Hessler J and Lehner N. eds. 2009. Planning and Designing Research Animal Facilities, Elsevier Academic Press, San Diego, CA

Chapter 34 Heating, Ventilation and Air Conditioning (HVAC): Special Considerations, pp. 461-476

QUESTIONS:

1.
What is the primary function of the HVAC system?

a.
Stabilize the macro-environment for the animals

b.
Stabilize the micro-environment for the animals

c.
Provide a comfortable and healthy work environment for people

d.
All of the above

2.
True or False:  HVAC systems are responsible for removing airborne particles and gaseous contaminants generated in the animal room.

3.
What determines the quality of air supplied to a facility?

a.
Urban or rural location

b.
Weather patterns

c.
Air source and extent of filtration

d.
Above ground or underground construction

4.
Which is (according to the text) the most cost-effective efficiency rating for HEPA filters?

a. 
85%

b.
95%

c.
96.3%

d.
99.7%

5.  
Which of these may be the most cost-effective use of HEPA filtered supply air?

a.
Task-directed (ventilated cages and change cabinets)

b.
Clean hallways, positive pressure to contaminated rooms

c.
Whole-room supply

d.
Garbing and de-garbing areas

6.
What does MAD stand for in regard to HVAC in vivarium spaces?

a.
Minimal Air Displacement

b.
Mouse Air Decontamination

c.
Multiple Absolute Depressurization

d.
Mass Air Displacement

7.
MAD clean rooms were popular in the early 1970s to the mid 1980s. What was the range of air changes involved with a MAD clean room system?

a.
150-600 per hour

b.
15-60 per hour

c.
10-15 per hour

d.
1000-2000 per hour

8.
What should be the fresh air to recirculated air relationship in an animal facility?

a.
0% fresh air, 100% recirculated

b.
50% fresh air, 50% recirculated

c.
75% fresh air, 25% recirculated

d.
100% fresh air, 0% recirculated

9.
True or False:  Recommended air changes per hour (ACH) for animal rooms range from 20-25.

10.
How should optimal ventilation rates be determined?


a.
Polling peer institutions to get a consensus

b.
Calculate the value based on heat loads, local exhaust airflow and barrier or containment requirements

c.
Amount of traffic that is expected in and out of the room

d.
Species and housing type

11.
From an occupational health standpoint, controlling ______ _______ is the top priority.

12.
In a room where micro-isolation caging is used:


a.
The cage and the room will be the same temperature


b.
The cage may be several degrees cooler than the room


c.
The room may be several degrees cooler than the cage


d.
There is no way to determine this without more information

13.
Exhausting air from negative-pressure rodent cages directly to the building’s exhaust system has which attribute

a.
Gas and particulate contaminants are prevented from entering the room (macro-environment)

b.
Gas is prevented from entering the room, but particulates are not

c.
Gas is not prevented from entering the room, but particulates are

d.
Neither gas nor particulate contaminants are prevented from entering the room

14.
Which of the following is NOT included when calculating a heat load for animal housing rooms:

a.
heat production of biosafety cabinets

b.
heat production of the animals

c.
heat production from rack blowers

d.
All of the above should be included when calculating heat load for animal housing rooms

15.
Which cage set up may reduce the animal heat load in a room up to 33%?

a.
Positive pressure ventilated cages

b.
Ventilated micro-isolation caging with exhaust directly into facility exhaust

c.
Conventional open top caging

d.
Static micro-isolation caging

16.
Which species will typically produce the highest animal-related heat load?


a.
Dogs


b.
Primates


c.
Mice


d.
Rats

17.  
_______ ______ ______ systems automatically maintain temperature, humidity and air quality by adjusting airflow based on actual loads

18.
What are the two most common room pressurization methods for laboratories?

a.
volumetric offset control and active pressurization

b.
pressure/volume interaction and active pressurization

c.
volumetric offset control and passive pressurization

d.
volumetric offset control and active CFM control

19.
True or False:  Volumetric offset control is the less common method to control supply and exhaust throughout the facility because it requires more maintenance and is less stable over time.

