


Balneology 
 

 
85 

 

 Typpically, when recreational complex-
es are in question, also the indoor and out-
door facilities are of quite large dimensions, 
accommodated to bigger amount of guests. 

 

Fig.5.13. “Aquapark” in Poprad, Slovakia 

 Still, difference exists depending on the 
type of clientele targeted. More luxurious are 
more orientated towards comfortable ac-
commodations  and  leisure  (Fig.5.11  and 

 
Fig.5.14. Public aquapark in Senec, 

Slovakia 
5.12), and the real aquaparks towards active 
recreation (Fig.5.13 and 5.14). 
 In opposite, New Zealand or American 
project is of smaller dimensions and con-
centrated to smaller locations, with the spa 
contents in front of the building (Fig.5.15) or 
surrounded with rooms and facilities 
(Fig.5.16). 

       

    
Fig.5.15. Design for a geothermal spa offe- Fig.5.16. General scheme of a modern  
ring private, semi-private, and public bath- geothermal spa located in California  

ing facilities (Woodruff and Takahashi,1990). (Woodruff and Takahashi, 1990). 
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Fig.5.17. Concept of the active part of Katlanovo Spa, Macedonia 

 

 The difference in approach can be 
noticed if comparing them to the concept of 
a small medical spa in Europe (Fig.5.17). 
   
5.4. Spa’s Energetics   

 Thermal water for long has not been 
treated as an energy source for covering the 
heat needs of spas. It was all the time treat-
ed as a particular raw material for medical 
purposes only and all the investigations con-
nected to it’s characteristics have been di-
rectionned towards finding better methods 
for healing uses and resolving problems with 
scaling and corrosion of pipes and equip-
ment where flowing. However, and particu-
larly when taking into account that spas 
“sell” the health, new environmental protecti-
on issues just pushed the development in 
finding possibilities to use it for heat supply 
purposes, too. 
 Generally, problematic should be the 
same, as elaborated in the chapter for direct 
heat application, i.e. for geothermal central 
heating of buildings, air-conditioning, sanita-
ry warm water preparation, etc. However, 
there are some particularities which need to 
be elaborated. 
 First particularity is that it is not pos-
sible to treat both types of use together.  

 Thermal water for medical purposes 
should go directly to the users as it is, i.e. 
without possibility to get changes of its che-
mical and gas composition. On the other 
hand, each heating use conditions maximal 
protection against scaling and corrosion and 
normally consists of measures and techni-
ques for protection against their appearan-
ce. Therefore, their common flow from the 
source (or well) is not aloud. Separate cir-
cuits should be designed.  
 Normally, for the medical purposes, 
thermal water is transported through non-
metal or stainless steel pipes. It is one way 
flow, i.e. after the use it is thrown out in 
canalization. Mostly, that is not a big prob-
lem, if taking into account that quite small 
flows are in question and that don’t impact 
the nature in different way than before being 
used in the spa. 
 However, the thermal water flow for 
energy purposes can be wither one or two 
way flow. One way flow is with it’s direct use 
in circulating pipes and heating equipment, 
and the second one is with two separate 
loops connected via a heat exchanger sys-
tem. Geothermal water goes to the heat ex-
changer, transfer the heat to second loop, 
and is returned to the source, i.e. re-injected 
into the aquifer. Second loop uses “soft wa-
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Fig.5.17. Concept for a new geothermal spa heating system in Hungary (Szita, 2002) 

 
Fig.5.18. Concept of an indirect system in Romania (Rosca, 2001) 

 
ter” as heat carrier. It takes the heat from 
geothermal water in the heat exchanger, 
and then transport it to the heating systems. 
First type of use is possible only if thermal 
water is with low mineralization and without 
intention for scaling or corrosion. When that 
is not the case, i.e. when the water is cor-
rosive or with intention for scaling, particular 

