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SESSION 3
Estimating Risk

WHAT WE’RE GOING TO COVER

SESSION 1
Transmission Paths

SESSION 2
Airborne Mitigation



REVIEW OF SESSION 2
 Increasing outside air ventilation rates can effectively reduce the recirculation risk – but it 

can be difficult to implement and comes with an energy penalty.
 MERV 13 filters are between 85-100% effective at removing potentially infected particles 

from recirculated air.
 HEPA filters approach 100% effectiveness but often require too much pressure drop for a 

retrofit application.
 UVc lighting can effectively reduce active virus particles in a moving airstream.



SESSION 3: ESTIMATING RISK
During the COVID-19 pandemic, engineers have often been asked to inform building owners 
what strategies should be employed to reduce the risk of infection of building occupants. This 
has been a difficult task because we have not been able to accurately quantify the reduction in 
infection risk that will result from a particular strategy. This session uses the Wells-Riley 
equation and our best-known estimates for the quanta generation rate of SARS-COV-2, 
estimated through empirical methods such as Monte Carlo simulations, to help quantify the risk 
reduction of various transmission mitigation strategies.
1. Differentiate between empirical and theoretical equations.
2. Understand how quanta generation rate can be back-calculated from epidemiological case 

studies.
3. Compare the relative virulence of common airborne diseases as described by their known 

quanta generation rates.
4. Quantify the estimated risk of infection for four different scenarios: K-12 classroom, open 

floorplan office space, grocery store, and conference room.
5. Discuss the relative risk reduction of several mitigation strategies, including masks, 

filtration, and increased outside air ventilation based on presented results.



ESTIMATING RISK:
CALCULATING PROBABILITY
OF INFECTION

November 19, 2020



 Used to determine the probability of 
infection of an airborne disease
 Estimates airborne particle (aerosol) 

transmission only
 Already used for diseases like 

- Rhinovirus (common cold)
- SARS
- Measles
- Tuberculosis

WHAT IS WELLS-RILEY?



𝑝𝑝 =
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
= 1 − 𝑒𝑒−𝑛𝑛

 𝑝𝑝 = Probability of infection

 𝑛𝑛 = The "number of quanta inhaled
by a susceptible person"

THE WELLS-RILEY EQUATION
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 Hypothetical infectious dose of a pathogen

 One inhaled quanta represents ~63% chance 

of infection

QUANTUM OF INFECTION (QUANTA)



QUANTA GENERATION RATES OF COMMON PATHOGENS

Infection Disease Reported Value of Quanta 
Generation Rates (q)

Rhinovirus (Common Cold) ~1-10 per hour

Tuberculosis ~1-50 per hour

SARS (SARS-CoV-1) ~10-300 per hour

Influenza ~15-500 per hour

Measles ~570-5600 per hour

COVID-19 (SARS-CoV-2) ???



 Information acquired by observation or 
experimentation rather than theory
- Careful, scientific study of the real-world 

 Steps to find quanta generation rate:
- Find confirmed spread event
- Determine number of infected
- Quantify environmental factors
- Back calculate quanta generation rate that 

correlates with observed infection rate

WHAT IS MEANT BY EMPIRICAL?



HOW DO WE DETERMINE HOW MUCH QUANTA IS INHALED?

𝑝𝑝 = 1 − 𝑒𝑒−𝑛𝑛



Determine 
quanta emitted 
into space by 
an infectious 

person.

Calculate the 
average 

concentration 
of quanta in the 

air. 

Determine how 
much quanta is 

inhaled by a 
susceptible 

person. 

Determine the 
probability of 

infection based 
on quanta 
inhaled.

SOURCE: doi.org/10.1101/2020.06.15.20132027





ASSUMPTIONS

Only focuses on airborne transmission. Does not account for 
large droplet or fomite transfer.

Assumes a fully mixed room – doesn’t increase risk based on 
proximity to the infected person (even though that’s reality).



𝐸𝐸 = 𝑞𝑞 � 𝑁𝑁𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 � (1 − 𝜂𝜂𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑒𝑒 � 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑒𝑒)

 𝐸𝐸 = Emission rate (quanta emitted per hour)
 𝑞𝑞 = quanta generation rate
 𝑁𝑁𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = Number of infectious persons

 𝜂𝜂𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑒𝑒 = efficacy of the masks being worn by the  
infected (filtration efficiency)

 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑒𝑒 = fraction of infected people wearing masks 
(1 if single infected wearing mask)

STEP 1 – QUANTA EMITTED

SOURCE: https://www.medrxiv.org/content/10.1101/2020.06.15.20132027v1

Determine 
quanta emitted 
into space by 
an infectious 

person.

