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Let’s Clear the Air:
Using Ventilation Practices to
Promote Healthy IAQ in Schools

Thursday, July 30, 2020
Webinar: 1:.00 p.m. — 2:00 p.m. EDT
Question & Answer Session: 2:00 p.m. —2:30 p.m. EDT

Indoor Air Quality (IAQ)



Learning Objectives

Webinar participants will learn how to—

e Operate and maintain efficient HVAC systems to provide clean and healthy
air in schools.

e Apply findings from scientific research and guidance on ventilation to
reduce the spread of viruses and bacteria through the air using
comprehensive indoor air quality (IAQ) plans and practices.

e Putin place key strategies for quality HVAC, including developing a plan to
regularly inspect and maintain HVAC systems, as well as provide outdoor
air in accordance with American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) standards.

e Gain buy-in from senior management and other stakeholders by
successfully communicating how health and academic performance can be
improved with a comprehensive IAQ management program, which
includes providing optimal ventilation.

Indoor Air Quality (1AQ)



Maintaining Healthy Indoor Learning Environments
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IAQ Management and Respiratory Health

IAQ management includes—

e Control of indoor air pollutants

e Ventilation and filtration

e Maintenance of acceptable
temperature and relative

Ventilation brings in outside air and
exhausts building air, which dilutes the
concentration of indoor pollutants.

IAQ management practices can also help
reduce the spread of viruses, such as

humidit ) . :
4 SARS-CoV-2 (i.e., the virus causing
COVID-19).
RESPIRATORY SYSTEM HVAC SYSTEM
| = EXHAU;t‘

N

@ NOSE/MOUTH
(AR IN/OUT)

INTAKE

N

1 @ VEINS

ORGANS
6 & CELLS

K&

< @mN

--¢

AIR SUPPLY
° puct
W

E MIXING t
CHAMBER
I :
e
///‘.1/////

@ SCHOOL ROOMS —

@ AR RETURN

DUCT
y

Indoor Air Quality (IAQ)



GUIDANCE FOR
CLEANING AND DISINFECTING

PUBLIC SPACES, WORKPLACES, BUSINESSES, Scaw e
SCHOOLS, AND HOMES INFORMATION

This guidanae is intended forall Americans, whether you own a business, run aschoal, orwant toensure
the deanfiness and z(cr,'dyml hame. Reape ning Americarequines all of us & mave farward tagether by
nracticn i ing and other daily habits to reduceaur ri o fhe vins

DOVID- 18, Reapening the muntry also strong by refies on public health strabegies, including increased testing
af peaple for the virus, sodaldistancing, isolation, and keeping track of how someons infecsd might hawe
infe ched ather peaple. This planis part of thelarger Linited States Government plan a nd focuses an ceaniing
and disinfecing publicspaces, warkpiaces, businesses, schaals, and G alsa be applied to your hame.

Cleaning and disinfecting public spaces including your workplace, school, home,
and business will require you to:
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Interim Guidance for Administrators of US K-12 Schools and Child Care Programs

uidance for Schools

to Plan, Prepare, and Respond to Coronavirus Disease 2019 (COVID-19)

SummamI of Recent (hanges

Revisions were made on 371175030 to reflect the following:

» Clari ion of i
presence of COVID-19 cases within the schoal.

trategies haced on level of commumity transmission of COVID-19 and

+ Schoals, working tagether with local hezlth
departments, have an important role in slowing the
spread of diseases and protecting vulnersble stadents
and staff, to help ensure students have safe and
healthy learning environments.

+ Guidance firr child care programs and schocls is
organized into three categories based on the level
of cmumumt.}- I:!::nmxssu:n 1) when there is no

Aness phass),
2) when there is minimal to modemtes community
transmission, and ¥} when there is substantiz]
community trnsmisson.

Guidance is also provided for when 2 comfirmed
case has entered 2 schocl, regardless of the level af
community ERnsmission.

+ All dscisions shout implementing schoot based
strategies {a.g., dismissals, event cancellations, other
social distancing measures) should be made locally, in
collzhoration with local h::]dl aﬁ:u:]s whncm help
! ine the level of

In This Document
R )
R T

Wbt e the ool ol ; "

LOVID-197

How should schools prepare for and respond to,

LOVID-197

When 3 confirmed case has entered 2 scheal.
dless of ity transmission

When there ispo

Information about level of transmission is available in
COC's Framework for mitigation.
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Related Tepics: Corenevirus

EPA Resources for Responding to COVID-19

Laws & Regulations About EPA
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Frequent Questions Related to Coronavirus

(COVID-19)
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Indoor Air and Coronavirus (COVID-19)

COVID-19 is thought to spread mainly through close contact from person-to-person.
However, some uncertsinty remains about the relative importance of different routes of
transmission of SARS-CoV-2, the virus that causes coronavirus disease 2019 (COVID-19).
There iz growing evidence that this virus can remain sirborne for longer timas and further
diztances than originzlly thought. In addition to close contact with infected people and
contaminated surfaces, there is a possibility that spread of COVID-13 may alse cccurvia
ices beyond the 2 m (about &
See Science and Technical
Besources relsted to Indoor Air and Coronavirs (COVID-19) or| i 5

References and Publications for technical information.

airborne p in indoor envir ts, in some ci

However, there are straightforward steps that can be taken to reduce potential airborme transmission of COVID-1% and the focus of this

Frequent Questions

Eead Frequent Questions about
Indoor Air and Coronavirus [COVID-
18]

Explore all EPA Freguent Questions
related to Coronaninus {COVID-14]).

material iz on those measures. The layout and design of a building, as well as cccupancy and type of heating, ventilation, and air

conditioning (HVAC) system, can allimpact potential airborne spread of the virus. Although improvements to ventilation and air cleaning

cannot on their own eliminate the risk of sirborne transmizsion of the SARS-CoV-2 virus, EPA recommends precautions to reduce the

potential for airborne transmission of the virus. These p includeincreasing

with cutdoor sir and air filtration as part

and disinfecting, hend

of alarger strategy that includes social distancing, wearing cloth face coverings or masks, zurfa

By themsel
airborne transmission is not the only way exposure to SARS-CoV-2 could patentially occur.

and otherp

to reduce sirborne exposure to the virus that causes COVID-19 are not enough since

All best practices recommended by the Centers for Disease Control and Prevention (CDC) should be followed.

« How to Protect Yourself and Others

« Cleaning and Disinfecting Your Home

+ Uze of Cloth Face Coverings to Help Slow the Spread of COVID-13

List N: Disinfectants for Use

Against SARS-CoV-2

All products on this list meet EPA’s criteria for use against
SARS-CoV-2, the virus that causes COVID-19.

Finding a Product

To find a product, enter the first two sets of its EPA registration - CDC's Coronavirus
number into the search bar below. You can find this number by
looking for the EPA Reg. No. on the product label. + CDC's Cleaning and

For example, if EPA Reg. No. 12345-12 is on List N, you can buy EPA
Reg. No. 12345-12-2567 and know you’re getting an equivalent COVID-19

product.

Other COVID-19

Resources

- EPA's Coronavirus Site

Disease 2019 Site

Disinfection
Recommendations for

« NPIC's COVID-19 Virus
Factsheet

Search by EPA registration number

Indoor Air Quality (IAQ)




Indoor Air Quality Tools for Schools

Irdeor Abr Chualiy (L]

EPA Supports Healthy Indoor Environments in Schools
During COVID-19 Pandemic

The Emeranmenial Frotscion Agency (EPA} Indoor A Cually [1A0) Togks for Sphaok Program remains
By commitied b our slakehokders whio are sorking o ensure thal schoolks are healhy places 0 o and
learn, whather schood B In session or nol. Below 5 8 sel of heath and sabety resources o consull as you
respond 1o COWI0=13 in pour laclites:

COC Guidance:

Flease mafer 1o the Cenlers for Disease Sondrd and Prevention (COC) webshe Tor thie mosl necent updates
related 1o COYID=19 and schoos:

»  (Guidance for Schools and Child Cane Programs
»  Cleaning and Disinfecting Your Facility
s Inledm Guidanos for Administratons of LIS K-12 Schools and Child Cara e

Helpful Tipe for Mainisining Healthy Indoor Environments in Schools:

Witaether your school s open or ciosed, Indoor air qually ks stil an imponian part of maisdaining a heathy

Indoor emviranment in schools. Employ e actions and sirabeges inihe (&0 Tools for Sohools ard LD
Toobs for Bohools Preventhve Mainienano documenls, action plans, and checklisls. Inthese documants
wour' | find fips one

Rowtine VAT Systams Mainlerance:

»  Ensure school HWVAC systems are aperating properly, with ouldoar ventilation Sir mainiained
at or abawe design minimum values. Detemine whether BVAC systems comply with the
American Socety af Healing, Retrigerating and Air-Conditioning Engineers (ASHRAE)
Standand 2.1 ventilation requirements al the system level and in the breathing mones of all
aooupied spapes.

