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Building Science Basics

Air Flow and Pressure M easur ement

Day 1 New Construction Training

8:00 — 8:15 | ntroductions

8:15-8:30 Overview:
Need for duct sealing
Development of PTCS standards
Types of PTCS certification: Retrofit, New Construction, Dual
Certification
Introduction to the Duct Diagnostics Field Guide (DSDFG) DSDFG
Successful completion of classroom training, hands-on training
and QA review of three consecutive installations, candidates
will be certified as PTCS Duct Installers.

8:30 — 8:45 Overview of Objectives: Energy Star
Understand the programmatic opportunities Northwest Program
Understand the purpose and benefits of efficient, airtight duct | Materials
systems
Understand the installation specifications for certified PTCS
duct systems.
Understand the basics of air pressure, air flow and
measurement techniques.
Demonstrated ability to properly perform diagnostic tests in
the field for duct leakage (total), duct leakage (exterior) and
combustion zone depressurization (CAZ),
Ability to seal duct systems to the PTCS Standard.

8:45-9:30 PTCS Certification:
Duct System Diagnostic Procedures — Testing Protocols DSDFG
PTCS Standards — New Construction DSDFG
PTCS Standards - Retrofit DSDFG
Defining principles and practical applications

10:00 - 10:15 | Break

9:30-11:00 Technical:

Basics of air flow in the house as a system
Balance of supply and return air
Pressure measurement:

Whole house

Duct system

Leakage to the Exterior

Basics of forced air furnace systems
How they work
Effects of pressure on the system and the house
System imbalance caused by leaky ducts




Basics of heat pump systems
How heat pump systems differ from furnace and central air
conditioning
Importance of system balance in heat pump efficiency

Basics of gas combustion systems:
Furnace, water heater
System imbalance caused by leaky ducts
Back-drafting and other combustion issues

Energy impacts of duct problems

Direct impacts of leakage

Indirect impacts from imbalanced systems
Impact of low air flow—relation to duct sealing
Correcting problems — materials and techniques

Approved materials and application techniques
Mastics

Approved Materials
List

Approved tapes and their uses Tool List
Tool list and usage

Blower door and Duct Blaster™ concepts, calibrating Blower Door
Digital pressure gauge and measurement techniques Calibration

Basics of leak detection

10:30 - 11:30

Overview of Duct Testing
Equipment Demonstration
Relationship of equipment used to data collected

11:30 -12:00

Reporting:
Data collection — forms, types of data, accuracy
Quality control — verification of data through analysis and
computer programs
Utility reporting
Quality assurance — site inspections, visual and testing
Data archiving

Data Collection
Forms

1:00 - 5:00

Field Demonstration:

Blower Door Total Leakage Test

Duct Blaster Total Duct Leakage Test

DSDFG

Duct Leakage to the Exterior Test — concepts and procedures
Pro/con of exterior test vs. total leakage test

Combustion Appliance Zone Pressure Test

Pressure Pan Test

Blower Door Setup

Zone Pressure Testing

Minimum Ventilation Level

Terminology

Duct testing and sealing methods for New Construction
Full basement
Half basement
Crawl space
Attic

Seal duct system and repeat test




Day 2

8:00 — 4:00 New Construction hands-on field testing and sealing
4:00 — 4:15 Exam Review
4:15 -5:00 New Construction Certification Test
Day 3 Additional Retrofit Training
8:00 - 9:00 Additional skills for retrofit
Differences in standards
Duct testing and sealing methods in retrofit
Site built homes — full basement, half basement, crawl
space, attic
Mobile homes
Manufactured homes
Finding the leak
8:00 - 12:00 Retrofit hands-on field testing and sealing of mobile home
1:00 - 5:00 Retrofit hands-on field testing and sealing of site built home
Day 4
8:00 — 12:00 Retrofit hands-on field testing and sealing of manufactured home
1:00 — 4:00 Technician demonstration of field skills and equipment
4:15 -5:00 Retrofit Certification Test




;\ Duct System Diagnostic Procedures
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The required procedures for performing the following tests are contained in
this manual.

1. Total Duct Leakage Test
2. Duct Leakagetothe Exterior Test
3. Combustion Appliance Zone Pressure Test

Certification of a duct system under the Climate Crafters program requires
that one or more of these tests are performed on each system. A certified
technician to complete the certification process must provide documentation
to Climate Crafters of the test results showing compliance with Perfor mance
Tested Comfort System (PTCS) Duct Program standards.

The table (below) shows under which circumstances each test is required.

