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Indoor Environments may pose high risk for Covid-19 Transmission

How do we assess and remediate risk?
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Consider the Source, the Pathway, and the Receptor 

Source

Receptors

Pathway
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Infections occur primarily within the 

communal air space (below the ceiling)

°T

Stay Upwind

Infectious DOSE = Concentration x Duration

Infected People can emit 
more than 40,000 particles 
every 15 minutes

Infectious Dose for Influenza 
approximately 1900 – 3000 viable 
particles.  

Infectious Dose for Coronavirus is 
currently unknown.
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Aerosolized hazards must be controlled to reduce risk of

harm to people, animals and the environment

Consider:

• Hazard 

• Quantity

• Generation Rate 

• Concentration

• Duration of Exposure

• Route of Transmission

Dose = Concentration x Duration of Exposure
Negligible

Extreme

Spectrum
of

Risk
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The effectiveness of masks may be controversial, 

but limiting generation can reduce risk

°T

Concentration = Generation / Air Flow

Reduced Generation?
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Masks help to reduce projection and exhaled effluent

The Goodsonator
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Ventilation is Critical – The Right Flow, the Right Place, …..

°T

Above Ceiling

Below Ceiling

Communal Air Space

Exhaust/Return

Air Supply

Recirculated Air
vs. 

Fresh Air 
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What defines success?

• Get people back to work

• Provide a safe and productive place to work

• Minimize waste and resource expenditure

• Maximize sustainability and resilience

Strive to manage risk to as low as reasonably achievable
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Topics for Session 2 

• How to Identify Spaces of Concern

• How to Evaluate HVAC Systems

• Why Airflow Patterns are Important

• What is Effective Ventilation

• Measures to Help Remediate Risk
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Poll 1

Has the airflow been 

measured in your 

building? Don’t Know

NO

YES
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Is my building safe for occupancy?

A101

Training 

Center

Restroom
A102

Office

C107

Lab

B101

Conference 

Room

A103

Server 

Room

B106

Mechanical 

Room

D110 

Warehouse

A105

Support

Space

D106

Break 

Area

Restroom

Restroom

Restroom

A104

Break 

Area

D109

Support

Space

B102

Office

B104

Office

B105

Office

B103

Office

C104

Office

C103

Office

C106

Office
C105

Office
D108

Office

D107

Office

D105

Office

D104

Office

D103

Office

D101

Office
C102

Reception

C101

Office

D102 

Employee

Entrance

& 

Staging

Restroom

160 SF

105 SF

105 SF

105 SF

345 SF
100 SF

450 SF

185 SF
145 SF

125 SF

85 SF85 SF

100 SF 135 SF

35 SF

35 SF

35 SF

35 SF

130 SF

130 SF
50 SF

70 SF
100 SF

190 SF

345 SF
700 SF

215 SF

445 SF

725 SF
750 SF630 SF625 SF

Offices

Break Area

Conference 
Room

Training
Center

Lab and Support Spaces

Warehouses

Reception
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HVAC Systems can serve multiple spaces with 

different functions and operating requirements

45

VFD%

100

°T

Waiting Areas &
Conference Rooms

Procedure Rooms Offices Labs

What is good ventilation?
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How to undertake a Covid-19 Risk of Transmission Investigation 

• Part 1 – Evaluate Risk and Demand for Ventilation
– Survey and Identify Spaces of Concern

– Document HVAC and Other Safety Measures

• Part 2 – Inspect and Measure HVAC Operation
– Air Handling and Return Air Units Operational

– Measure Flow and Calculate Air Change Rates

• Part 3 – Conduct Airflow Visualization Tests 
– Generate visible smoke 

– Observe airflow patterns note areas of accumulation and stagnation

• Part 4 – Conduct Aerosol Tracer Tests 
– Generate air tracer to simulate contaminant release

– Measure concentration accumulation, dispersion and decay 

– Determine Ventilation Effectiveness
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Numerous Factors Influence Risk of Covid-19 Transmission 

Numerous Factors Influence Covid-19 Risk

Occupant Type 
and Density

Occupant 
Proximity and Duration

Airflow 
Quantity and Distribution

Available 
Exposure 

Control Devices

Design and 
Operation of 

HVAC Systems

Filtration, 
Recirculation 

and Re-
entrainment

Potential for Aerosol GenerationOccupant Activities
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Is the protective capability of the system sufficient 

to mitigate the risk of exposure ?

