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Disclaimer

This document was prepared as an account of work sponsored by the United States Government. While
this document is believed to contain correct information, neither the United States Government nor any
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usefulness of any information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial product, process, or
service by its trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or any agency
thereof, or The Regents of the University of California. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any agency thereof
or The Regents of the University of California.
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Healthy Efficient New Gas Homes (HENGH) Field Study Protocol

Residential Building System Group
Lawrence Berkeley National Laboratory
April 1, 2016

This field protocol describes the detail procedures for collecting indoor air quality, mechanical
ventilation, and related parameters in 100 occupied California homes that were built to 2008 Title
24 standards. The protocol also includes procedures for the field team to prepare for the in-home
visits, and follow up work to be performed by the field team, such as uploading data and sending
samples to LBNL for chemical analysis.

The field team, led by Gas Technology Institute (GTI), may visit a home up to three times. GTI
will coordinate the in-home visits with gas utility staffs from Pacific Gas & Electric (PG&E) and
Southern California Gas Company (SoCalGas). GTI will describe the scope of the study, risks,
and financial incentives to participants by going over the consent form on the phone. After that, a
gas utility staff will schedule the first visit with the study participant. Prior to the first visit, GTI
will inform study participants on how many field visits to expect and when.

(1) Pre-Visit Preparation

(&) Assemble information about the study home
(i)  Contact information of study participant
(i)  Record of consent conversation (name of study participant and date of
conversation)
(iii)  Print floor plan of house (multiple copies, include mirror image for
convenience)

(b) Assemble forms and equipment
(i)  Study Consent Form and Consent to Ventilation Changes
(i)  Camera, notepad, and misc. supplies needed for gas appliance safety test
and walk through
(iii)  Ladder, cloth/rug to protect flooring, prepare to access attic

(2) Gas Appliance Safety Test / Walk-Through

(@) A GTI/PG&E / SoCalGas researcher will identify the study participant with
whom GTI has had the consent conversation. This researcher will go through the
Study Consent Form with the study participant. Study participant will sign two
copies of the form, one copy to return to researcher, and the other copy to keep
for reference.
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(b) The researcher will ask the study participant if there are potential hazards or
other warnings (e.g., pets, young children, faulty electric outlet) that the field
team should be aware of when working in the home.

(c) The researcher will explain the scope of gas appliance safety test (NGAT) to the
study participant.

(d) Gas service technician will perform NGAT.

(i)  Provide study participant with Notice of Unsatisfactory Conditions if
applicable.

(i) END OF STUDY if home found to be unsafe to work in, or if there are
conditions that will require a follow-up visit to repair. The researcher
will explain to the study participant that their participation will end.
Study participant will receive $75. Two copies of the Record of Incentive
Payment with be signed by the study participant and the researcher, one
copy to return to researcher, and the other copy to keep for reference.

(e) Follow Walk Through and Mechanical Ventilation System Checklist. The
researcher will explain to study participant that he will make observations (take
note of location, make/model, and condition) and take photos of the equipment /
appliances (see also List of Photos to Take). The researcher will ask study
participant for user manuals of the equipment / appliances, and take photos of
them if available.

(f) The researcher will conduct a walk-through with the study participant to identify
the locations of the above equipment / appliances. During the walk-through, the
researcher will:

(i)  Identify suitable locations for placing the IAQ instrument in the main
living space, master bedroom, and outdoor.

(i)  Explain to study participant the placement of sensors to monitor use of
cooktop and oven, fireplace, range hood, clothes dryer, exhaust fan, and
central forced air system.

(iti)  Explain to study participant that opening/closing of door from house to
garage and patio door(s) will be monitored.

(iv)  Explain to study participant that the following should not be used during
the one-week monitoring period: windows, whole-house fan, any
unvented combustion appliances.

(g) The researcher will confirm that essential components of the mechanical
ventilation system are operation (follow Walk Through and Mechanical
Ventilation System Checklist).

(i)  If necessary, discuss and obtain study participantis approval using
Consent to Ventilation Changes for any changes that need to be made
during the one-week monitoring period (e.g., exhaust fan that has been
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turned off will need to be on). Ask study participant to sign two copies of
the form, and give one copy for the study participant to keep.

(i) END OF STUDY if mechanical ventilation system is inoperable, or if
study participant will not agree to the necessary change(s) required. The
researcher will explain to the study participant that their participation
will end. Study participant will receive $75. Two copies of the Record of
Incentive Payment with be signed by the study participant and the
researcher, one copy to return to researcher, and the other copy to keep
for reference.

(h) The researcher will make a floor plan sketch of the house (see also List of Things
to mark on Floor Plan).

(i) The researcher will confirm when the next visit will occur if it has been pre-
arranged, or explain to the study participant that s/he will be contacted to arrange
the next visit within 3 days.

(3) Preparation of IAQ Instruments and Activity Sensors

(&) Check, calibrate, and prepare IAQ instruments and activity sensors a few days
prior to the one-week monitoring period.
(i)  Follow Pre-Visit Check of PM Instruments
(i) Follow Pre-Visit Check of CO2 Instruments
(iii)  Follow Pre-Visit Check of NO2 Instruments
(iv)  Follow Pre-Visit Check of Formaldehyde Instruments
(v)  Follow Pre-Visit Check of Data Loggers
(vi)  Follow Pre-Visit Check of Passive Samplers

(4) Setup IAQ Instruments and Activity Sensors

(@) A researcher will confirm with the study participant locations of where air quality
instruments will be placed.
(i)  Outdoor
(i) Main indoor living space (e.qg., living, dining, or great room)
(iti)) ~ Master bedroom
(iv)  Other bedrooms (up to 3)

(b) A researcher will hand the following forms to study participant:
(i)  Occupancy and Indoor Activities Data Log
(i) 2015 California New Homes Survey

(c) Researchers will identify an outdoor location and set up outdoor air quality
instruments.
(i)  Follow Setup of Outdoor PM Instruments
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(i)  Follow Side-by-Side Comparison of Outdoor and Indoor PM Instruments

(d) Researchers will install the following sensors to monitor the use of gas
appliances and mechanical ventilation:
(i)  Follow Range Hood Use Data Logging
(i)  Follow Cooktop Use Data Logging
(i)  Follow Gas Fireplace Use Data Logging
(iii)  Follow Clothes Dryer Use Data Logging
(iv)  Follow Exhaust Fan Use Data Logging
(v)  Follow Supply Air Intake Data Logging
(vi)  Follow Central Forced Air Use Data Logging
(vii)  Follow Door Using State Data Logging

(e) Researchers will put KEEP WINDOWS CLOSED labels on all useable windows
to remind study participants to keep windows closed during the one-week
monitoring period.

(f) Researchers will identify a suitable location in the main living space and set up
indoor air quality instruments following Setup of Indoor Air Quality Monitoring
Station.

(9) Researchers will identify a suitable location in master bedroom and set up indoor
air quality instruments following Setup of Indoor Air Quality Monitoring Station
in Master Bedroom.

(n) Researchers will install CO2 sensors in other bedrooms (up to 3)
(i)  Follow Setup of CO2 Instruments in Bedrooms

(i) If time permits, begin to (7) Conduct Diagnostic Tests.

(i) Researchers will setup passive samples following Start of Passive Sampling.

(K) A researcher will confirm with the study participant the time when the field team
will return in one week to collect instruments. Explain to study participant that
s/he will be contacted in approximately 3 days to see if monitoring is going as
planned. Study participant can also contact researcher (either field team or
LBNL) at anytime for questions.

(5) Mid-Week Check

(@) A researcher will call study participant 3 days after the IAQ instrument
installation following_Telephone Script to Answer Questions During One-Week
Sampling Period.

(i)  Answer any questions that the study participant may have

Healthy Efficient New Gas Homes (HENGH) Field Protocol 8 of 124



(i)  Note if any power interruption had occurred

(iti)  Remind study participants to keep windows closed

(iv)  Remind study participants to fill out daily activity log and survey
(v)  Confirm date and time of the next visit

(b) Compile list of information, photos, etc. that remain to be collected on the final
in-home visit

(6) Gathering of Equipment

(@) A researcher will collect the following forms from study participant:
(i)  Daily occupant activity log
(i) California New Homes Survey 2015

(b) Two copies of the Record of Incentive Payment with be signed by the study
participant and the researcher, one copy to return to researcher, and the other
copy to keep for reference.

(c) Researchers will collect passive samples following End of Passive Sampling.

(d) Researchers will follow Side-by-Side Comparison of Outdoor and Indoor PM
Instruments to gather side-by-side measurements of PM concentrations for at
least 1 hour.

(e) Researchers will gather all indoor air quality instruments following Collection of
Indoor Air Quality Instruments.

(f) Researchers will gather all sensors following Collection of Activity Sensors.

(g) Check List of Photos to Take, List of Things to mark on Floor Plan, and
information on Field Datasheet have been completed.

(7) Conduct Diagnostic Tests

(a) Follow DeltaQ Testing to measure the building envelope and duct leakage.

(b) Follow Exhaust Fan Airflow Testing to measure the airflow of all accessible
exhaust fans in bathrooms, laundry room, kitchen, and in other rooms.
(i) If the house has a continuous exhaust fan, measure that location first.
(i) After completing all locations, repeat the first measurement for quality
check.

(c) If the inlet terminal of the in-line supply fan is accessible from the house exterior
wall, then measure airflow using a capture box connected to DuctBlaster and
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measure the airflow, similar to the method described in Range Hood Airflow
Testing. If the inlet terminal is inaccessible (e.g. located on 2nd floor, or roof of a
1-story house), then determine if there is a suitable location (e.g., metal rigid duct
that is not buried in insulation, or at the metal collar connecting flex duct to
plenum) for measuring airflow using an air velocity probe following Supply Fan

Airflow Testing.

(d) Follow Range Hood Airflow Testing to measure the airflow rate.

(e) Follow Clothes Dryer Airflow Testing to measure the airflow rate.

(8) Post-Visit Data Processing

(a) Prepare and send samples to LBNL for chemical analysis following Prepare and
Send Samples to LBNL.

(b) Download data from IAQ instruments and activity sensors following Data
Download Checklist, and upload to shared folder.

(c) Upload photos to shared folder (see List of Photos to Take).

(d) Upload floor plan to shared folder (see List of Things to mark on Floor Plan).

(e) Transcribe key field parameters and notes to Field Datasheet, then upload the file
to a shared folder.
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A. Consent Forms

Healthy Efficient New California Homes Study

Study Consent Form

PURPOSE AND BACKGROUND

You are being asked to participate in a research study led by Max Sherman, Ph.D., a Senior
Scientist at Lawrence Berkeley National Laboratory (LBNL). The study aims to evaluate indoor
air quality and ventilation system performance in new California homes with gas appliances. The
study is funded by the California Energy Commission.

The study team includes the Gas Technology Institute (GTI), Pacific Gas & Electric (PG&E), and
Southern California Gas Company (SoCalGas). Visits to study homes are being coordinated by
GTI. Researchers from GTI and the gas utility will perform the tests.

LBNL and its study partners request your permission to do the following:

e Visit your home on three separate days. The first visit will take up to two hours. The second
and third visits will take up to six hours each and must occur one week apart.

e Test the safety of your gas appliances. Your home must pass the gas appliance safety test to
participate in this study. A service technician from your gas utility will perform the test. If
unsafe conditions are found with your gas appliances, the gas service technician will advise
you on actions to take.

o Install instruments to measure air quality and periods of operation of some equipment in your
home for one week.

e Conduct diagnostic tests to evaluate the performance of your mechanical ventilation system
and other building components.

e Access the building compliance documents that were filed with your local building
department during the permit process.

In addition, during the one-week measurement period, you must agree to:

o Keep your windows closed.

o Complete a daily log (1-3 minutes per day) to indicate the number of people in your home
and to provide information on indoor activities that may produce air pollutants.

o Complete a 15-minute survey about your home, household activities, and demographics.

The requirements for participation in this study are as follows:

0 You must be at least 18 years old.

0 Your home must be a single-family detached house, located in California.
LI Your home must be built in 2011 or later.
O

Your home must have gas appliances and mechanical ventilation.
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Smoking must be prohibited in your home.
Your home must not have highly unusual filtration or ventilation systems.

You must speak and read English sufficiently well to understand this document.

Oooo0oa

At least one adult resident must be present to grant access to your home for the in-home
visits.

O

There must be suitable locations and electrical outlets for study instruments.

O

If you decide to stop participating before a week of in-home measurements is complete,
you must allow the study team to recover all measurement devices from your home.

1. PROCEDURES

If you agree to be in this study, the following will happen:
Walk Through to Collect Basic Information About Your Home

Up to two researchers will visit your home for up to two hours to perform the following tasks:

O Walk through to identify gas appliances, mechanical ventilation and other equipment.

[0 Gather information about gas appliances and mechanical ventilation equipment. Photos
will be taken for documentation. A sketch of your homeds floor plan will be made.

[0 Confirm that there are suitable locations for setting up study instruments inside and
outside of the house.

O Confirm that essential ventilation components are operational. If necessary, discuss and
obtain your approval for any changes that need to be made to these systems prior to the
week of air quality and equipment measurements in your home.

Setup Monitors to Measure Air Quality, Mechanical Ventilation and Appliance Usage

Up to three researchers will visit your home for up to six hours. The team will perform the
following tasks:

O Consult with you to select locations for monitoring equipment that are unobtrusive and out
of reach of small children and pets.

[0 Install devices to measure air quality at one central location and one or more additional
locations inside of your home.

O Install devices to measure air quality at a secure location outside of your home.

[0 Install devices to monitor the use of ventilation and air moving equipment including the
central air handler, range hood, and exhaust fans.

O Install sensors to determine activities, such as cooking, use of oven, and clothes drying.

Some of the air quality and ventilation equipment monitoring devices may need to be plugged
into electrical outlets. It is important that you not unplug these items except in an emergency.
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In addition, researchers may conduct the following tasks:

[0 Measure air leakage of the building envelope and duct system.

[0 Measure airflow of mechanical ventilation equipment, including exhaust fans, range hood,
and airflow rates at registers.

Depending on the workflow of the researchers, the above tasks may occur when the researchers
return to your home at the end of the one-week study period.

One-week study period

Over the one-week measurement period, our installed devices will make air quality measurements
inside and outside of your home and record the operation of mechanical ventilation equipment.

Throughout the week, it is very important that all windows in your home remain closed and that
exterior doors, including patio and garage doors, are open as little as possible. The study is
focusing on measuring indoor air quality under these conditions.

Each day you will be expected to complete a daily log. The log has questions about the number of
people in your home, activities and events that can increase air pollutant levels into your home,
and any accidental window opening. This will take 1-3 minutes per day.

On the third day, you will receive a telephone call from GTI to confirm that the study is
proceeding acceptably, and to answer any questions or concerns you may have about the
monitoring devices and daily logs.

Gathering of Monitors and Complete Data Collection

At the end of the one-week study period, up to three researchers will return to your home for up
to six hours to perform the following tasks:

O Collect daily log sheets and survey form.
[0 Complete gathering of home data (e.g. photos, floor plan) for documentation.

[0 Complete measurements of building envelope and duct leakage, and airflows of
mechanical ventilation equipment.

O Confirm with you that all instruments and sensors have been removed, and make sure that
the field team is leaving your home in good condition.

