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INTRODUCTION .

~ The purpose of this manual is to assist the reader in understanding pool
enclosures, the importance of the initial design of the structure and the
engineering/design of a mechanical dehumidification system for an indoor swimming
pool, The booklet will also explain why this method of dehumidifying a pool enclosure is
far superior to other means, including waste ventilation (exhaust fan) type systems.

Some of the information presented here comes from other technical réferences '
dealing with: dehumidification, swimming pools, air handling, and mechanical system
design.

Humidity control in an indoor pocl enclosure is a complex endeavor involving
many parties and many disciplines. To ensure a successful application of the
dehumidification system, it is crucial that each of the involved parties (architect, engineer,
mechanical contractors, owners, builders, etc.) is aware of the objectives of the system
and its requirements. It is also important that the various disciplines involved in the work
are coordinated.

HISTORY :

Prior to 1980 environmental and humidity control in North American indoor pools
was ignored or attempted by applying 100% waste ventilation systems (exhaust fans) to
the pool enclosure. Through the 1980°s usage of pools increased or diversified and
environmental control became a more serious concern. Buildings were showing signs of
early deterioration, rust, mold, rot, mildew and in some severe cases, complete
destruction of the enclosure, due to no dehumidification and waste systems.

Greater use of pools gave rise to increased year round use of the facilities, and
new uses for pools required both new materials and greater control over humidity and
condensation than was afforded by the traditional ventilation systems. With the advent of
the energy crisis in the 1980’s, the design concept of bringing in outside air at winter
temperatures and heating it to 82 degrees F before introducing it into the pool space
became cost prohibitive for most pool operators, and did not dehumidify the enclosure.

Logic required that a way be found to recycle and dehumidify the air in the pool enclosure.

Early versions of the peool dehumidifying equipment were designed solely to
provide dehumidified air to the pool enclosures. However, early anzlysis of the pool
applications showed that the latent heat being extracted from the air by the dehumidifier
was equal to the significant heat loss from the pool water. Pursuing that logic, the
designers began to build units with the capability of rejecting this heat back to the pool
water from where it was originally lost through evaporation.

i then became evident that in the majority of applications, the dehumidifier had
enough recycled heat available to. maintain the pool water temperature and room
temperature at desired levels without the input of energy from any other source.

This represented significant further energy savings for the pool oﬁerators and
indoor pool dehumidification systems with pool water heating circuits quickly became the
standard mechanical air handling systems for indoor pools.

The energy efficiencies, the positive control of humidity and prevention of
condensation available with these systems is well proven with literally thousands of new
construction and retrofit installations throughout North America, Europe and elsewhere.
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M. DESIGN OBJECTIVES
1.1. Prevention of Condensation

The prevention of condensation is perhaps the most important purpose of all for
dehumidifying an indoor pool enclosure. If condensation forms in or on wood, plaster or
other porous materials it can cause warping, rot, mold, mildew, rust or simply saturate
the material until it loses it integrity.

Condensation, by nature, is aggressive and will attack many materials by leaching
the minerals out of the surface it forms on. Condensation, if allowed to form on ferrous
metals, will cause accelerated oxidation of the surface of the metal, creating unsightly
rust stains as it drains. If left unchecked, condensation will ultimately compromise the
structural integrity of the metal components leading to possibie failure of that
component.

The most common place for condensation to form in a building structure is on the
inside surfaces of windows or skylights. Although most modern window structures and
frames are not harmed by condensate, it is unsightly and it will cause damage to metal
frame windows & skylights that are not thermally broken, fo wall or roof sections
surrcunding the fenestration,

Condensation will form in and on any surface that reaches “Dew Point
Temperature”. The concept of Dew Point Temperature is dealt with in detail in Section
Three of this manual. The design objective for designing mechanical air handting
systems for pools is to ensure that no surface within the pool enclosure or within the
structural members of the building will reach “Dew Point” and cause moisture to
condense.

The dehumidifier helps to accomplish this objective by reducing the relative
humidity in the pool enclosure and therefore effectively reducing the “Dew Point
Temperature”. Air distribution also plays a key role in preventing surfaces from reaching
“Dew Point Temperature”. There are surfaces, in particular, windows, that will reach dew
point temperature even with the reduced humidity levels affected by the dehumidifier.