» [ Employ filiration and gas-phase air cheaning siefegies o further improse W0, in corjunction

EPA Resources for Responding to COVID-19 in Schools

Indioor Air Guality Tools for Schoals
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EPA Resources for Responding to COVID-19 in Schools

Indoor Air Quality Tools for Schools

< EPA

A Clean Start: Controlling Viruses and Bacteria in Schools
with Healthy Cleaning Practices

Part 2: Ventilation in Schools

¥ou asked, we answanad| The US Ernvronmental Prolection Agency (EFA] Indoor Efvironments
Division received many questians fram the recent webinar Ciganing Schools fo Condro! for Vrusas
and Bacters” idsintsining Heailfy imooor Leaming Environments that weane naot able o be
ansaened during the presentation. Over the summer, guestions will be answered in the Schooks
1A Connecior series: & Clean Sark; Conmoliing Viruses and Bacierz in Schools with
Haaithy Cleaning Pracdcas.

Guestion: YWhat HVAC maintenance is recormmended for
schools? How much ventilation is needed? And why ars
proper wentilation and HYAC maintenance important?

. Answer: Proper ventlation and HYAD maintenancs ame key
— camponents of 3 comprehensive indoor ar quality (1080 mana gemend
' program. HYAD systeres help maintain good indoor ar quality through
Acepuate venlilastion with iltration and groside thermal comdar.
Praviding aptimal wentilatan improses shadent health and academic
performance, creating a beakhy and produciiee leaming environment.

Indoor Air Quality (IAQ)




JAQ Tools for Schools Action Kit

What is it? A practical plan for improving your IAQ knowledge
using straightforward solutions and individuals already on staff.

The Action Kit includes—

* Reference guides -

« Checklists P

* Fact sheets

« Sample policies

« Comprehensive IAQ
management plans

« The Framework for Effective
School IAQ Management

e The Seven Technical Solutions

Indoor Air Quality (IAQ)



The Framework for Effective School IAQ Management:
Six Key Drivers

e Develop Systematic Approach COMMUNICATE
e |dentify Existing Assets e Share Your Goals

e Design Standard Operating / * Make IAQ Meaningful
e Be Transparent and Inclusive

Procedures
* Empower an IAQ Leader e Communicate Results
Communicate (Return on Investment)

e Build an Effective Team
e Create Champions
e Secure Senior Buy-In

ASSESS

Walk the Grounds

Listen to Occupants

Use Technology
Determine a Baseline
Keep Customers Satisfied
|dentify and Prevent Risks

EVALUATE

e Solicit Feedback

e Capture Return on Investment
e Measure, Assess and Track
Program Implementation
Document Accomplishments
Determine the Most Effective
Strategies for Continuous
Improvement

HVAC
Moisture/Mold
IPM

Cleaning & Maintenance Assess
Materials Selection

Source Control

Energy Efficiency

-

ACT

/ PLAN
# Prioritize Acti
e Educate Staff About IAQ to Plan ‘ gy s

Change Behavior : :tuatrtGSoalsl:n Writing
¢ Train Occupants to Address i i:gtages
IAQ Risks
e Address the Source of * Plan for the Future
Problems

Indoor Air Quality (IAQ)




The Framework for Effective School IAQ Management:
Seven Technical Solutions

Quality HVAC

® Inspect HVAC systems regularly

e Establish a maintenance plan

e Change filters regularly and ensure condensate pans are draining HVAC

e Provide outdoor air ventilation according to ASHRAE Standards or local code Moisture/Mold
e Clean air supply diffusers, return registers and outside air intakes IPM

e Keep unit ventilators clear of books, papers and other items —
Cleaning & Malntenance

Materials Selection
Source Control
Energy Efficiency

Control of Moisture/Mold
e Conduct routine moisture inspections

e Establish a mold prevention and remediation plan

e Maintain indoor humidity levels between 30% and 60%
e Address moisture problems promptly

e Dry wet areas within 24-48 hours

Strong Integrated Pest Management (IPM)

¢ Inspect and monitor for pests

Integrated Energy

* ESaplisan (PMplan Aggressive Source Control Management Solutions
* Use spot .treatmgnts and baits ‘ o e Conduct regular building walkthrough ~ ® Protect IAQ during energy
e Communicate with occupants prior to pesticide use inspections efficiency upgrades and building

e Mark indoor and outdoor areas treated with pesticides renovations

Test for radon; mitigate if necessary

: Conduct regular HVAC
- . . Implement a hazardous materials plan ¢ .
Effective Cleaning and Maintenance e Ttiel. storapesand ofsposal) maintenance and tune-ups

e Conduct routine inspections of school * Develop low-emitting products . . e Install programmable
" P purchasing and use policies Establish a school chemical s

Use only formaldehyde-free materials DENEREMEn ANcl Inventay pldn Consider performing post-

- . Implement smoke-free policies : R
Use only low-toxicity and low-emitting : ¢ o construction commissioning for
paint Establish an anti-idling school bus HVAC systems

Select products based on product poltey . Control moisture in building
rating systems Use walk-off mats at bU|!d|ng e.nt.ra.nces assemblies, mechanical systems
Use least toxic cleaners possible (only Conduct pollutant-releasing activities and occupied spaces

those approved by the district) when school is unoccupied

Smart Materials Selection
e Maintain products inventory

e Develop a preventive maintenance plan
e Train cleaning/maintenance staff on protocols

¢ Ensure material safety data sheets (MSDS)
are available to staff

e Clean and remove dust with damp cloth
e Vacuum using high-efficiency filters

Indoor Air Quality (1AQ)
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Andrew Persily, Ph.D.

Chief, Energy and Environment Division,
Engineering Laboratory
National Institute of Standards and Technology

Indoor Air Quality (1AQ)



Impacts of Ventilation and Building
Airflows on Indoor Aerosol Transport

Andrew Persily
Engineering Laboratory
National Institute of Standards and Technology
Gaithersburg, Maryland USA
andyp@nist.gov

EPA Schools Ventilation Webinar
July 30, 2020

National Institute of
Standards and Technology
U.S. Department of Commerce
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Outline

Which airflows and their magnitudes
Reducing aerosol exposure with airflow
Ventilation suggestions to reduce viral exposure

Summary



Some Key Concepts

Ventilation: (ASHRAE Standard 62.1) the process of supplying
air to or removing air from a space for the purpose of controlling
alr contaminant levels, humidity or temperature within the space

Every building is different.

Buildings are not tight unless built that way.

Air moves based on physics, not design intent.
Airflow has been studied in very, very few buildings.

Outdoor air isn’t necessarily fresh air.



Which Airflows

o
Outdoor air ézé—gcjl
intake // T Mechanical
system (HVAC)
YWY,
Mechanical
ventilation
(filtration)
Infiltration

Natural ventilation
(windows,
designed systems)

Local filtration

Portable air cleaners

VENTILATED/OCCUPIED SPACE



Magnitudes

Mechanical/Commercial
Outdoor air: ~1 h-1, highly
variable, up to ~5 h-!
Supply air: ~3to 5 ht,
higher in health care

Mechanical/
Residential
OA: ~0.1to 0.5 h

Infiltration
~0.1to 1.0 h1?
~5to 1 variation in
individual building

Natural ventilation
>1 h-1, hard to
measure and predict

Local exhaust
(Residential, 25 L/s to
50 L/s, ~1/4to 1/2 h'Y)

¥

Local filtration

CADR ratings
(~Local exhaust flows)




Interzone Airflows
Magnitudes similar to airflows from outdoors

Residential Commercial

Crawl spaces, basements, attics ... ~ Return air plenums, plumbing
chases, mechanical rooms ...

—
..... y
— Vet € Ventilation
sed i \”] SSSSS
|
7 !
Assist
Autic Hateh Transfer
fatch Self-Regulating Fans\ Lanslet Duct
S 0t meven \ i " Level 6
N — ——
office Utility office
| Room Level 5

N - = I
office Utility office
I Room Level 4
4 — I~ L b
utili
OOOOO office
Roo
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Office utility Office
| Room Level 2
VS =
Atrium I ulity Office
Room
Level 1

Office
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Buildings are diverse
USA: 100 million dwellings; 6 million commercial

Building systems vary and matter
Layout, design & controls, occupant activities,
operation & maintenance (O&M) ...

Ventilation has been studied in very few buildings
Impacts of HVAC & ventilation on aerosol transport in even less




Reducing Aerosol Exposure with Airflow

Build tight, ventilate (filter) right

Overpressure buildings (careful with moisture)
Airflow/pressure from clean spaces to dirty

Commissioning, O&M

Ventilation limited for strong, local sources



“Primum non nocere”

First, do no harm!
- Hippocrates




Some Suggestions to Reduce Viral
Exposure

Increase outdoor air ventilation rates

System capacity

Outdoor air quality

Moisture management
Assuming good HVAC control

More efficient filtration
System capacity

Sealing

Maintenance




Some Suggestions to Reduce Viral
Exposure

Change relative humidity

Do we know the right number?