Survey
You will be asked to complete a survey about your home, household activities, and
demographics. The survey is designed to take 15 minutes or less to complete. The survey will be

provided at the first visit and should be completed and submitted prior to the completion of the
third in-home visit.
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Report Summarizing Results for Your Home

You will receive a report summarizing the measurement and diagnostic test results within three
months after completion of the study.

2. RISKS/DISCOMFORTS

Keeping your windows closed may change the level of air pollutants in your home. Pollutants
from indoor sources will typically reach higher concentrations compared to when windows are
open, and many pollutants from outdoors will typically be in lower concentrations. If you use
often or sometimes use windows for comfort or for any other reason, please consider whether
keeping them closed for one week is acceptable to you.

We will use a blower door to measure the air leakage of your home. These devices are loud and
create drafts during use. The blower door test is expected to take approximately 15 minutes.
Appliances and exhaust fans will be temporarily unavailable while we measure performance or
deal with the monitoring device for each piece of equipment. Please consider whether these
activities will present a significant inconvenience.

Air monitoring devices will be placed in unobtrusive locations that are confirmed to be acceptable
to you. Some of the air monitoring devices have pumps that may be audible.

The study requires at least one adult to be present to grant the field team access to your home.
The activities of researchers during field visits may be temporarily disruptive or create limited
access to equipment or locations in the home.

The field team will perform their work with caution, but there is the risk of minor damage, such
as paint chips or scratches. Please contact LBNL if something is damaged from the field visit,
even if you donit find the problem until after the work in your home has ended.

Because we will collect your name, address, telephone number, and email address, and
information from your home, it is possible that this information could unintentionally become

public. We will use password-protected and encrypted files, and use code numbers in place of
names to minimize the chance of accidental releases of information.

3. BENEFITS

You will learn about the indoor air quality and ventilation in your home. The study aims to
provide benefits to Californians by assessing the effectiveness of current building codes that
require mechanical ventilation to protect indoor air quality.

4. STORAGE OF SAMPLES/DATA
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The data from your home will be entered and stored in password-protected and encrypted
computer files. The data will be combined with data collected from other homes and published in
reports.

Coded data that does not include your name, address, or contact information may be shared with
other researchers who are conducting related studies.

Your contact information will be discarded by LBNL and GTI at the end of this study. Your gas

utility will not target you for future product or service promotions because of your participation in
this study.

5. FINANCIAL CONSIDERATIONS

If field measurement were to occur in your home during summer, you may find it necessary to
use more air conditioning because windows should not be used for ventilation during the study.
The expected energy cost is $10 or less for the one-week period. Study participants who
completed the study will receive $300. In addition, the study participant will receive $30 for
completing all 7 days of the daily data log ($3 per day, and an additional $9 for completing all 7
days), and $20 for completing the 15-minute survey.

Study participants who start but do not complete a full week of measurement will receive $100,
assuming access is granted for researchers to recover all monitoring devices from the home.

Study participants who completed the gas appliance safety test and the mechanical ventilation
identification walk-through only will receive $75.

Payments will be provided to you in the form of a Lowefs gift card at the end of the last visit.
You or your representative will be asked to sign a form to acknowledge that you received the gift

card. You will NOT need to provide your social security number. However, this payment may be
taxable income that should be reported when you file taxes.

6. QUESTIONS AND CONTACT NUMBERS

If you have questions about the study, please contact:
Max Sherman at (510) 486-4022.

If you have questions about your participation, study methods, or equipment, please contact:
Rengie Chan at (510) 486-6570 (office) or (415) 377-8523 (cell).

Any questions you have about your rights as a research subject should be directed to:

Berkeley Lab Human Subjects Committee at (510) 486-5399.
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7. PARTICIPATION IN RESEARCH IS VOLUNTARY.

You have the right to not take part in this study or to stop taking part at any time. If you stop
participation, it may take a few days before we can remove instruments and equipment.

If you wish to participate, please sign below. You will be given a copy of this consent form to
keep.
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AUTHORIZATION

I have read this consent form. My questions about the study have been answered to my satisfaction.

I volunteer to participate in this research. | also give consent for my children who live in this home

and are less than 18 years old.

I live at this address:

I will give researchers access to my home to install and remove instruments for the
measurements. | agree to not unplug the instruments except in an emergency.

Date Subject's Signature

Subjectds Name (print legibly)

Date Person Obtaining Consent (Signature)

Name (print legibly)

Healthy Efficient New Gas Homes (HENGH) Field Protocol
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Healthy Efficient New California Homes Study

Consent to Ventilation Changes

PURPOSE AND BACKGROUND
Participation in the Healthy Efficient New California Homes Study requires that essential
ventilation components are operational. A field technician has conducted a walkthrough to

inspect the operation of mechanical ventilation equipment in your home.

The following changes are necessary prior to air sampling:

Study participants must agree to the above changes to continue with this research study.
1. PROCEDURES

If you agree to the above changes, the field technician will make those changes today. We ask
that you do not alter the changes that are made until the end of the one-week air quality and
equipment use measurement period. Air sampling will start at your next scheduled visit.

At the end of the one-week measurement period, you may choose to leave these changes in place
or to have them returned to the prior condition.

2. RISKS/DISCOMFORTS
There are no significant risks from the changes that are made today, which purpose is to set your

mechanical ventilation to operate as intended. You might notice small changes in air movement
or temperature in your home.
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3. BENEFITS

Mechanical ventilation equipment that operates as intended is more likely to provide suitable
ventilation than if it is inactive, blocked, or programmed incorrectly. The requested changes will
move your homeds ventilation performance closer to that envisioned by the Californiads building
energy codes.

4.  FINANCIAL CONSIDERATIONS

The changes may result in a small change (a few percent or less) to your monthly energy bill.
This change could result from changes to your heating, cooling, and/or fan energy cost.

Study participants who do not agree to the changes will NOT continue with this research study. A
compensation amount of $75 will be provided for your participation to this point.

Payments will be provided in the form of a Lowebs gift card mailed within 4 weeks after

completion of the study. You will NOT need to provide your social security number. However,
this payment may be taxable income that should be reported when you file taxes.

5. QUESTIONS AND CONTACT NUMBERS

If you have questions about the study, please contact:
Max Sherman at (510) 486-4022.

If you have questions about your participation, study methods, or equipment, please contact:
Rengie Chan at (510) 486-6570 (office) or (415) 377-8523 (cell).

Any questions you have about your rights as a research subject will be answered by:

Berkeley Lab Human Subjects Committee at (510) 486-5399.

6. PARTICIPATION IN RESEARCH IS VOLUNTARY.

You have the right to not take part in this study or to stop taking part at any time. You will be
given copies of this consent form to keep. If you wish to participate, please sign below.
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AUTHORIZATION

I have read this consent form. My questions about the study have been answered to my satisfaction.

I am at least 18 years old and have authority within this household to authorize the changes noted
on Page 1.

I live at this address:

I consent to the research team making the changes described on Page 1 of this form. | agree to not
alter the changes that are made today until after the one-week air sampling is completed.

Date Subject's Signature

Subjectds Name (print legibly)

Date Person Obtaining Consent (Signature)

Name (print legibly)
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Healthy Efficient New California Homes Study

Record of Incentive Payment

The Healthy Efficient New California Homes Study field team has completed all measurements
in your home. All instruments and sensors have been removed.

If changes were made to your ventilation systems prior to air sampling, the field team has left the
changes in place. Please tell the field team if you prefer to reverse those changes.

The field team has collected daily activity log and survey form that you have completed in an
envelope provided.

If you have questions about your participation in this research study, please contact:

Rengie Chan at (510) 486-6570 (office) or (415) 377-8523 (cell).

ACKNOWLEDGEMENT

O lamat least 18 years old. | received a gift card in the amount of
from the field team.

I live at this address:

Date Subject's Signature

Subjectds Name (print legibly)

Date Person Obtaining Signature

Name (print legibly)
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B. Walk Through / Mechanical Ventilation System Checklist

1. House ID: Date: Time: Technician:

2. General house characteristics

a. Square footage:

b. Number of stories:

c. Mark on floor plan ceiling heights in great room, kitchen, living room, dining
room, bedrooms, and other parts of the house with different ceiling heights.

d. Number of rooms. Note any difference between actual layout and floor plan.

1st Floor 2nd Floor 3rd Floor

Bedrooms

Other Rooms*

Full Bath

Half Bath

* Laundry room, playroom, home office, den, etc.

e. Garage: (Attached / detached? Take photo of door to house)

(Number of parking spots)

Used for parking normally? (Yes/ No)

f. Take a photo of the garage. Show the garage-to-house interface (all planes).
g. Mark on floor plan doors to outside (e.g., main door, patio door, door to garage).
h. Take a photo of the exterior of the house from front and from back.

3. Ask homeowner for user manuals of mechanical ventilation equipment and gas
appliances if available. Take photo of the user manuals showing make/model.

4. Identify the whole-house ventilation system

[ Exhaust only. Continuous exhaust fan located at:
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(e.g., laundry room)

[ Exhaust only. Intermittent fan (controlled by timer) located at:

(e.g., laundry room)

O Supply only. In-line supply fan located at:

(e.g., attic)
In-line supply fan connectedto __ supply side
OR __ return side of forced air system
Location of supply air inlet:
[ Exhaust and supply (balanced) located at:
(e.g., attic)
Location of supply air inlet:
Describe: (e.g., ERV/HRV)

5. Take photo of the whole-house ventilation system

a. Step back to take a photo of the general surrounding where the system is located
(e.g., continuous exhaust fan in laundry room, in-line supply fan in attic)

b. Closeup of the system (e.g., show make/model of exhaust fan, in-line supply fan)
c. Closeup of the system controller (e.g., wall switch, speed setting, timer, etc.)

6. Identify other mechanical ventilation equipment.
a. Master bathroom

i. Bath exhaust fan. Make / model:

Continuous fan? (Yes/ No)

Intermittent fan? (Timer setting)
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Controlled by humidistat? (% RH)

Photo:  faninroom,  fangrille,  wall switch
Toilet in a separate room from bathroom? (Yes/ No)

If YesY __ Toilet exhaust fan. Make / model:

Continuous fan? (Yes/ No)

Intermittent fan? (Timer setting)

Controlled by humidistat? (% RH)

Photo:  faninroom,  fangrille,  wall switch

b. Other bathroom 1 (most used bathroom that is not the master bathroom)

i. Bath exhaust fan. Make / model:

Continuous fan?

Intermittent fan?

(Yes/ No)

(Timer setting)

Controlled by humidistat? (% RH)
Photo: _ faninroom, ___ fangrille, __ wall switch

ii.  Toiletin a separate room from bathroom? (Yes/ No)
If YesY ___ Toilet exhaust fan. Make / model:
Continuous fan? (Yes/ No)

Intermittent fan?

Controlled by humidistat?

(Timer setting)

(% RH)

Photo: fan in room, fan grille, wall switch

c. Other bathroom 2 (second most used bathroom that is not the master bathroom)

i. Bath exhaust fan. Make / model:
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Continuous fan? (Yes/ No)

Intermittent fan? (Timer setting)
Controlled by humidistat? (% RH)
Photo: __ faninroom, ___ fangrille, __ wall switch

ii.  Toiletin a separate room from bathroom? (Yes/ No)
If YesY __ Toilet exhaust fan. Make / model:
Continuous fan? (Yes/ No)
Intermittent fan? (Timer setting)
Controlled by humidistat? (% RH)
Photo: _ faninroom, ___ fangrille, __ wall switch

d. Other bathroom 3 (third most used bathroom that is not the master bathroom)

Healthy Efficient New Gas Homes (HENGH) Field Protocol

i. Bath exhaust fan. Make / model:

Continuous fan? (Yes/ No)
Intermittent fan? (Timer setting)
Controlled by humidistat? (% RH)
Photo:  faninroom,  fangrille,  wall switch

ii.  Toilet in a separate room from bathroom? (Yes/ No)
If YesY __ Toilet exhaust fan. Make / model:
Continuous fan? (Yes/ No)
Intermittent fan? (Timer setting)
Controlled by humidistat? (% RH)
Photo:  faninroom,  fangrille,  wall switch
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e. Laundry room

i. Exhaust fan make / model:

Continuous fan? (Yes/ No)
Intermittent fan? (Timer setting)
Controlled by humidistat? (% RH)
Photo: _ faninroom, ___ fangrille, __ wall switch

f. Kitchen

i.  Range hood make / model:

Exhaust to outside? Y / N

Under-cabinet range hood
Wall-mount range hood
Under-cabinet microwave combo
Island range hood

Downdraft range hood (back)
Downdraft range hood (middle)

oo od

Number of fan speed settings:

Photo: range hood, venting duct, fan speed controls

ii. Exhaust fan make / model:

Continuous? (Yes/ No)
Intermittent fan? (Timer setting)
Controlled by humidistat? (% RH)

Exhaust fan in wall above range
Exhaust fan on ceiling above range
Exhaust fan on ceiling not above range

Ood

Photo: fan in room, fan grille, wall switch
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7. Heating / cooling and air handler

a.

b.

C.

8. Aittic

C.

Is HVAC a zoned system? Y / N. Describe:

Return air register locations: (may be more than one)

Return air register dimensions:

Air filter locations: (may be more than one)
Condition: (e.g., like new, used, very dirty)
Make / model: Last change date:

Method used to record filter change date:
(e.g., date written on filter, filter holder)

Photo: thermostat, furnace, AC, ductwork, air filter

Vented or unvented:

Insulation type:

Identify ducts and take photos.

Duct Size Actual Duct Length Number of 90° Turns

Kitchen Range Hood

Master Bathroom
Exhaust Fan
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Other Bathroom 1
Exhaust Fan

Other Bathroom 2
Exhaust Fan

Other Bathroom 3
Exhaust Fan

Laundry Room
Exhaust Fan

Supply Air

Return Air

9. Gas appliances

Location Gas/ Make / Model* Take

Electric? Photo

Clothes dryer Y/N

Cooktop Y/N

Oven Y /N

Fireplace Y /N

Water heater Y/N

Other

* Take photo to show make / model of appliances.

10. Unvented combustion appliances
a. Are there any unvented combustion appliances including decorative heaters?
Describe:
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b. PutafiDO NOT USEQO label to remind study participant that no unvented
combustion appliances should be used during the one week monitoring period.

11. Take photo of other appliances and household products

a. ____ Other heating equipment. Location:

b. __ Other cooling equipment. Location:

c. ____ Aircleaners. Locations:

d. __ Humidifier. Location:

e. __ Dehumidifier. Location:

f. __ Plug-in or stick air fresheners. Locations:
g. ___ BBQ/outdoor grill. Location:

h. __ Firepit. Location:
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C. Preparation of IAQ Instruments and Activity Sensors

Pre-Visit Check of PM Instruments

1. House ID; Date: Time: Technician:

2. ES-642 Outdoor PM Instrument

a. Outdoor PM Instrument ID: (e.g., PMO_001)

b. Power on ES-642 and connect instrument to PC via serial connection.

c. Check operation parameters:
i.  Sampling mode = Continuous
ii.  Auto zero interval = Hourly
iii.  DAC voltage range = 0-10 VDC
iv.  DAC concentration range = 1000 ug
v. K-factor=1.0
vi.  RH set point = 60%

d. Record from screen display:

i.  Temperature: oC

ii.  Relative humidity: %

iii.  Barometric pressure: mBar

iv.  If instrument has been stored indoor, the above parameters should agree
with environmental sensor.

e. Perform flow check
i.  Flow should be maintained to within +/- 0.1 LPM (i.e. 1.9to 2.1 LPM)
ii.  Connect instrument to a reference flow meter (e.g., Gilibrator)

iii. Reference flow: , , LPM before calibration

iv.  Change FLOW parameter using serial connection to the reference flow
reading if necessary.