Risk

Negligible

Extreme

Low

Moderate

Very High

Protective 
Capability
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Is the protective capability of the system sufficient 

to mitigate the risk of exposure ?

Negligible

Extreme

Low

Moderate

Very High

Protective 
CapabilityRisk
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Risk Factors can be Rated and Weighted to provide a 

scorecard for risk assignment

Occupancy and Space Utilization

• Number and Type of Occupant (Known, Transients)

• Space Density and Duration (Known, Transients)

• Proximity and Aerosol Generation Potential 

• Occupant Sensitivity/Susceptibility

Space Configuration and HVAC Operation

• Type and State of HVAC System Operation

• Supply, Exhaust and Airflow Patterns 

• Filtration, Recirculation and Re-entrainment

• Special Safety Measures and ECDs
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A Risk Assessment can help identify spaces of concern and 

prioritize efforts to improve safety 

Risk Band Description Attributes

0 Negligible

• Vacant Space

• ≤ 1 Occupant

• Very Limited Access

• Proper HVAC Operation

1 Low
• ≤ 1 Known Occupant

• Limited to no Visitors

• Proper HVAC Operation

2 Moderate

• Known Occupants

• Limited Visitors w/Short Duration

• Adequate Spacing

• Proper HVAC Operation

3 High 

• Known Occupants

• Limited Visitors w/ Extended Duration

• Mixed Social Space and Close Contact

• Ventilation Issues

4
Extreme
(Special)

• Known Occupants

• Numerous, Frequent Visitors w/Extended Duration

• Close Personal Contact

• Aerosol Generating Procedures

• Ventilation Issues

Spectrum 
of 

Risk 
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Evaluate space occupancy and determine where people congregate

A101

Training 

Center

Restroom
A102

Office

C107

Lab

B101

Conference 

Room

A103

Server 

Room

B106

Mechanical 

Room

D110 

Warehouse

A105

Support

Space

D106

Break 

Area

Restroom

Restroom

Restroom

A104

Break 

Area

D109

Support

Space

B102

Office

B104

Office

B105

Office

B103

Office

C104

Office

C103

Office

C106

Office
C105

Office
D108

Office

D107

Office

D105

Office

D104

Office

D103

Office

D101

Office
C102

Reception

C101

Office

D102 

Employee

Entrance

& 

Staging

Restroom

Known Occupant - Long Duration (> 1 hr )

Transient – Long Duration (> 1 hr )

Transient – Moderate Duration (< 1 hr )

Transient – Short Duration (< 15 mins )

Multiple Known Occupants

Long Duration

Multiple Known Occupants

Short to Moderate Duration

Multiple Transient Occupants

Long Duration

Aerosol Generating Activities

Known Occupant – Short Duration (< 1 hr )

Multiple Transient Occupants

Short to Moderate Duration
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Evaluate and document the type and location of airflow devices

A101

Training 

Center

Restroom
A102

Office

C107

Lab

B101

Conference 

Room

A103

Server 

Room

B106

Mechanical 

Room

D110 

Warehouse

A105

Support

Space

D106

Break 

Area

Restroom

Restroom

Restroom

A104

Break 

Area

D109

Support

Space

B102

Office

B104

Office

B105

Office

B103

Office

C104

Office

C103

Office

C106

Office
C105

Office
D108

Office

D107

Office

D105

Office

D104

Office

D103

Office

D101

Office
C102

Reception

C101

Office

D102 

Employee

Entrance

& 

Staging

Restroom

Exhaust Hood

Lab Supply Diffuser

Exhaust Device

Return Air Grille

Air Supply Diffuser

Trane 

3 Ton

Carrier 

5 Ton

Rudd 

3 Ton

Trane 

4 Ton
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Evaluate design and operation of the HVAC Systems

General
Exhaust

Supply Air

Outside Air
Supply

UVGI

Supply Filter

Return Air

Energy 
Wheel

Exhaust 
Re-entrainment

Recirculation

Exhaust
Fan

Supply
Fan

Heating and Cooling Coils

Exhaust 
Filter

Supply Valve

Supply 
Diffuser

Exhaust Valve

Exhaust
Grille

°T

Thermostat
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Airflow Recirculation and Filtration May Affect Risk

100% Outside Air 
(One Pass)

0% - 100% Recirculation 
(Economizer) 

> 80% Recirculation 
(Limited Fresh Air) 

Lowest Risk Variable Risk Highest Risk

Copyright © 2020

Inspect and Measure HVAC Operation – Confirm Proper Operation

AHU- A
Supply – 1276 cfm
Exhaust – 1117 cfm
Outside Air – 159 cfm
Filter:  MERV 8 

131 cfm

Air Change Rate
4.6 ACH?

