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INDOOR SWIMMING POOL INFORMATION FOR POOL MANAGERS AND OPERATORS 
 
A warm body of water, such as a swimming pool, releases enormous amounts of water vapor (and 
dissolved chemicals) into the air above the water.  In an outside swimming pool, the water vapor 
and contaminants are dispersed in the atmosphere.  As long as the make-up water flow rate, 
chemical treatment flow rate and water heater capacity are appropriate, the pool water temperature 
and chemistry can be maintained at design levels. 
 
Once a building encloses that body of water, things get complicated.  The water vapor that 
escapes into the air must be removed.  Adequate amounts of outside air for ventilation and 
contaminant control must be provided, and the building envelope must be protected from moisture 
migration.  
 
The inside air temperature and relative humidity and the pool(s) water temperature are all 
interrelated in a complex cycle of heating or cooling and dehumidification by the HVAC system; 
heating and evaporation of the pool water; and infiltration or exfiltration and condensation within 
the building’s walls and roof. 
 
I. DEFINITIONS: 

A. Dry Bulb Temperature: 
The “dry bulb temperature” of air is a measure of the dry heat content of the air (also 
called "sensible" heat).  This is what one normally thinks of as "air temperature" and 
is easily sensed by a human being. 
 

B. Enthalpy: 
Air at the same dry bulb temperature but different moisture content has a different 
total energy content.  The “total energy content” is called enthalpy.  The more water 
vapor the air has, the higher its enthalpy, even though its dry bulb temperature is the 
same. 
 
Air that is fully saturated with water vapor (100% relative humidity) contains the 
maximum amount of energy possible for air at that dry bulb temperature. 
 

C. Relative Humidity: 
Relative humidity is a measure of the relative moisture content of air.  Air with the 
same amount of moisture content has different relative humidities at different dry 
bulb temperatures.  Given the same moisture content, air's relative humidity 
increases as its dry bulb temperature decreases. 
 

D. Specific Humidity: 
The total moisture content of air (regardless of its temperature) is measured by 
“specific humidity” (also called “absolute humidity”).  Specific humidity may be 
measured in pounds of water vapor per pound of dry air.   
 

E. Dewpoint Temperature: 
Depending on its temperature, air at a constant specific humidity may have different 
relative humidities.  But that air's “dewpoint temperature” is constant.  The dew point 
temperature is therefore sometimes used to measure specific humidity.  The dew 
point temperature is that dry bulb temperature at which air with a given specific 
humidity will become fully saturated. 
 
In other words, air at its dewpoint temperature is also at 100% relative humidity.  
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Any surface in the pool enclosure building (or Natatorium), which is at a temperature 
less than or equal to the air’s dewpoint temperature will become wet due to 
condensation of the water vapor in the air.  
 
The dewpoint temperature defines absolute humidity as well as vapor pressure of 
the air.   
 

F. Vapor Pressure: 
Vapor pressure is the partial pressure of water vapor in the air.  The higher the 
moisture content, the higher the vapor pressure.  Like any pressure differential, 
vapor pressure differentials cause water vapor to flow from a location with high 
moisture (high vapor pressure) to low moisture (low vapor pressure). 
 
It is the vapor pressure differentials between the warm, moist Natatorium and the 
relatively cool, dry outside air that drives damaging moisture into the thermal 
envelope. 
 

G. Saturation Vapor Pressure: 
A vapor pressure at (or above) the saturation vapor pressure will cause excess 
moisture to condense.  A vapor pressure below the saturation vapor pressure will 
allow a material to “store” or “absorb” moisture without condensing.  If the actual 
vapor pressure is always below the saturation vapor pressure at every point within 
an assembly, no condensation will occur.  Water vapor will flow through the 
assembly without damaging it.  
 

 
II. FACTORS AFFECTING THE RATE OF POOL EVAPORATION: 

A. The ideal air condition in the Natatorium is a condition that strikes the best balance 
between bather (not spectator) comfort, indoor air quality, and rate of pool water 
evaporation.   
1. In general, bathers are most comfortable at indoor air temperatures between 

82º and 88º and relative humidities between 45% and 60% RH.   
a. The American Society of Heating, Refrigerating and Air Conditioning 

Engineers (ASHRAE) recommends an air temperature 2ºF above the 
pool temperature (but not greater than 86º). 

b. See the extracted information for Natatoriums, from ASHRAE’s 2003 
Application Handbook (attached below). 
 

2. A minimum amount of outside air is required to dilute the pollutants created 
by chemical reactions between bathers and swimming pool water.  
 
ASHRAE recommends a minimum outside air ventilation rate (in the 
breathing zone) of 0.5 cfm/sq. ft. of pool deck area.  This is a starting place 
for ventilation system design and may be higher or lower depending on likely 
occupancy, use of water features, etc.  
 

3. The rate of evaporation increases with: 
a. Higher pool water temperatures,  
b. Higher air velocity across the pool water's surface, 
c. Splashing or displacement of the water's surface by bathers or water 

features,  
d. Lower air dry bulb temperatures and  
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e. Lower air relative humidities. 
 

