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Every November the snow making
equipment at your favorite ski resort 
is expected to start up flawlessly. 
The pumps, compressors, mechanical
and electrical systems are good to go. 
The lifts are ready for the tens of 
thousands of people heading to the
slopes. But what does it take to make
all of that happen? Earlier this year I
made a trip to Mount Snow, located in
the mountains of Vermont, to see
exactly what it takes to operate and
maintain a ski resort. 

The base of Mount Snow is at an elevation of 1900 feet
and rises to a summit of 3600 feet for a vertical drop of
1700 feet. There are almost 600 acres of skiing area
made up of 104 trails totaling 37 miles. Nineteen ski lifts
can take 30,370 people per hour up the hill so that grav-
ity can bring them back down again. 

For over 50 years it has been the same routine at
Mount Snow. Shut everything down in April and start it
all up again in November. But what happens between
April when the lifts fall silent and November when the
ski season starts all over again? What does it take to
make that much snow and keep the lifts running? And
what happens when something goes wrong?

One such event occurred during a very busy time at
Mount Snow, when a ski lift failed in the middle of the

afternoon. Reports had been received that smoke and
fire were seen at a building on the summit. Imagine
receiving the call and responding to a fire at the top of 
a mountain in the dead of winter! The crew made the 
2.5-mile trip up the mountainside in a vehicle with
treads similar to those found on a bulldozer. When they
got to the top they discovered that one of three 75 kVA
single phase transformers connected in a three phase
bank had failed and the overcurrent device did not oper-
ate. The crew immediately went into action to solve the
crisis. Although the lift was out of operation for the rest
of the day, by 9 AM the next morning it was hauling
skiers back up the mountain again.

Making Snow
Turning water into snow is an exact science requiring a
precise mixture of compressed air and water. The mix-
ture is shot through a snow gun with a nozzle containing
fine holes, creating snow crystals. By adjusting the per-
centages of air and water, the snow makers can make a
wet and heavy snow used for the base layer on the
slopes, or they can produce a dry powder mix for that
perfect skiing surface. Get the mixture wrong and all you
will have is water or ice spraying out of the gun. 

A cold outdoor temperature is one of the obvious
requirements for making snow, but humidity is also very
important. The moisture content of the air can affect how
the snow behaves when it leaves the gun, so the humidity
is factored into the mix by using the wet bulb tempera-

ture instead of the standard dry bulb temperature. 
Most snowmaking is done at night when the crowds

are gone. This not only helps the crew function more
efficiently, it also allows the snow to dry out before the
morning skiers show up, making for a better surface.JI
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Mount Snow's operations center monitors a variety of

weather conditions such as temperature, wind, and

humidity, as well as operational data such as water 

pressure, flows, and currents, to keep their snow making

system operational.

Snow gun nozzles like this one, mounted on adjustable

booms that can reach 20 feet into the air, provide skiers

with plenty of fresh powder, even if Mother Nature doesn't.



Many years ago snow was shot out of ground guns
mounted on tripods that were only about three feet tall.
Today more sophisticated nozzles are located on
adjustable booms that can reach 20 feet into the air. By
locating the nozzles higher in the air, a longer “hang
time” (time for snow to be in air before hitting ground)
can be created, producing much better snow.

Getting the Water 
Mount Snow has three separate water pumping stations
that are used to send water up the mountain. An elabo-
rate system of pipes running both above and below
ground carries the water to its final destination.
Hundreds of hydrants are distributed along the pipes,
allowing greater flexibility in the location of snowmak-
ing equipment. The different piping systems are kept
straight by using a color code scheme to allow easy iden-
tification. Yellow is used for water piping, blue is for
compressed air and green is used for cooling water. 

Primary Pump House – Snow Lake
At the lowest elevation of the resort is the main water
source, appropriately named Snow Lake. The lake not
only supplies the water but it also doubles as a habitat
for ducks and other wildlife. Located next to Snow Lake
is the primary pump house, which contains four large
pumps that are used for pumping water uphill for mak-
ing snow at the lower elevations of the ski slopes. Water
from Snow Lake is also pumped up to the main pump
house, which can boost the pressure and send the water
all the way to the top of the mountain. 