In existing homes, testing is required both before and after sealing. Existing
homes that meet program standards without additional sealing may be
certified. A home must be occupied for a least one year before it is eligible to
be certified under the existing home standards. Check with sponsoring
utilities for availability of and eligibility for incentive payments.

Required Tests
(1) 2) 3
Total L eakage Combustion
Type of Home :
P L eakage to Exterior Zone

New Home X or X
with combustion X or X and X
Existing Home X
with combustion X and X




Duct Sealing:

Performance Tested Comfort
System (PTCS)

Program Standards

New Construction: Based on the protocol for “Total Leakage Testing”, or
“Leakage Testing to Exterior” duct leakage in new construction shall not exceed
0.06 CFM50 x floor area served by the system (in square feet), or 75 CFM50
whichever is greater. In addition the following requirements must be met:
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CLIMATE CRAFTERS

1. All testing must be done by a Climate Crafters Certified Technician
or Inspector;

2. Duct systems must be designed, sized and installed using recognized
industry standards so that calculated heating and/or cooling loads are
delivered to each zone (documentation may be required);

3. Based on the protocol for “Combustion Appliance Zone Pressure
Testing” forced air system operation shall not de-pressurize a
combustion appliance zone by more than 3 Pascals.

4. When combustion appliances are located within a conditioned space a
UL listed carbon monoxide alarm, or equivalent must be installed.

Sealing M aterials. All duct sealing shall be done with mastics that meet
NFPA class 1 requirements and shall be UL listed, and meet the following
ASTM standards C557 and C919-79. Where taping is necessary (to provide
service access), only UL-181 listed tape shall be used. Cloth duct tape is not
acceptable.
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Performance Tested Comfort
System (PTCYS)
Program Standards

Existing Homes: Based on the protocol for testing “Duct Leakage to the
Exterior”, duct leakage in a retrofitted system shall:

1.

Be conducted by a Climate Crafters Certified Technician or
Inspector:

. Not exceed 0.10 CFM50 x floor area (in square feet) served by the

system;
Or
Document a 50% reduction* in leakage to the outside by
comparing duct leakage to the outside before and after
sealing;

Based on the protocol for “Combustion Appliance Zone Pressure Testing”
forced air system operation shall not de-pressurize a combustion appliance
zone by more than 3 Pascals.

. When combustion appliances are located within a conditioned space a

UL listed carbon monoxide alarm, or equivalent must be installed.

*The leakage rate specified in #2 above or a minimum 50% reduction in
duct leakage is required for an existing system to be certified as meeting
the PTCS standard. Some utilities may pay an incentive for “test only”
or less than a 50% reduction. Contact Climate Crafters or the
sponsoring utilities for specific program details.

Sealing M aterials. All duct sealing shall be done with mastics that meet
NFPA class 1 requirements and shall be UL listed, and meet the following
ASTM standards C557 and C919-79. Where taping is necessary (to provide
service access), only UL-181 listed tape shall be used. Cloth duct tape is not
acceptable.



Total Duct Leakage Test

=
=
=
g
=
-
r
7

.._
=
-
&

Testing Procedure

Application: For the Climate Crafters Program perform this test only
on new homes. This test is most appropriate in new construction
when ducts are to be tested at the rough-in stage before the house
envelope is intact. The test measures the CFM50 value of the duct
system. It is a simpler test, but a more stringent standard than the
leakage to exterior test that may be used as an alternative.

Standard: For certification, the measured CFM50 must not exceed
0.06 CFM50 x floor area served by the system (in square feet) or 75
CFM50 whichever is greater.

Total Duct Leakagde Toolsand Equipment:
1. With theduct tester, pressurize L] DUCt tester
theductsto +50 PA WRT
[ | Outdoors (Channel A) e Manometer

e Tape and paper or duct mask to seal
Opento registers

Outside

Setup:
e Remove air filters from the air
handler.
e Open all duct dampers (Note setting and return after testing).

e Attach the duct tester to the return register closest to the air
handler. OR

e Attach the duct tester to the air handler cabinet (Preferred
location).

e Place the duct pressure tube in the supply register closest to the air
handler. OR

e Place the duct pressure tube in the supply plenum.




e Seal all the duct system supply and return registers with tape,
paper, or mask.

e Open an exterior door or window so that all spaces exterior to the
ducts are at outside pressure.

