PARADIP PORT TRUST
MEDICAL DEPARTMENT
e-File Number-Medical/Medical/330/HVACMechVentUVGI/2021/1819

dated 15.11.2021

Expression of Interest -cum-Budgetary offer from Firms having expertise in
Architecture Designing, & Planning; Installation of HVAC System, Mechanical Ventilation
System & UVGI in Paradip Port Trust Hospital as per the attached Scope of Work at Annexure-I.
Medical Department, Paradip Port Trust, Paradip invites willingness along with relevant
documents from reputed Firms having expertise in Architecture Designing, & Planning; Installation
of HVAC System, Mechanical Ventilation System & UVGI in Paradip Port Trust Hospital.
The documents shall be submitted in sealed cover, super-scribed, “Expression of Interestcum-Budgetary offer for Architecture Designing, & Planning; Installation of HVAC System,
Mechanical Ventilation System & UVGI in Paradip Port Trust Hospital.”
The willingness along with relevant documents must reach the Chief Medical Officer of the
Paradip Port Trust within 5 PM of 26.11.2021 in the following address;
Chief Medical Officer,
Paradip Port Trust,
Paradip, Jagatsinghpur
PIN-754142

Scope of the Work:
1. Supply, Installation, Testing and Commissioning of HVAC System (VRF)+HEPA, &
Negative Pressure; mechanical ventilation, and Ultraviolet Germicidal Irradiation (UVGI)
at the Airborne Infection Isolation Ward.
a. Negative Pressure Single Rooms: AII isolation room with anteroom:

i.

a negative pressure differential of >2.5 Pa (0.01-inch water gauge), measured at the
door between patient room and anteroom. Pressure difference between ante-room, and
patient room.
ii. the pressure differential of an anteroom can be positive relative to the patient in the
room. Anteroom if air is directly exhausted to the outside and a minimum of 10 ACH.
iii. an airflow differential >125-cfm (56 L/s) exhaust relative to supply.
iv. sealing of the room, allowing approximately 0.5 square feet (0.046 sq.
metre) leakage; and
v. an exhaust to the outside, through HEPA-filter (true-HEPA membrane filters rated to
remove 99.97% of 0.3 micron particles, HEPA 13 EN 1822)
vi. sealed room with approximately 0.5-sq. ft. leakage;
vii. clean to dirty air flow
viii. ≥12 air changes per hour (ACH)
ix. Airborne infection isolation room perimeter walls, ceilings, and floors, including
penetrations, shall be sealed tightly so that air does not infiltrate the environment from
the outside or from other spaces..
x. Rooms shall have a permanently installed visual mechanism to constantly monitor the
pressure status of the room when occupied by patients with an airborne infectious
disease. The mechanism shall continuously monitor the direction of the airflow.
b. VRF with Air Exchange:

i.

Minimum air-changes per hour (ACH) > 12; Equivalent 80–160 litres/
second/patient

ii. Exhaust air from each room shall not mix centrally, passes through HEPA machine
in room, or in duct; blown outside by exhaust.
iii. Temperature maintained: 24-30 degree Celsius
iv. Relative Humidity (RH): 60-70%
v. Cassette type
vi. Remote controlled
c. HAPA Filtration for exhaust air, & Inflow air to be fixed to HVAC:
i.
(true-HEPA membrane filters rated to remove 99.97% of 0.3 micron particles, EN-

1822 HEPA 13 blocking Most Penetrating Particle Size) to be attached to the HVAC.
d. OPD & Other Areas (In ARIIW):
Hybrid Ventilation: Natural + Mechanical

i. > 6 ACH: >40 litres/ second/ patient
ii. In mechanically ventilated airborne precaution rooms, to control the direction
of air flow the pressure of the room should be maintained slightly less than the
pressure of the entry area (i.e. “negative pressure”), so that air flows into the
room when doors are open: clean-to-dirty airflow.
iii. Suitable Exhaust fans, and fans to push air inside should be installed.
e. Ultraviolet Germicidal Irradiation (UVGI): As a supplemental air-cleaning measure,
UVGI predominantly at a wave-length of 254 nm.
i.

In general, one rule of thumb is to install the required number of fixtures necessary to
achieve continuous, uniform upper-air exposure, is approximately 30 W UV lamp power
for every 200 ft2 (19 m3) of floor area.