System capacity

Condensation potential/microbial growth

Open windows

Outdoor air quality

Moisture

Direction, magnitude, distribution

Change air distribution
System configuration
Options may be limited




Summary

Oac “— Qinf
Do no harm. ¢

ac
* Va
H; —1>Qlx
es iling, other

Good ventilation is good practice.

Excellent time to check system, review O&M

practice (Schoen 2020 and ASHRAE guidance):
https://www.ashrae.org/technical-resources/resources

NIST online tool for comparing impacts of

ventilation, filtration, etc., on indoor aerosols:
https://www.nist.qgov/services-resources/software/fatima

Schoen, L.J. (2020) Guidance for Building Operations During COVID-19 Pandemic,
ASHRAE Journal, 62 (5), 72—74.


https://www.ashrae.org/technical-resources/resources
https://www.nist.gov/services-resources/software/fatima
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A Guide to Implementing an IAQ Program
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School Ventilation Basics

Indoor Air Quality Backgrounder:

The Basics

ndoor air quality (IAQ) is an
increasingly important issue in schools
across the nation. IAQ can directly affect
the health and comfort of students and
staff. There are many ways that school
occupants can help to improve air
quality. EPA developed the Indoor Air
Quality Tools for Schools (IAQ TfS)
Program to help schools address many
IAQ issues using practical and often
low-cost measures (such as unblocking
ventilation supply vents to improve
airflow)

By simply reviewing this Indoor Air

Quality Backgrounder and completing

the IAQ checklists, occupants can learn

how 1o make a significant impact on

IAQ and provide a healthy learning and

working environment.

This guidance is based on the

following principles:

* Most IAQ problems can be prevented
and resolved by school staff through
simple. inexpensive measures

* The cost and effort needed to prevent
most IAQ problems is significantly
less than the cost and effort required
to resolve problems after they
develop.

WHY IAQ IS IMPORTANT TO
YOUR SCHOOL

Most people are aware that outdoor

air pollution can impact their health,
but indoor air pollution can also have
significant, harmful effects. EPA
studies of human exposure to air
pollutants indicate that indoor levels of
pollutants may be two to five times-
and occasionally more than 100 times
higher than outdoo levels. EPA and its
Science Advisory Board consistently
rank indoor air pollution among the top
five environmental health risks to the
public.

This is especially important to schools,
as children may be more susceptible to
air pollutants

Failure to prevent or respond promptly to

IAQ problems can:

* Increase potential for long- and short-
term health problems for students and
staff.

* Negatively impact student attendance,
comfort, and performance

* Reduce teacher and staff comfort and
performance

+ Accelerate deterioration and reduce
efficiency of school facilities and
equipment.

+ Increase potential for school closings
o relocation of occupants

Strain relationships among school
administration, parents, and staff

Create negative publicity

* Impact community trust

Create liability problems.

UNDERSTANDING IAQ
PROBLEMS AND SOLUTIONS

To understand IAQ problems and
solutions, it is important to know what
factors affect IAQ. These include

* Sources of indoor air pollutants

* Heating, ventilation, and air
conditioning (HVAC) systems.

+ Building occupants.

Pollutant pathways.

SOURCES OF INDOOR AIR
POLLUTANTS

Indoor aif contaminants can originate
within the building or be drawn in from
outdoors. Air pollutants consist of
numerous particulates, fibers, mists,
bioacrosols, and gases. It is important to
control air pollutant sources (see the table
on the next page), or IAQ problems can
arise—even if the HVAC system is
properly operating

Indoor Air Quality

Tools for Schools

Good IAQ helps to
provide a healthy
and productive envi-
ronment for students,
teachers, and staff
in order to assist

a school in its

core mission—
educating children.

Air Supply through a
Unit Ventilator

Air Supply in a Central
Air Handling System

Exhaust Ar

cting Unit

Air Supply in an
Exhaust-only System

Indoor Air Quality (1AQ)
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Lisa Ng, Ph.D.

Mechanical Engineer in the IAQ and Ventilation Group,
Energy and Environment Division,
Engineering Laboratory
National Institute of Standards and Technology
(NIST)

Indoor Air Quality (IAQ)



Summary of Current HYAC Recommendations for
Re-Opening Buildings

Lisa Ng, Ph.D.
Engineering Laboratory
NIST
Gaithersburg, MD USA
lisa.ng@nist.gov
Twitter: @lisacng

EPA Let’s Clear the Air:
Using Ventilation Practices
to Promote Healthy IAQ In e
NIST Schools

National Institute of

U Depcrmentaf Commerng 7130/2020

Aloleioqe|
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Outline

 To be or not to be

 Transmission routes (as far as they know)
* List of resources

« Specific guidance made available

e Summary



To be or not to be
What this talk is—

 Summary of available guidance provided
by reputable organizations

 Focused on commercial buildings
(e.qg., offices but applicable to schools)

« Focused on HVAC-related O&M
What this talk isn’t—

« Guidance for disinfecting buildings, social
distancing, etc.

e Transmission of infectious diseases

« Comprehensive, mandatory guidance




Transmission routes of SARS-CoV-2

REHVA

Federation of European Heating,

Ventilation and Air Conditioning Associations U pdated Aprl| 3, 2020

“Two transmission routes are dominant: via large
droplets (droplets/particles emitted when sneezing or
coughing or talking) and via surface (fomite) contact
(hand-hand, hand-surface etc.). A third transmission
route that is gaining more attention from the scientific

community is the faecal-oral route.”



ASHRAE Position Document on

\ Infectious Aerosols

“Transmission of SARS-CoV-2 through the air is
sufficiently likely that airborne exposure to the virus
should be controlled. Changes to building operations,
Including the operation of heating, ventilating, and air-
conditioning systems, can reduce airborne exposures.”

Updated April 14, 2020



Letter to WHO

It IS Time to Address Airborne Transmission
of COVID-19

Lidia Morawska, Donald Milton
+ 239 scientists

Studies by the signatories and other scientists have
demonstrated beyond any reasonable doubt that viruses
are released during exhalation, talking and coughing in
microdroplets small enough to remain aloft in air and
pose a risk of exposure at distances beyond 1 to 2 m
from an infected individual.



Resources

REHVA

Federation of European Heating,
Ventilation and Air Conditioning Associations

Ventilation

{/é AI I B rkrwPas Centers for Disease Control and Prevention
ISP IAAVE  CDC 24/7: Saving Lives, Profecting People™

Protecting Worker Health e ————

¢ DEPARTMENT OF LABOR

Health & Safety

Occupational Safety and Health Administration

VWA National Institute of
\WA\ BUILDING SCIENCES

@ U.S. DEPARTMENT OF

Broad coverage

Maintenance personnel

I Infernational



Available guidance

=S« Qutdoor ventilation

2 « Fliltration

* Relative humidity

« Toilet areas

 UV-C and air cleaners
 Maintenance personnel




Outdoor Ventilation

Mechanical
system (HVAC)

Mechanical ?
ventilation -%
(filtration) é

. . i
Infiltration %

(pelzgetratlon .

¥

Local
exhaust

atural ventilatio
(windows,
designed
systems) Local filtration

VENTILATED/OCCUPIED SPACE



Outdoor Ventilation

Increase ventilation

v AIHA BT L o National Institute of
@ AINA AP'DAL)j = M\ B BING <CincEs:

@ UNITED STATES
%==¢ DEPARTMENT OF LABOR

I International Occupational Safety and Health Administration

Reduce recirculation

@ U.5. DEPARTMENT




Outdoor Ventilation

Maintain 24/7 outdoor ventilation
« Perhaps lower rates during unoccupied hours

APPA)? ASHHAE ) Bom R B

* Ventilation at “occupied rates” 2 h prior to and

after occupied hours /—\
ASHRAE, e,

Disable or increase setpoints for demand

controlled systems (DCV) = /\
APPAY: ASHRAE
—/



Outdoor Ventilation

Federation of European Heating,
Ventilation and Air Conditioning Associations

* Possible recontamination of supply air
stream

I \
ASHRAE
— « Especially for critical spaces

¢ AIHA

Protecting Worker Health




Filtration

Ensure proper filtration
« |nstall high-efficiency filters

+ % UNITED STATES

e’ DEPARTMENT OF LABOR

¢ AIHA
Protecting Worker Health

Occupational Safety and Health Administration

Continue routine maintenance

International

/- \
ASHRAE) BOMA For ool OEREHVA
\_/ ]

Ventilation and Air Conditioning Associations



Filtration

APRAY= MERV-13 minimum

s /N *  MERV-14 preferred
ASHRAE .
| HEPA better

« Must consider equipment and
operating conditions

APPAY Dispose of existing filters



Relative Humidity

Maintain between 40 percent and 60 percent

R H \ H ‘ National Institute of
ASH RAE YW\ BUILDING SCIENCES

@ U.5. DEPARTMENT OF

REHVA

Federation of European Heating,
Ventilation and Air Conditioning Associations



Relative Humidity

REHVA

Federation of European Heating,

Ventilation and Air Conditioning Associations

W
WA

National Institute of

BUILDING SCIENCES

®

U.5. DEPARTMENT OF

ENERGY

The evidence does not support that moderate
humidity (RH 40—-60%) will be beneficial in
reducing viability of SARS-CoV-2, thus the
humidification is NOT a method to reduce the
viability of SARS-CoV-2.