Total Duct L eakage Test:
1. With the Duct Tester pressurize

the ducts to +50 Pa WRT to outside.
o E 2. Read the fan pressure and follow

2. Read the Fan Pressure
(Channd B, Red)

Door

oento | YOUI Duct Tester instructions to

Outside

determine the CFM 50 leakage of the
system. If you can’t reach +50 Pa,
perform the test at the highest
attainable pressure (rounded to the nearest 5 Pa) and correct the
results (see interpreting results below).

| nter preting Results:

The CFM 50 is a measure of the total collected hole size in the
system. As an approximation the CFM50 divided by 10 gives the
total effective leakage area in square inches.

Example: 400 CFM50/10 = 40 squar e inches of total leakage ar ea.

Using this approximation during sealing can help estimate how many
and how big the holes are that you are looking to seal.



If you could not perform the test at +50 Pa adjust your results using
Table 1 (see page 31).

Example:

The results of the test show a leakage area of 275 CFM at a duct
pressure of 35 Pascal.

The correction factor from Table 1 for a pressure of 35 Pais 1.26.

275 CFM35 X 1.26 = 346.5 CFM 50

The test doesn’t give any indication of where to find the holes, just an
estimate of the collected hole size. As CFM50 values get larger, they
will tend to be less accurate. In the range of values required for
certification, the test should be most accurate.

Limitations: Inaccuracies are introduced because the test assumes a
constant pressure difference from inside to outside the ducts
throughout the system during testing. This is not always true because
of pressure drops caused by large holes and possible induced
pressures in buffer zones. Because the assumed constant pressure
difference doesn’t accurately model the dynamic pressure gradient
present during normal system operation, the test measured hole size
does not always correlate well with heat loss and potential savings.
The assumption, however, is that in new construction, the tighter, the
better.

10
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Duct Leakageto the Exterior

CLIMATE CRAFTERS

Testing Procedure

Application: This test may be used on either new or existing homes.
In new construction, doors and windows must be installed and the
building envelope capable of maintaining +50 Pa WRT outside
pressure with the operation of a blower door. By pressurizing the
interior of the home with a blower door while using a duct tester, duct
leakage to the interior is eliminated from the measurement. The test
attempts to measure the CFM50 value for holes in the duct system
outside of conditioned space. In existing homes, by performing a pre
and post test documenting a 50% reduction in leakage area, it is
sometimes possible to certify homes that otherwise would not

qualify.

Standard:

New Construction: For certification, the measured CFM50
must not exceed 0.06 CFM50 x floor area served by the system
(in square feet) or 75 CFM50 whichever is greater.

Existing Homes: For certification, the measured CFM50 must
not exceed 0.10 CFM50 x floor area (in square feet) served by
the system;

Or
Document a 50% reduction* in leakage to the outside by
comparing duct leakage to the outside before and after sealing.

*The leakage rate specified above or a minimum 50% reduction in duct
leakage is required for an existing system to be certified as meeting the
PTCS standard. Some utilities may pay an incentive for “test only” or
less than a 50% reduction. Contact Climate Crafters or the sponsoring

utilities for specific program details.
11



Tools and Equipment:

Duct L eakage to Exterior e Blower Door

e o7 Lt erior e | | @ DUCT Tester

| o * Manometer

T e Tape and paper or duct mask to seal
’_/ registers

Setup:

Example 1. Duct Tester is hooked up at largest return register. The
duct tester is inside the pressurized zone of the house when the
blower door is turned on.
e Prepare house for a standard blower door test.
e Set up blower door and set to pressurize the house.
Duct L eakage to Exterior e Set up the Duct Tester as in a total
oA, Wi et e, s leakage test except all exterior

- doors and windows must be closed.

Example 1. Duct
Tester (DT)
hooked up at
Return Register.
DT is inside
pressurized space

(channel A,)

?g( Test:
‘ 1. Using the blower door pressurize
the interior to +50 PA WRT

outdoors.

12



2A. With the Duct Tester, pressurize the ducts to + 50PA WRT

outdoors.

Duct L eakageto Exterior

Example 1. Duct

Tester (DT)
hooked up at
Return Register.

2B. Pressurize the ducts to 0 PA WRT
interior. (.channel A)

DT is inside
pressurized space

Example 1. Duct
Tester (DT)

hooked up at
Return Register. (channel B)
DT is inside
pressurized space

3. Read the fan pressure

Or

2B. With the Duct Tester, pressurize
the ducts to 0 PA WRT interior

Check the blower door reading to
assure it is still at +50PA.

3. Measure Fan Pressure of the Duct
Tester. Note: You may need to adjust
the ring size of the duct tester (see
duct tester manual).

