1ST QUARTER, FEBRUARY 2021

NORTHERN
CALIFORNIA/HAWAII NEBB
Chapter news

FEATURE
ARTICLES IN
THIS ISSUE:
Presidents Message - 4
Chapter Committee Members - 5

Technical Article: - 6
Chapter Annual Meeting Set For Monterey in April 2021 - 13
Title 24 - Do You Know What It Is? - 15
Title 24 Update From the CEC - 16
Calendar of Events - 17

2021 N. California/ Hawaii
Chapter Board of Directors
Jason Huffman, President
Pacific Test & Balance, Inc.
Jason@pacifictab.com

Looking for Contributors to our Northern
California/Hawaii NEBB Chapter
Newsletter?

Sargon Ishaya, President Elect
Pragmatic Professional Engineers
sargon@pragmaticpe.com

David Galli, Technical Chair
Carter Air Balance
dave@CarterAirBalance.com

Davis Nguyen, Education Chair
Test & Balance Group
davis@tabgroupinc.com

Daniel Wong, Marketing Chair
Western Allied Mechanical
dwong@westernallied.com

Amber Ryman, Past President
ACCO
aryman@accoes.com

Send your technical submission to:
ckamakani@nocalhawaiinebb.org for review.

Cecilia Kamakani
NEBB Chapter Coordinator
ckamakani@nocalhawaiinebb.org

Northern California/Hawaii
NEBB Chapter President’s
Message
BY JASON HUFFMAN

To all NEBB friends and family, welcome to the aftermath of 2020 - OPPORTUNITY!
With 2020 squarely in our rear-view mirror, we might be tempted to press the gas pedal to
the floor and speed away, never to look back. That would not be very wise. The degree to
which we pivoted and recovered or survived as companies and families proved to each of us
our grit, stamina, and perseverance. We have learned that there is a razor's edge that we are
constantly dancing upon between success and failure if it is based solely on money as its
definition. I have seen the ledge grow in width for those who have grasped on to relying
more on friends and family and acquaintances for acquiring a new internal perspective of
what defines us and what we really need to not only get by but also thrive. Our work is
critical not only to provide for those we care about but also as a resource critical to the
construction and the health implications of HVAC in the workplace. My hope is that as NEBB
members, more than ever, we can bring to our industry the unwavering quality and integrity
needed today, as our influence at each project we touch is paramount to the most important
part of why a space is built, for the end-user.
I can not wait to get together in Monterey and catch up on the excitement, hope, and
optimism I am sure each of you have. Anticipation for turning the corner into this new
economy and new opportunities for all of us and those we hold dear. I hope to see each of
you face to face and the meeting in Monterey in April this year!
"Life is what happens to you when you are planning to
do something else." - Ken Blanchard
Jason Huffman

_______________________________________________________________________________

HVAC Duct Air Leakage
Leakage is a function of the static pressure and the number and size of openings
in the duct and is unaffected by airflow
BY: PAT BROOKS, PE