measures should be applied, like addition of 
chemical additives for neutralization of ne-
gative effects of thermal water flow through 
metal pipes and equipment. It’s necessary 
to underline that such a solution makes the 
exploitation complicate and expensive and 
that result with difficulties with re-injection of 
used water to the aquifer. Separated loops  
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are a much more secure system and without 
complications in exploitation. 
 Second typical problematic is the de-
sign of energy installations for medical and 
swimming pools. Several characteristic situ-
ations appear, depending on the type of 
pool in question, i.e.: 
- Indoor pools for medical purposes; 
- Indoor recreational pools; 
- Indoor swimming pools; 
- Outdoor recreational pools; 
- Outdoor swimming pools. 
 Difference in their heat requirements 
are due to the differences in water tempe-
rature and surrounding conditions, i.e.: 
  Temperature in the medical pools can 
be different, depending on the therapy in 
question. If the rehabilitation exercises are 
in question, normally 27-28ºC is applied. If 
the leisure small pools are in question, 
temperature can be increased up to 35ºC. 
For the indoor recreational pools tempera-
ture can vary significantly, depending on the 
local habits, i.e. from 25-35ºC. For outdoor 
recreational pools temperature varies de-
pending on the season, i.e. it’s lower during 
the summer (24-27ºC) and higher during the 
winter (28-35ºC). In Japan, they are signi-
ficantly higher and can go up to 40ºC. Fi-
nally, for indoor and out-door swimming 
pools, temperatures between 25-28ºC are 
recommended. 
 When heat requirements are in ques-
tion, situation is quite complex because con-
sisting particular demands and influence of 
surrounding conditions, i.e.: 
- Temperature of the water is different of 
the temperatures of the air above it but also 
of the soil around. That results with con-
ductive, convective and radiation heat  los-
ses. 
- Temperature and air humidity of the air 
above the pool provoke evaporation of water 
from the pool surface. 
- When indoor pools are in question, 
keeping defined temperature and humidity 
of surrounding air is necessary. Particularly 
keeping the humidity at certain level is dif-
ficult due to the intensive evaporation of the 
pool surface and limitations of allowed ve-
locity of air movement in the room. 
- Not only the air temperature around the 
pool should be kept at certain level. Also the 

 

floor surface around should be warm, and 
- Sometimes, even the surface of seating 
places should be kept at certain level. 
 Main problem to fulfill all listed requi-
rements is that the influence of the water 
temperature in the pool and it’s evaporation 
result with opposite situations even during 
the colder seasons of the year, i.e. some-
times is necessary to heat and sometimes to 
cool the air inside. Cooling is regularly need-
ed during the summer months. That, in com-
bination with necessary drying of the air re-
quires air-conditioning installations appli-
cation. 
 Second problem, when covering the 
heat requirements is in question, is the type 
of water used in the pool, i.e. is it the 
thermal water itself or normal water heated 
by the thermal one. In the first case, ad-
ditional heating of the water is normally not 
necessary but in the second one heat ex-
changer system is needed. 
 When direct use of thermal water is 
applied, needed temperature is kept by 
regular flow of it through the pool. Its 
intensity depends on the heat losses. When 
the indirect use is in question, pool water 
must be treated with clorine, which dictate 
the use of resistant materials in the heat 
exchanger. In such a question, temporal 
change of the whole water content in the 
pool is necessary, and when that is realized 
the peak loading of the heating system 
appear. Normally, 6-8 night hours are taken 
for a complete change of the water. 
 Calculation of heat requirements for 
keeping the needed air, water and floor 
surface temperatures, and humidity of the 
inside air involves all the types of heat tran-
sfer, i.e.:  
-  Conduction through the pool walls, 
walls and ceiling of the room and floor sur-
face; 
-  Convection from the pool surface, pool 
walls, walls and ceiling of the room and floor 
surface;  
-  Radiation from the pool surface, pool 
walls, walls and ceiling of the room and floor 
surface; and 
-  Evaporation from the pool surface. 
 When the pool is in question, conduc-
tion is generally the least significant unless 
the pool  is  above ground or in contact with  
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cold groundwater. 
 Convection losses depend on the tem-
perature difference between the pool water 
and the surrounding air, and the wind 
velocity, when the outdoor ones are in 
question. This is substantially reduced for 
indoor pools and ones with wind breaks. 
 Radiation losses are significant for out-
door pools and are greater at night, however 
during the daytime there will be solar gains 
which may offset each other. A floating pool 
cover can reduce both radiation and evapo-
ration losses. For the indoor pools they are 
neglectable. 
 Evaporation losses normally constitute 
the greatest heat loss from pools, i.e. they 
are 50 to 60%of the total ones. The rate at 
which evaporation occurs is a function of air 
velocity and pressure difference between 
the pool water and the water vapor in the air 
(vapor pressure difference). As the tempe-
rature of the pool water is increased or the 
relative humidity of the air is decreased, e-
vaporation rate increases. It’s necessary to 
underline the multiple influence of the eva-
poration to the temperature of the water in 
the pool, temperature and humidity of the 
inside air. High humidity is unpleasant for 
the users but also results with condensation 
on the walls and particularly the ceiling of 
the pool room. 
   Heat requirements of the pool consist 
of two components, i.e. q1 – that is the pool 
heat-up rate (W) and q2 – that is the heat 
loss from pool surface (W). Calculation is 
quite simple: 
 

