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CENTECH FIELD SERVICES IS A TURNKEY POWER
CENERATOR COMPANY SERVINC CALCARY AND
SURROUNDING AREAS. THE GENTECH FIELD
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US TODAY TO SCHEDULE A SERVICE OR FOR AN
ESTIMATE ON A NEW OR USED GENERATOR.
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Building Operators Association
Box 22116, Bankers Hall
Calgary, ABT2P 4J5
www.boacanada.ca

| hope this messaqge finds you
and yours well and in good
health

The winter has passed, and it is time to
look at preparing the envelope of the
buildings for the spring and summer. After
the winter's thaw, a flat roof can retain
excessive ponding water due to snow
loads. Ponding water for short durations is
unavoidable and considered acceptable
but ponding water more than 48 hours can
be detrimental to the roof assembly;
anything impeding the flow of water to
your roof’'s drain system could lead to
irreversible damage. Water infiltration from
poor old damaged flashing needs
immediate attention or sub roof damages
can be costly. Call up your local roofing
company and have them come to do an
inspection of areas that are questionable.
The company can also assist in preparing
a budget.

While the evenings are still cool it is also a
good idea to perform a thermoscan of the
roof as well the outside of the envelope of
the building. The scan will highlight
anomalies that are not easily seen with
our eyes. The losses of energy from these
areas can be costly to the operating
budget. Thermoscans don’t need to be
done annually but regular inspections
should be scheduled. Catching problems
early and repairs or remediation of issues
is effective property management. | have
seen great inspection lists put out by

President's Message

insurance companies. Please contact your
rep and | am sure they can provide one.
Another good source is your favored
envelope engineers. Contractors and
service providers are experts in their field of
endeavour; they are also a great source of
information as they regularly see problems
and can comment on your building.

Energy is costly and we need to be
effective in its use. Losses from a faulty
envelope is sometimes Dblatant but
sometimes it is sneaky; slowly draining
from the operating budget.

The Building Operators Association is now
holding in-person meetings again at the
Danish Canadian Club. We hold them
every second Tuesday of the month from
September to June, (summer break during
July August). | believe we bring value to our
industry. But we are struggling and need
your assistance. We are for the most part a
volunteer association. Please support us by
paying your membership as well
advertising in the Magazine. Thank you and
blessings for the rest of your day.

Kind regards,
Smiles))
With kind regards,

Les Anderson PE, RPA
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Clean Air
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We spend about 90% of
our time indoors, and it
has never been more
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have clean, healthy
indoor environments.
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has focused on people, as we
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TEST YOUR OPERATOR IQ!

Are you equally adept at troubleshooting problems in the boardroom and
the boiler room? As the resident facility guru, there's a lot riding on
whether or not you know the difference between sounds control and a

e S sound investment.

O \ Try our monthly Operator IQ challenge...answers on page 24

Air venting is required:

to assure adequate water distribution in supply and return lines
to assure adequate air distribution in supply lines

to assure adequate air distribution in return lines

to maintain face velocity
all of the above

. Double serpentine water coil circuiting is used:

where the water velocity in the tubes is less than 0.3 m/s

where the water velocity in the tubes is more than 2.4 m/s

for any water velocity in the tubes

where the water velocity in the tubes is between 0.3 and 2.4 m/s

in applications requiring low water velocities and low water pressure drops

. Fin spacing of 6.35 to 1.814 mm is most normally
used in which of the following cases?

direct expansion coils for low femperature applications
steam and hot water heating coils

chilled water cooling coils

cooling refrigerant coils

refrigerant condenser coils

. Fin surface area is called:

primary surface area
secondary surface area
tube surface area
heater surface area
none of the above

. Finned tube coils in air handling sys’rems are
often called: 22a

a. fish coils

bare tube coils "
extended surface coils \v Qg [

¥4

WeerTe N aroe

gieeeTe peaeoe

cooling coils
heating coils Nt

ca oo



Volume 29 - Issue 7 - May 2023

How Grease Kills
by Jim Fitch

What'’s life like inside a rolling element bearing? Let’s
say you are a dollop of grease and you’ve just been
pushed by a grease gun into the dark recesses of a
bearing cavity. You are now in a combat zone. What
are your orders? Maybe you are on a suicide mission.

Your bearing has been screaming for reinforcements

and you are it - the new recruit - all gooey and slimy.

N\

Inside you see grease casualties all around. There’s
the stench of oil oxidation on one side and the stiff
lifeless remains of a soap-based thickener on the
other. In an instant, the floor and walls begin to
vibrate, then you hear a low rumbling sound. You are
pushed deeper into the bearing cavity and suddenly
you can’t move - the heat and the pressure are
excruciating. Then more pressure ... crack ... silence.

What just happened? How could regreasing a bearing
have contributed to sudden-death failure? Doesn’t
fresh grease prolong bearing life and restore
reliability? Not so fast. The problem here is new
grease entering an old, infrequently lubricated (and
overly lubricated) bearing. As the new grease enters,
it must make room, and in doing so, it pushes around
the crusty remnants of grease past.

Before the new grease arrived, the soap-based
thickener from several earlier relubes is often packed
against the inlet port and along the grease cavity
walls - adjacent to the bearing’s moving elements.

The oil from the thickener bled out slowly over
time. Some of this oil entered the bearing race
providing needed time-released lubrication.

The principal contributors to a hard, crusty build-
up in the bearing cavity are heat, long re-lube
intervals, over lubrication (too much grease) and
old bearings. There are other factors too, including
grease quality, vibration, centrifugal forces,
contamination, pressure and the re-lube
procedure. In addition to the thickener, hard
particles are sometimes deposited along with the
thickener forming a wall next to the bearing.
These include wear particles, dirt, rust and
manufacturing debris.

For the new grease to reach the bearing core, it
must break through this rock-like formation,
creating a channel. Hydrostatic forces from a
grease gun can reach levels exceeding 15,000 psi
(103,421 kPa) - more than enough pressure to
send chunks of solids careening into the bearing
track. Imagine the new grease acting like an ice-
breaker on a frozen river, mobilizing large blocks of
ice as it moves. Sometimes fresh grease never
reaches the bearing because of the wall-like
barricade. Instead, it detours out the shaft seal or
the vent port. The bearing is eventually starved to
death. 2

Large bearings (especially large electric motor
bearings) are often lubricated through supply
pipes (line extensions) from a grease fitting.
Hardened thickener, rust and other solids can
build up in these pipes over time. On
relubrication, the new grease functions like a

7
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plunger, driving the solids into the bearing cavity Training and education develops top-drawer
below. lubrication skills and can give the dollop of grease and

the rolling element bearing a long, happy life.
So what lessons can be learned from this?

