i a

BRITISH COLUMBIA SAFETY AUTHORITY

Safertyy

Authori

BLUE CHAIRLIFT DEROPEMENT
INVESTIGATION REPORT

Report No. RPT-5103-00



Investigation Report - Crystal Mountain Resort Limited, Blue Chairlift Deropement — March 1, 2014

— Incident Investigation — Jurisdiction and Role

BC Safety Authority administers the Safety Standards Act on behalf of the Province of
British Columbial. The Safety Standards Act and associated Regulations apply to the
following products and persons doing regulated work on these products:

(i) amusement devices;

(i) passenger ropeways and passenger conveyors;

(i) boilers and boiler systems;

(iv) electrical equipment;

(v) elevating devices;

(vi) gas systems and equipment;

(vii) pressure vessels;

(viii) pressure piping;

(ix) refrigeration systems and equipment; and

(x) any other regulated product specified in the regulations.

Incidents involving products or work subject to the Safety Standards Act are required to be
reported in accordance with Section 36 of the Act. BC Safety Authority investigates these
incidents in accordance with Section 37 of the Act and may appoint persons to assist with
an investigation.

The role of BC Safety Authority with respect to the investigation of incidents is to
understand relationships between incidents, equipment and work that are subject to the
Safety Standards Act. It is our aim for these investigations to prevent the recurrence of
similar incidents and to initiate improvements toward the management of safety risks with
regulated equipment and work. Often, these investigations are conducted in cooperation
with other agencies including Fire Officials, WorksafeBC, police or RCMP and the
Coroners Service.

This investigation report does not address issues of enforcement action taken under the
Safety Standards Act. Any regulatory compliance activities arising from this incident will be
documented separately. Investigations may or may not result in any enforcement action.

1 Some municipalities administer portions of the Safety Standards Act. The Province of British Columbia delegated partial
administration of the Safety Standards Act to a number of local governments. The following local governments have
administrative responsibility for the electrical technology: City of Burnaby, City of North Vancouver, City of Surrey, City of
Vancouver, City of Victoria, Corporation of the District of Maple Ridge, District of North Vancouver, and Municipality of West
Vancouver. The following local governments have administrative responsibility for the gas technology: City of Burnaby, City of
Kelowna, City of North Vancouver, City of Richmond, City of Vancouver, Corporation of the District of Maple Ridge, and District
of North Vancouver. Local governments that administer gas assessments programs for detached dwellings with gas services at
a pressure of 14.0 kPa gauge or less with a total connected load for the meter of 120kW or less.
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Incident Synopsis

On March 1, 2014 at approximately 11:00 am a deropement occurred at tower #2 on the
Blue Chairlift at Crystal Mountain Resort ski area located approximately 30 kilometers west
of the city of Kelowna, British Columbia. A deropement occurs when the wire rope that
carries and moves passenger carriers falls off of the tower equipment that supports it.

The deropement caused four passenger carriers to fall to the snow surface injuring four
people who required hospitalization. Media reports later identified two additional injured
passengers that received bruising resulting from the deropement.

The incident caused extensive damage to five passenger carriers. Haul rope and tower
sheave assembly components received minor damage.

BC Safety Authority dispatched safety officers and the provincial safety manager for
passenger ropeways to the ski area to evaluate and determine which chairlift system
components, operations practices or passenger behaviors may have contributed to this
incident.

BC Safety Authority contracted an independent company, Engineering Specialties Group
(ESG), to assist with further on site investigation and data collection. ESG also provided
further analysis on all findings and provided technical information where documentation
gaps existed for the Blue Chairlift at Crystal Mountain Resorts Ltd (CMRL).

The Blue Chairlift is a fixed-grip double chair lift manufactured by Mueller Lifts and installed
in 1967. The Blue Chairlift design carries passengers from the loading station at the
bottom, over a span of 815 meters and a geographical elevation gain of 175 meters, to the
unload station at the top.

The lift incorporates 85 carriers that are attached to the haul rope via a fixed-grip
attachment and spaced at 19 meter intervals.

Tension is required in the haul rope to ensure that the haul rope remains on the sheave
assemblies and bull wheel, that the haul rope will not slip during braking, and that
passenger movement and loading will not result with unstable and bouncing carriers.

A tensioning system applies tension through the use of a suspended counterweight.
Monitoring circuits are used to ensure that elements of the tensioning system are within
positional limits to ensure proper tension is always applied to the haul rope.
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BC Safety Authority investigators found that the counterweight was in contact with the
ground resulting in reduced tension within the haul rope. This reduced tension made the
system more susceptible to chair swing which was an observed condition by employees
during the season and described as being, at times, abnormal and excessive.

On the day of the incident, excessive chair swing caused an empty carrier to contact the
leading edge of the rope catching device installed on tower #2. The force and manner of
the contact pulled the haul rope off of the sheaves at tower #2 and over the rope catching
device, causing the haul rope and carriers to fall to the ground.

BC Safety Authority concludes that the primary cause of the incident was low tension
within the haul rope directly caused by the counterweight being in contact with the ground
within the counterweight pit.

There were numerous contributing factors to this incident. These factors, discussed later in
this report, include:

e improper set up of counterweight and carriage monitoring circuits

e exposure of the counterweight to contamination

e poor understanding relating to the elements of the tensioning system and haul
rope dynamics

e shape and design of the rope catching device

e distance between towers #1 and #2 to dampen normal passenger loading
dynamics.

BC Safety Authority makes the following recommendations to prevent similar incidents
from occurring.

Recommendations to Owners of Passenger Ropeways Utilizing Suspended
Counterweights

Recommendation #1:

All tension systems that use a suspended counterweight should incorporate a means for
responsible personnel to visually confirm that the counterweight is suspended freely.

Recommendation #2:

All tension systems that use a suspended counterweight within a pit should incorporate a
means to shelter the counterweight and the pit from contamination that may interfere with
the free suspension of the counterweight.

BC SAFETY AUTHORITY
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Recommendation #3:
Conduct annual inspections of the counterweight and the area beneath counterweight to

ensure the integrity of the counterweight and required clearances are maintained.

The investigation discovered that the bottom of the counterweight pit on the Blue
Chairlift was contaminated with organic material and sections of the concrete
counterweight that had broken off. This area is not visible without lifting the
counterweight completely out of the pit area due to the tight clearances around it.

Recommendations to Owners and Operators of Passenger Ropeways

Recommendation #4:

Establish a system to train and certify ropeway mechanics to promote their understanding
of the system elements necessary for safe operation and how to inspect and maintain
those safety elements.

Personnel responsible for maintaining and operating the Blue Chairlift did not
communicate an understanding of the relationship between haul rope tension and
chair swing. Monitoring systems were not setup correctly to warn that the system
was not in a safe state. The knowledge did not appear to be in place to understand
visual indicators that could have led persons who understood the consequences of
not having proper haul rope tension to make corrections.

Recommendations to Canadian Standards Association

Recommendation #5:

Evaluate the Canadian requirements for the effectiveness of rope catching devices related
to capture of the haul rope in the event that it departs from tower sheave assembly
equipment.

A study of deropement events reported to BC Safety Authority was published in
BC Safety Authority’s 2014 Sate of Safety Report. The study suggests that rope
catching devices are not performing their intended functions as reliably as expected.

Recommendation to Owners of Passenger Ropeways Manufactured by Mueller Lifts

Recommendation #6:

Owners of existing Mueller passenger ropeways, who have not utilized the previously
identified modification to the leading edge of tower and station sheave assemblies, should
consult with the manufacturer and a professional engineer to determine if the modification
should be implemented to prevent possible deropements.
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Recommendation #7:

Owners of existing Mueller passenger ropeways, where an intermediate tower has not
been added to the system between the station tower near the loading point and the
following tower, should consult with the manufacturer and a professional engineer to
determine if the installation of an intermediate tower should be added to decrease carrier
swing susceptibility in the system.

Site Information

Overview of Site and Regulated Passenger Ropeway Equipment

Photograph 1 below shows an aerial view of the Crystal Mountain Resort site which
consists of three passenger ropeway installations (Green T-Bar, Scenic Ridge and Blue
Chair) and the various associated ski runs. All three passenger ropeways were subject to
the Safety Standards Act on March 1, 2014. The red dotted lines on this photograph
represent the passenger ropeway installations.

Other regulated equipment subject to the Safety Standards Act on this site, such as
electrical and gas installations, are located in the administration and day lodge buildings.
None of these installations were involved in the incident.
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Photograph 1: Aerial view of the
Crystal Mountain Resort Site obtained
from Google Maps following the
incident. The arrow indicates the Blue
Chairlift installation.
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Description of the Ropeway System

The Blue Chairlift is a fixed-grip double chair lift manufactured by Mueller Lifts and installed
in 1967. The Blue Chairlift design carries passengers from the loading station at the
bottom, over a span of 815 meters and a geographical elevation gain of 175 meters, to the
unload station at the top. A total of seven towers with various sheave assembly
configurations are used to support the haul rope throughout this circuit. The lift
incorporates 85 passenger carriers (double chairs) that are attached to the haul rope via a
fixed-grip attachment and spaced at 19 meter intervals. The basic profile of the Blue Chair
is illustrated in figure 1 below while basic specifications are identified in Appendix A.

The portal tower, identified as tower #1 in the system, is a negative tower in that it applies
a downward force on the haul rope from the sheaves at the exit of the loading station
where the rope begins to climb to the next tower. Tower #2 is located 61 meters (200ft)
from tower #1 with an elevation gain of approximately 19 meters (62 ft) for the haul rope.
The lift system is powered by a 100 horsepower diesel motor located at the bottom drive
station. The motor applies rotational power to the bottom bull wheel through a drive
system. Speed is manually controlled by the lift operator, located at the bottom loading
area. Power can be disconnected from the lift through a system of manual STOP switches
or automatic monitoring safety circuits.

Automatic safety circuits monitor a number of system elements to ensure safe operation
and configuration. Sheave assemblies incorporate a switch on the entry sheaves that is
activated if the haul rope fails to apply weight to the sheave. Position sensors monitor
elements of the tensioning system necessary to maintain tension in the haul rope.

Tension is required in the haul rope to ensure that the haul rope remains on the sheave
assemblies and bull wheel, that the haul rope will not slip during braking, and that
passenger movement and loading will not result with carrier bouncing and instability. To
apply tension to the haul rope, the bottom drive station is carriage-mounted on a rail and a
counterweight pulls the carriage assembly backwards, resulting with tension in the haul-
rope proportional to the weight of the counterweight. This is similar to pulling an elastic
band with one finger to increase tension in the elastic. These elements of the tension
system are illustrated in figure 2.

Position sensors monitor the location of the carriage to ensure it is located away from the
end stops of the rail and to warn that the carriage has travelled beyond its normal operating
range. Position sensors monitor the location of the counterweight to ensure it is not in
contact with the ground or other structural limits of travel. Should free movement of the
carriage or free suspension of the counterweight be impaired, tension would be decreased
in the haul rope. If the carriage has travelled beyond its normal operating range, the
position sensors may warn operators to investigate if the system is operating within
required parameters.
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Figure 1: lllustration of the Blue Chairlift — Profile and Top View

Note: Figure 1 was produced from field observations and drawings provided by the manufacturer. Figures are not to
scale and intended for illustrative purposes only.
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Figure 2: Drive station illustration

History of Incidents at the Site

No previous incidents reported in BC Safety Authority’s database are related to
deropements on the Blue Chairlift; however, we note occurrences in the years 1990 to
1998 related to swinging carriers.

One incident of note occurred February 20, 1991 where a passenger fell out of his carrier
seat between tower #3 and tower #4 and sustained serious non-life threatening injuries.
The injured passenger was interviewed and stated that his carrier had struck tower #2 and
that was what caused him to come out of the carrier. No physical evidence was found in
the investigation to indicate the carrier had struck the tower. The tension system was noted
to be functioning at the time.

Reports in the media after the March 1, 2014 deropement identified a former employee of
CMRL who claimed to be involved in a deropement incident on the Blue Chairlift in the
early 1990s. The employee claimed that he and six other staff were on the chairlift but no
one was hurt. A review of reported incidents was unable to locate any data to support this
claim although it may have occurred and not been reported to Safety Engineering

BC SAFETY AUTHORITY
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Services?. Management at CMRL was also asked about this incident reported in the media
and they had no knowledge of its occurrence.

There does not appear to be any evidence linking the previous incidents to the one that
occurred on March 1, 2014; although the data does indicate a history of carrier swing. A
recommendation in the investigation of the February 20, 1991 incident identifies that the
installation of a tower between the drive station and tower #2 may improve carrier stability.
A listing of all reported incidents involving the Blue Chairlift is contained in Appendix B.

Environmental Conditions at the Site

On March 1, 2014 at 8:30 am, the environmental conditions noted on the Blue Chairlift
daily lift log stated the temperature to be -10°C and snowing lightly. At 9:30 am, a second
entry on this log noted the temperature to be -10°C and clear. No wind activity was noted
on the log and none was reported to be present at the time of the incident.

The closest environment Canada weather station to CMRL with historical hourly weather
data is located at the Kelowna Airport. The table below shows that at 11 AM a wind speed
of 15 km/h and a temperature of -5°C were recorded.

KELOWNA
BRITISH COLUMBIA

Latitude: 45°57°26.000" N Longitude: 119°22'40.000" W Elevation: 4323.10 m
Climate ID: 1123935 WMO 1ID: 71202 TCID: LW

ac Averages & Extremes Nearby Stations with Data Hourly Data (March 2014)

1) . o]
: Advanced Search B oV Qo

Alman

ch 2014) Download Data

£ Previous Day 2014[w ]| March  [v]/ 1 [»]  Go Mext Day @

Hourly Data Report for March 1, 2014

Temp Dew Point Temp RelHum Wind Dir Wind Spd Visibility Stn Press Hmdx Wind Chill Weather
aE °C O 10's deg km/h km kPa
- - -] -] [} -]
TIME

00:00 # -2.6 -15.2 38 2 15 16.1 95.86 -8 NA
01:00 % -2.4 -15.4 3z 1 21 16.1 95.90 -8 )
02:00 * -2.9 -14.9 39 35 26 161 95.92 -10 NA
03:00 % -3.5 -16.4 a7 35 25 161 95.83 -11 NA
04:00 % -2.8 -17.2 a5 26 20 16.1 95.91 -11 HA
05:00 * -4.1 -16.5 38 24 20 16.1 55.93 -12 NA
06:00 * -4.5 -16.2 40 36 21 16.1 95.97 -11 NA
07:00 -4.3 -16.2 41 35 26 16.1 96.01 -12 A
08:00 * -4.8 -16.2 41 24 20 16.1 96.06 -13 NA
09:00 # -4.4 -15.7 41 a5 24 16.1 56.10 -11 NA
10:00 % -4.4 -13.7 43 35 13 16.1 96.15 -3 HA
11:00 -4.5 -12.8 52 36 15 12,3 56.20 -10 NA
12:00 * -5.0 -10.2 67 & 5 11.3 56.20 -7 NA
12:00 % -4.8 -9.2 72 g 9 6.4 96.18 -3 HA

Table 1: Environment Canada Weather Data Kelowna Airport, March 1 2014

2 Prior to BCSA'’s creation in 2004, the Safety Standards Act was administered by the Safety Engineering Services Division
(Government of British Columbia). Incidents occurring before 2004 relating to equipment and work subject to the Safety
Standards Act would have been reported to Safety Engineering Services.
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Location of Incident Along the Chairlift Right of Way

The deropement occurred at tower #2 on the uphill rope side of the tower. The location of
this tower in relation to the loading station is shown in figure 3. Tower #2 is 61 meters uphill
from the portal tower, identified as tower #1 in the system, which is located just past the
passenger loading point at the drive station. The height of tower #2 where the deropement
occurred is approximately 10 meters.
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15 .
il N v ¥ Deropement location
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Figure 3: Blue Chairlift — Drive station to Tower #3

Investigation

BCSA employees were dispatched to the site on the day of the incident. BCSA’s
investigation team was there to evaluate the passenger ropeway system and operation to
determine what factors may have led to this incident. Compliance with the applicable
regulations was also being assessed during the course of this investigation. Engineering
Specialties Group (ESG), a company that specializes in the design, installation and
operation of passenger ropeways, was contracted to provide assistance to BC Safety
Authority for further on site investigations and an analysis of findings. The findings
described below state the condition of the various systems on the passenger ropeway at
the time of the investigation. The ESG report, Appendix C, will be relied upon to
communicate the analysis of the state of these systems.
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Tensioning System

Design

The Blue Chairlift utilizes a gravity counterweight tension system in order to achieve the
required tension within the haul rope. A concrete counterweight is suspended such that it
applies a force onto the bull wheel, moving the drive station carriage backwards on a set of
rails until there is a balance between the tension in the haul rope and the suspended
counterweight (see figure 2).

Because of the relatively low height of the bull wheel, the counterweight is suspended
within a pit to allow for the geometry and relative movement of the counterweight. In order
for the designed amount of tension to remain in the haul rope, the counterweight must be
in free suspension at all times during operation.

At the time of the incident, CSA Z98-07 contained the following rules that were applicable
to this installation and operation:

4.30.7 Tensioning system or carriage stop

A manualy reset device shall stop the ropeway when the tensioning system
(a) travels more than 150 mm beyond its normal operating range; and

(b) reaches to within 150 mm of the physical limits of itstravel.

12.4.1 Daily inspection

A daily inspection shall be conducted before passengers are transported. At a minimum,
the inspection shall consist of the following:

(b) an inspection to check that the tensioning carriage, counterweights, or other
tensioning devices are functional and have adequate travel, with clearance at both ends of
travel;

12.5 Tensioning and carriage systems
125.1.2
Counterweights shall bein full suspension at all times during operation.

There are two monitoring circuits that were intended to ensure the Blue Chairlift met the
above requirements; the counterweight position and drive station carriage position
monitoring circuits. These monitoring circuits ensure that the counterweight and the drive
station carriage are not able to move into a position that could inhibit the proper function of
the tensioning system or damage its components.

The counterweight position monitoring system consisted of a paddle-style limit switch and
two actuators mounted to a pulley system that was rigged to the position of the
counterweight. If the counterweight moved to a position that was either pre-determined to
be too high or too low, the switch would be activated and power to the ropeway system
removed.

BC SAFETY AUTHORITY
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The drive station carriage monitoring system consisted of an actuator attached to the
carriage rail and a limit switch attached to the carriage. If the carriage moved backwards
such that the limit switch contacted the actuator, the switch would be activated and power
to the ropeway system removed.

Investigation Findings

Only the top of the counterweight is visible during operation. The position of the
counterweight relative to the bottom of the pit is not visible as shown in figure 4. The top of
the counterweight relative to the ground level was visible to employees at the time of the
incident as shown in photographs 2 and 3 below.

Photograph 3: Counterweight
within pit. Position of counterweight
is representative of the day of the
incident

Photograph 2: Top of counterweight as viewed
on the day of the incident. Note: the arrow
indicates ground level.

The lift mechanic stated that daily inspections for full suspension of the counterweight
consisted of putting “my foot on the cable ensuring that the counterweight rocks and
moves; ensuring it is not frozen in...that’s about it....Sometimes when | can’t move the
cable with my foot and see the counterweight move I've gone to get a [pry] bar to ensure
that it is free moving”. The lift mechanic also stated that he had no reason to be concerned
that the counterweight may be in contact with the bottom of the pit based upon his
evaluations.

BC SAFETY AUTHORITY
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Measurements taken of the height of the counterweight, the position of the counterweight
in the pit and the depth of the counterweight pit indicated that the counterweight was in
contact with the bottom of the counterweight pit.

Upon inspection of the counterweight at the time of the investigation, it was discovered that
the lower corner of the concrete block counterweight closest to the drive station carriage on
the downhill side of the station was broken off and located at the bottom of the pit. The
opposite bottom corner of the counterweight was also found to be missing but that broken
section was not at the bottom of the counterweight pit. Material (organic decay, waste) was
observed to be contaminating the bottom of the counterweight pit resulting in a build-up of
approximately 4 inches in the middle of the counterweight pit as shown in Photograph 6.

The counterweight monitoring system was found to be rigged in such a manner that the
limit switch would not be actuated with the counterweight on the bottom of the pit.

The distance between the rear of the drive carriage and its physical limit of travel on the
carriage rails was found to be 185 mm. It was observed that with the lift chairs empty, the
counterweight could not be lifted off the bottom of the pit without the carriage contacting
the rear physical limit of travel. This result indicates that compliance to CSA Z98-07 4.30.7
(b) could not have been achieved during operation.