q1 = r.cp.V.(tw - ti)/q             [5.1] 

where: 

q1 = pool heat-up rate, W 
r   = density of water = 1,000 kg/m

3
 

cp = specific heat of water = 4.184 kJ/kgK 
V  = pool volume, m

3
 

tw  = desired temperature of the water, K  
ti   = initial temperature of pool, K  
q  = pool heat-up time (usually 24 hours) 
and 

q2 = U.A.(tp - ta)                  [5.2] 

where: 
q2 = heat loss from pool surface, W 
U = surface heat transfer coefficient = 214.4 
      (W/m

2
K) 

 

A = pool surface area, m
2
 

tp = pool temperature, K (ºC) 
ta = ambient temperature, K (ºC) 
then: 

qt = q1 + q2                         [5.3] 

 If there is no heat-up time (for pools us-
ing flowing geothermal water) then equation 
[1] will be zero and only equation [2] will 
apply. Heat loss equation [2] assumes a 
wind velocity of 1,5 to 2,2 m/s. For indoor 
pools, and average wind velocity of less 
than 1,5 m/s, the second equation (q2) can 
be reduced to 75%. For wind velocity above 
8 m/s, it’s necessary to multiply the heat 
transfer coefficient by 1,25; and for wind 
velocity of 16 m/s, by 2,0.  
 When the calculation of heat gains of 
the pool room is in question, it’s necessary 
to underline that spas require year-round 
humidity levels between 40 and 60% due to 
the needed comfort, energy consumption, 
and building protection. That means the 
need of humidity control by ventilation (ex-
change the inside with outside air), drying of 
inside air before its re-distribution in the 
room, etc. Calculation of whole heat requi-
rements/gains due to the evaporation and 
air exchange should take into account all the 
listed factors but also the economy of ex-
ploitation, i.e. to find the balance between 
the number of air exchanges and needed 
additional drying of the inside air. 
 Convenient air relative humidity for hu-
mans is between 40 to 60%. Outside of this 
range increase levels of bacteria, viruses 
and fungi can be noticed, plus the other fac-
tors that reduce the air quality. Lower part of 
the range is for elder people and for people 
in movement and swimmers 50 to 60% 
relative humidity is most comfortable. 
 On the other hand, high relative humi-
dity levels are destructive to building compo-
nents. Mold and mildew can attack wall, 
floor, and ceiling coverings; and condensa-
tion can degrade many building materials. In 
the worst case, the roof could collapse due 
to corrosion from water, condensing on the 
structure. Therefore, limit conditions for con-
densation  appearance  should  be  determi- 
ned and air distribution system designed in 
that way that continually streaming the 
ceiling surface. 
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 Heat loads for a spa include building 
heat gains and losses from outdoor air, light-
ing, walls, roof, and glass, with internal la-
tent heat loads coming generally from pe-
ople and evaporation. The evaporation lo-
ads are large compared to other factors and 
are dependent on the pool characteristics, 
such as the surface area of the pool, air mo-
vement velocity, wet decks, water tempera-
ture and the activity level in the pool. 
 The evaporation rate (wp in kg/s) can 
be calculated for pools of normal activity 
levels with the use of relation: 
 