Calculate the 
average 

concentration 
of quanta in the 

air. 

Determine how 
much quanta is 

inhaled by a 
susceptible 

person. 

Determine the 
probability of 

infection based 
on quanta 
inhaled.



STEP 2 – AVERAGE CONCENTRATION

𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎 =
𝐸𝐸
𝜆𝜆𝜆𝜆

� 1 −
1
𝜆𝜆𝜆𝜆

1 − 𝑒𝑒−𝜆𝜆𝜆𝜆

 𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎 = Average concentration of quanta in air

 𝐸𝐸 = Emission rate (quanta emitted per hour)
 𝑉𝑉 = volume of space
 𝐷𝐷 = duration of event
 𝜆𝜆 = sum of first order loss rates (mitigation factors)

SOURCE: https://www.medrxiv.org/content/10.1101/2020.06.15.20132027v1

Determine 
quanta emitted 
into space by 
an infectious 

person.

Calculate the 
average 

concentration 
of quanta in the 

air. 

Determine how 
much quanta is 

inhaled by a 
susceptible 

person. 

Determine the 
probability of 

infection based 
on quanta 
inhaled.



FINDING FIRST ORDER LOSS RATES

𝜆𝜆 = + ++



𝑛𝑛 = 𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎 � 𝑝𝑝 � 𝐷𝐷 � 1 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑖𝑖 � 𝜂𝜂𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑖𝑖

 𝑛𝑛 = number of quanta inhaled
 𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎 = Average concentration of quanta in air

 𝑝𝑝 = pulmonary rate susceptible people
 𝐷𝐷 = duration of exposure
 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑖𝑖 = number of susceptible people wearing masks

 𝜂𝜂𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑖𝑖 = capture efficiency of worn mask

STEP 3 – QUANTA INHALED

SOURCE: https://www.medrxiv.org/content/10.1101/2020.06.15.20132027v1

Determine 
quanta emitted 
into space by 
an infectious 

person.

Calculate the 
average 

concentration 
of quanta in the 

air. 
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infection based 
on quanta 
inhaled.



STEP 4 – PROBABILITY OF INFECTION
𝑝𝑝 = 1 − 𝑒𝑒−𝑛𝑛

 𝑝𝑝 = probability of infection
 𝑛𝑛 = number of quanta inhaled

10%

SOURCE: https://www.medrxiv.org/content/10.1101/2020.06.15.20132027v1
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Determine 
quanta emitted 
into space by 
an infectious 

person.

Calculate the 
average 

concentration 
of quanta in the 

air. 

Determine how 
much quanta is 

inhaled by a 
susceptible 

person. 

Determine the 
probability of 

infection based 
on quanta 
inhaled.



CREDIT TO PROF. JIMENEZ | UNIVERSITY OF COLORADO – BOULDER



UNDERSTANDING 
INFECTION RISK
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UNPACKING PROBABILITY OF INFECTION
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UNPACKING PROBABILITY OF INFECTION



UNPACKING PROBABILITY OF INFECTION



UNPACKING PROBABILITY OF INFECTION



GAMBLER'S FALLACY



INFECTION RISK SCENARIOS

Single event discrete
Single event absolute

Multiple event absolute



SINGLE EVENT DISCRETE



SINGLE EVENT ABSOLUTE

1% 1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1% 1%



https://www.descarteslabs.com/resources/covid-19-now



https://www.descarteslabs.com/resources/covid-19-now



https://www.descarteslabs.com/resources/covid-19-now



PROBABILITY OF AT LEAST ONE

0.0%

20.0%

40.0%

60.0%

80.0%

100.0%

120.0%

0% 5% 10
%

15
%

20
%

25
%

30
%

35
%

40
%

Pr
ob

ab
ilit

y 
of

 a
t L

ea
st

 O
ne

 P
os

iti
ve

Overall Population Infection Rate

Probability of "At Least One“ 
in a 20 Person Gathering



MULTIPLE EVENTS ABSOLUTE

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%

1% 1% 1% 1% 1% 1% 1% 1% 1%



SINGLE EVENT DISCRETE



MITIGATION STRATEGIES



MITIGATION STRATEGIES



MITIGATION FOR QUANTA GENERATED



MECHANICAL/HVAC MEASURES



IN-ROOM MEASURES



BIOLOGY AND PHYSICS



MITIGATION FOR QUANTA INHALED



KEY TAKEAWAYS



KEY TAKEAWAYS
 The Wells-Riley equation gives us a tool for tracking infectious quanta from generation to 

inhalation

 The Quanta Generation Rate is a theoretical value that describes the relative virulence of 
a pathogen

 The Quanta Generation Rate of SARS-COV-2 is unknown



QUIZ TIME 
+ 

5 MINUTE BREAK



ESTIMATING RISK:
FINDING QUANTA GENERATION RATE



RECAP: IMPORTANCE OF QUANTA
 Quanta generation rate is a critical variable for the probability of infection equation 
 Determines the virulence of the disease

 Quanta is unknown for COVID-19; so, how do we find it?