When asked about the condition of the monitoring circuits for the counterweight and
carriage, the lift mechanic indicated that they were regularly checked to ensure that when
actuated, they would stop the lift. The lift mechanic did state that the rigging and set-up of
the monitoring circuits was not checked to ensure that they were set to actuate at the
intended positions of the counterweight or carriage being too close to their limits of travel.

The lift mechanic indicated that the position of the carriage near its rear limit of travel and
the typical position of the counterweight “way down” in the pit did not present any concern
to him as long as the limit switches did not actuate.
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ection to drive station

Photograph 6: Bottom of Blue Chairlift counterweight pit
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Photograph 7: Rear carriage monitoring system switch and actuator

Conclusions

The counterweight was in contact with the bottom of the counterweight pit. It is likely that
the method to determine ‘free suspension’ of the counterweight was resulting with the
counterweight pivoting on the broken section and contamination at the bottom of the pit,
providing a false indication of ‘free suspension’. The condition of the counterweight does
not comply with CSA 798-07 12.5.1.2.

Because of the contact between the counterweight and the bottom of the counterweight pit,
it is very unlikely that the counterweight was providing the designed tension to the haul
rope. This conclusion is supported by the sag ratios determined in the appended ESG
report and the evaluation of the chair swing discussed later in this report.

The counterweight monitoring system was found to be incorrectly rigged such that it could
not stop the ropeway system when the counterweight came to within 150mm of the bottom
of the counterweight pit. This condition was not compliant to CSA Z298-07 4.30.7 (b) and
directly contributed to the lift remaining operational with the counterweight in contact with
the bottom of the pit.

While the drive carriage monitoring system was found to be rigged in such a manner that
was not compliant to CSA Z298-07 4.30.7 (b), it did not contribute to a reduction of tension
in the haul rope as the carriage did not likely reach the physical limits of its travel during
operation.
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Haul Rope Stretch

Design

The Blue Chairlift tension system is designed to accommodate a certain amount of haul
rope stretch. When a haul rope is installed it is shortened to a length that optimizes as
much carriage travel as possible to increase the time span to the first required rope
shortening. Haul rope stretch is monitored by the tension system carriage monitoring
switches that detect the carriage moving out of its normal operating range established
during initial and five year loaded dynamic testing cycles. When limit switches are actuated
the system is shutdown which prompts the knowledgeable person at the site to investigate.
Haul rope stretch is most likely the cause when the effective length of the rear carriage
travel has been reduced.

Haul rope stretch, or permanent elongation, is a condition that is caused by several factors.
The most common and expected factor occurs within the first year of operation for newly
installed haul ropes once the strands of the haul rope have worked their way into the fibre
core. This action, caused by the constant radial pressure exerted by the strands on the
core and the bending of the rope as it passes around and over sheaves, causes the rope
to become thinner and longer. This elongation is an expected condition in fibre core wire
ropes that is rectified by performing a shortening and re-splicing procedure so that the
limitations of the tension system travel are not exceeded.

Temperature also influences the length of the haul rope and on days of operation with
higher temperatures, increased rear carriage travel is typically noted. When significant
changes in the rate of rope stretch are noted this can be an indication of internal core
degradation, which is a factor used to evaluate haul rope replacement. The degradation of
the internal core causes internal contact between rope strands resulting in diameter loss
and internal strand wear referred to as knicking.

At the time of the incident, CSA Z98-07 contained the following rules that were applicable
to monitoring for rope stretch:

11.13.2 Replacement criteria
The following criteria shall be used in addition to Clause 11.10 to evaluate the necessity
for rope replacement:
(f) asignificant increase in the lay length;
(g) asignificant change in the rate of rope stretch; and
(h) the condition of the main haul rope splices.

12.5 Tensioning and carriage systems

12515

The tensioning system setting or range shall be as designed for the number of carriers or
the loading conditions.

Note: A changein the number of carriers or the loading conditions can necessitate a
change in the tensioning system or range.

BC SAFETY AUTHORITY
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12516

Tensioning ropes shall be adjusted to provide at least 150 mm of remaining carriage
travel when the counterweight reachesits

(a) lower limit of travel; and

(b) upper limit of travel.

Investigation Findings

The counterweight was lifted during the investigation and the winch in the system was not
able to lift it until the carriage was in contact with the rear limits. This indicates excessive
haul rope stretch. The haul rope on the Blue Chairlift was new in 1998 and there is no
record indicating that the rope was shortened after its installation. The non-destructive rope
tests on file for this haul rope show that the diameter was acceptable and no anomalies to
indicate internal core degradation were identified. Core degradation would have been
evident if significant diameter loss was detected.

Conclusions

The elongation of the haul rope was mostly likely caused by normally expected rope
stretch.

The tension system was no longer effective at maintaining correct haul rope tension. This
was due to excessive permanent elongation of the haul rope that required the rope to be
shortened in order for the tension system to perform its function.

The Rope Catching Device

Design

A rope catching or haul rope retention device is required to be installed on all passenger
ropeway tower and station sheave assemblies. Its purpose is to catch the haul rope in the
event that it falls off of the sheave assembly that supports it due to uncontrolled horizontal
forces acting on the haul rope. The haul rope could leave the sheaves for a number of
reasons such as misalignments, excessive wind acting on the system or a mechanical
force caused by carrier contact from excessive swing. The current standard requires that
this device be located no more than half the sheaves diameter below the haul rope.

On the Blue Chairlift at tower #2, a contoured angle bracket is attached at the entrance,
middle and exit sections, shown in figure 5, on the outside of the sheave assembly’s frame
located approximately half a sheave diameter below the haul rope. This design is common
to all Mueller chairlift installations. The Mueller design has a sharp 90° corner at its leading
edge in the horizontal plane as shown in photograph 8.

BC SAFETY AUTHORITY
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Figure 5: Mueller 10-Sheave assembly illustration. Top view; Side view and Front-side view

Photograph 8: Blue Chairlift Rope Catcher at Tower #2
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At the time of the incident, CSA Z98-07 contained the following rules that were applicable
to the design of haul rope retention devices:

4.19.10.3 Haul roperetention

Means shall be provided to retain the haul rope to the outside of each sheave and sheave
assembly if it leaves its normal running position. Such means shall be located not more
than one-half of the sheave diameter vertically from the normal position of the rope.

This passenger ropeway installation was designed and constructed in 1967. The first
edition of Z98, the passenger ropeways and passenger conveyors standard, was published
in 1968 and identified that “rope catchers” needed to extend two and one-half rope
diameters outside the sheave flanges and be installed to prevent vertical displacement of
the rope by more than one sheave diameter. Part XI of the Railway Act was the applicable
regulation for passenger ropeways in British Columbia at that time and it contained no
design requirements for rope catching devices. The rope catching devices installed on the
Blue Chairlift meet the requirements of the current adopted standard (Z98-07).

Investigation Findings

The 90° corner at the entrance to the sheave assembly was the subject of an instruction
issued to Mueller chairlift owners that were in locations susceptible to high wind loading.
The instruction allowed owners of these installations to modify the leading edge of the rope
catcher so that it was less likely that damage or entrapment of the carrier hanger arm
would occur in the event a swinging carrier made contact. A drawing that was provided by
the manufacturer to instruct owners on how to perform this modification is shown in figure
6.

This modification was never performed on the Blue Chairlift due to a letter that was issued
by Mueller Lifts to CMRL that stated if the hanger arms were replaced with a new design
hanger arm with a profile that provided additional clearance then the modification was not
necessary. The new design hanger arm was installed on the Blue Chairlift many years prior
to this incident but the exact date of completion is not known. Figure 7 compares the
profiles of the original and modified hanger arms.

BC SAFETY AUTHORITY
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Original Hanger Arm Modified Hanger Arm
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Figure 7: Hanger Arm Comparison
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Figure 6: Mueller Drawing Depicting
the Rope Catcher Modification

Conclusions

It is suspected that if the rope catcher design had been modified as per the instruction
provided by the manufacturer then it is possible that the deropement at tower #2 may not
have occurred. Even though the new design of hanger arm with improved clearance was
installed, the amount of swing generated in this incident exceeded this additional clearance
between the hanger arm and the entrance point to the rope catcher. This conclusion is
drawn not only from the above analysis but also the analysis provided in the ESG report.

Passenger Carriers

Design

The blue chair lift incorporates 85 double-seat, fixed-grip attachment passenger carriers.
From its attachment to the haul rope, the carrier's hanger arm extends upwards and
outwards so as to allow for expected carrier swing to occur without inducing contact
between any part of the carrier and the other parts of the lift.

BC SAFETY AUTHORITY
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Photograph 9: Double-seat carriers at tower #2 — photo taken June 2014

The deropement occurred at tower #2. The distance between tower #1 and #2 was 65
meters. The spacing between carriers was 19.5 meters, allowing for three carriers to be
within the space between towers #1 and #2.

At the time of the incident, CSA Z98-07 contained the following rule that was applicable to
this installation and operation:

6.4 Horizontal clearances

6.4.2

With any 15° longitudinal swing, 15° lateral swing, or a combination of the two, no
contact shall be permitted between any part of the carrier and any part of the supporting
structure, sheave assemblies, or rope.

Investigation Findings

Carrier swing can occur as a result of passenger loading, passenger movement on chair,
wind, changes in speed, movement over towers, induced swing from other chairs or
contact from an external object.

Chair swing can also be influenced by the distance between towers, location of the chair
between towers and the amount of tension in the haul rope. The tension in the haul rope
influences the amount of sag in the rope between towers.

Worn station sheave liners, tower sheave liners and grip components can cause
misalignment conditions that also influence chair swing. Wear was noted on these
components but was not thought to be as significant as other factors observed above.

At the time of the incident, there were no abnormal wind conditions, changes in speed
introduced into the lift or contact with objects that would have induced a swing into carriers.

BC SAFETY AUTHORITY
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As described in the attached report from ESG, the measured amount of chair swing
required to induce contact with the rope catcher was in excess of the required 15 degrees
longitudinal and lateral swing. The chair complied with rule 6.4.2.

The amount of sag in the haul rope between towers #1 and #2, as well as between towers
#2 and #3, was evaluated in the ESG report and was found to be at the limits of what is
considered accepted practice. The high sag ratios are an indication of low tension in the
haul rope.

Carrier swing angles were recreated at the tower #2 site and confirmed that carrier #15 first
made contact with sheave assembly rope catcher at an inward angle of 27° and a
backward angle of 33°. Photographs10 and 11 below illustrates the damage made to the
chair hanger arm from contact with the rope catcher. Given this discovery, the chair swing
experienced during the incident would have been abnormally excessive.

|

Photograph 10: Carrier #15 hanger arm Photograph 11: Carrier #15 hanger arm damage as
damage from contact with tower #2 rope catcher viewed looking away from the haul rope/tower

During an interview, when asked about chair swing, the lift mechanic stated that
approximately a week prior to the incident he noticed “excessive chair swing”. The lift
mechanic stated that he asked the lift operations supervisor about his chair swing
observation who indicated that was “status quo” so the lift mechanic did not investigate
further.
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During an interview, when asked about chair swing in comparison to previous seasons of
operation, an employee involved with lift operations stated that he “had noticed some
abnormally violent swinging”. The employee stated that he and the general manager
“‘would stand for 20 minutes to see why [there was chair swinging] and couldn’t see a
reason”. The employee also stated that “the lift supervisor had also noticed abnormal
swinging of the chairs as well” and that they would discuss possible reasons for “why is it
doing that”.

Upon follow-up, the general manager stated that “at no time since the start of the 2013-
2014 operating season, did | observe chair swing that | would consider to exceed the
typical operating parameters of the blue chair lift.”

At the time of the incident, carrier #14 and carrier #16 were fully loaded with passengers
while carrier #15 was empty as shown in figures 1 and 3.

Carrier #14 and carrier #16 were loaded by the lift operator at the drive station. The lift
operator stated he witnessed no carrier swing that raised concerns as he watched the
carriers leave the station after both loads.

Statements provided by the passenger in carrier #14 noted nothing unusual after loading
the chairlift and that he and the other passenger in carrier #14 were unaware that anything
was wrong until the deropement occurred.

The passengers in carrier #16 stated that nothing unusual was noted at the time of loading.
One passenger in carrier #16 stated that as carrier #16 got closer to tower #2 carrier #15
directly ahead was swinging excessively and that he was concerned carrier #15 going to
strike tower #2. He stated that he remembered nothing after that point until he was on the
snow surface below pinned underneath carrier #16.

In June 2014, BC Safety Authority conducted an evaluation of the lift for chair swing. The
tension system, speed and carrier loading were arranged in a manner that was
representative of the system configuration at the time of the incident. With the lift running,
as carriers #14 and #16 passed through the loading area, a chair bounce was introduced
that was representative of what occurs during a typical passenger load.

As the loaded carriers progressed toward tower #2, a carrier swing was observed between
towers #1 and #2. As carrier #15 entered the sheave assembly at tower #2, the swing of
carrier #15 was observed to be excessive although no contact occurred between the
carrier and the tower.

The counterweight of the tensioning system was then raised to a point where the full force
of the counterweight was being applied to the haul rope. The evaluation was repeated as
above. Both the carrier swing between towers #1 and #2 and the carrier #15 swing at tower
#2 were observed to be significantly less than the representative configuration at the time
of the incident.
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Conclusions

Given the statements from employees of CMRL, the Blue Chairlift was experiencing chair
swing at times that was characterized as excessive or abnormal.

Carrier #15 was observed by a passenger in carrier #16, directly behind, to have been
swinging excessively as it approached tower #2.

Contact between the hanger arm of carrier #15 and the rope catcher on tower #2 was a
result of chair swing. The chair swing was likely induced into carrier #15 by the normal
loading and movement of passengers in carriers #14 and #16. Tension in the haul rope
was insufficient to dampen the swing between towers #1 and #2.

Investigation Conclusions

The Blue Chairlift at Crystal Mountain Resort had its haul rope installed in 1998. Over time,
normal and expected lengthening of the haul rope had occurred. The haul rope had likely
never been shortened following its initial installation.

While the lift system is designed to accommodate an amount of haul rope lengthening, the
carriage was near the limits of its travel and the counterweight had not been adjusted for
the amount of lengthening that had occurred. The counterweight was found to be in contact
with the bottom of the counterweight pit.

The monitoring circuits designed to detect and shut the lift down when the counterweight or
the carriage is at or near their limits of travel were not set-up properly to detect the
conditions for which they were intended.

With the counterweight in contact with the ground, the full amount of tension required was
not applied to the haul rope during operation. The reduced haul rope tension made the lift
more susceptible to chair swing.

During normal loading conditions, a small amount of chair swing had occurred when
loading carriers #14 and #16. Between these two carriers, carrier #15 was empty. As the
empty carrier #15 approached tower #2, the chair swing energy induced into it was un-
dampened because of the low tension in the haul rope and its light weight relative to the
loaded carriers.

The carrier swing induced into carrier #15 became excessive and when it entered the
sheave assembly at tower #2, the carrier hanger arm struck the blunt leading edge of the
rope catching device.

The forces associated with the contact between the hanger arm and the rope catcher
pulled the haul rope off the sheaves and over the rope catching device, causing the haul
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rope and the carriers with passengers to fall approximately 10 meters to the ground at
tower #2.

Root Cause and Contributing Factors

BC Safety Authority concludes that the primary cause of the incident was low tension
within the haul rope directly caused by the counterweight being in contact with the ground
within the counterweight pit.

There were numerous contributing factors to this incident including:
e improper set up of counterweight and carriage monitoring circuits
e exposure of the counterweight to contamination
e poor understanding relating to the elements of the tensioning system and haul rope
dynamics
e shape and design of the rope catching device
e distance between towers #1 and #2 to dampen normal passenger loading dynamics

BC Safety Authority makes the following recommendations to prevent similar incidents
from occurring.

Recommendations

Recommendations to Owners of Passenger Ropeways Utilizing Suspended
Counterweights

Recommendation #1:

All tension systems that use a suspended counterweight should incorporate a means for
responsible personnel to visually confirm that the counterweight is suspended freely.

Recommendation #2:

All tension systems that use a suspended counterweight within a pit should incorporate a
means to shelter the counterweight and the pit from contamination that may interfere with
the free suspension of the counterweight.

Recommendation #3:
Conduct annual inspections of the counterweight and the area beneath counterweight to
ensure the integrity of the counterweight and required clearances are maintained.

The investigation discovered that the bottom of the counterweight pit on the Blue
Chalirlift was contaminated with organic material and sections of the concrete
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counterweight that had broken off. This area is not visible without lifting the
counterweight completely out of the pit area due to the tight clearances around it.

Recommendations to Owners and Operators of Passenger Ropeways

Recommendation #4:

Establish a system to train and certify ropeway mechanics to promote their understanding
of the system elements necessary for safe operation and how to inspect and maintain
those safety elements.

Personnel responsible for maintaining and operating the Blue Chairlift did not
communicate an understanding of the relationship between haul rope tension and
chair swing. Monitoring systems were not setup correctly to warn that the system
was not in a safe state. The knowledge did not appear to be in place to understand
visual indicators that could have led persons who understood the consequences of
not having proper haul rope tension to make corrections.

Recommendations to Canadian Standards Association

Recommendation #5:

Evaluate the Canadian requirements for the effectiveness of rope catching devices related
to capture of the haul rope in the event that it departs from tower sheave assembly
equipment.

A study of deropement events reported to BC Safety Authority was published in
BC Safety Authority’s 2014 Sate of Safety Report. The study suggests that rope
catching devices are not performing their intended functions as reliably as expected.

Recommendation to Owners of Passenger Ropeways Manufactured by Mueller Lifts

Recommendation #6:

Owners of existing Mueller passenger ropeways, who have not utilized the previously
identified modification to the leading edge of tower and station sheave assemblies, should
consult with the manufacturer and a professional engineer to determine if the modification
should be implemented to prevent possible deropements.

Recommendation #7:

Owners of existing Mueller passenger ropeways, where an intermediate tower has not
been added to the system between the station tower near the loading point and the
following tower, should consult with the manufacturer and a professional engineer to
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determine if the installation of an intermediate tower should be added to decrease carrier
swing susceptibility in the system.
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Appendix A Blue Chairlift Specifications

Table A-1: Blue Chairlift Specifications

Manufacturer Mueller

Effective length (Slope length) 815m

Vertical rise 175m

Capacity 950 PPH

Design line speed 2.54 m/s

Prime mover Diesel

Prime mover power rating 100HP

Speed control Manual

Auxiliary Volkswagen

Speed reducer Kissling VKDS 680 S
Distance between carriers 19 metres

Number of carriers 85

Passengers per carrier 2

Carrier weight (empty) 1111b

Number of towers 7

Location of drive Bottom

Location of tension system Bottom

Rotation direction Clockwise

Drive bull wheel diameter 2.5m

Line gauge change at portal tower 2.96m (assemblies fleeted)
Line gauge change at tower #2 3.6m (assemblies fleeted)
Line gauge at tower #3 4.0m

Haul rope diameter 29mm

Haul rope nominal breaking strength | 122,000 Ib

Table A-2: Blue Chairlift Sheave Configuration

Drive 1 Return
Tower guide Portal 2 3 4 5 6 7 guide
Up 2 10N 10 8 442 8 10 12 2
Down 2 10N 6 4+2 6 4 12 2
BC SAFETY AUTHORITY
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Appendix B Reported incidents

Incidents involving passenger ropeways are required to be reported to the Provincial
Safety Manager. The following lists the reported incidents occurring on the Blue Chairlift.

Table B-1: Reported Incidents

Date

Brief summary

Jan 25, 1984

Lift mechanic doing repair to chair; lift overhead rollers fell out of place, striking head.

Jan 24, 1986 (1)

Starter solenoid failure; main drive would not start

Jan 24, 1986 (2)

Main drive shut down due to fan pump housing bearing seized; fan cut rad

Feb 4, 1987 Operator stepped on a nail at loading area

Dec 3, 1988 Passengers stranded 1 hour 45 minutes

Feb 8, 1990 Lift attendant lifted child from chair, sustained injury

Feb 9, 1990 [An individual] ‘'smacked in head by swinging chair’ (sic)

Feb 20, 1991 Passenger fell from chair between towers 3 and 4; sustained injuries

Feb 27, 1990 Gear box failure

Feb 27, 1990 Gear box failure; output shaft suspected

Dec 9, 1990 Operator struck by swinging carrier

Feb 24, 1991 Passenger (skier) struck by swinging chair at loading

Dec 15, 1991 Main drive failure; output shaft-clutch-main drive broken shaft

Dec 23, 1992 No information

Dec 23, 1992 Hooked on station. Guide rail; staff downloading swung chair as it entered station

Dec 23, 1996 Main drive shut down; fuel line to main drive kinked

Jan 5, 1997 Main drive — clutch slipping

Jan 22, 1998 Incoming empty carrier caught on station guide; operator sat in carrier path did not
see chair coming

Jan 8, 2000 Loud sound coming from drive station; mechanical (gearbox) failure

Dec 10, 2010 Mechanical breakdown on a chairlift main drive clutch assembly; passengers
evacuated (evacuation drive)

Jan 19, 2012 Extreme low temperatures caused the chair lift's diesel engine to stop due to the fuel
gelling. Passengers evacuated.

