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FOREWORD

Greetings from the Atlanta DOE Support Office and the State
Weatherization programs in the Southeastern United States.

This Field Guide is written to record and communicate the
best practices of The Department of Energy’s Weatherization
Assistance Program (DOE/WAP) in the Southeast. DOE/WAP
was established by Congress to increase the energy efficiency of
homes owned or occupied by low-income persons. DEO/WAP
goals include reducing energy usage and expenditures, enhanc-
ing health and safety, and helping the most vulnerable of the
poor.

The topic of safety leads off this Guide as Chapter 1. Safety
for workers and clients in Job #1 in weatherization. Mechanical
systems are discussed in Chapter 2, covering more centent than
any other chapter. The next two chapters cover diagnosing and
treating the building shell. Chapter 5 covers special consider-
ations for mobile homes.

This Field Guide contains four different navigational tools to
help you find information fast. The first is the table of contents
to your right. The second is the index on the last pages of the
book. The index is often the most powerful way to start your
search because it will often take you to the right page the first
try. The third navigational tool is the cross references within the
text that help the author minimize repetition. Look to cross ref-
erences for relationships among topics. The fourth navigational
tool is illustration. Your mind will automatically asscciate top-
ics with the illustrations that accompany. If you remember
whether the illustration is on a left-hand page or a right-hand
page, you can flip pages until you find the remembered illustra-
tion, looking only at one side of the book.

The DOE, the author, the project coordinators, and the techni-
cal reviewers hope that this Guide is useful to you. Criticism
and comments are encouraged and should be directed to the
author.

i Foreword
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1.0 HEALTH AND SAFETY
INFORMATION

This chapter’s purpose is to explain some of the most pressing
hazards that your clients face in their homes, as well as those
you face at work as a weatherization specialist. Where this
chapter strays from weatherization topics, the purpose is to pro-
vide balance and context.

Workers face a greater risk of injury at home than at work
because they spend more time at home. Home is second only to
the automobile as a dangerous place to be: household accidents
kill 24,0600 Americans and injure 3,500,000 each year. Fami-
lies—especially children—may be at a greater risk because they
spend more time at horne and are less aware of danger than
adults. The three major cause of free-time injuries in order are:

1. Falls

2. Poisoning by solids and liquids

3. Smoke inhalation and bums from fires
Other common health hazards, related to weatherization, found
in homes include.

1. Carbon monoxide

2. Lead-based-paint dust

3. Moisture problems

When a weatherization agency finds a serious safety problem
in a customer’s home, the agency should inform the customer in

writing about the hazards and make suggestions about how to
eliminate these hazards.

Reference Informalion on Health and Safety

Reference Title Chapter / Section
Residential Energy: Cost Savings and Comfort for Chapter 10, Avoiding
 Existing Buidings; by John Krigger; Third Edition Hazards i
Your Mobite Home: Ensrgy and Repair Guide for Chapter 4, Heslthy

Marifaciured Housing, by John Krigger, Fourth Editon  Homes
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1.1 CLIENT HEALTH AND SAFETY

Moisture problems, carbon monoxide, and lead-paint dust are
problems related to weatherization work. When these problems
are detected, inform the customer verbally and in writing as
appropriate. Mitigating these problems should be a top priority.
1. Test heating systems and homes for carbon monoxide
and solve problems causing CO.
2. Find, communicate, and solve moisture problems as part
of weatherization. Never make moisture problems worse.
See “Moisture problems” on page 1-8.
3. Practice lead-safe weatherization. See “Lead-safe weath-
erization” on page 1-14
The following hazards aren’t related to weatherization but are
included here because they pose a great statistical danger to
occupants. Encourage clients to prevent falls, poisoning, and
fires by noticing obvious hazards and by practicing these 7 rec-
ommendations.

1. Pick up toys and obstacles that could cause slips and
falls.

2. Install non-slip grip strips to bathtubs and showers and
steps to prevent falls.

3. Make sure that sturdy step stools and ladders are handy
where they may be needed for safe climbing.

4. Store poisons separately from medicines to prevent acci-
dental poisoning.

5. Check smoke detectors regularly and make a fire escape
plan for the family.

6. Repair or discard damaged pots and pans—having broken
or insecure handles—for example.

7. Repair or replace faulty electrical cords and appliances.




1.1.1 Safety for gas ranges and unvented space
heaters

Unvented combustion space heaters and combustion ranges and
ovens are the most dangerous household appliances found in
southern homes. Regular maintenance and client education are
important to reducing the risk of air pollution and fire. Both
unvented space heaters and ranges deplete oxygen from the
indoor air, may produce carbon monoxide, and

Unvented space heaters

Unvented combustion space
heaters use an open flame and
combustion gases to heat the
home. If the combustion pro-
cess is perfect, combustion
gases consist of carbon diox-
ide (CO,) and water vapor. If
combustion isn’t perfect, poi-
sonous carbon monoxide (CO)

can be released, putting occu-  Unvented space heaters: These healers

pants in grave danger. pose a great danger to occupants from fire
ard carbon monoxide poisoning.

Causes of CO in unvented
space heaters relate to dust and dirt on burners, or on ceramic
infrared-heating elements. The dust and dirt interfere with the
flame or the flow of combustion air and combustion gases. A
thorough cleaning can often stop this CO release.

Consider the following specifications related to unvented
space heaters.

v/ Never air-seal a home heated by unvented space heaters.
v/ Test all unvented space heaters for CO.
v Clean heaters found to be producing CO and retest.

v’ Replace heaters that continue to produce CO after clean-
ing.

v Install a CO alarm near each space heater to alert occu-
pants of dangerous CO levels.
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Educate occupants using unvented space heaters about the fol-
lowing dangers.

v’ Never fill a kerosene space heater in the home. Take the

space heater outdoors to fill it.

v’ Keep the space heater away from furniture and drapes to

prevent fire.

v/ Alert children to the danger of heat and flame.
v’ Open nearby windows at least one inch to provide ade-

quate fresh air for combustion.

v’ If a space heater with a oxygen-depletion pilot safety

extinguishes its flame during heating, open windows to
admit fresh air before relighting.

Gas ranges and ovens

Gas ranges and ovens can produce significant quantities of CO
in a kitchen. Overfiring, dirt buildup, and foil installed around
burners are frequent causes of CO. Oven burners are likely to
produce CO even when not obstructed by dirt or foil. Test the
range and oven for safety following these steps and take the rec-
ommended actions before or during weatherization.

1.

14

Test each stove-top burmer separately, using a digital
combustion analyzer or CO meter and holding the probe
about 8 inches above the flame.

Clean and adjust burners producing more than 25 parts per
million (ppm). Burners may have an adjustable gas con-
trol.

Turn on the oven to bake on high temperature. Sample the
CO level in exhaust gases at the oven vent and in the ambi-
ent air after 10 minutes.

If the CO reading is over 100 ppm or if the ambient-air
reading rises to 25 ppm or more during the test, take action
to reduce these levels. Actions include cleaning the oven,

Safety for gas ranges and unvented space heaters




removing aluminum foil, adjusting the burner’s adjustable
gas control, or replacing the range and oven.

Ambigni-air CO level should be less
than 25 ppm after 10 minutes.

Cven CO level should be
less than 100 ppm. Y i Stove-top burner

: . CO lsvel should be
less than 25 ppm.

Testing ranges and ovens tar CO: Observe specifications shown here for CO-testing.

Most range and oven burners are equipped with adjustable
needle-and-seat valves. Most ranges also have an adjustable gas
regulator that services the entire unit.

Advise the occupants of the following important operating
practices.

v/ Never install aluminum foil around a range bumer or oven
burner.

v’ Never use a range burner or gas oven as a space heater.

v/ Open a window and turn on the kitchen exhaust fan when
using the range or oven.

v’ Keep range burners and ovens clean to prevent dirt from
interfering with combustion.

v/ Burners should display hard blue flames. Yellow or white
flames, wavering flames, or noisy flames should be investi-
gated by a trained gas technician.

v Buy and install a CO alarm, and discontinue use of the
range and oven if the CO level rises above 9 ppm.
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1.1.2 Carbon monoxide

Carbon monoxide (CO) is released by combustion appliances,
automobiles, and cigarettes as a product of incomplete combus-
tion. CO is the largest cause of injury and death from gas poi-
soning, resulting in more than 500 deaths per year. Many more
people are injured by high concentrations of the gas, or tempo-
rarily sickened by lower concentrations of 5-to-50 parts per mil-
lion (ppm). The symptoms of low-level CO exposure are similar
to the flu, and may go unnoticed.

CO blocks the oxygen-carry- _

ing capacity of the bloed’s £

hemoglobin, which carries vital § %[ e
. G0 Lo

oxygen to the tissues. Atlow @ VA o

concentrations (5-to-50 ppm), E 50 /. /:/ [

CO reduces nerve reaction time .‘é wi— //}////mm

and causes mild drowsiness,  § sof— 7 {//_’ 7’__:___31%%_ Mo

nausea, and headaches. Higher & 7/ /‘/-—'IM

concentrations (50-to-3000 g 7%%/

ppm), lead to severe headaches, 1 2 3 4

2 ) Hours of Ex
vomiting, and even death, if the Effects d::m po;‘ge <+ meior
. . . Exposure: IS & majo
high concentration persists. The -0 hen encountered in homes.

effects of CO poisoning are
usually reversible, except for exposure to very high levels,
which can cause brain damage.