Infectious Disease Reported Value of Quanta 
Generation Rates (q)

Rhinovirus (Common Cold) ~1-10 per hour
Tuberculosis ~1-50 per hour
SARS (SARS-CoV-1) ~10-300 per hour
Influenza ~15-500 per hour
Measles ~570-5600 per hour
COVID-19 (SARS-CoV-2) ???

SOURCE: Indoor Air: International Journal of Indoor Environment & Health | https://onlinelibrary.wiley.com/doi/10.1111/ina.12751



EMPIRICAL ANALYSIS



ORIGIN
 Developed by Stanislaw Ulam – a 

mathematician on the Manhattan Project
 Named for the famed gambling destination 

in Monaco due to the role of chance and 
random outcomes

HOW IT WORKS
 Statistical probability analysis 
 Allows a range of values and expected 

distribution to be applied to unknown 
variables
- Everything from the riskiest outcome to 

the most conservative option and all the 
possibilities in between

MONTE CARLO EXPLAINED



MONTE CARLO EXPLAINED
SOURCE: https://www.palisade.com/risk/monte_carlo_simulation.asp



 Wind energy yield analysis
 Autonomous robotics
 Telecommunications network scenarios
 Climate change forecasting
 Computer graphics – light path tracing in 

video games
 Applied statistics
 Insurance companies
 Business pursuits 

HOW IS MONTE CARLO USED



QUANTIFYING COVID-19: 
EMPIRICAL CASE STUDIES



WHAT WAS OUR STRATEGY?
SIMULATE ACTUAL CASES USING THE WELLS-RILEY AND MILLER EQUATIONS
 Determine the % of people infected in each event
 Enter in all known data about the event 
 Identify unknown inputs and apply industry best practices to estimate their value
 Apply probability functions to these values to quantify uncertainty
 Back calculate for the quanta generation using Monte Carlo



CASE STUDY 1: WASHINGTON 
STATE CHOIR PRACTICE



THE STORY



SIMULATION SETUP

Parameter Value Probability Distribution
Number of People 61 Constant (known)

Number Infected 32 – 53 Pert

Exposure Time 2.5 hour Constant (known)

Volume of Space 810 m3 Constant (known)

Design Primary Air 1.0 CFM/SF Constant (known)

OA Fraction 0.08 – 0.27 Uniform

Filter MERV 11 Constant (known)

Deposition Rate 0.3 – 1.5 Uniform

Inactivation Rate 0 – 0.63 Uniform

Breathing Rate 21.4 – 31.7 L/min Uniform



THE RESULTS - WASHINGTON STATE CHOIR PRACTICE

COVER UP the y axis



CASE STUDY 2: CALL 
CENTER IN SOUTH KOREA



THE STORY
SOURCE: El Pais | https://english.elpais.com/spanish_news/2020-06-17/an-analysis-of-three-covid-19-outbreaks-how-they-happened-and-how-they-can-be-avoided.html



SIMULATION SETUP

Parameter Value Probability Distribution
Number of People 173 Constant (known)

Number Infected 79 (57.7%) Constant (known)

Exposure Time 8 – 10 hour Uniform

Volume of Space 1667 – 2084 m3 Uniform

Design Primary Air 0.5 – 1.5 CFM/SF Uniform

OA Fraction 0.05 – 0.3 Uniform

Filter MERV 7 Constant (known)

Deposition Rate 0.3 – 1.5 Uniform

Inactivation Rate 0 – 0.63 Uniform

Breathing Rate 10.5 – 14.4 L/min Uniform



THE RESULTS - CALL CENTER IN SOUTH KOREA



CASE STUDY 3: RESTAURANT 
IN GUANGZHOU, CHINA



THE STORY
SOURCE: El Pais | https://english.elpais.com/spanish_news/2020-06-17/an-analysis-of-three-covid-19-outbreaks-how-they-happened-and-how-they-can-be-avoided.html



SIMULATION SETUP

Parameter Value Probability Distribution
Number of People 21 Constant (known)

Number Infected 10 (47.6%) Constant (known)