Humidity kept in the 40% to 60% range
may be ideal.

Several recent studies recommend
40-60% RH for disease-specific infection
risk.



Toilet Areas

. - ‘® R
Close lid when flushing ASHRAE REFIVA i
\/

Ventilation and Air Conditioning Associations

Maintain underpressure yoffo, . BOMA

I International

« Exhaust fans 24/7 VY () e STTeS

DEPARTMENT OF LABOR
() K ee p WI n d OWS/d O O rS %AIHA Occupational Safety and Health Administration
closed REHVA

g Worker Health
Federation of European Heating,
Ventilation and Air Conditioning Associations




UV-C Air Cleaners

“Consider” as supplementary

= ‘ 4 \ p . U.5. DEPARTMENT OF
eyl DN (&) ENERGY




Maintenance Personnel

No PPE recommended

- @ UNITED STATES I
APIDAL)? o =/ DEPARTMENT OF LABOR

Occupational Safety and Health Administration

*Most in-home services workers are unlikely to need PPE beyond what they use to
protect themselves during routine job tasks. However, employers should consider
whether their hazard and risk assessments warrant the use of more protective PPE
ensembles.

“Common protective measures”

REHVA

Federation of European Heating,
Ventilation and Air Conditioning Associations



Maintenance Personnel

PPE recommended

¥
« N95 4
» Surgical masks \ A

« Face coverings
 Face shields theNEWS
« Goggles

« Gloves \ .\
- Booties ),



Summary

Increase ventilation, reduce recirculation

» Specific recommendations available
Filtration

» Higher efficiencies with practical limitations
Relative humidity

« 40-60 percent

Toilet areas
* Maintain underpressure (e.g., 24/7 operation)
UV-C and air cleaners
* Supplementary

Maintenance personnel

 PPE level depends on circumstances



Links to School-Specific Guidance

ASHRAE—ASHRAE Epidemic Task Force — Schools and
Universities (July 7, 2020)

Harvard T.H. Chan School of Public Health—Risk Reduction
Strategies for Reopening Schools (June 2020)

Johns Hopkins Center for Health Security—Filling in the
Blanks: National Research Needs to Guide Decisions about
Reopening Schools in the United States (May 15, 2020)

The National Academies of Sciences Engineering Medicine
(NASEM)—Reopening K-12 Schools During the COVID-19
Pandemic: Prioritizing Health, Equity, and Communities
(July 2020)

WHO Considerations for school-related public health measures
In_the context of COVID-19 (May 10, 2020)



https://www.ashrae.org/file%20library/technical%20resources/covid-19/ashrae-reopening-schools-and-universities-c19-guidance.pdf
https://schools.forhealth.org/
https://www.centerforhealthsecurity.org/our-work/publications/2020/filling-in-the-blanks-national-research-needs-to-guide-decisions-about-reopening-schools-in-the-united-states
https://www.nap.edu/catalog/25858/reopening-k-12-schools-during-the-covid-19-pandemic-prioritizing
https://www.who.int/publications/i/item/considerations-for-school-related-public-health-measures-in-the-context-of-covid-19

Links to Resources

ACHR News—Comprehensive Guide: HVAC Service Calls During COVID-19 (March 24, 2020)

AIHA: American Industrial Hygiene Association—Reopening: Guidance for General Office Settings and Recovering
from COVID-19 Building Closures

APPA—Leadership in Educational Facilities (EAQS)

ASHRAE: American Society of Heating, Refrigerating and Air Conditioning Engineers Epidemic Task Force
(Apri and May 2020)

BOMA: Building Owners and Managers Association International—Getting Back to Work: Preparing Buildings for
Re-Entry Amid COVID-19 (May 1, 2020)

CDC: Centers for Disease Control and Prevention—CDC Activities and Initiatives Supporting the COVID-19
Response and the President’s Plan for Opening America Up Again (May 2020)

DOE: U. S. Department of Energy—Webinar: Managing HVAC Systems to Reduce Infectious Disease Transmission
(May 2, 2020)

NIBS: National Institute of Building Sciences—COVID-19 Virtual Town Hall: Preparing for Re-entering Buildings
(May 7, 2020)

OSHA: Occupational Safety and Health Association—Guidance on Preparing Workplaces for COVID-19 (March 9,
2020)

REHVA: Federation of European Heating, Ventilation, and Air Conditioning Associations—How to operate and use
building services in order to prevent the spread of the coronavirus disease (COVID-19) virus (SARS-CoV-2) in

workplaces (April 3, 2020)

TUA: The United Association of Journeymen and Apprentices of the Plumbing and Pipefitting Industry of the United
States and Canada—Guidelines to Protect Workers Related to Coronavirus (COVID-19) and Other Potential
Infectious Materials (OPIM) in Plumbing and HVAC Systems (March 25, 2020)



https://www.achrnews.com/articles/142890-comprehensive-guide-hvac-service-calls-during-covid-19
https://aiha-assets.sfo2.digitaloceanspaces.com/AIHA/resources/Guidance-Documents/Reopening-Guidance-for-General-Office-Settings_GuidanceDocument.pdf
https://aiha-assets.sfo2.digitaloceanspaces.com/AIHA/resources/Public-Resources/RecoveringFromCOVID-19BuildingClosures_GuidanceDocument.FINAL.pdf
https://www.appa.org/covid-19-raqs/
https://www.ashrae.org/technical-resources/resources
https://www.boma.org/BOMA/Research-Resources/3-BOMA-Spaces/Newsroom/Press_Room/2020/Getting_Back_to_Work.aspx
https://www.cdc.gov/coronavirus/2019-ncov/downloads/php/CDC-Activities-Initiatives-for-COVID-19-Response.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/slides/Managing%20HVAC%20Systems%20to%20Reduce%20Infectious%20Disease%20Transmission%20-%20Slide%20Deck.pdf
https://www.nibs.org/page/covid-19-virtual-town-hall
https://www.osha.gov/Publications/OSHA3990.pdf
https://www.rehva.eu/activities/covid-19-guidance
https://uanet.org/pdf/GuidelinesWorkerHealthPlumbingHVACSystemsCOVID-19.pdf

Thanks!

lisa.ng@nist.gov
Twitter: @lisacng
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Quality HVAC

Outdoor Ventilation
* Inspect HVAC systems regularly.

| | Filtration
* Establish a maintenance plan. Relative Humidity
* Change filters regularly and ensure Toilet Areas

condensate pans are draining. ,
. . - UVC and Air Cleaners
* Provide outdoor air ventilation

according to ASHRAE standards or Maintenance
local code. Personnel/Practices

e Clean air supply diffusers, return
registers and outside air intakes.

Control of Moisture/Mold

 Establish a mold prevention and
remediation plan.

* Maintain indoor humidity levels
between 30 percent and 60 percent.

Photo credit: EPA Walkthrough of Langston Hughes Elementary
School, New Orleans, LA

Indoor Air Quality (1AQ)
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Ra] Setty, P.E., LEED AP,
Member ASHRAE

ASHRAE Schools Technical Task Force
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Indoor Air Quality (IAQ)
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GET EDUCATED

WORK THE PLAN




SETTY

Know
Where You
Stand:
Gather
HVAC plans
and system
manuals;
educate
yourself on
your
options

Speed &
Cost:
Establish

your
budget

Prepare:
With your
HVAC P.E.,
create your
statement of
work plan

(3
Execute Phase Execute
1: Phase 2:
Put into place Mid-to
the longer
fast, short- term

term interim  projects;

adjustments  harden
your
buildings

Audit:

s it
working?
Adjust
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Who do you listen to — filter the noise for me

)
ASH RAE S (American Society of Heating and Air-Conditioning Engineers):

Transmission of SARS-CoV-2 through the air is sufficiently likely....
Changes to building operations, including the operation of HVAC
systems, can reduce airborne exposures.

Ventilation, disinfection and filtration provided by HVAC systems can
reduce the airborne concentration of SARS-CoV-2 and the risk of
transmission through the air.

ASHRAE

CDC guidance states:
“Intensify cleaning, disinfection, and ventilation.”
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Room air recirculation can spread contaminants?
Partitions are not the solution.

HVAC diffusers are meant
to mix the air

Chinese restaurant
case study of

transmission via
HVAC
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What do we know about viruses?

Size 25 30 3]5 40 45 S0 55 60 65 70 100 nm

For detailed SARS/COVID guidance:
https://www.cdc.gov/coronavirus/2019-
ncov/index.html

Coronaviruses are Enveloped Viruses —
one of the easiest types of viruses to kill
with the appropriate approach.