The EPA’s suggested maximum 8-hour exposure is 9 ppm in
room air. Room levels of CO at or above 9 ppm are usually
associated with the use of malfunctioning combustion appli-
ances within the living space, although cigarette smoking or
automobile exhaust ar also common causes.

Offending appliances include: unvented gas and kerosene
space heaters; gas ranges; leaky wood stoves; and backdrafting,
vented space heaters. Backdrafting furnaces may also lead to
high levels of CO, but are less a problem because they aren’t
located in the living space. CO is a common problem in low-
income housing, affecting 20% or more of residential buildings
in some regions.

16 Carbon monoxide




The most common CO-testing instruments are electronic sen-
sors with a digital readouts in parts per million (ppm). Follow-
ing manufacturers recommendations on zeroing the meter—
usually by exposing the meter to clean air. CO testers usually
need re-calibration every 6 months or so, using factory-speci-
fied procedures.

CO is normally tested near the flame or at the exhaust port of
the heat exchanger. See “Combustion safety and efficiency test-

ing”
ing:

on page 5-32. CO is usually caused by one of the follow-

Overfiring

Backdrafting of combustion gases smothering the flame
Flame interference by an object (a pan over a gas burner
on a range top, for example)

Inadequate combustion air

Flame interference by rapidly moving air

Misalignment of the burner
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CO and smoke detectors

All homes should have smoke detectors, one near combustion
zone and one near the bedrooms. CO alarms are appropriate
whenever the CO hazard is considered a likely occurrance.

VAN

1. The garage can contribute CO from car exhaust and space healars. The
garage is ofen a slorage area for chemicals that may also affect indoor
air quality.

2. The machanical room can contribute CO from backdrafting combustion
appliances.

3. Fireplaces can backdraft CO and smoke.

4. Gas ranges and ovens can contribule large quantities of CO and
moisiure,

5. Gas dryers conirbute combustion gases and moisture, unfess vented
outdoors.

Possiblo lecaticns of smoke detectors and CO alarms: CO can originate from a vaniely
of sources arcund the home.

1.1.3 Moisture problems

Moisture causes billions of dollars in property damage and high
energy bills each year in American homes. Water damages
building materials by dissolving glues and mortar, corroding
metal, and nurturing pests, like mildew and dust mites. These

1-8 Moisture problems




pests, in turn, cause millions of cases of respiratory distress
annually. Water also reduces the thermal resistance of insulation
and other building materials.

aguarium
humidifier

Moisture sources: Moisture sources abound in lypical homes.

The most prolific sources of moisture are leaky roofs and
damp foundations. Other critical moisture sources include dry-
ers venting indoors, showers, cooking appliances, and unvented
gas appliances like ranges or decorative fireplaces. Climate is
also a major contributor to moisture problems. The more rain,
extreme temperatures, and humid weather a region has, the
more its homes are threatened by moisture problems.

Reducing sources of moisture is the first priority for solving
moisture problems. Next most important are air and vapor barri-
ers to prevent water-vapor migrating through building cavities.
Relatively airtight homes may need ventilation to remove accu-
mulating water vapor. Adding insulation or installing storm
windows helps eliminate cold areas where water vapor con-
denses.

Symptoms of moisture problems

Condensation on windows, walls, and other surfaces signals
high relative humidity and the need to find and reduce moisture
sources. During very cold weather or during rapid weather
changes, condensation may inevitably occur, and this occa-
sional condensation isn’t a major problem. However, if window
condensation is a persistent problem, reduce moisture sources,
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Table 1-1: The Most Potent Household Moisture Sources

Moisture Source m:g:ltﬁ':?:t:t
Ground moisture 0-3 per day
Unvented combustion space heater 0.3 per gal. propane
Seasonal evaporation from materials 0.25-0.70 per day
Dryers venting indocrs 0.20-0.25 per load
Dishwashing 0.04 per meal
Cooking (meal for four) 0.015-0.020 per meal
Showering .02 per 5 min.

add insulation, install storm windows, or consider other reme-
dies. The colder the outdoor temperature, the more likely con-
densation is to cccur, especially if the residents heat with
unvented space heaters.

Moisture moves into a building during wet seasons and out
during drier seasons. Moisture problem arise when the moisture
content of building materials reaches a threshold where pests
like termites, dust mites, rot, and fungus can thrive. Asthma,
bronchitis and other respiratory ailments should be considered a
possible symptom of moisture problems because mold, mildew,
and dust mites are often the cause respiratory ailments.
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Rot and wood decay indicate
advanced moisture damage.
Unlike surface mold and mil-
dew, wood decay fungi pene-
trate, soften, and weaken wood
when the wood remains wet.

Peeling, blistering or cracking
paint may indicate that mois-
ture, moving through a wall, is
damaging the paint and possi- Fungus and dust mites: Biofogical pests
bly the building materials create dust known as bioasrosols that give
underneath. many people allergies and asthma.

Corrosion, oxidation and rust on metal are unmistakable signs
that moisture is at work. Deformed wooden surfaces may result
as damp wood swells and then warps and cracks as it dries.

Concrete and masonry efflorescence is a white, powdery
deposit left by water moving through a masonry wall, leaving
minerals from mortar or the soil behind as it evaporates.

Solutions to moisture problems

Water moves easily as a liquid or vapor from the ground
through porous building materials like concrete and wood. A
high ground-water table can channel moisture into a home
faster than anything short of a big rcof leak. The most common
ground-moisture problem is water vapor rising through the soil
or liquid water moving up through the soil by capillary action.
To prevent this, all crawl spaces and dirt-floor basements should
have ground moisture barriers.

A ground moisture barrier is simply a piece of heavy plastic
sheeting laid on the ground. Black or clear heavy plastic film is
sold at hardware dealers on a roll. A slightly more expensive
plastic film, reinforced with fiber is appropriate for crawl spaces
and dirt basements where the plastic may be crawled or walked
on.

A sump pump is the most common moisture eradicator, when
ground water continually seeps into a basement or crawl space
and collects there as standing water. Serious ground-water prob-
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lems may require excavating and installing drain pipe and
gravel to disperse accumulations of groundwater—between a
home and nearby hillside, for example. When building a new
home on wet ground, use an engineered flood-resistant founda-
tion.

Rainwater flowing from roofs
often plays a major role in
dampening foundations. In
downspout rainy climates. install rain gut-
directs ters with downspouts and drain
roof water into dry wells. Avoid
excessive watering around the
home’s perimeter. Watering
lawns and plants close to the
house can dampen its founda-
tion. In wet climates, keep
m shrubbery away from the foun-
dation to allow drying winds to

4 circulate near the foundation.
Stopping water leakage: Choose from a - .
ey of measurss fo homs from !’reventmg moisture problems
water leakage, is the best way to guarantee a
building’s durability and its

occupant’s respiratory health. Besides the all-important source-
reduction strategies listed above, consider the following addi-
tional moisture solutions.

 Installing or improving air barriers and vapor barriers to
prevent air leakage and vapor diffusion from transporting
moisture into building cavities.

« Adding insulation to the walls, floor, and ceiling of a home
to keep the indoor surfaces warmer and less prone to con-
densation. Adding insulation to low-income homes in the
Southeast reduces the run-time of unvented space heaters,
reducing the amount of water vapor they release. See
“Installing insulation” on page 3-9 and “Windows and
doors” on page 3-30.
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» Ventilating the home with drier outdoor air to dilute the
more humid indoor air. Ventilation exhausts excess water
vapor and helps evaporate wetness.

« Removing moisture from
indoor air by cooling the air
to below its dew point, with
refrigerated air condition-
ing systems {(summer) and
dehumidifiers (winter).

Mechanical ventilation

Ventilation is an important health Dehumidifiers: In damp climates,

d saf in fairlv ai dehumidifers protect many homss from
and safety concem in fairly air- oo moicturs.
tight homes. Fairly airtight
homes have a blower-dcor-measured air leakage rate lower than
the Building tightness limit discussed in “Building tightness
limits (BTL)” on page 2-12. Ventilation is also important in
homes with pollutant sources: smoking, new furniture, new car-
pet, etc. Homes with a natural air-change rate lower than the
Building tightness limit should have mechanical ventilation sys-
tems, however many don’t.

The choice comes down to ventilating the whole house or pro-
viding spot-ventilation in the kitchen and bathroom where most
moisture and odors are generated. Ideally all kitchens and bath-
rcoms should be equipped with exhaust fans. Kitchen fans
should always be vented to outdoors and not just recirculate air
through a filter. Bathroom exhaust fans should always vent out-
doors, never into crawl spaces or attics.

Exhaust fans should have tight-sealing backdraft dampers.
Backdraft dampers are located in the fan housing, in the vent
duct, or in the tgrmination fitting in the roof or wall.

A low noise level (rated in ones) is important in encouraging
occupants to use exhaust fans. The one rating varies from about
8 sones for the noisiest residential exhaust fans to about 1.5
sones for the quietest fans. The success of spot ventilation and
whole-house ventilation depends on how much noise the fan
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makes. Occupants may decide not to use the fans or to discon-
nect automatic controls if the fans are too noisy.

Exhaust fans can also provide whole-house ventilation. Make-
up air comes from outdoors through the home’s air leaks. Man-
ual switches, dehumidistats, and timers are used to control
exhaust fans for whole-house ventilaticn. Exhaust fans typically
run from 2 to 6 hours per day, when providing whole-house
ventilation. Running a round duct from the outdoors to the fur-
nace is also a common way to provide ventilation air to the
home.

