longi-
tudinal ventilation for normal
operations, the gates, together with
the fans, provide forced ventilation
in either the eastward or westward
direction during emergency
situations.

5. Dampers

To control air flow and pressure
throughout the system, an extensive
series of dampers is provided. Each
gate system contains ten dampers.
These dampers serve to relieve
pressure across the gates during
opening and closing. They also
serve to protect the gates and
structures against excessive train-
generated pressure. The dampers at
the east portal further serve to
protect fan F-1 from operating
against excessive pressure and to
regulate east segment flow.

The ventilation building contains
eighteen tunnel-related danpers.
Iwelve dampers serve as intake for
fan F-1. They also serve to protect
fans F-2 and ¥-3 from operating
against excessive pressure and to
ragulate east segment flow under
certain operating conditions. The
remaining six dampers protect fans
F-4 and F-5, and regulate flow in
the west segment. In addition to
these dampers, an isolation damper
is provided with each fan.

6. Emergency operation

In the event of an emergency
involving fire and smoke and a
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stalled train in the tunnel, the
ventilation system is operated to
control the direction of smoke move-
ment in order to facilitate both the
safe evacuation of personmnel and fire
fighting operations. Depending on
where the emergency occurs, this
would be accomplished by selectively
coordinating the operation of the
fans and the tunnel gates.

A major guestion for such emergency
use was whether the fans would need
to have reverse-flow capability.
Since the flow path is constrained,
the normal direction of fan operation
when co-ordinated with the tunnel
gates, is to force air from west to
east. ¥For the case of wanting to
force air westward in the west
segment, the flow can be constrained
in that direction by operating

either fan F-2 or F-3 with the east
portal gate closed. The west segment,
therefore, requires no reverse-flow
fan capability. The only case where
flow cannot be constrained is west-
ward past a train stalled in the east
segment .

7. Train frequency

Passage of trains through the tunnel
was established by CP Rail to be at
intervals of no more than 40 to 45
minutes., The minimum time between
successive design trains through the
tunnel is governed by the larger of
the time periods reqguired to complete
a ventilation cycle for a tunnel
segment. A ventilation cycle is
made up of the time for a train to
pass through the tunnel segment, the
time to change the mode of operation
from cooling to purge (closing of
gates, starting of fans, etc.) and
the time designated to purge the
tunnel segment of polluted air.

The lengths of the segments coupled
with system operation for transition
through the mid-tunnel gates

resulted in the east tunnel governing
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frequency of design trains through
the entire tunnel (headway}. The
purge time for the east segment was
established at 15 minutes. This
results in a ventilation cycle time
of 37.8 and 41.3 minutes for the
design coal train powered by 6 and
5 units, respectively.

The purge time for the west segment
was established at 13 minutes. This
results in corresponding cycle times
of 34.8 and 38.3 minutes. Providing
a slightly higher freguency (shorter
headway) in the west segment is
intended to allow for a faster train
to follow a slower train without
having to slow down in the east
segment. Although the purge time
for the west segment is less than
rhe east, the shorter length of the
west segment results in lower
required fan capacity.

During peak traffic periods, the
fans are required to cycle (cool-
off, purge—off, cool purge) over a
train headway. The size of the fan
motors precludes starting and
stopping during this type of
operation.

During the evaluation two means
were considered to accomplish this
mode of operation:-

a} Eddy current clutch between the
motor and the fan with fixed
blade pitch on the fan which
would allow the fan wheel to
come to a stop and allow the
motor to stay running.

b) A fan with variable pitch blades
and direct coupled to the motor
go that both motor and fan stay
in operation at all times.
During periods of no air flow
required, the blade pitch would
be controlled to 0 blade angle
in a "feathered" mode with no
flow.

In the end (b) was chosen simply
because there was considerably more
experience with fans of this size
and variable pitch than eddy current
clutches designed for this conditiom.

8. Evaluation of power

Due to the size of the fan motors

and the large amounts of energy
consumed, plus the variations of fan
efficiency available from various
suppliers, the owner developed a
formula for calculating the cost of
power reduced to present value of the
electrical energy required to operate
the fans over an estimated 20 year
lifetime.

The cost of operation was the sum of
the operation cost and the demand
cost based on the estimated peak
demand for the month arrived at by
integrating over the peak 30 minute
period. A factor was usged in the
formula to relate to achieve the
present worth and assumed a 9%
annual interest rate and future
electrical energy escalating at an
annual rate of 7.5% over the 20 vear
life.

9. Description of fans

BEach of the five fans is a single

stage axial flow fan with variable
pitch control. The following is the
performance data of each fan.

Air Volume - 208 m?/S
RPM - 1180
Total Pressure - 5.45 KPa
Fan Shaft Horsepower - 1391 kw
Motor Rating - 1678 kw
Fan Heousing Dia. - 2.8nmn
Rotor Hub Dia. - 1.8 m
Number of Fan Blades - 23






Fach fan is direct coupled to the
motor drive through a flexible
coupling.

Fach fan unit is equipped with a
tachomoter system and bearing shock
pulse and temperature detection.
Bach fan is also equipped with a
deicer ring around the fan casing
at the impeller. 1In order to
achieve maximum performance from an
axial flow fan it is important to
have a very close clearance between
the blade tips and the casing and
therefore no amount of frost or ice
internally can be tolerated.

Each fan unit is com@late with
auxiliary equipment including:

a) An elaborate ductwork arrangement
to connect the fans to the shaft
and to the outside of the
building. 7The ductwork is all
1/4" carbon steel with an
elaborate paint finish to avoid
corrosion. There are also a
number of flexible joints in the
ductwork to allow for vibration
dampening and expansion.

b) Each fan is equipped with a
motor operated louvre damper.

¢) Each fan is equipped with sound
attenuators to achieve a low
level of sound emission. This
was partially necessary to avoid
upsetting the delicate environ-—
ment for wildlife in the National
Park.

10. Anti-stall feature

There are a number of scenarios
whereby the flow of air might be
severely restricted such as failure
of gates to open or derailment in
the tunnel or unusual avalanche
conditions blocking the end of the
tunnel.

Since it is intended that these fans
operate totally unattended with no
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maintenance or operating personnel
within miles, it was important to
CP Rail to have a fan that was not
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subject to the damage that can result
from a flow being limited and the fan

going into a stall condition.

Each fan is equipped with an anti-
stall ring which prevents the fan
from stalling at any value of flow
from full capacity to zero.

11. Testing

Due to the critical need for this
egquipment to operate satisfactorily
and the remoteness of the site
resulting in any repairs or modifi-
cations being difficult and time
consuming the owner has invested
considerable funds in extensive
preliminary testing.

Each of the main components of the
fan:

impeller
Motor
Dampers
Silencers

are all tested at the manufacturers
plant before shipment.

In addition, one complete full scale
fan unit was performance tested
before the other four were manufac-
tured. The test apparatus consisted
of a full scale fan and motor
connected to special test ductwork
so that total fan performance could
be proven. In general, testing was
satisfactorily completed without
incident.

Achieving the specified sound levels
in all bands without sacrificing
praessure drop presented some real
challenges but was eventually
completed to the satigsfaction of
the owner.
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12. Unattended operation

An interesting aspect of the project
is that the operation of the fans is
jntended to be totally unattended by
operators. All systems will be
controlled with an extensive
computerized system with monitoring
in Revelstoke and Vancouver by micro-
wave.

13. Summary

Flakt Canada are very proud to be a
part of this exciting project.
Installation of the fans is currently
in progress and start up is scheduled
for later this year.
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