Remember the maintenance paradox: “It’s broken
because we didn’t work on it. It’s broken because
we did work on it.” The key here is knowing when to
work on it, how to work on it, what tools/hardware
to use, and what lubricant to use. In the case of the
bearing, there are a number of questions to be
answered before regreasing begins, including:

Article reprinted with permission

4+ Whether to use grease at all, vs. oil (mist, bath

lubricated, circulating, etc.).

4+ |If grease is to be used, what type or formulation

(complex soap, non-soap, high- temperature, solid

additives, synthetic, high viscosity, NLGlI number,

etc.).

+How to gauge the quantity of grease needed.
Whether to use feedback tools such as vibration,
heat guns, acoustics, etc.

+ How frequently to regrease the bearing based on
factors such as operating conditions, environment,
bearing type and orientation, temperature, grease
type, vibration, etc.

¢Whether to use a grease gun, single-point E WD?I}D :

automatic lubricator, centralized lubrication, etc.

¢ What procedure to use when regreasing the : W@@

bearing if lubricated manually.
¢+ Whether to switch to sealed or shielded bearings.
¢ Whether to periodically analyze used grease

%amples. < _ U Hello May

M aybe life isn't g0lng upward
A s you wish, but Tf you can learn from

Y esterday, you can win tomorrow

L
|

4

/

-

-
World-class lubrication requires precision and skill. %
While there may be more than one right way to do Qi MTadbilliRiséom
something, there are many more wrong ways. The

answers to these questions are rarely intuitive.

A
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Price or Cost? - A Question of Value

by Mike Johnson, Noria Corporation

The differences between standard-performance, high-
performance and specialty-performance lubricant
products are not always clear. The fact that these three
categories of products are all marketed to an array of
mechanical and operating conditions complicates the
selection process.

What are the differences between each of these three
quality grades or types of
products? Is there a place
for high-performance and
specialty products in the
typical industrial
environment? Is there any
reason not to select a
product that arguably
performs at a level higher
than the given application?
Let’s consider the
arguments.

What’s in a Name?
First, the product categories should be defined more
thoroughly.

e Standard-performance products are sold in bulk
and perform the minimum function required for
effective operation. These are largely purchased for
broad-based use through price-driven agreements.
Product selections, regardless of the brand name,
might be characterized as minimum-performance
products because their construction is intended to
meet minimum operating requirements. Roughly 80
percent of mechanical components can be effectively
lubricated with these common fighting-grade products.

e High-performance products are manufactured
with specialized raw materials. The materials offer
greater performance capability (load-supporting
characteristics, higher wear resistance, extended
lifecycles) to the finished lubricant. Common examples
could be greases fortified with solid film agents
(molybdenum and graphite), high VI hydraulic oils
manufactured with severely hydro-treated base stocks
and ashless antiwear agents, or gear oils fortified with
solid film agents to improve sliding frictional
resistance. Roughly 20 percent of plant applications
would be well served with high-performance
lubricants.

Specialty-performance products are intended for use in
extraordinary service. Lubricated components used in a
radioactive environment, the vacuum of space, or for
compressing oxygen and/or pumping corrosive fluids are
appropriate candidates for a specialty lubricant. This type
of lubricant is considered chemically and physically stable
(nonreactive) for the select environment.

These materials operate at temperatures to 600°C, under
vacuums, under exposure to contaminants that would
quickly destroy other lubricants. The disadvantages of
extra stability include that in many cases these products
don’t protect surfaces well due to their compressibility,
their inability to support useful additives, or their
inability to react with a metallic surface under boundary
conditions. One to two percent of plant applications
would be well served with a specialty lubricant.

The price interval between the specialty and commodity
product is approximately 200 to 400:1. The price alone
may limit interest in the use of these, literally, space-age
technologies, so it is less likely that these will become
entangled in lubricant selection debates.

@

Selection Decisions

Lubricants from each of these product categories can be
chosen for a variety of component types, including open
and enclosed gears, element bearings, plain bearings,
linear bearings, chains, screws, compressors, hydraulic
systems, static sumps and dynamic (circulating) sumps.
Regardless of the mechanical component interaction,
most brands manufacturer a fighting-grade product and
a performance or high-end product. Few of the major
brands design, manufacture and market “specialty”
lubricants.
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Is there any real performance difference between the
commodity lubricants purchased through price-
conscious decisions, and the premium-price lubricants
that fluctuate above and below $1,500 per drum mark?
Yes, and the performance differences may be clearly
measurable. Common differences include:

e Thicker oil at high operating temperatures (+- 200°F)
e Thinner oil at low operating temperatures (+- -20°F)
e Improved separation from moisture, which
enhances surface protection and extends lifecycles

o Reduced formation of hard carbon deposits on
noncontact surfaces

e Better resistance to
promotes longer oil lifecycles
e Improved load-bearing capacity, which promotes
reduced component wear

aging (oxidation), which

Secondly, is there a justification to select the higher
price materials at three to five times the price of other
generic products? Yes, but only following a successful
outcome from a reasonable business value analysis that
includes efficiency and reliability improvements for both
production and maintenance interests. A few
maintenance criteria to consider include the following:

e Total lubricant material cost differential per year

e Differential in annual relubrication labor cost

e Differential in annual replacements of lubricated
machine components, preferably measured over a
multiyear baseline

e Differential in annual component replacements
through collateral damage from failure events,
preferably measured over a multiyear baseline

e Differential in annual labor to replace components
during the given time periods

e Differential in apparent wear rates as demonstrated
in properly executed oil analysis

e Production costs could include the following:

e Differential in annual lost production opportunity

e Differential in scheduled and unscheduled
downtime for mechanical repair

e Differential in annual energy consumption

e Differential in annual scrap production hours or
units

Any one of these factors could represent a major cost
reduction opportunity in itself, delivering a discounted
cash value estimate (return on investment) many times
the actual cost differential for the higher cost material.

Once the current-condition cost factors are determined,
a reliability engineer can project an improvement plan

based on experience, agreeable measurements or
comparison to identical operating system (if any exist). In
reality, a small amount of demonstrated improvement in
mechanical operating conditions leads to the creation of
significant new value to the organization, particularly if the
plant is in a sold-out position.

Loss of Value

Poorly engineered application of alternative high-
performance products can also decrease value. Regrettably,
people with good intentions tend to over-apply high-
performance materials to machines where the expected
tribo-mechanical benefit cannot be realized.