1.1.4 Lead-safe weatherization

All dust is dangerous but lead dust is particularly dangerous
because lead is a poison. Children are more vulnerable than
adults because of their greater hand-to-mouth behavior. Take all
necessary steps, outlined here, to protect customers and their
children from lead dust.

Lead-safe weatherization (LSW) is a group of safe practices,
used by weatherization technicians when they know or suspect
the presence of lead paint. LSW practices are little more than
very careful dust-prevention and housekeeping precautions.
Lead-safe weatherization is required when workers will disturb
painted surfaces by cutting, scraping, drilling, or other dust-cre-
ating activities.

Technicians may either assume the presence of lead paint or
else test to detect lead paint. Lead paint was commonly used in
homes built until it was outlawed 1978. Weatherization activi-
ties that could disturb lead paint and create lead dust include the
following.

« Glazing, weatherstripping, or replacing windows.

= Weatherstripping, repairing, or replacing doors.

« Drilling holes in the interior of the home for installing
insulation.

» Removing trim or cutting through walls or ceilings to seal
air leaks, install ducts, replace windows etc.
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When engaging in these activities, take the foliowing precau-
tions.

1. Wear a tight-fitting respirator and coveralls to protect
yourself from breathing dust or soiling your street
clothes with dust.

2. Confine your work area within the home to the smallest
possible floor area. Seal this area off carefully with floor-
to-ceiling barriers made of tape and disposable plastic
sheeting. Cover furniture and carpet in the work area with
disposable plastic sheeting.

Protective tarp:
Protect clients and
their belongings
with disposable
plastic sheeting
when, drilling,
scraping, cutting,
or blowing

4. Use a dust-containment system with a HEPA vacuum
“when drilling holes indoors.

5. Clean up as you work. Vacuum affected areas with a
HEPA vacuum and wet mop these surfaces, daily. Don’t
use the customer’s cleaning tools or leave the customer
with lead dust to clean up.

6. Wear boot covers while in the work area and remove them
to avoid tracking dirt from the work area to other parts of
the house.Wear disposable coveralls, or else vacuum cloth
coveralls before leaving the work area. Avoid taking lead
dust home on clothing, shoes, or tools.

7. Wash thoroughly before eating, drinking, or quitting for
the day.

8. Keep children and pets away from the work area.
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1.1.5 Electrical safety

Electrical safety is a basic housing need affecting home weath-
erization and repair. Consider the following specifications for
electrical safety in existing homes.

Don’t surround live knob and tube wiring with insulation.
Instead, replace knob and tube wiring with modermn non-
metallic cable before insulating.

All home electrical systems should be grounded, either to
a grounding rod or to a water pipe that has an uninter-
rupted electrical connection to the ground.

#14 copper or #12 alumi-

num wiring should be Siypa fuse: An S-ype
protected by a fuse or fuse won't allow
breaker rated for no more residents o oversize the
than 15 amps. #12 cop- ’;}”@b‘_'::d_“n;e"”“ _
per or #10 aluminum circuit,

should be protected by a

fuse or breaker rated at

no more than 20 amps.

Install S-type fuses where appropriate to prevent occu-
pants from installing oversized fuses.

Wiring splices must be enclosed in metal or plastic electri-
cal boxes, fitted with cover plates.

Electrical safety




1.2 WORKER HEALTH AND SAFETY

Injuries are the fourth leading cause of death in the United
States. Long-term exposure to toxic materials contributes to
sickness, absenteeism, and death of workers.

The personal health and safety of each employee is vitally
important. Preventing injuries on the job is weatherization’s
highest priority. Workplace safety standards established by the
Occupational Safety and Health Administration (OSHA) as
well as other standards established by the construction trade
must be observed by weatherization staff and their contractors.
Safety always has priority over other factors affecting weather-
ization operations. The following hazards merit special atten-
tion of weatherization agencies and their contractors because of
their statistical importance.

iyl

—-dl
SAFETY
Safety meetings: Saisly 18T
education and safely meetings
are essential parts of a
successful safety program.

Driving

Falls

Back injuries

Hazardous materials
Electrical and tool hazards
Repetitive stress

AR ol ol
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1.2.1 Commitment to safety

Workers tend to become complacent about their health and
safety if it is not continually stressed. Weatherization agencies
should do the following to encourage safety.

» Arrange regular health and safety training,

« Conduct regular safety meetings,

» Keep equipment in gocd condition, and

« Observe all state and federal standards relating to worker

health and safety.

Safety requires communication and action. To protect them-

selves from injury and illness, workers are encouraged to recog-

nize hazards, communicate with co-workers and supervisors,
and take action to reduce or eliminate hazards.

122 New employees

New employees are sev-
eral times more likely to
injure themselves on the
job compared to experi-
enced workers. Before
their first day on the job,
new employees should
learn about safety basics
such as proper lifting, safe
ladder usage, and safe
operation of the power
tools they will use on the
job. New employees
should be taught how to
use safety equipment such
as respirators, safety

New hira: New hires aro sovoral times moro fkely to glasses, hearing protec-

be iniured as experienced workors. tion, and gloves. They
should also be instructed
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in proper dress for the job—short pants, sandals, and tank tops
are usually not appropriate.

Supervisors must inform new employees about hazardous
materials they may encounter on the job, and teach them to read
the Material Safety Data Sheets (MSDS) required by OSHA for
each material.

Alcchol and drugs should be banned from the job. Encourage
staff and coworkers to refrain from smoking and to stay physi-
cally fit.

1.2.3 Driving

According to the Bureau of
Labor Statistics (BLS), one-
third of all occupational fatali-
ties in the United States occur
in motor-vehicle accidents.
Supervisors and workers should
plan and organize their errands  gutq yahicles: Maintain vehicles in good
and commuting to the job site  repair. Drvers and passengers should

to minimize vehicular travel.  aways wea seat belts.

Vehicles should be kept in good repair. Brakes, horns, steering
gear, headlights, directional signals, backup lights, and backup
signals (when present) will be regularly inspected and repaired
if necessary. Workers should always wear seat belts, which
should be kept in working order.

1.2.4 Lifting and back injuries

Back injuries account for one out of every five workplace inju-
ries. Four out of five back injuries are to the lower back; three
out of four are the result of improper lifting.
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Workers often injure their
backs by lifting heavy or awk-
ward loads improperly or
without help.

Workers should be
instructed in proper lifting
techniques—Ilifting with their
legs and keeping a straight
back whenever possible. To
avoid back injury, employees
are encouraged: to get help

before trying to lift heavy or

awkward loads, to stay in

good physical condition, and ' ]
to control their weight through mﬂm“: aé:' help when moving
proper diet and exercise.

Supervisors should identify workers with limited lifting abilities
because of weakness or prior injury and instruct them to avoid
heavy lifting.
Other approaches for prevention also include:
1. Redesigning work activities: adapting equipment and
minimizing awkward movement on the job site.
2. Administrative controls: strength-testing workers and set-
ting lifting limits and providing training for all workers on
the causes and prevention of back injuries.

1.2.5 Respiratory health

Common household construction and insulation dust can be full
of toxins including asbestos, fiberglass, metals, and chemicals.
Drilling, cutting, scraping can stir up toxic dust, which may
then be inhaled. Workers are also exposed to dust from the insu-
lation they install. Dust that clings to clothes worn on the job
travels home, where it may be inhaled by family members.

Workers should be instructed about the dangers of dust, gases,
smoke, vapors, and oxygen-deficient environments. Employees
are encouraged to wear a respirator when working in a dusty

1-20 Respiratory health




0000000000000000000000000000000000

environment. Workers with beards, facial scars, and thick tem-
ple bars on eyeglasses must take special care to get a good seal
when putting on a respirator. The seal can be tested by putting
on the respirator, closing the exhalation valve, and exhaling
gently. There should be no leakage of air around the face.

Workers are encouraged to wear coveralls when entering
attics or crawl spaces and to launder them frequently. Workers
should be taught how to recognize asbestos insulation that may
be installed around older furnaces and boilers. The danger of
carrying dust into their own home on their clothing should be
stressed. Weatherization contractors and agency staff should be
taught how to keep dust out of client’s homes by erecting tem-
porary barriers when they are doing work that may release toxic
dust into a client’s home.

1.2.6 Hazardous materials

Workers’ health and safety can be
threatened by hazardous materi-
als used on the job. Workers often
fail to protect themselves from
hazardous materials because they
don’t recognize them and under-
stand their health effects. Breath-
ing hazardous materials,
absorbing them through the skin,
and eye contact with hazardous
materials are common ways work-
ers are affected.

OSHA regulations say employ-
ers must notify and train employ-
ees about hazardous materials

used on the job. OSHA requires
that a Material Safety Data Sheet
(MSDS) for every workplace haz-
ardous material be readily avail-

Personal protective equipment:
Emplayees should own and mainiain
Drotective equipment to protect
themselves from hazardous matenials.

able to employees. Copies of MSDSs are obtained from

Scutheast Weatherization Field Guide
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manufacturers or their distributors. Employees should know
where MSDSs are kept and how to interpret them. Employees
should know how to avoid exposure to hazardous materials used
on the job and how to clean up chemical spills. Employees
should be instructed on appropriate protective equipment.
Employees should wear appropriate protective equipment rec-
ommended by the MSDS, while working with any hazardous
material.