Mar 1, 2012 Main diesel drive on chairlift stopped due to a plugged fuel filter. Main drive fuel filter
plugged with sediment after a recent fuel delivery. Passengers evacuated.

Dec 28, 2012 Two passengers loaded onto carrier #1; during loading the carrier slipped back on the
haul rope, lift was not stopped by the operator. Passengers reported that the carrier
continued to migrate backwards each time the carrier passed over tower sheaves.

Jan 17, 2013 Main shaft lower pulley failed; metal fatigue

Jan 31, 2013 Main drive engine would not start due to a faulty motor starter; passengers evacuated.

Feb 11, 2013 Emergency brake hydraulic line ruptured; passengers manually evacuated.

BC SAFETY AUTHORITY

Report No.: RPT 5103-00

Page B-1




Investigation Report - Crystal Mountain Resort Limited, Blue Chairlift Deropement — March 1, 2014

Appendix C Engineering Specialties Group (ESG) Investigation

Report

ESG Report
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November 18, 2014

British Columbia Safety Authority
Suite 200, 505 6™ Street
New Westminster, BC, V3L OE

Re: Crystal Blue Chair Deropement Accident Investigation
Project #1538.01

veor

Find enclosed our final report for the work performed in assisting you in the accident
investigation of the deropement on the Blue Chairlift at Crystal Mountain that occurred on
March 1, 2014.

Our conclusions from this investigation as detailed in the attached report are based on the
review and analysis of data provided by the BCSA from their investigation, maintenance
documentation from Crystal Mountain, Mueller drawings and testing, BCSA inspection reports
and the investigation and analysis of ESG.

The Blue Chairlift which is under investigation for the incident that occurred on March 1, 2014
when a carrier, due to excessive swinging, impaled its hanger on the lead-in four sheave
assembly cable catcher at tower 2, as describe in detail in Section 6 of this report. This
impalement initiated the complete dislodging of the hauling cable from its normal operating
position, thus causing four carriers to contact the snow surface two of which each had two
passengers.

The focus of this report was to verify the original assumption that the carrier hanger contacted
the cable catcher and initiated the dislodging of the hauling cable; and to determine why the
carrier experienced this excessive swinging.

Based on the information provided in Section 6, Carrier Swing Analysis, it is the opinion of the
authors that excessive swinging caused the hanger to be impaled on the cable catcher, be
moved approximately 30.5 cm along the catcher while “slicing” through the hanger tube and
derope from the sheave assembly just uphill of sheave #2 causing the rope to be pulled from
sheave #3. This action occurred in less than 0.25 seconds causing a severe dynamic action of the
rope as it contacted the end of the cable catcher.

In ESG’s opinion it is highly probable that if the leading edge of the cable catcher had been
modified to incorporate the bevel as shown in the Mueller Service Bulletin of November 11,
1983, the incident would not have occurred. This is not to minimize the extreme carrier swing

8501 Turnpike Dr, Suite 106 ¢ Westminster, CO 80031 ¢ Office 303.482.3180 ¢ Fax 303.482.3188
www.engineeringspecialtiesgroup.com
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that was occurring just prior to the incident as was evidenced by the field measurements and
the swing models shown in Section 6.

It is the opinion of the authors of this report the primary factor contributing to the carrier swing
that initiated the contact with the cable catcher was the fact that the counterweight concrete
block, reference Section 3.1, was not applying its total load to the carriage reeving and thus to
the hauling rope. This was due to the fact that the concrete block was partially resting on debris
in the bottom of the counterweight pit.

The decrease in haul rope tension that resulted caused the sags in the haul rope between the
towers to increase producing design sag ratios in excess of 3.5% (maximum normally accepted in
design practice) in spans above tower 2 and tower 3. Considering these sag ratios and with an
empty carrier weighing approximately 111 pounds, relatively light, the system was inherently
susceptible to dynamic action and thus the probability for excessive carrier swing was increased.
From statements of the operating personnel, carrier swing had been extreme during the 2013-
2014 ski season and from field observations carrier contact with tower 2 assemblies and
structure was evident. Further from observations during the ESG investigation, the empty
carrier swing was more when the counterweight load was reduced.

Further, the issue of carrier swinging was apparently well known by the operations staff. The
following instruction is included in Operator Manual, “To load passengers, swing chairs slightly
forward before loading, this action reduces or eliminates chair swinging and the possibility of
striking tower #2.”*

Secondary factors that may have contributed to the accident include the distance from tower 1
where passengers are loaded to tower 2 of approximately 63 m. With a chair spacing of 19.5 m,
there are 3 carriers in this span at the time of loading. In the opinion of the authors, good
design practice for this system, would allow one carrier to be in this span. The dynamics
imparted to carriers when loading could have been significantly damped with the first tower
after loading within 35 m of tower 1. In addition a carrier that was heavier would be less
susceptible to dynamic action initiated at other locations such as loading.

Since the probability of excessive carrier swing was increased when the haul rope tension was
reduced by the counterweight partially resting on ground surface at the bottom of the pit, it is
not clear from the investigation as to how long this condition had been existing. In the BCSA
incident investigation, photo chronicle of March 3, 2014, it is noted in reference to picture #130,
“Records indicate that the counterweight was last inspected by_ on Nov 1.2013.”
ESG could not from the information that they were supplied find this reference. Therefore, it is
unclear what was done during the inspection. In a BCSA inspection report dated November 16,
2009 one of the non-compliance items read as follows, “2-516 TENSIONING-COUNTERWEIGHT
TO BOTTOM OUT BEFORE CARRIAGE HITS — Drop counterweight 30 cm, move counterweight
actuator up 75 mm.”

LaLift Operator Manual”, Part 1, Page 7, Item 4, 2013-2014 season, Crystal Mountain.
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During the ESG investigation, it was observed that raising the counterweight off of the pit
bottom allowed the carriage to move closer to the downhill physical limit of travel. With the
haul rope in its current condition at the time of the ESG investigation with the counterweight
fully suspended, the carriage did not have enough travel to prevent it from contacting the
downbhill physical limit. It is estimated that if the counterweight had been fully suspended on
the day of the incident, given the rope shortening due to the temperature difference, the
carriage would have been approximately 18 cm further uphill.

In conclusion, the following recommendations are offered for consideration:

1.

Complete a detailed inspection of the haul to determine if there is excessive inner
strand nicking or wire breaks.

If the inspection above reports significant issues, replace the haul rope, if not re-splice
the haul rope to provide adequate downbhill carriage travel.

Modify or replace the counterweight system to provide daily visual inspection beneath
the counterweight and to eliminate excessive friction in the reeving system.

Revise the profile to add a tower between existing tower 1 and tower 2.

Respectfully,

ineering Specialties Group

/" Senior Consultant

Enclosure(s):
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Crystal Mountain Blue Chairlift Deropement Accident Investigation Report

1. INTRODUCTION

1.1 Overview

On March 1, 2014 while operating for passenger service, the hauling rope was dislodged from its normal
operating position at tower number two on the upgoing side of the Blue Chairlift. The Blue Chairlift is a
Mueller 2-passenger per carrier chair located at Crystal Mountain Resort near Kelowna, British
Columbia. When the hauling rope was dislodged from its normal operating position, it was not retained
in the sheave assembly rope catchers, thus causing a number of carriers to contact the snow covered
ground surface.

This incident resulted in injuries to four passengers while damaging a total of five carriers. Initially the
British Columbia Safety Authority (BCSA) determined that an empty carrier located between two fully
loaded carriers contacted the entry point of the rope catcher at the uphill sheave assembly on tower 2
causing the complete deropement of the sheave assembly sending four carriers to the snow surface.

BCSA has asked Engineering Specialties Group (ESG) to assist BCSA in an investigation of the incident
that includes a review of existing documentation; a site investigation; and necessary analysis as
determined from the initial observations and field analysis.

1.2  History
The Blue Chairlift was installed in 1967 by Gerhard Muller A.G. of Dietlikon, Switzerland. The basic lift
data is shown in Table 1.

GENERAL SPECIFICATIONS

CAPACITY 950 PPH SPEED 1.85m/s @ 2100 rpm
VERTICAL RISE 175 m LINE GAUGE VARIES 2.5m TO 4.0m
HORIZONTAL LENGTH 810 m CARRIER SPACING 19.5m

SLOPE LENGTH 831m DRIVE LOCATION Lower Terminal
LOAD INTERVAL 10.5s TENSION LOCATION Lower Terminal

NO. OF CARRIERS 85 ROTATION cw

CARRIER WEIGHT 111 lbs NO. OF TOWERS 7

TOTAL TENSION 34,000 lbs COUNTERWEIGHT 8,500 Ibs Ratio 4:1
HAUL ROPE 1-%" @ NOMINAL STRENGTH 105,200 lbs

ROPE DESIGN FACTOR 4.99 MAXIMUM ROPE ANG. | 21.37°

Table 1 - Equipment Data
1.3 Approach

ESG developed a list of documentation that they believed to be pertinent to their investigation
including:

1. As-built survey of the cable at the centerline of the sheave assemblies on each side of the
towers for both the station and elevation.

2. All materials in the accident investigation file that have been accumulated to date by BCSA.
3. Equipment data sheet for the Blue Chair.
4. Drawing of carrier assembly.
5. Drawing of sheave assemblies at portal and towers 1 and 2.
6. Operations Logs for the 2013-2014 operating season.
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7. Maintenance Logs for the last two years.

8. Manufacturer Bulletins relative to sheave assemblies, chairs, deropement switches or cable
catchers.

9. BCSA and Insurance Company Inspection reports for 2012-2014.

This list was forwarded to BCSA and the following information was received:

1. Mueller documents consisting of 21 drawings; service bulletins; a maintenance manual and
parts book.

2. Daily operation logs for December, 2013; January, 2014; February, 2014 and March 1, 2014.

Maintenance Logs for 2011; 2012; 2013 and maintenance specifications.

4. BCSA inspection reports for November 16, 2009; December 10, 2010; December 7, 2011,
December 19, 2011; January 27, 2012; December 7, 2012; January 29, 2013 and December 11,
2013.

5. Photographs taken by BCSA personnel between March 1 & March 5, 2014 with narratives.

w

ESG reviewed the various documents received and developed a site investigation protocol. From
information collected during the site visit, they completed a profile analysis and carrier swing analysis.
All of the information was used to determine the primary issues that precipitated the incident.

2. REVIEW OF DOCUMENTS

The document review revealed the following important elements that helped form the accident
scenario:

1. The carrier, #15, that contacted the lead-in edge of the cable catcher at tower 2 was empty and
was located between two loaded carriers, #14 and #16.

2. The resulting complete deropement missed the catchers and sent carriers #13 through #16 to
the snow surface.

3. Carrier #9 was damaged as a result of the passengers
bouncing out of the chair seat and slamming down. The chair
seat flipped into the up position during the incident.

4. The sheave assembly upgoing at tower 2 was comprised of 10
sheaves. The incoming rope catcher was bent at the outgoing
end and the sheave #3 flange was broken on the outside.
Reference Picture 1.

5. The damage to carrier #15 included a complete tear on the
hanger just below the grip; a deformed hanger; indentations
on the grip body and rope marks on the arm rest. Reference
Picture 2 and 3.

Damage from Contact with the Haul Rope/ 2

During Deropement

03/05/2014 14:18

Picture 1 - Tower 2 Upgoing
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Damage from Contact with the Cable
Catcher During Deropement

Damage from contact with sheave #3

Picture 2 — Grip Damage

Damage from Contact with Cable Catcher

Damage from Contact During Deropement

Picture 3 — Hanger Damage

6. Original and modified profile drawings showing the distance from the loading point to tower 2.

7. Mueller Chairlift Bulletin showing drawing of modification of rope catcher with taper on leading
edge. Mueller had apparently suggested that this modification should be permitted for chairlifts
operating in very high wind conditions.

8. Daily lift logs indicating free movement of the counterweight in comparison to BCSA accident
investigation noting that the counterweight was in contact with the ground below the
counterweight.

9. Pictures showing relationship of the carriage limit switch, the end of travel of the carriage and
the carriage position on the day of the incident.

10. Drawing showing lower terminal counterweight to carriage connection reeving.

11. Noted that Crystal trained their operators to swing chairs slightly forward just prior to the
loading process to reduce chair swinging and the possibility of contacting tower 2.

12. BCSA inspection report dated November 16, 2009 asks Crystal to drop counterweight 30cm and
move actuator up 75mm. Noted that BCSA Inspection reports did not indicate counterweight or
carriage location issues subsequently.

Engineering Specialties Group November, 2014
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3.  SITE INVESTIGATION

ESG personnel conducted a site investigation on June 2-4, 2014. They were accompanied by personal
from the BCSA and personal from Crystal Mountain Resort (CMRL). ESG personnel made general
observations of the operation of the Blue Chairlift; took specific measurements at tower 2; made
observations of loaded carriers as was documented at the time of the accident as they traveled between
the loading station and tower2; performed a preliminary tower location survey and inspected various
carriers including carrier #15.

3.1 General Observations

1. Observed chairlift operating with empty carriers. Noted that some chairs exiting the lower
terminal bullwheel were swinging more than others.

2. The counterweight to carriage reeving was not as was shown on the drawing that had been
provided. Instead of a 2-part connection to the counterweight there is a single connection.

3. Rear carriage wheels were not in place. Counterweight switch was not in place. These items
had been removed during the initial post-accident site investigation by the BCSA personal.

4. Counterweight was not free to move. Could not see beneath the counterweight when first
observed. Subsequently, the counterweight was raised and it was observed that two pieces at
the bottom of the concrete block had dislodged. One piece was observed in the pit.

Picture 5 — CW Missing Piece 1 Picture 4 — CW Missing Piece 2

5. When the lift was loaded to simulate the loading conditions at the time of the incident, the
carriage did not move with the counterweight in the position at the time of the incident.

6. The carriage was located approximately 6% inches more to the downhill direction than the day
of the incident.

Engineering Specialties Group November, 2014
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7. When the counterweight winch was rotated 20 turns the carriage moved downhill 2 inches with
no counterweight movement. The carriage was then returned to the previous location, thus
moving uphill 2 inches.

8. The speed of the chairlift was check by timing 5 bullwheel revolutions and by measuring the
rotational speed of a sheave at tower 2 upgoing. With the chairlift loaded as it was at the time
of the incident and with the engine reading 2000 rpm, the bullwheel measurements were 1.78
m/s (meter per second) and the sheave measurements were 1.79 m/s. At 2100 rpm, the sheave
measurement was 1.85 m/s. With the chairlift operating with all empty carriers and the engine
at 2100 rpm, the speed was measured between 1.90 m/s and 1.94 m/s for two separate
measurements of bullwheel revolutions.

9. When the counterweight was lifted and fully supported by the counterweight rope, the carriage
moved downhill 4% inches. This inidcated the lack of the total force of the counterweight being
applied to the carriage.

ion of Removed
arriage Wheel

End of Carriage Travel

Reference
Marks Plad
at4:15p

" Picture 6 — Downhill End of Cafriége
10. After operating the chairlift while the line survey was being completed, the carriage location was

measured at 2% inches downhill from match marks. This is an indication of inherent friction in
the counterweight to carriage connection.
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3.2 Measurements at Tower 2

On June 3™ measurements were taken at tower 2 including verification of sheave dimensions and carrier
clearances at various locations and orientations along the sheave assembly. The carriers numbered 13,
14, 15 and 16 that had been damaged during the incident had been removed from the line. Carrier #60
was placed on the line at the location of carrier #15 at the time of the incident. The work carrier was
placed 4m behind carrier #60. The first set of measurements was taken with the grip of carrier #60
located one-sheave radius from its entry to the first sheave as shown in the following picture.

Picture 7 — Tower 2 Measurements Location #1

These measurements were taken to get a general overall sense of the extent of carrier swing that would
produce contact with the tower. The carrier was oriented at 21° back along the line and at 27° inward

across the line. At this combination it appeared that the carrier would be well inside the line of the
cable catcher.

The second set of measurements was taken with the carrier grip located approximately midway
between sheaves 1 and 2 as shown in the following picture. The following measurements were
recorded:

1. With the carrier hanging vertically, 274-2% inches were measured between the hanger and the
cable catcher.

2. First contact of the hanger with the cable catcher occurred when the carrier was oriented at 21°
back along the line and at 18.5°-19° inward across the line.

3. With the carrier hanging vertically, first contact of the hanger with the cable catcher occurred
when the carrier was oriented at 24° inward across the line.

4. Asheave in the assembly was measured: Diameter of the rim=317mm; diameter of the
liner=325mm; and width of sheave=60mm.

5. For the pair beam the distance from the center of the sheave to center of beam was 20cm.

Engineering Specialties Group November, 2014
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Various other dimensions of the assembly were recorded such that the as-built conditions would be
properly represented when the carrier and assembly were modeled. It was observed that the 2-sheave
assembly had a side plate only on the inside of the assembly, thus producing an “overhung” condition
for the sheave bearings and pair bushing as well as reducing the stiffness of the 2-sheave assembly.

e /
Picture 8 - Tower 2 Measurements Location #2

The third set of measurements was taken with the carrier grip located approximately 4 inches downhill
from the center of rotation of the 10-sheave assembly. With the carrier hanging vertically, the distance
between the center line of the hanger and face of tower ski tip deflector was measured at 49% inches.
With the carrier hanging vertically, the inward swing of the carrier produced contact of the chair seat
support frame at approximately 16°. This location is as shown in the following picture.

Picture 9 - Tower 2 Measurements Location #3
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With the carrier hanging vertically, 275-2% inches were measured between the hanger and the cable
catcher which is the same as was measured at the lead-in 2-sheave assembly.

Picture 10 - Tower 2 Measurements Location #3

3.3  Observations of Loaded Carriers
The initial observations were made on June 3™ with carriers loaded with water to simulate the carriers
loaded below Tower 4 at the time of the incident. The following are the carriers that were loaded with
18”x18” box filled with water to a height of 14%”:

Carrier #2 loaded both seats.

Carrier #3 loaded one seat.

Carrier #4 loaded one seat.

Carrier #5 loaded one seat.

Carrier # 9 position (#40 in place) loaded both seats.
Carrier #14 position (#30 in place) loaded both seats.
Carrier #15 position (#60 in place) unloaded.

Carrier #16 position (#16 in place) loaded both seats.

It was noted before adding the abovehload that the c'arrlage Picture 11 — Sim
was located 6% inches further downhill than at the time of

the original accident investigation in March. Based on calculations performed, this is due to the
lengthening of the haul rope due to the difference in temperatures from March to June.

ulated Carrier Loads

Engineering Specialties Group November, 2014
Page 10



Crystal Mountain Blue Chairlift Deropement Accident Investigation Report

Further the height location of the counterweight was as it was on the day of the incident and based on
the carriage movement noted in Section 3.1 above, the force of the counterweight to tension the haul
rope was being reduced by the fact that the counterweight was partially resting on broken pieces of the
counterweight that were laying in the bottom of the pit or was partially resting on the pit bottom.

Observations were made by swinging carriers #9, #14 and #16 as they were approaching the loading
point or just prior. This test yielded carriers swinging at tower #2 with no visible risk of carrier contact
with the assembly although the swing of the empty carrier between the two loaded carriers was more
than desirable. This was repeated with similar results.

On June 4™ additional carriers were loaded with similar loads to those of June 3™. The additional
carriers loaded are as follows:

, e

Carrier #68 loaded both seats.
Carrier #69 loaded one seat.
Carrier #70 loaded both seats.
Carrier #76 loaded one seat.
Carrier #77 loaded both seats.
Carrier #81 loaded both seats.
Carrier #82 loaded both seats.
Carrier #83 loaded both seats.
Carrier #84 loaded one seat.
Carrier #85 loaded one seat.

Picture 12 - Simulated Carrier Loads

This loading condition represented the loading condition at the time of the incident. The chairlift was
operated and swing was induced into loaded carriers just uphill and downbhill of an empty carrier. The
swinging at tower 2 of the empty carrier appeared to be similar to that observed on June 3", excessive
but no contact with the tower or sheave assembly was observed.

Subsequent, to these observations the counterweight was raised such that its full force was providing
tension to the rigging between the bullwheel and the counterweight, thus applying the full available
force to the haul rope considering the friction in the rigging.