4. Convert Fan Pressure to CFM50
measurement by consulting the duct
tester manual.

13



Duct L eakage to Exterior

Example 2. Duct
Tester (DT)
hooked up at Air
Handler. DT is

1. Using the blower door, pressurize
the interior to +50 PA° WRT
Outdoors. ( channel A)

outside pressurized
space

0
(€]
PR
—|

Duct L eakage to Exterior

2. With the duct tester, pressurize
the ducts to +50 PA WRT
Outdoors. (channel A)

Example 2. Duct
Tester (DT) hooked
up at Air Handler.
DT is outside
pressurized space

was in Example A.

Example 2. Duct Tester is hooked up
at Air Handler. Depending on the
location of the Air Handler, the Duct
Tester may be either inside or outside
the pressurized zone of the house.
(Outside in pictured example)

Follow the same steps as in Example
1.

Note:

In this example because the Duct
Tester is outside of the pressurized
zone of the house, it is no longer
necessary to run a pressure hose from
the reference pressure tap on channel
A to the outside when determining the
duct pressure WRT to outside as it

In any case, if either the house or the ducts can’t be pressurized to 50
Pa WRT to outside, pressurize them both to highest same value
possible (rounded to the nearest 5 Pa) and then convert to

CFM50 using Table 1 (see page 31).

14



Duct L eakage to Exterior | nter preting Results:

3. Read the fan pressure

el RS By pressurizing the house to the same
pressure as the ducts, holes between
the ducts and the house are assumed
to have no pressure difference and
therefore make no contribution to the
measured CFM50. All the measured
leakage is to the exterior. Generally this will be a more reliable
indicator of potential energy savings than a Total Leakage test.

Example 2. Duct
Tester (DT) hooked
up at Air Handler.
DT is outside
pressurized space

The test doesn’t give any indication of where to find the holes, just an
estimate of the collected hole size to the outside. As CFM50 values
get larger, they will tend to be less accurate. In the range of values
required for certification, the test should be most accurate.
Documenting a 50% reduction of a very leaky system for certification
may not provide the desired benefits. Always try to get the systems
as tight as possible.

Limitations: The test assumes that the pressures inside the ducts and
outside the ducts within the house are always equal during the test.
This is not always true and may skew the results. Two story houses
with ducts in the second story floor cavity and houses with ducts in
other buffer zones that are partially pressurized by the blower door
may produce unreliable results.

15



PN Combustion Appliance Zone

= Pressure Test

CLIMATE CRAFTERS

Testing Procedure

Application: This test is required for Climate Crafters Certification
whenever a combustion appliance is present within a building. A
Combustion Appliance Zone (CAZ) is any zone in the house that
contains a combustion appliance. CAZs need not be heated. An
attached garage or unheated basement with a combustion-fired
furnace or water heater isa CAZ. A zone with a sealed combustion
appliance that has an isolated combustion path preventing mixing of
room air and combustion air isnot considered a CAZ. The test
measures the magnitude of any air handler induced pressure effects
within the combustion appliance zone. Supply leaks to the exterior
and return leaks within a zone create negative pressures that may
cause dangerous back drafting of combustion appliances. Door
closer that isolates supply and return sides of the system may also
induce negative pressure within a combustion appliance zone. In
retrofit situations, the test should be done both before and after
sealing. Note: This test only measures air handler induced effects
and is not a worst-case test.

Standard: Forced air system operation shall not de-pressurize a
combustion appliance zone by more than 3 Pascals with reference to
outside. As a further safety precaution, the Climate Crafters Standard
also requires the installation of a UL listed Carbon Monoxide
whenever combustion appliances are within the conditioned space of
the home.

16



Air Handler (AH)mem |nduced Combustion Tools:

Appliance Zerie (CAZ). De-pr essurization e Micro-manometer
Test:

Set Up:

e The house should be set up for
normal heating season operation
with all exterior doorsand
windows closed.

o Turn off all exhaust devicesincluding clothes dryer, bathroom
fans, kitchen fan, central vacuum, and whole house ventilation
systems.

e Open all return and supply registers.

e Turn off combustion devices so that they will not operate during
the test (except furnace if air handler will not operate at high speed
without firing).

e Remove furnace filters.

e Shut off any outside ventilation air to the duct system if it can
normally be shut off during air handler operation.

CAZ Test-Air Handler Effect: Interior ° C|OS€ manual ﬂue dampers

Door Set Up '
A— |

Door Set Up:
e With air handler operating (high
speed if more than one speed);

17



CAZ Test-Air Handler Effect: Interior
Door Set Up

If the isolated zone WRT CAZ is
positive, leave the door closed.

CAZ Test-Air Handler Effect: Interior

Door Set Up If the isolated zone WRT CAZ is

negative, open the door.