This article discusses the history of duct air leak testing and describes proper techniques and practical
application when leak testing is performed in accordance with the Sheet Metal and Air Conditioning
Contractors’ National Association (SMACNA) standards.
The “air tightness” of HVAC duct begins with the proper specification written by a design engineer. When
proper methods of assembly and sealing are used, the total airflow should satisfy indoor air quality
requirements. With the specification and well‐trained contractors installing the ductwork, accessories and
other components, the owner can be assured of a quality system meeting the specifications for occupant
comfort and safety.
HISTORY
Some of SMACNA’s earliest construction standards, Low Velocity Duct Construction Standards – 4rth
Edition 1969, and High Velocity Duct Construction Standards 2nd Edition 1969, discuss proper methods of
assembly and sealing to avoid duct air leakage problems. The 1969 High Velocity Duct Construction
Standards even includes a test procedure where all joints are surveyed for audible leaks that can
immediately be sealed. SMACNA first published a procedure for leakage testing in Chapter 10 of the High
Velocity Construction Standard.
SMACNA research in 1972 showed that leakage was primarily a function of static pressure and the number
and size of openings and not volume flow rate or velocity. This concept was included in subsequent
SMACNA HVAC duct construction standards, High Pressure Duct Construction Standards 3rd Edition 1975,
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HVAC‐Duct Construction Standards ‐Metal and Flexible 1st Edition 1985, HVAC‐Duct Construction Standard
– Metal and Flexible 2nd Edition 1995, and the current SMACNA duct construction standard HVAC Duct
Construction Standards ‐ Metal and Flexible 3rd Edition 2005.
The research also led to the development of the SMACNA HVAC Air Duct Leakage Test Manual 1st Edition
1985 and the Leakage Class, followed by the SMACNA HVAC Air Duct Leakage Test Manual 2nd Edition
2012. With better sealing methods developed, the 2012 edition of the HVAC Air Duct Leakage manual,
established more stringent lower Leakage Classes then the 1985 manual.
It should be noted though that none of the SMACNA standards require duct air leakage testing by default.
The designer is responsible to specify the amount of testing when the conditions justify the expense.
Specifications must also specify the proper construction necessary for system performance. SMACNA
encourages specifying seal class “A” which seal all joints, seams, and applicable penetrations.
RESEARCH
SMACNA and the American Iron and Steel Institute (AISI) performed a study called “Measurement and
Analysis of Leakage Rate from Seams and Joints of Air Handling Systems”, 20 April 1972. Leakage rates
were determined with and without airflow. With flow, velocities up to 2000 fpm were established. Static
pressures up to 3 inches w.c. were tested. The leakage rates with and without airflow were virtually the
same which essentially means that leakage was not a function of airflow or velocity.
It was thought that the leakage rate would follow a square root of static pressure equation as given by
Equation 1 with N = 0.50. Leakage is a function of the static pressure and the number and size of openings
in the duct. The number of openings were identified as seams and corners and were a function of the
quality of the joint. However, the effective leakage area may be increased by the stress applied to the
seams and joints as the static pressure is increased which causes the exponent in the equation
representing the leakage to be greater than 0.50.

Q = K PN

Equation 1

where:

Q = leakage rate, cfm/ft2
P = static pressure of the test duct, inches w.c.
N = exponent
K = constant based on the components being tested
SMACNA initiated a joint research project with the American Society of Heating, Refrigerating and Air
Conditioning Engineers, Inc (ASHRAE) and the Thermal Insulation Manufacturers Association (TIMA) of
which part of the objective and scope was to measure leakage of typical duct construction (ETL Report
No. 459507. “Investigation of Duct Leakage”, 1985). The scope of tests included fibrous glass ducts,
sealed and unsealed rectangular ducts round duct and flexible ducts fabricated to SMACNA standards.
Using Equation 1 as the basis, the research determined values for the exponent N were between 0.50 to
0.93. SMACNA determined, within acceptable tolerances, a duct surface area leakage factor identified by
Equation 2, with an average exponent N of 0.65, and published the Equation in their 1985 HVAC Air Duct
Leakage Test Manual. The equation for predicting and specifying the duct leakage under test conditions,
became identifiable by Equation 2.

2

F = CLP0.65

Equation 2

where:

F = leakage rate, cfm/100 ft2
P = static pressure of the test duct, inches w.c.
N = 0.65 for duct
CL= leakage class

LEAKAGE CLASS
Equation 2 correlates duct air leakage to duct surface area and static pressure. It does not account for
the other system components such as fire dampers, VAV boxes, other dampers, control penetrations etc.
It has already been established that leakage is not a function of the of the amount of airflow, it is a function
of the static pressure the duct will see and the number of openings (from the joints, seams and other
penetrations.) So, a 10,000‐cfm system would leak as much as a 100,000‐cfm system operating at the
same static pressure with the same number and size of the openings (seams, joints etc.).
For the same airflow and operating pressure, one would expect the leakage to double if the surface area
doubled. For example, if we have a 10,000‐cfm system, operating at 2 inches w.c., with 2000 ft2, of duct
surface area, with a Leakage Class of 4, the expected leakage is 126 cfm. If nothing changes but the duct
surface area becomes 4000 ft2, the expected leakage is about 252 cfm.
The leakage classification identifies a permissible leakage rate in cfm per 100 square feet. Solving for
leakage class from Equation 2