Exposure Time 0.9 – 1.25 hour Uniform

Volume of Space 38 m3 Constant (known)

Design Primary Air 1.0 – 2.0 CFM/SF Uniform

OA Delivered 0.77 ACH Constant (known)

Filter MERV 4 Constant (known)

Deposition Rate 0.3 – 1.5 Uniform

Inactivation Rate 0 – 0.63 Uniform

Breathing Rate 4.2 – 5.8 L/min Uniform



THE RESULTS - RESTAURANT IN GUANGZHOU, CHINA



CASE STUDY 4: BUDDHIST 
RETREAT BUS RIDE



THE STORY



SIMULATION SETUP

Parameter Value Probability Distribution
Number of People 68 Constant (known)

Number Infected 24 (35.8%) Constant (known)

Exposure Time 1.67 hr Constant (known)

Volume of Space 51 m3 Constant (known)

Design Primary Air 4.0 – 6.0 CFM/SF Uniform

OA Flow 0 CFM Constant (known)

Filter MERV 7 Constant (known)

Deposition Rate 0.3 – 1.5 Uniform

Inactivation Rate 0 – 10 Uniform

Breathing Rate 4.2 – 5.8 L/min Uniform



THE RESULTS - BUDDHIST RETREAT BUS RIDE



RESULTS VISUALIZATION



THE RESULTS: ESTIMATED QUANTA GENERATION RATES

Case Study Range Mean Value

Miller, et. al. 680 – 1190 970

Washington State Choir Practice 626 – 1,380 976

Call Center in South Korea 478 – 1,164 798

Restaurant in Guangzhou, China 102 – 233 163

Buddhist Retreat Bus Ride 115 – 318 201



CONCLUSION

Infection Disease Reported Value of Quanta 
Generation Rates (q)

Rhinovirus (Common Cold) ~1-10 per hour

Tuberculosis ~1-50 per hour

SARS (SARS-CoV-1) ~10-300 per hour

Influenza ~15-500 per hour

COVID-19 (SARS-CoV-2) ~100-1100 per hour (est. mean of 600)

Measles ~570-5600 per hour



QUIZ TIME 
+ 

5 MINUTE BREAK



ESTIMATING RISK:
MITIGATION STRATEGIES





MODEL LIMITATIONS
 Assumes fully mixed room.  Doesn’t predict pockets of increased airborne quanta.
 Concentration is averaged over entire time occupied.  Reality it would be worse at the 

end versus the beginning.
 Q is an estimate – not a known value

- ~100-1100 with est. mean of 600



APPLICATIONS WE’LL LOOK AT

GROCERY

OPEN OFFICE

CONFERENCE ROOM

K-12 CLASSROOM



K-12 CLASSROOM



K-12 CLASSROOM



KNOWNS AND INPUTS
ELEMENTARY SCHOOL, AGES 5 THROUGH 11
 800 SQFT with 10 ft. ceilings
 Primary Air of 1350 CFM (1.69 CFM/SF).  Assumed constant for the simulation.
 Outside Air set based on the parent HVAC unit (35% OA).
 20 occupants in the classroom
 1 assumed to be infectious
 Breathing rate of 4.9 L/min. - children 6 to 11 with sedentary activity
 Duration of 5.5 hours
 Q estimate 100-1100 with est. mean of 600



1. Base run with Code OA, MERV 7, no masks, no mitigation

2. MERV 13

3. 100% OA

4. In-duct UVC

5. MERV 13 + UVC

6. MERV 13 + UVC + 100% OA

7. MERV 13 + cloth masks

8. MERV 13 + tight fitting N95 masks

9. Tight fitting N95 masks

10. MERV 13 + cloth masks + in-room HEPA @ 3 ACH

MODELING STRATEGY



WHAT THE RESULTS LOOK LIKE
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K-12 CLASSROOM RESULTS
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K-12 CLASSROOM RESULTS
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K-12 CLASSROOM RESULTS
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 Maximize mask wearing, even when social 
distancing can be maintained.  Masks 
mitigate aerosol and large droplet transfer.
 Maximize air change rate in the space so 

that you can use the filters at the unit.
 Provide MERV 13 filters.
 Keep surfaces clean and wash hands often 

to help reduce fomite transmission.