151 cfm
156 cfm

98 cfm

540 cfm

76 cfm

45 cfm

62 cfm

142 cfm

188 cfm

101 cfm

101 cfm

42 cfm

247 cfm

134 cfm

137 cfm

137cfm
107 cfm

540 cfm

AHU-A

Training Center 
Size = 700 ft2

Supply – 536 cfm
Exhaust – 540 cfm
Outside Air – ? Cfm
Temp – 69 dF
RH - 46% 

Module A

Air Supply Flow

Thermostat Return Flow

23

24



Covid 19 Aerosols: Investigation & Utilization of Ventilation to Improve Safety Indoors

3FLOW Copyright © 2020 13

Copyright © 2020

1 2 3 4 5 6 7 8 9 10 11

Building 

Name

Space 

ID

Space Type/

Function:

•  Reception-Office-Conference

· Break Room-Restroom-Locker Room

· Library-Classroom-Cafeteria

· Lab - Critical Workspace

· Mechanical

· Other

Space Size:

Approximate 

Gross Area 

ft2

Number of 

Known 

Occupants

0 - ≤ 1

1 - ≤ 2

2 - ≤ 5

3 - ≤ 10

4 - > 10

Known 

Occupant 

Sensitivitiy

0 - Negligible

1 - Low

2 - Moderate

3 - High

4 - Compromised

Known 

Occupant 

Duration

0 - < 15 minutes

1 - < 1 hr

2 - < 4 hrs

3 -  ≤ 8 hrs

4 -  > 8 hrs

Number of 

Transients 

(Visitors/Patients)

0 - 0

1 - 1

2 - ≤ 5

3 - ≤ 10

4 - > 10

Transient 

DURATION:

(Visitors/Patients)

0 - < 15 minutes

1 - < 1 hr

2 - < 4 hrs

3 -  ≤ 8 hrs

4 - >  8 hrs

Occupant Proximity:  

0 - Isolated

1 - Socially Spaced (> 6 ft)

2 - Mixed Social Space

3 - Close Contact, 

4 - Close Personal Contact

Aerosol 

Generation

Potential

0 - Negligible

1 - Low

2 - Moderate

3 - High

4 - Extreme

VENTILATION:

0 - Excellent

1 - Good

2 - Fair 

3 - Poor

4 - Compromised or 

Unknown

Ventilation 

RATE:

0 - > 1 cfm/ft2

1 - ≤  1 cfm/ft2

2 - <  .5 cfm/ft2

3 - < 0.1 cfm/ft2

4 - Negligible or 

Unknown

Special In Room 

Measures:

0 - Local Source Capture 

1 - Ceiling HEPA / UVGI

2 - Portable HEPA

3 - Upper Room UVGI

4 - None

Type of 

HVAC System:

0 - 100 % One Pass

1 - Recirc w/ > 50% 

Economizer

2 - Recirc w/ < 50% OA

3 - Recirc w/ < 10% OA

4 - Recirc or Limited

4 - Unknown

3Flow Main Office A101 Training Center 700 2 3 3 4 4 2 2 3 3 4 3 3

3Flow Main Office A102 Office 130 0 1 3 0 0 0 1 2 2 4 3 1

3Flow Main Office A103 Server Room 130 0 0 1 1 0 0 1 2 2 4 3 0

3Flow Main Office A104 Break Area 50 1 1 0 0 0 2 1 2 2 4 3 1

3Flow Main Office A105 Lab Support Space 445 0 1 0 0 0 0 0 2 2 4 3 0

3Flow Main Office B101 Conference Room 345 2 3 2 2 2 3 1 2 2 4 3 2

3Flow Main Office B102 Office 190 0 0 0 0 0 0 0 2 2 4 3 0

3Flow Main Office B103 Office 100 0 1 3 0 0 0 0 2 2 4 3 0

3Flow Main Office B104 Office 70 0 0 0 0 0 0 0 2 2 4 3 0

3Flow Main Office B105 Office 215 0 1 2 0 0 0 0 2 2 4 3 0

3Flow Main Office B106 Mechanical Room - Assembly 725 1 1 2 1 0 2 1 2 2 4 3 1

3Flow Main Office C101 Office 185 1 3 4 1 0 0 1 2 2 4 3 1

3Flow Main Office C102 Reception 145 0 2 3 3 1 2 1 2 3 4 3 2

3Flow Main Office C103 Office 85 0 1 3 0 0 0 1 2 2 4 3 1

3Flow Main Office C104 Office 85 0 1 3 0 0 0 1 2 2 4 3 1

3Flow Main Office C105 Office 100 0 1 3 0 0 0 1 2 2 4 3 1

3Flow Main Office C106 Office 135 0 1 3 0 0 0 1 2 2 4 3 1

3Flow Main Office C107 Lab 750 3 2 3 3 3 2 2 1 0 4 3 2

3Flow Main Office D101 Office 160 0 3 4 2 1 1 2 2 2 4 3 2

3Flow Main Office D102 Staging 225 1 1 1 0 0 0 1 2 3 4 3 1

3Flow Main Office D103 Office 105 0 1 3 0 0 0 1 2 2 4 3 1

3Flow Main Office D104 Office 105 0 1 3 0 0 0 1 2 2 4 3 1

3Flow Main Office D105 Office 105 0 1 3 0 0 0 1 3 2 4 3 1

3Flow Main Office D106 Break Area 225 2 2 1 0 0 2 1 3 3 4 3 1

3Flow Main Office D107 Office (Cubes) 345 0 0 0 0 0 0 0 2 2 4 3 0

3Flow Main Office D108 Office 100 0 1 3 0 0 0 1 2 2 4 3 1

3Flow Main Office D109 Support Space 630 1 1 2 0 0 0 1 4 4 4 3 1

3Flow Main Office D110 Warehouse 625 0 1 0 0 0 0 1 4 4 4 3 1

Aerosolized Pathogen Risk Matrix for Spaces in Buildings
Ventilation FactorsOccupant Information

Aerosol 

Exposure

Risk Band

Assess building spaces by rating Occupant and HVAC Risk Factors

HVAC Factors
Occupant Factors

Risk Assignment

Space Information

Copyright © 2020

The recipe for transmission of Covid-19 includes 

occupants, activity, proximity, duration and ventilation

Risk Factors
RATING

0 1 2 3 4

Known 
Occupants

Number ≤ 1 ≤ 2 ≤ 5 ≤ 10 > 10

Sensitivity Very Low Low Moderate High Very High

Duration ≤ 15 minutes ≤ 1 hr. ≤ 4 hrs. ≤ 8 hrs. > 8 hrs.

Transient 
Occupants

Number 0 1 ≤ 5 ≤ 10 > 10

Duration ≤ 15 minutes ≤ 1 hr. ≤ 4 hrs. ≤ 8 hrs. > 8 hrs.

Occupant Proximity Isolated Socially Spaced Mixed Space Close Contact Personal Contact

Aerosol Generation Negligible Low Moderate High Extreme

Ventilation Operation Excellent Good Fair Poor
Compromised
or Unknown

Ventilation Rate ≥ 1 cfm/ft2 ≤ 1 cfm/ft2 ≤ 0.5 cfm/ft2 ≤ 0.1 cfm/ft2 Negligible
or Unknown

Ventilation Type 100% Outside Air
Recirculation
w/>50% OA

Recirculation
w/<50% OA

Recirculation
w/<10% OA

Recirculation 
or Unknown
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Building 

Name

Space 

ID

Space Type/

Function:

•  Reception-Office-Conference

· Break Room-Restroom-Locker Room

· Library-Classroom-Cafeteria

· Lab - Critical Workspace

· Mechanical

· Other

Space Size:

Approximate 

Gross Area 

ft2

3Flow Main Office A101 Training Center 700 3

3Flow Main Office A102 Office 130 1

3Flow Main Office A103 Server Room 130 1

3Flow Main Office A104 Break Area 50 1

3Flow Main Office A105 Lab Support Space 445 0

3Flow Main Office B101 Conference Room 345 2

3Flow Main Office B102 Office 190 0

3Flow Main Office B103 Office 100 0

3Flow Main Office B104 Office 70 0

3Flow Main Office B105 Office 215 0

3Flow Main Office B106 Mechanical Room - Assembly 725 1

3Flow Main Office C101 Office 185 1

3Flow Main Office C102 Reception 145 2

3Flow Main Office C103 Office 85 1

3Flow Main Office C104 Office 85 1

3Flow Main Office C105 Office 100 1

3Flow Main Office C106 Office 135 1

3Flow Main Office C107 Lab 750 2

3Flow Main Office D101 Office 160 2

3Flow Main Office D102 Staging 225 1

3Flow Main Office D103 Office 105 1

3Flow Main Office D104 Office 105 1

3Flow Main Office D105 Office 105 1

3Flow Main Office D106 Break Area 225 1

3Flow Main Office D107 Office (Cubes) 345 0

3Flow Main Office D108 Office 100 1

3Flow Main Office D109 Support Space 630 1

3Flow Main Office D110 Warehouse 625 1

Aerosolized Pathogen Risk Matrix for Spaces in Buildings

Aerosol 

Exposure

Risk Band

Assigning risk to building spaces enables identifying and 

targeting specific areas of concern 

Space Count 28

Out of 28 spaces, 5 may 
require special measures

Risk Band 0 1 2 3 4

Totals 6 17 4 1 0

% of Sum 21% 61% 14% 4% 0%

Copyright © 2020

Risk Profiles helped identify areas that may require greater scrutiny 

and application of special safety measures

A101

Training 

Center

Restroom
A102

Office

C107

Lab

B101

Conference 

Room

A103

Server 

Room

B106

Mechanical 

Room
D110 

Warehouse

A105

Support

Space

D106

Break 

Area

Restroom

Restroom

Restroom

A104

Break 

Area

D109

Support

Space

B102

Office

B104

Office

B105

Office

B103

Office

C104

Office

C103

Office

C106

Office
C105

Office
D108

Office

D107

Office

D105

Office

D104

Office

D103

Office

D101

Office

C102

Reception

C101

Office

D102 

Employee

Entrance

& 

Staging

Restroom

160 SF

105 SF

105 SF

105 SF

345 SF
100 SF

450 SF

185 SF
145 SF

125 SF

85 SF85 SF

100 SF 135 SF

35 SF

35 SF

35 SF

35 SF

130 SF

130 SF
50 SF

70 SF
100 SF

190 SF

345 SF
700 SF

215 SF

445 SF

725 SF
750 SF630 SF625 SF

0 Negligible

1 Low

2 Moderate

3 High

4 Extreme/Special

Risk Scale:

Training 
Center

Conference
RoomReception

Office

Lab
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Why Airflow Patterns Matter

Copyright © 2020

The airflow patterns within a space affect 

migration and accumulation of concentrations

°T
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Air Supply Diffusers must be appropriate for the space 

and the application – there are many types of diffusers!

Many Different Types of Diffusers:

• Louvered, Slotted or Swirl

• Laminar, Radial or Perforated

• Induction vs Displacement?

Copyright © 2020

Air Supply Diffusers – Vane Diffuser 

• Horizontal Discharge 

• High Discharge Velocities

• Encourage Turbulent Mixing

Elevation View

https://www.priceindustries.com/Content/Uploads/As
sets/videos/smoke-tests/scd-square-cone-diffuser-
smoke-test-350cfm-wide-angle.mp4

Plan View

https://www.priceindustries.com/Content/Uploads/As
sets/videos/smoke-tests/scd-square-cone-diffuser-
smoke-test-350cfm-low-angle.mp4
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Air Supply Diffusers – Linear Slot Diffuser 

• Horizontal or Vertical Discharge 

• High Discharge Velocities

• Encourage Turbulent Mixing and 

Displacement

Elevation View

https://www.priceindustries.com/Content/Uploads/As
sets/videos/smoke-tests/sdssda-linear-slot-diffuser-
smoke-test-200-cfm-vertical.mp4

Plan View

https://www.priceindustries.com/Content/Uploads/As
sets/videos/smoke-tests/sdssda-linear-slot-diffuser-
smoke-test-200-cfm-2-way.mp4

https://www.priceindustries.com/diffusers/products

Copyright © 2020

Air Supply Diffusers – Radial Air Pattern Ceiling Diffuser 

Many Questions:

• Louvered, Slotted or Swirl

• Laminar, Radial or Perforated

33

34



Covid 19 Aerosols: Investigation & Utilization of Ventilation to Improve Safety Indoors