V. Reference flow: , , LPM after calibration
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f. Perform TSP Inlet and cyclone cleaning monthly (i.e. approximately after 4 one-
week sampling) following MetOne operation manual. Suggest adding a sticker
note on the instrument with the date of last cleaning.

TSP inlet and cyclone cleaning performed?: Y / N

g. Configure HOBO data logger

i.  Launching will erase data. Make sure that stored data has been
downloaded before launching.

ii.  Battery level: (change battery if <50%)

iii.  Select 0-10V cable for Channel 1
iv.  Scaling =x100
v. LCDunit=ug
vi.  Disable alarm and filters
vii.  Logging interval = 1 minute
viii.  Logging mode = Statistics (Average)
ix.  Start logging = Push Button
X.  Stop logging = When memory fills

3. BT-645 Indoor PM Instrument

a. Indoor PM Instrument ID: (e.g., PMI_001)

b. Power on instrument.
c. Check and adjust device clock to match PC date/time.

Date: Time:

d. Make sure that stored data has been downloaded, then clear memory.

e. Check operation parameters:
i.  Sample period = 1 minute
ii.  Concentration unit = ug/m3
iii.  Location ID = 001 (SCG Set-1), 002 (SCG Set-2),
003 (PGE Set-1), 004 (PGE Set-2)
iv. K-Factor=1.0

f. Perform flow check
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i.  Flow should be maintained to within +/- 0.1 LPM (i.e. 1.9to 2.1 LPM)
ii.  Connect instrument to a reference flow meter (e.g., Gilibrator)

iil. Reference flow: , , LPM before calibration

iv. From the SET FLOW SCREEN, adjust to obtain 2.0 LPM +/- 0.1 LPM
on the reference flow if necessary.

V. Reference flow: , , LPM after calibration

g. Perform zero check
i.  Remove sampling inlet and attach ZERO FILTER ASSEMBLY.
ii. From ZERO SCREEN, enter to begin zero calibration.

ZEROING Start time:

ZERO COMPLETE time:

h. Fully charge battery for side-by-side comparison with ES-642 at study home.
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Pre-Visit Check of CO2 Instruments

1. House ID: Date: Time: Technician:

2. CO2 Instrument ID: , , ) .
(e.g. CO2_011)

3. Remove memory card, make sure that stored data has been downloaded, then clear
memory.

4. Power on CO2 monitors using plug-in adaptor.
5. Use a new memory card if there is a problem ACH-CArdo or fiNo CArdo.
6. Change AAA batteries if battery is low fiLobAto.
7. Press and hold SET for >2 seconds. Record operation parameters in table below.
a. Set date and time AdAtEO to match PC.
b. Set sample rate fiSP-t0 = 60 seconds.
c. Other operation parameters:
i. AbEEPO = OFF (beeper off)
ii. AdECO = USA (decimal character)

iii. fit-CFo=0C
iv.  fiHIgh-0 and fiHIghFo = 0 (no height compensation)

#OXN #OXN #OXN #OXN #OXN

Date

Time

Sample Rate

8. Press and hold LOGGER for >2 seconds to begin logging.

9. DATALOGGER will appear in display. Record CO2 concentrations (ppm).

#OXN #OXN #OXN #OXN #OXN

Time

RH %
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Temp (oC)

CO2* (ppm)

*The accuracy of Extech CO2 monitors are +/- 40 ppm for concentrations <1000 ppm.
10. Allow CO2 monitors to operate for 60 minutes.

11. Press and hold LOGGER for >2 seconds to end logging. DATALOGGER will change to
DATA. Meter will count down through the recorded data.

12. Unplug all CO2 monitors.
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Pre-Visit Check of NO2 Instrument

1. House ID: Date: Time: Technician:

2. Aeroqual Instrument ID:

3. Switch on Aerogual and allow sensor to warm up for 30 minutes.
4. Follow video demonstration to perform zero and span calibration

a. Charge R42 calibration gas accessory with 5g of water with water syringe via
water inlet.

b. Setup zero air at 0.5 LPM using a constant flow regulator.

c. Connect zero air at 0.5 LPM into R42 gas inlet via tubing and Luer fitting.
d. Place warmed up Aeroqual sensor head in R42 outlet.

e. Flow zero air until reading is stable (10 minutes).

f.  Aeroqual reading: ppm

g. Enter CALIBRATE mode and select ZERO CAL

h. Zeroing of Aeroqual completed at: (Time)

i. Setup NO2 (1ppm) calibration gas following steps (b) - (e). Perform this test in
fume hood (Cal/OHSA PEL =1 ppm).

j. Aeroqual reading: ppm

k. Enter CALIBRATE mode and select SPAN CAL

I.  Record current GAIN:

m. Calculate new GAIN = current GAIN x 1 ppm (span gas) / Aeroqual reading

n. Record new GAIN:

0. Span calibration of Aeroqual completed at: (Time)

5. Check that stored data has been downloaded, then clear memory.

Healthy Efficient New Gas Homes (HENGH) Field Protocol 35 0f 124



6. Check that the date / time agree with PC. Adjust if necessary.

Date: Time:
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Pre-Visit Check of Formaldehyde Instruments

1. House ID: Date: Time: Technician:

2. Formaldehyde Instrument ID: ,
(e.g. FRM_011)

3. Verify that 2 new sensor cartridges are available for use.
4. Turn on formaldehyde monitors.
5. Check that stored data has been downloaded, then clear memory.

6. Check that the date / time agree with PC. Adjust if necessary.

#OXN #OXN

Date

Time

Measurement Duration*

* Set to 30 minutes.
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Pre-Visit Check of Data Loggers

1. House ID: Date: Time: Technician:

One-week monitoring scheduled start date:

2. Digi-Sense Anemometer

a. Instrument ID: ) )
(e.g. ANM_011)

b. Connect Digi-Sense Anemometer to PC. Check that stored data has been
downloaded.

c. Click Setup (this automatically erase data)
i.  Mode start = MANUAL
ii. ~ Sample point = 32000
iii.  Sample rate = 30 seconds
iv.  Alarm setting uncheck
d. REC double-flash green every 10 seconds when in MANUAL mode standby
e. Change battery if ALM double-flash yellow every 10 seconds

3. iButton Temperature Logger

a. Instrument ID: , , ,

, (e.g. IBU_011)

b. Connect iButton to PC and select from Device List.

c. If stored data has not been downloaded, then select MISSION and save
Temperature Data Log to .csv format.

d. Start New Mission (automatically overwrite existing data)
i.  Syncclock = Yes
ii.  Disable rollover
iii. ~ Sampling rate = 90 seconds
iv.  Resolution =0.50C
v.  Mission start delay set according to one-week monitoring scheduled start
date
vi.  SUTA (Start Upon Temperature Alarm) off
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4. Onset State Data Logger

a. Instrument ID: ,
(e.g. STA 011)

b. Connect data logger to PC. Read out data logger before launching if stored data
has not been downloaded. Use Export Data Table to save data in .csv format.

c. Check battery level. Replace 3V battery if <80%.
d. Check that the included magnet is present for use with the data logger.

e. Set up the data logger:
i.  Configure internal sensor to log firuntimed
ii.  Setscreen to display fiTimeo when switch (door) is open
iii.  Logging interval = 60 seconds
iv.  Start logging by Push Button (logging begins when Start/Stop button is
pressed)
v.  Stop recording when memory fills
vi.  Keep LCD screenon

f. Launch data logger (this will overwrite memory).
5. Onset Motor On/Off Data Logger

a. Instrument ID: ,
(e.g. MTR_011)

b. Connect data logger to PC. Read out data logger before launching if stored data
has not been downloaded. Use Export Data Table to save data in .csv format.

c. Check battery level. Replace 3V battery if <80%.

d. Set up the data logger:
i.  Configure internal sensor to log firuntimeo
ii.  Setscreen to display fiTimeo when motor is off
iii.  Logging interval = 60 seconds
iv.  Start recording by Push Button (logging begins when Start/Stop button is
pressed)
v.  Stop logging when memory fills
vi.  Keep LCD screenon

e. Launch data logger (this will overwrite memory).
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6. Onset Plug Load Data Logger
a. Instrument ID:

b. Connect data logger to PC. Read out data logger before launching if stored data
has not been downloaded. Use Export Data Table to save data in .csv format.

c. Check battery level. Replace AAA batteries if <80%.

d. Set up the data logger:
i.  Select to measure Active Power (W, average)
ii.  Logging interval = 60 seconds
iii.  Start logging by Push Button (logging begins when Start/Stop button is
pressed)
iv.  Stop recording when memory fills
V. Keep LCD screen on

e. Launch data logger (this will overwrite memory)
7. Onset Temperature/Relative Humidity Data Logger

a. Instrument ID: , (e.g. TRH_011)

b. Connect data logger to PC. Read out data logger before launching if stored data
has not been downloaded. Use Export Data Table to save data in .csv format.

c. Check battery level. Replace 3V battery if <80%.

d. Set up the data logger:
i. Setalarmto OFF
ii.  Select to log both temperature and relative humidity
iii.  Logging interval = 60 seconds
iv.  Logging mode = statistics, average, sampling every 15 seconds
v.  Start logging by Push Button (logging begins when Start/Stop button is

pressed)
vi.  Stop recording when memory fills
vii.  Keep LCD screenon

e. Launch data logger (this will overwrite memory).
8. Onset Enclosed Temperature/Relative Humidity Data Logger

a. Instrument ID: ) )
(e.g. TRO_011)
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b. Connect data logger to PC using USB-Optic Base Station. Read out data logger
before launching if stored data has not been downloaded. Use Export Data Table
to save data in .csv format.

c. Check battery level. Replace AA battery if <80%.
d. Set up the data logger:
i.  Select to log both temperature and relative humidity
ii.  Logging interval = 60 seconds
iii.  Select delay start according to one-week monitoring scheduled start date

iv.  Stop recording when memory fills

e. Launch data logger (this will overwrite memory).
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Pre-Visit Check of Passive Samples

1. House ID: Date: Time: Technician:

2. Passive NO2 samplers

a. Locate Ogawa NOx/NO2 sampler assemblies (3) + field blank and check
labeling.

Sample ID*

Outdoor

Indoor Monitoring Station

Indoor Monitoring Station (Duplicate)

Field Blank

* OGW_00X_YYYY-MM-DD (day when sample was prepared by LBNL)
b. Putall Ogawa NOx/NO2 sampler assemblies in a ziplock freezer bag labeled
fi0gawa NOX/NO2 Samplero and store at fridge (not freezer)
c. Bring the samplers out from the fridge at least 12 hrs before deploy them, to
make them room temperature (~20 oC).

3. Passive formaldehyde samplers

a. Label SKC UMEXx 100 samplers (4) on zip bags.

Sample ID*

Outdoor

Indoor Monitoring Station

Indoor Monitoring Station (Duplicate)

Master Bedroom

* UME_00X_YYYY-MM-DD (day when sample was prepared by LBNL)
b. Putall SKC UMEXx 100 samplers in a ziplock freezer bag labeled
iFormaldehyde UMEx Samplero and store in freezer.

4. Prepare other misc. supplies
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a. Store the following in a freezer bag

i.  Wipe the outdoor sampling cap clean with Kimwipes (wet with water if
necessary)

ii.  Indoor passive sampler stand (3)
iii.  Ogawa support clip (3)
iv.  Nitrile powder-free gloves (2+ pairs)
b. Prepare 3 additional freezer bags to store samples after sampling.
i.  Outdoor Passive Sampler
ii.  Indoor Passive Sampler

iii.  Master Bedroom Passive Sampler
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D. Occupancy and Indoor Activities Data Log

Instructions: Please fill out this data log each day, or on the following day.

Please enter your best estimates. If you are unsure, please provide your best guess.
Do not list the names of any people.

Code number for home

Day 1: Date Date completed

Midnight 7am to 1lamto 1pm to 5pm to 9pm to
to 7am 1lam 1pm 5 pm 9pm Midnight

Number of people
in home
Cooktop use

Number of minutes
Oven use

Number of minutes
BBQ/outdoor grill

Number of minutes
Vacuuming

Number of minutes
Window Use

Number of minutes
Other notable”
indoor/outdoor events
" For example, use of fireplace, candle, air freshener, air cleaner, humidifier, unusual outdoor air

quality (wood smoke, wildfire), and so on.

Day 2: Date Date completed

Midnight 7am to llamto lpmto 5pm to 9pm to

to 7am 1lam 1pm 5pm 9pm Midnight

Number of people
in home
Cooktop use

Number of minutes
Oven use

Number of minutes
BBQ/outdoor grill

Number of minutes
Vacuuming

Number of minutes
Window Use
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Number of minutes

Other notable”
indoor/outdoor events

" For example, use of fireplace, candle, air freshener, air cleaner, humidifier, unusual outdoor air
quality (wood smoke, wildfire), and so on.

Day 3: Date Date completed

Midnight 7am to 1lamto 1pm to 5pm to 9pm to

to 7am 1lam lpm 5pm 9pm Midnight

Number of people in home

Cooktop use
Number of minutes

Oven use
Number of minutes

BBQ/outdoor grill
Number of minutes

Vacuuming
Number of minutes

Window Use
Number of minutes

Other notable”
indoor/outdoor events

" For example, use of fireplace, candle, air freshener, air cleaner, humidifier, unusual outdoor air
quality (wood smoke, wildfire), and so on.

Day 4: Date Date completed

Midnight 7am to llamto lpmto 5pm to 9pm to

to 7am 1lam lpm 5pm 9pm Midnight

Number of people in home

Cooktop use
Number of minutes

Oven use
Number of minutes

BBQ/outdoor grill
Number of minutes

Vacuuming
Number of minutes

Window Use
Number of minutes

Other notable”
indoor/outdoor events

“For example, use of fireplace, candle, air freshener, air cleaner, humidifier, unusual outdoor air
quality (wood smoke, wildfire), and so on.
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Day 5: Date Date completed

Midnight 7am to 1lamto 1pm to 5pm to 9pm to
to 7am 1lam 1pm 5 pm 9pm Midnight

Number of people in home

Cooktop use

Number of minutes
Oven use

Number of minutes
BBQ/outdoor grill

Number of minutes
Vacuuming

Number of minutes
Window Use

Number of minutes
Other notable”
indoor/outdoor events
" For example, use of fireplace, candle, air freshener, air cleaner, humidifier, unusual outdoor air

quality (wood smoke, wildfire), and so on.

Day 6: Date Date completed

Midnight 7am to 1lamto 1lpmto 5pm to 9pm to
to 7am 1lam 1pm 5pm 9pm Midnight

Number of people in home

Cooktop use

Number of minutes
Oven use

Number of minutes
BBQ/outdoor grill

Number of minutes
Vacuuming

Number of minutes
Window Use

Number of minutes
Other notable”
indoor/outdoor events
" For example, use of fireplace, candle, air freshener, air cleaner, humidifier, unusual outdoor air

quality (wood smoke, wildfire), and so on.