The chairlift was operated and swing was induced into loaded carriers just uphill and downhill of an
empty carrier. The swinging at tower 2 of the empty carrier appeared to be much less than that
observed when the counterweight was at the bottom of the pit but no contact with the tower or sheave
assembly was observed.

Please reference conclusions for consideration of these observations.

3.4 Preliminary Tower Location Survey

A survey was conducted to determine the relative location of the tops of the towers. With the
information obtained, a preliminary as-built condition of the rope working points at each tower and
terminal could be developed. This survey was completed using a Laser Technology TruPulse™ 200 range
finder that reads both distance and angle to a target. The TruPulse was operated using either a tripod
for support or as a hand held device as seen in the following pictures.
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Picture 14 — Survey Target Picture 13 — Survey Obtaining Measurement

The results of the information obtained are presented in the information provided for the rope line
calculations.

3.5 Carrier Inspection

Based on review of information initially gathered in the initial accident investigation by BCSA and
confirmed by ESG, carrier #15 initiated the incident by swinging and catching on the incoming cable
catcher at tower 2. Based on this assessment, detailed measurements and observations were
performed of carrier #15 by ESG personnel. This data was used to construct a computer model of the
carrier along with the sheave assembly and to define the carrier movement after contact prior to
deropement. This analysis is presented in Section 6, Carrier Swing Analysis. The field measurements are
represented by the following pictures.
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Measurements were taken on several undamaged carriers to determine if the dimensions conformed to
the drawings and to determine if the carriers exhibited reasonably consistent fabrication. No significant
irregularities were discovered.

BCSA personnel had documented damage to carriers involved in the accident. This damaged is
represented in the following pictures.

|
yed in chair, bounced
at ended behind th

Hanger severely deformed,
Two People st P

A grip sitting at an angle due

u war. ,.c Al to deformed hanger. Chair

up position. D

seat and arm rest found in
Minor distortion of 0, .

hanger, Angle 2 :‘ f aalkis rs w
measured at 32.8°
versus 30° design.

compared to e
carriers on either side
.=most likely due to
absorption of impact
with snow surface by
the two passengers.

torted to
the inside of the lift
by 200mm.

Picture 19 — Damaged Carrier 14

Picture 18 — Damaged Carrier 16
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Downhill side of
Hanger

Picture 20 — Damaged Carrier 15

Carrier was empty and was caught and damaged by cable catcher. The
seat was down and the arm rest was in the up position. The hanger was
deformed and supported some of the weight of the haul rope. The
profile shows that for the tower 2 deroped cases that the rope would be
below the ground surface. There was severe hanger distortion as

evidenced by the angle of the grip. Picture 21 — Detail of Hanger 15 Damage

Reference Appendix D for design
details of carrier. During the
BCSA investigation, it was noted
that carrier hangers #38 and #47
had indications in the location
shown in these pictures that
would indicate that they had also
contacted a cable catcher, most
likely the same one involved in
the incident. Further it was
noted that when carrier 15 was
removed from the hauling rope,
the rope rotated 180° indicating
inherent rope twist.

o .~ ; e
Picture 22 - Carrier Detail Measurements of Damage
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4. ROPELINE CALCULATIONS

A ropeline calculation and analysis has been performed on the Crystal Mountain Blue Chair using the
PROFILEXL program. PROFILEXL is proprietary software developed by ESG staff for analysis of ropeway
systems. The program is used to calculate fixed and detachable grip monocable ropeway systems where
the carriers are spaced at even intervals along the rope. The program is based on approximating the
shape of the rope in spans between the towers using parabolic geometry even though the actual shape
of the rope in spans is hyperbolic. The approximation error is less than 1% where the sag ratio (ratio of
center sag to span length) is less than about 5%. The analysis assumes distributed loading on the rope
from individual carriers over the length of the span. Where there are more than three carriers in a span,
the approximation error is also very small. Where there are fewer than three carriers in a given span,
the program assumes the maximum possible load of one or two carriers in the span. In every case,
information relative to a span is the span above the tower reference.

The data output from PROFILEXL is arranged with a cover sheet with general information about the lift.
The input information is entered in the left column of the cover sheet and the calculated data is in the
right column. The second page has the input location information for each rope point and tower along
the lift line. The program then provides a calculation of the geometry of the lift, and the tensions and
loads at each tower considering bare rope, empty carriers, and loaded carriers on pages 3-9. Pages 10
and 11 are special loading cases with an over tension case, empty carriers in adjacent spans case, under
tension case, and single loaded span case. The last page is a summary of the loaded, empty carriers, and
rope only cases for uphill and downhill on a single page.

The American B77.1 Standard requires that the ropeline calculation test the tower loading with a 50%
increase in tension. The Z98 requires that the ropeline calculation test for a 30% increase and decrease
in tension. The special tension cases allow for adjustment of the increase and decrease.

Blue Chair Original Design

A ropeline calculation has been prepared based on the original design profile and field adjustments
made during the construction as provided by BCSA. The original paper profile drawing and field update
lack certain details that would typically be included in an analysis of this type, but with some
assumptions and hand scaling of the drawing, a complete profile calculation is possible.

The original design appears to have acceptable tower loading and tensions. There are two long spans
above Towers 2 and 3 with high sag ratios. With adjacent spans having sag rations of 3.5% and 4%, the
lift could have had dynamic carrier motion, with vertical rope motions in the big spans. A loaded carrier
minimum shear ratio of more than 32 would help control dynamic motion.

Based on the updated profile from 1969, it appears that the as-built conditions did not match the
original design from 1967 and a field modification was added. The hand calculations on the updated
profile indicate that the load conditions were 154 pounds per sheave negative in the bare rope
conditions after the modification. The ESG calculations do not corroborate that calculation. The field
measurements of the tower locations do not match the profile locations. Using the field measurements
from 2014, the tower load is similar to the hand calculations. Our hypothesis is that the tower was not
located correctly during construction. That would cause the loading to be incorrect and initiate the field
modification in 1969. It is possible that the Mueller personnel performing the modification were aware
of the location error at Tower 4, but did not want to relocate the tower foundation and therefore did
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not present that information on the profile. It would be necessary to have a detailed survey to verify
that information.

Blue Chair As-Built Survey 2014

On June 4, 2014 a field observation and simple verification survey was performed by the ESG team. This
survey was performed using hand held distance and angle measurements from tower top to tower top.
This type of survey is typically used to verify installation according to plans, but is not precise enough for
primary survey or construction. If detailed as-built information is needed or modifications are to be
performed, it is recommended that a precise survey be performed using GPS or total station surveying
equipment.

While this check survey indicates some differences in station and elevation for many towers, it would be
necessary to have a slope angle error of more than 1° to make a significant change in the profile and
loading. There are some differences on the order of 1°, but in general the loading is acceptable. The
major difference is in the location of Tower 4. The field check indicates that Tower 4 is about 67 feet
downbhill from the location indicated on the profile drawing. With this location and elevation as
measured, the tower loading is similar to that indicated on the modified profile from 1969. Based on
this corroboration, it is believed that the tower was not properly located in the original construction.
With combination sheave assemblies, this configuration appears to conform to the current Z98
requirements.

The upper terminal was also measured to be farther uphill than the original design drawing by 40-50
feet, but that does not seem to affect the profile significantly. The sag ratios in spans 2 and 3 are both
about 3.5%. A sag ratio of 3.5% is about the maximum recommended and two adjacent spans with a sag
ratio that high can contribute to dynamic rope motions during speed transitions.

Accident Condition Profile

A ropeline calculation approximating the conditions at the time of the accident has been developed.
According to operator statements and reports, the chair was relatively lightly loaded at the time of the
accident. The ski patrol evacuation report has 23 names plus 4 people involved at the accident site for a
total load of 27 persons. That is about 31% of the maximum load of 86 seats.

Field observations by the ESG team indicate the tension system consists of a gravity counter weight at
one end of a four-part reeving arrangement with the adjustment winch at the other end. This tension
system requires the counter weight rope to circulate through all of the reeving sheaves to self-adjust.
This type of arrangement is known to be subject to a large amount of friction and inertia during
movement. Field observations of the counter weight noted that the weight block was at least partially
resting on a broken piece of the block in the bottom of the pit. In order to simulate the minimum
tension condition, the reeving force of the counter weight on the carriage has been reduced from 4(x) to
3(x) the block weight of 8,500 pounds, for a force of 25,500 pounds. The tension was then further
reduced in order to shorten the length of the haul rope by 9 inches for carriage travel to duplicate the
location of the carriage at the time of the accident. The resulting tension is 21,700 pounds. This is
considered the minimum tension that would have been placed on the carriage.

In this reduced load and tension condition, the resulting sheave loading on Tower 2 is 2,978 pounds or
about 300 pounds per sheave. The design assembly load with empty carriers is about 3,480 pounds, or
about 350 pounds per sheave. While 2,978 pounds is a reduction in loading of about 16% from normal
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loading with empty carriers, the load is still significant and should be adequate to maintain the rope in
the sheave grooves in normal conditions.

The three sets of ropeline calculations can be found in Appendix A.

5. SHEAVE ASSEMBLY REVIEW

BCSA in the scope of work requested the following work items:

“Inspect the sheave assembly where the deropement occurred and the data collected to date by BCSA
on this component. Provide a report on the conclusions of your analysis and how they may represent
the system failure scenario that led to this incident. Inspect and review the design of the sheave
assembly rope catchers on this installation including a review of all manufacturers’ bulletins and
instructions related to this component. Provide a report on the conclusions of your inspection and
review and how they may represent a system failure that led to the incident under your professional
engineering seal.”

The following information from our investigation is provided to answer this request.

5.1 Design of Rope Catcher

Review of Standards

The design of the chairlift and the associated components was performed prior to 1967 the year that the
system was installed at Mt. Last, now Crystal Mountain. It is not clear what standard was used to design
the sheave assembly and cable catcher, but standards and practices that existed at the time required
the following as a minimum:

1. Sheave grooves should be designed with deep flanges to discourage the rope from leaving the
sheaves.

2. Suitable guards should be installed to prevent the rope from falling into dangerous positions
either within or outside of the tower structure in case the rope does leave the sheaves and
suitable devices should be installed to stop the tramway in that event.

3. Rope grips should be designed in relation to the sheave groove so as not to contact sheave
flanges during normal operation taking into consideration the anticipated amount of wear on
the sheave grooves.

4. Rope grips, sheave flanges and hanger guides shall be designed so that grips cannot be derailed
from sheaves if the carrier is swinging as it approaches or passes the tower.

Other than the statement in item 2 above, a cable catcher was not specifically required as was the case
in subsequent standards. Many lifts supplied during this time did not have a separate cable catcher as is
seen today and as was installed on the Blue Chairlift. Many of the chairlifts being constructed during
this time frame used a design philosophy that if any single tower completely deroped that the carrier
could not come in contact with the ground or snow surface. Obviously, this particular philosophy was
not incorporated in the design of tower 2 on the Blue Chairlift, but cable catchers were provided.

Considering item 4 above, absolute safety is required since there is no reference to a maximum level of
swinging or clearance requirements. In subsequent standards published after the installation of the
Blue Chairlift, minimum swing clearance requirements were defined, minimum sheave loading
conditions were provided and the requirement for absolute prevention of deropement was replaced
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with the requirement for designs that minimized this possibility. Today the safety levels continue to
evolve with the next generation being based on a Risk Assessment Standard.

The following is the current requirements of the Canadian Standard, CSA 798-14.

1. Minimum Sheave Loadings:
a. Support Sheaves
i. -500N/sheave
ii. -2kN/assembly
iii.  -10N x the sum of the slope lengths in the adjacent spans, in meters/assembly
b. Hold Down Sheaves
i. -500N/sheave + a loaded carrier/assembly

2. Means shall be provided to restrict the movement of the haul rope to the inside of each sheave
and sheave assembly if the rope leaves the groove.

3. Means shall be provided to retain the haul rope to the outside of each sheave and sheave
assembly if it leaves its normal running position. Such means shall be located not more than
one-half of the sheave diameter vertically from the normal position of the rope.

4. The design of the sheave assembly and the means provided to comply with items 2 and 3 shall
allow free passage of the haul rope and carriers while the rope is in or out of the normal
position.

5. With any 15° longitudinal swing, 15° lateral swing, or a combination of the two, no contact shall
be permitted between any part of the carrier and any part of the supporting structure, sheave
assemblies, or rope. Alternatively, where these clearances are not met, guides shall be provided.

Manufacturer’s Service Bulletins

November 21, 1983 — This was a general letter from Mueller Lifts to the Ministry of Transport showing a
modification to the leading edge of the lead-in cable catcher that allowed a bevel in the leading outside
edge of 12mm across the line by 50mm along the line. The letter stated that Mueller had had only one
customer request this modification for a lift subjected to extreme wind condition and stated that the
modification should be permitted on any Mueller lifts operating in very high wind situations.

March 7, 1994 — This was a letter from Mueller Lifts Ltd to the Ministry of Municipal Affairs in reference
to Mueller Triple Chair (Blue Chairlift is a double), carrier clearance on sheave assemblies. There were
two items discussed, the second item dealt with the above referenced, 1983 Bulletin. It stated in part,
“The use of a field template may have resulted in a variance of the rounded outside portion of the rope
catcher.” The request was to check the swing clearance of 15 degrees.

March 25, 1997 — This was a letter to CMRL enclosing a service bulletin from the Swiss Manufacturer of
Mueller Lifts and a drawing # 97.02.21 showing the situation on cable catchers on existing sheave
assemblies. It stated, “If you have not made any modifications (to cable catchers), none are required.”

These service bulletins can be found in Appendix B.
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5.2 Tower #2 Upgoing Assembly

A general overall inspection of the 10 sheave, upgoing assembly at tower 2 was completed including
pictures and measurements as detailed above. Consideration was also given to the initial assessment
performed by BCSA where it was noted that the assembly was misaligned and to the detailed inspection
of the assembly performed in the Mueller shop.

The following pictures show the misalignment of the 10 sheave, upgoing assembly at tower 2 at
different points during the investigation of BCSA.

Up Hill
Picture 23- March 2 after Reroping Picture 24 — March 3 - Lead In
Engineering Specialties Group November, 2014
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Picture 25 — After Raising Counterweight

Damage to the sheave assembly cable catcher is shown in more detail in the following picture.

Length of Contact of Chair
Hanger with the Cable Catcher
during Accident

First Contact of Rope with Cable
Catcher during Accident
Reference Carrier Swing
Analysis Section

Picture 26 — Damage to Cable Catcher Uphill
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It is not evident what the alignment of the sheave assembly was just prior to the incident on March 1,
2014. From the above pictures the following observations can be made:

1. The misalignment after the accident was such that if this had been the misalignment prior to the
accident, the chairlift would not be recommended for operation.

2. When the haul rope is tensioned with the full weight of the concrete counterweight, the sheave

assembly is not misaligned such that operation would not be possible.

The stiffness of the 10 sheave assembly may not be appropriate for the maximum loading.

4. The full weight of the concrete counterweight is not tensioning the haul rope in Picture 25, but
the assembly is not misaligned as shown Pictures 22 and 23. This is probably due to the work
performed in the Mueller Shop on March 7 and 10, 2014.

w

5.3 Summary

It is not evident that either the sheave assembly or cable catcher designs were inadequate or the
primary contributing factors in causing the incident. These designs meet the minimum requirements of
the current CSA Z-98 Standard. Further, it is not evident that misalignment contributed to initiation of
the incident.

In ESG’s opinion it is highly probable that if the leading edge of the cable catcher had been modified to
incorporate the bevel as shown in the Mueller Service Bulletin of November 21, 1983, the incident
would not have occurred. This is not to minimize the extreme carrier swing that was occurring just prior
to the incident as evidenced by the field measurements and the swing models shown in Section 6.

Relative to misalignment, Picture 25 shows that most if not all of the damage caused by the deropement
occurred on the outgoing end of the cable catcher. It would be most probable if misalignment shown in
Pictures 22 and 23 had contributed, the rope would have started to derope at sheave number 1 or the
lead-in sheave. The markings on the cable catcher at this point appear to be from a secondary contact
of the rope after the start of the deropement or most likely from the “slicing” of the chair hanger since
they are less severe and toward the outside of the cable catcher. This can be seen in the following
picture.

‘ First Contact Point of
Hanger with Cable
Catcher

Picture 27 — Damage to Cable Catcher Lead-In

Engineering Specialties Group November, 2014
Page 21



Crystal Mountain Blue Chairlift Deropement Accident Investigation Report

6. CARRIER SWING ANALYSIS - TOWER 2

A computer model, using SolidWorks 2014™, was developed to model the carrier and its relationship to
the 10-sheave assembly at tower 2 during the incident with carrier #15 that caused the deropement.
Carrier swing analyses were performed for two primary reasons, (1) to verify that the as-built condition
at tower 2 conformed to the drawings and regulations and (2) to define the carrier movement through
the tower assembly during the incident to conclude the sequence that led to the deropement.

SolidWorks 2014™ a three-dimensional computer analysis and design software tool, was used to
analyze the dynamics of the chair assembly. The software is able to analyze the motion of the chair as it
passes over the tower to gain a better understanding of what occurred during the accident. In order to
provide an accurate model, components were dimensioned based on drawings provided by BCSA. For
components lacking drawings, dimensions were determined using photos taken on site. To ensure an
accurate SolidWorks model, the design was verified against field notes recorded by ESG staff.

All of the models are represented in Appendix C. The models have been organized into “Photo” Groups
detailed in the following table.

GROUP DESCRIPTION

1 Chair backward angle is 0° and the grip is turned until contact is made with the rope catcher. The chair is located at
location 2 along the line. The model shows that with the chair vertical and the inward contact angle is 19°.

2 Chair backward angle is 21°, grip is at location 2 along the line. Grip is turned to make contact to reproduce what
was recorded in the field. The inward angle for this case is 20°.

3 Chair backward angle is 5°, grip is at location 2 along the line. Inward angle is modified until contact occurs with the
rope catcher. Contact occurs when the grip is turned 19° inward.

4 Chair backward angle is 10°, grip is at location 2 along the line. Inward angle is modified until contact occurs with
the rope catcher. Contact occurs when the grip is turned 19° inward.

5 Chair is 15 degrees back and grip is at location 2 along the line. Inward angle is modified until contact occurs with
the rope catcher. Contact occurs when the grip is turned 20° inward.

6 Stem entry point puncture and rope catcher initial contact. Angle inward 27° and chair backward angle at 33°.

7 Not used in report

8 Chair seat frame positioned to make contact with tower. Located approximately 4 inches downhill from center of
rotation. Inward angle 16°, Chair backward angle is 0°

9 Not used in report

10 Not used in report

11 Not used in report

12 Not used in report

13 Match geometry with Jason’s Image 238. Witness marks on rope catcher showing path along rope catcher of carrier

15 to match damaged hanger. Inward angle of 32° and backward angle of 41°.

14 Possible de-ropement scenario: The rope grip moves 2 inches off of rope center line and 1 in below current rope grip
position. Contact is made between the rope grip inner yoke plate hitting rope catcher located about the middle of 4
Beam. This could have created the witness marks found in the field. Backward angle is 1° and the inward angle is 24°

15 Not used in report

16 Restrainer bar in the closed position and contact is made between the downhill side of the bar and the rope. Inward
angle of 16° and a backward angle of 45°.

17 Restrainer bar in the open position and contact is made between the uphill side of the bar and the rope. Inward
angle of 10° and a backward angle of 40°.

Table 2 — Model Photo Group Description
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For the carrier swing analyses, the carrier locations were those detailed in Section 3.2. The following is a
summary of those locations.

1. Location 1 - The grip was located approximately 6 inches before entering sheave 1 (Pic 7).
2. Location 2 — The grip was located approximately midway between sheaves 1 and 2 (Pic 8).
3. Location 3 —The grip was located 4 inches downhill from the 10-sheave rotation center (Pic 9).

The following model summaries represent important aspects of the carrier and assembly interaction
that support the conclusions.

Carrier Hanging Vertically at Location 2

1/

Carrier Contact with Cable Catcher Field Measurement Verification Location 2

Engineering Specialties Group November, 2014
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Carrier Contact with Tower Structure Field Measurement Verification Location 3

Chair positioned ~4 inches downhill from center of rotation. Chair
backward angle: 0°.

16° (Field Measurement 17.75°)

L p

Carrier Contact with Cable Catcher at Initiation of Hanger Tear

of 27° and a backward angle of 33°
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Looking Uphill — Carrier at
Contact with Cable Catcher

Carrier Contact with Cable Catcher at Completion of Hanger Tear

See Detail in Next Picture.

Carrier located at end of cable
catcher indication. Chair

orientation 41° along the line and
] 32° across the line.