Air Handler (AH) Induced Combustion
Appliance Zone (€AZ) De-pressurization

Test:

18

e Using the manometer, check the
pressure in each zone isolated
behind a closed door WRT to the
CAZ.

1. If the zone behind the closed door
Is positive WRT to the CAZ, leave
the door closed for the test

2. .If the zone behind the closed door
Is negative WRT to the CAZ, open
the door for the test.

Test:

e Establish a baseline. With the air
handler off measure the pressure in
the CAZ WRT outside.

3. Turn on air handler to high speed.

4. Record pressure of CAZ WRT
outside.



Example:
Baseline pressure = -1.0PA
CAZ test = -35PA

NET air handler effect equals CAZ test pressure minus baseline
pressure.

NET air handler effect = -3.5 - (-1.0) = -25PA

| nter preting Results:

If the net Air Handler Effect de-pressurizes the system by less than
3.0 PA the system meets the Climate Crafters Program Standard.

If the depressurization is more than 3.0 PA, modifications must be
made to reduce the de-pressurization. If the supply ducts have been
well sealed, the induced depressurization is most probably a result of
door closer effects and may be mitigated by undercutting doors;
installing transfer grilles or new returns into rooms without returns;
or possibly providing supplemental make-up combustion air to the
CAZ.

Warning!!: The test procedure described only measures air handler
induced effects. The added effects of other exhaust appliances such
as: bath fans, range hood exhausts, dryers, central vacuums, etc. may
still induce back drafting. To ensure safety a worst-case test
including these other appliances is recommended.

19
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S, PressurePan Test

CLIMATE CraFTERS (This is a useful procedure Not arequired test)
Testing Procedure

Application: Pan testing provides a quick, qualitative assessment of
the leakiness of a duct system and helps to identify leak location.

Toolsand Equipment:
e Blower Door
e Digital Micro- Manometer (Accurate to 0.1 Pascal)
e Tape or Duct Mask
e Pressure Pan or Foam Block

Duct Pan/Block Test

Supply Register Zone With ‘

ﬁ ‘ Respect to (WRT) Interior
— b 0
205

Setup:

e Setup and operate a blower door to maintain the house at -50
Pascals WRT outside according to the instructions for Basic
Blower Door Setup.

e Set the air handler so that it cannot go on during the test.

e Make sure all exhaust fans and vented appliances are turned off.

e |f using a Pressure Pan, seal all floor or ceiling to boot leaks before
testing.

e Remove all system filters.

e Measure and record depressurization in buffer zones containing

ducts (see procedure for Zone Pressur e testing).
20



Pressure Pan
M easur es. 2O
Duct & Boot L eak | ©

Pr essur e Block

Measures Duct Leak Only O

Pr essur e Pan\Block Test

Supply Register Zone With ‘

ﬁ ‘ Respect to (WRT) Interior
1 F

il

1o

Test:

o With all the registers open, place
the pan or block at each register to
create a pressure boundary between
the inside of the duct and the house.

e Using the manometer record the
pressure in the duct WRT the
house.

Repeat this procedure for each supply
and return register in the house.
Registers that are too large for the pan
or which can’t otherwise be covered
such as toe kick registers should be
taped with duct mask or masking tape
and the pan pressure taken by
Inserting a pressure probe into the
duct at the register being tested.

Note:

For each measurement, only the
register tested is covered or blocked.
All the other registers remain fully
open to the house.

21



| nter preting Results:
Develop a Profile of Duct Leaks Genet_‘a“y hlgher pan_ nl_meerS are
__ | associated with proximity to larger
T | | leaks in the system. If there is little

20

] 1 | leakage to the outdoors, all the pan

. 1 | numbers will approach zero. If there

m o= 1 | is atotal disconnect at a register to a

o e R | duct outside of conditioned space, the
pan number at that register will equal

the pressure in the zone containing the
duct WRT to the house. When the duct zone is a well-ventilated attic
or crawlspace the pan pressure for the disconnected duct will
approach the pressure outside WRT to the house (in most cases 50
Pascals). All pan numbers in tightly sealed system would normally
be less than 1 Pa.

The pan number represents the ratio of the size of the hole in the
ducts connected to the outside compared to the size of the hole in the
ducts connected to the interior of the house.

Example:

The pan numbers recorded above average about 17.5 on the supply
side well above the program standard for a leaky system.

Supply register 7 with a pan number of 37 compared to the
crawlspace (duct zone) pressure of 37 suggests a disconnect.
Registers S2 through S5 are all above 10 but consistent. In a system
with a disconnect, these may represent a tight part of the system with
little leakage that “sees” the disconnect from a distance.