Day 7: Date Date completed

Midnight = 7amto  1lamto  lpmto 5pm to 9pm to
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Midnight

Number of people in home

Cooktop use
Number of minutes

Oven use
Number of minutes

BBQ/outdoor grill
Number of minutes

Vacuuming
Number of minutes

Window Use
Number of minutes

Other notable”
indoor/outdoor events

" For example, use of fireplace, candle, air freshener, air cleaner, humidifier, unusual outdoor air
quality (wood smoke, wildfire), and so on.

Thank you for completing this data log!

The information you provided will help us interpret the mechanical ventilation and indoor air
guality measurements that are gathered from your home. We greatly appreciate your time and
effort in providing us with this data.

Please take a moment to give us feedback on your experience as a study participant in this study.
We would like to know any suggestions you may have on how we can make this research more
convenient and worthwhile to you. Providing this information is voluntary. Your inputs can help
us improve our future research work.
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E. Welcome to the 2015 California New Homes Survey!

This survey is part of a research study on new homes in California. This research will help inform
how new homes can provide adequate ventilation and good indoor air quality, while reducing air
infiltration and energy use.

This survey takes about 15 minutes to complete. It asks questions about your home, household
activities, and demographics. You can skip questions that you do not want to answer.

This research is being conducted by Lawrence Berkeley National Laboratory (LBNL) with
funding from the California Energy Commission. Results will be used only for research on how
to provide adequate ventilation and improve indoor air quality. In order to protect your privacy,
the data will be encrypted and password protected.

Please return your completed survey in the envelope provided.

If you have questions about the research study, please contact:
Max Sherman, Ph.D.
Principal Investigator, Residential Building Systems Group
Lawrence Berkeley National Laboratory
mhsherman@Ibl.gov (510) 486 4022

Code number for home Date completed
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Please answer to the best of your knowledge. You can skip any questions that you do not want
answer.

A. Home and Household Characteristics

1. What year was your house built?
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Are you the first owner of the property? Yes/ No

4.  How many people currently live in your home?

,,,,,

B. Air Quality In and Around Your Home

5. To what extent are you satisfied or dissatisfied with the indoor air guality in your home?

Very Neutral Very
Dissatisfied Satisfied
L o [ lolol o [aolaolo]| O |

6. How would you rate the outdoor air quality near where you live?

Very Neutral Excellent
Poor
] ] ] O] O O O O O

7. How would you rate your home in protecting you from outdoor air pollution?

Very Neutral Very
Ineffective Effective
U U U U U U U U U
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C. Comfort Level in Your Home

8. In winter, how often is the temperature in your home uncomfortable to any occupants
because some room(s) are too hot or too cold?

Never Fewtimes Fewtimes Fewtimes Every day
a year in a month a week
Too hot in some room(s). O O O ] U
Too cold in some room(s). O O ] U U
9. Insummer, how often is the temperature in your home uncomfortable to any occupants
because some room(s) are too hot or too cold?
Never Fewtimes Fewtimes  Few times Every
a year a month a week day
Too hot in some room(s). O O O] ] O
Too cold in some room(s). O O O U U
10. How often do the following conditions affect the comfort of occupants in your home?
Never Fewtimes Fewtimes Fewtimes Everyday
a year a month a week
Too much air movement. O O U U U
Not enough air movement. O ] ] U U
Indoor air is too dry. O O O Ul U
Indoor air is too damp. O O O] [ O
Indoor air has musty odor. O O U [ U

D. Natural Gas Appliances and Mechanical Ventilation

11. Which of the following heating appliances are used in your home? Select all that apply.
.6 .. Central gas furnace

& | Gas fireplace/ log set

5, Central electric heating or heat-pump
8 . Freestanding electric heater

2 . Wood fireplace

//////////

D D D D~ D D~
@D D D~ D DN D

. Dondt know

12. How often is the kitchen range hood or kitchen exhaust fan used when cooking with a
cooktop?
€ é . Always (5 out of 5 times)
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€ é . Most of the Time (4 out of 5 times)
€ é . Sometimes (2 to 3 out of 5 times)
€ é . Rarely (1 out of 5 times)

€ é . Never (0 out of 5 times)

e é . Dondt know

13. If the kitchen range hood or kitchen exhaust fan is NOT always used, what are the reasons
for not using it? Select all that apply.
€ é . Forgettoturniton

2 . Not needed for what is being cooked

2 . Too noisy

2 . Doesn6t seem to remove cooking fumes or odors
2 . Open window instead

& . Uses too much energy

,,,,

M D D~ D D D
M D D Dy D D

14. Was the operation of the mechanical ventilation system explained to you when you bought
or moved into the home?
€ é .Yes
€ é.No
€ é . Dondt know

15. Do you feel you understand how to operate your mechanical ventilation system properly?
€ é .Yes
€ é.No
€ é . Not Sure

16. To what extent are you satisfied or dissatisfied with your mechanical ventilation system?

Very Neutral Very
Dissatisfied Satisfied
] ] ] O] O O] O] O] O]

17. If you are NOT very satisfied with your mechanical ventilation system, what are the
reason(s) for dissatisfaction? Select all that apply.
€ é . Too noisy
& . Too drafty
2 . Difficult to operate
2 . Difficult to maintain
2 . Uses too much energy
2 . Brings in dust, odor, or air pollutants from outdoor

5 . Not effective

D D D D D D~
D D D D D D
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E. Occupancy and Indoor Activities

18. On average, how many hours per day is your home occupied by at least one person,
including day and night hours?

Fewer than 8 8to12hours 12to 16 hours 16to 20 hours More than 20

hours per day per day per day per day hours per day
Weekday O ] O U U
Weekend O ] O ] U

19. On average, how many times per week is your cooktop and/or oven used for cooking,
including boiling water?

0 time 1to 2 times 310 4 times 5 to 6 times 7 times
per week per week per week per week per week
Breakfast O O ] ] O
Lunch O O ] [ UJ
Dinner O O ] [ UJ
Other cooking O O ] ] O

20. On average, how many times per week do the following activities occur inside your home?
Enter fi00 if occurrence is less frequent than once a week.

Use shower (Times perweek) é é ¢ é é é é
Use bath or indoor Jacuzzi (Times perweek) é é é é é é é

Use dishwasher (Times per week) € é € é é é é
Use washing machine (Loads per week) é é é é é é ..
Hang clothes to dry indoors (Loads per week) é é é é é é ..

F. Window and Door Opening

21. On average, how many hours per day are your windows open in your house?

0 hour per  1to 2 hour 2 to 8 hours 810 16 More than 16
day per day per day hours per hours per day
day
Summer O ] ] ] U
Fall O O O ] O
Winter O ] ] ] U
Spring O ] ] U U
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22. On average, how often do you leave your bedroom windows open at night when you sleep?

0 time 1to 2 times 3 to 4 times 5 to 6 times 7 times
per week per week per week per week per week
Summer O O ] U U
Fall O O ] ] Ul
Winter O O ] U U
Spring O O O O U

23. On average, how often do you leave your bedroom door open at night when you sleep?

0 time 1to 2 times 3 to 4 times 5 to 6 times 7 times
per week per week per week per week per week
Door Open O O ] ] O

G. Indoor Activities

24. On average, how often do the following activities occur inside your home?

Never Fewtimes Fewtimes Fewtimes Every day
a year a month a week

Smoking O ] O] ] O
Burn candle or incense O ] U U U
Vacuuming O ] O] ] O
Use cleaning agent for floor O O U U U
cleaning

Use spray air freshener O ] O] [ O
Use pesticide spray O ] O] [ UJ
Use paints, glue, solvents (e.g., O O O] [ O
hobbies, home repairs)

Use humidifier O ] O] [ U
Use dehumidifier O ] O] [ O

H. Other Indoor Sources

25. Are plug-in or stick air fresheners, or other scented decorations, used in your home?
€ é .Yes
€ é.No
€ é . Dondt know

26. Do occupants wear shoes in your home?
€ é .Yes
é é.No
€ é . Dondt know
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27. How many dogs, cats, or other furry pets are in the home?

,,,,,,

I. Use of Air Cleaners

28. Do you use a stand-alone (portable) air filter, air purifier, or air cleaner in the home?
€ é .Yes
€ é.No
€ é . Dondt know

29. Where is your stand-alone (portable) air filter, air purifier, or air cleaner located in your
home? Select all that apply.
€ é . Master bedroom

€ é . Other bedroom(s)

€ é . Living room

€ é . Home office

€ € . Other. Please describe: € € € € € .......coeeveevevecce v,

30. Has anyone in the household been diagnosed with asthma?
€ é .Yes
€ é.No
€ é . Dondt know

31. Has anyone in the household been diagnosed with allergies?
€ é .Yes
€ é.No
€ é . Dondt know

J. Demographic Information

The next questions will help us interpret the results of the survey.

All responses will be kept confidential.

32. Please indicate the number of household member(s) in the following age categories.
Number of household member(s)

0to 17 Years Old éééécéeéeé
18 to 65 Years old éééeceéecéeé
Over 65 Years old éééécéeéeé
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33. What is the highest education level of head of household?
€ é .. No schooling completed
5 .. 1to 8" grade
5 .. 9™ to 12" grade
& .. Completed high school (high school diploma, GED credential)
2 .. Some college
5 .. Associateds degree
.. College degree (Bacheloris degree)
.. Graduate degree (Masterds, Professional school, Doctorate degree)

M D D~ D D D D
M D~ D~ D DN D D

34. Please indicate all races and/or ethnicities of people living in your household.

€ é .. American Indian, Alaska Native
& .. Asian or Pacific Islander

5 .. Black, African American

& .. Hispanic/ Latino

2 .. White, Caucasian

,,,,,,,

M D D D D D
M M~ D~ Dy D~ D

,,,,,,,

35. What is the total income of all member(s) of your household combined?
€ € .. Less than $35,000

é é ..$35,000 to $ 49,999
é é ..$50,000to $ 74,999
é é ..$75,000to $ 99,999
é é ..$100,000 to $150,000
é é .. Greater than $150,000

K. End of Survey

Thank you for filling out this survey! Your data is very valuable to our understanding of indoor

air quality and mechanical ventilation in new California homes.
Please return your completed survey in the pre-paid envelope provided.

If you have any questions about the survey, please contact:
Max Sherman, Ph.D.
Principal Investigator, Residential Building Systems Group
Lawrence Berkeley National Laboratory
mhsherman@Ibl.gov (510) 486 4022

For more information about the results of this survey, please visit our website:
http://hengh.Ibl.gov/
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F. Setup 1AQ Instruments and Activity Sensors
Setup of Outdoor PM Instruments

1. House ID; Date: Time: Technician:

Outdoor PM Instrument ID: (e.g., PMO_001)

2. Find an outdoor electrical outlet. Plug in an outdoor weatherproof extension cord (100 ft,
16-gauge).

d Add DO NOT UNPLUG label on the outlet as a reminder.
[ Use pedestrian cable cover ramp / rubber floor cord concealer to prevent trip
hazard.

3. Discuss with study participant to identify a suitable location for setting up the tripod.
[ At least 10 ft from the nearest exterior of the house.
1 At least 10 ft from outdoor BBQ grill, firepit, other combustion sources.
L  Avoid lawn sprinklers.

4. Setup the tripod at 2-m height (at inlet). Secure tripod by anchoring legs to the ground.

5. Install PM2.5 cyclone and weatherproof TSP inlet. Mount the MetOne ES-642 on the
tripod.

¢ o
/,/ : lf? o
'://":;'f 3 -'. S

Figure 1 MetOne ES-642 on the tripod

—

6. Connect the Onset data logger to the 0-10 VDC output of the MetOne ES-642.

a. Start Onset data logger by press and hold Start/Stop button for 3 seconds.
b. Onset data logger will shown that the logger is currently logging.
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LOGGING The logger is currently logging.

Start/Stop Button

USB Port

Mounting Loop
LCD Screen

External Inputs

Figure 2 Oneset data logger

7. Power-up MetOne ES-642 and start operation.

Start Time:

After ZEROING, the instrument will start SAMPLING. Record the following:

CONC: (mg) TEMP: (0C)
RH: (%) BFP: (mbar)
FLOW: (Ipm)

8. Attach an Onset Enclosed Temperature/Relative Humidity Data Logger to the tripod.

T/RH Data Logger ID: (e.g. TRO_011) Time:

9. Take a photo of the MetOne ES-642.

10. Sketch position and estimate distance between the instrument and the house, outdoor
BBQ, grill, firepit, or other combustion sources.
Front

House

Back
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Side-by-Side Comparison of Outdoor and Indoor PM Instruments

10.

House ID: Date: Time: Technician:
Outdoor PM Instrument ID: (e.g., PMO_001)
Indoor PM Instrument ID: (e.g., PMI_001)

Outdoor PM Instrument (MetOne ES-642) should be operating and logging data.
Set up a ladder next to the outdoor PM instrument.

Place the indoor PM instrument (MetOne BT-645, inside the enclosure box) near the
outdoor instrument. Preferably within 3 ft in distance, and within 1 ft in height.

Power on the indoor PM instrument to run on battery (instrument will operate for about
10 hours of continuous sampling when fully charged).

Start sampling by pressing the SAMPLE key.

Start Time:

Install the PM2.5 cyclone and weatherproof TSP inlet to the indoor PM instrument.
Take a photo of the two PM instruments:

a. Further away photo showing the two instruments, preferably with the house as
background.

a. Close-up photo showing the sampling inlets of both instruments.
Allow the outdoor and indoor PM instruments to sample for 1 hour.
Stop the indoor PM instrument by pressing the SAMPLE key.

End Time:
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Range Hood Use Data Logging

1. House ID: Date: Time: Technician:

2. Range hood description:

a. Mount type: (under cabinet, wall, island, downdraft)
b. Dimensions of range hood: (height, A)
(width, B), (depth, C)

Figure 3 Range hood description

c. Coverage: range hood extend to width of cooking grate? Y / N
depth of cooking grate? Y / N

Dimensions of cooking grate: (width, B), (depth, C)

d. Grease screen / filter condition: (new, used, dirty)

3. Start Digi-Sense anemometer

Digi-Sense Anemometer ID: (e.g., ANM_011)

a. REC should double-flash green every 10 seconds to indicate that it is in manual
mode standby

b. To start logging, press yellow button until 3 green flashes and 1 red flashes

c. One green flash (REC) every 10 seconds indicate that it is now logging

Healthy Efficient New Gas Homes (HENGH) Field Protocol 59 of 124



4. Attach the Digi-Sense Anemometer with zip-tie or with magnetic camera stand. Align the
vane with the direction of the airflow as shown below:

Figure 4 Digi-Sense Anemometer to the range hood

5. Turn on range hood for 3 minutes at each fan speed setting. Record the start and end

time.
Fan Setting Start Time End Time
High
Low
Med

6. Take a photo of the range hood with the Digi-Sense Anemometer attached.

7. Take a closeup photo of the range hood fan speed control.
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Cooktop Use Data Logging

1. House ID: Date: Time: Technician:

2. Take a photo of cooking appliances:
a. Cooktop (gas / electric) showing burners and settings
b. Oven (gas/ electric) showing external, internal, and settings

3. Secure iButton to cooktop (near burners) and oven (on exterior door) using high
temperature tape or magnet.

Figure 5 iButton placed on the cooktop

4. Turn on cooking appliances. Record the start and end time.
a. Turn on range hood at highest setting.

b. Operate sequentially left-back, left-front, right-back, and right-front burners at
medium heat for 3 minutes each.

c. Oven set to 400 oC for 5 minutes.

iButton ID Start Time End Time

Cooktop
(Left-Back)

Cooktop
(Left-Front)
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Cooktop
(Right-Back)

Cooktop (Right-Front)

Oven

5. Take a photo of cooking appliances with the iButtons attached.

6. Turn off range hood.
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Gas Fireplace Use Data Logging

1. House ID: Date: Time: Technician:

2. Fireplace description

a. Location (room):

b. Type (insert, log-set, etc.):

c. Fuel (natural gas, propane):

d. Ventstyle:

Combustion
Alr

Room &
Combustion «
Air

Room Alr * Room &

Combustion «

Direct Vent B-Vent / Natural Vent Ventless*
Figure 6 Vent style

* Advise study participant that ventless fireplace is illegal in CA. Study participant must
agree NOT to use ventless fireplace during the one-week monitoring period.

