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Abstract

At present, there is an increasing interest denoted to utilisation of alternative energy sources. It is
expressed especially in the municipal and/or industrial sphere, where energetic sources based on fossil fuels, are
step by step eliminated by their different alternatives. A common groundwater, which is utilised in heat pumps
for heating of objects, is one of the low-temperature energy sources. Kosice is the second largest town in
Slovakia and there is a large number of buildings with different pretensions to energy in them. From the
hydrogeological point of view, the town of KoSice is situated very properly and it seems that there is a sufficient
amount of high-quality groundwater present, suitable for the above mentioned purposes. The submitted paper
gives an overview of its utilisation.
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1 INTRODUCTION

Achieving an energetic and economic efficiency is quite real and prospective by means of heat pumps
utilising a low-temperature energy source. One of such sources seems to be even the common groundwater with
temperature which is generally not lower than 7 °C and not higher than 15 °C. From the energetic point of view,
the common groundwater is a very advantageous heat source without substantial temperature fluctuations. The
main disadvantage of this system is the relatively high investment costs of acquiring the heat energy water
source in question.

The city of Kosice, though extending over an area comprising different lithogenetical rock types of
various hydrogeological values, is suitably situated due to the possibilities of exploitation of the alternative heat
source type in question. The submitted paper evaluates, with view to the individual city districts, the possibility
of acquiring groundwater from the individual hydrogeological complexes involved in its territory.

2 CHARAKTERISTIC OF NATURAL CONDITIONS

The city of KoSice is situated in several geomorphological units. Its substantial part spreads in the
southern part of Kosice basin and only smaller parts are located in Cierna hora and Volovské vrchy. The
climatic conditions are predetermined by the geomorphology, according to which there can be defined a warm
area and a temperate area with cold winter and the annual mean temperature of about 9 °C and the annual mean
rainfalls of 600 to 700 mm. Hydrologically, it belongs to the Hornad basin. This river flows through the city and
collects water from some smaller streams in its territory (the Cermel'sky, Ra&i, Myslavsky streams). Based on
the regional geological division of the Zapadné Karpaty [Western Carpathians], the assessed area belongs to the
south-western part of the East Slovakian neogene basin, which is a part of the vast Transcarpathian intermontane
basin (Vass et al., 1988).

With respect to its lithology, the surface of most part of the area consists of molasse neogene deposits
with a discontinuous cover of quaternary deposits. The older, pre-neogene rock complexes belong to several
tectonic units, constituting the basement of quaternary and neogene deposits. They only rise to the surface at the
edges of the north-western part of the city in the ranges of Cierna hora and Volovské vrchy.
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Fig. 1: Hydrogeological units interfering parts of the city of Kosice

GeoScience Engineering

http://gse.vsb.cz

Volume LIV (2008), No.1
p. 33-40, ISSN 1802-5420



35

Hranice okresov District lines

Hranice mestskych Casti City district lines

Hranice hydrogeologickych rajonov Hydrogeological zone lines

Hranice hydrogeologickych subrajénov Hydrogeological subzone lines

Okres District

Paleozoikum Slovenského rudohoria v povodi | Palaeozoic of the Slovenské rudohorie in the Hornad
Hornadu basin

Mezozoikum a krystalinikum Ciernej hory Mezozoic and crystalline complex of Cierna hora
Neogén vychodnej Casti Kosickej kotliny Neogene of the eastern part of KoSice basin
Neogén a kvartér v povodi Bodvy Neogene and quaternary in the Hornad basin
Kvartér Hornadu v Kosickej kotline The Hornadd quaternary in KoSice basin

HD 10 — aluvialne naplavy Hornadu HD 10 — alluviums of the Hornad

HD 20 — neogénne ily a terasové §trky HD 20 — neogene clays and bench gravels

3 POSSIBILITIES OF GROUNDWATER UTILIZATION IN THE CONURBATION OF
KOSICE FOR THE OPERATION OF HEAT PUMPS

The given assessment must be based on regional needs for the possible utilization of groundwater for heat
pump operation. In these terms the most suitable factors seam to be firstly the territorial and administrative
division of Kosice and secondly its regional and local hydrogeological division.

With regard to the territorial and administrative division of Kosice, the currently valid scheme of 1996
was used, delimiting 4 districts and 22 city districts (Fig. 1).

Specific assessment of groundwater resources utilization for the given purposes is then confined to the
area restricted by the district boundaries. In each of the 22 city districts, conditions of occurrence, circuit and
accumulation of common groundwater are evaluated in terms of the hydrogeological regionalisation of Slovakia
(Suba et al., 1984). The visual assessment is based on the modified map of utilizable groundwater resources
(Fig. 1), elaborated by means of the data by Suba et al. (1990) and the map of the main hydrogeological regions
of Slovakia (Malik & Svasta, 2002).

To identify the individual hydrogeological sites location in more detail, a set of maps was compiled,
enabling identification of the existing investigation sites — hydrogeological boreholes situated in the territory of
the city of Kosice, executed within earlier investigation work. These documents are archived by two institutions:
http://geolisis.gssr.sk/geofond/ ; http://www.geoarchiv.tuke.sk/. Fig. 2 shows a fragment of such a map.