1.2.7 Falls

Falls off ladders and stairs
cause 13% of workplace inju-
ries according to the National
Safety Council. Falls from the
same elevation such as slips and
trips account for approximately
7% of workplace injuries. Any
change in elevation greater than
19 inches must be served by a
ladder or stairway.

Broken ladders and ladders
that slip because they haven’t
been anchored properly are
both major causes of on-the-job =
falls. Worker carelessness and
using the wrong ladder for a
particular job is also a common
cause of falls. Step ladders, for instance, are often used for work
that is too far off the ground, forcing workers to stand on the top
step or to reach too far.

OSHA regulations say extension ladders should extend at
least three feet above the roof or landing they access and
shouldn’t have a pitch steeper than four feet of rise for each foot
the base is away from the building. Ladders must be blocked or
tied firmly in place at the top and bottomn when the above rule
cannot be observed.

Ladders: Ladders are the mosi dangerous
tools workers use.
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Portable metal ladders should not be used where they may
come in contact with electrical conductors. All ladders should
be kept in good repair, and should be replaced if they have miss-
ing steps or cracked side-rails. Broken ladders should be
removed from the equipment storage area.

Ladders must be maintained free of oil, grease, and other slip-
ping hazards. They must not be loaded beyond the maximum
intended load for which they were built. Workers should avoid
carrying heavy loads up ladders and operating power tools from
ladders.

Scaffolding must be used
when working above-ground
for sustained time periods.
Scaffolds should be built plumb
and level. Each leg should be
stabilized so that it supports
equal weight as other legs. This
is especially important on
unlevel ground. Planks should
be secured to the structure and
handrails provided on the sides
and ends of the walkway.

Good housekeeping: Good housekeeping
Workplaces should be policed /s essential o protect workers and clients

regularly to remove slipping alike from falls.

and tripping hazards. Workers
carrying loads should establish a debris-free walkway.

1.2.8 Tool safety

The tools used in construction work are dangerous if used
improperly. About 90,000 people hurt themselves with hand
tools each year. One moment of inattention can cause an injury
that will change a worker’s life permanently.

Five basic safety rules can reduce hazards associate with the
use of hand and power tools:

1. Keep all tools in good condition with regular maintenance.
2. Use the right tool for the job.
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2.0 ASSESSMENT, DIAGNOSIS AND
BASELOAD MEASURES

Before deciding which weatherization measures to install in a
particular home, understand how the home uses energy. This
chapter begins with an overview of the information and proce-
dures necessary for good decision-making. Attic insulation has
been proven in numerous studies to be the best measure for
reducing heating and cooling costs. Wall insulation is also a
very good insulation measure, especially in the cooler parts of
the Southeast region. The only analysis necessary for insulation
is determining existing insulation levels and applying a policy
or computer program like NEAT to judge cost-effectiveness.
Reducing air leakage through the building shell and ducts can
be very cost-effective but requires analysis. Procedures for ana-
lyzing shell leakage and duct leakage are found in this chapter.
Some measures, which reduce baseload consumption, are
cost-effective energy savers for most homes and don’t require
much analysis. They are covered at the end of this chapter.
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2.1 UNDERSTANDING ENERGY USAGE

Energy usage can be divided into two categories: baseload and
seasonal energy use. Baseload includes water heating, lighting,
and the refrigerator. Seasonal energy use includes heating and
cooling. In the Southeast, energy consumption is more evenly

distributed than in the northern states, where heating dominates.

All electric homes show this even distribution on energy
usage because all energy is measured in the same units: kilo-
watt-hours.

Table 2-1: Baseload Encrgy Consumption

Baseload kWhiyr $lyr %
Water heating 3500 $315 37%
Lighting 1800 $162  18%
Refrigerator 1800 $162  18%
Clothes dryer 1300 $117 13%
Other 1400 $126  14%
Totat 9800 $882  100%

Seasonal energy consumption is highly variable between dif-
ferent parts of the Southeast and between individual house-
holds. Values for heating and cooling energy consumption are
best expressed in ranges. The following table recognizes that
there are two separate choices for heating and ccoling a home.
The first and most common is the combination of rcom heaters
and room air conditioners. The second is a central furnace with
central air conditioning or a heat pump, which both heats and
cools the home.

Next, let’s look at the regional round-number averages for
baseload and seasonal energy usage combined in a pie chart to

give a picture of the relative importance of each of the major
energy uses.

2-2




Table 2-2: Seasonal Energy Consumption

Seasonal Load kWhiyr $iyr Ave. kWh-S/yr

Space heating 1000-4000 $90-$360  2500-$225
Space cooling 500-2000 $45-3180  2000-$180
Space Total 2000-7000  $180-$630  4500-$405
Central heating 2000-6000  $180-$540  4000-$360
Central cooling 10004000 $90-$360  2500-$225
Central Total  3000-10,000  $270-$900  BO00-§540

Improvable baseload and
seasonal energy uses: /in the
Southeast, it's necessary fo aftack
energy wasle on at least five
fronts, represented by the five pie
slices shown here.

Seasonal energy use is much more variable and difficult to
reduce than baseload energy use. Procedures installed to reduce
heating costs may or may not reduce cooling costs and vice
versa. Floor insulation is mainly a heating energy-saver and
cool roofs are a cooling energy-saver, of course. Cleaning the
blower and indoor coil of a central heating and air-conditioning
system improves both heating and cooling efficiency. Attic insu-
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lation is perhaps the best heating and cooling measure. Air-seal-
ing and duct sealing also produce good savings in both seasons.

Floor insulation Reducing seasonal

ensngy use: Not afl energy
measures, installed to
reduce heating costs, also
reduce coofing costs. The
diagram hera shows healing

Wall insulation

Attic insulation

Clean biower and coil
{central heating and a/c)

Clean room a/c coil

The energy-use analysis, presented here, suggests a balanced
energy-saving strategy to address each of the five major areas of
the reduce-able energy consumption. The table shown next lists
the five end-use areas with proven and reliable weatherization
measures for each. These measures are listed in each area in
order of priority.
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Table 2-3: Suggested Weatherization Measures for the Scutheast

Usage
sector Suggested measures
Air-seal ceiling and floor: page 3-2.
Heatin Insulate attic: page 3—11.
9 Insulate walls (except mobile homes): page 3-19.
Seal ducts in central systems: page 5-57.
Adjust hot-water temperature: page 2-27.
Water  Install low-flow shower head: page 2-28.
heating Wrap water heater; page 2-29.
Insulate first five feet of water pipe: page 2-28.
Air-seal and insulate attic: page 3—11.
Improve window shading: page 3-30.
Coolin Solve moisture problems: page 1-8.
9 Clean coils, filters, and fans: page 5-67.
Install cool roof (mobile homes and flat roofs): page 4-15.
Seal ducts in central systems: page 5-57.
Lighting Replace incandescents with CFLs: page 2-34.
Refria- Replace refrigerator: page 2-33.
erat o? Adjust refrigerator and freezer temperatures: page 2—33.

Clean condenser coil if refrigerator stays: page 2-33.
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2.2 HOUSE AIRTIGHTNESS TESTING

Air leakage reduction is less important in the Southeast than in
the North. The Southeast has many homes heated by unvented
space heaters, which creates a safety issue for air sealing. The

air-sealing goals set forth in this chapter reflect these concerns.

House airtightness testing was made possible by the develop-
ment of the blower door, shown here. The blower door measures
a home’s leakage rate at the standard pressure of 50 pascals.
This leakage measurement can be used to compare homes with
one another and set air-leakage standards.

housa-pregsure manometer

tuba goes o outdoors

/Iubegoastaﬁanonfan

Blower door components: inciude the frams, paned, fan, and manometers.

The blower door also allows the technician to test parts of the
home’s air barrier to locate air leaks. Testing air barriers with a
blower door isn’t always necessary. Sometimes air leaks are
obviocus. Other times the leaks are hidden, and the technician
wants to obtain clues about their location without crawling
needlessly into dark and dirty places. This section outlines the
basics of blower door testing along with some techniques for
gathering clues about the location of air leaks.
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2.2.1 When not to air seal

Perform no air-sealing when there is obvious threat to the occu-
pants’ health, the installers” health, the building’s durability, or
to the effectiveness of the air-sealing materials. See “Health
and Safety Information” on page I-1 for more information. The
following circumstances must be corrected before or during air-
sealing work, or else air-sealing shouldn’t be performed.

1.

i

The building is scheduled for demolition or major reha-
bilitation and the air-sealing materials would likely be
removed.

Moisture has caused structural damage, rot, mold or mil-
dew growth.

Fire hazards place the building’s life and occupants’ safety
in jeopardy.

Measured carbon monoxide level exceeds suggested
action levels.

Combustion-zone pressure exceed -4 pascals, during a
worst-case test.

Chimney drafts of combustion appliances do not meet
minimum standards.

Unvented space heaters will be used after air-sealing work.
Infestations, vermin, or other sanitary issues are observed.
The building is already at or below its Building Tightness
Limit and no mechanical ventilation exists or is planned.
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2.2.2 Blower-door testing

Standard blower door test: The house is

depressurized to —50 pascals and the
airfiow through the fan is measured.