For these surfaces, the objective is to completely blanket the area with warm dry air
supplied by the dehumidifier, thereby increasing the surface temperature to a point above
the temperature at which moisture will condense. Air distribution is dealt with in detail
later in Section Five of this manual.

1.2 ENERGY EFFICIENCY

When compared with conventional ventilation systems, recycling and
dehumidifying the pool enclosure air will save a considerable amount of energy. During
the heating season, a ventilation system will be exhausting air at 82 degrees F and
replacing it with air at the cutside ambient temperature. This outdoor air must be heated
up to 82 degrees F BEFORE being introduced into the pool enclosure. The energy
requirement to heat this incoming air can be significantly reduced or eliminated by a
recycling dehumidification system.

Heat inputs into the pool water and to compensate for.structural heat loss are also
lost with the exhaust air in a conventional system and must be replaced. A pool coveris
highly recommended for additional energy and cost savings.
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. Diagram 1.3 Health vs Relative Humidity
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1.3 Occupant Health and Comfort

Unchecked humidity levels in a pool enclosure effect everyone in that epc_losu re. Bathers, spef:tatqrs.
staff, or competitive officials all experience discomfort with_ high humic_ilty levais. Ind(_mr swimming
pools or "Natatoriums" are intended for the use, recreation and enjoyment of their patrons. A
Natatorium with properly controlled conditions will be both used and enjoyed much more than one
-thatis not. ,

Several studies have been conducted into the relationship between relative hﬁmidity and occupa_nt :
- health. The resulls of these studies show conclusively that for human occupancy, a relative humidity
range of between 40% and 60% is ideal. The chart below which is excerpted from one such study

conducted by Simon Fraser University shows what contaminant factors can be mitigated by
maintaining appropriate relative humidity levels.

Study By: Elia M. Starling, Director of Bullding and Research
Theodore Sterling Ltd., Vancouver, B.C.
A. Arundel Research Assoclates

T.D. Sterling, Professor Interdisciplinary Studies, Shnon Fraser Univarsity, Burnaby, B.C.
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RELATIVE HUMIDITY

The term "Relative Humidity” expresses the moisture content of the air as a percent of what this same
air could hold it it was completely saturated.

The ability of air to hold moisture incr
of the air temperature.

eases with a rise in temperature and decreases with a lowering
of moisture it can hold

I you cool a valume of air sufficiently it will reach a poin! where the arnount
is equivalent to the amount of moisture that it actually contains. This is the
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point at which the air is saturated or is at 100% Relative Humidity. i you then increase tha
temperature of this air to a point where it can hoid twice as much moisture as it actually contains, it
is now at 50% Relative Humidity.

lllustration:
1007 RH. 30% RH.
619F . 82°F
One pound of air at This orne pound of
61°F with 1007 RH oir heated to 82°F
DEW POINT TEMPERATURE

As described previously, as you coodl air, it cannot hold the same amount of moisture. At some point
the air will become saturated and moisture will begin to condense out of the air onte any adjacent
surface. This point is called the "Dew Point Temperature”. The higher the relative humidity (or the
greater percent of moisture in the air relative to its ability to hold moisture), the higher the “Dew Point

Temperature®. In other words, the lower the Relative Humidity, tha cooler the air has to get before
moisture will condense out of it

DEW POINT TEMPERATURE TABLE

Conditions at which condensation will form:

Relative Humidity (%RH) 50 60 70 BO

Air Temperature °F 54 59 63 67 |
56 61 65 69
&8 63 67 71
60 65 69 73
61 67 | T 75
63 €8 73 77
65 71 75 79

Dew Point Temperatures (°F)

BUILD]NG CONSIDERATIONS

In order to ensure that the “Natatarium® is protected from the damage caused by excessive humidity
and condensation, the building envelope must be designed and must perform to a much higher
degree than structures intended for other uses. Because of the higher temperatures and higher
relative humidity than found in other buildings, care must be taken right from the preliminary design
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RELATIVE HUMIDITY AT WHICH MOISTURE WILL CONDENSE ON WINDOWS
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Inside Building Temperature (F)
Outside 85 70 75 80
Temp (F) Single Pane | Double Pane | Single Pane | Double Pane | Single Pane | Double Pane | Single Pane | Double Pane
.20 - 46% - 46% - 44% - 42%
10 ; 50% - 49% 21% 48% 20% 46%
0 29% 55% 27% 55% 25% 52% 24% 50%
10 36% 60% 33% 59% 31% 57% 29% 54%
20 43% , 66% 40% 83% 37% 62% 35% 58%
30 52% 73% 50% 1% a45% 68% 42% ) 65%
40 83% 80% 60% 79% 53% 74% 50% 71%
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5.2 Fenesiration

Windows and skylights are particular areas of concern with respect to the forma-
fion of condensation. Single glazed windows are to be avoided. WMulti-pane
windows such as “Thermopane” type or better should be used. Al windows
must have air distribution over them fo keep them from reaching Dew Point
Temperature. All metal frames must be thermally broken {insulated).