3FLOW Copyright © 2020 18

Copyright © 2020

Air Supply Diffusers – Radial Face Ceiling Displacement Diffusers

• Radial Discharge 

• Lower Velocities

• Encourage Displacement

https://www.priceindustries.com/diffusers/products

Copyright © 2020

Traditional style induction vane diffusers are 

designed to mix airflow throughout the space

°T Induced Flow

Air SupplyExhaust

35
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Some diffusers create airflow patterns that 

disperse exhaled particles 

Copyright © 2020

Airflow Patterns with 4-Way Induction Vane Diffuser

37
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Some diffusers and exhaust grilles can be paired to create airflow 

patterns that help dilute and remove exhaled particles

Better 
Protection

& 
Reduced Risk 

Displacement

Copyright © 2020

Directional Displacement Diffuser 
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Effect of Directional Displacement on Airflow Patterns

Copyright © 2020

Not all spaces operating at the same ACH will provide 

an equivalent level of protection

T

T

Thoroughly Mixed

Better sweep and contaminant removal

All Occupants Exposed
All Surfaces Contaminated

Better Dilution and Removal
Minimizes Exposure Dose

41
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Airflow Patterns Matter

Copyright © 2020

Application of Special Safety Measures

43
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Indoor airflow patterns can increase potential for exposure

Spread and Mix Contaminants

Copyright © 2020

Special Safety Measures and Air Purification 

Devices can be considered to help reduce risk
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Control of indoor airflow patterns can help mitigate risk

Consider use of UVGI to deactivate pathogens

Spread and Mix Contaminants

Deactivation Zone

UVGI UVGI

Copyright © 2020

In-room filtration can be installed to enhance 

capture and removal of airborne contaminants

• HALO Filters mount in ceiling or on wall

• Equipped with HEPA or Advanced Chemical 
Filtration Technologies

• Improves contaminant removal for lower dose

• Provides effective ACH to reduce outside air

47
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VEFF Tests – HALO-P Results

Gas and Particle Detectors

Gas and Particle Generation

Sample Locations

Generation Location

Copyright © 2020

VEFF Tests – HALO-P Results

2 ACH – Halo-P

Aerosolized Salt Particles in H2O

Operation of Filters Reduced Exposure 
Dose by up to 79%

49
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Implement measures to control airflow patterns to reduce 

risk of exposure

Sweep and Remove

Copyright © 2020

Directional Displacement can help mitigate risk of 

exposure in healthcare waiting areas

Healthy - Injured Sick - Injured

51
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Fresh air can be directed to better protect people

Copyright © 2020

Tests were conducted to evaluate different 
types of air supply diffusers

4 Way, Vane Diffusers Directional Displacement Diffusers

53
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VEFF Tests – Induction vs. Displacement Diffusers
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VEFF Factor = 0.62VEFF Factor = 2.42

74% Reduction in Exposure Dose

Copyright © 2020

More effective airflow equals better safety

Paying for 6 ACH but getting VEFF of 2.5 ACH 

Paying for 6 ACH but getting VEFF of 9.7 ACH 
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Construction Elevator Ventilation Investigation

• What is the risk of exposure to 
airborne pathogens

• How effective is supplemental 
ventilation?

Copyright © 2020

The elevator was equipped with a supplemental 

exhaust system

• Airflow was directed to enhance capture and removal
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Airflow was measured to evaluate operation of 

the supplemental exhaust system

• Measurements indicated non-uniform distribution of flow

Copyright © 2020

Airflow Visualization Tests were conducted to Evaluate 

Airflow Patterns Using Mannequins to Simulate Occupants.
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Air Tracer Tests were conducted to evaluate 

ventilation effectiveness 
• Tested conducted with and without operation of the exhaust system

Copyright © 2020

Air Tracer Tests conducted with the exhaust system turned OFF 

indicated high concentrations and spread

Aggregate Exposure Dose = 23 ppm
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Air Tracer Tests conducted with the exhaust system turned ON 

indicated reduced concentrations but transverse flow

Exposure DOSE reduced 93% 

Aggregate Exposure Dose = 1.7 ppm

Copyright © 2020

Airflow Visualization Tests demonstrated value of the 

supplemental exhaust system

Exhaust OFF 
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Airflow Visualization Tests demonstrated value of the 

supplemental exhaust system

Exhaust ON 

Copyright © 2020

Airflow Visualization Tests demonstrated value of the 

supplemental exhaust system
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Training Center Airflow Visualization Tests –