Conservation plays a critical role in the design and
operation of Mount Snow. At the base of the ski slopes
are mounds that act as barriers to catch melting snow
runoff that can be sent back to Snow Lake for reuse.
Nothing goes to waste, including the heat from the
pumps, which is used to supplement heating of the pump
house. If the temperature increases significantly, the
building’s main heat system may even be turned off.

Most of the time the primary pump house just moves
water up hill without much excitement. However, on
rare occasions things can become a little too exciting.
Several years ago, just a few days before Christmas, there
was a report of smoke being seen through the windows
of the primary pump house. It took 10 minutes to get
someone to the scene and by the time they arrived, they
found the power distribution switchboard in flames. It
shut down all snowmaking capabilities just five days
before Christmas – one of the busiest times of the ski
season. In addition to their own maintenance staff, three
contractors along with local suppliers were mobilized in
an attempt to avert a snow crisis. A sister resort that had
surplus switchgear sitting in storage was called. The gear
was immediately brought in, everyone scrambled to
hook it up, and once again they were making snow. It
turned out the switchgear was quite old and there was a
phase-to-phase failure that began the initial arcing,
which escalated into quite a show.

Main Pump House
The main pump house, located at the base of the main
ski runs, is responsible for pumping water to the top of

The main pump house at Mount Snow uses large vertical turbine pumps to boost water pressure from 350 pounds per

square inch to the 1100 - 1200 pounds per square inch necessary to get it up the mountain.
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the mountain. Vertical turbine pumps are used to 
boost the pressure from 350 pounds per square inch to
the necessary 1100-1200 pounds per square inch
required to make the trip up the hill. 

At the heart of the entire operation is the control 
center, which is a “home grown” system. It can monitor
weather conditions such as temperature, wind and
humidity at various locations on the slopes, as well as
operation data such as pressure, flows, and currents. All
of this data is used to determine the best location to
make snow. 

Booster Pump House
A sister resort located five miles away has additional
water capacity that is sometimes needed to meet the peak
snowmaking demands. To send the water on its five mile
journey, a third pumping station with several 300-hp
booster pumps can take water from the sister resort and
send it through an 18-inch water line to Mount Snow. 

Making Snow Takes Lots of Compressed Air
Covering a mountain in snow not only takes a lot of
water but it also takes an enormous amount of com-
pressed air. Large multistage screw compressors that 
can create pressures from 4000 to 6000 PSI are used.
These units are so large that most of them are operated
at 2400 volts rather than 480 volts like the rest of the
major equipment. 

The air temperature at the compressor can reach 
220 degrees Fahrenheit, which can be a bit of a problem
if you are trying to make snow. Making snow requires
the air to be cooled down to 45 degrees, so heat

exchangers are used to extract much of the heat from 
the compressed air, with the extracted heat being used to
supplement heating at the lodge. The air temperature is
further reduced by using large orange radiator/fan cool-
ers that are located outside.

Additional compressed air is required during peak
snowmaking times, so portable diesel compressors are
brought in. These 300-hp units can each produce around
1200 to 1500 CFM of air. During peak times, there can
be anywhere from 15 to 21 units parked outside on a
large concrete pad. A piping system that is used for air
and diesel fuel distribution encircles the parking lot and
provides individual tie-in points for each unit. 

A Small Town’s Power Distribution System
Mount Snow is powered by a 12.47 kV distribution 
system that rivals that of a small town. The entire system
was completely rebuilt in 1982 to conform to the same
standards as the local electric utility company. This even
includes using the same type of devices such as sectional-
izers so that they can use spare parts from the utility in
the event of a failure. Every year there is a thorough
inspection of the entire distribution system’s poles, cross
arms, hardware and connections, to insure the integrity
of the system for the upcoming ski season.