Skylights, if used, should be of the best quality available, and if at all possible,
should be multi-layered with an insulating air space between the lavers.
Adequate air distribution over skylights is absolutely necessary. Recessed sky-
lights must be addressed in the design stage as it is extremely difficuit to get
proper air distribution across recessed skylights. We recommend surface
mounting skylights.

5.3 Boors and Other Openings

Any opening into the peol enciosure should be air tight, positive closing and be
constructed with thermal breaks.

5.4 Exposed Structural Surfaces

Any structural members that are exposed to the outside of the structure or
connected to an exterior member without a thermal break, must be blanketed
with warm dry supply air from the dehumidification system.

6. VENTILATION

ASHRAE recommends a fresh air ventilation rate for indcor pools of 0.5 CFiM per square
foot of pool and deck area. This requirement is for indoor air quality considerations for
commercial projects, and can be found listed in the ASHRAE Standard “62-1989".
Ventifation rates should be kept to a minimum, but, some ventilation air is required during
occupied periods and either the ASHRAE Standard or State and local codes shouid be
adhered to. ASHRAE requirements for outside air must be met on all commercial projects.

VAPOR BARRIERS

As with all structures, the entire pool enclosure shouid be enveloped with a vapor barrier
iocated on the inside of the insulation (warm side of the structure}. Vapor Barriers must
be continuous with all seams sealed and any perforations around openings or fixtures
must be sealed and made air tight. Moisture migration through a perforation in the vapor
barrier will resuit in condensation within exterior walls or roofing structures. The
consequential damage caused by this condensation will be damaging at the least, and
may in the worst cases, cause catastrophic failures of roof structures or exterior wall
sections. More information on vapor barriers is included in this package.

Although this booldet provides a great deal of information, there are resources,
publications, standards, national and local codes that should be reviewed prior to building
this type of enclosure.
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WINDOW INFORMATION FOR SWIMMING POOL ENCLOSURES

Figure 3 illustrates a method to determine the actual inside surface temperature of a
window pane, based on a given indoor and outdoor temperature.

Based on the figure below, it can be seen that even a double pane window cannot prevent
condensation, if the room dew point temperature is at 64.5 degrees F (see Figure 2) as the
inside surface temperature is only 51.4 degrees F.

In order to prevent condensation, the inside surface temperature must be raised. Thisis
normally done by installing most of the supply air cutlets of the dehumidification system
near the windows. The supply of warm dry air will then effectively prevent condensation.

In case a retrofit installation does not allow air distribution over the window surfaces,
local blowers could be installed to raise the glass surface temperature.

I 1
0F | 85 F
T Window Pane
! e Inside surface (still air) R = 068
1 1
1 |
E E 21.5 F Inside surface temperature:
L] 1
85 Fdiff, Temp. X (0.91-0.68) = 215F
0.91
Rt = 0.91
: « ! 1/4 inch air space
1 ] .
e —— _ Window Panes
] 1
] 1
E :f‘ Inside surface (still air) R=0.68
i et . 554F Inside surface tempcrature:
1 ]

85 Fdiff. temp. x (1.72 - 0.68) = 514 F
1 1.72

Rt=172
Figure 3

Environmental Poel Systems Inc. 6/9/95 # 7
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WALL CONSTRUCTION INFORMATION

POOL ENCLOSURE AT 85 DEGREES F DB, 50% RH, DEW POINT 54.5 F.