-
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Looking Uphill
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GRIP CONTACT WITH CABLE CATCHER AFTER DEROPEMENT

Contact Area

‘‘‘‘‘
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7. CONCLUSIONS

Since the accident investigation by BCSA continues, ESG has provided its conclusion from the
investigation conducted and described in this report in a separate letter.
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APPENDIX A
ROPELINE CALCULATIONS
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Blue Chair

*

*

BCSA Blue 1969 ProfileXL.xls

** ProfileXL **
Copyright 2011 by
Revision: 7 MAR 2011

CLIENT:
AREA:

LIFT:

COMMENTS:

British Columbia Safety Authority

Crystal Mountain
Blue Chair
Accident review

Profile based on 1969 dococuments

16:29:44 Time
21-Jul-14 Date

*** GENERAL INPUT DATA ***

*** CALCULATED DATA ***

I
CALC UNITS(ENG/SI) ENG | HORIZONTAL 26135 FT
DRIVE (TOP/BOT) BOT | VERTICAL 573.1 FT
TENSION (TOP/BOT) BOT | SLOPE 2681.4 FT
ROTATION (CW/CCW) CwW | SLOPE ANGLE 12.37 DEG
GRIP (FIX/DET) FIXED | INTERVAL 7.77 SEC
| SPACING 63.42 FT
INPUT CAPACITY 950 PPH | DESIGN CAPACITY 927.1 PPH
DESIGN SPEED 490 FPM | NO. OF CARRIERS 85.00 CARR.
OPERATING SPEED 490 FPM | RHO W/EMPTY CARR 3.88 LB/FT
ACCELERATION 0 FT/Ss*2 | RHO LOADED UP 9.24 LB/FT
PASS/CARR. UPHILL 2 PASS | RHO LOADED DN 3.88 LB/FT
PASS/CARR. DNHILL 0 PASS | VERT TENSION-UP 5295.73 LB
CARRIER CAPACITY 2 PASS | VERT TENSION-DN 2223.58 LB
CARRIER LENGTH 9.2 FT | FRICTION UPHILL 957.48 LB
CARRIER WIDTH 3.6 FT | FRICTION DNHILL 641.91 LB
CARRIER WEIGHT 111.00 LB | ACCELL FORCE UP 0.00 LB
CARRIERS ON LINE 85 CARR. | ACCELL FORCE DN 0.00 LB
CARRIERS IN TERM. 0 CARR. | ®™TANGENT TENSION 0.00 LB
INPUT COUNTER WT. 34000.00 LB | TENSION CHANGE UP 6253.21 LB
ROPE WEIGHT 2.130 LB/FT | TENSION CHANGE DN 1581.67 LB
ROPE DIAMETER 1.125 IN | TORQUE TENSION 4771.54 LB
BREAKING STRENGTH 105200.00 LB | POWER-ROPE ONLY 18.1 HP
LINE GAUGE 8.2021 FT | POWER-EMPTY CARR. 22.5 HP
RETURN TERMINAL FRICTION 50 LB | POWER-FULL LOAD 80.9 HP
DRIVE TERMINAL FRICTION 50 LB | ROPE DESIGN FACTOR 4.98
DRIVE SYSTEM FRICTION 25 LB | T1:T2 RATIO 1.33
SHEAVE MAX LOAD + 1000 LB | SHEAR RATIO 32.46
SHEAVE MAX LOAD - 900 LB | DESIGN COUNTER WT 34000.00 LB
SHEAVE SPACING-C.L. 1.313197636 FT | TENSION T1 14614.23 LB
PASSENGER WEIGHT 170 LB | TENSION T2 19385.77 LB
DRIVE EFFICIENCY 0.88 | TENSION T3 20967.44 LB
FRICTION FACTOR 0.030 | TENSION T3' 20867.44 LB
METALIC AREA RATIO 0.442 | ROPE METALIC AREA 0.559 SQ IN
ELASTICITY MODULUS 1.310E+07 PSI | ROPE LENGTH-ROPE 5389.3 FT
OVER TENSION RATIO 1.5 | ROPE LENGTH-EMPTY 5390.8 FT
MIN SHEAR RATIO 10 | ROPE STRETCH EMPTY 0.2 FT
MAX T1/T2 RATIO 1.9 | CARR TRAV ROPE-EMP 0.6 FT
LOAD(STD/MAXUP/MAXDN) STD | ROPE LENGTH-LOADED 5396.2 FT
** FOR SURFACE LIFTS ONLY | STRETCH EMP-LOAD 0.3 FT
*SNOW FRICTION FACT 0.06 | CARR TRAV EMP-LOAD 24 FT
For aerial lifts, set TOW-BAR | **TOW BAR PULL 0.00 LB
and ROPE-SEAT length to 1.0. | *BAR ANGLE BETA 0.0 DEG
*ROPE-SEAT HEIGHT 1FT | *RHO VERTICAL 0.00 LB/FT
*TOW BAR LENGTH 1FT | **RHO TANGENTIAL 0.00 LB/FT




Blue Chair BCSA Blue 1969 ProfileXL.xls

DATE: 21-Jul-14 Page 2
TIME: 16:29:44 | |
|  UPHILL TOWER POINTS | DOWNHILL TOWER POINTS |
CTFTO BATTER CTFTO BATTER ACTUAL CALCULATED
TOWER  STATION ELEVATION ROPEPT.  ANGLE STATION ELEVATION ROPEPT.  ANGLE SHEAVES  SHEAVES SHEAVES  SHEAVES
NUMBER X z LENGTHHT DEGREES X z LENGTHHT DEGREES UPHILL DOWNHILL UPHILL DOWNHILL
DR BW -36.40 10.59 10.55 0.00 -36.40 10.59 10.55 0.00 ok wex ok e 4 T/2FR 4 T/2FR
T1 PORT 23.60 10.59 9.84 0.00 23.60 10.59 9.84 000 10N 10N 6 D 4 TI2FR
T2 213.20 71.51 32.81 0.00 213.20 71.51 32.81 000 10S 6S 4s 4 TI2FR
T3 694.50 154.13 37.73 0.00 694.50 154.13 37.73 0.00 8S 4s 4s 4 TI2FR
T4 1277.50 285.20 37.50 0.00 1277.50 285.20 37.50 0.00 4 Si2N 4 Si2N 4s 4 TI2FR
T5 1528.40 351.20 26.90 0.00 1528.40 351.20 26.90 0.00 8S 6S 4s 4 TI2FR
T6 1997.70 480.93 37.73 0.00 1997.70 480.93 37.73 000 10S 4s 4s 4 TI2FR
T7 2460.60 580.51 32.81 0.00 2460.60 580.51 32.81 000 12S 12'S 4s 4 TI2FR
UT GD 2570.10 583.65 10.55 0.00 2570.10 583.65 10.55 0.00 2s 2s 4s 4 TI2FR

UTBW 2577.10 583.65 10.55 0.00 2577.10 583.65 10.55 0.00 ok ko ok ko 4S 4 TI2FR



Blue Chair BCSA Blue 1969 ProfileXL.xls
DATE: 21-Jul-14 Page 3
TIME: 16:29:44
UPHILL DOWNHILL CARRIER CLEARANCE FOUNDATION CROSS MAXIMUM RADIAL
TOWER CHORD CHORD ANG CHORD CHORD ANG TO GROUND STATION ELEVATION CTF-GND SLOPE ACCELERATION - G
NUMBER LENGTH DEGREES LENGTH DEGREES UPHILL DOWNHILL XCTF ZCTF DISTANCE DEGREES UPHILL DOWNHILL
DR BW 60.00 0.00 60.00 0.00 1.39 1.39 -36.40 0.04 #VALUE! 0.00 0.00 0.00
T1PORT 199.15 17.81 199.15 17.81 0.69 0.69 23.60 0.75 0.05 0.00 0.05 0.05
T2 488.34 9.74 488.34 9.74 23.61 23.61 213.20 38.70 0.00 0.00 0.06 0.07
T3 597.55 12.67 597.55 12.67 28.53 28.53 694.50 116.40 0.00 0.00 0.06 0.03
T4 259.44 14.74 259.44 14.74 28.30 28.30 1277.50 247.70 0.00 0.00 0.10 0.03
T5 486.90 15.45 486.90 15.45 17.70 17.70 1528.40 324.30 0.00 0.00 0.04 0.02
T6 473.49 12.14 473.49 12.14 28.51 28.51 1997.70 443.20 -0.02 0.00 0.05 0.08
T7 109.55 1.64 109.55 1.64 23.61 23.61 2460.60 547.70 0.00 0.00 0.04 0.03
UT GD 7.00 0.00 7.00 0.00 1.35 1.35 2570.10 573.10 0.00 0.00 0.09 0.06
uTBW 0.00 0.00 2642.36 0.00 1.35 1.35 2577.10 573.10 0.00 0.00 0.00 0.00



Blue Chair BCSA Blue 1969 ProfileXL.xls

DATE: 21-Jul-14 Page 4
TIME: 16:29:44
ROPE ONLY
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL
TOWER TENSION TENSION ROPE ANG ROPE ANG REACTION MAINAXEL LOADPER SAG TN+1 SAG CLEAR SAG STAT SAG ELEV ARC
NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW 16488.71 16488.71 0.00 -0.22 -90.11 63.87 *** 0.06 10.47 -6.40 10.53 60.00
T1 PORT 16488.71 16634.75 0.22 17.12 98.67 -4867.75 -486.77 0.63 20.33 118.40 40.42 199.15
T2 16764.50 16856.85 18.50 8.00 -76.75 3078.55 307.85 3.75 34.59 453.85 109.07 488.42
T3 17032.84 17040.69 11.46 10.58 -78.98 261.90 32.74 5.53 37.63 986.00 214.13 597.69
T4 17319.87 17327.76 14.72 13.85 -75.71 262.95 65.74 1.03 30.86 1402.95 317.17 259.45
T5 17468.34 17484.81 15.61 13.82 -75.29 549.03 68.63 3.58 30.94 1763.05 412.48 486.97
T6 17761.14 17821.76 17.06 10.56 -76.19 2020.82 202.08 3.33 33.91 2229.15 527.39 473.55
T7 18033.86 18151.45 13.71 1.28 -82.51 3919.41 326.62 0.18 14.48 2515.35 581.90 109.55
UT GD 18158.14 18177.50 2.01 -0.02 -89.01 645.29 322.65 0.00 10.55 2573.60 583.65 7.00

UTBW 18177.50 0.00 0.02 -179.98 -179.98 18177.50 *** 0.00 0.00 0.00 0.00 0.00



Blue Chair BCSA Blue 1969 ProfileXL.xls

DATE: 21-Jul-14 Page 5
TIME: 16:29:44
ROPE ONLY

DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL
TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGSTAT SAGELEV ARC

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW 17511.29 17511.29 0.00 -0.21 -90.10 63.87 *** 0.05 10.47 -6.40 10.54 60.00
T1 PORT 17511.29 17357.18 0.21 17.14 98.68 -5136.81 -513.68 0.61 20.36 118.40 40.44 199.15
T2 17486.93 17391.87 18.47 8.05 -76.74 3168.80 528.13 3.63 34.70 453.85 109.19 488.41
T3 17567.85 17560.80 11.41 10.65 -78.97 234.98 58.75 5.37 37.79 986.00 214.29 597.68
T4 17839.98 17832.65 14.66 13.88 -75.73 24431 61.08 1.00 30.89 1402.95 317.20 259.45
T5 17973.23 17956.94 15.59 13.86 -75.28 543.16 90.53 3.49 31.08 1763.05 412.58 486.97
T6 18233.26 18171.92 17.02 10.59 -76.20 2044.60 511.15 3.27 33.98 2229.15 527.45 473.55
T7 18384.03 18265.24 13.68 1.28 -82.52 3959.45 329.95 0.17 14.48 2515.35 581.90 109.55
UT GD 18271.93 18252.50 2.01 -0.02 -89.01 647.88 323.94 0.00 10.55 2573.60 583.65 7.00

UTBW 18252.50 0.00 0.02 -179.98 -179.98 18252.50 *** 0.00 0.00 0.00 0.00 0.00



Blue Chair BCSA Blue 1969 ProfileXL.xls

DATE: 21-Jul-14 Page 6
TIME: 16:29:44
ROPE + EMPTY CARRIERS

UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW 16359.61 16359.61 0.00 -0.41 -90.20 116.38 *** 0.11 1.22 10.49 60.00 0.00
T1 PORT 16359.61 16497.93 0.41 16.53 98.47 -4610.80 -461.08 1.16 10.61 39.89 199.16 0.00
T2 16734.30 16844.04 19.07 6.57 -77.18 3658.09 365.81 6.80 22.33 106.02 488.59 0.00
T3 17164.63 17200.14 12.85 8.91 -79.12 1183.72 147.96 9.92 24.04 209.74 597.99 0.02
T4 17708.72 17738.05 16.33 13.17 -75.25 977.56 244.39 1.83 20.86 316.37 259.47 0.02
T5 17994.14 18029.29 16.29 12.56 -75.58 1171.66 146.46 6.29 19.03 409.77 487.12 0.04
T6 18532.67 18619.05 18.27 9.38 -76.18 2879.37 287.94 5.78 22.26 524.94 473.68 0.06
T7 19005.43 19143.36 14.85 1.01 -82.07 4597.69 383.14 0.30 5.15 581.78 109.55 0.01
UT GD 19155.56 19178.84 2.28 -0.04 -88.88 775.99 388.00 0.00 1.35 583.65 7.00 0.00

UTBW 19178.84 0.00 0.04 -179.96 -179.96 19178.84 *** 0.00 0.00 0.00 0.00 0.00



Blue Chair BCSA Blue 1969 ProfileXL.xls

DATE: 21-Jul-14 Page 7
TIME: 16:29:44
ROPE + EMPTY CARRIERS

DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW 17640.39 17640.39 0.00 -0.38 -90.19 116.37 *** 0.10 1.23 10.49 60.00 0.00
T1 PORT 17640.39 17491.56 0.38 16.61 98.49 -4960.98 -496.10 1.09 10.67 39.96 199.16 0.01
T2 17727.93 17614.34 19.00 6.71 -77.15 3786.13 631.02 6.51 22.63 106.31 488.57 0.02
T3 17934.93 17900.53 12.72 9.06 -79.11 1146.73 286.68 9.54 24.42 210.13 597.96 0.04
T4 18409.11 18380.54 16.19 13.22 -75.30 952.43 238.11 1.76 20.93 316.44 259.47 0.02
T5 18636.63 18601.68 16.23 12.65 -75.56 1164.96 194.16 6.10 19.22 409.97 487.10 0.05
T6 19105.06 19017.83 18.18 9.44 -76.19 2907.53 726.88 5.66 22.38 525.06 473.67 0.06
T7 19404.21 19265.00 14.79 1.01 -82.10 4640.46 386.70 0.30 5.15 581.78 109.55 0.01
UT GD 19277.19 19253.84 2.27 -0.04 -88.88 778.57 389.28 0.00 1.35 583.65 7.00 0.00

UTBW 19253.84 0.00 0.04 -179.96 -179.96 19253.84 *** 0.00 0.00 0.00 0.00 0.00
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DATE: 21-Jul-14 STANDARD LOAD CASE Page 8
TIME: 16:29:44 UPHILL ROPE + CARRIERS with 100% UPHILL LOAD
0% DOWNHILL LOAD

UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW 14639.23 14639.23 0.00 -1.08 -90.54 277.17 *** 0.28 1.04 10.31 60.00 -0.01
T1 PORT 14639.23 14741.54 1.09 14.41 97.75 -3410.40 -341.04 3.05 8.72 38.00 199.27 -0.04
T2 15304.47 15461.10 21.09 1.56 -78.68 5220.92 522.09 17.39 11.75 95.43 489.99 -0.08
T3 16224.62 16345.73 17.55 3.31 -79.57 4036.87 504.61 24.33 9.63 195.33 600.19 -0.04
T4 17556.97 17652.87 21.39 10.98 -73.81 3196.57 799.14 4.33 18.36 313.87 259.63 0.00
T5 18262.79 18355.28 18.37 8.71 -76.46 3083.09 385.39 14.45 10.87 401.62 488.04 0.04
T6 19554.13 19716.45 21.78 5.95 -76.14 5410.54 541.05 12.84 15.21 517.88 474.42 0.09
T7 20636.67 20829.27 18.06 0.25 -80.85 6420.01 535.00 0.67 4.79 581.41 109.56 0.03
UT GD 20858.31 20892.44 3.03 -0.09 -88.53 1137.49 568.75 0.00 1.35 583.65 7.00 0.00

UTBW 20892.44 0.00 0.09 -179.91 -179.91 20892.44 *** 0.00 0.00 0.00 0.00 0.00
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DATE: 21-Jul-14 STANDARD LOAD CASE Page 9
TIME: 16:29:44 DOWNHILL ROPE + CARRIERS with 0% DOWNHILL LOAD
100% UPHILL LOAD

DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW 19360.77 19360.77 0.00 -0.34 -90.17 6634.74 *** 0.09 1.24 10.50 60.00 0.01
T1 PORT 19360.77 19196.03 0.34 16.71 98.53 -5491.43 -549.14 1.00 10.77 40.05 199.16 0.05
T2 19432.39 19311.61 18.90 6.97 -77.07 4025.93 670.99 5.94 23.19 106.88 488.53 0.11
T3 19632.20 19600.39 12.46 9.37 -79.08 1060.25 265.06 8.72 25.24 210.94 597.89 0.14
T4 20108.98 20082.23 15.89 13.35 -75.38 891.39 222.85 1.62 21.08 316.58 259.46 0.06
T5 20338.33 20304.01 16.11 12.88 -75.50 1143.86 190.64 5.59 19.73 410.47 487.07 0.11
T6 20807.39 20717.20 17.96 9.66 -76.19 3006.30 751.58 5.20 22.84 525.52 473.64 0.11
T7 21103.58 20955.06 14.58 1.06 -82.18 4950.92 412.58 0.28 5.18 581.80 109.55 0.03
UT GD 20967.25 20942.44 2.22 -0.04 -88.91 827.03 413.52 0.00 1.35 583.65 7.00 0.00

UTBW 20942.44 0.00 0.04 -179.96 -179.96 20942.44 *+* 0.00 0.00 0.00 0.00 0.00
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MAXIMUM DESIGN TENSION: CARRIERS LOADED UP TO ONE TOWER BELOW Page 10
DATE: 21-Jul-14 TEST MAXIMUM DESIGN TENSION * 1.30 TEST MAXIMUM DESIGN TENSION * 1.00
TIME: 16:29:44 ADJACENT SPANS HAVE ROPE + EMPTY CARRIERS ADJACENT SPANS HAVE ROPE + EMPTY CARRIERS
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL FULL LOAD
TOWER TENSION TENSION ROPE ANG ROPEANG MAINAXEL REACTION ROPE ANG ROPE ANG MAIN AXEL REACTION SAG
NUMBER TENS ALPH TENS BETA ALPHA -deg- BETA REACTION ANGLE-DEG ALPHA -deg- BETA REACTION ANGLE-DEG RATIO
DR BW 16359.61 16359.61 0.00 -0.31 116.37 -90.16 0.00 -0.41 116.38 -90.20 0.47%
T1 PORT 16359.61 16497.93 0.31 16.84 -6140.01 98.57 0.41 16.54 -4612.79 98.47 1.53%
T2 16916.45 17026.20 18.78 7.35 4395.94 -76.94 19.06 6.62 3679.13 -77.16 3.56%
T3 17593.84 17629.36 12.10 9.89 886.08 -79.01 12.80 9.04 1156.15 -79.08 4.07%
T4 18529.87 18559.20 15.40 13.59 760.95 -75.51 16.20 13.24 957.56 -75.28 1.67%
T5 19012.65 19047.80 15.87 13.37 1080.20 -75.38 16.21 12.74 1152.50 -75.52 2.97%
T6 19939.10 20025.48 17.49 10.18 3312.25 -76.16 18.09 9.59 2963.34 -76.16 2.71%
T7 20709.64 20847.57 14.07 1.19 6059.49 -82.37 14.64 1.06 4915.81 -82.15 0.61%
UT GD 20869.16 20892.44 2.09 -0.03 1004.89 -88.97 2.23 -0.02 819.02 -88.90 0.04%