When this condition exists, there should be a concerted
effort to modify replenishment volume and/or frequency, in
order to minimize the material purchase cost differential.
Doubling the traditional sump change interval may be
sufficient to offset the increased material cost. Fortunately,
sump change intervals can be extended four to five times
the traditional interval with careful condition analysis of the
lubricant.

Although real impact to plant profitability (from the
pointless use of a high-performance material) is low, there is
no reason to waste resources.

Lubricant Purchases:

Less than a Rounding Error

The relative impact of lubricant purchases to the net
profitability of an enterprise over the course of a year -
regardless of the lubricant’s cost per gallon - is irrelevant.
Cumulative  lubricant  purchase dollars  represent
approximately one to three percent of annual maintenance
purchases in most plants. While there is no norm for
maintenance expenditures as a portion of total operating
costs, eight to ten percent is not uncommon. Assuming that
the maintenance portion is ten percent means that for every
dollar of goods produced, the company will spend 1/10th of
one cent on lubricant purchases.

Properly selected high-performance lubricants may create cost
reductions many times greater than the price differential between
the product types. Selecting a performance option should be
based on the effect derived from a carefully engineered change,
with the expected results calculated into commonly accepted
financial terms.

Mike Johnson, Noria Corporation, "Price or Cost? - A Question of
Value". Machinery Lubrication Magazine.

Article reprinted with permission
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Emergency Eye/Face Wash/
Shower Requirements FAQs

RGENCY

SHOWER & EYE WASH

Q. How often do | need to test my emergency eye wash and shower equipment?

A. Plumbed eye wash and shower units shall be activated weekly to verify proper operation. If you have a gravity-
feed unit, you need to check the manufacturer’s recommendation for your unit. All emergency eye wash and shower
equipment should be inspected annually to ensure compliance with the ANSI Z358.1 installation requirements. This
includes flow pattern and flushing fluid flow rates.

Q. Is there a recommended temperature range for the flushing solution from emergency eye wash or shower
equipment?

A. The ANSI standard states that emergency eye wash and shower equipment should deliver tepid flushing fluid.
Tepid water is referenced in Appendix B6 of the ANSI Z358.1 standard as having a temperature range of 60 to 100
degrees F.

Q. How long do | have to test my emergency eye wash or shower during the weekly test?
A. Plumbed equipment should be tested long enough to ensure proper operation. It does not have to be tested for a
full 15 minutes.

Q. What is meant by “personal eye wash?”

A. Itis a supplementary eye wash that supports plumbed units, gravity-feed units or both by delivering immediate
flushing fluid. However, a personal eye wash unit cannot be a substitute for an emergency eye wash unit because it is
not capable of delivering flushing fluid to both eyes simultaneously at the ANSI Z358.1 required rate of 0.4 gallons
per minute for 15 consecutive minutes.

Q. Why do eyewash solutions have an expiration date?

A. Eyewash solutions have an expiration date due to the effectiveness of the preservative present in the solution.
Preservatives are used to inhibit bacteria growth. Over time, these preservatives lose their effectiveness. The
expiration date serves as a warning that the solution may not be able to prevent bacteria growth past that date. Any
solution past its expiration date should not be used.

Q. Are there guidelines on where | should locate an emergency eye wash or shower?

A. Yes. Eye wash and shower equipment should be accessible and should not require more than 10 seconds or
approximately 55 feet to reach. The unit should be located on the same floor as the hazard and the path should be
free of obstructions (doors are considered obstructions in most cases) that may inhibit the immediate use of the
equipment.

11
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Lubrication of Enclosed Gear Drives

and Their Selection
by Lawrence G. Ludwig, Jr. Schaeffer Mfg. Company

Enclosed gear drives are used in a diverse myriad
of industries ranging from small to large
manufacturing plants, steel mills, mines and
quarries. In these industries, the number of

enclosed gear drives can number from only a
handful to thousands. Though some of these
enclosed gear drives may not be used in critical
operations, it is critical that they be properly
lubricated.

Gear lubricants must work and perform in diverse
conditions. These lubricants must often perform in
the presence of large quantities of water, high
operating and ambient temperatures or in highly
contaminated environments, while still
maintaining their ability to protect the enclosed
gear drives from wear, especially during high load
conditions. In addition to these factors, there are
two major factors that affect how a gear lubricant
must perform:

e The increased emphasis by the users of
enclosed gear drives for longer lubricant life to
reduce maintenance and disposal costs.

Design  changes by original equipment
manufacturers of enclosed gear drives to improve
gearbox efficiency. As a result of these design
changes, enclosed gear drives have been
downsized and built to operate at higher speeds
and loads resulting in higher operating
temperatures and increased gear and bearing
distress. These smaller enclosed gear drives also

have smaller oil capacities, so less gear lubricant is
available to cool the equipment and suspend
contaminants.

Types of Lubricants for Enclosed Gear Drives

The American Gear Manufacturers Association
(AGMA) publishes a standard entitled “Industrial
Gear Lubrication” (AGMA 9005-D94), which
provides lubricant classifications and generalized
application and servicing guidelines for industrial
gearing that has been designed in accordance with
applicable AGMA guidelines." The four types of gear
lubricants described in this standard include: rust
and oxidation-inhibited oils, compounded gear oils,
extreme pressure (EP) gear oils and synthetic gear

Rust and Oxidation-Inhibited Gear Lubricants

These lubricants are commonly referred to as R&O
gear oils. They are generally petroleum base oils or
synthetic blend base oils that are formulated with
additive systems that protect against rust and

oxidation. In addition to rust and oxidation-
inhibiting additive systems, some R&O gear oils
contain minute amounts of antiwear additives. The
viscosity grades for R&O are identified by a single-
digit AGMA number 0 through 6, which corresponds
to the ISO viscosity grades 32 to 320.

R&O gear oils perform well over a wide range of
gear drive sizes and speeds in a temperature range
of -52F to 2509F (-15°C to 1212°C).

12
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Compounded Gear Lubricants

Compounded gear oils are a blend of petroleum
base oils with rust and oxidation inhibitors,
demulsibility additives and 3 percent to 10 percent
fatty or synthetic fatty oils. These gear oils are
frequently used in worm gear drives to provide
excellent lubricity and prevent sliding wear.

Compounded gear oils are limited to an upper
operating temperature limit of 1802F (822C).They
are identified by single-digit AGMA numbers with
the suffix “Comp” from 7 to 8A, which corresponds
to ISO viscosity grades 460 to 1,000.