22



Example:

Mapping the numbers from the previous page onto the schematic of
the system helps to find potential leakage sites. Pan numbers are the
only diagnostic test that point toward the location of the leak.

Define Leak L ocation

Disconnect -37 PA

Major leaks
run 1,6,8, -19-24 PA

S

Return leak at F
_connection - 19 PA

Limitations: Pressure Pan testing is at best a qualitative assessment
of duct tightness. Systems with many registers will tend to have
lower pan numbers while small systems with only a few registers will
tend to have higher pan numbers even if they have similar leakage
areas. Adding registers to a system, enlarging a return or even
removing a clogged filter can significantly lower the numbers even
when no sealing is done.

23



é\ Basic Blower Door Setup

CLIMATE CRAFTERS

Application: The basic setup and operation of a Blower Door is an
integral part of the Duct Leakage to the Exterior and Pressure Pan
tests. The Blower door can also be used to verify the Minimum
Ventilation Level (MVL) required for a house when there is no
whole house mechanical ventilation system present.

Tools;

Blower Door
Manometer

Set Up:

24

Open all register dampers.

Close all exterior doors and windows.

Open all interior doors

Close fireplace or wood stove dampers and doors. Cover ash with
wet newspaper (In some cases it may be necessary to tape
opening).

Turn down combustion water heater so it will not fire during the
test (i.e. set to pilot and check to confirm pilot is still lit after
testing. Re-light if necessary.).

Turn off all exhaust devices including: clothes dryer, bath fans,
kitchen fans, and central vacuum cleaner.

Set thermostat to Off so HVAC system will not come on during
testing.

Turn all ventilation controls to Off position.

Set up blower door. Channel A, pressure tap, house WRT out
doors. Channel B, fan pressure WRT house.



Basic Blower Door Setup

1. Depressurize interior to - 50PA
With Respect to (WRT) outdoors.
(Channel A)

[9)
]
° —
7 ¥
]

When testing is complete reset all
thermostats and controls to original
settings.

Test:

Adjust hole size and/or fan speed to
pressurize or depressurize the house
as needed.

Danger! Never perform test if any combustion applianceis

oper ating; firesin fireplaces or wood stoves, gas ovensor range

tops, etc.

25
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Bl ZOnePressure Testing

CLIMATE CRAFTERS

Application: Determination of pressure in one Zone
with reference to (WRT) another. This test is especially useful for
determining the pressure boundary of a building. When ducts appear
to be outside of conditioned space in attics, crawlspaces, etc., or in
other intermediate zones like floor cavities, this test determines to
what extent these zones are connected to the outside. The
information helps interpret Pan Numbers and other test results.

Tools:
Read Zone Pressures B e Blower Door
O e Manometer
/—9 : o Metal Probe
= o AwI
Set Up:

Set up house for basic blower
door test. Determine access
points between zones for

Read Zone Pressures pressure probe.

— Respee 1o WRT) It Test:

T De-pressurize the house to - 50
PA using the blower door.
Insert pressure probe into zone

to be tested.

Zones of interest: Attic,
Crawlspace, Basement,
Attached Garage, Wall Cavities,
Floor Cavities between floors, Any Zone containing Ducts or the Air
Handler.

26



I nterpreting the results:
1. Any zone _totally outside the house

Read Zone Pressur es

Return Zone With

e _ e and totally connected to the outside
should show the same pressure as the
i Ea outside WRT the house i.e.. 50 PA or
L 0 PA if the pressure is measured as the

zone WRT outside.

2. Any zone totally inside the house
will be at the same pressure as the
house and will show no pressure difference i.e.. 0 PA WRT to the
house.

3. Zones with readings between 0 Pa and 50 PA WRT house are part
of a series leakage path. Pressures closer to 50 PA WRT house will
be in zones more closely connected to the outside. Pressures closer to
0 PA WRT house are more closely connected to the interior. A Zone
at 25 PA is equally connected to the interior and exterior. An attic or
crawlspace is considered well vented with a zonal pressure 47 to 50
PA WRT house.

Read Zone Pressures Examgle
ay et This Air handler (AH) is totally
- outside the conditioned area of the

i S house.

27



B Minimum Ventilation L evel

Application: Whenever air sealing (including duct sealing) is
performed, the overall tightness of the house envelope should be
measured in order to estimate the potential for moisture and/or indoor
air quality (IAQ) problems. The measured CFM50 of the house as
determined from a blower door test may be used to estimate house
ventilation as compared to suggested Minimum Ventilation Level
(MVL) guidelines. Sealing a house below the MV L should only be
undertaken if some provision is made or already exists to provide
whole house mechanical ventilation adequate for the expected
occupancy.