3. Take a photo of the fireplace.
4. Secure iButton to near the heated room air outlet using high temperature tape or magnet.

iButton ID:

5. Turn on fireplace for 10 minutes. Record the start and end time.

Start Time: End Time:

6. Take a photo of the fireplace with the iButton attached.
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Clothes Dryer Use Data Logging

1. House ID: Date: Time: Technician:

2. Clothes dryer description

a. Location (room):

b. Fuel (gas/ electric):

3. Run the clothes dryer at finormalo or fipermanent presso setting.
4. Locate the clothes dryer vent from exterior if accessible.
a. Take photo of the clothes dryer vent.

b. Describe airflow: (strong, weak, etc.)

c. Visible lint clogging vent?

Method |: Using Plug Load Data Logger (Gas ONLY, if outlet is accessible)

Electric clothes dryers are 220-V. Do not use this method to monitor use.

1. Press the Start/Stop button for 3 seconds to start logging data. Check LOGGING display
on screen.

Onset Plug Load Data Logger ID: Start Time:
(e.g., PLD_001)

LCD Screen

Start/Stop Button

USB Port

Figure 7 Onset plug load data logger
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2. Plug the AC power adapter into the data logger, then plug the logger into an outlet.
3. Plug the clothes dryer power cord into the socket on the left of the data logger.
4. Check that the plug load data logger is set up as follows:

The logger has been configured to stop logging

when memory fills. The memory bar indicates the

approximate space remaining in the logger to
ME#."‘%ED record data. When first launched, all five segments

in the bar will be empty. In this example, the
logger memory is almost full (only one segment in
the memory bar is empty).

The logger is currently logging (see Setting up the
LOGGING EE y logging ( g up

Logger to Record Datal).
LINE A device is connected to the AC line.

5. Run the clothes dryer at finormalo or fipermanent presso setting.
6. Note the active power recorded by the plug load data logger.

Active power (W):
E HEH This is an example reading for active power. It is
!J - located in the lower left quadrant of screen 1.

7. Take a photo of the plug load data logger.

Method I1: Using Digi-Sense Anemometer (if vent is accessible)

1. Check to see if Digi-Sense Anemometer can be secured and protected from weather
elements (e.g., rain) that can damage the device.

2. Start Digi-Sense Anemometer

Digi-Sense Anemometer ID: (e.g., ANM_011)

a. REC should double-flash green every 10 seconds to indicate that it is in manual
mode standby

b. To start logging, press yellow button until 3 green flashes and 1 red flashes

Healthy Efficient New Gas Homes (HENGH) Field Protocol 65 of 124



c. One green flash (REC) every 10 seconds indicate that it is now logging
3. Attach the Digi-Sense Anemometer to clothes dryer exhaust vent.
4. Run the clothes dryer at inormalo or fipermanent presso setting for 2 minutes.

Start Time: End Time:

5. Take a photo of the exhaust vent with the Digi-Sense Anemometer attached.
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Exhaust Fan Use Data Logging

1. House ID: Date: Time: Technician:

2. Take a photo of the exhaust fan grille.

3. Attach an Onset Enclosed Temperature/Relative Humidity Data Logger to the exhaust
fan grille (full bath ONLY).

Figure 8 Onset enclosed temperature/relative humidity data logger to the exhaust fan grille

Exhaust Fan T/RH Data Logger ID Time
Master Bathroom TRO
Other Bathroom 1 TRO
Laundry Room TRO

Method I: Using Digi-Sense Anemometer

1. REC should double-flash green every 10 seconds to indicate that the anemometer is in
manual mode standby.

2. Tostart logging, press yellow button until 3 green flashes and 1 red flashes.
3. One green flash (REC) every 10 seconds indicate that it is now logging.

4. Attach the Digi-Sense Anemometer with zip-tie to exhaust fan grille. Align the vane with
the direction of the airflow as shown below:
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Figure 9 Digi-sense Anemometer with zip-tie to exhaust fan grille

2015/07/29

5. For exhaust fan controlled by humidistat, take a closeup photo of the timer and relative

humidity setting.

Figure 10 Example of the closeup photo of exhaust fan controller

6. Take a photo of the exhaust fan with the Digi-Sense Anemometer attached.

201 5¢0¢/29

2015/07/29

Figure 11 Example of the photo of exhaust fan with the Digi-Sense Anemometer

7. Turn on exhaust fan for 2 minutes. Record the start and end time. Repeat at different fan
settings if the exhaust fan has multi-speed control.

Exhaust Fan Digi-Sense Start Time End Time
Master Bathroom Bath | ANM_
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Master Bathroom Toilet | ANM _

Other Bathroom 1 ANM

Laundry Room ANM _

Method I1: Using Onset Motor On/Off Data Logger

1. Press the Start/Stop button for 3 seconds to start logging data. Check LOGGING display
on screen.

Onset Motor On/Off Data Logger ID: Start Time:
(e.g., MTR_011)

Battery Tray
Start/Stop Button Calibration Button
s—
I
LCD Screen
Mounting
Loop
[HEBT® motor ondolf logger \
— t Mounting
/ .I'J \ Loop
USB Port External Motor Sensor
Input Jack (inside the case)

Figure 12 Onset motor on/off data logger

2. Attach the motor on/off data logger to the exhaust fan body near the motor, as shown
below:

7
|2

3. Calibrate the motor sensor to the AC magnetic field being measured.

a. Turn on the exhaust fan with the motor on/off data logger attached.
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b. Press the Calibrate button for 1 second. The LCD screen will display the signal
strength of the motor. The signal strength should be at least 3 bars. Orient the
logger as necessary to increase the signal strength.

This shows the signal strength of the motor being
L monitored. In this example, the signal strength is
SIGNAL at full scale. See Calibrating the Motor Sensor for
more details.

c. Press the Calibrate button for 3 seconds while iHOLDO appears on screen. The
logger will count down to the auto-calibration and then display either iPASSO or
AFAILO after calibration is complete.

d. If AFAILOY, reposition the logger closer to the motor and repeat.
4. Turn on exhaust fan for 1 minute. Record the start and end time. Repeat at different fan

settings if the exhaust fan has multi-speed control. Check that the data logger is
responding to the on/off of the fan motor.

Exhaust Fan Digi-Sense Start Time End Time Motor On/Off
Anemometer ID Signal Check

Master Bathroom | MTR_ Y/N

Bath

Master Bathroom | MTR_ Y/N

Toilet

Other Bathroom 1 | MTR_ Y/N

Laundry Room MTR_

-(.:) The motor is off (internal sensor).

-Gm) The motor is on (internal sensor).

5. Take a photo of the exhaust fan grille.
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Supply Air Intake Data Logging

1. House ID: Date: Time: Technician:

Method I: Using Onset Motor On/Off Data Logger for AC Fan

1. Press the Start/Stop button for 3 seconds to start logging data. Check LOGGING display
on screen.

Onset Motor On/Off Data Logger ID: Start Time:
(e.g., MTR_011)

Battery Tray
Start/Stop Button Calibration Button
[ amare i
h— R
LCD Screen —_| |rL
{ f‘?
Mounting —| Lh
Loop '\\ |
[THBI® motor onfoff logger \ ‘Llr
e JI Mounting
/ T \ Loop
USB Port External Motor Sensor
Input Jack (inside the case)

Figure 14 Onset motor on/off data logger

2. Attach the motor on/off data logger to the in-line supply fan.
3. Calibrate the motor sensor to the AC magnetic field being measured.

a. Press the Calibrate button for 1 second. The LCD screen will display the signal
strength of the motor. The signal strength should be at least 3 bars. Orient the
logger as necessary to increase the signal strength.

This shows the signal strength of the motor being
I monitored. In this example, the signal strength is
SIGNAL at full scale. See Calibrating the Motor Sensor for
more details.

b. Press the Calibrate button for 3 seconds while iHOLDO appears on screen. The

logger will count down to the auto-calibration and then display either iPASSO or
AFAILO after calibration is complete.

c. IfAFAILOY, reposition the logger closer to the motor and repeat.
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4. Run the central air handler for 10 minutes.

Start Time: End Time:

5. Take a photo of the Onset Motor On/Off Data Logger.

Method I1: Using Digi-Sense Anemometer (if air intake is accessible)

1. Check to see if Digi-Sense Anemometer can be secured and protected from weather
elements (e.g., rain) that can damage the device.

2. Start Digi-Sense Anemometer

Digi-Sense Anemometer ID: (e.g., ANM_011)

a. REC should double-flash green every 10 seconds to indicate that it is in manual
mode standby

b. To start logging, press yellow button until 3 green flashes and 1 red flashes
c. One green flash (REC) every 10 seconds indicate that it is now logging

3. Attach the Digi-Sense Anemometer to supply air intake.

4. Run the central air handler for 10 minutes.

Start Time: End Time:

5. Take a photo of the supply air intake with the Digi-Sense Anemometer attached.

Healthy Efficient New Gas Homes (HENGH) Field Protocol 72 of 124



Central Forced Air Use Data Logging

1. House ID: Date: Time: Technician:

2. Locate two supply air grille for monitoring

a. Location 1: (e.g., 1st floor, living room)

b. Location 2: (e.g., 2nd floor, master bed)

3. Start the Onset Temperature/Relative Humidity Data Logger by pressing the Start/Stop
button for 3 seconds. Check LOGGING display on screen.

Battery Tray

Start/Stop Button Alarmy/StatsButton

Temperature

Mounting
Loop

LCD Screen ™

USB Port RH Sensor

Figure 15 Onset temperature/relative humidity data logger

Location 1 Data Logger ID: Start Time:

Location 2 Data Logger ID: Start Time:
(e.g., TRH_011)

4. Attach the Onset Temperature/Relative Humidity Data Logger to the supply air grille
using magnet in the airflow path.

Figure 16 Example of the temperature/relative humidity data logger attach to the supply air grille
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5. Take a photo of the supply air grille with the Onset Temperature/Relative Humidity Data
Logger attached.

6. If the central air handler is off during installation, turn the system on to run for 10
minutes, then off again.

On Time: Off Time:

Central air handler mode: (heating, cooling, fan only)

(temperature set point)

If the central air handler is on during installation, turn the system off for 10 minutes, then
on again.

Off Time: On Time:

Central air handler mode: (heating, cooling, fan only)

(temperature set point)
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Door Using State Data Logging

1. House ID: Date: Time: Technician:

2. For house with an attached garage, locate the door from the garage into the house.

3. Take a photo of the garage door:
a. View from garage to house, with door closed.
b. View from house to garage, with door open.

4. Press the Start/Stop button for 3 seconds to start logging data. Check LOGGING display
on screen.
Onset State Data Logger ID: Start Time:
(e.g., STA_011)

Battery Tray

Start/Stop Button Unused Button

.

Reed Switch

Mounting Mounting
Loop Loop

HIHY® state logger

/

USB Port

LCD Screen

External Input Jack

Figure 17 Onset state data logger

5. Test to see if the state data logger is oriented correctly to record opening / closing of the

door.
4 o
r® O The switch is open or off.
r=0 The switch is closed or on.

6. Use blue tape to secure data logger and magnet to door.

Internal reed switch

O

MEBO®state logger

1112015/07/29

Figure 18 Example of the data logger attach to the door
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7. Take a photo of the state data logger, as shown above.
8. Identify and describe all patio door(s) to outside. Ask study participant to describe the
frequency of use of each patio door. From this information, identify two doors that are
used the most by occupants.
Patio Floor Describe Where Patio Door Exits Frequency of Use” Data Logger
Door From and To* Installed?
#1 Y/N
#2 Y/N

* E.g., From living room to backyard, from dining room to side yard, master bedroom balcony.
A Almost Never (few times a year), rarely (few times a month), sometimes (few times a week),
often (daily), very often (few times a day).

9. Take a photo of all patio door(s) viewing from inside the house to outside.

10. Press the Start/Stop button for 3 seconds to start logging data. Check LOGGING display

on screen.
Patio Door ID Onset State Data Logger ID Start Time
STA
STA

11. Test to see if the state data logger is oriented correctly to record opening / closing of the

door.

12. Use blue tape to secure data logger and magnet to door.

13. Take a photo of the state data logger.

Figure 19 Example of photo of the data logger attach to the door
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Setup of Indoor Air Quality Monitoring Station

1. House ID: Date: Time: Technician:

2. Discuss with study participant to identify a suitable location for setting up the indoor air
guality monitoring station.

Central 1st floor location of the house (e.g., living, dining, or great room).

At least 10 ft away from unvented combustion sources (e.g., cooking appliances).
At least 10 ft away from exterior door that is frequently used.

Not in the direct path of supply airflow from forced air system.

Not exposed to direct sunlight.

oo doo

Location of the indoor monitoring station: (room)

3. Identify an electrical outlet. Plug in an extension cord.
d Add DO NOT UNPLUG label on the outlet as a reminder.
[ Use pedestrian cable cover ramp / rubber floor cord concealer to prevent trip
hazard.
4. Put weight on the bottom crate (1 of 4) to add stability to the monitoring station.
5. Add the two middle crates (2 and 3 of 4) and secure them by zip ties.
6. Start CO2 instrument
a. Press and hold LOGGER for >2 seconds to begin logging.

b. DATALOGGER will appear in display.

CO2 Instrument ID: Start Time:
(e.g. CO2_011)

c. Secure to top crate (3 of 4) by zip tie.
7. Start NO2 instrument
a. Select LOGGING SETUP.

b. LOG FREQ. =1 MIN. CLEAR LOG = Yes. LOGGING = On.
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NO?2 Instrument ID: Start Time:
(e.g. NO2_001)

c. Secure to top crate (3 of 4) by zip tie.
8. Start formaldehyde instrument

a. Label todayds date, House ID, and formaldehyde instrument ID on the sensor
cartridge bag.

b. Insert sensor cartridge into the instrument.

Figure 20 Shinyei formaldehyde instrument

c. Set measurement duration = 30 minutes.

Formaldehyde Instrument ID: Start Time:
(e.g. FRM_011)

d. Secure to top crate (3 of 4) by zip tie.
9. Add the top crate (4 of 4) and secure by zip tie.
10. Start indoor PM instrument (MetOne BT-645)

a. Check that side-by-side comparison with outdoor PM instrument has been
completed.

b. Put the indoor PM instrument inside the top crate and provide plug-in power.

c. Start the indoor PM instrument by pressing the SAMPLE key.
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Indoor PM Instrument ID: Start Time:
(e.g. PMI_001)

d. Install the PM2.5 cyclone and total inlet to the indoor PM instrument.

Figure 21 PM 2.5 cyclone

e. Secure the top crate (4 of 4) by zip tie.