Extreme Pressure Gear Lubricants

These lubricants are commonly referred to as EP
gear oils. EP gear oils are petroleum base or
synthetic blend base oils that contain
multifunctional additive systems. The additive
systems contain rust and oxidation inhibitors, EP
additives, demulsifiers, antifoam agents, and in
some cases solid lubricants that are colloidally
suspended, such as molybdenum disulfide, borates
or graphite. The EP additive system, which includes
sulfur-phosphorous, borates and sulfur-
phosphorous-boron  chemistries, provides a
chemically protective film that protects against
welding, scuffing and scoring of the gears during
boundary lubrication conditions, which can occur
at start-up, stopping and high shock loads. A single
-digit AGMA number combined with the suffix “EP”
from 2EP to 9EP corresponds to ISO viscosity
grades 68 to 1,500. EP gear oils perform well over
a wide range of gear drive sizes and speeds in a
temperature range of -52F to 2509F (-152C to
1219C).

Synthetic Gear Lubricants

Synthetic gear lubricants differ from petroleum base
gear lubricants in that they are formulated using
synthetic base fluids. The most common types of
synthetic base fluids used in the formulation of
synthetic base gear oils include: polyalphaolefins
(PAQ), diesters, polyol esters and polyglycols.

Synthetic gear lubricants are used whenever
petroleum base gear lubricants have reached their
performance limit. In general, synthetic gear
lubricants have the advantage of being stable over a
wide range of operating temperatures, have a higher
viscosity index (smaller viscosity changes with
temperature variations), improved thermal and
oxidation resistance and in some cases greater load-
carrying capacities and better lubricity. Each type of
synthetic base fluid has different characteristics and
some of them may have limitations or disadvantages
such as compatibility with elastomers, paints,
backstops, clutches, reactions in the presence of
moisture and higher price.

Synthetic gear lubricants can also contain rust and
corrosion inhibitors, EP additives, demulsifiers,
antifoam agents and in some cases solid lubricants.
They are identified by single-digit AGMA numbers
with the suffix “S” from 0S to 9S, which corresponds
to ISO viscosity grades 32 to 1,500.

A Gear Lubricant’s Key Performance Properties
To meet the lubrication needs of modern enclosed

13
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industrial gear drives, a gear lubricant must possess
the following key performance properties:

1. thermal and oxidative stability

2. thermal durability

3. compatibility with seal materials

4. protection against excessive gear and bearing
wear

5. high-temperature extreme pressure protection (EP
gear oils)

6. gear and bearing cleanliness

7. de miscibility characteristics

8. rust and corrosion protection, especially to yellow
metal components

9. antifoaming characteristics

Many of these key properties can be identified by
examining the lubricant supplier’s technical data or
specification sheets and comparing them against the
minimum performance requirements for industrial
gear lubricants as set by the following widely
recognized specifications:

e US. Steel 224 Specification for non-leaded EP
industrial gear lubricants - This specification
identifies high load capacity and thermal stability.

e AGMA 9005-D4 - This specification closely mirrors
U.S. Steel 224 and also includes minimum physical
and performance specifications for R&O,
compounded oils and synthetics.

« Cincinnati Milicron P-34/P-35/P-59/P-63/P-74/P-76/
P-77/ P-78 - These lubricant specifications also
include minimum performance for thermal stability
and antirust protection.

e DIN 51 517 Part 3 CLP - Developed by the Deutsche
Institute fur Normung of Germany, this specification
addresses  petroleum-based gear lubricants
containing additives to improve rust protection,
aging characteristics and EP protection.

In addition to these platform specifications, a number
of supplemental tests can be conducted to assess the
performance of a gear lubricant in applications where

optimum performance is required. Some of these

tests will be further discussed.

Thermal and Oxidative Stability

Design changes to improve gearbox efficiency have
produced smaller gear drives that operate at higher
speeds, loads and temperatures, producing increased

How to solve the Kenken puzzle:

(Answers on page 24)

o Fill in the numbers from 1 -6

e Do not repeat the number in any row or column

e The numbers in each heavily outlined set of squares, called
cages, must combine (in any order) to produce the target
number in the top corner using the mathematical
operation indicated

e Cages with just one square should be filled in with the
target number in the top corner

e A number can be repeated within a cage as long as it in the
same or column

16 7 3|2
54 8 91
2 4 6
2|3 7 6|8 9
917
5|4 911 3
8 37
3 6|7
116 4|3 8 2

motherhood
chastity
purity

sweetness
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gear and bearing stress. These enclosed gear drives
also have smaller capacities resulting in less lubricant
being available to cool the gears and bearings and
suspend contaminants. In addition to design changes,
enclosed industrial gear drives can be subjected to
overheating due to inadequate load-carrying
capacity, misalignment and inadequate clearances.

As a consequence, industrial enclosed gear lubricants
can be subjected to extreme thermal stress. This
thermal stress can cause oxidation and thermal
breakdown of the gear lubricant. Oxidation and
thermal breakdown of the gear lubricant can result in
an increase in the gear lubricant’s viscosity, the
buildup of acidic components and the formation of
sludge, varnish, lacquer and carbon deposits on the
gears, bearings and seals. The buildup of these
deposits can increase frictional drag, operating
temperature and energy consumption; reduce
gearbox efficiency; and cause premature and
catastrophic wear to the gears and bearings. The
accumulation can also cause abrasion to the seals,
premature seal hardening and brittleness, thus
resulting in decreased seal life and increased
lubricant leakage.

Because of these factors, it is important that an
enclosed gear lubricant exhibit thermal and oxidative
stability.

A thermally stable gear lubricant is defined as a gear
lubricant that keeps critical parts clean, with respect
to deposits and sludge, when subjected to sustained
high-temperature service.

Several tests measure an industrial gear lubricant’s
thermal and oxidative stability properties that enable
it to prevent and reduce oxidative thickening and
deposit formation. The accepted test methods used
to evaluate thermal and oxidative stability include:

1. ASTM D943 Thermal and Oxidation Stability Test
(R&O Gear Qils only)

2. ASTM D2893 and U.S. Steel S-200 Oxidation
Stability Characteristics of Extreme Pressure Gear
Lubricants test methods

3. ASTM D5704 (L-60-1) Thermal Oxidation Stability
Test

4. FTM 3462 Panel Coker Test

ASTM D943 Thermal and Oxidation Stability Test
The ASTM D943 Thermal and Oxidation Stability
Test is used to evaluate the oxidation stability of
rust and oxidation-inhibited gear lubricants in the
presence of oxygen, water, copper and iron metals.
The test method is used for specification purposes
and is valuable in estimating the oxidation stability
of rust and oxidation-inhibited industrial gear lube,
especially those that are prone to water
contamination. The lubricant is subjected to test
conditions that include water, catalytic metal
(copper) and oxygen for as long as is necessary to
force the oil to oxidize. The acid level is routinely
checked, with a growth in acid content indicating
that the test is rapidly deteriorating.

