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Abstract: The authors focused on the possibility of usinvg pmtential energy from groundwater by means of pamps

in the KoSice region for recreational purposesraslternative to geothermal energy obtained frorgdadepths. The
article deals with the hydrogeological suitabilitf/the KoSice region territory for the use of wateter heat pumps,
suitable technical works in the digging of wellspgspare exploitation well and re-injections waelhd outputs, while
also trying to point out the economics benefitssihg low-potential energy from groundwater againggeothermal
energy obtained from large depths.

1 Introduction recreational and medical purposes. Basically, tlagem

Nowadays, geothermal energy is used for recredtiorigmperature for these purposes ranges from 2620%0.
and medical purposes, mainly obtained from geotakrmOf course, the excess heat obtained can be uskedting
wells reaching a depth of about 2500-3000 m in diam PUrposes as well as heating of domestic water..

This is necessary due to the geothermal gradiemighw ~ The advantage of using heat pumps is also thetfatt
reaches up to 1°C at 30 m of the drilling deptimiost of ~during the summer months it is not necessary tb s
the territory of the Slovak Republic. For exampleme cooled water at the outlet from the heat pump thi
territories in Hungary, where the use of geotherenargy intake wells, but it is possible to use this watéra

for recreational and medical purposes is alreadgng temperature of about 5°C - 7°C to cool the intesjmaces,
tradition, achieve a geotherma| gradient of 1°C6om in fact, it will be actually air Conditioning. Itsi worth
and, in some exceptional cases, 1°C to 15 m, winich mentioning that the power of the high-quality punips
practice means that it does not require to beedrito about 35% in relation to the power, which is a huge
depths like in our area. This is mainly due to th@dvantage over conventional gas heating, respégtive
appropriate geological structure of the area. @frsme, it €lectricity [3].

must be water-borne horizons, because water isdume

that ensures the transfer of thermal energy fromela 2 Hydrogeological proportions in the

depths to the surface. This must be preceded iyoeous KoSice region

geological survey. All this means huge costs to the The hydrogeological examination of the part of Kesi
exploration itself, as well as to the drilling aregplacement  pasin is fairly even. Most of the exploration woakd

of mining and cooling systems, and so on. Under oialuation was concentrated here on the groundvadter
conditions, the price of 1 bm of a borehole in deeguaternary collectors and, to a lesser extent, enyene
boreholes varies between 1300 - 1650 €, which @itab sediments. The entire studied area is a part detiiéory
3,000 m deep drilling about 4,5 - 5,0 mil. €. At depth  shown on the page 38 Kosice baseline hydrogeolbgica
it is possible to obtain water at a temperaturabmfut 90- map of scale 1: 200,000 [4] and underground water
100 °C [1](2]. . ~ chemistry maps at the same scale. Textual explanato

As a suitable alternative, we can see the podsilifi notes to the basic hydrogeological map were prephaye
using low-potential geothermal energy from quaterna Skvarka et al. [5]. The basic data on hydrogeolofy
groundwater, ie from relatively small depths, whétvere  quaternary sediments in the assessed area weidgudy
is sufficient yield of these groundwater, even ffothis  the work of Strisak [6], Sindler [7], Ondizkova [8] and
groundwater reaches temperatures in the rangeb230.  Frankovi [9]. Later on, HaleSova et al. [10,11] discussed
However, even with such low temperatures and sefftic this issue. A valuable regional summary of theifigd is
efficiency, it is possible to use thermal water psnusing  also provided by Sindler et al. [12] and Hale3ovghw
water-water heat pumps to obtain thermal waterigit-h  petrivaldsky [13], in which numerous local workse ar

temperature heat pumps up to 65°C, which shoulgt vegymmarized. From a hydraulic point of view, theioagpf
well cover the water temperature requirements for
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KoSice basin as a whole was evaluated by Jetel aacka. This would be possible to achieve 3-4 fartisvaed
Kaliciak et al. [14]. the same number of wells. In order to provide aewat
The area under assessment is the hydrogeologicalurce for the normal operation of the necessary
region Q 125 - the Hornad quaternary in which twb-s equipment, one water well (well) of about 10*Ishould
areas HD-10 and HD-40 are allocated. be sufficient, but it is also necessary to consither
From a hydrogeological and structural perspective, appropriate reservoir - reservoir of a water soumcader
territory consists of a layer of water in the seelifary to meet the hygienic standards. The location of the
collectors of the quaternary. individual wells should be consulted with the presjve
The uppermost part of the sediments consists ofiflo designer. The distances between the individual swell
plains with a thickness in the range of 0.4 - 2.6=rom the should range from 40 to 50 m in order to avoidgbssible
flow and accumulation of groundwater point of vigtve influence of the individual wells in terms of thgield and
layer of sandy gravel with a thickness of 3.3 torlh is  possibly possible cooling [19].
the most important. The groundwater level at threetof