Viruses can be categorized into

3 groups

1. Enveloped Viruses

Easiest to kill
(e.g., influenza A virus)

2. Large, Non-enveloped Viruses
Difficult to kill

(e.qg., a rotavirus)

3. Small, Non-enveloped Viruses
Hardest to kill

(e.g., rhinovirus, norovirus)


https://www.cdc.gov/coronavirus/2019-ncov/index.html

SETTY
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Wells-Riley Equation — Can | model transmission risk? Use Setty modeling spreadsheet.

Transient Charts

Airborne Con

centration

OE%D 00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
(

Particle Fate Summary Charts

NIST, FaTima

C = S[1-exp(Igpt/Q)]

C = new infections

S = number of susceptibles

| = number of infectors

Q = number of infectious doses

P = pulmonary ventilation rate per susceptible
t = exposure time

Q = flow rate of contaminated air

Translate?

We have the factors to individually adjust to
reduce “C.” We can apply engineering
principles to reduce airborne transmission.
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What do we know* about airborne transmission?

Relative humidity between (40%-60%) slows the

transmission of viruses

>

% Infectivity

100
90
80
70

50
40
30
20
10

Total Aerosol Fractions

\\
\ - —
w —_i
t { { } 1 -+ f {
10 20 30 40 S0 60 70 820

Relative Humidity %

Influenza A
is the
subject of
the study

*High RH results in
droplet stability

* Noti, John D., et al. "High humidity leads to loss of infectious influenza virus from simulated coughs." PloS one 8.2 (2013).
* Wan Yang and Lindsey Mars, "Mechanisms by Which Ambient Humidity May Affect Viruses in Aerosols", 2012 Oct.



Filtration —target MERV 13

SETTY

Fractional Efficiency

08

06

04

02

TN N TN T N TN T TN TN SN T N TN N [N TN S T T [ _——1

0.01

0.10 1.00
Particle Mean Diameter, um

T TT aL

100

Sid. 522 Application Guideline:
Minimum
Efficiency
Reporting Typical
"alue Typieal Controlled Applications Typieal Air
(MEEY) Contaminant and Limitations Filter/Cleaner Type
16 0.30 to 1.0 pun Particle Size Hospital mpatient care  Bag Filters
All bacteria Genaral surgery Nensupported (flexable) mucrofine fiberglass or synthefic
15 Most tobaceo smoke Smoking lounges media. 300 to 900 mm (12 to 36 in.) deap, & to 12 pockets.
Drroplet nucler (sneeze) Superior commercil  Box Filters
14 Cookimg ol buldings Fizmd style carndge filters 150 to 300 mm
Most smoke (6o 12 m.) desp may use lofted (ar ld) or paper (wet laud)
13 Insecticide dust media.
Copler toner
Messt face powder
Meost paint pizments
12 L0 to 3.0 pm Particle Size Superior residential Bag Filters
Legonella Beatter commercial Nomsupported (flexible) microfine fiberglass or synthatic
11 Humidifier dust buldings media 300 to 900 mm (12 to 36 m) deep, 6 o 12 pockets.
Lead dust Hosputal laboratories Box Filters
10 Milled flour Rizmd style cartndze filters 150 to 300 mm
Coal dust (6o 12 ) desp may use lofted (air lnd) or paper (wet lad)
9 Auto emssions media.
Nebulizer drops
Welding fimes
8 3.0 to 10.0 pum Particle Size Commercial bulding:  Pleated Filters
Mald Better residential Dhisposable, extended surface, 25 to 125 mm
7 Spores Industial workplaces (1 to 5 in) thuck with cotton-polyester blend media,
Hair spray Pamt booth inlet air cardboard frame,
6 Fabnic protector Cartridge Filters
Dhusting aids Graded density viscous coated cube or pocket Slters,
5 Cement dust synthetic media.
Pudding mx Throwaway
Somff Disposable synthatic media pane] flters.
Powdered mlk
4 =10.0 pan Particle Size Mimiomm filtration Throwaway
Pollen Rezidennial Dhsposable fiberglass or synthetic panel filters
3 Spanish moss Window air condifioners Washable
Dhust mutes Abrrimum mesh, latex coated animal harr, or faam rabber
2 Sanding dust panel filters
Spray pamnt dust Electrostatic
1 Textile fibers Self charging (passive) woven polycarbonate
Carpat fibers panel filter

HNote: AMERV for othar than HEPATULPA filiees alio includes a test airflow rate, but it is not shown bare becauss i has no sigmificance for the purposss of this table.

Filtration mechanisms

Inertial impaction @

Interception @
Diffusion @
e Fiber

Electrostatic

stirsction ey~
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DISINFECTION
UV-C and IAQ Tech to Consider

= Electronic air filters/air cleaners — Agglome Light Spectrum

= UV-Cin air handlers and UV-C in upper-air s Bl

=  UVGI — ultraviolet germicidal irradiation Caamic | Gamma | x-Rays | utraviolt rared | e | aven
= UV-V can generate ozone W . i D
" UV-A(400-315 nm) Vagim | Shorage OV [ Miadiare V | Long eys oV

= Photocatalytic Oxidation (PCO) — . o
= Bipolar lonization (Refer to ASHRAE) o M T”" ik "

= Vaporized Hydrogen Peroxide (VHP)
= Pulsed Xenon (Pulsed UV) :
= 405 nm visible light (“Near UV”) Jesee T o - onalll .o
= Non-lonizing Polarization |
= Far UV (205 to 230 nm)

= Glass Filters

. i F
= 48 <
- s
WatC|I Out Ior OZOI Ie - Bl e e i
Frovrz 1. Classroom, Germantown Friends School, central sources,

Upper Classes, UNIRRADIATED ROOMS



Outside Air Ventilation — Dilution

= Qutside air requirements are
governed by ASHRAE 62.1.

= There is no relaxation in the
code requirements.

Ventilation
for Acceptable
Indoor Air Quality

See Appendu | for soproval dates by the ASMRAE Standards Committee. the ASMRAE Bosrd of Directars. and the Amercan
Natond Yarcwh rectae

Tha stanciard & under contrucus maremance by 3 Standing Stardard Propect Commitzee (SSPC) for which the Stndards Com.

Outside air ventilation rates should be increased to as much as the systems
can accommodate (up to 100 percent), depending on outside climate
conditions and the systems’ ability to maintain air handling system discharge
air conditions, airflow rates, temperature, and humidity conditions necessary
in order to maintain good thermal, humidity, and indoor air quality.
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The study suggests that droplets of various sizes are trapped
in a turbulent gas cloud allowing them to travel up to 26 feet.

Turbulent gas cloud

Drops fall continuously,
depending on weight
and other factors. The
most visible drops
would fall within 6 feet.

Probability of Infection for 5 hour class
No Masks 1 Infector

haur

Ry

Ry

Prob of Infection at various quanta per
[

128 38 13

Air Change of Clean Air

Increasing air change rate can decrease in-
room concentration of infectious particles
or quanta.

There is a point of diminishing return in the
reduction of quanta within a room:

6 Air Changes per Hour

An air change per hour is defined as how
many times the air in the room is turned
over and passed through a filtered device
or outside air and complies with ASHRAE
Std. 62.1 and the ASHRAE position
document on filtration and cleaning.
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What is the
game plan?

GET EDUCATED

WORK THE PLAN
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First: Financial Budgeting Guiding Principles
As you establish a budget, use CABA scorecard.

1) Cost per building or per system

2) Speed of implementation — done by the fall of 20207
3) Level of risk mitigation

4) Increase maintenance and staffing needs, such as extra cleaning and

d isi f t i
Imagine Hope PCS - Lamond Campus Scorecard
ling S Card
Certification Levels| oints Grade
2ero Star <30 F
UUUUUUU 30
Two Stars 50
Three Stars 75
Four Stars 90+ A
Certification
Level
o isk Mitigati Risk Mitigati Risk Mitigati i igati Maximum | Existing get
Cxitetes M T Level Two Level Three Level Four Points Poi oints
ity
i

As"";'m“'“g 10% sbove code | 30% above code
ur (Fresh Air) . o S
han 2 Air Chang 4 AirChangss | B Airchanges
e an hou (Once an how (Cnceanhour) | (Once an hour)
disinfectant oo 2 pate
jone wnimum per DOAS sze
(Dedicated Outside| SHRAE above cods
stem)
Fonis ! Point 2 Point 4P
S
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Second: Stakeholders Team = Create a District or Campus Health and

Safety Committee:

Owner
» |nclude key stakeholders (environmental health and

Architect safety, administration, education staff, operations
staff, local healthcare providers)

HVAC Engineer of Record

Building Officials " Identify Key Re‘cer?r_‘ce
Standards/Authorities to Follow:
InSta”ing Contractor(s) = Consider OSHA, CDC, State Agencies, Insurance

Provider Recommendations

TAB Agents

Building Automation System (BAS) Provider
Commissioning Provider (CxP)