CL = F/P0.65

Equation 3

Leakage class can be calculated using Equation 3 but needs to be specified if duct air leakage tests are
required. Figure 5‐1L from the 2012 SMACNA HVAC Air Duct Leakage Test Manual shows the allowable
leakage as a function of Duct Leakage Classification and static pressure in the duct.
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Why use a leakage class? It:
 Allows for consistent requirements for any part of the duct
 Adjusts for pressure
 Matches the research
 Matches what is in energy codes/standards
The leakage class was developed by testing ductwork and does not include other components therefore
it would be incorrect to include those as part of a leakage test based solely on leakage class ratings for
duct.
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OPERATING PRESSURE
There are a couple of other major points the designer must remember. The fan operating pressure is the
static pressure at the fan outlet (or inlet for return or exhaust systems). It is highest in magnitude at the
fan and decreases as air propagates through the system to the terminal device where it returns to the
room static pressure (assumed to be 0.00‐inch w.c.). So even though the test pressure may be the fan
outlet (or inlet) static pressure, the only place the ductwork sees that pressure is at the fan and on a
variable speed fan it would only see these conditions a few hours a year. Halfway through the system it
may be half or less and on the low‐pressure side of a VAV box, it may only be 0.10‐inch w.c. or less.
To demonstrate how the potential for leakage in low pressure duct is small, let’s assume that low pressure
rectangular ductwork downstream of a VAV box is not sealed, which corresponds to a leakage class of 48.
The static pressure under operating conditions is expected to be 0.1 inches w.c. For a duct section
consisting of 20 ft of 8” x 8” rectangular duct downstream of the box. The leakage would be:
F = 48 x (0.1) 0.65 = 10.7 cfm/100 ft.
Surface area = 20 ft x 2 x ( 8/12 + 8/12) ft = 53.3 ft2
Leakage =10.7 x 53.3/100 = 5.7 cfm
A very low amount, even though its unsealed.
Now if the low‐pressure duct work has a leakage class of 4 for a Seal Class A, the leakage rate becomes:
F = 4 x (0.1)0.65 = 0.9 cfm
Leakage = 0.9 x 53.3/100 = 0.5 cfm.
If the low‐pressure duct was sealed to a Seal Class A or even a B or a C Seal class, it would not be
economical to expend the money to perform a leakage test on it. Unsealed duct would only leak 5 cfm,
while sealed duct (even Seal Class C) would make the difference even more trivial. Table 5‐1 from the
SMACNA 2012 HVAC Leakage Test Manual shows the recommended Leakage Class.