2. Supply, Installation, Testing and Commissioning of VRF+HEPA and mechanical

ventilation + Ultraviolet Germicidal Irradiation (UVGI) of Emergency Department (ED).
i. Patient Bed: VRF with Re-circulating + HEPA
ii. Other Rooms: VRF with Re-circulating air + HEPA
iii. Open Lobby: UVGI
3. Supply, Installation, Testing and Commissioning of VRF+HEPA System at Existing
Operation Theaters Complex;
i.
Conventional operating-room ventilation systems produce a minimum of about
15 ACH of filtered air for thermal control, three (20%) of which must be fresh
air. Air should be introduced at the ceiling and exhausted near the floor.
ii.

Other Rooms (3 nos.) in OT Complex : VRF with Recalculating air + HEPA

Note:
(i)

(ii)

Drawings of the three places, namely, (1) two floors of Airborne Infection Isolation
Ward (ARIIW), (2) Emergency Department, and existing Operation Theater are attached
for your guidance. The air-conditioning requirements with suggested power have been
indicated (in the ARIIW , and ED) in the drawing for your reference (can be altered).
The Firm has to go through the attached drawings and workout the capacity of UVGI
lights as well as the capacity of Indoor units of VRF System/Mechanical Ventilation
System as per the specified technical details provided in the Scope of Work, to be
provisioned in the intended areas. The Firm has to accordingly devise the Bill of
Quantity for the intended works in its’ offer to be submitted to PPT Hospital. The duct
system shall be of Stainless steel of Grade 316. The refrigerant to be used shall be
environmental friendly R410A/407C. The condenser and refrigerant pipes shall be of
Copper of 18/20 Gauge.

(iii)

The VRF System shall be of Mitsubishi/Hitachi/Blue Star/Carrier/Panasonic make and
the Mechanical Ventilation System shall be from similar reputed Firm.

(iv)

The work shall be executed on turnkey basis. The assessment of all requirements shall be
made by the Firm only.

(v)

No repair/restoration work including any other related Civil/Mechanical work arising out
of the installation and commissioning of the intended system shall be in PPT’s scope.
PPT’s scope will be limited to providing power supply to the required system/units.

(vi)

The Firm, in its’ BOQ, shall include all items of work as described in the attached Scope
of Work as per Annexure-I.

Site Visit: Any authorized official(s)/Engineer(s) is allowed to visit the sites, under
construction (ARIIW, and ED), and existing Operation Theatre on any working day
from 09.00 AM to 05.00 PM, with prior intimation/permission.
Any canvassing, illegal gratification or bribing in any form, by any Firm will make the Firm
liable for action deemed proper.
For any doubt, clarification, please contact the Chief Medical Officer, Paradip Port Trust,
email: cmo@paradipport.gov.in, (M) 8763004955, latest by 05:00 PM on 19/11/2021.

Chief Medical Officer,
Paradip Port Trust

Annexure-I
Architecture Designing, & Planning; Installation of HVAC System, & UVGI in
Airborne Infection Isolation Ward, Emergency Department, and Operation
Theatre in PPT Hospital, Paradip
Hospitals should be a safe haven for those who are sick, but the truth is that they are often hotspots
for highly transmissible infectious diseases, such as Methicillin-resistant Staphylococcus aureus
(MRSA), norovirus, Clostridium difficile, tuberculosis, and, most recently, COVID-19. To combat
the spread of COVID-19, hospitals are scrambling to implement measures to safely handle the
increase in demand on their facilities. It is required that the facilities are well-prepared to handle an
infectious disease epidemic.
Airborne and Droplet Transmission
Airborne transmission happens as soon as fine microbial particles comprising of pathogens stay up in the air
for a long period, spread extensively by air flows and may cause infection when a vulnerable person inhales
the infectious airflow. There is growing anxiety that the coronavirus may remain airborne under favorable
conditions for long, resulting in transmission of infection, in addition to the droplet infection. Droplet
transmission takes place when viruses travel on comparatively large respiratory droplets (> 10 μm) that
people sneeze, cough, or exhale when talking or breathing - primary aerosolization. A single cough or sneeze
in a corridor, lobby, or passage can discharge thousands of droplets, (up to 40,000) at speed of up to 50–
200 miles per hour, each droplet comprising millions of viral particles.
Types of Ventilations:

1. HVAC System:
Heating, ventilation, and air conditioning (HVAC) systems in health-care facilities are designed
to
a. maintain the indoor air temperature and humidity at comfortable levels for staff, patients, and
visitors;
b. control odors;
c. remove contaminated air;
d. facilitate air-handling requirements to protect susceptible staff and patients from airborne health-care
associated pathogens; and
e. minimize the risk for transmission of airborne pathogens from infected patients.35, 120

An HVAC system includes an outside air inlet or intake; filters; humidity
modification mechanisms (i.e., humidity control in summer, humidification in
winter); heating and cooling equipment; fans; ductwork; air exhaust or out-takes; and
registers, diffusers, or grilles for proper distribution of the air.
The System should comply with the American Society of Heating, Refrigeration, and AirConditioning Engineers [ASHRAE] standards.

Outdoor air and recirculated air pass through air cleaners (e.g., filter banks) designed to reduce the
concentration of airborne contaminants. Air is conditioned for temperature and humidity before it enters the
occupied space as supply air. Infiltration is air leakage inward through cracks and interstitial spaces of walls,
floors, and ceilings. Exfiltration is air leakage outward through these same cracks and spaces. Return air is
largely exhausted from the system, but a portion is recirculated with fresh, incoming air.

Engineering controls to contain or prevent the spread of airborne contaminants center on
b. local exhaust ventilation [i.e., source control],
c. general ventilation, and
d. air cleaning.

General ventilation encompasses
a.
b.
c.
d.

dilution and removal of contaminants via well-mixed air distribution of filtered air,
directing contaminants toward exhaust registers and grilles via uniform, non-mixed airflow patterns,
pressurization of individual spaces relative to all other spaces, and
pressurization of buildings relative to the outdoors and other attached buildings.

A centralized HVAC system operates as follows. Outdoor air enters the system, where lowefficiency or “roughing” filters remove large particulate matter and many microorganisms. The air
enters the distribution system for conditioning to appropriate temperature and humidity levels,
passes through an additional bank of filters for further cleaning, and is delivered to each zone of the
building. After the conditioned air is distributed to the designated space, it is withdrawn through a
return duct system and delivered back to the HVAC unit. A portion of this “return air” is exhausted
to the outside while the remainder is mixed with outdoor air for dilution and filtered for removal of
contaminants. Air from toilet rooms or other soiled areas is usually exhausted directly to the
atmosphere through a separate duct exhaust system.

Temperature:

HVAC systems in health-care facilities are often single-duct or dual-duct systems. A single-duct
system distributes cooled air throughout the building and uses thermostatically controlled reheat
boxes located in the terminal ductwork to warm the air for individual or multiple rooms. The dualduct system consists of parallel ducts, one with a cold air stream and the other with a hot air stream.
A mixing box in each room or group of rooms mixes the two air streams to achieve the desired
temperature.
Humidity
Relative humidity measures the percentage of saturation. At 100% relative humidity, the air is
saturated. For most areas within health-care facilities, the designated comfort range is 40%–60%
relative humidity.
Ventilation

Ventilation guidelines are defined in terms of air volume per minute per occupant and are based on
the assumption that occupants and their activities are responsible for most of the contaminants in the
conditioned space. Most ventilation rates for health-care facilities are expressed as room ACH. Peak
efficiency for particle removal in the air space occurs between 12 ACH–15 ACH. Ventilation rates
vary among the different patient-care areas of a health-care facility.
Pressurization

Positive and negative pressures refer to a pressure differential between two adjacent air spaces (e.g.,
rooms and hallways). AII rooms are set at negative pressure to prevent airborne microorganisms in
the room from entering hallways and corridors.
Filtration
Filter Types and Methods of Filtration

Filtration, the physical removal of particulates from air, is the first step in achieving acceptable
indoor air quality. During filtration, outdoor air passes through two filter beds or banks (with
efficiencies of 20%–40% and ≥90%, respectively) for effective removal of particles 1–5 μm in
diameter. The low-to-medium efficiency filters in the first bank have low resistance to airflow, but
this feature allows some small particulates to pass onto heating and air conditioning coils and into
the indoor environment. Incoming air is reconditioned for temperature and humidity before being
filtered by the second bank of filters.
The second filter bank usually consists of high-efficiency filters. HEPA filters are at least 99.97%
efficient for removing particles ≥ 0.3 μm in diameter.
In-line disposable pre-filter is followed by a filter that is 90% efficient, called progressive
filtration is required. HEPA filters are to be fixed into the HVAC system.