Operators

Maintenance Technicians

Building Users
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Third: Get Organized, HVAC Pre-Assessment and Begin

Gather Information — Administrative Phase

= Baseline/Indoor Air Quality — Professional Engineer
= Check temperatures and humidity — find out how much OA you have

= Gather HVAC plans and manuals and maintenance information on
systems in place

= Understand your Building Management System (BMS)

= Maintenance — Prioritize HVAC backlog — Building Engineer

= Ex: outside air dampers, building management systems

= Review filter order information for existing MERV 13 or higher

= Work with vendors and procurement officers to make sure supplies will
not be interrupted
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Fourth: Develop Playbooks for Operations

= Entry/Circulation — Security and Entry Protocols

= Phased entry, thermographic scanning, disinfection
protocols, questionnaire, telepresence, temperature

apps

= Operational = Sick child? Develop metrics for
action — 10% out sick, close school? People flow
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Fifth: Facilities/Maintenance PPE

= Eye Protection and Masks
* Surgical or cloth mask respiration filtering
» Safety glasses (side shields preferred)
* Face shields
= Disposable Gloves
* Can be vinyl, rubber or nitrile

* Double gloves reduce likelihood of cuts/punctures

* Can be worn under work gloves if necessary

= After maintenance activities, wash hands with soap and water, or use an alcohol-based hand
sanitizer. Change clothes if soiled.
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Easy to Implement
Recommendations —
Short & Long Term

GET EDUCATED

WORK THE PLAN
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Common Sense Recommendations — Short Run

= Test and balance — Know the real numbers PORTABLE UV.C/
= Switch to MERV13/14 filters on major AHUs /',"EP,A S
= Compensate for reduction in airflow — filter change
impact to be evaluated with HVAC professional { '

= Remote operation of BAS systems where possible
= Introduce portable HEPA/UV-C machines '

. PPE LOCKER|
= PPE storage cabinet and separate waste stream J / [EPE LOCRER]
= Evaluate exhaust fans, create a non-occupied air flush T b R

. HAND SANITIZER
routine \_ 1 i
20"x18"x1/2" SHOE
= Recommend two hours before and two hours after SANITIZING MAT | |
occupancy

= |f there is a DOAS — Increase OA — Strive for dilution

Ihpical Classroom Layout



Recommendations — Long Run — Areas where you can’t
social distance

HEFAUW-C LIGHT

L THRHOOM
f TROFFERS
e o

POSITIVIL Y \L i J/
PRESURRIED . Js \
1] 1

B

L]
RECLRDS
T
BATHRGON .
- [ LR

8 ant | 7] L] | [A]
—}‘Q\% hx.x i

e
[HAND SANITLZER |

|
v
9

HE GaTiwE PRUSSuRl &7 Cacs $Tail h"’

Typical Bathroom Layout

Survival of Severe Acute Respiratory Syndrome Coronavirus, Dept. of Health Hong Kong,
extended survival in stool samples vs. air



Recommendations — Future Strategies to the Plan

Disinfectant mats at all entrances

Evaluate by climate zone, DOAS with energy recovery per ASHRAE 90.1

Convert all AHUs to operate with MERV 13/14 with motor upgrades

Include UV-C to all AHUs ey

Exhaust DP Switch

Plan for humidifiers in the class, 40% RH

Operator to switch to “building air flush” mode

Damper

Fresh Air  Yiine
Temp Humidity

rrrrrrrrr

Mailroom and loading isolation
Consider airflow paths, supply high/return low

Upgrade restrooms exhaust to minimize transmission

Isolation suites and janitors’ closets
Big spaces — Increase OA percentages? Limit occupancy? Air scrubbers?

Advanced building management controls to create a Pandemic Mode
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Recommendations — Long Run — Specialized Areas

® Nurses Stations

= |solation rooms — Follow ASHRAE 170

= Conduct risk assessment by area

= Provide one isolation per 500 students
(minimum of 2)

= 100% outside air unit

= Anteroom/protective equipment room

= Normal non-isolation nursing station

= Biohazard waste and PPE storage

= Dedicated HVAC




Recommendations — Long Run — Specialized Areas

OUTSIDE
WALL

HVAC ZONE A //%V&\\ HVAC ZONE C
ISOLATION AND
A 3 C ;}>
HVAC

QUIET ROOM <
NURSES OFFICE
BATHROOM BATHROOM

o C
(NEGATIVE PRESSURE) [

.01 INWC

(NEGATIVE PRESSURE)
PROTECTIVE
ROOM

CLOSET
(POSITIVE PRESSURE) ANTEROOM STORAGE
HVAC ZONE B‘\x/

CORRIDOR




Know
Where you
Stand:
Gather
HVAC plans
and System
Manuals

Speed &
Cost:
Establish
your
budget

Prepare:
With your
HVAC P.E.,
create your
statement of
work plan

Execute Phase Execute Audit:

1: Phase 2: Is it

Put into place Mid- to working?
the longer Adjust
fast, short- term

term interim  projects;

adjustments  harden
your
buildings
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Questions? I
Raj Setty, PE, CxA e
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ORGANIZE
¢ Develop Systematic Approach COMMUNICATE
¢ |dentify Existing Assets ® Share Your Goals
¢ Design Standard Operating y N * Make |IAQ Meaningful
Procedures * Be Transparent and Inclusive
¢ Empower an IAQ Leader o Communicate Results
 Build an Effective Team O Com (Return on Investment)
Organize municate
¢ Create Champions oy
- When a Plan
\-/ ASSESS
EVALUATE HVAC * Walk the Grounds
¢ Solicit Feedback y Moisture/Mold ® Listen to Occupants
¢ Capture Return on Investment IPM ® Use Technology
* Measure, Assess and Track Evaluate 3:(‘;";85% :I“:C‘;‘sn”""“’ Assess e Determine a Baseline
Program Implementation | Source Control * Keep Customers Satisfied
* Document Accomplishments Energy Efficiency  |dentify and Prevent Risks
¢ Determine the Most Effective
Strategies for Continuous ,
Improvement
PLAN
ACT o Prioritize Actions
* Educate Staff About IAQ to Plan o Put Goals in Witing
Change Behavior o Start Small
. l];gnRiiiupants to Address o Work in Stages
® Address the Source of e rtis fulue
Problems

Know Speed & Prepare: Execute Phase Execute Audit:
Where you Cost: With your 1: Phase 2: Engage
Stand: Establish HVACP.E., Put into place  Mid- to your
Gather your create your the longer HVAC P.E.
HVAC plans budget statement of fast, short- term to audit
and System work plan term interim  projects; and re-
Manuals adjustments  harden certify the
your building
buildings changes
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Build a Plan
Work the Plan

©

e

” Ventilation Checklist

- Getting Started
7
\Y 4 EPA User Information

1. Outdoor Air Intakes

Indoor Air Quality

() 2. system Cleanliness
3. Controls For Outdoor Air Supply
4. Air Distribution
5. Exhaust Systems
6. Quantity of Outdoor
Notes

Picture

(%) O

Action Kit Walkthrough FAQ B
Resources Checklists

)

Action Kit Checklist

ASHRAE
ﬂ -

Introduction

Determining Suldng Readiness
+  Summer Cheacklist for Fall Classes

Fltration Baskes
- Filtration Target Level

- Chiled, Hot & Condensar Water Systems
* Ak Cooled Chillers * Information Gathering Stage
+ Water Cooled Chllers + DataAnalysis & Review
+ Cooling Towers & Evay Devices - Implementation § Canskierations
+ Sieam Disirduson Systems
*  HVAC Water Distrioution Systems Operation of Occupled Faciities
+ Pumps Controling Infaction Qutoraak In Schodl Faciities
- ArHanding Untis
+ BoofTop Unite
Unitary § Single Zone Equipment

Checklist No. 2:
Startup Checklist for HVAC Systems Prior to Occupancy

0O Maintain proper indoor air temperature and humidity to maintain human comfort, reduce potential for spread of
airborne pathogens and limit potential for mold growth in building structure and finishes (refer to ASHRAE Standard
55, recommended temperature ranges of 68-78 degrees F dry bulb depending on operating condition and other
factors, recommend limiting maximum RH to 60%). Consider consulting with a local professional engineer to determine
appropriate minimum RH levels based on local climate conditions, type of construction and age of the building under
consideration. Recommend minimum RH of 40% if appropriate for building. Consider the addition of humidification
equipment only when reviewed by a design professional to verify minimum RH set points will not adversely impact
building or occupants by contributing to condensation and possible biological growth in building envelope

Trend and monitor temperature and humidity levels in each space to the extent possible and within the capability of
BAS, portable data loggers and handheld instruments

Verify proper separation between outdoor air intakes and exhaust discharge outlets to prevent/limit re-entrainment of
potentially contaminated exhaust air (generally minimum of 10-foot separation - comply with local code requirements).
Consider having airflows and building pressurization measured/balanced by a qualified Testing, Adjusting and
Balancing (TAB) service provider.