Characteristics of EP Gear Lubricants Test Methods
Both of these tests are intended to simulate service
conditions on an accelerated basis. The test method
is used to measure the ability of EP gear lubricants
to resist oxidation and the formation of deposits
when subjected to high operating temperatures. At
the end of the test period, the viscosity is checked
for change (maximum of five percent increase), the
test utensils are inspected for sludge or residue and
the lubricant color is checked for evidence of
change (darkening).

ASTM D5704 (L-60-1) Thermal Oxidation Stability
Test

The L-60-1 test is used to measure a gear lubricant’s
ability to resist thickening and deposit formation
characteristics under sustained high-temperature
conditions. This test method provides an accurate
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indication of how a gear lubricant performs in the field
when subjected to high-temperature conditions.

The test method utilizes a specially built gear case in
which two spur gears immersed in the gear lubricant
being evaluated are run for 50 hours at 3259F (1632C) in
the presence of a copper catalyst and 1.1 liters/hour of
air flow to promote oxidation at an input shaft speed of
1,750 rpm. At the end of 50 test hours, the gear
lubricant is evaluated for viscosity increase and the test
gears are visually inspected and rated for carbon, sludge
and varnish deposits. A thermally and oxidatively stable
gear lubricant exhibits no more than a 50 percent
increase in viscosity, and the gears and bearings exhibit
little or no signs of deposit formation.

FTM 3462 Testing for Carbon Coking Tendency

The Panel Coker Federal Test Method (FTM) 3462 is used
to determine the deposit formation tendencies of a gear
lubricant and its effectiveness in keeping the system
clean and free from deposits in extreme high-
temperature environments. The Panel Coker apparatus is
designed to continually splash the lubricant onto a hot
plate (panel) that is sitting 25 degrees off of horizontal.
The lubricant evaporates as it drips from the plate. At

the end of the test, the heater is turned off and the
panel is allowed to cool. Once cooled, the test panel is
removed, washed with solvent to remove any excess
lubricant, and weighed to determine the amount of
deposits adhering to the surface of the panel. The darker
the color of the panel, the more deposits that have been
left. A cleaner panel indicates fewer deposits.

Thermal Durability and EP High-Temperature Protection
In addition to being thermally and oxidatively stable, a

gear lubricant must exhibit thermal durability. A
thermally durable industrial gear lubricant is defined as a

gear lubricant that has the ability to resist radical
changes in its EP additive chemistry. When an
industrial gear lubricant is subjected to high
operating temperatures, it can become thermally
stressed to a point where its EP additive chemistry
undergoes radical changes in its chemical
structure. These changes can result in a loss of the
lubricant’s EP ability to provide protection against
excessive gear tooth and bearing wear, spalling
and overall distress.

Compatibility with Seal Materials

Most seals commonly fail due to hardening and
deposit formation, especially when high operating
temperatures are encountered. Thermal stress of
the industrial gear lubricant during use can cause
the industrial gear lubricant to breakdown and
form carbon and varnish deposits in and around
the seal lip. Once formed, these deposits can
abrade the seal material, causing cracking and
tearing of the seal.

Seal leakage can be further aggravated by loss of
material

seal elasticity caused by chemical

interactions of the seal material with the industrial
gear lubricant’s basestocks and additive chemistry.
These chemical interactions can cause the seals to
either excessively swell or shrink.

Therefore, it is important that the industrial gear
lubricant incorporate a careful balance of additive
chemistry and base oils in order to prevent seal
failures. Generally, PTFE (Teflon®) and Viton® seal
materials provide the most universal compatibility.
Reference

1. ANSI/AGMA 9005-D94. Industrial Gear Lubrication.
p. 1.

Article reprinted with permission
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New pipes inside
your old pipes.

Cost Effective, Less Disruptive.
Simple as that.

Whether you're replacing a Horzentaldimins uid
drain stack in a skyscraper or  + [AC e e
f

: [ bends and of
a piece of cracked cast under i »nnections
the floor in a shopping centre, gt ool ,'[ ol ch ot e
we have it handled! steel, asbestos concrete, PVC, ABS
o S50+ year life expectan

REVIVE i

Pioe Restoration Inc. www.

17



Volume 29 - Issue 7 - May 2023

Workers killed on the job is 10 times higher than
official reports: WHSC

By OHS collective
Canada need to more
Health & aggressively
pursue safer,
SafEty healthier
work through
The number 3 enhanced
of workers ‘ o8 regulations,
killed because ¥ stronger
of their jobs regulatory
last year was nforcement
10 times an(.:i
higher  than ultimately
the official workplace
number, prevention
according to efforts.”
the Workers
While most,

Health and Safety Centre (WHSC).
ealth and Safety Centre ( ) if not all, traumatic deaths at work get reported to

the WSIB, very few deaths caused by occupational
disease are reported to or recognized by the WSIB,
according to WHSC.

Well in excess of 2,000 Ontarians died last year as
a result of traumatic incidents and hazardous
exposures at work, according to estimates
supported by research evidence, it said in a press

This is particularly the case for cancer, lung diseases
release.

and other chronic illnesses with long latency
periods between workplace exposure(s) and
disease onset. Consider, for instance, estimates
suggesting between 600 and 5,000 Ontarians died
in 2022 from work-related cancer alone, it said.

“And even this alarming toll is a conservative
estimate according to this same research
evidence,” it said.

Yet, the province’s Workplace Safety and
Insurance Board (WSIB) recognized just 220
worker death claims in 2022 — and it noted that injuries and illness caused by mental health,
lower figure is often the “default statistic” shared  Violence, COVID-19 and other respiratory infections
when discussing the number of workers killed caused by workplace transmission.

each year.

There is also under reporting and recognition of

“We recognize it is not the mandate of the WSIB to
capture the true toll of suffering,” said Mudge. “We
also recognize though a more accurate picture of
worker deaths, injuries and illnesses must be
prioritized and widely communicated.”