Standard: The ASHRAE standard for residential ventilation is based
on providing 15 CFM per occupant. In homes of typical size and
occupancy, this is equivalent to approximately 0.35 air changes per
hour (ACH).

Calculations: The MVL for a house may be calculated based on: (1)
the known number of occupants; (2) an estimate of the possible
number of occupants based on the number of bedrooms; or (3) the air
change rate and volume of the house. Generally the most restrictive
of these methods should be applied to provide an additional margin
of safety.

1. MVL based on known occupancy:
MVL = (#of Occupants) x (15 cfm/occupant)
2. MVL based on bedrooms;

MVL = (#of bedrooms+ 1) x (15 cfm/bedroom)
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3. MVL based on ACH and volume
0.35ACH x Volumeof House (ft°)

60 minutes

Each of these calculationsyields an estimate of the required
ventilation (in cfm) to maintain good indoor air quality.

The following formula (4) is used to convert the measured CFM50
from the blower door test to an estimate of the average ventilation
potential (in cfm)

4. Ventilation Potential = CFM50/N
WhereN isacorrelation factor: N=CxH XS

C = climate factor, a function of annual temperature and

wind. C = 20 is an appropriate approximation for
most areas in the Northwest

H = height correction factor (see Table 2)
S = wind shielding correction (see Table 3)

As long as the measured Ventilation Potential is greater than the

MYV L additional air sealing should be possible without creating
moisture and 1AQ problems.

Table2. Height Correction Factor

Number of Stories 1 /15/2 |3
Correction Factor “H” |1.0/0.9/0.8(0.7

Table 3. Wind Shielding Correction Factor
Wind Exposure Well Shielded |Normal | Exposed
Correction Factor “S’ 1.2 1.0 0.9
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Example Calculation:

Given a 1200 ft* house with 8 ft ceilings, 3 bedrooms, single story, in
an exposed windy site and 6 occupants with a tested CFM50 = 1800.
Volume = 1200 x 8 = 9600 ft°.

1. MVL based on known occupancy:
MVL = 6x15=90cfm
2. MVL based on bedrooms:
MVL = (3+1)x 15=60cfm
3. MVL based on ACH and volume;
MVL = (0.35x 9600) / 60 = 56 cfm

The MVL based on occupancy of 90 cfm is the most restrictive and
should be used as the target value.

Using the values of C =20and H = 1 and S= 0.9 taken from Tables
1& 2.

N=20x1x09=18

Calculating the Ventilation Potential = 1800/18 = 100 cfm is
greater than the MV L.

Limitations. The CFM50 of a house is a measure of the effective
leakage area. Estimating the amount of ventilation that a given
leakage area will provide is affected by many factors and is at best an
approximation averaged over a wide range of conditions for the entire
year. Periods of over and under ventilation will certainly occur. A
properly sized and controlled mechanical ventilation system installed
In a tight house envelope is the preferred alternative to assure
adequate ventilation rates at all times.
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CERTIFIED

RESIDENTIAL AIR DUCT SYSTEM

1)

«CERT NUMBER»
«CONTRACTOR / NUMBER»

Phone: «CONT PHONE»

TECHNICIAN:
CLIMATE CRAFTERS
TECHNICIAN #:
1 (877) 4480143
SERVICE DATE:
Sponsored By: FILTER SIZE:
«UTILITY»

If combustion appliances are present
a CO’MONITOR must be installed.

Heat pumps and gas furnaces need yearly maintenance
and electric furnaces need maintenance every five years.

CLIMATE CRAFTERS

1 (877) 448-0143

If combustion
CO? MONITOR

Heat pumps and gas furnaces n
and electric furnaces need mainten

31



v

= Certified Ducts Reporting Form

CLIMATE CRAFTERS

Customer Name Date Tested
Address

Phone Utility

Contractor Certified Technician
Conditioned Floor Area (ftz) CFMS50 of House
Type of Heat? Electric Furnace Heat Pump Other

New Construction

Total Duct Leakage Test [0 Or Duct leakage to the Exterior [

CFMS50 leakage | Calculated target*

*75 CFMS50 or 0.06 x floor area whichever is larger

Retrofit

Duct Leakage to the Exterior:

Pre —Sealing Post Sealing Target' or '0.10 x floor area
CFM50 Leakage | CFM50 Leakage | Reduction’ or
2 50% reduction