UTBW 20892.44 0.00 0.03 -179.97 27160.17 -179.97 0.02 -179.98 20892.44 -179.98 0.00%
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MINIMUM DESIGN TENSION: CARRIERS LOADED FROM ONE TOWER BELOW TO TOP Page 11
DATE: 21-Jul-14 TEST MINIMUM DESIGN TENSION * 0.70 TEST MINIMUM TENSION * 1.00
TIME: 16:29:44 WITH ADJACENT SPANS LOADED WITH SINGLE LOADED SPAN
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL
TOWER TENSION TENSION ROPE ANG ROPEANG MAINAXEL REACTION ROPEANG ROPEANG MAINAXEL REACTION SAG TN+1 SAG CLEAR
NUMBER TENS ALPH TENS BETA ALPHA -deg- BETA REACTION ANGLE-DEG ALPHA -deg- BETA REACTION ANGLE-DEG Fmup Gfm
DR BW 14639.23 14639.23 0.00 -1.55 277.14 -90.77 0.00 -1.08 277.17 -90.54 0.53 0.80
T1 PORT 14639.23 14741.54 1.55 12.89 -2032.95 97.22 1.09 14.39 -3405.03 97.74 2.96 8.81
T2 15122.32 15278.95 22.48 -2.22 4553.17 -79.87 21.11 1.39 5206.80 -78.75 18.62 10.51
T3 15795.40 15916.51 20.92 -1.31 4278.57 -80.20 17.69 2.95 4071.39 -79.68 27.11 6.85
T4 16735.82 16831.72 25.29 9.04 3321.00 -72.84 21.71 10.77 3200.01 -73.76 4.65 18.04
T5 17244.28 17336.77 20.15 5.06 3180.22 -77.40 18.56 8.24 3111.19 -76.60 16.18 9.14
T6 18147.70 18310.01 2491 2.49 4962.91 -76.30 22.19 5.42 5319.28 -76.19 15.15 12.89
T7 18932.47 19125.07 21.15 -0.52 5009.29 -79.69 18.54 0.13 6090.38 -80.67 0.84 4.62
UT GD 19144.71 19178.84 3.80 -0.14 922.90 -88.17 3.16 -0.10 1088.27 -88.47 0.08 1.27
UTBW 19178.84 0.00 0.14 -179.86 13425.19 -179.86 0.10 -179.90 19178.84 -179.90 0.00 0.00
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Page 12
DATE: 21-Jul-14
TIME: 16:29:44
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL DN HILL DN HILL DN HILL DN HILL DN HILL DN HILL DN HILL
TOWER SHEAVES REACTION LOAD/SHV REACTION LOAD/SHV REACTION LOAD/SHV SHEAVES REACTION LOAD/SHV REACTION LOAD/SHV REACTION LOAD/SHV
NUMBER LOADED LOADED EMPTY EMPTY ROPE ROPE LOADED LOADED EMPTY EMPTY ROPE ROPE
DR BW  *** bl 277.17 *** 116.38 *** 63.87 *** bl bl 6634.74 *** 116.37 *** 63.87 ***

T1PORT 10 N -3410.40 -341.04 -4610.80 -461.08 -4867.75 -486.77 10 N -5491.43 -549.14 -4960.98 -496.10 -5136.81 -513.68
T2 10 S 5220.92 522.09 3658.09 365.81 3078.55 307.85 6S 4025.93 670.99 3786.13 631.02 3168.80 528.13
T3 8S 4036.87 504.61 1183.72 147.96 261.90 32.74 4s 1060.25 265.06 1146.73 286.68 234.98 58.75
T4 4 S/2N 3196.57 799.14 977.56 244.39 262.95 65.74 4 S/2N 891.39 222.85 952.43 238.11 24431 61.08
T5 8S 3083.09 385.39 1171.66 146.46 549.03 68.63 6S 1143.86 190.64 1164.96 194.16 543.16 90.53
T6 10 S 5410.54 541.05 2879.37 287.94 2020.82 202.08 4S 3006.30 751.58 2907.53 726.88 2044.60 511.15
T7 12’ s 6420.01 535.00 4597.69 383.14 3919.41 326.62 12 s 4950.92 412.58 4640.46 386.70 3959.45 329.95

UT GD 2S 1137.49 568.75 775.99 388.00 645.29 322.65 2S 827.03 413.52 778.57 389.28 647.88 323.94
UTBW ™= ok 20892.44 *** 19178.84 *** 18177.50 *** ok ok 20942.44 *** 19253.84 *** 18252.50 ***
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as-built profile 2014, based on field observations 4 JUN 14

16:16:21 Time
21-Jul-14 Date

*** GENERAL INPUT DATA ***
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| DRIVE (TOP/BOT)
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*** CALCULATED DATA ***

I
CALC UNITS(ENG/SI) ENG | HORIZONTAL 2658.5 FT
BOT | VERTICAL 5749 FT
TENSION (TOP/BOT) BOT | SLOPE 2727.0 FT
ROTATION (CW/CCW) cw | SLOPE ANGLE 12.20 DEG
GRIP (FIX/DET) FIXED | INTERVAL 7.90 SEC
| SPACING 64.49 FT
INPUT CAPACITY 950 PPH | DESIGN CAPACITY 911.7 PPH
DESIGN SPEED 490 FPM | NO.OF CARRIERS 85.00 CARR.
OPERATING SPEED 490 FPM | RHO W/EMPTY CARR 3.85 LB/FT
ACCELERATION 0 FT/S"2 | RHO LOADED UP 9.12 LB/FT
PASS/CARR. UPHILL 2 PASS | RHO LOADED DN 3.85 LB/FT
PASS/CARR. DNHILL 0 PASS | VERT TENSION-UP 524491 LB
CARRIER CAPACITY 2 PASS | VERT TENSION-DN 2214.03 LB
| CARRIER LENGTH 9.2 FT | FRICTION UPHILL 946.50 LB
| CARRIER WIDTH 3.6 FT | FRICTION DNHILL 627.41 LB
| CARRIER WEIGHT 111.00 LB | ACCELL FORCE UP 0.00 LB
| CARRIERS ON LINE 85 CARR. | ACCELL FORCE DN 0.00 LB
CARRIERS IN TERM. 0 CARR. | *TANGENT TENSION 0.00 LB
INPUT COUNTER WT. 34000.00 LB | TENSION CHANGE UP 6191.41 LB
ROPE WEIGHT 2.130 LB/FT | TENSION CHANGE DN 1586.62 LB
ROPE DIAMETER 1.125 IN | TORQUE TENSION 4704.79 LB
BREAKING STRENGTH 105200.00 LB | POWER-ROPE ONLY 18.7 HP
LINE GAUGE 8.2021 FT | POWER-EMPTY CARR. 22.0 HP
RETURN TERMINAL FRICTION 50 LB | POWER-FULL LOAD 79.8 HP
DRIVE TERMINAL FRICTION 50 LB | ROPE DESIGN FACTOR 4.99
DRIVE SYSTEM FRICTION 251B | T1:T2 RATIO 1.32
SHEAVE MAX LOAD + 1000 LB | SHEAR RATIO 32.53
SHEAVE MAX LOAD - 900 LB | DESIGN COUNTER WT 34000.00 LB
SHEAVE SPACING-C.L. 131 FT | TENSION T1 14647.61 LB
PASSENGER WEIGHT 170 LB | TENSION T2 19352.39 LB
DRIVE EFFICIENCY 0.88 | TENSION T3 20939.02 LB
FRICTION FACTOR 0.030 | TENSION T3 20839.02 LB
METALIC AREA RATIO 0.442 | ROPE METALIC AREA 0.559 SQ IN
ELASTICITY MODULUS 1.310E+07 PSI | ROPE LENGTH-ROPE 5480.4 FT
OVER TENSION RATIO 15 | ROPE LENGTH-EMPTY 5481.8 FT
MIN SHEAR RATIO 10 | ROPE STRETCH EMPTY 0.2 FT
MAX T1/T2 RATIO 19 | CARR TRAV ROPE-EMP 0.5 FT
LOAD(STD/MAXUP/MAXDN) STD | ROPE LENGTH-LOADED 5486.6 FT
** FOR SURFACE LIFTS ONLY | STRETCH EMP-LOAD 0.3 FT
*SNOW FRICTION FACT 0.06 | CARR TRAV EMP-LOAD 21FT
For aerial lifts, set TOW-BAR | *TOW BAR PULL 0.00 LB
and ROPE-SEAT length to 1.0. | *BAR ANGLE BETA 0.0 DEG
*ROPE-SEAT HEIGHT 1FT | *RHO VERTICAL 0.00 LB/FT
*TOW BAR LENGTH 1FT | *RHO TANGENTIAL 0.00 LB/FT
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DATE: 21-Jul-14 Page 2
TIME: 16:16:21 | |
|  UPHILL TOWER POINTS | DOWNHILL TOWER POINTS |
CTFTO BATTER CTFTO BATTER ACTUAL CALCULATED

TOWER  STATION ELEVATION ROPEPT.  ANGLE STATION ELEVATION ROPEPT.  ANGLE SHEAVES  SHEAVES SHEAVES  SHEAVES
NUMBER X z LENGTHHT DEGREES X z LENGTHHT DEGREES UPHILL DOWNHILL UPHILL DOWNHILL
DR BW AB -36.40 10.75 10.55 0.00 -36.40 10.75 10.55 0.00 o xex ok xk 4 T/2FR 4 T/2FR
T1 PORT AB 23.60 10.75 10.00 0.00 23.60 10.75 10.00 000 10N 10N 6 D 4 TI2FR
T2 AB 220.20 70.60 32.80 0.00 220.20 70.60 32.80 000 10S 6S 4s 4 TI2FR
T3 AB 697.50 150.12 37.72 0.00 697.50 150.12 37.72 0.00 8S 4s 4s 4 TI2FR
T4 AB 1210.50 254.70 37.50 0.00 1210.50 254.70 37.50 0.00 4 Si2N 4 Si2N 4s 4 TI2FR
T5 AB 1528.40 346.90 26.90 0.00 1528.40 346.90 26.90 0.00 8S 6S 4s 4 TI2FR
T6 AB 2000.70 473.90 37.70 0.00 2000.70 473.90 37.70 000 10S 4s 4s 4 TI2FR
T7 AB 2482.10 584.60 32.80 0.00 2482.10 584.60 32.80 000 12S 12'S 4s 4 TI2FR
UT GD AB 2615.10 585.65 10.55 0.00 2615.10 585.65 10.55 0.00 2s 2s 4s 4 TI2FR

UTBW AB 2622.10 585.65 10.55 0.00 2622.10 585.65 10.55 0.00 Rk ok 4S 4 TI2FR
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DATE: 21-Jul-14 Page 3
TIME: 16:16:21
UPHILL DOWNHILL CARRIER CLEARANCE FOUNDATION CROSS MAXIMUM RADIAL
TOWER CHORD CHORD ANG CHORD CHORD ANG TO GROUND STATION ELEVATION CTF-GND SLOPE ACCELERATION - G
NUMBER LENGTH DEGREES LENGTH DEGREES UPHILL DOWNHILL XCTF ZCTF DISTANCE DEGREES UPHILL DOWNHILL
DR BW AB 60.00 0.00 60.00 0.00 1.55 1.55 -36.40 0.20 #VALUE! 0.00 0.00 0.00
T1 PORT AB 205.51 16.93 205.51 16.93 0.85 0.85 23.60 0.75 0.05 0.00 0.05 0.05
T2 AB 483.88 9.46 483.88 9.46 21.66 21.66 220.20 37.80 -1.94 0.00 0.06 0.06
T3 AB 523.55 11.52 523.55 11.52 23.90 23.90 697.50 112.40 -4.62 0.00 0.05 0.04
T4 AB 331.00 16.17 331.00 16.17 20.68 20.68 1210.50 217.20 -7.62 0.00 0.07 0.00
T5 AB 489.08 15.05 489.08 15.05 13.40 13.40 1528.40 320.00 -4.30 0.00 0.05 0.03
T6 AB 493.96 12.95 493.96 12.95 20.83 20.83 2000.70 436.20 -7.67 0.00 0.05 0.07
T7 AB 133.00 0.45 133.00 0.45 19.95 19.95 2482.10 551.80 -3.65 0.00 0.05 0.04
UT GD AB 7.00 0.00 7.00 0.00 3.35 3.35 2615.10 575.10 2.00 0.00 0.06 0.03
UTBW AB 0.00 0.00 2686.71 0.00 3.35 3.35 2622.10 575.10 2.00 0.00 0.00 0.00
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DATE: 21-Jul-14 Page 4
TIME: 16:16:21
ROPE ONLY
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL
TOWER TENSION TENSION ROPE ANG ROPE ANG REACTION MAINAXEL LOADPER SAG TN+1 SAG CLEAR SAG STAT SAG ELEV ARC
NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 16469.68 16469.68 0.00 -0.22 -90.11 63.87 *** 0.06 10.63 -6.40 10.69 60.00
T1 PORT AB 16469.68 16607.73 0.22 16.21 98.22 -4601.76 -460.18 0.67 19.23 121.90 40.00 205.51
T2 AB 16735.21 16822.29 17.65 7.73 -77.31 2902.79 290.28 3.69 31.44 458.85 106.67 483.95
T3 AB 16991.67 17004.94 11.17 9.68 -79.57 442.28 55.29 4.26 28.24 954.00 198.15 523.64
T4 AB 17227.69 17243.13 13.34 15.05 104.19 -514.60 -128.65 1.68 23.12 1369.45 299.12 331.02
T5 AB 17439.52 17475.03 17.29 13.40 -74.66 1183.69 147.96 3.62 24.87 1764.55 406.78 489.15
T6 AB 17745.54 17795.55 16.67 11.30 -76.01 1666.98 166.70 3.63 29.49 2241.40 525.62 494.04
T7 AB 18031.34 18169.14 14.58 0.01 -82.71 4593.46 382.79 0.26 11.77 2548.60 584.87 133.01
UT GD AB 18171.38 18180.15 0.90 -0.02 -89.56 292.49 146.24 0.00 12.55 2618.60 585.65 7.00

UTBW AB 18180.15 0.00 0.02 -179.98 -179.98 18180.15 *** 0.00 0.00 0.00 0.00 0.00
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DATE: 21-Jul-14 Page 5
TIME: 16:16:21
ROPE ONLY

DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL
TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGSTAT SAGELEV ARC

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 17530.32 17530.32 0.00 -0.21 -90.10 63.87 *** 0.05 10.63 -6.40 10.70 60.00
T1 PORT AB 17530.33 17384.19 0.21 16.24 98.23 -4871.14 -487.11 0.64 19.26 121.90 40.03 205.51
T2 AB 17511.67 17421.85 17.62 7.79 -77.30 2994.07 499.01 3.56 31.57 458.85 106.80 483.95
T3 AB 17591.23 17578.59 11.11 9.74 -79.57 421.20 105.30 4.13 28.38 954.00 198.28 523.64
T4 AB 17801.35 17784.54 13.28 15.08 104.18 -560.05 -140.01 1.63 23.17 1369.45 299.17 331.02
T5 AB 17980.93 17945.11 17.25 13.45 -74.65 1193.95 198.99 3.52 24.97 1764.55 406.88 489.14
T6 AB 18215.62 18165.15 16.63 11.33 -76.02 1682.43 420.61 3.55 29.56 2241.40 525.70 494.03
T7 AB 18400.94 18261.71 14.55 0.01 -82.72 4641.01 386.75 0.26 11.77 2548.60 584.87 133.01
UT GD AB 18263.95 18255.15 0.90 -0.02 -89.56 293.08 146.54 0.00 12.55 2618.60 585.65 7.00

UTBW AB 18255.15 0.00 0.02 -179.98 -179.98 18255.15 *** 0.00 0.00 0.00 0.00 0.00
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DATE: 21-Jul-14 Page 6
TIME: 16:16:21
ROPE + EMPTY CARRIERS

UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 16372.94 16372.94 0.00 -0.40 -90.20 115.51 *** 0.11 1.38 10.64 60.00 0.00
T1 PORT AB 16372.94 16503.56 0.40 15.62 98.01 -4353.79 -435.38 1.22 9.48 39.45 205.53 0.00
T2 AB 16734.05 16838.44 18.23 6.33 -77.72 3479.64 347.96 6.63 19.30 103.73 484.12 0.01
T3 AB 17144.68 17183.29 12.53 8.23 -79.62 1286.95 160.87 7.59 15.71 194.82 523.84 0.02
T4 AB 17586.05 17591.17 14.74 14.18 -75.54 170.97 42.74 2.97 12.63 297.83 331.07 0.02
T5 AB 17946.25 18002.42 18.13 12.16 -74.86 1872.42 234.05 6.31 12.98 404.09 489.29 0.04
T6 AB 18491.52 18566.92 17.87 10.09 -76.02 2513.34 251.33 6.25 17.66 523.00 494.18 0.06
T7 AB 18993.24 19153.16 15.74 -0.31 -82.28 5330.47 444.21 0.44 2.38 584.68 133.01 0.02
UT GD AB 19157.20 19169.83 1.22 -0.04 -89.41 420.84 210.42 0.00 3.35 585.65 7.00 0.00

UTBW AB 19169.83 0.00 0.04 -179.96 -179.96 19169.83 *** 0.00 0.00 0.00 0.00 0.00
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DATE: 21-Jul-14 Page 7
TIME: 16:16:21
ROPE + EMPTY CARRIERS

DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 17627.06 17627.06 0.00 -0.38 -90.19 115.50 *** 0.10 1.39 10.65 60.00 0.00
T1 PORT AB 17627.06 17486.62 0.38 15.69 98.03 -4681.23 -468.12 1.16 9.55 39.52 205.53 0.00
T2 AB 1771711 17609.19 18.16 6.47 -77.69 3597.48 599.58 6.35 19.59 104.01 484.10 0.02
T3 AB 17915.43 17877.60 12.40 8.36 -79.62 1260.90 315.23 7.30 16.01 195.11 523.82 0.03
T4 AB 18280.36 18276.91 14.62 14.26 -75.56 114.94 28.73 2.86 12.74 297.94 331.07 0.03
T5 AB 18631.99 18575.41 18.06 12.25 -74.85 1885.78 314.30 6.12 13.17 404.28 489.28 0.05
T6 AB 19064.51 18988.56 17.78 10.16 -76.03 2531.79 632.95 6.12 17.80 523.13 494.17 0.06
T7 AB 19414.88 19253.42 15.68 -0.31 -82.31 5381.82 448.48 0.44 2.38 584.68 133.01 0.02
UT GD AB 19257.47 19244.83 121 -0.04 -89.41 421.37 210.69 0.00 3.35 585.65 7.00 0.00

UTBW AB 19244.83 0.00 0.04 -179.96 -179.96 19244.83 *** 0.00 0.00 0.00 0.00 0.00



Blue Chair BCSA Blue ASBUILT ProfileXL 140618.xls

DATE: 21-Jul-14 STANDARD LOAD CASE Page 8
TIME: 16:16:21 UPHILL ROPE + CARRIERS with 100% UPHILL LOAD
0% DOWNHILL LOAD

UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 14672.61 14672.61 0.00 -1.07 -90.53 273.63 *** 0.28 121 10.47 60.00 -0.01
T1 PORT AB 14672.61 14767.94 1.07 13.46 97.26 -3177.84 -317.78 3.20 7.50 37.47 205.64 -0.04
T2 AB 15313.96 15465.14 20.28 1.45 -79.14 5039.28 503.93 16.87 9.06 93.49 485.45 -0.08
T3 AB 16190.62 16307.47 17.12 3.36 -79.76 3895.09 486.89 18.62 4.68 183.79 525.32 -0.04
T4 AB 17261.57 17332.66 19.24 11.39 -74.68 2369.53 592.38 7.04 8.56 293.76 331.40 0.00
T5 AB 18173.81 18292.04 20.74 8.33 -75.47 3940.81 492.60 14.45 4.84 395.95 490.22 0.04
T6 AB 19450.68 19601.77 21.37 6.56 -76.04 5036.40 503.64 13.84 10.07 515.41 495.00 0.09
T7 AB 20611.70 20830.33 19.03 -1.22 -81.09 7287.65 607.30 0.97 1.86 584.16 133.02 0.03
UT GD AB 20839.91 20864.02 2.12 -0.09 -88.98 803.41 401.71 0.00 3.35 585.65 7.00 0.00

UTBW AB 20864.02 0.00 0.09 -179.91 -179.91 20864.02 *** 0.00 0.00 0.00 0.00 0.00
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DATE: 21-Jul-14 STANDARD LOAD CASE Page 9
TIME: 16:16:21 DOWNHILL ROPE + CARRIERS with 0% DOWNHILL LOAD
100% UPHILL LOAD

DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 19327.39 19327.39 0.00 -0.34 -90.17 6585.45 *** 0.09 1.40 10.66 60.00 0.01
T1 PORT AB 19327.39 19172.00 0.34 15.80 98.07 -5179.91 -517.99 1.05 9.65 39.62 205.52 0.05
T2 AB 19402.49 19287.97 18.05 6.73 -77.61 3817.09 636.18 5.80 20.13 104.56 484.06 0.11
T3 AB 19594.22 19558.20 12.14 8.63 -79.61 1200.74 300.18 6.68 16.63 195.73 523.78 0.12
T4 AB 19960.95 19960.31 14.36 14.42 104.39 -21.44 -5.36 2.62 12.98 298.18 331.06 0.08
T5 AB 20315.38 20257.81 17.90 12.48 -74.81 1918.99 319.83 5.62 13.67 404.78 489.25 0.11
T6 AB 20746.91 20669.10 17.56 10.38 -76.03 2593.85 648.46 5.62 18.29 523.63 494.13 0.11
T7 AB 21095.42 20923.01 15.47 -0.25 -82.39 5746.98 478.91 0.41 2.42 584.72 133.01 0.03
UT GD AB 20927.05 20914.02 1.15 -0.04 -89.44 434.54 217.27 0.00 3.35 585.65 7.00 0.00

UTBW AB 20914.02 0.00 0.04 -179.96 -179.96 20914.02 *** 0.00 0.00 0.00 0.00 0.00



Blue Chair BCSA Blue ASBUILT ProfileXL 140618.xls

MAXIMUM DESIGN TENSION: CARRIERS LOADED UP TO ONE TOWER BELOW Page 10
DATE: 21-Jul-14 TEST MAXIMUM DESIGN TENSION * 1.30 TEST MAXIMUM DESIGN TENSION * 1.00
TIME: 16:16:21 ADJACENT SPANS HAVE ROPE + EMPTY CARRIERS ADJACENT SPANS HAVE ROPE + EMPTY CARRIERS
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL FULL LOAD
TOWER TENSION TENSION ROPE ANG ROPEANG MAINAXEL REACTION ROPE ANG ROPE ANG MAIN AXEL REACTION SAG
NUMBER TENS ALPH TENS BETA ALPHA -deg- BETA REACTION ANGLE-DEG ALPHA -deg- BETA REACTION ANGLE-DEG RATIO
DR BW AB 16372.94 16372.94 0.00 -0.31 115.50 -90.16 0.00 -0.40 11551 -90.20 0.47%
T1 PORT AB 16372.94 16503.56 0.31 15.93 -5808.97 98.12 0.40 15.62 -4355.77 98.01 1.56%
T2 AB 16910.42 17014.81 17.92 7.10 4161.94 -77.49 18.22 6.39 3498.44 -77.70 3.49%
T3 AB 17555.40 17594.00 11.79 9.08 1080.86 -79.57 12.48 8.34 1269.91 -79.59 3.56%
T4 AB 18304.95 18310.08 13.93 14.71 -327.73 104.32 14.64 14.27 116.61 -75.54 2.13%
T5 AB 18936.86 18993.03 17.61 12.97 1998.93 -74.71 18.04 12.34 1887.60 -74.81 2.96%
T6 AB 19856.39 19931.79 17.09 10.92 2785.63 -75.99 17.70 10.31 2564.86 -76.00 2.80%
T7 AB 20684.34 20844.25 14.95 -0.09 7065.74 -82.57 15.54 -0.25 5705.84 -82.36 0.73%
UT GD AB 20851.39 20864.02 0.99 -0.03 483.62 -89.52 1.16 -0.02 428.18 -89.43 0.04%

UTBW AB 20864.02 0.00 0.03 -179.97 27123.22 -179.97 0.02 -179.98 20864.02 -179.98 0.00%
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MINIMUM DESIGN TENSION: CARRIERS LOADED FROM ONE TOWER BELOW TO TOP Page 11
DATE: 21-Jul-14 TEST MINIMUM DESIGN TENSION * 0.70 TEST MINIMUM TENSION * 1.00
TIME: 16:16:21 WITH ADJACENT SPANS LOADED WITH SINGLE LOADED SPAN
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL
TOWER TENSION TENSION ROPE ANG ROPEANG MAINAXEL REACTION ROPEANG ROPEANG MAINAXEL REACTION SAG TN+1 SAG CLEAR
NUMBER TENS ALPH TENS BETA ALPHA -deg- BETA REACTION ANGLE-DEG ALPHA -deg- BETA REACTION ANGLE-DEG Fmup Gfm
DR BW AB 14672.61 14672.61 0.00 -1.53 273.60 -90.76 0.00 -1.07 273.63 -90.53 0.52 0.96
T1 PORT AB 14672.61 14767.94 1.53 11.90 -1864.93 96.72 1.07 13.44 -3172.52 97.25 3.07 7.63
T2 AB 15137.59 15288.77 21.70 -2.24 4420.03 -80.27 20.30 1.29 5026.69 -79.20 18.40 7.53
T3 AB 15779.90 15896.76 20.42 -0.62 4050.01 -80.10 17.26 3.07 3914.24 -79.84 19.52 3.78
T4 AB 16542.67 16613.75 22.71 8.93 2784.99 -74.18 19.50 11.14 2416.73 -74.68 7.45 8.15
T5 AB 17183.20 17301.43 22.93 4.71 3822.04 -76.18 20.96 7.88 3930.69 -75.58 16.44 2.85
T6 AB 18085.81 18236.90 24.49 2.99 4743.45 -76.26 2177 6.02 4979.57 -76.10 15.96 7.96
T7 AB 18920.61 19139.24 22.18 -2.14 5614.68 -79.98 19.51 -1.36 6899.30 -80.92 1.06 1.76
UT GD AB 19145.72 19169.83 3.04 -0.14 744.23 -88.55 2.27 -0.09 790.01 -88.91 0.08 3.27
UTBW AB 19169.83 0.00 0.14 -179.86 13418.88 -179.86 0.10 -179.90 19169.83 -179.90 0.00 0.00




Blue Chair

BCSA Blue ASBUILT ProfileXL 140618.xIs

Page 12
DATE: 21-Jul-14
TIME: 16:16:21
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL DN HILL DN HILL DN HILL DN HILL DN HILL DN HILL DN HILL
TOWER SHEAVES REACTION LOAD/SHV REACTION LOAD/SHV REACTION LOAD/SHV SHEAVES REACTION LOAD/SHV REACTION LOAD/SHV REACTION LOAD/SHV
NUMBER LOADED LOADED EMPTY EMPTY ROPE ROPE LOADED LOADED EMPTY EMPTY ROPE ROPE
DR BW AB *** bl 273.63 *** 115.51 *** 63.87 *** bl bl 6585.45 *** 115.50 *** 63.87 ***

T1 PORT AB 10 N -3177.84 -317.78 -4353.79 -435.38 -4601.76 -460.18 10 N -5179.91 -517.99 -4681.23 -468.12 -4871.14 -487.11
T2 AB 10 S 5039.28 503.93 3479.64 347.96 2902.79 290.28 6S 3817.09 636.18 3597.48 599.58 2994.07 499.01
T3 AB 8S 3895.09 486.89 1286.95 160.87 442.28 55.29 4s 1200.74 300.18 1260.90 315.23 421.20 105.30
T4 AB 4 S/2N 2369.53 592.38 170.97 42.74 -514.60 -128.65 4 S/2N -21.44 -5.36 114.94 28.73 -560.05 -140.01
T5 AB 8S 3940.81 492.60 1872.42 234.05 1183.69 147.96 6S 1918.99 319.83 1885.78 314.30 1193.95 198.99
T6 AB 10 S 5036.40 503.64 2513.34 251.33 1666.98 166.70 4S 2593.85 648.46 2531.79 632.95 1682.43 420.61
T7 AB 12 s 7287.65 607.30 5330.47 444.21 4593.46 382.79 12 s 5746.98 478.91 5381.82 448.48 4641.01 386.75

UT GD AB 2S 803.41 401.71 420.84 210.42 292.49 146.24 2S 434.54 217.27 421.37 210.69 293.08 146.54
UTBW AB *** ok 20864.02 *** 19169.83 *** 18180.15 *** ok ik 20914.02 *** 19244.83 *** 18255.15 ***



Blue Chair BCSA Blue ASBUILT ProfileXL Low Ten.xls

** ProfileXL **
Copyright 2011 by James K. Bunch
Revision: 7 MAR 2011

CLIENT: British Columbia Safety Authority
AREA: Crystal Mountain 11:38:58 Time
LIFT: Blue Chair 28-Jul-14 Date
COMMENTS: Accident review, Low Tension Test
CWT 8500 x 3, plus carriage uphill ~9", 27 passengers

*** GENERAL INPUT DATA *** *** CALCULATED DATA ***

I I
I I
I I
I I
I I
I I
I I
I I
I I
I |
I I I
| CALC UNITS(ENG/SI) ENG | HORIZONTAL 2658.0 FT |
| DRIVE (TOP/BOT) BOT | VERTICAL 5749 FT |
| TENSION (TOP/BOT) BOT | SLOPE 2726.5 FT |
| ROTATION (CW/CCW) CW | SLOPE ANGLE 12.20 DEG |
| GRIP (FIX/DET) FIXED | INTERVAL 10.35 SEC |
| | SPACING 64.51 FT |
| INPUT CAPACITY 950 PPH | DESIGN CAPACITY 911.5 PPH |
| DESIGN SPEED 490 FPM | NO. OF CARRIERS 85.00 CARR. |
| OPERATING SPEED 374 FPM | RHO W/EMPTY CARR 3.85 LB/FT |
| ACCELERATION 0 FT/Ss?2 | RHO LOADED UP 5,51 LB/FT |
| PASS/CARR. UPHILL 0.63 PASS | RHO LOADED DN 3.85 LB/FT |
| PASS/CARR. DNHILL 0 PASS | VERT TENSION-UP 3168.17 LB |
| CARRIER CAPACITY 2 PASS | VERT TENSION-DN 2213.73 LB |
| CARRIER LENGTH 9.2 FT | FRICTION UPHILL 589.03 LB |
| CARRIER WIDTH 3.6 FT | FRICTION DNHILL 495.37 LB |
| CARRIER WEIGHT 111.00 LB | ACCELL FORCE UP 0.00 LB |
| CARRIERS ON LINE 85 CARR. | ACCELL FORCE DN 0.00 LB |
| CARRIERS IN TERM. 0 CARR. | ®™TANGENT TENSION 0.00 LB |
| INPUT COUNTER WT. 21700.00 LB | TENSION CHANGE UP 3757.20 LB |
| ROPE WEIGHT 2.130 LB/FT | TENSION CHANGE DN 1718.36 LB |
| ROPE DIAMETER 1.125 IN | TORQUE TENSION 2138.84 LB |
| BREAKING STRENGTH 105200.00 LB | POWER-ROPE ONLY 10.7 HP |
| LINE GAUGE 8.20 FT | POWER-EMPTY CARR. 14.0 HP |
| RETURN TERMINAL FRICTION 50 LB | POWER-FULL LOAD 27.9 HP |
| DRIVE TERMINAL FRICTION 50 LB | ROPE DESIGN FACTOR 7.65 |
| DRIVE SYSTEM FRICTION 25 LB | T1:T2 RATIO 1.22 |
| SHEAVE MAX LOAD + 1000 LB | SHEAR RATIO 44.96 |
| SHEAVE MAX LOAD - 900 LB | DESIGN COUNTER WT 21700.00 LB |
| SHEAVE SPACING-C.L. 1.31 FT | TENSION T1 9780.58 LB |
| PASSENGER WEIGHT 170 LB | TENSION T2 11919.42 LB |
| DRIVE EFFICIENCY 0.88 | TENSION T3 13637.78 LB |
| FRICTION FACTOR 0.030 | TENSION T3' 13537.78 LB |
| METALIC AREA RATIO 0.442 | ROPE METALIC AREA 0.559 SQIN |
| ELASTICITY MODULUS 1.310E+07 PSI | ROPE LENGTH-ROPE 5480.3 FT |
| OVER TENSION RATIO 1.5 | ROPE LENGTH-EMPTY 5483.4 FT |
| MIN SHEAR RATIO 10 | ROPE STRETCH EMPTY 0.2 FT |
| MAX T1/T2 RATIO 1.9 | CARR TRAV ROPE-EMP 1.4 FT |
| LOAD(STD/MAXUP/MAXDN) STD | ROPE LENGTH-LOADED 5485.9 FT |
| **FOR SURFACE LIFTS ONLY | STRETCH EMP-LOAD 0.1 FT [
| *SNOW FRICTION FACT 0.06 | CARR TRAV EMP-LOAD 1.1 FT |
I == I
| For aerial lifts, set TOW-BAR | **TOW BAR PULL 0.00 LB |
| and ROPE-SEAT length to 1.0. | **BAR ANGLE BETA 0.0 DEG [
| *ROPE-SEAT HEIGHT 1FT | *RHO VERTICAL 0.00 LB/FT |
| *TOW BAR LENGTH 1FT | **RHO TANGENTIAL 0.00 LB/FT |
* —_— *




Blue Chair BCSA Blue ASBUILT ProfileXL Low Ten.xls

DATE: 28-Jul-14 Page 2
TIME: 11:38:58 | |
|  UPHILL TOWER POINTS | DOWNHILL TOWER POINTS |
CTFTO BATTER CTFTO BATTER ACTUAL CALCULATED

TOWER  STATION ELEVATION ROPEPT.  ANGLE STATION ELEVATION ROPEPT.  ANGLE SHEAVES  SHEAVES SHEAVES  SHEAVES
NUMBER X z LENGTHHT DEGREES X z LENGTHHT DEGREES UPHILL DOWNHILL UPHILL DOWNHILL
DR BW AB -35.90 10.75 10.55 0.00 -35.90 10.75 10.55 0.00 o xex ok xk 4 T/2FR 4 T/2FR
T1 PORT AB 23.60 10.75 10.00 0.00 23.60 10.75 10.00 000 10N 10N 6 D 4 TI2FR
T2 AB 220.20 70.60 32.80 0.00 220.20 70.60 32.80 000 10S 6S 4s 4 TI2FR
T3 AB 697.50 150.12 37.72 0.00 697.50 150.12 37.72 0.00 8S 4s 4s 4 TI2FR
T4 AB 1210.50 254.70 37.50 0.00 1210.50 254.70 37.50 0.00 4 Si2N 4 Si2N 4s 4 TI2FR
T5 AB 1528.40 346.90 26.90 0.00 1528.40 346.90 26.90 0.00 8S 6S 4s 4 TI2FR
T6 AB 2000.70 473.90 37.70 0.00 2000.70 473.90 37.70 000 10S 4s 4s 4 TI2FR
T7 AB 2482.10 584.60 32.80 0.00 2482.10 584.60 32.80 000 12S 12'S 4s 4 TI2FR
UT GD AB 2615.10 585.65 10.55 0.00 2615.10 585.65 10.55 0.00 2s 2s 4s 4 TI2FR

UTBW AB 2622.10 585.65 10.55 0.00 2622.10 585.65 10.55 0.00 Rk ok 4S 4 TI2FR



Blue Chair BCSA Blue ASBUILT ProfileXL Low Ten.xls
DATE: 28-Jul-14 Page 3
TIME: 11:38:58
UPHILL DOWNHILL CARRIER CLEARANCE FOUNDATION CROSS MAXIMUM RADIAL
TOWER CHORD CHORDANG CHORD CHORD ANG TO GROUND STATION ELEVATION CTF-GND SLOPE ACCELERATION - G
NUMBER LENGTH DEGREES LENGTH DEGREES UPHILL DOWNHILL XCTF ZCTF DISTANCE DEGREES UPHILL DOWNHILL
DR BW AB 59.50 0.00 59.50 0.00 1.55 1.55 -35.90 0.20 #VALUE! 0.00 0.00 0.00
T1 PORT AB 205.51 16.93 205.51 16.93 0.85 0.85 23.60 0.75 0.05 0.00 0.03 0.03
T2 AB 483.88 9.46 483.88 9.46 21.66 21.66 220.20 37.80 -1.94 0.00 0.03 0.04
T3 AB 523.55 11.52 523.55 11.52 23.90 23.90 697.50 112.40 -4.62 0.00 0.03 0.04
T4 AB 331.00 16.17 331.00 16.17 20.68 20.68 1210.50 217.20 -7.62 0.00 0.04 0.02
T5 AB 489.08 15.05 489.08 15.05 13.40 13.40 1528.40 320.00 -4.30 0.00 0.03 0.03
T6 AB 493.96 12.95 493.96 12.95 20.83 20.83 2000.70 436.20 -7.67 0.00 0.02 0.06
T7 AB 133.00 0.45 133.00 0.45 19.95 19.95 2482.10 551.80 -3.65 0.00 0.03 0.03
UT GD AB 7.00 0.00 7.00 0.00 3.35 3.35 2615.10 575.10 2.00 0.00 0.03 0.03
UTBW AB 0.00 0.00 2686.71 0.00 3.35 3.35 2622.10 575.10 2.00 0.00 0.00 0.00
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DATE: 28-Jul-14 Page 4
TIME: 11:38:58
ROPE ONLY
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL
TOWER TENSION TENSION ROPE ANG ROPE ANG REACTION MAINAXEL LOADPER SAG TN+1 SAG CLEAR SAG STAT SAG ELEV ARC
NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 10458.47 10458.47 0.00 -0.35 -90.17 63.35 *** 0.09 10.59 -6.15 10.66 59.50
T1 PORT AB 10458.47 10543.18 0.35 15.79 98.07 -2823.65 -282.36 1.06 18.84 121.90 39.61 205.52
T2 AB 10670.66 10733.96 18.06 6.75 -77.60 2109.77 210.98 5.76 29.37 458.85 104.60 484.06
T3 AB 10903.33 10923.16 12.13 8.66 -79.61 660.95 82.62 6.61 25.89 954.00 195.80 523.77
T4 AB 11145.92 11146.53 14.33 14.43 104.38 -20.48 -5.12 2.59 2221 1369.45 298.21 331.05
T5 AB 11342.92 11374.83 17.88 12.52 -74.80 1063.63 132.95 5.53 22.96 1764.55 404.87 489.24
T6 AB 11645.34 11688.61 17.52 10.44 -76.02 1442.46 144.25 5.50 27.61 2241.40 523.75 494.13
T7 AB 11924.40 12022.16 15.41 -0.22 -82.41 3258.59 271.55 0.39 11.63 2548.60 584.73 133.01
UT GD AB 12024.40 12031.72 1.13 -0.03 -89.45 244.02 122.01 0.00 12.55 2618.60 585.65 7.00

UTBW AB 12031.72 0.00 0.04 -179.96 -179.96 12031.72 *** 0.00 0.00 0.00 0.00 0.00
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DATE: 28-Jul-14 Page 5
TIME: 11:38:58
ROPE ONLY

DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL
TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGSTAT SAGELEV ARC

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 11241.53 11241.53 0.00 -0.32 -90.16 63.35 *** 0.08 10.60 -6.15 10.67 59.50
T1 PORT AB 11241.53 11150.71 0.32 15.86 98.09 -3027.30 -302.73 1.00 18.90 121.90 39.67 205.52
T2 AB 11278.19 11212.72 18.00 6.86 -77.57 2182.42 363.74 5.52 29.61 458.85 104.84 484.05
T3 AB 11382.09 11362.76 12.02 8.77 -79.61 644.55 161.14 6.36 26.14 954.00 196.05 523.76
T4 AB 11585.51 11583.83 14.22 14.50 104.36 -56.07 -14.02 2.50 22.30 1369.45 298.30 331.05
T5 AB 11780.22 11748.05 17.82 12.60 -74.79 1072.08 178.68 5.36 23.13 1764.55 405.04 489.23
T6 AB 12018.56 11974.92 17.45 10.50 -76.03 1454.65 363.66 5.37 27.74 2241.40 523.88 494.12
T7 AB 12210.72 12111.82 15.35 -0.22 -82.43 3296.57 274.71 0.39 11.64 2548.60 584.74 133.01
UT GD AB 12114.05 12106.72 112 -0.03 -89.46 244.59 122.30 0.00 12.55 2618.60 585.65 7.00

UTBW AB 12106.72 0.00 0.04 -179.96 -179.96 12106.72 *** 0.00 0.00 0.00 0.00 0.00



Blue Chair BCSA Blue ASBUILT ProfileXL Low Ten.xls

DATE: 28-Jul-14 Page 6
TIME: 11:38:58
ROPE + EMPTY CARRIERS
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL
TOWER TENSION TENSION ROPE ANG ROPE ANG REACTION MAINAXEL LOADPER SAG TN+l SAG CLEAR SAG ELEV ARC TENSION
NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 10332.18 10332.18 0.00 -0.64 -90.32 114.53 *** 0.16 1.32 10.59 59.50 0.00
T1 PORT AB 10332.19 10409.20 0.64 14.85 97.74 -2567.26 -256.73 1.93 8.77 38.74 205.56 0.00
T2 AB 10639.66 10720.07 18.97 4.56 -78.24 2680.09 268.01 10.36 15.57 100.00 484.47 0.00
T3 AB 11026.27 11071.37 14.22 6.42 -79.68 1503.36 187.92 11.70 11.60 190.71 524.25 0.02
T4 AB 11474.07 11494.02 16.44 13.13 -75.22 665.00 166.25 452 11.08 296.28 331.16 0.02
T5 AB 11849.05 11901.56 19.13 10.68 -75.09 1750.39 218.80 9.48 9.81 400.92 489.57 0.04
T6 AB 12390.59 12459.17 19.25 8.70 -76.03 2286.07 228.61 9.27 14.65 519.98 494.43 0.06
T7 AB 12885.44 13005.25 17.06 -0.68 -81.81 3993.95 332.83 0.65 217 584.47 133.01 0.02
UT GD AB 13009.30 13020.47 1.58 -0.06 -89.24 372.33 186.17 0.00 3.35 585.65 7.00 0.00