Man A – As Found Conditions

Copyright © 2020

S3

S1 S4

S2

G

S5

S3

S1 S4

S2

S5

G

S3

S1 S4

S2

S5G

Air Tracer Tests were conducted to evaluate Ventilation Effectiveness 

VEFF Test - Aerosol Emission Challenge
• Generation Rate: 2 to 4 lpm

• Record Concentration and Particulate Data (60 minute Cycles)

Test 4- Cycle 1 Test 4 - Cycle 2 Test 4 - Cycle 3

Generation Locations
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VEFF Tests utilize Air Tracers to challenge and quantify 

Ventilation Effectiveness

Air Tracer Generator

Array of Particle Counters and 
Photoionization Detectors (PIDs)

Copyright © 2020

VEFF Test – Training Center With Portable Air Filters OFF

Generation at Center of Room

S3

S1 S4

S2

G

S5

Avg. Dose 

S1-S5

Theoretical

Dose

4.45 1.28

VEFF Test – With Filters

Building 3Flow Room Training Center ACH 4.6

3.5VEFF Factor 
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VEFF Test - Room Ventilation Effectiveness 
S1-S5 Aggregate Concentration and Theoretical Concentration

S1-S5 Agg Theoretical

Ventilation Effectiveness is 
3.5 times worse than 
Theoretical Well-Mixed Case
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Portable Air Filtration Units were installed in the Training Center 

200 cfm
Charcoal 
Pre-filter HEPA filter

Copyright © 2020

VEFF Test – Training Center With Portable Air Filters ON

Building 3Flow Room Training Center ACH 4.6

2.04VEFF Factor 
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VEFF Test - Room Ventilation Effectiveness 
S1-S5 Aggregate Concentration and Theoretical Concentration

S1-S5 Agg Theoretical

Avg. Dose 

S1-S5

Theoretical

Dose

2.60 1.27

Generation at Center of Room

Operation of PAF improved 
Ventilation Effectiveness by 42%
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Ventilation Effectiveness Tests – 3Flow Training Center 

VEFF Test – Generation at Center with Filters VEFF Test – With Filters
Building 3Flow Room Training Center ACH 4.6

2.04VEFF Factor 
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2.60 1.27

Filters Yield 42% Dose Reduction 
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VEFF Test – Training Center With Portable Air Filters OFF

VEFF Test – Generation at Mannequin A

S3

S1 S4

S2

S5

G

Concentrations throughout 
the space increased by 20%
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VEFF Tests – the portable air filters reduced exposure dose

VEFF Test – Generation at Mannequin A

S3

S1 S4

S2

S5

G

Filters OFF Filters OFF

Dose Reduced by 39%

Copyright © 2020

VEFF Tests – the portable air filters reduced exposure dose

VEFF Test – No Filters VEFF Test – With Filters

71% Reduction of 0.3 µm Particles
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VEFF Tests – the portable air filters reduced exposure dose

VEFF Test – No Filters VEFF Test – With Filters

78% Reduction of 0.5 µm Particles

Copyright © 2020

VEFF Tests – the portable air filters reduced exposure dose

VEFF Test – No Filters VEFF Test – With Filters

82% Reduction of 1 µm Particles
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VEFF Tests demonstrated effectiveness of Portable Air Filters

VEFF Test – Filters OFF

VEFF Test – Filters ON

Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 S1 - Channel 1 Channel 2 Channel 3 Channel 1 Channel 2 Channel 3 Channel 1 Channel 2 Channel 3 Channel 1 Channel 2 Channel 3

Dose - 0.3 um Dose - 0.5 um Dose -1 um Dose - 3 um Dose -5 um Dose - 10 um Dose - 0.3 um Dose - 1 um Dose -5 um Dose - 0.3 um Dose - 1 um Dose -5 um Dose - 0.3 um Dose - 1 um Dose -5 um Dose - 0.3 um Dose - 1 um Dose -5 um

Count DOSE 14258319 1901279 66337 10061 5075 1171 9180385 9180385 5053 9312076 38161 4335 9318477 44349 4342 9074730 37653 4286

Date Time S5 - 0.3 um S5 - 0.5 um S5 - 1 um S5 - 3 um S5 - 5 um S5 - 10 um S1 - 0.3 um S1 - 1 um S1 - 5 um S2 - 0.3 um S2 - 1 um S2 - 5 um S3 - 0.3 um S3 - 1 um S3 - 5 um S4 - 0.3 um S4 - 1 um S4 - 5 um