Consider having airflows and system capacities reviewed by design professionals to determine if additional ventilation
can be provided without adversely impacting equipment performance and building Indoor Environmental Quality (IEQ).
Measure building pressure relative to the outdoors. Adjust building air flows to prevent negative pressure differential.
Verify coil velocities and coil and unit discharge air temperatures required to maintain desired indoor conditions and to
avoid moisture carry over from cooling coils.

Review outdoor airflow rates compared to the most current version of ASHRAE Standard 62.1 or current state-adopted
code requirements.

U Ud U O 0O o

ASHRAE
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A7 < 5 Project Planning

1] \U\m\u@ Indoor Air Quality Preventive Maintenance Checklist SEPA
| R HVAC

School N -
El Make a Copy of Checklist chool Name:

[ ]
4 Select and Customize a Checklist Date:
This tool is designed to allow you to add your own checks or modify the existing checks to match your needs.

Use Filters Below You may want to add additional activities related to IAQ preventive maintenance, such as those in /AQ Tools for Schools Action Kit.
5 to Customize Checklist Enable macros to use this checklist customizer. Refer to Help files to learn how to enable macros for your version of MS Excel.
) Category B3 Category Detaf] Action B PrioritEd Y& N/E] Notes -
Outdoor Air Designed and installed new HVAC systems to meet all ventilation
HVAC s requirements of ASHRAE Standard 62.1 using the Ventilation Rate  MA m] [m]
Ventilation
T4 Procedure.
Outdoor Air Verified that all HVAC systems meet any local code requirements for
HVAC oo e & g = MA o o
75 Ventilation ventilation.
Outdoor Air Replaced or upgraded existing HVAC systems to meet ASHRAE
HVAC oor P pe '8 AVAC sy EA o o
76 Ventilation Standard 62.1.
For mechanical ventilation applications, installed permanent outdoor
airflow monitoring systems in accordance with ASHRAE Standard
e Qutdoor Air 189.1, Section 8.3.1.2. o o o

Instructions | PMChecklist (&) 4
Equipment and System Specific Checks and
Verifications During the Academic Year Continued

Unitary and Single Zone Equipment (For example: Wall Hung Units, Unit
Ventilators, Mini-Splits, Packaged Terminal Air Conditioners, Water-Source Heat Air Handling Units: Monthly
Pumps, Fan Coil Units): -

Equipment and System Specific Checks and
Verifications During the Academic Year Continued

Check for particulate accumulation on filters, replace filter as needed.
Check ultraviolet lamp, replace bulbs as needed (if applicable).
Check P-trap on drain pan.
Check the control system and devices for evidence of improper operation.
Check variable-frequency drive for proper operation.
Check drain pans for cleanliness and proper slope.
Verify control dampers operate properly.
Confirm AHU is bringing in outdoor air and removing exhaust air as intended.
Verify filters are installed correctly.
Follow filter replacement policy.

: Review condition of cooling coils in air handling equipment — if issues with
ASHRAE )

Monthly

O Check for particulate accumulation on filters, replace filter as needed.

O Check P-trap.

3 Check drain pans for cleanliness and proper slope.

O Check the control system and devices for evidence of improper operation.
O Verify control dampers operate properly.

gopooopooooo

condensate drainage are identified or biological growth is identified, corrective action
should be taken to clean or repair.
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Fred Remelius
Director of Operations

Upper Merion Area School District (UMASD),
Pennsylvania
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The REAL Director of Operations at UMASD

BEING A
DIRECTOR OF
OPERATIONS

— IS EASY. IT'S LIKE —

RIDING A BIKE

EXCEPT THE BIK
U'RE (
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National Academy of Sciences

Poor-quality school buildings (i.e., those that have bad indoor air quality,
are not clean or have inadequate bathroom facilities) complicate reopening

and may make it difficult for school districts to implement the recommended
health and safety measures.

1. SARS-CoV-2 is transmitted primarily by respiratory droplets from close contact
with infected persons, and

2. by surfaces that have been contaminated by infected persons and then
touched by previously uninfected persons who then touch their mouth, nose
or eyes without first properly washing their hands.

The average number of secondary cases per infectious case ranges from 2.5 to well
over 3.0, making this virus considerably more infectious than influenza (inglesby,
2020). Current evidence suggests that, given how the virus is spread, prolonged

close contact in indoor environments is particularly high-risk (Centers for
Disease Control and Prevention [CDC], 2020).

Indoor Air Quality (IAQ)



CDC: Key Findings About Transmission

* Thevirus is transmitted primarily through exhaled respiratory droplets that contain the virus,
though aerosol (very small, floating droplets) transmission and transmission from contaminated
surfaces may also play a role.

*  When breathing or talking normally, droplets are thought to be capable of traveling about 3-6
feet.

* Sneezing, coughing, singing or loud talking can propel droplets farther.

* Inhaling or ingesting droplets, or getting droplets in your eyes (face shields), are the main
mechanisms of transmission.

» Droplets can land on surfaces and then be transferred to the hands and into the mouth, nose or
eyes. It is unclear how much exposure to the virus through surface contact is necessary to cause
an infection.

* Aerosols containing the virus can accumulate in the air in a closed space with limited
ventilation such that people can become infected by breathing in virus-containing
aerosols.

* The virus does not enter the body through the skin.

» People can be contagious before they show symptoms.

* The role of children in transmission is unclear.

Indoor Air Quality (IAQ)



My Plan for COVID-19

I’m going to double down on what | do best and let the rest of the world decide if they
can/want to come back to school. These are the items that I’'m going to focus on:

* Protect my staff from themselves and each other — per CDC, wearing a mask is the
primary safety precaution, washing hands secondary. Keep beating that drum until
your staff is deaf!

* Help protect district employees who have high contact with the general public or lots of
students and staff (e.g., front office secretaries, IT technicians and food service cashiers) using
sneeze guards.

* Our custodians will disinfect as many high touch points as often as they can to help stop physical
transfer of the virus.

* No extra funding to hire more people to do more disinfecting. We are reassigning some second-
shift custodians to day work so they can dedicate more time doing real-time disinfecting while
getting some general cleaning done.

Indoor Air Quality (IAQ)



My Plan for COVID-19 (continued)

e Provide teachers and staff with approved disinfectant so they (not students) can
disinfect high touch surfaces in their classrooms and workspaces during the day as they
wish.

e Encourage principals, teachers and staff to declutter their classrooms/workspaces. Over
the years many classrooms, especially in elementary schools, become filled with filing
cabinets, bookshelves, storage totes, rocking chairs, bean bags, couches, carpet squares,
horded art supplies, etc., etc., etc. All custodians can do in some cases is just empty the
trash and run away. One silver lining from COVID-19 is the opportunity to get teachers and
staff to shovel out their spaces so we can be clean and disinfect efficiently.

e Recognize and reinforce with our maintenance staff that COVID-19, as with asthma,
allergies and a whole host of other ailments, is an airborne/respiratory problem. This is
why good indoor air quality is so very important in K=12 schools, where children are
often packed very close in classrooms. PREVENTIVE MAINTENANCE IS KEY!!

Indoor Air Quality (IAQ)



UMASD took advantage of the shutdown to double
down and follow the U.S. EPA’s IAQ Tools for Schools
guidelines on cleaning and disinfecting
UNIVENTS & AHUs.

We are focusing on boosting our performance of

PREVENTIVE MAINTENANCE on HVAC SYSTEMS.

Huge side benefit: A study by Jones Lang LaSalle
shows the Return On Investment from PREVENTIVE
MAINTENANCE can be as much as

545%!
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. Filtre pour aspirateur de

liquides et de poussiér

en matériau HEPA

Filtro para

material

HEPA para
aspiradoras -
para !
seco/mojado ‘, E I

Filter NOT appropriate for
EPA’s Lead Paint RRP Rule

Filtre NON conforme a la
Reégle RRP de I'EPA sur les
rénovations en présence
de peinture au plomb

Filtro NO apropiado
para la regla de RRP
relacionada con la
pintura con plomo
de la EPA

IHM

REDUCES ALLERGENS

“rrErryrIgeT-
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Stubborn Soils and Depo
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CAUTION

al Preca!
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See g
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are just really big Univents that serve multiple classrooms
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A Totally Uncleanable Classroom
Because of All of the CLUTTER!

¥
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William Bahnfleth, ASHRAE presidential member and professor of architectural
engineering at Pennsylvania State University:

* There have been thousands of papers and articles published since the pandemic started, and
in all of the reports of how COVID-19 is transmitted, there are no reports of space-to-space
transmission through an HVAC system.

* There’s no reason to change out filters on a really high frequency schedule. Changing them
as often as they’re supposed to be changed would be a good thing to do.

* Another important issue is maintenance/retro-commissioning, because how systems are
designed and how they operate can be quite different.