The blower door creates a 50-
pascal pressure difference
across the building shell and
measures airflow (CFM5), in
order to compare the leakiness
of homes. The blower door
also creates pressure differ-
ences between rcoms in the
house and intermediate zones
like attics and crawl spaces
that can give clues about the
location and size home’s air
leaks. For more information

on air-leak location, see “Sealing bypasses” on page 3-2.

Measuring pressure and airflow

Digital mancmeters: Are popular for
dfagnosing zone pressures and duct
prassures because of their convenience and
SCCUBCY,

Connecting the manometer’s
hoses correctly is essential for
accurate testing. A widely
accepted method for recording
correct hose connection helps
avoid confusion. This method
uses the phrase “with refer-
ence 10", abbreviated “WRT™
to discriminate between the
input zone and reference zone
for a particular measurement.
The outdoors is the most com-
monly used reference zone for
pressure diagnostics. The ref-
erence zone is considered to
be the zero point on the pres-

sure scale. For example, house WRT outdoors = —50 pascals
means that the house (input) is 50 pascals negative compared to
the outdoors (reference or zero-point). The pressure reading in
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the last example is called the house-to-outdoors pressure differ-
ence.

During the blower-door test, the airflow is measured through
the fan. This airflow is directly proportional to the surface area
of the home’s air leaks. For the blower door to measure airflow
accurately, the air must be flowing at an adequate speed. Tighter
buildings don’t bave enough air leakage to create an adequate
airspeed. This necessitates using one of three low-flow plates
provided with the blower door to reduce the fan’s opening and
increase air speed through the fan.

When using one of these low-flow plates, you must read the
correct scale on the analog gauges, shown below. When using a
digital gauge, follow the manufacturer’s instructions for select-
ing the proper fan configuration with the correct low-flow plate.

fan pressure in pascals

Read from oither of thase scalas
when gperating the biower door with
the rings removed. This orianiation
is cafled “open fan”

Read from the correct scale
depending on which low-flow plate,
Ring A or Hing B, is instafled.

MINNEAPOLIS BLOWER DOCR

-y or
THE INCACT ORI, MIMMRARKDS, I

Blower door analeg gauges: Blower door afrflow gauges provide rangss for accurate
measursment of homes with a wide variaty of airtightness.

Some homes are so leaky that the blower door isn’t powerful
enough to pressurize them to 50 pascals. In these cases, you
must apply a factor to the airflow you measure at a lower pres-
sure. Those factors are listed in “‘Can’t Reach Fifty’ Factors”
on page 2-11. Use these factors only when absolutely necessary
because they result in inaccurate air leakage estimates.
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2.2.3 Preparing for a blower door test

Preparing the house for a blower door test involves putting the
house in its heating or cooling operating condition with all con-
ditioned zones open to the blower door. Anticipate safety prob-
lems that the blower door could cause, particularly with
combustion appliances. Understand how you will use the mea-
surements you take during the blower door test.

v’ Identify location of the thermal boundary and which house
zones are conditioned.

v Identify and repair large air leaks that could prevent the
blower door from achieving adequate house pressure,

v’ Survey pollutants that may pollute the air during a blower
door test—wood-stove or fireplace ashes for example.

v Measure house volume if you plan to use ACHgy (air
changes per hour at 50 pascals) or ACH,, (air changes per
hour—natural).

v’ Put the house in its heating and/or cooling mode with win-
dows, doors, and vents closed and air registers open.

v" Turn off combustion appliances temporarily.

v’ Open interior doors so that all indeor areas inside the ther-
mal boundary are connected to the blower door.

v’ Ensure children and pets are at a safe distance from fan
blades.

2.2.4 Blower door test procedures

Follow these general instructions when performing a blower-
door test.
1. Install blower door frame, panel, and fan in an exterior
doorway, having a clear path to outdoors.
2. Follow manufacturer’s instructions for fan orientation and
manometer setup for either pressurization or depressuriza-
tion.
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3. Connect the house-pressure manometer to measure house
WRT outdoors.

4. Connect the airflow manometer to measure fan WRT zone
near fan inlet. The zone near the fan inlet is indoors for
depressurization and outdoors for pressurization.

5. Make pretest adjustments to manometers following manu-
facturer’s instructions.

6. Turn on the fan and adjust its speed to produce 50 pascals
of pressure difference between indoors and outdoors.

7. Read the CFM5 from the airflow manometer or from the
second channel of a two-channel digital manometer.

8. If the house cannot be depressurized to —50 Pa, depressur-
ize to highest multiple of 5 and multiply your measured
airflow by the “can’t reach 50" (CRF) factors in the con-
version table shown here.

Table 2-4: ‘Can’t Reach Fifty’ Factors

House Pressure | 15 20 25 30 35 40 45

Can't Reach 50

Faclor 2.2 1.8 1.6 14 1.3 1.2 1.1

Thanks to The Energy Conservatory

Post-biower-door-test essentials

Be sure to return all temporary measures, taken to facilitate the
blower door test, to their original condition.

v’ Inspect all pilot lights of combustion appliances to ensure
that blower door testing did not extinguish them.

v Reset thermostats of heaters and water heaters that were
turned down for testing.

Approximate leakage area
There are several ways to convert blower door CFMg, measure-

ments into square inches of total leakage area. The simplest way
to convert CFMj5 into an approximate leakage area (ALA) is to
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divide CFM;q by 10. The ALA can help you visualize the size
of openings you’re looking for in a home or section of a home.

ALA = CFMso + 10

2.2.5 Target air-leakage reductions

Depending on the initial blower-door test reading in CFMS50,
follow the prescribed percentage target air-leakage reduction
specified below.

Percent Target Air-Leakage Reduction

0 1500 3000 4000 5000 75C0
Initial Blower-Door-Measured Air Leakage (CFM50)

Target air-lezkage reduction: The target reduction depends on the initial leakiness of the
home. Don't air-seal homes heated by unvented space heaters.

2.2.6 Building tightness limits (BTL)

Air leakage must provide fresh outdoor air when no mechanical
ventilation system exists because the air leaks are the home’s
only means of fresh air intake and pollutant removal. Follow
these steps to determine the building tightness limit (BTL).

1. Determine the number of occupants by each of the fol-
lowing ways, and then use the largest number: a) actual
number of cccupants, b} number of bedrooms plus one,
or ¢) minimum of 5 occupants per living unit. Use the
table titled “Building tightness limits (CFM50)” on
page 2-13 to determine building tightness limits.
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Table 2-5: Building tightness limits (CFMgy)

Number of stories

Wind shielding 1 2 3

Shielded 2100 1650 1500
Normal 1750 1500 1500

Exposed 15650 1500 1500

Shielded 2500 2000 1750
Normal 2100 1700 1500
Exposed 1850 1500 1500
Shielded | 2950 2;00 2050
Normal 2450 1950 1700
Exposed 2150 1750 1550

"Siewe ek 33 ; 5650 _20 :

Normal 2800 2250 1900
Exposed 2500 2000 1750
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2. Or, use one of the following simple formulas to determine
the building tightness limit.

BTL CFMg, = 15 cfm x # occupants x n

Or, i there are mora than 322 square feet of foor space per occupant:

0.35 ACH50 x volume x n

BTL CFM;, = =

If the existing CFM5 is near or below the BTL, air sealing is
not an energy-conservation priority. Air sealing, however, may
still be important to prevent humid indoor air from migrating
into attics and building cavities.

Pollution control and ventilation also may be priorities for
homes testing below the BTL. The importance of pollution con-
trol and ventilation depend on answers to the following ques-
tions:

» Are sources of moisture like ground water, humidifier,
water leaks, unvented clothes dryer, or unvented space
heater causing indoor air pollution, high relative humidity,
or moisture damage? See “Solutions to moisture prob-
lems” on page 1-11

» Do occupants complain or show symptoms of building-
related illnesses?

Pollutant sources combined with tight houses produce poor
indoor air quality. Educate residents about removing pollution
sources and ventilating their homes. Take appropriate steps dur-
ing weatherization to reduce poflutants and to install mechani-
cal ventilation if needed. If pollutant sources can’t be removed
during weatherization, perform no air-sealing. See also
“Mechanical ventilation” on page 1-13.

2.2.7 Leak-testing air barriers

Leaks in air barriers cause energy and moisture problems in
many homes. You can test air barriers for leakiness during
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blower-door testing. Air-barrier leak-testing avoids unnecessary
visual inspection and air-sealing in hard-to-reach areas, Air-bar-
rier pressure testing uses a manometer to measure pressure dif-
ferences between zones in order to estimate air leakage between
zones. Specifically air-barrier leak-testing can:
» Evaluate the airtightness of portions of a building’s air bar-
rier—especially floors and ceilings.
» Decide which of two possible air barriers to air seal—for
example, the fioor versus foundation walls.
» Estimate the approximate leakage area (ALA) of air leaks
through a particular air barrier, for the purpose of estimat-
ing the materials and labor necessary to seal the leaks.

-

Leak-testing air barriers invoives a series of techniques, appfied during a blower-door test
with the house at & negative pressure of 50 pascals with reference to culdoors. This house
has 3000 CFM50 of air leakags. Testing air barriers can help determine whera that leakage is
coming form.

* Determine whether building cavities like floor cavities,
porch roofs, and overhangs are conduits for air leakage.

* Determine whether building cavities, intermediate zones,
and ducts are connected by air leaks.