11. Check that all 4 crates are secured by zip tie. Check that the setup is sufficiently
stabilized by weight on the bottom.

12. Take photos of the indoor monitoring station (front-view, and two side-views).
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Setup of Indoor Air Quality Monitoring Station in Master Bedroom

1. House ID: Date: Time: Technician:

2. Discuss with study participant to identify a suitable location for setting up the indoor air
quality monitoring station.

[ At least 5 ft away from exterior door that is frequently used.

[ Not in the direct path of supply airflow from forced air system.

[ Not exposed to direct sunlight.
3. ldentify an electrical outlet. Plug in an extension cord.

d Add DO NOT UNPLUG label on the outlet as a reminder.

[ Use pedestrian cable cover ramp / rubber floor cord concealer to prevent trip

hazard.

4. Setup a tripod suitable for holding instruments to sample at approximately 4-ft height.
5. Start CO2 instrument

a. Press and hold LOGGER for >2 seconds to begin logging.

b. DATALOGGER will appear in display.

CO2 Instrument ID: Start Time:
(e.g. CO2_011)

6. Start formaldehyde instrument

a. Label todayds date, House ID, and formaldehyde instrument ID on the sensor
cartridge bag.

b. Insert sensor cartridge into the instrument.
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Figure 22 Shinyei formaldehyde instrument

c. Set measurement duration = 30 minutes.

Formaldehyde Instrument ID: Start Time:
(e.g. FRM_011)

7. Check that the tripod is stable, and instruments are secured.

8. Take photos of the indoor monitoring station (front-view, and two side-views).
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Setup of CO2 Instruments in Bedrooms

1. House ID: Date: Time: Technician:

2. Discuss with study participant to identify up to 3 other bedrooms (besides the master
bedroom) to monitor CO2.

[ If house has >3 bedrooms, select bedrooms that are occupied the most.

[ If house has 3 bedrooms, monitor all bedrooms if accessible.

[ If house has <3 bedrooms, monitor all bedrooms and use the remaining CO2
instrument(s) to monitor other common areas away from the indoor monitoring

station.
Location 1: (room)
Location 2: (room)
Location 3: (room)

3. ldentity a suitable location for placing the CO2 instrument. Mark this location on floor
plan.

1 Height at approximately 4 ft (e.g., on bookshelf, dresser)

[ At least 5 ft away from exterior door that is frequently used.

[ Not in the direct path of supply airflow from forced air system.
[ Not exposed to direct sunlight.

4. ldentify an electrical outlet. Plug in an extension cord.
d Add DO NOT UNPLUG label on the outlet as a reminder.
[ Use pedestrian cable cover ramp / rubber floor cord concealer to prevent trip
hazard.

5. Start CO2 instrument

a. Press and hold LOGGER for >2 seconds to begin logging.
b. DATALOGGER will appear in display.

Location 1 CO2 Instrument ID: Start Time:
(e.g. CO2_011)

Location 2 CO2 Instrument ID: Start Time:
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Location 3 CO2 Instrument ID: Start Time:

6. Take photos of the CO2 instrument showing close-up and its surrounding.
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Start of Passive Sampling

1. House ID: Date: Time: Technician:

2. Outdoor
a. Puton nitrile gloves before handling passive samples
b. Take out Ogawa field blank and place on top of the zip bag.

Field Blank ID: Start Time :

c. Insert the outdoor (OUT) Ogawa NOx/NO2 sampler assembly into a support
clip, then attach the support clip to the sampling cap.

Figure 23 Ogawa NOx/NO2 sampler and the sampling cap

d. Take the outdoor (OUT) UMEXx formaldehyde passive sampler out of the bag.
Slide green cover down to sampling position (expose DNPH-treated tape to
diffusion) and begin sampling.

Collar Clip

DNPH-treated tape
(contained behind
diffusion barrier)

Diffusion barrier
exposed

Sample blank/correction
(contained in separate
compartment in housing)

Sliding cover in open or
sampling position

Figure 24 UMEX formaldehyde passive sampler
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e. Attach the UMEx formaldehyde passive sampler to the sampling cap.

Start Time:

Ogawa NOx/NO2 Sample ID

UMEX Formaldehyde Sample ID

f.  Secure the sampling cap to the outdoor tripod at approximately 5-ft height.
g. Putthe Ogawa field blank back into zip bag.

Field Blank End Time:

h. Take a photo of the passive samplers (close-up, and also from further back
showing the sampling cap secured on tripod).

i. Keepall zip bags in a freezer bag labeled fiOutdoor Passive Samplero
j. Fill out the House ID, Sample ID, Date, Start Time, Sample Location in the space
provided on a freezer bag of the sampler

3. Indoor Monitoring Station
a. Puton nitrile gloves before handling passive samples

b. Insert the indoor (IN1 and IN2 (duplicate)) Ogawa NOx/NO2 sampler assemblies
into a support clip, then attach the support clip to a sampling stand.

c. Take the indoor (IN1 and IN2 (duplicate)) UMEXx formaldehyde passive samplers
out of the bag. Slide green cover down to sampling position (expose DNPH-
treated tape to diffusion) and begin sampling. Attach the passive samplers to a
sampling stand.

Start Time:

Ogawa NOx/NO2 Sample ID

Ogawa NOx/NO2 Sample ID (duplicate)

UMEX Formaldehyde Sample ID

UMEX Formaldehyde Sample ID (duplicate)

d. Secure the two sampling stands to the top crate.

Healthy Efficient New Gas Homes (HENGH) Field Protocol 85 of 124




e. Take a photo of the passive samplers (close-up, and from further back showing
the sampling stands and crates).

. Keep all zip bags in a freezer bag labeled filndoor Passive Samplero
g. Fill out the House ID, Sample ID, Date, Start Time, Sample Location in the space
provided on a freezer bag of the sampler

4. Master Bedroom
a. Puton nitrile gloves before handling passive samples
b. Take the master bedroom (MBR) UMEXx formaldehyde passive sampler out of
the bag. Slide green cover down to sampling position (expose DNPH-treated

tape to diffusion) and begin sampling. Attach the passive sampler to a sampling
stand.

Start Time:

UMEX Formaldehyde Sample ID

c. Secure the sampling stand to the tripod at approximately 5-ft height.

d. Take a photo of the passive sampler (close-up, and from further back showing the
sampling stand secured on tripod).

e. Keep all zip bags in a freezer bag labeled iMaster Bedroom Passive Samplero

f.  Fill out the House ID, Sample ID, Date, Start Time, Sample Location in the space
provided on a freezer bag of the sampler
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G. Telephone script to answer questions during one-week sampling period

Hello! My name is . I am calling from the Gas Technology Institute (GTI) about the
Healthy Efficient New California Homes Study that we are doing in your home.

Please may | speak with [study participant]?

Hello [study participant], | am calling to see if you have any questions or concerns about our
monitoring devices so far?
Answer any questions.

Please be reminded that it is important that you not unplug these devices except in emergency. To
your knowledge, has there been a power interruption since our last visit?

Yes No

If Yes, describe:

We also want to remind you that it is important to keep your windows closed during this one-
week sampling period. Doing so will help us better characterize the performance of your
mechanical ventilation system.

Please remember to fill out your daily log to indicate the number of people in your home and to
note activities that may generate indoor air pollutants.

Our field team will return on (date and time) to collect all monitoring devices.

Please turn in the daily log, together with the 15-minute survey about your home, household
activities, and demographics, to the field team in the envelope provided.

Thank you for taking part in this important research project. Goodbye.
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H. Gathering of Equipment

End of Passive Sampling

1. House ID; Date: Time: Technician:

2. Outdoor
a. Puton nitrile gloves before handling passive samples
b. Take out Ogawa field blank and place on top of the zip bag.

Field Blank ID: Start Time ;

c. Remove the outdoor (OUT) Ogawa NOx/NO2 sampler assembly from the
supporting clip and sampling cap. Store the sampler the into its zip bag.

d. Remove the outdoor (OUT) UMEX formaldehyde passive sampler from the
sampling cap. Slide green cover up to stop sampling, then store the sampler
into its zip bag.

Figure 25 UMEX formaldehyde passive sampler at stop sampling position

End Time:

Ogawa NOx/NO2 Sample ID

UMEX Formaldehyde Sample ID

Describe if observed problems with passive samplers:

(e.g., missing, damaged, or UMEXx sampler cover in closed position)
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e. Putthe Ogawa field blank back into zip bag.

Field Blank End Time:

f.  Keep all samplers in a freezer bag labeled fiOutdoor Passive Samplero
g. Store the sampling cap, support clip, etc. in the misc. supplies bag.
3. Indoor Monitoring Station

a. Puton nitrile gloves before handling passive samples

b. Remove the indoor (IN1 and IN2 (duplicate)) Ogawa NOx/NO2 sampler
assemblies from the supporting clip and sampling stand. Store the samplers the
into zip bags.

c. Remove the indoor (IN1 and IN2 (duplicate)) UMEx formaldehyde passive

samplers from the sampling stand. Slide green cover up to stop sampling, then
store the samplers into zip bags.

End Time:

Ogawa NOx/NO2 Sample ID

Ogawa NOx/NO2 Sample ID (duplicate)

UMEXx Formaldehyde Sample ID

UMEX Formaldehyde Sample ID (duplicate)

Describe if observed problems with passive samplers:

(e.g., missing, damaged, or UMEXx sampler cover in closed position)
d. Keep all samplers in a freezer bag labeled filndoor Passive Samplero
e. Store the sampling cap, support clip, etc. in the misc. supplies bag.
4. Master Bedroom

a. Puton nitrile gloves before handling passive samples
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b. Remove the master bedroom (MBR) UMEXx formaldehyde passive sampler from
the sampling cap. Slide green cover up to stop sampling, then store the sampler
into zip bag.

End Time:

UMEXx Formaldehyde Sample ID

Describe if observed problems with passive sampler:

(e.g., missing, damaged, or UMEXx sampler cover in closed position)
c. Keep all samplers in a freezer bag labeled fiMaster Bedroom Passive Samplero

d. Store the sampling cap, support clip, etc. in the misc. supplies bag.
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Collection of Indoor Air Quality Instruments

1. House ID: Date: Time: Technician:

2. Ateach location, take a photo of the instrument(s) being collected.

3. Take note of the following:
a. Power unplugged
b. Instrument turned off
c. Instrument moved from original location

4. Check that extension cords, tape, etc. have been removed.

Location Instrument* ID | End Time Notes
(i) | Outdoor PMO_
TRO
(ii) | Indoor Station | PMI_
Co2_
NO2_
FRM_
(iii) | Master Cco2_
Bedroom
FRM
(iv) Cco2_
(v) Cco2_
(vi) Cco2_

* Instrument List

CO2 = CO2 monitor (Extech SD800 CO2/ Humidity/ Temperature Datalogger)

FRM = Formaldehyde monitor (Shinyei FMM-MD Formaldehyde Sensor)

NO2 = NO2 monitor (Aeroqual Series 500 Monitor w/ NO2 Sensor Head)

PMI = Indoor PM instrument (MetOne BT-645)

PMO = Qutdoor PM instrument (MetOne ES-642)

TRO = Outdoor temperature/RH (Onset External Temperature/ Relative Humidity Datalogger)
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Collection of Activity Sensors

1. House ID: Date: Time: Technician:
2. Ateach location, take a photo of the sensor(s) being collected.
3. Take note of the following:
a. Sensor missing or damaged
b. Sensor moved from original location
4. Check that tape, zip ties, etc. have been removed.
Location Sensor* ID End Time Notes
(@) | Cooktop (Left-Back) | IBU_
(Left-Front) IBU_
(Right-Back) IBU_
(Right-Front) IBU_
Oven IBU_
Range Hood ANM _
(b) | Fireplace IBU_
(c) | Clothes Dryer ANM_/PLD_
Laundry Room MTR_/PLD_
Exhaust Fan
(d) | Master Bath - MTR_/PLD_
Shower
Temperature/ RH TRO_
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Master Bath - Toilet | MTR_/PLD_

(e) | Other Bath 1 MTR_/PLD_

Temperature/ RH TRO_

(f) | Other Bath 2 MTR_/PLD_

Temperature/ RH TRO_

(9) | Other Bath 3 MTR_/PLD_

Temperature/ RH TRO

(n) | Supply Air Grillel | TRH_

Supply Air Grille2 | TRH_

(i) [ Supply Air Intake ANM_/MTR_

(i) | Garage-to- STA_
House Door
Patio-to- STA_

Outside Door 1

Patio-to- STA_
Outside Door 1

* Sensors List

ANM = Digi-Sense Anemometer

IBU = iButton Temperature Logger

MTR = Onset Motor On/Off Data Logger

PLD = Onset Plug Load Data Logger

STA = Onset State Data Logger

TRH = Onset Temperature/ Relative Humidity Data Logger

TRO = Onset Enclosed Temperature/ Relative Humidity Data Logger
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l. Check Lists

List of Photos to Take

1. House exterior

[ Exterior of the house from front

(A Exterior of the house from back

d Backyard (show outdoor fireplace, BBQ, grill if present)
[ Clothes dryer vent (show if exhaust vent is blocked or not)
 Supply air intake (show if intake is blocked or not)

[ Exhaust fan outlets

2. Whole-house ventilation system

[ General surrounding where the system is located (e.g., exhaust fan in laundry
room, in-line supply fan in attic)

[ Closeup of the system (e.g., show make/model of the fan)

[ Closeup of the system controller (e.g., wall switch, speed setting, timer, etc.)

3. Master and other bathroom(s)

Location of the exhaust fan in relation to the room
Fan grill

Wall switch or other controller

Make/model of exhaust fan

RH / timer setting of exhaust fan if accessible
Repeat if toilet is located in a separate room

oo dood

4. Laundry room

Clothes dryer (make/model)

Location of the exhaust fan in relation to the room
Fan grill

Wall switch or other controller

Make/model of exhaust fan

RH / timer setting of exhaust fan if applicable

(I Oy WAy Wiy Wy

5. Kitchen
4 Photo showing both range hood (or microwave-combo) and cooktop

1 Range hood front-view including cooktop
[ Range hood side-view showing extension over cooktop
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Range hood make/model and fan speed control settings

Inside of range hood showing grease screen and filter location
Venting duct (open cabinet door if hidden)

Cooktop (make/model, number of burners, control setting knobs)
Oven (make/model, control setting knobs)

Oodood

6. Central forced air system

Thermostat (show temperature setpoints)

Furnace (show make/model)

Supply and return manifolds of air handler

Air filter as installed in cabinet (show any gaps)

Air filter make/model, condition (new? used? dirty?), written record of the last
change date)

AC (show make/model)

Odood

(M

7. Attic

[ Attic ventilation (gable vent, ridge vent, etc.)