wp = A.(pw - pa).(0.089 +0.0782 V) / Y     [4] 
where 

A   =  area of pool surface, m
2
 

pw  =  saturation vapor pressure taken at the  
         surface water temperature, kPa 
pa  =  saturation pressure at room air dew 
         point, kPa 
V  =  air velocity over water surface, m/s 
Y  =  latent heat required to change water to 
        vapor at surface water temperature, 
        kJ/kg 
 For Y values of about 2.330 kJ/kg and 
V value of 0.10 m/s, and multiplying by an 
activity factor Fa to alter the estimate of eva-
poration rate based on the level of activity 
supported, equation [4] can be reduced to: 
 

wp = 4.16.10
-5

.A.(pw - pa).Fa             [5] 

 pw values are: 
 at 15ºC water, pw = 1.70 kPa 
 at 20ºC water, pw = 2.34 kPa 
 at 25ºC water, pw = 3.17 kPa 
 at 30ºC water, pw = 4.25 kPa 
 at 35ºC water, pw = 5.63 kPa 
 at 40ºC water, pw = 7.38 kPa 

 For outdoor locations with a design dry 
bulb air temperature below 0ºC, pa can be 
taken as 0.61 kPa. For indoor locations with 
a design humidity from 40 and 60%, the fol-
lowing values of pa can be used: 
 

 Air Tem- Relative   Relative  Relative  
 perature  humidity  humidity  humidity  
  40%   50%  60%   

 ºC  kPa    kPa   kPa  

 20  0.94   1.17  1.40  
 25  1.27   1.58  1.90  
 30  1.70    2.12   2.55 

 

 The activity factor depends on the type 
of pool in question and should be applied to 
the area of specific features, and not to the 
entire wetted area: 
 

       Type of Pool   Typical Activity 
  Factor (Fa) 

•  Residential pool  0.5 
•  Condominium  0.65 
•  Therapy   0.65 
•  Hotel   0.8 
•  Public, schools  1.0 
•  Whirlpools, spas  1.0  
• Wavepools, water  1.5 (min)  
 slides  
 

 Importance of application of the correct 
correct activity factor for calculation of the 
water evaporation rate can be noticed by  
the difference in peak evaporation rates bet-
ween residential and active public pools of 
the same size. It  may be more than 100%. 
 When the design operating temperatu-
res conditions are in question, higher ope-
rating temperatures are preferred by the 
elderly and lower for younger users. Air 
temperatures in public and institutional pools 
should be maintained 1 to 2ºC above the 
water temperatures (but not above the 
comfort threshold of 30ºC) in order to 
reduce the evaporation rate and avoid the 
chill effect on swimmers. The maximum 
water temperature that can be tolerated by 
the human body (for short periods of time) is 
43ºC. The recommendations are shown in 
the table given afterward.  
  

     Typical Temperature/Humidity  Relations 
 Air  Water 
Type of pool  Temp. Temp.  Humidity  
 ºC  ºC  % 
Recreational  24 to 29  24 to 29  50 to 60 
Therapeutic  27 to 29  29 to 35  50 to 60 
Competition  26 to 29  24 to 28  50 to 60 
Diving  27 to 29  27 to 32  50 to 60 
Whirlpool/spa  27 to 29  36 to 40  50 to 60 