Air-barrier leak-testing provides a range of information from
simple clues about which parts of a building are leakiest to spe-
cific estimates of the airflow and hole size through a particular
air barrier like a ceiling.

When you’re planning to identify and improve a home’s air
barrier, consider the leakage characteristics of the building com-
ponents. Creating an effective air barrier in an existing home
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involves choosing existing building components to act as air
barrier and air-sealing their border regions. Chances are that
you’ll find two or more of these components adjacent to one
another so that they combine to form a better air barrier com-
pared to being considered alone. The classification below
includes only the component itself, not seams and border areas
where it meets other components.

Table 2-6: Building Components Compared by Air Permeance al 50 Pascals

Gocod gir barriers Fair air barriers Poor air barriers
(<2 CFMzq per 100 ft%)  (2-10 CFMg, per 100 7%)  (10-1000 CFMg per 10912

5/8° eriented strand

154 periorated felt 5/8" tongue-and-groove

board wood sheeting

1/2" drywall concrete block 6" fiberglass batt

4-mil air barrier paper rubble masonry 1.5" wet-spray cellulose
phallshingles and . 7/16" asphalt-coated weod siding over plank

perforated felt over 1/2 fiberbosrd sheathing

plywood

1/8" tempered 1" expanded wood shingles over

hardboard polystyrene plank sheathing

painted uncracked lathe . . .

and plaster brick veneer blown fibrous insulation

Based on information from: *Air Permeance of Buitding Maleriais™ by Canada Morigags
Housing Corporation and estimates of comparable assemblies by the author

Primary versus secondary air barriers
The air barrier should be a material that is continuous, sealed at
seams, and is itself relatively impermeable to airflow. Together
the air barrier and insulation form the thermal boundary. The
most airtight air barrier is the primary air barrier and the least
airtight is the secondary air barrier. The primary air barrier
should be adjacent to the insulation to ensure the insulation’s
effectiveness. Therefore, testing is important to verify that insu-
lation and primary air barrier are together. Sometimes we’re

2-16 L eak-tasting air barriers




surprised during testing to find that our assumed primary air
barrier is actually secondary, and the secondary air barrier is
actually primary. For example, the roof may be the primary air
barrier instead of the top-floor ceiling as assumed.

Intermediate zones are unconditioned spaces, sheltered within
the exterior shell of the house. Intermediate zones can be
included inside the home’s primary air barrier or outside it.
Intermediate zones include: unheated basements, crawl spaces,
attics, enclosed porches, and attached garages. Intermediate
zones have two potential air barriers: one between the zone and
house and one between the zone and ountdoors. For example, an
attic or roof space has two air barriers: the ceiling and roof.

Very simple pressure tests
You can find valuable informa- __ _
tion about the relative leaki- : \U« B ‘
ness of rooms or sections of lL; -~ ]
the home with closable inte- v 7 |
rior doors during a blower- | et
deor test. Listed below are 4 ' ?@“ |
simple methods ‘ i
1. Feeling zone air leak- = —|‘
. ' |
age: Close an interior PO
door partially so that L
there is a one-inch gap Interior door test: Feefing airflow with your
between the door and hand at the crack of an interior door gives a

door jamb. Feel the air-  rough indication of the air leakage coming
flow along the length of from the outdoors through that room.
that crack, and compare

that airflow intensity with airflow from other rooms,
using the same technique. Discovering that there is a lot
of leakage coming from one zone and only a little com-
ing from another is this test’s limit.
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2. Room pressure differ-
ence: Check the pressure
difference between a
closed room or zone and
the main body of a home.
Larger pressure differ-
ences indicate larger
potential air leakage
within the closed room or

. . . Bedroom test: This bedroom pressure
else a tight air barrier diference may be caused by its leaky
between the room and exterior walls or tight interior walls,

main body. A small pres-  ssparting it from the main body of the
sure difference means lit- home. This test can determine whether or

not a confined combustion zone is
tle leakage to the outdoors  opnected to other rooms.

through the room or a
leaky air barrier between the house and room.

3. Observing the ceiling/attic floor: Pressurize the home to
50 pascals and observe the top-floor ceiling from the attic
with a good flashlight. Air leaks will show in movement of
loose fill insulation, biowing dust, moving cobwebs, etc.

4. Observing smoke movement: Pressurize the home to 50
pascals and observe the movement of smoke through the
house and out of its air leaks.

Tests 1,2, and 4 are mainly just cbservations. Feeling airflow
with your hand or observing smoke are mere observations, but
these simple techniques have helped identify many air leaks that
could otherwise have remained hidden. Closing doors to leakier
rooms will usually produce a greater reduction in CFMsq than

closing doors to tighter ones.

Air leakage, restricted by closing a door, may have alternative
indoor paths rendering test 2 inaccurate. Only practice and
experience can guide your decisions about the applicability and
usefulness of these tests.
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Using manometers to test air barriers

A manometer, used for blower door testing, also can measure
pressures between the house and its intermediate zones during
biower-door tests.

The blower door, when used to create a house-to-outdoors
pressure of —50 pascals, also creates house-to-zone pressures of
between O and —50 pascals in the home’s intermediate zones.
The amount of depressurization depends on the relative leaki-
ness of the zone’s two air barriers.

Pressure-testing building parts: Measuring the pressure difference across the assumed
thermal boundary tells you whether the air barrier and insulation are aligned. if the
manomeler reads closa to -50 pascals, they are aligned, assuming the lested zones are
well-connected to culdoors. Lesser negative readings indicale misalignment.

For example, in an attic with a fairly airtight ceiling and a
very well-ventilated roof, the attic will indicate that it is mostly
outdoors by having a house-to-zone pressure of —45 to —50 pas-
cals. The leakier the ceiling and the tighter the roof, the smaller
the negative house-to-zone pressure will be. This holds true for
other intermediate zones like crawl spaces, attached garages,
and basements.

Zone leak-testing

This next procedure illustrates the general testing principles
introduced above.
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1. Depressurize house to —50 pascals with a blower door.

2. Find an existing hole or drill a hole through the floor, wall,
or ceiling between the conditioned space and the interme-
diate zone.

3. Connect the reference port (digital manometer) or the low-
pressure port (analog manometer) to a hose connected into
the zone.

4. Leave the input port (digital manometer) or the high-pres-
sure port (analog manometer) open to the indoors.

5. Read the negative pressure given by the manometer. This
is the house-to-zone pressure, which will be —50 pascals if
the air barrier between house and zone is airtight and the
zone is open to outdoors.

6. If the reading is significantly less negative than —45 pas-
cals, find the air barrier’s largest leaks and seal them.

7. Repeat steps 1 through 5, performing more air-sealing as
necessary, until the pressure is as close to -50 pascals as
possible.

House-to-attic pressure: This commonly  Attic-to-outdocrs pressure: This
used measurement is convenient because it reasuremant confirms the first because the
requires onjy one hose. two add up to -50 pascals.

Leak-testing building cavities
Building cavities like wall cavities, floor cavities between sto-
ries, and dropped soffits in kitchens and bathrooms can also be
tested as described above to determine their connection to the
outdoors as shown here.
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Thase axamples assume that the
manometer is outdoors with the

Porch reof tast: if the porch roof were

outdoors, the mancmeter would read near 0

pascals. We hope that the porch roof is
outdoors bacause it is outside the
insulation. We find, however, that it is
partially indoors, indicating that it mey
harbor significant air leaks through the
thermal boundary.

Cantilevered floor test: We hope to find
the cantilevered floor to be indoors, A
reading of -50 pascals would indicate that it
is complotely indoors. A reading less
negative than ~50 pascals is measured
here, indicating that the floor cavity is
partially connecled to outdoors.

2.2.8 Decisions about crawl spaces

The importance of creating an
effective air barrier at the
foundation walls or floor
depends on how much of the
home’s air leakage is coming
through the foundation or
floor. Air leakage from the
crawl space is a leading cause
of moisture problems.

During a blower door test,
check the difference in CFM5,
when the crawl-space hatch is
closed compared to when it is
open. You will probably have
to adjust the blower door after

House-to-crawl space pressure: Many
homes with craw! spaces have an
ambiguous thermal boundary at the
foundation. Is the air barrier at the flcor or
foundation wall? Answer: in this case, both
are an equal part of the air barrier.

opening the interior or exterior crawl-space hatch to restore 50
pascals house pressure. This technique works well for base-
ments and crawl spaces with interior access hatches.
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2.2.9 Duct airtightness testing

The blower door can be used for duct airtightness testing at the
same time that it is testing house airtightness. The goal of the
tests explained below is to roughly estimate duct leakage so that
a decision can be made about the level of duct sealing neces-
sary. For information on sealing duct leaks, see “Duct air-tight-
ness standards” on page 5-57.

Pressure-pan testing

Pressure-pan tests can help

identify leaky or disconnected

ducts. With the house depres-

surized by the blower door to

-25 pascals with reference to Tl -

outdoors, pressure-pan read-

ings are taken at each supply e

and return register. e

1. Install blower door and LT
set-up house for winter A pressure pan: Blocks a singfe register
conditions. Open all inte- mmmafm&fﬁm of
rior doors. that pressure is an indicalor of duct leakage.

2. If the basement is condi-
tioned living space, open the basement door. If the base-
ment is considered outside the conditioned living space,
close the basement door and open a basement window.