2. Natural Ventilation

3. Mechanical Ventilation
a. Exhaust, and Fans

****

Scope of Work:
i.

Airborne Respiratory Infection Isolation Ward (Single Rooms 5G+6F1):

a. Negative Pressure Single Rooms: AII isolation room with anteroom engineering features
include:
 a negative pressure differential of >2.5 Pa (0.01-inch water gauge), measured at the door
between patient room and anteroom. Pressure difference between ante-room, and patient room.
 The pressure differential of an anteroom can be positive or negative relative to the patient in
the room. An anteroom is positive relative to the air space in the patient’s room, staff members
do not have to mask prior to entry into the anteroom if air is directly exhausted to the outside
and a minimum of 10 ACH.
 an airflow differential >125-cfm (56 L/s) exhaust relative to supply
 sealing of the room, allowing approximately 0.5 square feet (0.046 sq.
metre) leakage; and
 an exhaust to the outside, through HEPA-filter (true-HEPA membrane filters rated to remove
99.97% of 0.3 micron particles (HEPA 13 EN 1822).
 sealed room with approximately 0.5-sq. ft. leakage;
 clean to dirty air flow
 ≥12 air changes per hour (ACH)
 Airborne infection isolation room perimeter walls, ceilings, and floors, including penetrations,
shall be sealed tightly so that air does not infiltrate the environment from the outside or from
other spaces.
 Airborne infection isolation room(s) shall have self-closing devices on all room exit doors.
 Rooms shall have a permanently installed visual mechanism to constantly monitor the
pressure status of the room when occupied by patients with an airborne infectious disease.
The mechanism shall continuously monitor the direction of the airflow.

Engineered specifications for negative pressure rooms*
Engineering
characteristics

Negative
pressure
(e.g., airborne infection isolation [AII])

Pressure differentials

> −2.5 Pa (0.01″ water gauge)

areas

Air changes per hour
≥12 (for renovation or new construction)
(ACH)

Filtration efficiency

Supply: 90% (dust spot test) Return: 99.97% @ 0.3 μm DOP (dioctylphthalate
particles
of
0.3
μm
diameter);
HEPA filtration of exhaust air from AII rooms should not be required, providing that
the exhaust is properly located to prevent re-entry into the building.

Room
direction

In to the room

airflow

Clean-to-dirty airflow
Towards the patient (airborne disease patient)
in room
Ideal
differential

pressure

> −2.5 Pa

§ Pa is the abbreviation for Pascal, a metric unit of measurement for pressure based on air velocity;
250 Pa equals 1.0 inch water gauge.

Example of negative-pressure room control for airborne infection isolation (AII)

Stacked black boxes represent patient’s bed. Long open box with cross-hatch represents supply air. Open
boxes with single, diagonal slashes represent air exhaust registers. Arrows indicate direction of air flow.
§ Negative-pressure room engineering features include negative pressure (greater exhaust than supply air
volume); pressure differential of 2.5 Pa (0.01-in. water gauge); air flow volume differential >125-cfm
exhaust versus supply; sealed room, approximately 0.5-sq. ft. leakage; clean to dirty air flow; monitoring;
≥12 air changes per hour (ACH); and exhaust to outside through HEPA-filtered
¶ This diagram is a generic illustration of air flow in a typical installation. Alternative air flow arrangements
are recognized.
Example of airborne infection isolation (AII) room with anteroom and neutral anteroom

The top diagram indicates air flow patterns when patient with only airborne infectious disease occupies room.
Middle and bottom diagrams indicate recommended air flow patterns when room is occupied by
immunocompromised patient with airborne infectious disease. Stacked black boxes represent patient beds.
Long open boxes with cross-hatches represent supply air. Open boxes with single, diagonal slashes represent
air exhaust registers. Arrows indicate directions of air flow.
f.