drilling was most often found at a depth of aba@ . A Table 1 Characteristic data hg boreholes
greater number of hydrogeological boreholes atepggrehole Borehole Water Richness
concentrated between KoSice addia, whose maximal Marking Depth Temperature ~
values of substantiality [15-17], are from 0.3 @®l.s. h [m] t[°C] Q[l.s17]
Some of these wells are used partly as local dripkiater VS-9 8,C 12,C 1,42
sources. VS-10 8,7 11,C 7,14
Towards the west, in further distance from Hornad, VS-12 10,z 12,C 2,32
there is a territory that is part of the HD 20 @drterrain VS-13 8,k 11,C 7,6(
(Hornéad terraces). Their lithological compositienniore VS-14 8,5 13,0 7,60
varied than sediment in the valley, mainly duehte more VS-15 8,5 13,0 14,20
frequent presence of the sand fraction, whethetawy or VS-15 8,2 12,0 3,30
gravel. The topmost layer of slats does not exde2dn. KAH-6 163,6 16,0 14,47

The drained collector also includes sandy gravétls an

average thickness exceeding 10.0 m. The grou.ndwapfr Design of suitable heat pump system
level is at greater depths (5.24 - 6.8 m p. T).liéwar Modern electric heat pumps today are an exceptional
exploratory work [10] confirmed the general knovgedf o5 qgical option for heat generation. Advancedtrmn
the low usability of groundwater from this enviroem. systems, efficient compressors as well as sopatstic
The average yield per one well does not exceed.2:0 i pr(')duction ensure that modern heat pumps éme
[17]'. . . iy iece of electrical current produce up to five paftheat.
Findings about the possibility of acquiring largef oo hymps can provide heat production monovalently
amount of groundwater have also yielded researatk Wy, ¢ is without an additional heat source. Opegatiosts
[15] aimed at deeper (50 to 150 m) layered gravel a ,.q significantly lower than conventional heating
sandy strata of neogen. This is the so- artes_|mdm; equipment, which compensates for higher investroesit
(wells with a positive groundwater level passingigh  \ejatively short period of time. In terms of adility,
their discharge), in which the yield per one bareriore jike in recent years, these devices meet thetesti

than 10.01.3. requirements [20].
. o For the sake of clarity we will model the use of a
3 Evaluation of means of acquiring cascade-coupled heat pump system. This could be a 3
groundwater for given purposes piece York-Johnson Controls YLCS water-water heat

Based on the above-mentioned knowledge of thgump of 350 kW (Figure 1), which would mean a
hydrogeological ratios of the area of interestcdh be maximum output of 1050 kW. Cascaded plugging isemor
stated that the area of interest in consideringuthe of cost-effective, increasing operational reliabilibf the
groundwater for the operation of heat pumps hasgeod entire device.
assumptions in this respect.

In the territory of the southern outskirts of Kqdic SN
several boreholes have been carried out to veh#y t
quantity and quality of groundwater, focused onllstha
quaternary sediments, as well as on deeper degosite
neogene layers. The parameters of the boreholes in
question are given in the following Table 1. =

In order to ensure the operation of water-watert hea g
pumps with an approximate output of about 1 MW,
approximately 35 ;5 will be required from the specified

Figure 1 York Johnson Controls: model YLCS of 380 k
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To predict water heating in pool areas, we try talet
the need for heat supplied by the heat pump syssame

we do not know exactly how much water will be hdate «

we will try to process several variants. We expibat
average depth in pools of 1m and an area of 5000004

» heat loss by heat transfer through the swimmindspoo
walls (below water level),

heating of supplied fresh water (compensation déwa
loss - spraying, carrying on swimmers' bodies, ware
filter cleaning).

and 1500rh The required temperature in pools where the Thermal losses due to the pools walls are negéigihtl

water will be heated is assumed to be 38°C. Itlshalso
be said that these heat pumps can be used atrtiectisae
in addition to the heating of water and heatingwal as
cooling, that is, the air conditioning used in gwenmmer

therefore are not considered in this proposahénenergy
balance of the pool heat, we also take into accthnheat
gains that may be the source of direct sunlight.

The determination of the pool's energy requiremints

months. Of course, the combination of solar thermakarried out for all months of the year. Inputs iacuded:

collectors, which can have a great impact on tbacton

Air temperature for individual months, Soil tempera,

of power, especially during the summer months betwe Ajr temperature at sunshine, Theoretical sunshimatibn,

March and October, will also be a suitable additmthe
water heating.