[ Attic insulation

[ Ductwork connecting exhaust fan, supply fan, range hood, central forced air
system

8. Garage

[ General view of garage
[ Garage-to-house access door
[ Garage exhaust fan if present

9. Other appliances

Water heater

Fireplace

Other heating equipment

Other cooling equipment

Standalone air cleaners

Humidifier

Dehumidifier

Plug-in or stick air fresheners

BBQ, outdoor grill, smoker, firepit, etc.

oo dood

10. User manuals
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[ Make and model of ventilation equipment and other airflow devices (e.g.,
bathroom exhaust fans, range hood (or microwave-combo), clothes dryer, central
forced air system), and rated airflow rates

[ Make and model of gas appliances (e.g., cooktop, oven, furnace, water heater)

11. Outdoor air quality measurements setup

[ Outdoor PM (MetOne ES-642) on tripod (closeup photo, and a photo showing
the general surrounding)

4 Side-by-side measurement of outdoor PM (MetOne ES-642) and indoor PM
(MetOne BT-645)

4 Passive air samplers (closeup photo, and a photo showing sampling cap secured
on tripod)

12. 1AQ indoor station setup

[ Front-view photo of the indoor monitoring station

[ Photo showing indoor monitoring station distance in relation to kitchen (show
cooktop if viewable)

[ Photo showing indoor monitoring station distance in relation to exterior doors or
windows

[ Photo showing indoor monitoring station distance in relation to the nearest air
supply register

[ Passive air samplers (closeup photo, and a photo showing sampling cap secured
on indoor monitoring station)

13. Master bedroom IAQ monitoring

[ Front-view photo of the IAQ monitoring setup

[ Photo showing monitoring location in relation to master bedroom door, and
exterior doors or windows

[ Photo showing monitoring location in relation to the nearest air supply register

1 Passive air samplers (closeup photo, and a photo showing sampling cap secured
on tripod)

14. CO2 monitoring in bedrooms
d Closeup photo of the CO2 instrument
4 Photo showing CO2 instrument in relation to bedroom door, and exterior doors
or windows

[ Photo showing monitoring location in relation to the nearest air supply register

15. Cooktop use monitoring
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[ Photo showing iButtons placed on cooktop surface
16. Fireplace use monitoring

[ Photo showing iButton attached on fireplace
17. Range hood use monitoring

[ Photo showing Digi-Sense anemometer or other device (e.g., motor on/off data
logger) attached on range hood to monitor use

18. Clothes dryer use monitoring

[ Photo showing plug-load data logger or other device (e.g., Digi-Sense
anemometer on exhaust vent) used to monitor clothes dryer use

19. Exhaust fan use monitoring
[ Photo showing Digi-Sense anemometer or other device (e.g., motor on/off data
logger) used to monitor exhaust fan use
[ RH/ timer setting of exhaust fan if accessible

20. Supply air use monitoring

4 Photo showing motor on/off data logger or other device (e.g., Digi-Sense
anemometer) used to monitor supply air intake airflow

21. Central forced air system use monitoring

[ Photo showing supply air grille with the Onset temperature/ relative humidity
data logger attached

22. Door use monitoring

4 Photo of the doors being monitored
[ Closeup photo of the state data logger attached on the door

23. Collection of IAQ instruments and activity sensors

[ At each location, take a photo of the IAQ instruments and/or activity sensors
being collected

24. Inline supply fan airflow testing
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[ Stepback to show the duct connecting to the in-line fan, inlet terminal, and
connection to the central forced air system
[ Closeup photo of the air velocity probe installation location

25. Range hood airflow testing

[ Photo that shows the capture hood and DuctBlaster test setup
[ Photo of the fan speed settings during range hood airflow testing

26. Clothes dryer airflow testing

[ Photo that shows the capture hood and DuctBlaster test setup
[ Photo of the drying setting selected during airflow testing
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List of Things to mark on Floor Plan

[ Note any difference between actual layout and floor plan

(W

Ceiling heights in great room, kitchen, living room, dining room, bedrooms and other
parts of the house with different ceiling heights

Doors to outside (e.g., main door, patio door, door to garage)
Exhaust fans in bathrooms, laundry room, garage, etc.

Supply air inlet if present

Return air grille of central forced air system

Supply air grille of central forced air system

Air filter of the forced air system

Thermostats (label with link to system being controlled if zoned)
Cooktop (indicate burners) and oven

Indoor fireplace

Clothes dryer and exhaust vent

Water heater and flue

o000 d o0 d o dod

Other heating/cooling equipment, de/humidifier, standalone air cleaners, plug-in/stick air
fresheners observed during visit

BBQ, outdoor grill, smoker, fire pit, etc. in backyard

Position of the outdoor monitoring instruments

Position of IAQ monitoring in main living space and in master bedroom

[ W W N

Position of CO2 monitoring in other bedrooms

Location Code Description

GRK Kitchen section of large, open great room

GRD Dining section of large, open great room

GRL Living room section of large, open great room

KIT Kitchen that is a distinct room

LIV Living room that is a distinct room

DNR Dining room that is a distinct room

BR1 Master bedroom

Healthy Efficient New Gas Homes (HENGH) Field Protocol 99 of 124




BR# Other bedrooms (# =1, 2, etc.)

OF# Home office

DEN Den or open converted bedroom

BA1l Master bathroom

BA# Other bathrooms

TO1 Toilet room if separate from master bathroom
TO# Other toilet rooms if separate from bathroom
LAU Laundry room

GAR Garage

UTI Utility closet/ room

Equipment Code

Description

EF# Exhaust fans (# = 1, 2, etc.)

EX# Exhaust vents on exterior wall
ASH# Air handler supply register

AR# Air handler return register

AHU Air handler unit

AF# Air handler filter

TM# Thermostat

OHT Other heating equipment

OCL Other cooling equipment

GFP Gas fireplace / log set

WHR Water heater

WHF Water heater flue on exterior wall
DPT Sliding door to backyard or patio
DGH Door from garage to house

DFR Front door
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RHD Range hood

RDX Range hood exhaust vent on exterior wall
CIXY] Cooktop burner

OVN Oven

CDR Clothes dryer

DRX Clothes dryer exhaust vent on exterior wall
HUM Standalone humidifier

DEH Standalone dehumidifer

CLN Standalone air cleaner

FRS Plug-in/ stick air freshener

BBQ Outdoor bbq or grill

Monitor Code Description

ouT Position of outdoor monitoring equipment
I1AQ Position of indoor monitoring equipment (in main living space and in
CO2 Position of CO2 monitoring in other bedrooms
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J. Conduct Diagnostic Tests

DeltaQ Test

House ID; Date: Time: Technician:

Connections

DG700 Control Connections

The DG700 needs to be turned on and connected to USB (either with mini to regular USB or if
older with a COM to USB converter) before starting the DeltaQ program:

Figure 26 DG700 connected to USB

DG700 connected with 1/8 in. jack to blower door controller. Blower door controller needs to be
just a click past fioffo (or the blower door fan will never turn!).

002-5¢

Figure 27 DG700 connected with 1/8 in. jack to blower door controller
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DG700 pressure tubing connections:

House pressure on channel A

Blower door on channel B

Use a hose for inside pressure with hose >10 ft away from blower door or to another room.

DI

Figure 28 Hoses for blower door

When depressurizing, use a T and extra hose to connect the indoor pressure tubing to both
channels. Red tube is to blower door. Green tube to the T is indoor pressure as seen going to
other room in above picture.

Figure 29 Tubes connection to the DG700

When pressurizing, use a T and extra hose to connect the blower door reference to outside
pressure and outside pressure to house channel. Note that the indoor pressure is now connected
directly to the DG700 and the T connects the outdoor pressure to both channels.
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| S\
Figure 30 Example of T connection between tubes and the DG700

Other tubing tips:
Try to keep tubes away from large air movements near the blower door.

Try not to step on tubes!

Figure 31 Overall experimental setting with tubes and the DG700
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Software Installation and Setup

Installation

Run the exe to install the software

Go to Programs -> EnergyConservatory.

Right click on deltaQ and send to desktop T just for convenience
A

7:07 AM

¥ ans0n

Figure 32 DeltaQ software installation

Start the DeltaQ software by double-clicking
The following four errors come up - you can ignore these errors and just click AOKGO.

Figure 33 Start the DeltaQ software

Another dialog box with fiLoad default configurationo comes up. Click iOKo
Program should start.
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Setup

Setup is to get the DG700 to talk to the computer via USB and set some parameters for the
automated testing.

Click tools-> options: this pulls up the configurations window

In top left box - "Acquisition™ for the fiPrimary Comm Porto - select to test.

File Tools HelBf o coeraton =)

Acquistion Analysis
Temperature: Ce Data Interpolation Leakage Assumptions

1000 Fimary Comm Fort [z <] ; Gzl | Humbe of dssumed Leaks per side [7 <]

800 AnCom et o 2] T Mirimum samples o interpolate [ | Il R Senite
600 4 SpacinglPs)  [5 -]

Temperature (deg F will be re-entered for new tests)

400 - s ousie[i— Supply Leskage Pressure 20 to [j0
Retun Leakage Pressure to

10 | a 20 100

i

200

400

house pr (.0
flow 0

500
Test Dptians
= fan pr 0

Baseine Tine fec] [39 ] Flamping Optians

[~ Use Onlp One Fan Ring Setling Test Pressures

Fon Adjust Rate {5
Target Tolerance [T
&
Number OfRamps [7 Hin Sample Tim (sec) [3
&
ATt (RS Mas Sample Time (sec][35

Std Ener Goal (Pa) [0 20

Estimated Data Gathering Time =13 minutes OM7-DGT00 - 25356

™ savE as DERAULT ConFiURaTan | | 104N

Changes made to this <creen il be ppled ta the alieady running program if you click OK. A1 of the configuratle setiings e on
this screen. If you would ke these setfings to alsa be automaically applied next tine you run the program click on SEVE AS

DEFAULT CONFIGURATION oK Cancel

T € m a2 ot w o or il
Figure 34 Setup the DeltaQ software

This opens another dialog box where you can click "scan for ports/devices"

File Tools Help( o concion

Computd
Acquisition Analysis
Temperature: Ce Data Interpolation Leakage Assumptions

1000 Primany Comm Port [0y17 ’_Th L nteolation nterval 2] 5 LU Number of ssumed Leaks perside. [T <]
50 v Comm P [ =] | Py Comm Pt Tt [V Fressur Scanring

o 4 spwnafal [

Results

400 | Leskage Pressure [0 to [100
- Leskage Prassuz [z to [ig0

0

-200:

400
house pr
500 flow
Test Dptions

fan pr

Baseline Tine (ee) [3 ]
Fan Adjust Pate [

Target Tolerance 1.0
Min Sample Time [sec) i
Max Fample Time fsec] [30

Std Ener Goal (Pa) [20

ScanFor Detaled Test
Ports/Devices COM?

COM7:.DG700 - 26996
10.4volts

Changes mads 1o this screen wil be applied o the alieady unning program if vou click OK. A1 of the configuiable settings are on ] S S LT AT
S

this screen. |f you would ke these setfings ta olso be autemaically applied nest tine you run the program ciick. on S4°

DEFAULT CONFIGURATION 0K Cancel

s03AM | |
4/18/2014

Figure 35 Scan for ports/devices at the DeltaQ software

This will find the DG700 on the comm port. Record the COM number- click OK
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File Tools Hep( " configuration

Computd

Acquistion Analysis

Temperature C Data Interpalation

1000 Prmary Comm Port [Co7 <] | few 1|

800 AuxComm Port [yjo1E Primary Comm Port Test

00

esuls
400

ICOM7: Digitl Giaug Located. S rial Number DIF700 - 25996,
200 1 Eneray Conservatory Data Input Device detected

i
200
400

£00
Test Options

Baseline Time (sec) |30 -

ScanFor

Detaled Test
Ports/Devices COM7

Leakage Assumptions

lifpdtmalirs](Fa) |9 || Humberof Assumed Lesks persice [T <]

|V Pressure Scanning

Spacing [Pa)

5
Leskage Presswe [20 o [100
Leskage Pressurs [0 to [io0

Fanhdiust Rate[1g
Target Tolerance [T
Min Samels Tie (secl[ig
May Sample Time (secl[56

Std Ener Goal (P2 [0 20

Changes made to this screen will be applied to the already running proaram it you elick OK. All of the configurable settings are on
this screen. |f you would like these settings to alsa be automatically appiied next tme you 1un the program click on SAVE AS
DEFAULT CONFIGLIRATION.

[~ SAVE AS DEFAULT CONFIGURATION

oK. Cancel

COM7:DGZ00 - 25996
104 volts

Figure 36 Scan the DG700 at the DeltaQ software

This COM port should then appear in the APrimary Comm Portd. If not T then select it from the

pull down menu.

File Tools Helaf o coe i raton s |

Acquistion Analysis
Data Inferpolation

Interpolation Interval Pa) [5
Minimum samples to interpolate [

Temperature (deg F will be re-entered for new tests)

400 ] Inside 58 Ouside[g2

Temperature C

1000 E Pimary Comm Port [p7 Test
800 A Comm Port [[1E ﬂ

00

Leckage Assumptions

Number of Assumed Leaks per side [

[ Pressure Seanning

Spacing (Pa)

[

Supply Leskags Pressurs [20 to [jm0

Return Leakage Pressue o
10 - & 20 100

i
-200:
400

B0
Test Options
o]

Flamping Optians

Baseline Time (2e) 37 ]

[ Use Only One Fan Ring Setiing Test Pressures

~

Number Of Ramps [3 -
&
Ramp Timelsedl [a7 =

Estimated Data Gathering Time = 13 minutes

Changes made to thi creen il be appled ta the ahieady running program if you dlick OK. 41 of the configuratle setiings are on
this screen. If you would ke these setfings to also be automaically applied next tine you run the program ciick on SAVE AS

DEFAULT CONFIGURATION

FanAdiust Rate[10
Target Tolerance [Tq

Min Sample Time [sec [l
May Sample Time fsec)[30
Std Enor Geal Fal[0z0

[ SAVE AS DEFAULT CONFIGURATION:

oK. Cancel

Figure 37 Select the DG700 at the DeltaQ software

Other things to set here (most should be already set by default):

In the Analysis Box:

Interpolation interval: 5 Pa
Minimum number of samples: 1
Close the fiConfigurationo window
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In the Leakage Assumptions Box:

Number of assumed leaks: 1

Pressure scanning should be checked

Supply and return leakage pressure limits should be 20 and 100 Pa.

In the Test Options Box:

Baseline Time: 30s

Ramping options:

The use only one ring should be checked.
Number of ramps:2

Ramp time: 90 s

Click on "save as default configuration" and iOKo. This should mean that the next time you run
the software on this computer you do not have to do this setup for the DG700 again.

The following dialog box pops up to tell you where the data output files will be stored. This candt
be changed in the software so note the directory and click OK.

<Pl & Configuration

Acaquisiion Analysis
Temperaturs C Data Interpolation Leakage Assumptions

1000 Pimaty Conm Port [C07 = Text Ineerpolaton Intervs! P2 5 Nurbe: of Assumed Lesks perside [T <]

a00 s Conm P [T e Mirium samples to iterpolate [ | (2] Flesm Semi
- [& ] SpachalPal  [5 ]

Temperature [deg Fwil be re-entered for new tests]
400 e Outsite Supply Leakage Pressue [20 to [100
Fletumn Leakage Pressure o
om 20 100
0

-200; .

Defaults Set &J

-400;

house pr 0,0

500 _
@ DefautDeltaQConfig saved in folder: C:\Program Files\Energy flow 0

Test Options WY Conservatory\DeltaQ

fan pr 0

Baseline Time (sec) [39 - .

E i e [T
Taaget Tolerance [T
—
Number Offlamps [3~ <] Min Sampl Tine (s2<)[7

M Sample Time (sec[30

Ramp Time (sec) [37
[0~ Std Enor Goal (Pa)[020

Estimated Data Gathering Time = 13 minutes COM7:DG700- 25996

104 wolts
Changes made to this screen wil be applied to the slready running program if you click OK. All of the configurable settings are on (ol G2 28 Bl G AEURETTY
this screen, |f pou would like these settings to also be automatically applied next time pou run the program click on 543 S

DEFAULT CONFIGURATION. Cancel

B0sAM | |

4/18/2014

SR A

Figure 38 Save the configuratiosetg for the DG700 at the DeltaQ software
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Starting a New Test

Click file -> new

At the Temperature dialog - enter the indoor and outdoor temperature here
Follow the instructions on the screen.