VRF with Air Exchange:
vii. Minimum air-changes per hour (ACH) > 12; Equivalent 80–160 litres/ second/patient
viii. Exhaust air from each room shall not mix centrally, passes through HEPA machine in room, or
in duct; blown outside by exhaust.
ix. Temperature maintained: 24-30 degree Celsius
x. Relative Humidity (RH): 60-70%
xi. Cassette type
xii. Remote controlled

g. HAPA Filtration for exhaust air, & Inflow air to be fixed to HVAC:
 (true-HEPA membrane filters rated to remove 99.97% of 0.3 micron particles, EN-1822
HEPA 13 blocking Most Penetrating Particle Size) to be attached to the HVAC.

b. OPD & Other Areas (In ARIIW):
Hybrid Ventilation: Natural + Mechanical
In a simple hybrid (mixed-mode) ventilation system, mechanical and natural forces are combined in a two-mode system
where the operating mode varies according to the season, and with individual days, reflecting the external environment
and taking advantage of ambient conditions at any point in time.
Mixed-mode ventilation systems are ventilation systems designed to use natural ventilation and change to mechanical
ventilation when the airflow rate is not adequate.

i. > 6 ACH: >40 litres/ second/ patient
ii. In mechanically ventilated airborne precaution rooms, to control the direction
of air flow the pressure of the room should be maintained slightly less than the

pressure of the entry area (i.e. “negative pressure”), so that air flows into the
room when doors are open: clean-to-dirty airflow.
iii. Suitable Exhaust fans, and fans to push air inside should be installed.

Ultraviolet Germicidal Irradiation (UVGI):
As a supplemental air-cleaning measure, UVGI is effective in reducing the transmission of airborne
bacterial and viral infections in hospitals. Most commercially available UV lamps used for
germicidal purposes are low-pressure mercury vapor lamps that emit radiant energy predominantly
at a wave-length of 254 nm.
Two systems of UVGI have been used in health-care settings – duct irradiation and upper-room air
irradiation. In duct irradiation systems, UV lamps are placed inside ducts that remove air from
rooms to disinfect the air before it is recirculated. When properly designed, installed, and
maintained, high levels of UVGI can be attained in the ducts with little or no exposure of persons in
the rooms.
Upper-room UVGI systems are considered supplemental to ventilation systems especially in larger rooms. Also, as an
adjunct to ventilation systems, upperroom UVGI can be used in AIIRs where presumptive or confirmed DR-TB patients
are isolated or in service areas where high-risk procedures are performed (e.g., bronchoscopy, sputum induction).

Relative humidity (RH) should be controlled to between 25% and 60% where upper-room UVGI
systems are installed. This is consistent with the American Institute of Architects (AIA) and the
American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) recommendations that the RH affecting patient care areas in hospitals and outpatient facilities range from
30% to 60% RH.
In upper-room air irradiation, UV lamps are either suspended from the ceiling or mounted on the
wall. Upper air UVGI units have two basic designs:
a. a “pan” fixture with UVGI unshielded above the unit to direct the irradiation upward and
b. a fixture with a series of parallel plates to columnize the irradiation outward while preventing the
light from getting to the eyes of the room’s occupants.

The germicidal effect is dependent on air mixing via convection between the room’s irradiated
upper zone and the lower patient-care zones.

UVGI effectiveness is affected by:
• Intensity of the radiation—depends on the wattage, condition, and age of the lamp. The
intensity of radiation fades over time as the filament ages, and drops sharply as dust
accumulates on the lamp.
• Length of exposure time—depends on how quickly air containing infectious particles
moves past the lamp
• Proximity of infectious particles to the UVGI lamp—the placement and number of lamps used
should be sufficient to bring radiation of adequate intensity to enough air volume.
• Mixing of air - inadequate air mixture has been shown to dramatically reduce the
effectiveness of UVGI. Without air mixture, in effect UVGI will sterilize the same
volume of air repeatedly, and not dilute contaminated air with the sterilized air.
• Relative humidity—UVGI effectiveness decreases with increasing humidity, as water
vapor absorbs UVGI at the germicidal wavelength of 254nm. UVGI is not recommended
for rooms in which the relative humidity of the air is greater than 70%.
UVGI Safety Considerations:
Overexposure to UVGI can cause painful but transient dermatitis or keratoconjunctivitis, similar to
that caused by sun overexposure. The 8-hour exposure dose limit (threshold limit value) for
germicidal UV is 6.0 mJ/cm2. This translates to 0.2 uW/cm2 of measured UV intensity at eye level
for areas where exposure will be constant everyday, such as the head of the patient’s bed. In other
areas where persons would be present only transiently, such as hallways, the intensity could be up to
2.0 uW/cm2
The only way to tell if an installation is safe is to measure radiation levels in the occupied part of the
room. Measurements should be made at numerous locations and elevations where people may be
exposed for long time periods. For example, in an inpatient ward, readings should be taken at the
heads of beds as well as the center and corners of the room.
Planning a UVGI installation:
In general, one rule of thumb is to install the required number of fixtures necessary to achieve
continuous, uniform upper-air exposure. Some sources have suggested approximately 30 W UV lamp
power for every 200 ft2 (19 m3) of floor area, though this rule of thumb would be adjusted based on
local building features. UVGI fixtures should usually not be open, directed at the ceiling, unless the
area is one where persons will not be ontinuously exposed, like a corridor. Open upper air bulb
installations frequently create high reflectivity, and tend to accumulate dust easily on the bulb,
requiring frequent cleaning and maintenance.