B. Each gallon of water that is evaporated from the pool surface requires:  
1. A gallon of make-up water (and its associated chemical treatment),  
2. Approximately 8100 BTU's of heating energy (through the pool heating water 

system), and 
3. Additional energy to condition the air that accepts the evaporated water.  

Conditioning may include dehumidification and/or cooling as well as 
tempering of ventilation air. 
. 

C. Neglecting ventilation, a space without a pool usually requires more heating than the 
same space with a pool.  The evaporating pool water actually adds heat to the air.  
 
Excessive evaporation rates increase operating costs and puts higher levels of 
chloramides into the air.  Chloramides have been found to contribute to occupational 
asthma and pneumonia for lifeguards in poorly ventilated pool spaces. 
 

III. NATATORIUM AIR AND WATER CONDITION GOALS: 
A. Water and Air Conditions: 

In general, follow the ASHRAE guidelines:   
 
The pool water temperature should be set as low as comfortable for the majority of 
bathers.  The largest surface area pool in a Natatorium should never be set at a 
pool water temperature above 86ºF. Generally, the largest pool in a Natatorium is 
used for lap swimming and competition and can appropriately be set between 78º 
and 80ºF in the winter.  This allows use of a lower air temperature setpoint (+/-2º 
over the large pool setpoint). 
 

B. Suggested Air Temperature Setpoints During The Winter: 
In general, a lower air temperature and higher space relative humidity 
(at the same dewpoint) are desired as the best compromise between 
bather comfort, pool evaporation rates and protection of the building 
envelope.   
 
Relative humidity setpoints should not be reduced below 45%RH.  In 
very cold climates, proper space depressurization may cause the 
actual relative humidity to drop below setpoint.  This is acceptable for 
short periods of time as the resultant lower dewpoints help protect 
the building’s thermal envelope, even if they (temporarily) create less 
comfortable conditions for bathers. 
 
To minimize evaporation, ASHRAE recommends an air dry-bulb 
temperature 2ºF higher than the pool water temperature (but no 
higher than 86ºF) and fairly high space relative humidity levels.     
 
A higher relative humidity (at a lower temperature) is much more 
comfortable to a wet bather than a higher temperature (at a lower 
relative humidity).  And, lower air temperatures decreases stack 
effect.   
 
An 80ºF largest area pool water setpoint, an 82°F space air 
temperature setpoint and a 45%-55% relative humidity setpoint is 
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usually appropriate for small Natatoriums in the front range of 
Colorado.  An average space condition of 82°F and 50%RH equates 
to a dew point temperature of about 62ºF and will generally be 
comfortable to pool occupants.   
 
These conditions are as measured at the deck level.  A slightly higher 
temperature setpoint and slightly lower relative humidity setpoint is 
recommended for roof mounted pool HVAC units (that sense air 
conditions at the ceiling).  Their return air openings are usually higher 
than the occupied space and the air is usually warmer and somewhat 
drier at the top of the Natatorium.   
 
Actual air conditions at the pool deck may be significantly cooler and 
drier than at the air sensors because of the infiltration of cold, dry 
outside air at interior and exterior doors.  
 

C. Outside Air for Ventilation: 
ASHRAE minimum ventilation rates (of 0.5 cfm/sq. ft. of pool & pool deck area) 
should be maintained at all times.  Higher values may be required for humidity 
control or to offset higher rates of evaporation from water features such as falls, 
slides, etc. 
 

D. Space pressurization: 
ASHRAE also recommends that the Natatorium be maintained at a "slightly 
negative pressure of 0.05 to 0.15 inches of water" (to offset stack effect).  In reality, 
even 0.05”w.c. (measured at the roof) is a very negative building pressure and is 
difficult to achieve in most Natatoriums.   
 
Only a slight negative pressure differential is required to offset moisture transport via 
air pressure (about 0.001”w.c. at the affected area).  However, this pressure 
difference must be provided at the highest point in the enclosure.  Since stack effect 
varies with building height, much higher negative space pressurization will be 
created at the pool deck.  The design winter negative space pressurization setpoint 
should offset anticipated “wintertime average” stack effect (or use a “re-set” control 
strategy).  One should also remember that wind conditions may also influence 
space pressurization.   
 
A negative space pressure differential between -0.03 and -0.09”w.c (as measured 
near the pool deck) should be maintained in most Natatoriums.  Negative space 
pressurization may be re-set based on outside air temperature to save energy and 
minimize bather discomfort. 
 
In addition to cool drafts, the proper space pressure relationship to the outdoors 
may cause icing in the Natatorium where cold outside air encounters moisture.  This 
is especially true at outside doors and windows.  Windows, window frames and 
doors should be properly sealed to minimize this problem.  
 

A Natatorium’s water treatment and heating systems must work in concert with its HVAC system 
and the building’s thermal envelope.  Proper understanding and integration of these factors will 
maximize occupant health and comfort, minimize building maintenance and increase energy 
efficiency.  Inattention to the influence these seemingly separate systems have on one another is 
an invitation for trouble.   



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(End of ASHRAE Handbook extract) 