It is recommended not to maintain the 
relative humidity below recommended levels 
because of the evaporated cooling effect on 
a person emerging from the pool and be-
cause of the increased rate of evaporation 
from the pool, which increases pool heating 
requirements.  Humidity higher than recom- 
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mended encourage corrosion and conden-
sation problems as well as occupant dis-
comfort. 
 When ventilation/aircondidion systems 
are in question, recommended air velocities 
should not exceed 0.13 m/s at a point 2.4 m 
above the walking deck of the pool, however 
they can be higher below the ceiling in order 
to prevent from the condensation appear-
ance. 
 Pool areas should have a light negative 
pressure and automatic door closers to 
prevent the humid and contaminated air (la-
den with moisture and chloramines evapora-
ted from the water in the pool, when indirect 
heating is applied) from migrating into ad-
jacent areas of the building. Most normative 
codes require a minimum of six air changes 
per hour, except where mechanical cooling 
is applied. In such a case, recommended 
rate is four to six air changes per hour for 
therapeutic pools. 
 At last but not least, it’s necessary to 
underline natatoriums can be a major ener-
gy burden on a facility, thus energy con-
servation should be considered. This inclu-
des evaluating the primary heating and cool-
ing systems, fan motors, backup water heat-
ers (in the case of geothermal energy use) 
and pumps. Natatoriums with fixed outdoor 
air ventilation rates without dehumidification 
generally have seasonally fluctuating space 
temperature and humidity level. 
 Taking into account that very sophisti-
cated powerful air-conditioning systems are 
a very expensive as investment but also in 
exploitation, normally economical optimizati-
ons are applied, resulting with application of  
less powerful ones. Since these systems 
usually cannot maintain constant humidity 
conditions, mold and mildew growth and 
poor indoor air quality is often present in the 
indoor pools area. In addition, varying 
activity level during the day also causes 
variable humidity level and thus change of 
the demand on ventilation air. 
 The minimum air quantity to remove 
the evaporated water can be calculated from 
the following relation: 
 

Q = wp/[r.(Wi - Wo)]                    [6] 

where: 
Q   = quantity of air (m

3
/s) 

 

r     = standard air density = 1.204 kg/m
3
 

Wi  =  humidity ratio of pool air at design 
     criteria (kg/kg) (from psychrometric 
   chart) 
Wo  = humidity ratio of outside air at design 
   criteria (kg/kg)(from psychrometric 
   chart). 
 The number of air changes per hour (n) 
to remove the quantity of moist air (Q) is: 
 

 n = (V/Q)/3600                          [7] 
where: 

V   = volume of the building in m
3
 

 Normally, the air changes calculated 
from the above expression are smaller than 
the minimum recommended before, i.e. four 
to six per hour. 
 Finally, some comments should be gi-
ven for the heating systems to be applied in 
spas or recreation centers. Normally, the 
use of classical heat exchangers should be 
avoided in order to avoid problems with 
corrosion and possibilities of strikes of 
young active users, or old un-secure walking 
old people. Maximally possible application of 
low-temperature panel heatings (Fig.5.19), 
incorporated in the material of the floor and 
walls is recommended. They create more 
pleasant feeling of warm floor below the 
naked legs and warm walls around, even for 
lower air temperature than if heated with 
classical convective heat exchangers. When 
the later ones are applied, use of plastic 
pipes and armature is recommended, and 
cast non corrosive heat exchangers. 
 
5.5. Conclusion 

 Using the heat of thermal waters for 
healing and rehabilitation purposes, in com-
bination with their chemical composition, 
has been the first energy use of them. Slow-
ly, during the recent years, also the use for 
heating purposes has been introduced and 
became a “normal” part of spa and recrea-
tional centers design. When taking into ac-
count that it is already one of the most de-
veloped sector using geothermal energy 
(Fig.5.20) and that a significant development 
is in flow, it’s easy to understand that balne-
ology is one of the important markets for 
further development of geothermal energy 
use.  Two main  benefits of  that should  be  
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Fig.5.19. Low-temperature floor heating system 

 

Fig.5.20. Distribution of geothermal energy direct use in Europe 2007 
 

underlined: 
- It is confirmed as technically feasible 
and economically justified energy source in 
a very important life sector with very high 
quality requirements, i.e. the health protec-
tion and healing. That can have significant 
positive influence for propagation of further 

development of this environmentally benign 
renewable energy source; and 
- It’s an application field where also more 
expensive sophisticated technical solutions 
can be applied, which can have positive in-
fluence to the scientific investigations and 
new technologies for application develop-
ment. 
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 The above listed enable to take a ge-
neral conclusion that balneology is an im-
portant field for geothermal energy use and 
deserve full attention and work to support 
it’s further development. 
  
References 

Miklos Antics, M., Sanner, B. Status of Geo-
 thermal Energy Use and Resources in 
 Europe, Proceedings European Geo-
 thermal Congress 2007, Unterhaching, 
 Germany, 30 May-1 June (2007) 
ASHRAE Application Handbook (SI), Chap-

ter 4 - Natatoriums, Atlanta, GA, pp. 4.6 
- 4.8. 