“This routine of under recognition in many ways is
an affront to the suffering of workers, their
families and communities,” said Andrew Mudge,
executive director, Workers Health and Safety
Centre (WHSC). “Failure to shed light on the true

) Article reprinted with permission
toll of suffering serves only to downplay the
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How to Audit a Building to Achieve Net Zero

Chun Liang, P.Eng., CEM, LEED AP, Tree House Energy Services,
Greater Toronto Area, Ontario

Learning Objectives

e Understand ASHRAE Procedures for Commercial
Building Energy Audits and ASHRAE Standard 211-
2018, Standard for Commercial Building Energy
Audits.

e Compare what is required in a net zero audit
versus an ASHRAE audit.

e Introduce a new kind of audit with guiding

principles that lead to zero-carbon retrofit
pathways.
This shows principles within principles in the

concentric circles, similar to growth rings in a tree.
Note the following: electrification of heating (EH);
coordination of energy sources (CS); reduce heat
demand (RD); reduce electricity use (RE); and
selection of renewable, low- or zero-carbon sources
(ES). Courtesy: redesign of heating systems (RH).

This shows an iterative approach to the guiding
principles This requires electrification of heat at
the center with two possible options to reduce
heat demand (RD) and electricity use (RE). Note
the following: electrification of heating (EH);
coordination of sources (CS); and selection of
renewable, low- or zero-carbon sources (ES).
Courtesy: redesign of heating systems.

More than 6540 climate emergencies have been
declared (to date) by municipalities in Canada, and
similar declarations for many other cities around
the globe have also been made. A municipality
with one of the largest city populations in North
America has declared it will be net zero by 2040.
What is the plan to achieve these necessary — as
detailed by climate scientists and the
Intergovernmental Panel on Climate Change IPCC
— but aggressive emission reductions?

A significant sector for emissions reductions is the
building sector. Municipalities have been releasing
request for proposals (RFPs) for net zero retrofits
for their corporate buildings that call for what are
essentially cost studies to get to net zero by 2050
or earlier and these requests include ASHRAE
audits. A summary of ASHRAE audit steps:
Assemble audit and implementation team.

. Collect historical energy data and preliminary
analysis.

Site visit.

Measurement.

Energy efficiency measure types.

Economic analysis.

Developing an audit report.

Presentation.

Implementing measures.

While the ASHRAE Procedures for Commercial
Building Energy Audits was first published in 2004
and second edition in 2011 as a “go to” reference,
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followed by similar guidance from ASHRAE
Standard 211, it was not meant for a net zero
emissions target. This is apparent from the growing
and additional RFP requirements. ASHRAE audits
are still relevant and based on experience with net
zero studies, and they have a role to play in a net
zero pursuit.

While the scope of an ASHRAE audit for a deep
energy retrofit compared to an audit where the
goal is net zero are similar, there are significant
differences in what should be seen and
investigated by auditors.

The goal of emissions reduction may be implicit in
the procedures or ASHRAE Standard 211 or could
be an indirect result of energy reduction, but there
isn’t explicit guidance to an auditor when the
mandate is net zero emissions. Auditors are being
asked to improvise from the existing guidance or
make attempts to integrate a plethora of additional
requirements alongside an ASHRAE audit.

Shouldn’t a more methodical approach be
proposed? What are some guiding principles in this
new audit, which has leapfrogged auditors into the
next normal of net zero?

Before continuing the conversation on these
guiding principles, a definition of a zero-carbon
building as well as local energy markets can provide
context.

Zero carbon buildings and local energy
markets

Architecture 2030 has a definition for a Zero Net
Carbon Building and the Canada Green Building
Council’s Zero Carbon Building - Design Standard
also has the same definition:

“A highly energy-efficient building that produces
onsite or procures carbon-free renewable energy
or high-quality carbon offsets in an amount
sufficient to offset the annual carbon emissions
associated  with  building  materials and
operations.”

Regarding materials for new buildings and for this
discussion on existing building audits, the focus will
be on operational emissions.

Building emissions in the Canadian — and
specifically Ontario — context come from burning
natural gas for space and water heating and peak
electricity generation. Emissions from power
generation are not significant when compared to
emissions from heating. In Ontario, buildings are
fortunate that generation is mostly from low
carbon emitting sources such as nuclear and hydro
power.

Thus, the challenge essentially reduces to
eliminating natural gas use; the pathway to
building decarbonization in Ontario (as with many
jurisdictions with cleaner electricity grids) is
electrification. The caveat is cost, as the current
cost of electricity is significantly more than natural
gas per equivalent energy unit. The spark gap, as
some have termed it in a power generation
context, becomes less relevant as the focus is net
zero emissions.

Thus, the question of guiding principles in this
context starts with the electrification of heating —
the north star in the constellation of net zero audit
principles.

Heating electrification and a renewable
energy principle

With the north star established, its useful to return
to the basic steps of energy management:

e Minimize energy (heat) demand

« Increase efficiency

e Recover waste heat

¢ Investigate and deploy renewables

These can be used as a framework for the
development of net zero audit principles. What
becomes immediately apparent is the deployment
of renewables as the last step. In an ASHRAE audit,
renewables may not be a consideration and
historically valued engineered out of the project at
final budget. Thus, a major revision to the ASHRAE
audit is starting with and prioritizing the
investigation of renewable, low- or zero-carbon
energy sources that becomes the second guiding
principle.
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Renewable, low- and zero-carbon energy
sources

Because net zero audits must provide a pathway to
the decarbonization of building heating, the energy
source must be renewable, low- or zero-carbon.

Questions to ask include:

e Is the building siting, typology and heat demand
more suited for ground source, air source or sun
source?

e What is the heat demand, and are there process
heat demands (e.g., swimming pool) that are
additive and/or seasonal?

e |s there an opportunity to split and supply the heat
demand across different sources? Perhaps
combination of all of the above?

e Isthere a solar-ready rooftop that can support and
contribute to a net zero-carbon solution to a
process heat load?

In the case of ground source energy for a geo-
exchange system, cost and site limitations may have
already predetermined the size and capacity of the
borehole field.

In the long term, is there a planned district energy
system that can serve building heat demand using
biomass boilers and the “Zero Over Time” guide
created by the Rocky Mountain Institute?

The choice of optimal renewable energy sources —
whether at a district or local scale — to decarbonize
building operations can become complex especially if
done in phases due to capital upgrade cycles. These
energy source(s) need to be coordinated with the
redesign of the heating system. The coordination of
sources becomes the third guiding principle, and
heating system redesign the fourth principle.