S4 - Meter 9303

Channel 

Particle Size

S5 - Meter 9306 S1 - Meter 9303 - 39006 S2 - Meter 9303 - No. 39008 S3 - Meter 9303  No. 40004

Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 S1 - Channel 1 Channel 2 Channel 3 Channel 1 Channel 2 Channel 3 Channel 1 Channel 2 Channel 3 Channel 1 Channel 2 Channel 3

Dose - 0.3 um Dose - 0.5 um Dose -1 um Dose - 3 um Dose -5 um Dose - 10 um Dose - 0.3 um Dose - 1 um Dose -5 um Dose - 0.3 um Dose - 1 um Dose -5 um Dose - 0.3 um Dose - 1 um Dose -5 um Dose - 0.3 um Dose - 1 um Dose -5 um

Count DOSE 4264813 414965 15402 2449 1214 316 2858324 9325 1162 2749154 8726 1028 2475330 8497 857 2737249 8507 953

Date Time S5 - 0.3 um S5 - 0.5 um S5 - 1 um S5 - 3 um S5 - 5 um S5 - 10 um S1 - 0.3 um S1 - 1 um S1 - 5 um S2 - 0.3 um S2 - 1 um S2 - 5 um S3 - 0.3 um S3 - 1 um S3 - 5 um S4 - 0.3 um S4 - 1 um S4 - 5 um

S4 - Meter 9303

Channel 

Particle Size

S5 - Meter 9306 S1 - Meter 9303 - 39006 S2 - Meter 9303 - No. 39008 S3 - Meter 9303  No. 40004

Average Reduction Across Particle Size Range = 77%

Copyright © 2020

Airflow Visualization Tests – Man A – Portable Air Filters ON and OFF 
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Implement Prudent Safety Measures and Manage Risk

• Discourage infected people from entering the building

• Implement an Airflow Management Program (Coordinate and Communicate)

Item Prudent Measures to Reduce Risk
Risk Level

0 1 2 3 4

1 Administrative Controls X X X X X

2 Masks and Face Coverings X X X X

3 Distancing and Physical Isolation (where possible) X X X X

4 Test and Verify HVAC Function X X X X

5 Consider Airflow Modifications X X X

6 Consider Special In-Room Measures (e.g. Air Purifiers) X X X

7 Utilize Appropriate Personal Protective Equipment X X X

8 Consider Installation of System Filtration X X

9 Consider Installing System Bio deactivation (e.g. UVGI) X X

10 Test and Verify Performance of Safety Measures X X X

Copyright © 2020

Gain Future Resilience through Lifecycle Risk Management
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• Gather Building and Space Information

• Evaluate Space Utilization

• Types of Occupants

• Occupant Density

• Occupant Duration

• Implement Administrative Plans 

• Evaluate HVAC Operation

• Conduct Space Risk Assessment

• Test Performance of Airflow Systems

• Implement Applicable Safety Measures 

• Update Airflow Management Program

Implement an Airflow Management Plan

Prudent Safety 
Measures

Occupant 

Information

Building Space 
Information

Risk 
Assessment

Copyright © 2020

• HVAC Drawings and System Line Diagrams

• Risk Matrices

• Appropriate Flow Specifications

• Key Operating Metrics

• Airflow Controls and Information System

• Standard Operating Procedures

− Maintenance and Routine Tests

− Schedules and Reporting

• Training for Building Stakeholders and Staff

• Management of Change 

An Airflow Management Program enables safer 

spaces now and future resilience

83

84



Covid 19 Aerosols: Investigation & Utilization of Ventilation to Improve Safety Indoors

3FLOW Copyright © 2020 43

Copyright © 2020

Conclusions and Recommendations

• The risk of exposure and transmission of Covid-19 indoors can be 
managed with implementation of a multifaceted plan 

• Spaces can be evaluated to determine relative risk 

• Not all spaces will require change and use of special measures

• Tests and modeling can be applied to evaluate the effectiveness of 
the systems to dilute and remove hazards

• An Airflow Management Program helps ensure proper design and 
operation of the HVAC systems for lifecycle performance

• Coordination, communication and training of key stakeholders  
and building occupants is critical to success

Plan • Assess • Optimize • Manage
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Submit Your Questions 

Thank You!

Thomas C. Smith
919-319-4290

tcsmith@3flow.com
www.3flow.com
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