 One myth is this idea that the HVAC system itself is going to be highly contaminated.

e Contractors should impress upon their customers the need to make sure that their system is
operating as intended and designed. Customers could spend a lot of money to try to block this
virus, but if the equipment isn’t working right, if the whole system isn’t working right, then

it could all be for naught.

www.achrnews.com/articles/143255-can-hvac-systems-spread-the-covid-19-virus

Indoor Air Quality (IAQ)
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Summary

e Recognize and reinforce with maintenance staff that COVID-19, as with
asthma, allergies and a whole host of other ailments, is an airborne,
respiratory problem. Good indoor air quality is so very important in K-12
schools because children are often packed very close together in confined
spaces.

e Protect staff from themselves and each other—enforce mask wearing.

e Protect employees who have high contact with the general public or lots of
students and staff—sneeze guards.

e Purchase, stockpile and use approved disinfectants.

e Reassign second-shift custodians to day work so they can dedicate more
time doing real-time disinfecting.

e Provide teachers and staff with approved disinfectant (not for student use).

e Declutter so custodians can actually clean and disinfect.

PREVENTIVE MAINTENANCE IS KEY!!
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The IAQ Tools
for Schools
Guidance

Indoor Air Quality Backgroun
The Basics




Download the App Today

v' Android: Google Play
v Apple: iTunes

v www.epa.gov/iag-schools/school-iag-assessment-mobile-app

School IAQ

Assessment Mobile App

#_  Download on the

S App Store

f GETITON

L Google Play

Indoor Air Quality (IAQ)
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IAQ Preventive Maintenance:

Guidance, Tools and Resources

o Em EPA 402-K-18-001 | March 2019 | EPA Indoor Environments Division | www.epa.goviiaq
N7

United States
Environmental Protection
Agency

Indoor Air Quality Tools for Schools:
Preventive Maintenance Guidance

Preventive Maintenance Guidance

indoor Air Quality (tAQ) Tools for Schools: Preventive Maintenance Guidance
ppendix B: 1AQ i i Model Plan

Model Plan’
IAQ Preventive Maintenance Plan
[School District Name]

[Date]
[talicized sections in this Model Plon could he completed according to the instructions or simply deleted.
The footer could be replaced with your school o district name, name of plan, and the date or version of
the plon.j

[This could be a standalone IAQ Preventive Maintenance Flan, er you could add elements of this plan to
your 1AQ Management Plan’* or your Preventive Maintenance Flan.]

Table of Contents

1. Mission and Goals

Checklists, Procedures and Schedules
Walkthroughs and Assessment

Team and Staffing

Communication and Training
Evaluation

@0 e e

Indoor Air Quality (I1AQ)

EREVENTIVE Preventive Maintenance Full

Select and Customize a Checklist

Category

Category Detalid A

ithd Y

Gathered feedback from the school's facuity and staff on 1AQ issues

IAQ Indoor Air Quality Preventive Maintenance Checklist SEPA

School Name:
Make a Copy of Checklist
= This tool is designed to allow you to add your own checks or modify the existing checks to match your needs.

Use Filters Below You maywant to add additional activities related to 1AQ preventive maintenance, such as those in /AQ Tools for Schools Action Kit.
to Customize Checklist Enable macros to use this checklist customizer. Refer to Help files to learn how to enable macros for your version of M Excel.

FOEERETTE DR oo e e e e e T TR, El
performed a periodic building walkihrough inspection to identify

Project Planning  Project Planning health issues and monthly AP o
inspections)

Project Planning _Project Planning Gl all AQand MA o
Inspected the interior and exterior of the buiding and the building's

Mold and Moisture Mold and Moisture mechanical systems for evidence of moisture problems, and P o

the results.
the project

Mold and Moisture Mold and Moisture ~ additional moisture control measuras based on the findings ofthe AP o
moisture inspaction.
Worked with a general contractor or other exparienced buildin

Mold and Moisture Mold and Moistura & P € o
axperts to define the scope of moisture improvements and repairs.
Assessed moisture or mold problems that could not be resolved
under the project. Did not start construction projects that would

AP

lilareiiensine BERedfesire o e e e e =
moisture problems.

ol and Motsture. Mold and Mastare. REPaITed moisture problems dentified during the assessment A o

including plumbing leaks, rain leaks, and foundation leaks.
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Get Started Today!

Environmental Topics Laws & Repulations About EPA a

Related Topics: Indoor Air Quality (I1AQ) | Indoor Air Quality in Schools CONTACT US SHARE @ @ @

Indoor Air Quality Tools for Schools: Preventive
Maintenance Guidance Documents

With thoughtful planning and regular maintenance for your buildings and facilities, you can

pravent many issues from becoming costly preblems through preventive maintenance. This SEPA i e
guide will walk you through the steps to develop and implement your indoor air quality (I1AQ) '

praventive maintenance plan. Within its pages, you will find tips to help you make the case E mfiﬁﬁﬂgr?ﬂim;f?ﬁfs
for your plan and gain the buy-in you need from your school community. You also will find

detailed guidance on why walkthroughs and assessments of your facilities, integrated pest E?‘ﬁ il
management (IPM), green cleaning, heating, ventilating, and air conditioning (HVAC) and iﬂm

equipment upkeep, and mold and moisture prevention are important and how you can

|

include them in your plan. Finally, you’ll find tips on staffing and communication, as well as

evaluating your program to make your IAQ preventive maintenance plan a success.

* |AQ TfS Preventive Maintenance Guidance

Appendices

View the PDF version of the IAQ Toois for Schools

* Appendix A: IAQ Preventive Maintenance Checklist (251 K) Preventive Maintenance Guidance Document

* Appendix B: |1AQ Preventive Maintenance Plan (8 pp, 82 K)

* Appendix C: 1AQ & Preventive Maintenance Value Proposition Worksheet

¢ Appendix E: Annual Facility Equipment Preventive Maintenance Timeline (14 pp, 119 K)
(Source: New York State Energy Research and Development Authority [NYSERDA])

* Appendix F: Sample IAQ Measurements Tracking Sheet (1 pg, 52 K)

* Appendix G: Monthly Health Statistics (1 pg, 59 K)

* Appendix H: Example Preventive Maintenance Schedule

(Source: Minnesota Department of Health)

These resources are available to you at no cost at
www.epa.gov/iag-schools/indoor-air-quality-tools-schools-preventive-maintenance-qguidance-documents.

Indoor Air Quality (IAQ)
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IAQ Master Class Series

Ten technical trainings to build your
knowledge base to start, improve or
sustain an IAQ management
program. Complete all 10 to join the
IAQ Master Class.

Professional Training
Webinar Series

Technical Knowledge

Free Onling
Training,

Earn CEUS’

Asthma Triggers

HVAC Systems

Moisture and Mold

Energy Efficiency

Integrated Pest Management

Cleaning and Maintenance

Materials Selection and Source Control

Capacity Building

IAQ Knowledge-to-Action Series .

Technical trainings to deepen your .
IAQ knowledge and build capacity to
take immediate action.

Funding

Assessment and IAQ Mobile App
Staff Training

Gaining Buy-In

Evaluation and Data

www.epa.gov/iag-schools/ondemand-training-webinars

Indoor Air Quality (IAQ)
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EPA Resources to Get You Started!

P =Ny
A B,

IAQ Tools for Schools
Action Kit

IAQ Master Class
Professional Training
Webinar Series

School IAQ

Assessment Mobile App

# Download on the
¢ App Store

[clagige] ] ey 1
® Google Play

IAQ Tools for Schools Framework for Effective

Mobile App IAQ Management
SEPA SER T
Energy Savings Plus Health ﬁ Indoor Air Quality Tools for Schools:
Indooe A¥ Qualty Geidelines or School Buiding Upgrades Preventive Maintenance Guidance

PLANNE

Energy Savings Plus Health Guide
and Interactive Air Quality Planner

IAQ Tools for Schools:
Preventive Maintenance
Guidance

www.epa.gov/iag-schools
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Thank you for attending!

Your next action steps—

Fill out the webinar
evaluation form.

Access your personalize
certificate of completion.

Indoor Air Quality Knowledge-to-Action
Professional Training Webinar Series

CERTIFICATE OF COMPLETION
Type Name Here

has completed

Let’s Clear the Air:
Using Ventilation Practices to Promote Healthy IAQ in Schools
This 1-hour training on indoor air quality (IAQ) in schools—
* Explained how to operate and maintain efficient HVAC systems to provide clean and healthy air in schools.

Demonstrated how to apply findings from scientific research and gnidance on ventilation to reduce the spread of
viruses and bacteria through the air using comprehensive IAQ plans and practices.

Prepared participants to put in place key strategies for quality HVAC, including developing a plan to regularly
inspect and maintain HVAC systems, as well as provide outdoor air in accordance with ASHRAE standards.

Highlighted effective strategies to gain buy-in from senior management and other stakeholders by successfully
communicating how health and academic performance can be improved with a comprehensive IAQ management
program, which includes providing optimal ventilation.

Presented by the U.S. Environmental Protection Agency Indoor Environments Division -

Type Date Here

Ut St
Eriarmai
o
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