Classic Encyclopedia, Balneotherapeutics, 
Edition based on the 11

th
 edition of 

British Encyclopedia, 2006 
Bojadjieva K., Dipchikova S., Benderev A., 

Koseva J. Thermal Waters and Balne-
ology in Bulgaria. International Work-
shop on “Direct Application of Geo-
thermal Energy for Balneology and Wa-
ter Tourist Centers”, Bad Urach 2001 

Carella Roberto. Health and Tourism with 
Geothermal Resourcs in Italy: The Spa 
Situation. International Workshop on 
“Direct Application of Geothermal Ener-
gy for Balneology and Water Tourist 
Centers”, Bad Urach 2001 

Gorgieva M., Popovski K. Thermal Spas in 
Macedonia. International Workshop on 
“Direct Application of Geothermal Ener-
gy for Balneology and Water Tourist 
Centers”, Bad Urach 2001 

Fujinami, K., 1936, Hot Springs in Japan. 
Geo-Heat Center Quarterly Bulletin, 21/3, 

(10 articles on spas throughout the 
world), Klamath Falls, OR, (2000). 

Hotta, A and Y. Ishiguaro (undated). A Gui-
de to Japanese Hot Springs. Kodansha 
Internati-onal, Tokyo, Japan. 

HVAC Application Handbook, Chapter 48 – 
General Applications: Swimming Pools/ 
Health Clubs, Atlanta, GA, pp. 48.19 - 
48.20 

HVAC Application Handbook, Chapter 4 – 
Comfort Applications: Natatoriums, 
Atlanta, GA, pp. 4.5 - 4.7. 

Levathes, L., February 1987. “Iceland -Life 
Under the Glaciers”, National Geogra-
phic, Vol. 171, No. 2. 

 

Knoblich Klaus. Thermal Springs in Germa-
ny and Middle Europe. International  

 Workshop on “Direct Application of 
Geothermal Energy for Balneology and 
Water Tourist Centers”, Bad Urach 
2001 

Kralj Peter. Water Tourist Centers in Slove-
nia – Users of Geothermal Energy. In-
ternational Workshop on “Direct Ap-
plication of Geothermal Energy for Bal-
neology and Water Tour-ist Centers”, 
Bad Urach 2001 

Lund, J.W. : Balneological Use of Thermal 
Waters, Short Courses of the World 
Geothermal Congress, Antalya, 2005, 
Course on Integration Use of Geother-
mal Waters 

Lund, J. W.: Geothermal Spas in Czecho-
slovakia, Transactions, 16, Geothermal 
Resources Council, Davis, CA, (1992), 
3-7. 

Lund, J. W.: Balneological Use of Thermal 
and Mineral Waters in the U.S.A., Geo-
thermics, 25/1 (1996), 103-147. 

Popovski Kiril. Energy Benefits of Integrated 
Geothermal Projects for Balneology  

 and “Water” tourist Centers. Internatio-
nal Workshop on “Direct Application of  

 Geothermal Energy for Balneology and 
Water Tourist Centers”, Bad Urach 
2001 

Rockel, I.: Taking the Waters – Early Spas 
in New Zealand, Government Printing 
Office, Publishing, Wellington (1986), 
195 p. 

Sarnoff, Pam Martin, 1989. 'The Ultimate 
Spa Book', Travelers Bookshelf, War-
ner Books, New York, NY. 

Smith, C. C.; Jones, R. W. and G. O. G. Löf 
(1993). Energy Requirements and Po-
tential Savings for Heated Indoor 
Swimming Pools, ASHRAE Transac-
tions 99(2), Atlanta, GA, pp. 864-74. 

Stories from a Heat Earth – Our Geothermal 
Heritage, Edited by Cataldi, R., Hodg-
son, S.F., and Lund, J.W., Geothermal 
Resources Council, Davis, CA, (1999). 

Waring, G. A., 1965. “Thermal Springs of 
the United States and Other Countries 
of the World-A Summary”, Geological 
Survey Professional Paper 492. 

 