Heating system redesign to achieve net zero

According to the International Energy Agency, Energy
Efficiency Report 2021 (for buildings, transport and
industry), “Energy efficiency offers some of the fastest
and most cost-effective actions to reduce CO,
emissions.” Some questions regarding efficiency and
heating system redesign include:

. Is there is a way to reduce heating demand
through building envelope modifications?

. Can the existing heat distribution system be
modified to be more efficient?

. Is heat being generated (in a process) that is
wasted and can this waste be recovered for
heating demand?

For the first and third, the benefits are clear. For
the question about heat distribution systems, there
is underlying notion of minimizing the delta
between room temperature setpoint and heating
loop temperature. Historically, design practices,
perimeter radiators and air handling coils were
sized for a high-temperature heating loop and a
boiler plant — the energy source — would be sized
to deliver on these conditions. Starting with this
high-temperature loop essentially predetermined
the heating system design.

To lower the heating loop temperature, terminal
units will need to be resized to maintain net heat
transfer. While this adds cost to the net zero
pursuit due to the increase in radiant surface area,
it reduces distribution losses because the
temperature difference between the insulated
piping and surrounding air temperature is lower,
thus reducing the rate of heat loss. Another benefit
is the increase in radiant heat that heats objects —
instead of air — thereby increasing thermal
comfort.

Another strategy might be rezoning heating
systems to reduce thermal demand for zones that
are not required to operate on the same schedule
as other zones. A common example is a mixed-use
building where office floors do not have the same
heating and cooling schedule as perhaps ground
floor retail and/or restaurants. The net effect of
this zone separation is the ground floor can be
served by a dedicated heating and cooling system
while the office floor system is no longer tied to
ground floor operations and can operate less, thus
reducing energy and emissions.

In an energy audit, this kind of decoupling of
dissimilar zones and introduction of new systems
would likely not be considered because it would be
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cost prohibitive. However, in a net zero audit, the
minimum recommendation is to investigate
rezoning.

To further assist the energy source and also
eliminate natural gas use, the question of energy
waste and recovery is another potential measure
for the auditor. Recovery in an energy audit
versus recovery in a net zero pursuit is akin to
comparing apples to oranges, at its core heat
recovery might be similar but the nature of
recovery needs to be integrated at a system level.

In the example of using cooling loads in the
heating season, there is an opportunity to recover
condenser water heat instead of rejecting it into
the low-temperature return loop. There also is a
way to recover washroom exhaust into this loop
using a coil.

While the heat recovery distribution system may
be costly, there may be limitations on the
renewable energy source especially in the case of
ground or air source so this source needs support
as much as possible so that the overall system can
satisfy heat demand for code compliance and
perhaps improve thermal comfort.

How can net zero be achieved?

Using the guiding principles below, the auditor
should evaluate the feasibility of lowering the
heating loop(s) temperatures, rezoning systems
and system level integration of heat recovery:

e Electrification of heating.

e Selection of renewable, low- or zero-carbon
sources.

e Coordination of sources with heating systems.
e Redesign of heating systems.

Using this “retemp, rezone and recover” approach
would lead to a schematic redesign of the heating
system to provide the necessary conditions
through which the energy source with its
potential limitations is able to meet code and
comfort conditions.

Further, it should be noted that an iterative

approach (versus stepwise) may be needed for
everything except electrification to arrive at
schematic design cost options that are able to meet
budget constraints.

In general, cooling systems are already electrified and
thus low-emitting in our market context. However,
there are opportunities for cooling integration with
heat pumps. This integration is especially compelling
if the cooling adds enough electrical demand to the
building to put it into a different rate class that
reduces costs as in the case of the Ontario market.

This scenario may be an opportunity for energy
storage to further take advantage of these rates. If
the facility is planning to add more electric demand
(e.g., electric vehicle charging stations), this can also
be accounted for in the audit and may further the
case for electrification from a billing perspective;
especially if billing from the local utility is similar to
the Ontario market.

A useful criterion for comparing low and zero carbon
options is the ratio of the option’s capital cost divided
by greenhouse gases reduced. To be clear, life cycle
cost and emissions should also be integrated into this
ratio. While not the only criteria, the ratio can inform
a “red, yellow or green light” decision.

There is an option to reduce electricity demand from
receptacle or plug loads of a building, especially in the
case of an office tower with a data center that can be
the largest part of the energy end-use pie. There are
a number of strategies that can be investigated,
including virtual servers. Whether there is a data
center or not in the net zero pursuit, this reduction is
meant to avoid or minimize an electrical service
increase that isn’t attributed to an increase caused by
the electrification of heat. An electrical service
increase is likely and may add significant costs, thus,
its recommended a cost investigation be undertaken
as this cost may drive the decision making process of
the audit.

Article reprinted with permission
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Kickstart

your career

as a

Building A
Operator

is now online! For more info,

BOMA Calgary’'s Building Operator Training Course is designed for those wanting to gain

more knowledge on commercial building operations and taught by industry veterans.

If you are looking to begin your career in building operations or are currently employed

in the industry but want to further your own professional development, this course is for
youl.

It teaches to the 5th Class Power Engineering standard, allowing you to take the ABSA

exam when the course is complete.

Click Here to Register

The Sth Class pevwer Englosering Cowrse will begin on Thursday Febwuary 2
Thie coewrse will be held onling ondy using Toom.
The fee for ennoliment will cowver the oot of Ehe 750 howr coevse, fexthooks, and BOMA certfficade upon compdeiion
“piease mode this does pol nciude the ABSA exam”
The toboi cost dncluding O5T is 32, 19975
Ques oy Emadl Llogd! Suchet af [l sudietidoma.cg for maore detalls,

BOMA Calgary | Suite 225, 550 11th Ave SW, Calgary, AB TZR 1M7 | info@boma.ca | www.boma.ca
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Healthy Buildings
on a Sustainable Flanet
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A Member of the Gasonic Group

Bay 8, 2232 - 11 Avere NE. Phone: (403) 276-2201
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The ‘call for abstracts’ is live for
the National Conference on
Building and Facility Operations’
June 2023 building conference.
building owners and operators
are being targeted as well as
consultants who are involved in
making buildings more energy
efficient. A list of anticipated
topics to have presented at the
conference is included and
speakers are being sought.

Please click on the link for further
information:
https://ncbfo.ca/western/events/
ncbfo-2023/

| g
ONSTANT

FIRE PROTECTION SYSTEMS LTD.
WADE WEATHERBEE

High Rise Division Manager

5442 56 Avenue SE
Calgary, Alberta

Telephone: 403-532-3205
Fax: 403-532-0185

T2C 4M6 Cellular: 403-703-7888
E-malil: waderw@telus.net
CONSULTING = DESIGN ¢ INSPECTION = TESTING SERVICES

Anton J. Vlooswyk, PEng. |\

Cel: (403) 651-1514 ...