QUTSIDE WALL COMPOSTTION R
b OUTSIDE SURFACE (15 MPH WIND) 0.17
: FACE BRICK 4” 0.44
: . RIGID POLYSTYRENE 2" 10.00
| VAPOR BARRIER —_—
N iy R CONCRETE BLOCK 8" 1.72
| _ +— INSIDE SURFACE (STILL AIR) 0.63
[ | Rt = 13.01
—85F
64.5F] /
// R=1.4 R AT 64.5F DEW POINT:
« R=3.14 13.01 X (85Fdb-64.5Fdp) = 3.14

o F 85 F differential temperatore

Rt=13.01

Figure 2

Figure 2 shows a cross section of a typical wall design with an outdoor temperature of 0
degrees F and indoor temperature of 85 degrees F. It can be assumed that somewhere in
the wall is an area that is at the dew point temperature of 64.5 degrees F.

By using the formula in figure 2, it is found that 64.5 degrees F occurs at a partial
resistance of R = 3.14, counting from the inside, for a total wall resistance of R =13.01,
positioning the dew point of 64.5 degrees F on the cold side of the vapor barrier. Thisis a
very important observation. If the 64.5 degrees F occurs on the warm side of the vapor
barrier, condensation will form inside the wall, with all its consequential damages.

It is of the utmost importance to check the pool enclosure design for adequate
insulation R factors and proper vapor barrier location. '

Using the example in figure 2, more insulation would move the dew point temperature
further away from the vapor barrier, hence reducing the risk of condensation, in case the

outdoor temperature drops below design condition or the indoor conditions are changed
to a higher dew point temperature.

Environmental Pool Systems Inc. 6/9/95 #7
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With a recycling dehumidification system, these heat [nputs are not exhausted and further enargy
savings are realized.

One more contribution to energy efficdency from the dehumidification system comes In the area of pool
water heating.

Wilh conventional air handling systems some form of boller must be used to malnlaln the pool water
temperature With a recycling dehumidification system, the evaporative heat loss from the pool water
is captured by the dehumidifier and that heat is recycled back to the pool water by the water heahng
circuit of the unit.

WARM )
WOsT AR
I~~~ -1
5 T 5]
' CUTSIOE
HEAT HEAT © AW
L % % ABDED E % ’f—g ADCED \\
JU——
BUILDG
HEAT
EVAPORATWVE LOSSES
BOILLR LOSSES Juln———
W /////////////Ié
E HEAT ADOED
10 REPLACE
EVAPORATEQ
g LOSSES
Diagram 1.1  Conventional Make-up Alr System
E ar::.#m 1 il 3 I I -
- ; 5 ;X
: |\ /7
_ S
EVAPORATVE LOSSES : SUILDING
HEAT
LOSSES
JUP——
%//////// pd Wi ;7 D
A e acoeo e
/] DEHUMIDIFIER TO REPLAGE
,.; EVAPQORATIVE L0SSES

Diagram 1.2  Energy Recycling Dehumidification Systemn
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Note that with this duct arrangement as shown in figure 1, air movement over the water

surface is prevented. Also, since meist air rises, the return air is at the highest point
possible.

i

—* Return

Recommended Air Circulation
Figure 1

Many systems are installed as per figure 2. The high supply air velocity, required to throw
the air to the other side of the enclosure creates, in fact, a secondary airstream over the
water surface which picks up moisture and increases the rate of evaporation. An efficient
mechanical reclaim system turns into one with very high operating costs.

s
-~ 7 Retum
4 e +— Supply

N -
\ .
]
/

/

V4
'
>
’/
___________________________________________ i

Not Recommended Air Distribution
Environmental Fool Systems Inc 6/9/95 #7 Figure 2



Feb 13 10 10:18a Bob Posch 12395931147 p.1
Duct design standards for all DRY-AIR installations
Per ASHRAE 1Eand book, 1977 Fundamentsls Chapter 31 or INDUSTRIAL VENTILATION (American Conference of Government Industrial Hygienists) Section 6
. \
\.k DRY-AIR DRY-AIR \_k : DRY-AIR
“ Dehumidifier Dehumidifier L : Dehumidifier
i '\ _I -~ j 2.5 times W
Turning Vanes Fair Recommended ¢ r
s DRY-AIR
DRY-AIR i~ Dehumidifier
Dehumidifier gl
-5 y '
._.+ J
= = Y
— —
Mot 4gceerable A Recommended Turning Vanes
J TT Turning VaneS\ TTT
DRY-AIR ' o/ g
Dehumidifier DRY-AIR P
Dehumidifier :

Fair -—I

h

Recommended /.:5 times width or more

T

"

%

O

} / Window \

«

Not Acceptable

et s—————

Linear Grille with volume
control or Register with
double deflection and

A /s

. Recommended

O

T

9
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