3. Turn furnace off. Remove fumace filter. Ensure that all
grilles, registers, and dampers are fully open.

4. Temporarily seal any outside fresh-air intakes to the duct
system. Seal all registers that are in unconditioned living
spaces (supply registers in unconditioned basements, for
example).

5. Open attics, crawl spaces, and garages as much as possible
to the outside. If it has been determined that the basement
is outside the conditioned living space, open basement
windows or doors to the outside.
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6. Connect hose between pressure pan and the input tap on
the digital manometer. Leave the reference tap open.

7. With the blower door at —25 pascals, place the pressure
pan completely over a grille or register to form a tight seal.
Record the reading.

8. If a grille is too large or a supply register is difficult to
access {under a kitchen cabinet, for example), seal the
grille or register with masking tape. Insert a pressure probe
through the masking tape and record reading.

9. Repeat test for each register and grille in a systematic fash-
ion.

PR i Gl AL TR S WL S E S B

i
3
!,l“i
]

Pressure pan test: A pressure-pan Proklem register: A pressure reading of 7
reading of 2 indicates moderate duct air pascals indicates major air leakage near the
feakage. tosted regisier.

Basements are often considered part of the conditioned living
space of a home. In this case, pressure-pan testing isn’t neces-
sary, although air-sealing the return ducts for safety is still rec-
ommended. If instead, the basement is accessed from the
outside and rarely used, the basement may be considered out-
side the conditioned living space. In this case, a window or door
between the basement and outdoors should be opened and any
door or hatch between conditioned spaces and basement should
be closed.
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Pressure-pan duct standards

If the ducts are perfectly sealed with no leakage to the outside,
no pressure difference (0.0 pascals) will be measured during a
pressure-pan test. The higher the pressure reading, the more
connected the duct is to the outdoors.

» If three or more readings are greater than 2.0, examine
duct system for leaks and repair, especially if ducts are
located outside the conditioned living space.

 Following weatherization work, no more than three regis-
ters should have pressure-pan readings greater than 2.0
pascals. No single reading shall be greater than 4.0 pas-
cals.

» The best weatherization providers won't accept readings
greater than 1.0 pascals.

Pay particular aftention to registers connected to ducts that are
located in areas outside the conditioned living space. These
spaces include attics, crawl spaces, garages, and unoccupied
basements as described above. Attention should also given to
registers attached to stud cavities or panned joists used as return
ducts. Leaky ducts located outside the conditioned living space
may show pressure-pan readings in excess of 30 pascals if they
have large holes.

2.2.10 Duct-induced room pressures

An improperly balanced air-handling system can cause comfort,
building-durability, and indoor-air-quality problems. Duct-
induced room pressures can increase air leakage through the
building shell from 1.5 to 3 times compared to when the air han-
dler is off.

Measuring duct-induced rcom pressures

The following test measures pressure differences between the
main body of the house and each room, including the combus-
tion-appliance zone (or basement). Pressure difference greater
than +4.0 pascals or more negative than —4.0 pascals should be
corrected. For information on reducing duct-induced room pres-
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sures, see “Duct improvements to increase airflow and improve
comfort” on page 5-62.

1.

Set-up house for winter conditions. Close all windows
and exterior doors. Turn-off all exhaust fans.

First, open all interior doors, including door to basement.
Turn on air handler.

Measure the house-to-outdoors pressure difference. This
test indicates dominant duct leakage as shown here.

Dominant retumn leaks: Whaen refurn Dominant supply lezks: When supply
leaks are larger than supply leaks, the loaks are larger than refurn leaks, the
house shows a positive pressure with house shows a negative pressure with
reforence to the ouldoors. reference to the outdoors.

A positive pressure indicates that the return ducts (which pull
air from leaky intermediate zones) is leakier than the supply
ducts. A negative pressure indicates that the supply ducts
(which push air into intermediate zones through their leaks) are
leakier than return ducts. A pressure at or near zero indicates
equal supply and return leakage or else little duct leakage.

5. Now, close interior doors.
6. Place hose from input tap on the manometer under one of

the closed interior doors. Leave reference tap connected to
outdoors.

Read and record this pressure measurement for each room.
This pressure’s magnitude indicates the degree to which
the air-handler’s airflow is unbalanced between supply and
return.
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If pressure difference is more
than * 4.0 pascals with the air
handler operating, pressure relief
is necessary. To estimate the
amount of pressure relief, slowly
open door until pressure differ-
ence drops to between +4.0 pas-
cals and —4.0 pascals Estimate
area of open door. This is the
area required to provide pressure
relief. Pressure relief may
include undercutting the door or
installing transfer grilles.

For information on the danger
of depressurized combustion
zones, see “Worst-case draft and
pressure test” on page 5-27.

Biecked return path: With inferior doors
closed, the large positive pressure in the
bedroom is caused by the lack of a air
return register in the bedroom. The
airflow in this forced-air system is
unbalanced, causing this prassure,
which forces room air through the room’s
air leaks.
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2.3 BASELOAD ENERGY MEASURES

The following baseload energy measures can be applied to most
homes and are reliable energy savers.

2.3.1 Water heating

Gas-, propane-, and oil-fired
water heaters must be tested,
maintained, and repaired as
described in the sections on
burners and venting. See “Com-
bustion safety and efficiency
testing” on page 5-32.

v’ A water heater must have a
pressure-and-temperature
relief valve and a safety
discharge pipe. Install a
relief valve and discharge
pipe if none exists. The
discharge pipe should ter-
minate 6 inches above the
floor or outside the dwell-

cold water dip fube

I~ sacrificial anode

flow rata of
combustion gases
through the fue to
wring more heat
out of the gases

T-—- Turbulator reduces

burner

Standard gas water heater: /s an cpen
combustion appliance often frcubled by
spilfage and backdrafting.

ing as specified by local codes. The discharge pipe should
be made of rigid metal pipe or approved high temperature

plastic pipe.

v/ Water heaters should be re-insulated to at least R-10 with
an external insulation blanket unless water-heater label
gives specific instructions not to insulate or the water

heater is already insulated.

v’ Water heater insulation must not obstruct draft diverter,
pressure relief valve, thermostats, hi-limit switch, plumb-
ing pipes, or element/thermostat access plates.

v/ Install a non-misting water-saving shower head. A non-
misting model is preferred to prevent the shower from
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being too steamy and causing moisture problems in the

bathroom.

it
Electric il

IR

Non-rlnlsﬂng Misting
Setting hot-water temperatura:

Getting the femperature between 115~ Weter-saving shower heada: The
and 120°F can take a few adjustments ~ "er-misting type produces smaif

and temperature measurements. streams of water rather than a mist

v Adjust water temperature between 115° and 120°F with
clients’ approval, unless the client has a older automatic
dishwasher without its own water-heating booster. In this
case the maximum setting is 140°F.

v Inspect faucets for hot-water leaks and repair leaks if
found.

Pipe insulation
v Insulate the first 5 feet of both hot- and cold-water pipes.

v Cover elbows, unions and other fittings to same thickness
as pipe.

v Keep pipe insulation at least 6 inches away from flue pipe.

v Interior diameter of pipe sleeve must match exterior diam-
eter of pipe.

Gas- and oil-fired water-heater insulation

« Keep insulation at least 2 inches away from the burner or
gas valve.
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* Do not insulate the tops of gas- or oil-fired water heaters.
insulated top pressurg ralief vaive

no insulation on top

insulation cut insufation cut
away af access away at burner
doors for acesss door,
elements and gas valve, and
their controls drain.

Wator heater insulation: Insulation should be installed carefully so it doesn't interfere with
the burner, elements, draft diverter, or pressure refief valve.

Electric water-heater insulation

» Set both upper and lower thermostat to keep water at
120°F before insulating water heater.

* Insulation may cover the water heater’s top if the insula-
tion will not obstruct the pressure relief valve.

* Access holes should be cut in the insulation for the access
plates to heating elements and their thermostats.

2.3.2 Gas- and oil-fired water heater service

Gas- and oil-fired water heaters should be inspected and tested,
using specifications listed in the following sections:

s “Venting combustion gases” on page 5-2.
»  “Combustion air” on page 5-18
*  “Combustion safety and efficiency testing” on page 5-32.

2.3.3 Gas- and oil-fired water heater installation

Gas- and oil-fired water heaters are just small boilers and
should comply with the specifications listed in the following
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sections: “Venting combustion gases” on page 5-2, “Combus-
tion air” on page 5-18, and “Heating-system replacement spec-
ifications” on page 5-44.

An oil-fired water heater’s oil burner should be tested as spec-
ified in the following sections.

» “Qil-fired heating installation” on page 5-435.

> “Minimum Combustion Standards for Oil-Burning Appli-

ances” on page 5-39.

A gas-fired water heater should be tested as specified in the
following sections.

» “Gas-fired heating installation” on page 5-46.

o “Gas burner safety and efficiency testing” on page 5-33.

2.3.4 Electric water-heater safety and efficiency

v Electric water heaters should be serviced by a dedicated
electrical circuit.

¢’ Replace damaged wiring and correct loose or improper
wiring connections.

v A replacement electric water heater should have an energy
factor of at least 0.88 and be equipped with at least three
inches of foam insulation.

2.3.5 QGas and oil water-heater replacement

Existing gas water heaters typically use 275 or more therms per
year. New gas water heaters us as little as 175 therms per year.
A savings of 50-to-100 therms can repay the initial investment
in 3-to-7 years at today’s gas costs.