UTBW AB 13020.47 0.00 0.06 -179.94 -179.94 13020.47 *** 0.00 0.00 0.00 0.00 0.00
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DATE: 28-Jul-14 Page 7
TIME: 11:38:58
ROPE + EMPTY CARRIERS

DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 11367.82 11367.82 0.00 -0.58 -90.29 114.53 *** 0.15 1.33 10.60 59.50 0.00
T1 PORT AB 11367.82 11282.42 0.58 15.01 97.79 -2846.48 -284.65 1.78 8.92 38.89 205.55 0.01
T2 AB 11512.88 11429.25 18.81 4.86 -78.16 2787.79 464.63 9.73 16.20 100.63 484.40 0.02
T3 AB 11735.45 11691.04 13.94 6.69 -79.69 1480.37 370.09 11.09 12.21 191.32 524.18 0.03
T4 AB 12093.74 12075.26 16.19 13.27 -75.27 615.95 153.99 4.30 11.30 296.50 331.15 0.03
T5 AB 12430.29 12377.42 18.99 10.85 -75.08 1762.32 293.72 9.12 10.17 401.28 489.53 0.05
T6 AB 12866.45 12797.41 19.09 8.81 -76.05 2301.44 575.36 9.03 14.89 520.22 494.40 0.06
T7 AB 13223.67 13102.61 16.96 -0.67 -81.85 4035.42 336.28 0.65 2.18 584.48 133.01 0.02
UT GD AB 13106.65 13095.47 157 -0.06 -89.24 372.80 186.40 0.00 3.35 585.65 7.00 0.00

UTBW AB 13095.47 0.00 0.06 -179.94 -179.94 13095.47 *** 0.00 0.00 0.00 0.00 0.00



Blue Chair BCSA Blue ASBUILT ProfileXL Low Ten.xls

DATE: 28-Jul-14 STANDARD LOAD CASE Page 8
TIME: 11:38:58 UPHILL ROPE + CARRIERS with 32% UPHILL LOAD
0% DOWNHILL LOAD

UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 9805.58 9805.58 0.00 -0.96 -90.48 163.91 *** 0.25 1.23 10.50 59.50 0.00
T1 PORT AB 9805.58 9871.58 0.96 13.79 97.37 -2199.93 -219.99 2.90 7.80 37.78 205.62 -0.01
T2 AB 10201.40 10296.53 19.97 2.18 -78.92 3171.09 317.11 15.34 10.59 95.02 485.18 -0.02
T3 AB 10734.75 10804.43 16.44 4.07 -79.74 2322.52 290.32 17.02 6.28 185.39 525.03 -0.01
T4 AB 11380.75 11421.42 18.60 11.79 -74.80 1355.78 338.95 6.46 9.14 294.34 331.34 0.00
T5 AB 11929.52 12001.55 20.37 8.86 -75.38 2400.99 300.12 13.34 5.95 397.06 490.05 0.01
T6 AB 12701.42 12793.81 20.90 7.03 -76.03 3079.67 307.97 12.83 11.08 516.42 494.85 0.03
T7 AB 13403.86 13542.21 18.60 -1.10 -81.25 4611.59 384.30 0.90 1.93 584.23 133.02 0.01
UT GD AB 13547.99 13562.78 2.00 -0.08 -89.04 492.87 246.44 0.00 3.35 585.65 7.00 0.00

UTBW AB 13562.78 0.00 0.08 -179.92 -179.92 13562.78 *** 0.00 0.00 0.00 0.00 0.00



Blue Chair BCSA Blue ASBUILT ProfileXL Low Ten.xls

DATE: 28-Jul-14 STANDARD LOAD CASE Page 9
TIME: 11:38:58 DOWNHILL ROPE + CARRIERS with 0% DOWNHILL LOAD
32% UPHILL LOAD

DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL DOWNHILL

TOWER TENSION TENSION ROPE ANG ROPEANG REACTION MAINAXEL LOADPER SAGTN+1 SAGCLEAR SAGELEV ARC TENSION

NUMBER TENS ALPH TENS BETA ALPHA -DEG- BETA  ANGLE-DEG REACTION SHEAVE Fmup Gfm Xfm Zfm LENGTH
DR BW AB 11894.42 11894.42 0.00 -0.55 -90.28 6479.34 *** 0.14 1.34 10.61 59.50 0.00
T1 PORT AB 11894.42 11804.39 0.55 15.09 97.82 -3000.93 -300.09 171 9.00 38.97 205.55 0.01
T2 AB 12034.85 11949.17 18.73 5.06 -78.10 2856.01 476.00 9.31 16.62 101.05 484.36 0.03
T3 AB 12255.38 12211.51 13.75 6.90 -79.68 1462.09 365.52 10.63 12.68 191.78 524.13 0.04
T4 AB 12614.21 12597.00 16.00 13.39 -75.30 573.89 143.47 4.13 11.47 296.67 331.14 0.02
T5 AB 12952.02 12898.84 18.88 11.02 -75.05 1772.79 295.46 8.76 10.53 401.64 489.50 0.03
T6 AB 13387.87 13318.24 18.94 8.97 -76.05 2320.96 580.24 8.68 15.23 520.57 494.37 0.04
T7 AB 1374451 13620.04 16.81 -0.62 -81.91 4148.77 345.73 0.63 2.20 584.50 133.01 0.01
UT GD AB 13624.09 13612.78 153 -0.06 -89.26 376.89 188.44 0.00 3.35 585.65 7.00 0.00

UTBW AB 13612.78 0.00 0.06 -179.94 -179.94 13612.78 *** 0.00 0.00 0.00 0.00 0.00



Blue Chair BCSA Blue ASBUILT ProfileXL Low Ten.xls

MAXIMUM DESIGN TENSION: CARRIERS LOADED UP TO ONE TOWER BELOW Page 10
DATE: 28-Jul-14 TEST MAXIMUM DESIGN TENSION * 1.30 TEST MAXIMUM DESIGN TENSION * 1.00
TIME: 11:38:58 ADJACENT SPANS HAVE ROPE + EMPTY CARRIERS ADJACENT SPANS HAVE ROPE + EMPTY CARRIERS
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL FULL LOAD
TOWER TENSION TENSION ROPE ANG ROPEANG MAINAXEL REACTION ROPE ANG ROPE ANG MAIN AXEL REACTION SAG
NUMBER TENS ALPH TENS BETA ALPHA -deg- BETA REACTION ANGLE-DEG ALPHA -deg- BETA REACTION ANGLE-DEG RATIO
DR BW AB 10332.18 10332.18 0.00 -0.49 114.53 -90.24 0.00 -0.64 114.53 -90.32 0.42%
T1 PORT AB 10332.19 10409.20 0.49 15.34 -3485.66 97.91 0.64 14.85 -2568.27 97.74 1.41%
T2 AB 10696.12 10776.52 18.50 5.73 3105.56 -77.89 18.96 4.60 2685.37 -78.22 3.17%
T3 AB 11157.74 11202.84 13.11 7.68 1378.73 -79.61 14.18 6.51 1497.57 -79.66 3.25%
T4 AB 11704.19 11724.14 15.27 13.89 366.78 -75.42 16.37 13.20 648.35 -75.22 1.95%
T5 AB 12166.14 12218.65 18.41 11.81 1826.14 -74.89 19.06 10.82 1754.60 -75.06 2.73%
T6 AB 12827.49 12896.07 18.20 9.81 2447.80 -75.99 19.12 8.86 2303.00 -76.01 2.60%
T7 AB 13426.76 13546.58 16.01 -0.38 5001.76 -82.18 16.91 -0.63 4115.46 -81.86 0.68%
UT GD AB 13551.61 13562.78 1.29 -0.04 408.78 -89.38 1.53 -0.03 370.59 -89.25 0.04%

UTBW AB 13562.78 0.00 0.04 -179.96 17631.62 -179.96 0.03 -179.97 13562.78 -179.97 0.00%



Blue Chair BCSA Blue ASBUILT ProfileXL Low Ten.xls

MINIMUM DESIGN TENSION: CARRIERS LOADED FROM ONE TOWER BELOW TO TOP Page 11
DATE: 28-Jul-14 TEST MINIMUM DESIGN TENSION * 0.70 TEST MINIMUM TENSION * 1.00
TIME: 11:38:58 WITH ADJACENT SPANS LOADED WITH SINGLE LOADED SPAN
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL
TOWER TENSION TENSION ROPE ANG ROPEANG MAINAXEL REACTION ROPEANG ROPEANG MAINAXEL REACTION SAG TN+1 SAG CLEAR
NUMBER TENS ALPH TENS BETA ALPHA -deg- BETA REACTION ANGLE-DEG ALPHA -deg- BETA REACTION ANGLE-DEG Fmup Gfm
DR BW AB 9805.58 9805.58 0.00 -1.37 163.90 -90.68 0.00 -0.96 163.91 -90.48 0.43 1.06
T1 PORT AB 9805.58 9871.58 1.37 12.40 -1325.23 96.89 0.96 13.78 -2198.40 97.37 2.80 7.90
T2 AB 10144.94 10240.08 21.25 -1.07 2762.85 -79.91 19.98 211 3166.77 -78.95 16.39 9.54
T3 AB 10603.28 10672.96 19.39 0.64 2426.50 -79.99 16.50 3.94 2328.59 -79.78 17.53 5.78
T4 AB 11150.63 11191.30 21.63 9.71 1625.15 -74.33 18.72 11.68 1371.30 -74.80 6.68 8.93
T5 AB 11612.42 11684.45 22.25 5.85 2326.15 -75.95 20.47 8.66 2397.52 -75.43 14.52 4.77
T6 AB 12264.53 12356.92 23.53 4.10 2908.23 -76.18 21.08 6.80 3061.86 -76.06 14.06 9.85
T7 AB 12862.54 13000.89 21.22 -1.85 3621.36 -80.32 18.81 -1.16 4488.06 -81.17 0.95 1.88
UT GD AB 13005.68 13020.47 2.76 -0.12 457.56 -88.68 2.07 -0.08 488.59 -89.01 0.06 3.29
UTBW AB 13020.47 0.00 0.12 -179.88 9114.33 -179.88 0.09 -179.91 13020.47 -179.91 0.00 0.00




Blue Chair

BCSA Blue ASBUILT ProfileXL Low Ten.xls

Page 12
DATE: 28-Jul-14
TIME: 11:38:58
UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL UPHILL DN HILL DN HILL DN HILL DN HILL DN HILL DN HILL DN HILL
TOWER SHEAVES REACTION LOAD/SHV REACTION LOAD/SHV REACTION LOAD/SHV SHEAVES REACTION LOAD/SHV REACTION LOAD/SHV REACTION LOAD/SHV
NUMBER LOADED LOADED EMPTY EMPTY ROPE ROPE LOADED LOADED EMPTY EMPTY ROPE ROPE
DR BW AB *** bl 163.91 *** 114.53 *** 63.35 *** bl bl 6479.34 *** 114.53 *** 63.35 ***

T1 PORT AB 10 N -2199.93 -219.99 -2567.26 -256.73 -2823.65 -282.36 10 N -3000.93 -300.09 -2846.48 -284.65 -3027.30 -302.73
T2 AB 10 S 3171.09 317.11 2680.09 268.01 2109.77 210.98 6S 2856.01 476.00 2787.79 464.63 2182.42 363.74
T3 AB 8S 2322.52 290.32 1503.36 187.92 660.95 82.62 4s 1462.09 365.52 1480.37 370.09 644.55 161.14
T4 AB 4 S/2N 1355.78 338.95 665.00 166.25 -20.48 -5.12 4 S/2N 573.89 143.47 615.95 153.99 -56.07 -14.02
T5 AB 8S 2400.99 300.12 1750.39 218.80 1063.63 132.95 6S 1772.79 295.46 1762.32 293.72 1072.08 178.68
T6 AB 10 S 3079.67 307.97 2286.07 228.61 1442.46 144.25 4S 2320.96 580.24 2301.44 575.36 1454.65 363.66
T7 AB 12 s 4611.59 384.30 3993.95 332.83 3258.59 271.55 12 s 4148.77 345.73 4035.42 336.28 3296.57 274.71

UT GD AB 2S 492.87 246.44 372.33 186.17 244.02 122.01 2S 376.89 188.44 372.80 186.40 244.59 122.30
UTBW AB *** ok 13562.78 *** 13020.47 *** 12031.72 *** ok ik

13612.78 ***

13095.47 ***

12106.72 ***
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MUELLER LIFTS ... oocxcpmesse

of MUELLER LIFTS LTD,
TiM ATTRIDGE L1D.

21, th STREET . VERNON, B.C. VIT 4v9 . YELEFHONE 5423368 «  CABLE ADDRESS: LIFTMUELLER =«  TELEX 04B-85268 iMUEI.I.ER VRM)

Avsociaird twith
MUELLER LIFTS A.G., ZURICH, SWITZERLAND

November 21, 1983

Ministry of Transportation & Highways
Sulte 245 - 4299 Canada Way

- Burnaby, B.C.
V5G IH9

Attention: Mr. F.H. Christensen
Chief Inspecting Engineer

Re: Cable catcher channels

Dear Sir,

Following a request from your inspector Mr. A. Lowe
during my recent visit to the Burnaby offices, we enclose our
drawing no. 83,20.11 showing a small modification. .

. We only had one customer (Hemlock Valley) who had
requested this modification for the Skyline Chair, which is sub-
ject to extreme wind conditions.

We suggest that this modification should be permitted
on any Mueller lifts operating in very high wind situations.

Yours truly,

eac.
KE/pk

SIS 8 Rgtrane
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BORER SWITZERLAND pLATTERS - HANDLE TOWS

Ministry of Municipal Affairs ;C’\L'Q" ]50’?:"

Suite 245 4299 Canada Way

B;rnaby, B.C. MM, OF MUNICIPAL AFFAIRS
vsG 113 RECEIVED
Attention: Tom Hamilton ’ MAR 1 11334

ENGINEERING & INSPECTION BRANCH
BURNABY, B.C.

Service Bulletin

March 7/94 Re: Triple Chair
Carrier c¢learance aon sheave
assemblies

Dear S8irs,

It was brought te our attention that a certain position
of the axle and spacer rings could reduce the lateral swing
¢clearance of the chair hanger to the axle coverplate.

1. Please verify that there are not more than 2 spacer

rings on the cutside of the sheave assembly. This should he
done immediately and spacer ring adjustments made if
necessary.

Also nete: Tilting the sheave assembly towards the outside
increases the swing clearance - tilting the sheave assembly
towards the inside reduces the swing c¢learance!

2. In 1583 a field medification was made te the shape
and height of the rope catchers. The use of a field template
may have resulted in a variance of the rounded outside
portion of the rope c¢atcher. We suggest to check the swing
clearance of 15 degrees with a magnetic angle indicator eon
top of the clamp. This should he checked and done not later
than the ‘94 summer season.

Please contact us 1if yvou require further infermation in
this matter.




MUELLER LIFTS LTD. gt R o

BORER TECHNIK AG, SWTZERLAND
PLATTERS ~ HANDLE TOWS

T.A.S., FRANCE, Avalanche Control

March 25, 1997

To:  Crystal Mtn. Resorts Ltd.
Westbank Postal Outlet
Box 26044
Westbank, BC
V4 2G3

Dear Customer,

We enclose a service bulletin from the Swiss Manufacturer of Mueller Lifts. We
also enclose drawing No. 97.02.21, showing the situation on cable catchers on
existing sheave assemblies. If you have not made any modifications, none are
required.

We encourage you to upgrade all old chair stems as per item 2 of the enclosed
bulletin.

Please do not hesitate to call us if you require further information.

Karl Ernst
Mueller Lifts Ltd.

Unit A - 2200 - 48th AVENUE, VERNON, B.C. VIT 3P9 o« TELEPHONE (250) 542-3368 « FAX (250) 542-3330
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SERVICE BULLETIN
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I ROPE CATCHERS ON @ 12 INCH PULLEY ASSEMBLIES

at some customers in Canada have miuie unauthortzed modiications o

It was brought 1o vur attennon th
the rope-catchers on standard Mucller rockers for cable sizes of 1 “aand | 1/8 inches
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el operaling scason

2. CHAIR STEMS FOR CENTRE POST DOUBLE CHAIRS

A chan stems older that 29 vears should be exchanged for the new maodel which features increased
cleaunce and welding certtication according to the now code requirements
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Photo group 1

Rope Grip position at Location 2 (recorded in ESG staff field notes).
Chair backward angle: 0°.

= -

Location 2

Inward Angle: 19°




Inward Angle: 19°

Isometric View




Tower and Chair configuration
looking uphill.
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Tower and Chair configuration looking across
the line.
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Photo group 2

Backward angle: 21°




Inward Angle: 20°




Tower and Chair configuration
looking uphill.




Photo Group 3

Backward angle: 5°

e

Inward Angle: 18.7°



Isometric View

Tower and Chair configuration
looking uphill.
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Tower and Chair configuration looking across

Photo Group 4




Inward Angle: 18.9°

Isometric View




Tower and Chair configuration looking
across the ljne.
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Tower and Chair configuration




Photo group 5

Backward angle: 15°

Inward Angle: 19.5°




Isometric View

Tower and Chair configuration
looking uphill.
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Tower and Chair configuration looking across
the line.
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Photo group 6

Initial contact from stem entry point puncture and rope catcher.
Chair backward angle: 33.2°




Inward Angle: 26.9°

Isometric View




Tower and Chair configuration
looking uphill.

Tower and Chair configuration looking
across the line.




Photo group 8
Tower and Chair configuration looking across the line.

~ Chair backward angle: 0°

Inward Angle: 16.2°
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Isometric View



Photo group 13

Chair backward angle:




Inward Angle: 32.3°

Photo group 14

Looking across the line.




Contact

Photo group 16

Restrainer bar in the closed position making contact with the rope.
Inward angle: 15.9° Backward angle: 45.4°




Photo group 17

Restrainer bar in the open position making contact with the rope.
Inward angle: 9.7° Backward angle: 40.2°
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TENSIONING _ SYSTEM DIAGRAM

CHAIRLIFT MOD. 2000, 3000, 5000, 9000

MOVEMENT CARRIER : WEIGHT = 1:4 %

1 1

“~ A POS. 1.5 TENSION - PULLEYS
: 6 WINCH 3,5,6.5 TONS
7 WEIGHT
8 SOCKET
2 3 S  TENSION ROPE
POS. 1  TENSION_PULLEYS ON
CARRIER
2_5 TENSION_PULLEYS ON
TOWER
6 ,i 4 6 WINCH MOUNTED ON TOWEF
W ::‘ | S 7.9 TENSION ROPE WITH
/‘"’i‘"'l e e SOCKET FIXED ON WEIGHT
|\ 2
" PULLEY DIAMETER
] POS. |MOD. 2000,3000| MOD. S000,3000
-ﬁ 4
1 400 700
2 700 700
8 3 700 700
3 4 400 400
- 5 400 400

MUELLER LIFTS (CANADA) 414.1.18. E
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Appendix D Blue Chairlift Timeline

The Blue Chairlift was installed in 1967 and was operated until 2014. The ropeway history is
summarized below:

(1] [3] (4] [5] [7]

Figure D-1: Blue Chairlift Timeline

[1] 1967
Ropeway (Blue Chairlift) designed and installed
Code silent on rope catcher placement

[2] 1968
CAN/CSA 798 published
Rope catcher requirement:
Rope catcher placement extends at least 2.5 rope diameters outside of sheave flanges and
prevents vertical displacement

[3] 1969
Ropeway modification
Height of towers #4 and #5 modified

[4] 1983
Rope catcher modification made available by the manufacturer

[5] 1991
a. CAN/CSA 798 M1991 published
Rope catcher requirement updated:
Adequate means shall be provided to retain haul rope if it leaves normal run position located
not more than half-sheave diameter from normal run position

b. Ropeway modification
Chair guide added

[6] 1992
Ropeway modification
Carrier replacement program completed

[7]1 2014
Deropement
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