Combustion Zone Test

Air handler induced depressurization of combustion appliance zone(s) less than 3

Pascals. CO Monitor? No combustion.
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Climate Crafters Mobile Home Duct Sealing Input Form

ILast Name: . Date: Utility:
IFirst Name: Address:
IPhone #1 Phone #2 lAccount #
Home Info: Combustion Appliances? ( Jyes ( )no
Dimension: IL Ix w sq ft IH Gas Appliances? ( )yes ( )no
Make: Year Built: COTest:( )yes ( )no Results:
# Residents: I ( ) Doublewide ( ) Singlewide Worst case Pre: CO Monitor Instalied?
Windows: |( ) Good ( )Leaky ( ) Very leaky Worst case Post: { )yes ( )no
Where Monitor Installed:
Heating System: Make Model #
() Electric fumace Company: Phone:
() Central AC (only) . Technician: CC#
() Heat Pump Tech 2:
Furnace Filter Size:
Super Good Cents ( )yes ( )no
BLOWER DOOR SGC Sticker #
House | Fan Press Ring Flow Belly Location of sticker:
PRE () Panel ( ) Fumace
POST ( ) Sink ( ) Homeowner Paperwork
DUCT BLASTER NOTES:
DUCTS | Fan Press Ring Flow
Pre Total
Post Total
DWRTO | Fan Press Ring Flow
Pre to Out Complete even if no other service is performed:
Post to Out Utility Request Add-On ltems (indicate number)
( ) Indoor CFL ( ) Furnace Filters
CHECKED PANDUIT STRAPS? [( Yyes ( )no ( ) Outdoor CFL ( ) Energy Packet
Boots sealed ( )yes ( )no
End caps installed ( Jyes ( )no If ineligible, why: ( ) Gas Heat ( )Baseboard
EXPLAIN IF NO: ( ) Duct Type Explain:
) Out of Scope
Furnace-to-plenum: how accessed? ( ) Top ( ) Bottom
If you did not acess furnace to plenum connection, WHY NOT? Job Type: ( )Pass ( )Fail
{ ) Test Only () Test and Seal + Crossover
{ ) Test and Seal
Road Barrier: how patched? { ) Test, Seal, Pius Cavity Return Fix
{ ) Test, Seal, Plus Outside Return Fix

PTCS Qualification Options:

Option 1 for duct blaster-(sq.ft.}(0.10)=cfm50: Sq.ft. X1= Leakage:

Option 2 for duct blaster- (precfm50out)(.5)=postcfm50: CFM out[ X.5= Reduction:

Explain if test only or failed:

ACKNOWLEDGMENT & RELEASE:

| acknowledge that tested and/or performed work on this manufactured/mobile home. | understand that this
program is FREE, courtesy of . If Climate Crafters selects my home for a comprehensive review, |
agree to permit access to my home by a representative of Climate Crafters for an inspection on the work performed by the contractor and a brief
conversation with the representative. | also give my permission for my electric utility to provide a representative of Climate Crafters with my electric
billing information, which Climate Crafters will use to estimate savings.

Signature of Home Owner Date:

Certificate Number:
Climate Crafters Performance Tested Comfort Systems Toll Free: 877-448-0143  Fax: 208-448-0832 Form Amended 3/2003
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Terminology

ACH — Air Changes per Hour.

CAZ — Combustion Appliance Zone.

CFM50 —airflow at an induced pressure of 50 Pascals. Hole
Size.

MVL —Minimum Ventilation Level. Based on ASHRAE
Standard of 15 CFM per occupant.

Pascal — metric unit of pressure. 1 inch of water column = 249
Pascals.

WRT —With Reference To. The pressure in the house was 25
Pascals WRT outside.

Tablel
Can’'t Reach Pressure (CRP) Correction Factors

Reference| CRP Factor
Pressure 50 PA

10 2.85

15 2.19

20 1.81

25 1.57

30 1.39

35 1.26

40 1.16

45 1.07
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www.climatecr afters.org

CLIMATE CRAFTERS

Climate Crafters
PO Box 2551
Priest River, |D 83856

(877) 448-0143
Fax (208) 448-0832

This publication was produced for Climate Crafters by the
Washington State University Cooperative Extension
Energy Program. (509) 477-6702

COOPERATIVE EXTEMSIOMN
WASHINGTON STATE [NIVERSITY

ENERGY PROGRAM
R,
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Curriculum shall address:

Tools and equipment operation
Duct pressures and combustion safety
Energy impacts of duct problems

PTCS Specifications and QC program

Field duct testing

Certification tests, written and performance

J:\power\tom\rtf\2004_0914\ptcs_curriculum.doc
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