During the design and construction of the distribution
system, careful consideration was given to developing a
highly reliable system, which is vital to maintaining ski
operations. The secondary distribution voltages have
been standardized to 208Y/120V for smaller loads such
as lighting and building power, or 480V Delta for larger
loads such as pumps and compressors. Instead of using a
traditional three-phase transformer for the 480V Delta
requirements, individual single-phase units are used and
connected to form a three-phase transformer bank. This
allows much greater flexibility and reliability because if
one of the single-phase units fails, it can be taken out of
service and the remaining two phases can be operated as
an open delta until the failed unit is replaced. 

Coordination Is Not Just for Skiers
If an overload or short circuit occurs on an individual
circuit, only the overcurrent device feeding the faulty 
circuit should operate. If a device further upstream oper-
ates, such as a switchboard main or utility company
fuses, there would be a much larger outage that could
unnecessarily strand skiers. Imagine a simple insulation
failure on a motor circuit causing a short circuit that
trips not only the motor’s protective device, but also the
utility company’s feeder. The whole place would shut
down. To maintain the required reliability and minimize
the extent of electrical outages, the size and type of over-
current devices were carefully selected so this scenario is
very unlikely.

Large radiator/fan units like this one help cool down the

compressed air used to make snow.
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Dedicated transformer banks up to 1500 kVA in size
serve the major equipment and blocks of load so an out-
age to an individual transformer circuit would only dis-
rupt that circuit’s load. As an example, one area has a
significant load of three 800 hp compressors. Losing all
three compressors would greatly cripple snowmaking
operations. However, each compressor is served by its
own dedicated transformer and fuses so if one circuit
fails, they only loose one compressor.

Each transformer bank is protected by primary fuses
on the 12.47 kV side that were chosen to selectively
coordinate with the upstream devices, including the utili-
ty. With this type of selective coordination, the worst-
case scenario for short circuits and overloads would be
to blow the transformer’s primary fuses and nothing fur-
ther upstream – including the utility! 

Locating the resort in a beautiful rural setting gives
skiers the perfect place to get away, but there is one tech-
nical drawback. Being in a remote location, there are no
major utility substations nearby, which means the load
has to be served from a long distribution line. Depending
on what equipment is operating, the load can vary
enough to cause the voltage to fluctuate because of the
changing current and the impedance of the long line.
Instead of allowing this problem to occur, Mount Snow
had voltage regulators installed near the service entrance
to maintain a stable voltage. 

Since making snow and powering ski lifts requires the
use of many large motors, another operating concern is
power factor. There is a stiff power factor penalty and
the large reactive power demand from the motors can
have a significant impact on the utility bill. To offset the
reactive demand and reduce the electric bill, power fac-
tor correction capacitors are located on the 12.47 kV
distribution system. 

Don’t Break a Leg 
The phrase “don’t break a leg” might be a catchy safety
reminder for skiers flying down the slopes, but for
Mount Snow’s electrical department, safety is a whole
different animal. Working around the vast array of
power distribution equipment requires an obvious atten-
tion to safety. However, couple this with the urgency that
often goes along with restoring operations quickly dur-
ing an outage, severe weather conditions, equipment
located on mountain tops and working long hours
through the night to restore power and there are many
opportunities for serious electrical accidents. 

Mount Snow’s electrical department takes safety very
seriously and they have an excellent record to show for
it. According to my contact, there has never been a seri-
ous electrical accident at the resort. 

Even though they have such a good safety record, they
do not rest on their laurels. What might have been con-
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Getting stranded on a ski lift is not something most skiers ever want to endure, so resorts like Mount Snow back up the

large DC motors that power the lifts with large diesel engines.
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sidered good safety practices yesterday may not always
be considered the best practices today. Like so many
other companies and organizations, they have been
upgrading their safety practices to meet the requirements
of the latest edition of NFPA 70E Standard for Electrical
Safety in the Workplace. When working on the power
distribution system, the preference is to work on equip-
ment that has been placed in an electrically safe condi-
tion (de-energized), which includes proper lockout and
tagout procedures as outlined in NFPA 70E.
Unfortunately, when it comes to electrical work, shutting
down equipment such as ski lifts and associated equip-
ment is not always an option. Due to the nature of 
their operations, live work is occasionally necessary on
systems up to and including 480 Volts, and as NFPA 70E
specifies, only people who are properly trained and
knowledgeable can do this type of work. 