Any replacement gas or oil water heater must have an energy
factor of at least 0.61 or have a minimum of 2 inches of foam
insulation. Replacement water heaters should be wrapped with
external insulating blankets for additional savings, unless the
manufacturer recommends against installing an external blan-
ket.
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In tight homes or homes where the mechanical room is
located in living areas, replacement gas or oil water heaters
must be either power-draft or sealed-combustion. Sealed-com-
bustion water heaters are preferred in tight homes with the
water heater installed in a living space.
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2.4 APPLIANCES AND LIGHTING

The importance of lights and appliances to residential energy-
conservation programs is increasing with the increasing cost of
electricity.

Refrigerator adjustments and coil-cleaning

The most important issue for operating any refrigerator, existing
or new, is the temperature setpoint of the refrigerator and
freezer compartments. The refrigerator temperature should be

" 38-40°F and the freezer should be 2-5°F for optimal energy
efficiency. It’s helpful to use a two-channel digital thermometer
that can measure refrigerator and freezer temperature at the
same time.

Dust accumulates around refrigerator coils and reduces air-
flow and heat transfer from the refrigerator to the air around it.
This wastes energy. Clean existing refrigerator coils with a soft
bristle brush, designed for this purpose. If the refrigerator has
an ice maker, be sure not to damage the water tubing connected
to the refrigerator.

2-32 Gas and cil water-heater replacement

}...............................O..




| 0-5°F . =

n
E Reirigerater Fraszer Enscgy Baver

Refrigerator settings: Adiust refrigerator and
36-40°F freezer dials to schigve the lemperature range
shown. Turn the energy-saver switch on and
axplain its operation fo the occupants.

Cleaning refrigerator coils: Dust
and dirt built up on refrigerator coils
can reduce efficiency by reducing
airflow and heat transfer.

2.4.1 Refrigerator assessment and replacement

Refrigerators that are more than 10 years old usually consume
between 1000 and 1400 kilowatt-hours per year. New Energy
Star® rated refrigerators use less than 550 kilowatt-hours per
year. Replacement should be considered on a case-by-case basis
depending on energy consumption as determined below.

2.4.2 Measuring refrigerator energy consumption

Measuring refrigerator energy consumption is performed during
an energy audit and education visit. The meter should record
consumption for at least two hours.

1. Connect the refrigerator to a recording kilowatt-hour
meter set to record the number of kilowatt-hours used in
a two-hour or longer period.

Southeast Weatherization Field Guide 2-33




2. If the refrigerator is an automatic defrost model, check
several times during the two hour test to ensure that auto-
matic defrost has not activated. If it has, there will be a
new wattage draw besides the resting condition and com-
pressor-on condition. If the defrost comes on during the
test, start the test again.

3. Divide the number of kilowatt-hours by the hour duration
of the test. This gives you the number of kilowatts (or kilo-
watt-hours per hour). Multiply this number times the total
number of hours in a year: 8766 hours per year. The prod-
uct of this calculation is annual kilowatt-hours.

Refrigerators that are replaced should be taken to a facility,
licensed to reclaim their refrigerant. No refrigerator, taken out
of service, should be returned to service by sale, barter, or for
free.

2.4.3 Lighting assessment and replacement

Most low-income homes have 6-to-12 lamps that burn for more
than an hour per day. Incandescent lamps that bumn for more
than one hour per day should be replaced by more-efficient
compact fluorescent lamps (CFLs). The CFL should be sized at
approximately one-third of the wattage of the incandescent
lamp they replace. This easy retrofit has as good an economic
return as any retrofit mentioned in this field guide.

Compact fluorescent lamps are still a little bigger than the
incandescents they replace. In many fixtures there is extra room
and the size difference isn’t an issue. In other fixtures, standard-
sized compact fluorescents won’t fit. To address this size prob-
lem, the lighting industry has recently created a smaller size of
compact fluorescent lamp known as sub-compact fluorescent. A
weatherization agency would be wise to stock both the more
common and less expensive compact fluorescents and also the
more expensive and versatile sub-compact models.
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Halogen (incandescent) torchieres are inefficient and danger-
ous. Replace halogen torchieres with fluorescent torchieres,

Compact fluorescent lamps: These advanced lamps use about one-third of the electricily
of the incandescent lamps they replace.
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3.0 AIR-SEALING, INSULATING,
WINDOWS AND DOORS

These specifications address energy-efficiency measures
designed to improve the building’s thermal boundary. Perform
air leakage testing and evaluation before beginning air-sealing
or insulation work. See “Assessment, Diagnosis and Baseload
measures” on page 2-1.

Use visual inspection to determine the cost-effectiveness of
adding thermal resistance to a building. Reducing air leakage
and adding insulation use the same general approach. The most
needy areas are retrofitted first and then less needy areas are ret-
rofitted as time and budget permit.

’1}’*
Aﬁ\z\ joint between coflar beam and rafter

Joint between porch
and house

air barrier

rim joist area

Tharmal boundary flaws: The thermal boundary contains the air barrier and insulation,
which should be adjacent to each other. Corners in the thermal boundary are places where
insulation and the air barrier may be incompiate.
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3.1 REDUCING AIR LEAKAGE

Air leakage in homes represents from 5% to 40% of annual
heating costs. Air-leakage reduction is one of weatherization’s
most important functions, and often the most difficult function.
The four main functions of air-leakage reduction are to:
1. Save energy
2. Increase comfort
3. Protect insulation’s thermal resistance
4. Avoid moisture migration into building cavities
Air leaks into and out of the building by three main ways:
1. Bypasses, which are ' .
significant flaws in the ot
home’s air barrier.
2. Seams between build- ~ Lange holes:
ing materials. Em

3. The building materials  fargs holes in

themselves. See “Air concrote wails
- without
Permeance of Building patching them.
Materials at 50 Pas- Thesa can be
cals Pressure” on large air leaks.
page 2-11.
The ultimate goal of air
leakage reduction is to estab-

lish an effective air barrier. Before air sealing, be aware of all

air-pollution and house-pressure hazards. State and local gov-
emments may set standards for airtightness levels and ventila-
tion. See “Building tightness limits (BTL)” on page 2-12.

3.1.1 Sealing bypasses

Bypasses are holes and gaps in the air barrier. The effort worth
expending to scal a bypass depends primarily on its size.

Bypasses will be found between the conditioned space and attic,
crawl space, attached garages, and porch roofs. For information
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Reference information on Air Leakage

Reference Title Chapter / Section
Residential Energy: Cost Savings and Comfort for Chapter 3, Air .
Existing Buildings, by John Krigger, Third Edition Leakage _
Your Mobile Home: Energy and Repair Guida for Chapter 5, Air

Manufactured Housing, by John Krigger; Fourth Edition  Leakage

on measuring and locating air leaks, see “Using manometers to
test air barriers” on page 2-19.

intarior wall

g, |

F

Balloon-framed interior watls: These

:;fi fjg“::se”,::ni"”" to both the Porch air leakage: Porches often create a
substantial air leak because of all their
joints and because there may be no siding
or sheathing behind the porch.

It is always preferable to use strong air-barrier materials like
plywood or drywall to seal bypasses. These materials should be
attached with mechanical and/or adhesive bonds. Strong materi-
als with strong bonds are best practice because air barriers must
be able to resist severe wind pressures.

Sometimes bypasses are easily accessible and sometimes not.
When they are not easily accessible, technicians sometimes
blow densely packed cellulose insulation into surrounding cavi-
ties, hoping that the cellulose will resist airflow and plug cracks
between building materials.
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The following are examples
of bypasses and how to seal
them. All bypasses are to be
sealed prior to insulating
except where cellulose is also
being used to seal bypasses.

« Joist spaces under knee-
walls in finished attic
areas: Connect knee-wall
with the plaster ceiling of
the floor below by creat-  Ceflulose or foam board plugs:Seal
. . . these large air leaks batween the
ing a rigid seal under the o ioieq atic and the interior foor caviy
kneewall or by blowing
short sections of the floor
cavity with densely packed cellulose.

» Kitchen or bathroom interior soffits: Seal the top of the
soffit with plywood or drywall, fastened and sealed to ceil-
ing joists and soffit framing.

» Two-level attics in split-level houses: Seal the wall cavity
with a rigid material fastened to studs and wali material.

Two-lovel attic: Split level homes creats
wall cavities connected to the ventilated
attic. Other bypasses shown are duct,
recessed light, and chimnay.

34 Sealing bypasses




+» Tops and bottoms of balloon-framed interior partition wall
cavities, missing top plates: Seal with rigid barrier, like
1/4-inch plywood or 1-inch foam sealed to surrounding
materials with caulk or liquid foam.

=

Baltoon framing: Leaves
fioor cavities connecled to
Ty wall cavities.

N W, R T

lathe and plaster

BRSNS

» Chimney, Fireplace: Seal |
chimney and fireplace Al
bypasses with sheet metal
(minimum 28 gauge
thickness) and seal to
chimney or flue and ceil-
ing structure with a high
temperature sealant or
chimney cement.

» Soil stacks, plumbing

vents, open plumbing chi hasos: Seal around

. . . . mney chases: Seal around masonry
walls. S,eal Jounts with and metaf chimnays with non-combustible
expanding foam or caulk.  shogt metal and high-temperature siticone
If joint is too large, stuff  sealant
with fiberglass insula-
tion and foam over the top to seal the surface of the patch

with spray foam.
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