K-12 CLASSROOM TAKEAWAYS
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KNOWNS AND INPUTS
OPEN OFFICE FLOORPLAN
 32000 SQFT with 10.5 ft. ceilings
 Primary Air of 32,320 CFM (1.01 CFM/SF).  Assumed constant for the simulation.
 Outside Air percentage is 20% OA.
 180 occupants (177 SQFT/person)
 1 assumed to be infectious
 Breathing rate of 12.56 L/min. 
 Duration of 8.0 hours
 Q estimate 100-1100 with est. mean of 600



1. Base run with Code OA, MERV 7, no masks, no mitigation

2. MERV 13

3. 100% OA

4. In-duct UVC

5. MERV 13 + UVC

6. MERV 13 + UVC + 100% OA

7. MERV 13 + cloth masks

8. MERV 13 + tight fitting N95 masks

9. Tight fitting N95 masks

10. MERV 13 + cloth masks + in-room HEPA @ 3 ACH

MODELING STRATEGY
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 Relatively low risk on an open office plan 
with large volume and low density.  
 Model is only assuming a single infectious 

person out of 180 occupants.
 Policies allowing masks removal at a 

person's desk result in a "no mask" 
scenario - 3x risk.
 Very hard to predict open office because of 

the behavior of the occupants. 
- They move around a lot and congregate 

in areas where large droplet and fomite 
transfer could be risky.

 Moving to a conference room or personal 
office for an hour changes risk profile 
significantly. 
- Not reflected in this simulation.

OPEN OFFICE TAKEAWAYS
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KNOWNS AND INPUTS
GROCERY SALES FLOOR/RETAIL AREA
 20,000 SQFT with 14 ft. ceilings
 Primary Air of 10,000 CFM (0.5 CFM/SF). 
 4000 CFM of OA
 160 occupants (125 SQFT/person)
 1 assumed to be infectious
 Breathing rate of 14.56 L/min. 
 Duration of 45 minutes
 Q estimate 100-1100 with est. mean of 600



1. Base run with Code OA, MERV 7, no masks, no mitigation

2. MERV 13

3. 100% OA

4. In-duct UVC

5. MERV 13 + UVC

6. MERV 13 + UVC + 100% OA

7. MERV 13 + cloth masks

8. MERV 13 + tight fitting N95 masks

9. Tight fitting N95 masks

10. MERV 13 + cloth masks + in-room HEPA @ 3 ACH

MODELING STRATEGY



GROCERY STORE RESULTS
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 The risk is low starting out because of the 
large volume and high ventilation.
 Model is only assuming a single infectious 

person out of 160 occupants.
- May be more appropriate to estimate 

more than one person infected in the 
space.

 Mitigation strategies help, but only cut down 
on an already low risk.
- Masks are the most reliable strategy.
 Aerosolized quanta probably won’t be 

uniform across the large volume.
 Fomite and large droplet transmission paths 

need to be considered.  
- Social distancing and hand sanitizer are 

best practices for a grocery store.

GROCERY STORE TAKEAWAYS
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KNOWNS AND INPUTS
OFFICE CONFERENCE ROOM
 ~300 SQFT with 10 ft. ceilings
 Primary Air of 296 CFM (1.00 CFM/SF). 
 Outside Air determined by ASHRAE 62.1.  Results in 97 CFM OA
 12 occupants (25 SQFT/person)
 1 assumed to be infectious
 Breathing rate of 12.56 L/min. 
 Duration of 1 hour
 Q estimate 100-1100 with est. mean of 600



1. Base run with Code OA, MERV 7, no masks, no mitigation

2. MERV 13

3. 100% OA

4. In-duct UVC

5. MERV 13 + UVC

6. MERV 13 + UVC + 100% OA

7. MERV 13 + cloth masks

8. MERV 13 + tight fitting N95 masks

9. Tight fitting N95 masks

10. MERV 13 + cloth masks + in-room HEPA @ 3 ACH

11. MERV 13 + cloth masks + in-room HEPA @ 6 ACH

MODELING STRATEGY



CONFERENCE ROOM RESULTS
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CONFERENCE ROOM RESULTS
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 This is risky.  
 Don’t do in-person conferences. 
 Aerosol transmission is more likely in a 

confined space.
 Good application for in-room/portable HEPA 

filter.
 Masks are essential.

CONFERENCE ROOM TAKEAWAYS
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FINAL RESULTS
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QUIZ TIME 
+ 

5 MINUTE BREAK



TYING IT ALL TOGETHER





THE WHY BEHIND THIS CONVERSATION

VIROLOGISTS
+

EPIDEMIOLOGISTS

ENGINEERS
+

BUILDING SYSTEMS 
EXPERTS



HENDERSONENGINEERS.COM
HENDERSONBUILDING.COM

THANK YOU
Justin Older PE | Mechanical Technical Director
justin.older@hendersonengineers.com

Dustin Schafer PE | Director of Engineering
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