Tel: (403) 287-0888

Fax: (403) 287-0880 ...

Email: anton@beei.ca BUILDING

102, 4029- Rth Street S.E ENVELOPE
L, Y- alh sireetl ..

Calgary, Alberta, T2G 3AS ENGINEERING

www.beei.ca INC.

TEST YOUR OPERATOR IQ ANSWERS
Answers: 1)a 2)b 3)b 4)b 5)c
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JOIN US
TUESDAY MAY 9, 2023 AT 5PM FOR OUR
IN-PERSON MONTHLY MEETING

Brief: Discussing water treatment with the meeting
attendees and utilizing our resource library to
support the discussion.

Venue:
Danish Canadian Club 727 11 Ave SW

Building Operators Association of
“\ Canada

Come and be a part of the discussion, share and
learn best practices with coffee and sandwiches!

THE SECRET OF

GETTING AHEAD
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Why did the man
name his dogs
Rolex and Timex?
Because

they were

I sold our vacuum
cleaner; it was just
gathering dust.

How many telemarketers
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alight bulb?

Only one, but he has todo it
while you are eating dinner.
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Boiler Services
Black & McDonald

403-235-0331

Drain Services
Revive Pipes

403-903-4445

Engineering Services
Building Envelope
Engineering

403-287-0888

Filtration
Et(a;E Air Quality Solutions

403-243-5941

Fire Protection Services
Constant Fire Protection

403-279-7973

HVAC & Electrical Services
Black & McDonald

403-235-0331

Indoor Air Quality Services
Gasonic Instrument Inc,

403-276-2201

Motor Services
James Electric Motor
Services

403-252-5477

Power Systems
Custom Power Products

855-948-8810

Supply Services
DC Sales Corporation

403-253-6808

Support those that support
YOU!

Next time you are looking for a product

or a service provider, please consider

connecting with one of our advertisers

& members of the Building Operators
Association of Calgary
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S Jamer Electie

Motor Services Ltd.

Professional Pump & Electric Motor Repair
35,000 Square Foot Service Center and Warehouse
In-House Machine Shop & Fabrication Departments
Fully Equipped Service Vans
Certified Hydronic Designer on Staff
Calgary’s Largest Replacement Motor Inventory
Largest Stock of Pumps & Pump Parts in Western Canada
Custom Built Fans and Blowers to Meet Your Specifications
ISO & COR Certified
Consumer Choice Award 8 Years Running
All Service Technicians are Trained in Confined Space Entry
Fire Pump, Booster Pump and Sump Pit Annual Inspections Available
Energy Efficient Audits and Solutions
On Call 24 Hours, 7 Days a Week

Motors
A.O. Smith, Baldor, Century, Emerson, Franklin, FJ;(S‘, Lafert, Leeson, Marathon, WEG, Teco-Westinghouse,
otors

Pumps
Armstrong, Albany, Barnes, Bell & Gossett, Burkes, Darling, Franklin, Goulds, Grundfos, Hydromatic, Liberty,
Little Giant, Monarch, Paco, Taco, Tsurumi, Xylem

Fans & Blowers
Airdex, AirKing, Broan, Dayton, Delhi, Fantech, Fasco, Greenheck, Lau, Nederman, Nutone, Schaefer, Tiernlund

Variable anueng Drives & Motor Controls
ABB, Danfoss, Baldor/Reliance, WEG, Santerno, Teco-Westinghouse, Tornatech

Accessories
Gear Boxes, Pressure Tanks, Gauges, Bearings, Mechanical Seals, Flow Indicators, Filter Housings, Filters, Flanges,
V-Belts, Float Switches, Pressure Switches, Pulleys, Sheaves, Relays, Contactors, Pressure Reducing Valves

—

Booster Audit Grundfos BoosterpaQ

We have ability to monitor water useage and power * Most efficient cascade control, application
consumption to provide the following: optimized software in the industry
Single source responsibility: One manufacturer
« A comprehensive pre audit booster inspection for pumps, motors, drives and control
« An energy audit with an estimate of annual energy ~ * Plug & Play - Easy to install and commission
savings and potential payback. * Large, clear, user friendly & advanced controls
The “scope of work” for the installing contractor interface
Start-up and commissioning on site * Reduced floor space footprint
Yearly maintenance inspections Ethernet & BUS communications option A
On site service 24/7/365 Drinking water approvals: NSF61/372, Hygenic
designed 316SS manifolds

4020 - 8 Avenue S.E, Calgary, Alberta, T2G 3A7 www.jameselectric.ca motors@jameselectric.ca
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We look forward to
seeing you in-person for
our meeting at the
Danish Canadian Club
(727 11 Ave SW) on
Tuesday May 9, 2023 @

opm

ces 0GTR ’

5% Class Power Engineering
‘Building Operator’ Training Program

Please visit the Building Operators

P Our first ever program graduated nineteen 5 Class Power Engineers
Bullding Operators
90% secured employment with major companies in town!

Association of Canada YouTube
Channel t

akers and

Vodee & Data Commmnications
Instrumetation

High Voltage

Process Pipig

Millwright & Rigging

Sheet Metal Fabrication Pips
Complete Boiler Services
2d-lhomr Emergeney Service

Presentati radeshow O TN ShOAT (Rl AN Ploase contact:
- be a work experience host employer o Moniks Ehandan
2022 & P peakers. - hava recruting advantage after Phone: 403 5148328
complation of tralning q Emal: mbhandarigcckab.ca
1111-11 Ave SW 5thFloor
bww..g Calgary, Alberta T2R 0G5
,\2// BOA Carsulit _AJ_ tourtnn www.ogtp.ca
=1 Canada
_ Calgary Ofice
Black&McDona 1071 26 St NE Calgary
Services Capabilities Facilities
Heating, Ventilation & Air Dresign/Build Commercial 'Office
Conditiondng Benovation & Uperade Industyial
Sheat Metal Fast-track Change-out Education & Institutional
Electrical Building Commissioning Healtheare
Building Automation Systeims Infeared Thermography Industidal
Flumbing Farilities Management & Operation Telecom & Data Centers
Befrigeration Planned Preventive Maintenance Sports & Assenlbly

Airport & Transit Stations
Military Bases

Black & McDonald is a leader in quality service,
committed to implementing innovative
solutions throughout a facility’s life cycle.

. Mlackandmeoedonald.com
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