The base of the lamp is shielded to direct the radiation upward and outward to create an intense zone
of UVGI in the upper room while minimising the level of UVGI in the lower (occupied) portion of
the room.
ii.

iii.

Emergency Department:
iv. Patient Bed: VRF with Re-circulating + HEPA
v. Other Rooms: VRF with Re-circulating air + HEPA
vi. Open Lobby: UVGI
Operation Theatre:
VRF with Air Change+ HEPA
Operating rooms typically do not have a variable air handling system. Variable air handling
systems are permitted for use in operating rooms only if they continue to provide a positive
pressure with respect to the corridors and adjacent areas and the proper ACHs are maintained
when the room is occupied. Conventional operating-room ventilation systems produce a
minimum of about 15 ACH of filtered air for thermal control, three (20%) of which must be
fresh air. Air should be introduced at the ceiling and exhausted near the floor.
Other Rooms: VRF with Recalculating air + HEPA

Summary of ventilation specifications in selected areas of health-care facilities*
Ventilation characteristics and specifications for various healthcare areas.
Specifications

AII
room
(includes
PE room
bronchoscopy suites)

Critical
Isolation
care room§ anteroom

Operating
room

Ventilation characteristics and specifications for various healthcare areas.
Specifications

AII
room
(includes
PE room
bronchoscopy suites)

Air pressure¶

Negative

Room
changes

Positive

≥6 ACH (for existing
air rooms);
≥12 ACH
≥12 ACH (for renovation or
new construction)
Yes

Critical
care room§
Positive,
negative, or
neutral

Isolation
anteroom

≥6 ACH

≥10 ACH

≥15 ACH

No

Yes

Yes

>90%

90%

Sealed**

Yes

Filtration
supply

99.97% (Fungal spore
90% (dust-spot ASHRAE filter at point of use
>90%
52.1 1992)
(HEPA at 99.97% of
0.3 μm particles))

Operating
room

Positive or
Positive
negative

No
(Recirculated air may be
Recirculation used if the exhaust air is first Yes
Yes
No
Yes
processed through a HEPA
filter.)
¶ Clean-to-dirty: negative to an infectious patient, positive away from an immunocompromised patient.
** Minimized infiltration for ventilation control; pertains to windows, closed doors, and surface joints.
A Typical Negative Pressure Room:

Step 1: Calculate room volume
Determine the room volume by measuring the length, width, and height of the room.
The floor area may be calculated by counting ceiling tiles (most are 2ft x 2ft or 2ft x 4ft)
or floor tiles (many are 1 ft2 ).
Note: A typical room has an 8 ft ceiling.
Example calculation given a room with the following dimensions:
Floor Area = 10 feet by 12 feet = 10’ x 12’ = 120 square feet
Ceiling Height = 8 feet
Volume = Floor Area x Ceiling Height = 120 sq. ft. x 8 ft. = 960 cu. ft.
Step 2: Calculate necessary HEPA output airflow
The recommended air change rate is 12 ACH.
Using the volume and the recommended air change rate, calculate the necessary
HEPA output airflow using the formula to the right:
ACH = Air changes per hour
Airflow = Mechanically exhausted airflow rate in cubic feet per minute (cfm)
Volume = Room air volume (length x width x height) in cubic feet (ft3)
ACH X Volume/60