5 Determination of the energy balance for

pool water heating

Pools in thermal swimming pools are most ofteredill
with water with 27-40°C, which is produced by migihot
water with cold water in such a proportion as touiewe the
required pool water temperature. The filling timepdnds
on the capacity of the water sources. Full wateharge
in swimming pools with a flow system takes placéhini
short periods of time (1 — 7 days).

Pools are normally filled at night to avoid intgrting
the operation of pools. For this reason, it is gnable to
build several smaller pools instead of one largéelV
replacing water with a non-circulating filler systethe

Relative air humidity, Amount of sunlight that faibn nd
of water surface.

Output is the amount of heat the pool loses duitireg
month and needs to be labeled as Heat requiremeatér
losses and the amount of heat needed to heatdbmiing
clean water indicated as Heat requirement for eter
heating. The overall heat demand is the most iraport
indicator and output of the following tables. Theah
requirement per frof surface area is a control indicator. In
our conditions it reaches values ranging from 0.4.4
KW.m2,

The design contemplates heat pumps with an effectiv
power figure of about 3.5, i.e., the heating powkthe
appliance is 3.5 times higher than the power inpgtiired
for the heat pump operation. The amount of heattbald
be able to supply 3 heat pumps with a heating o860

pool swells at the beginning of the season and th&\V is around 756 MWh per month. Calculation example

complements it, which significantly reduces the dath

for both hot and cold water. Water recirculation i X 350 KW =1050 kW...total power of all three tygamp

considered to be the most perfect way of replaiaigr in

which a certain amount of water is pumped out and050 KW x 24 h =25 200 kWh...total power of all tare

recirculated through the filtration plant. The treant
plant must have sufficient capacity resulting frahe
volume and intensity of the recirculation. The irgi¢y of
recirculation is determined by the theoretical tiofigvater
retention in the pool and is expressed in houive to
the average depth of the pool.

heat pump per hour

25200 kWh x 30 = 756 000 kWh (756 MWh)...total
power of all three heat pump per month

This amount of heat would be supplied by heat pumps

The dimensioning of the energy needed to heatdbk p in_case they would work 24 hours a day with a 100%

water influences to a large extent the swimming pype

efficiency. In fact, the heat supply would be sorhatv

(outdoor, indoor), the required parameters of tloel p lOWer.

water, the method of limiting the heat losses afrawing

pools. The design envisages outdoor, open swimmify Conclusion

pools with year-round operation, without hiding |sod he
design will be made for pools with a temperatur8®38
°C and a total pool area of 800, 1000, 1300 and 1&0
and therefore at a water depth of 1m with a volofr&00,

At the given input values, when considering theiredt
conditions in KoSice region, water temperature@gdpen
swimming pool, three heat pumps with heating capaci
around 3x350kW, it is possible to count with yeamsrd

1000, 1300 and 15003%rClimate and weather conditionsoperation if the surface area of less than 88@mal depth

of the site are taken into account.

1m. All of these suggestions are based on assungtiat

For pool water heating, it is necessary to sup@gth contribute to the higher overall heat demand tddévered

for:

by heat pumps. Because open pools are assumegiga

« heat loss management by transfer of water levéd consider covering water at a time when poolsoateof

(heating, flow, evaporation),

service, which would greatly reduce losses (up08s foss
by evaporation). It is appropriate to divide thelparea
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into pools with different volumes and water tempares. [11] HALESOVA et al.:Neogen and Quaternary basin of
Water temperature 36-38°C is over expressed, inesea the KoSice basin in Bodvy basin - hg. district N§g 1
energy demands and also affects the occurrence of [Online], Available: http://www.geoarchiv.tuke.sk/r
microorganisms in water. Each decrease in the water ok.php?action=view&Kkriterium=1985 [7 May 2018],

temperature in the pool by several °C contributethe 1985. (Original in Slovak)
higher utilization of the intended heat pumps amdhie [12] SINDLER et al.:KoSice - preparatory study on hg.
higher economic efficiency of the swimming poolare exploration and use of groundwatefOnline],
From the individual chapters, it is clear, that tise of Available: http://www.geoarchiv.tuke.sk/rok.php?act
low-potential geothermal energy for recreationald an ion=view&kriterium=1988 [7 May 2018], 1988.
medical purposes is possible and economically more (Original in Slovak)
advantageous than the use of geothermal energy. [13] PETRIVALDSKY etal.: KoSice - Airport, hv.
groundwater assessment, hydrogeological
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