The instructions go step by step through the four sections of the test:

1. Depressurization, air handler fan off

2. Depressurization, air handler fan on

3. Pressurization, air handler fan on

4. Pressurization, air handler fan off

The only exception is that the first step that establishes the blower setting for maximum envelope
pressure should be to turn the knob on the screen to get 50 Pa not 30 Pa.

A tip here T you use the mouse to pull the indicator on the knob on the screen to operate the
blower door. If the blower door does not turn on check that the blower door controller is clicked
into the on position. If that does not work try restarting the DeltaQ software (sometimes if you
start the software before turning on the DG700 the communication to the DG700 does not work).

Another tip: remember to change the reference pressure for the blower door when you change
from depressurization to pressurization. You will be prompted to do this, but it is easy to forget.

You will see the data being plotted on the screen. This is a big help as it helps you to see when
someone steps on a pressure tube or if a big gust of wind comes along, or if someone opens a
door or window during the test.

See DeltaQ Testing QC for examples of what to look for in measured data with significant errors
caused by wind.

At the end of the test the results are displayed.
Record the supply and return air flow in the spreadsheet (ignore the error estimates).

If you think you had a big gust of wind or somebody stepped on a pressure tube during the test
click on fitools -> repeat a stepo and select from one of the four steps above to redo. You will
follow the prompts to retake the step that you selected.

The software saves all the data in *.deltaQdata text file. The software creates a DeltaQ test
directory (the same place the application is run from) and this is where the .deltaQdata files are
stored.

After each test search IT IS ESSENTIAL to search for a file called

DeltaQReport.html and rename it using the same file identifier as used to save the raw DeltaQ
data.
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It should be in the program files/energy conservatory/DeltaQ directory but sometimes you have to
search for it".

Open the HTML file in the web browser. This HTML file contains the envelope leakage results
as C, n and Q50 for both pressurization and depressurization.

From HTML file record baseline pressure and standard deviation and C, n and Q50 for press and
depress. Record these data in the spreadsheet.

! To search for it | have found it best to search at the root iC:0 using fiDeltaQReporto as the
search term. Sometimes it can be in a directory you cannot access directly depending on your
windows login setup. In which case right click it to open in a browser and then save it in a place
you know you can find it again! If this does not work, another way to get to the file is to use the
windows start menu and type into the search box%appdata%and hit enter. Then find the folder: Energy
Conservatory\DeltaQ
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Exhaust Fan Airflow Testing

1. House ID: Date: Time: Technician:

2. Describe the exhaust fan being tested.

a. Location:
b. Switch setting: (On/Off? Timer setting?)
c. Grille condition: (Dust? Blockage?)

d. Take photo
Yy~ Step back to show exhaust room in the room
Yy~ Exhaust fan grille closeup
Yy~ Exhaust fan switch closeup

3. Connect metering box to DG-700
a. Connect tubing to Channel B input tap

4. Select a door position on the metering box
a. E1:441t0124 CFM
b. E2:21to59 CFM
c. E3:10to 28 CFM

5. Turn on DG-700
a. Select DEVICE = EXH
b. Select the configuration that match the door position
Yy~ EL1: CONFIG = Al
y  E2: CONFIG =B2
y  E3: CONFIG =C3

6. Measure exhaust fan airflow
a. Turn on exhaust fan
b. Place metering box over fan grille to get a air tight seal
c. Hold for at least 10 seconds for auto-zeroing

d. Record CFM: , ,

Yy~ Acceptable reading if 3 subsequent readings (TIME AVG = 5 seconds)
are approximately +/- 5 CFM
Yy~ Adjust door position and DG-700 setting if pressure falls outside of 1 to
8 Parange
O If >8 Pa, increase opening size (towards E1)
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O If <1 Pa, decrease opening size (towards E3)
7. Return exhaust fan to original setting prior to test.

8. Time Completed:
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Range Hood Airflow Testing

1. House ID: Date: Time: Technician:

2. Perform sound check
a. Start noise level app (e.g., SPL Pro)
b. Measure background noise for 60 seconds
c. Determine the number of fan speed settings
Yy~ For dual fan range hood, each fan may be controlled separately. For
example, left fan ON/OFF and right fan Low/OFF/High means 5 settings

to be tested.

d. Measure the noise level of range hood at each fan setting
Yy~ Take picture of the fan setting being tested.

Figure 39 Example of the photo of th an setting

Yy~ Collect 30 seconds of decibel measurements at each setting from roughly
where a cook would stand and complete table

Fan Setting Time Start Time End Decibel
MED dbA
LOW dbA
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HIGH dbA

3. Setup range hood capture box and DuctBlaster fan

a. Setup DuctBlaster fan* near the range hood and plug controller to a power outlet
(*note: fan tends to trip GFCI protected outlet, do not use outlets from kitchen or
bathrooms, run an extension cord from an adjacent room instead)

b. Attach, for example, ring 2 to DuctBlaster fan
For Series B DuctBlaster
Y~ Ring 1: 800 to 225 CFM
Yy~ Ring 2: 300to 90 CFM Y typical for range hood
Y Ring 3: 125to 10 CFM

Figure 40 Example of the DuctBlaster fan

c. Slide capture box underneath range hood
d. Apply blue tape, duct masking tape, etc. to secure and seal all edges

e. Attach flex duct to capture box
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: -
Figure 41 Example of attached flex duct to capture box

f.  Connect flex duct and tubing to DuctBlaster fan

Figure 42 Example of connected flex duct and tubing to DuctBlaster fan
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g. Connect tubings from capture box and DuctBlaster fan to DG-700
Yy~ Capture box: Channel A Input
Yy~ DuctBlaster fan: Channel B Input
h. With the DuctBlaster fan off, turn on range hood to see that capture box is at
least -10 Pa (typically, you should see -20 to -30 Pa).
Yy If the capture box is depressurized by less than 10 Pa, therebs likely a
leak. Feel around the capture box and apply blue tape to get a better seal.

4. Measure range hood airflow
a. Connect DG-700 and DuctBlaster fan controller to enable Cruise Control.

b. Turn DuctBlaster fan controller to fijust ono position (i.e. fan ON, fan speed
LOW).

c. Turn on the DG-700 and select Pressure/Flow mode.

d. Select DEVICE = DB B (Series B DuctBlaster fan). Press CONFIG button to
select flow ring size.

Yy Al=Ringl
Yy B2=Ring2
Yy B3 =Ring3

e. Start range hood. Select medium (or low) fan setting to start. Take note of the
speed setting.

f.  Press BEGIN CRUISE button to enter setup. Select +0 Pa as the target pressure.

g. Press START FAN button to begin ramping up the fan to achieve the target
pressure. Record the Channel B fan flow.

Fan Setting Time Airflow

MED CFM
LOW CFM
HIGH CFM

h. Measure airflow at other fan settings.
Yy If you need to change flow ring, be sure to enter the new ring size in DG-
700 by using CONFIG button.

i. Repeat airflow measurement at the first fan setting that has already been tested.
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j.  Take a photo of your setup during the repeated test. Include the following close-
ups, and a general photo of your setup:
Yy~ Range hood capture box
Yy~ DuctBlaster fan (show ring size)
y  DG-700
Yy~ PC screenshot
5. Wrap up
a. Check to make sure that you collected sound and airflow at all fan settings.

b. Check to make sure that you remove all tape from range hood.

c. Time Completed:
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Supply Fan Airflow Testing

1. House ID:

Date:

Time:

Technician:

2. Locate a section of the duct upstream of the in-line fan that is accessible for measuring

airflow.

a. Downstream position is acceptable if no upstream position is suitable.
b. The Kele AMP Series air velocity probe should be installed through the width of

the duct at least 3 duct diameters away from dampers or elbows.
c. Mark measurement location in the figure below.

FIGURE 5 — Typical Attic Installation — Fresh Air Ventilator Ducted to Supply Duct
FREEH AR VENTILATOR WITH VENTILATION CONTROLLER —\ GABLE END WL,
"] BAND JOIST,
( OR PORCH SOFFIT
(
RETLRN RES
FURNACE/AR | [ MIXING EE@E{’}{EDD
HANDLER 2 BOX —_ h Wy SCREEN
] FRESH AR —
INTAKE DUCT
1 | | | =
%
V AIR FLOW
M
-0
HGURE 6 — Typical Attic Installation — Fresh Air Ventilator Ducted to Return Duct
FREEH AIR VENTILATOR WITH VENTILATION CONTROLLER N\ GABLE END WAL
™ ) BAND JOIET,
OR PORCH SORFAT
BMODEL 6506
RETURN A ﬁ'-.,
FRESH AIR
FURNACE/AIR | BE | MIXING L INTAKE HOOD
HANDUER | B W/ SCREEN
A FRESH AIR—"
INTAKE DLICT
2,
b | | Pt
¥ AIR FLOW
T
o]
Figure 43 Two types of typical attic installation
3. Take photos of location where the air velocity probe will be installed.
a. Stepback to show the duct connecting to the in-line fan and the inlet terminal.
b. Closeup of the air velocity probe installation location.
4. Measure the duct diameter:
118 of 124
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5. Install the air velocity probe.
a. Cuta hole 0.750H x 0.880W in the duct.
b. Insert and secure the probe.
6. Attach the pressure port to DG-700.
7. Record pressure (operation range from 2.5 Pa (0.1 W.C.) to 500 Pa 2.0 (W.C.))

a. Record Pa: , ,

Yy~ Acceptable reading if 3 subsequent readings (TIME AVG = 5 seconds)
are approximately +/- 10%

PERFORMANCE
AMPLIFLOW SENSOR CALIBERATION CURVE

5000

4000

000 =

.F"’F'""ﬂ

= =an AMPLIFLOW
E #f,,a-“ VELOZITY FREESURE
E 1000 -"’ff
£'m =
8 m ;

600
= O -
I W —

00

.--'""f
20
T e W M4 06 D60ma 1 2 3 A4 B B7BMD 1B 20

AP Pressure Drop ("W.C.)

Velocity (fpm) = 2213 /AP
Velocity (mps) = 11.242 /AP

Figure 44 Ampliflow sensor calibration curve

8. Remove the probe and seal hole with metallic tape. Take a photo for documentation.

9. Calculate airflow (CFM) =V (fpm) x A (ft2) =
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Clothes Dryer Airflow Testing

1. House ID: Date: Time: Technician:

2. Locate the clothes dryer vent from outside. Locate an outdoor electrical outlet for
powering the DuctBlaster fan.

3. Setup capture box and connect it to inlet side of the DuctBlaster fan using flex duct.

a. Attach, for example, ring 3 to DuctBlaster fan
For Series B DuctBlaster
Ring 1: 800 to 225 CFM
Ring 2: 300 to 90 CFM
Ring 3: 125 to 10 CFM

b. Insert flow conditioner (round 1-inch foam disk) into the round transition piece

c. Adjust the flex duct such that it is stretched relatively straight for about 4 ft
where it is connected to the DuctBlaster fan.

i

Figure 45 Example of adjusted the flex duct to the DuctBlaster fan

4. Connect tubings from capture box and DuctBlaster fan to DG-700.
a. Channel A input: capture box
b. Channel B input: DuctBlaster fan
c. Channel B ref: round transition piece
5. Connect DG-700 and DuctBlaster fan controller to enable Cruise Control.

6. Turn DuctBlaster fan controller to fijust ono position (i.e. fan ON, fan speed LOW).

7. Turn on the DG-700 and select Pressure/Flow mode.
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8. Select DEVICE = DB B (Series B DuctBlaster fan). Press CONFIG button to select ring
size.

9. Start clothes dryer. Select either finormalo or fipermanent presso setting. Take a photo of
the setting selected.

Start Time:

10. Press BEGIN CRUISE button to enter setup. Select -0 Pa as the target pressure.

11. Press START FAN button to begin ramping up the fan to achieve the target pressure.
Record the Channel B fan flow.

Clothes Dryer Airflow: (CFM)

If airflow is outside of the calibrated range, change flow ring and retest. Remember to
also change CONFIG on DG-700 to match the installed flow ring size.

12. Press STOP FAN button to turn off fan when done Cruising.
13. Turn off clothes dryer.

End Time:

Healthy Efficient New Gas Homes (HENGH) Field Protocol 121 of 124



K. Post-Visit Data Processing

Prepare and Send Samples to LBNL

1.

b

© N oo

House ID: Date: Technician:
Start Time: Stop Time: Sample Location:
Ogawa NOxX/NO2 samplers

Enter the House ID, Sample ID, Date, Start Time, Stop Time, Sample Location in the
space provided on a ziplock freezer bag of the sampler.

Sample ID* Start Time Stop Time

Outdoor

Indoor Monitoring Station

Indoor Monitoring Station (Duplicate)

Field Blank

SKC UMEXx 100 samplers

Attach the Labels on the pouch

Enter the House ID, Sample ID, Date, Start Time, Stop Time, Sample Location in the
space provided on the pouch.

Sample ID* Start Time Stop Time

Outdoor

Indoor Monitoring Station

Indoor Monitoring Station (Duplicate)

Master Bedroom

Seal the pouch

Put them in the cooler with blue ice

Put a Onset Temperature/Relative Humidity sensor in the cooler
Send them with this sheet to LBNL for analysis
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Data Download Checklist

House ID: Date: Time: Technician:

Date of 1st Day of Sampling = YYYY-MM-DD

X= 1 (PGE-Setl), 2 (PGE-Set2), 3 (SCG-Setl), 4 (SCG-Set2)
Instrument Filename Location Notes

Outdoor PM PMO _0X1 Loc Date Outdoor (OUT)

Indoor PM PMI_0X1 Loc Date

NO2 Instrument

NO2 0X1 Loc Date

Formaldehyde
Instrument

FRM _0X1 Loc Date

FRM _0X2 Loc Date

CO2 Datalogger

C0O2 0X1 Loc Date

CO2 0X2 Loc _Date

C0O2 0X3 Loc_Date

CO2 0X4 Loc Date

C0O2 _0X5 Loc Date

Digi-sense ANM 0X1 Loc Date
Anemometer
ANM 0X2 Loc Date
ANM_0X3_Loc Date
ANM_0X4 Loc_Date
iButton IBU 0X1 Loc Date
Temperature
Logger IBU 0X2 Loc Date

IBU 0X3 Loc Date

IBU 0X4 Loc Date

IBU 0X5 Loc Date

IBU 0X6_Loc Date

Onset State Data
Logger

STA 0X1 Loc Date

STA 0X2 Loc Date
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STA 0X3 Loc_Date

Onset Motor
On/Off Data
Logger

MTR_0X1 Loc Date

MTR_0X2_Loc_Date

MTR_0X3 Loc Date

Onset Plug Load

PLD_0X1 Loc_Date

Onset Temp/RH
Data Logger

TRH_0X1 Loc_ Date

TRH_0X2 Loc_Date

Onset Enclosed
Temp/RH Data
Logger

TRO_0X1 Loc Date

TRO _0X2 Loc Date

TRO _0X3 Loc Date

TRO _0X4 Loc Date
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