For our example with a Seal Class of C for the low‐pressure duct, the leakage would be about 2 cfm. Thus,
it is not worth the cost of testing the low‐pressure duct for leakage.
For the high‐pressure ductwork, the designer must understand that an operating static pressure of 2
inches w.c. at the fan outlet, may only average 1‐inch w.c. static pressure up to the terminal boxes. This
means testing the entire system at 2 inches w.c. adds a factor of safety to the measured leakage. That is,
at actual operating pressures in each section of duct, the leakage would be much less than the measured
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values. That is also why testing low pressure ductwork, where the static pressure is well below 3 inches
w.c. is seldom practical.
VAV systems operate at part load most of the time resulting in even lower static pressures. With the right
design, static pressure setback, and economizers, todays ductwork deigns may only be seeing 60% or less
of the design static pressure for most of the year! Designers must account for the static pressure loss in
a duct system and the actual operating conditions of a VAV system when evaluating the cost effectiveness
of leakage testing.
Low leakage rates are just parts of the benefits of designing a high‐performance air systems with low
operating static pressures for VAV systems. These can be achieved with larger duct sizes that keep the
system operating static pressures low at the fan outlet and in all duct sections.
BUILDING CODES
Most building codes and standards may require 25% of the duct surface area to be tested for or static
pressures greater than 3 inches w.c. Documentation must be furnished by the designer demonstrating
that representative sections total at least 25 % of the duct area has been tested and that all tested sections
comply with the requirements of this section. SMACNA encourages specifying CL = 4 for all duct with a
Seal Class A per the SMACNA 2005 HVAC Duct Construction Standards as sealing duct reduces leakage.
SUMMARY
Designers should consider whether the cost to perform leakage test is warranted remembering that, the
actual static pressure the ductwork will see will likely be much less than the fan outlet static pressure and
VAV systems may only be operating at 60% of capacity most of the year.
Airflow leakage is a function of the pressure in the duct system and the number and size of openings
(seams, connections, penetration, etc.). It is logical to base leakage on pressure and the leakage class (see
Equation 2) which accounts for surface area and better correlates the number and size of openings in the
system.
Finally, a properly written leakage testing specification includes:
 The quantity (surface area) of duct to be tested
 The test parameters (test static pressure)
 The pass/fail criteria expressed as a leakage class not as a percent to design flow.
Proper specifications also avoid requiring work that conflicts with local codes and ordinances,
manufacturer’s instructions and products listing. HVAC systems are never perfectly leak free and that
should never be part of a system specification for leakage.
Pat Brooks is Senior Program Manager – Technical Services at Sheet Metal & Air Conditioning Contractors
National Association.
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Nestled a block from historic Cannery Row, Monterey Plaza
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dramatic beachfront setting, perched over the magnificent
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redesigned lobby and suites, the vibrant Schooners Coastal
Kitchen & Bar and breathtaking rooftop spa, enjoy engaging
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iconic oceanfront luxury hotel.
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EVERGREEN TELEMETRY IS DEDICATED TO DOUBLING
THE PRODUCTIVITY OF INDUSTRIAL TECHNICIANS IN
HVAC, TAB, BUILDING COMMISSIONING, BUILDING
AUTOMATION, PROCESS CONTROL, WEATHER
MONITORING, AND OTHER APPLICATIONS.

INSTRUMENTS DIRECT SPECIALIZES IN ULTRASONIC
FLOW METER TECHNOLOGY.
RETROTEC IS A LEADING MANUFACTURER OF BLOWER
DOORS, DUCT TESTERS, DIGITAL MANOMETERS, AND
AIR LEAKAGE TESTING SOFTWARE.
·
DWYER INSTRUMENTS HAS A LONG HISTORY OF
INNOVATION IN DESIGNING AND MANUFACTURING
MEASUREMENT SENSORS THAT PROVIDE SUPERIOR
PRODUCT PERFORMANCE.
· TSI IS A WORLD LEADER IN VENTILATION TEST
INSTRUMENTS.
AMERITECH IS A CUSTOM APPLICATION DEVELOPMENT
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MICROSOFT OFFICE PRODUCTS SUCH AS EXCEL, WORD,
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(Energy Standards) first required acceptance
buildings. These tests typically are performed by
the installing technician. The 2013 Energy
Standards specify that the CEC may require that
these tests be done only by acceptance test
technicians (ATT) that are certified by approved
Acceptance Test Technician Certification
Providers (ATTCP) to perform the required
acceptance tests if certain threshold
requirements are met [Title 24, Part 1, Section
10-103.2(b)].
Staff has determined that these threshold
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requirements may have been met, which is why
the CEC is initiating this process to implement
the requirement. If approved by the full
commission, all technicians performing
acceptance tests on nonresidential building
projects must be trained and certified ATTs who
will be held to quality assurance standards, with
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penalties for non-conformance.”
We are hoping to see this on the docket for the
December 2020 CEC business meeting.
Now is the time to get your certification as an
Acceptance Test Technician (ATT). Another
revenue stream awaits!

Curt is Worley

NEBB T-24 Committee Chairperson
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APRIL 12, 2021-APRIL 16, 2021
Sound and Vibration
Measurement Seminar (All
Day Event)
The seminar and exam will be held at
NEBB TEC, in Gaithersburg, Maryland

April 26, 2021 - April 27, 2021
Building Enclosure Testing
Seminar - April 2021
(All Day Event)
The seminar and exam will be held at
NEBB TEC, in Gaithersburg, Maryland
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