“Blow the Mice”
Every spring at the end of the ski season, the electrical
system receives a thorough inspection by the electrical
department. Everything from insulation resistance testing
to inspecting and tightening electrical connections and
periodically conducting thermal imaging are all part of
the springtime ritual. 

In the early autumn, before the snow begins to fall,
plans get underway for a different sort of ritual. Around
October 15 of every year they have an event referred to
as “Blow the Mice.” This is the event where pumps and
compressors are brought back on line after a long sum-
mer’s rest. Start-up inspections are performed and then
the power system is slowly ramped up one piece of
equipment at a time. Once all of the compressors and
other equipment are back on line, the air and water lines
used to make snow are charged (filled with water and
air) to clear them of debris (and mice!). As soon as
weather conditions are right, the snow making process
begins again in anticipation of the new season.

Keeping the Lifts Moving
Fortunately being stuck on a ski lift is an extremely rare
event. Each lift is normally driven by a large DC motor
that keeps the chairs filled with skiers moving up the
mountain. However, if there is ever a loss of electrical
power, the DC motors fall silent. As a backup, large
diesel engines stand at the ready to power the lifts, 
which is good information to know the next time you’re
sitting in a lift chair looking down at your skis and the
ground below!

To keep the 19 lifts moving there are year-round 
maintenance and inspection programs based on manu-
facturers’ requirements, as well as state and insurance
company requirements. Ski lifts today are regulated 
by state agencies and although there may be some 

variations, each state uses ANSI Standard B77.1 –
American National Standard for Passenger Ropeways –
Aerial Tramways, Aerial Lifts, Surface Lifts, Tows and
Conveyors – Safety Requirements, as their main criteria.
As part of the maintenance and inspection programs,
there is a very extensive haul rope (the line that carries
the chairs) inspection program designed to ensure maxi-
mum safety on the lift. The haul rope inspection includes
inspection of both the exterior and interior condition of
the rope as well as splices, the lay length (distance a
strand makes a complete rotation), and an inspection for
excessive change in carriage movement. 

Other inspections include an evaluation of the tower
footings that support the lift equipment, as well as
inspections of the sheave that holds the rope in place on
the tower. Motors must periodically be inspected as well
and, depending on their condition, may be required to 
be rewound or overhauled. The gearbox oil must also 
be sampled to evaluate it for contaminants, which could
indicate a problem. 

Murphy’s Law Strikes Twice
Even the impossible can happen at a ski resort. A major
event, such as the failure of a gearbox, can bring a ski
lift to a grinding halt and strand skiers. This kind of 
failure is quite rare but two years ago there were two
separate gearbox failures within 2 hours of each other.
Murphy was working hard that day because not only
were there 2 failures, but replacement parts were not
readily available. After a frantic search that included
most of planet earth, they found three different locations
that had the part: Canada, France and the Western
United States. 

Not wanting to take any chances on having the parts
not arrive; arrangements were made to fly the parts in
from all three locations. Unfortunately Murphy was
working overtime on this one. The truck containing the
first part to be delivered did not arrive as planned; it was
involved in a wreck! With things quickly going from bad
to worse, the crew anxiously awaited the arrival of the
second delivery. That part did not arrive either! After a
panicked search, they found out it was never loaded on
the airplane. Eventually all of the critical shipments
made it and the lifts were back in operation with little
fanfare. All in a day’s (and night’s) work according to 
the crew; but this is the part of the business the public
doesn’t see. The excitement and stress level can be
beyond anyone’s comprehension during times like this.
However, when everything is working normally as it 
usually does, the job can be as routine as any other.

So, the next time you head to the slopes for that great
getaway, or you are watching skiing events on television,
remember there can be as much action behind the scenes
as there is on the slopes!  ~