20.
Properly sealing the room and having reliable equipment and controls are key to what?

a.
Airflow in BSL 3 facilities only

b.
Keeping ACH at 8

c.
Proper balancing

d.
Monitoring barrier status

21.
For rooms balanced negative to the corridor vs positive to the corridor, which of the following is TRUE? 

a.
Rooms negative to the corridor are “cleaner” than those positive to the corridor

b.
Rooms negative to the corridor help prevent escape of allergens and odors into the corridors

c.
Rooms positive to the corridor help prevent escape of allergens and odors into the corridors

d.
Rooms positive to the corridor will help contain a break in SPF status for barrier colonies

22.
What extra exhaust considerations should be made in cagewash areas?

a.
Hard-ducting of washing equipment

b.
Exhaust canopy at entrance of washer

c.
Exhaust canopy at exit of washer

d.
All of the above

23.
Redundancy of exhaust systems, special attention to eliminating cross drafts by diffuser selection and possible large increases in ACH are consistent with what room in the vivarium?


a.
Biocontainment


b.
Procedure rooms


c.
Cage wash


d.
Conventional housing

24.
Why does special attention need to be paid to exhaust for autoclaves?


a.
They are unique to animal facilities


b.
They produce a large heat load


c.
In animal facilities, they often produce high odor levels


d.
b and c

25.
Fan/filter modules for ventilated racks have what special HVAC consideration?


a.
Additional heat load created by the modules


b.
Additional heat load plus whether it is wall mounted or rack mounted


c.
Both of these


d.
None of the above

26.
What’s the best way to remove particulates and gaseous contaminants from the cage exhaust air?


a. 
HEPA filtration


b.
Condensate coil


c.
Coupling rack exhaust to room exhaust


d.
None of the above

27.
True or False: Rooms which exhaust rack air into the room have a higher heat load than rooms that exhaust rack air directly into the building exhaust system.

28.
Which of the following was NOT listed as a strategy for dealing with dust generated inside rodent cages?


a.
Filter the air at the cage level


b.
Filter between the rack and the facility exhaust


c.
Filter in the exhaust ducts before the heat recovery coils


d.
Use low-dust bedding and low-dander mice

29.
“Historically” what was the generally accepted layout for the most effective animal room ventilation pattern?


a.
Supply at the ceiling and exhaust at the ceiling


b.
Supply at the ceiling and exhaust at the floor


c.
Supply at the floor and exhaust at the floor


d.
Supply at the floor and exhaust at the ceiling

30.
In rooms with ventilated caging, location of room supply and exhaust is MORE/LESS important than in rooms with open topped cages.

31.
Which of the following is the most likely to need supplemental humidification in cool weather?


a.
Dog rooms


b.
Primate rooms


c.
Rodent breeding rooms


d.
Rabbit rooms

32.
Controls for the reheat coils should fail in the OPEN/CLOSED position. This will keep the room from getting too HOT/COLD.

33.
Which of the following is NOT a reason that “clean steam” preferred over regular “boiler steam” for humidification purposes and for autoclaves in animal spaces?


a.
Chemical boiler additives have been shown to be unsafe

b.
Chemical boiler additives may alter an animal’s biological response to an experimental variable

c.
The amount of additives varies seasonally and so could be an unintended variable


d.
All of the above are reasons to use “clean steam” over regular steam.

34.
Which critical HVAC components should have redundancy built into the system?


a.
Exhaust fans, bedding change stations and laminar flow hoods


b.
Air handlers, exhaust fans, water pumps, hot water heaters


c.
Chillers and building automation systems


d.
B and C

35.
If you design a redundant system with three parallel units, how much of the workload should each be able to handle?


a.
25%


b.
33%


c.
50%


d.
75%

36.
The importance of air system redundancy is much HIGHER/LOWER for biocontainment laboratories and housing than “regular” vivarium space.

37.
What is an advantage of having an independent environmental monitoring system managed by the animal facility staff?

a.
Using only the integrated building monitoring system doesn’t meet requirements in The Guide regarding facilities

b.
There is redundancy in using both systems so discrepancies can be investigated and possible disasters averted

c.
Non-animal facility personnel responsible for the building management system are inherently unreliable

d.
None of the above provides an advantage to having two monitoring systems.

38.
True or False:  So-called “Yellow Alerts” denote emergency situations that must be addressed immediately due to the threat to human or animal well-being.

39.
True or False:  The primary source of ambient noise in the vivarium is the HVAC system.

ANSWERS:

1.
d

2. 
True

3.
c

4.
b

5.
a

6.
d

7.
a

8.
d

9.
False. 10-20 ACH

10.
b

11.
animal allergens

12.
c

13.
a

14.
d

15.
b

16.
d

17.
variable air volume (VAV)

18.
a

19.
False.  Volumetric offset control is more common due to the inherent stability during balancing and during the life of the facility

20.
c

21.
b

22. 
d

23.
a

24.
d

25.
a

26.
c

27.
True

28.
d

29.
b

30.
less

31.
c

32.
closed, hot

33.
a

34.
d

35.
c. (So if one is down for repairs, each of the others together can manage 100% of the needed output)

36.
Higher

37.
b

38.
False. This would be a “Red Alarm” as defined in the text.

39.
True