The text part of the subject paper further presents possibilities of groundwater utilization for the given
purposes in more detail. Particularly, it gives characteristics of hydrogeological elements, such as the type and
thickness of the aquifer, the basic geohydraulic parameter — filtration coefficient and the mean yield related to a
hydrogeological borehole situated in the given environment.

It should also be observed here that, with respect to the subject assessment utilization, its concept was
organized as follows:

the individual regions are primarily described according to the districts, in sequence from I to IV

in each city district of the district, the individual groundwater resources located in its territory are then
characterized (Tab. 1)

0 precise locations of hydrogeological boreholes is then graphically represented in the maps of the
documentation buildings, scale 1:10 000 (Fig. 2).

The city of Kosice comprises several hydrogeological regions of different hydrogeological values. Their
space arrangement in the individual city districts is indicated in Fig. 1.
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Tab. 1: Example of a characteristics” table file of an object utilizable for heat pump

Borehole designation and location Archive sources Technical and geological data
Original
borehole HP-1 Author Tometz, L. Borehole depth [m] 12.0
designation
City district| ~ Kogice — south Year of 1984 Standing groundwater 45
execution level [m p.t.]
v, MsNV Water lithology gravel
Street Poziarnicka Investor Kogice from-to [m p.i] 44-11.0
Map sheet Geofond . .
1:10 000 37-24-19 archive number 59499 Yield Q [1.s7] 21.00
i i i ’ Water temperature
Note Fire brigade, primary UGY FBERG 2016 p 13.0
school archive number T [°C]

HG region G118 — Palaeozoic of the Slovenské rudohorie in the Hornad basin interferes in the north-
western part of the town. It is roughly delimited by the Cermel'ské valley, Kavegianska road, Watson street,
Popradska street and Horny Bankov. It occupies the city districts of Sever and Myslava. It is composed of
Palacozoic rocks — phyllits, porphyroids, diabases and sandstone, alternating monotonously. Their hydraulic
capacity of accumulating groundwater is very low and they are of no significant hydrogeological value. Only
the numerous, low-yield springs exploited for the centralised city water supply are important hydrogeologically.
There are no recorded hydrogeological boreholes in this area.

HG region MG 124 — Mesozoic and crystalline complex of Cierna hora lines the north-western fringe of
the city. The boundary is formed by Kostolianska and Kavecanska streets, as well as the Hornad valley at
Tahanovce. The substantial part of its city territory is made up by the Kavetany district and Podhradova (North)
housing estate with the surrounding individual housing development. A small part of the region interferes in the
Tahanovce municipality and housing estate. In these conditions, groundwater can be obtained from the
Muschelkalk dolomites forming the north-eastern edge of Cierna hora. By means of the CH-5 borehole, 114 m
deep, situated in the rock complex mentioned, groundwater was detected in Sucha dolina with a possibility of
long-term withdrawal of Qv = 3.4 1.5 and temperature of 12 °C. The crystalline complex and Palacozoic rocks,
forming the central part of the subject area, are of inferior hydrogeological significance.

HG region NQ 123 — Neogene in part of Kosice basin interferes in part V of the city area. It is delimited
by the rivers Hornad in the west and Torysa in the east. The northern and southern boundaries reach outside the
city territory. Substantial parts of this region are occupied by the Tahanovce and Dargovskych hrdinov (Furéa)
housing estates, as well as by Kosickd Nova Ves, Krasna and Vy$né Opatske. It consists of neogene deposits in
the form of impermeable clays with sand and gravel locations of limited intergrain permeability. Sporadically, it
is possible to obtain groundwater in the quantity of Qv = 5 to 10 Ls” from these layers by means of a single
borehole, 80 to 150 deep, or, occasionally, in the tectonically disturbed zones, up to 20 1.s’!. This fact, however,
has been proved outside the city territory.
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Fig. 2: Hydrogeological objects

HG region NQ 138 — Neogene and quaternary in the Bodva basin situated in the south-western part of
Kosice II district. It comprises two important subregions. The first one is in the form of fluvial deposits od Ida
and Bodva, with the thickness of 15 to 20 m and permeability of (k = 5.10™ to 2.10” m.s™). It only interferes in
the edge of the area assessed (Lorinéik, Polov and Saca city districts). The second subregion contains important
quaternary gravel accumulations situated in its south-western part at Saca and US Steele, where the yield of 5 to
7 1.5 can be obtained with a single borehole, 10 to 15 m deep.

HG region Q 125 — Quaternary of the Hornad in Kosice basin occupies the central part of the city of
KoSice. It may roughly be demarcated by a line running along Kostolianska road, Watson street,
Ceskoslovenskej armady street, Moyzesova street, Razusova street and Rastislavova street up to Barca. The
western edge of this region is roughly lined by the Hornad river. The southern boundary of the region spreads
outside the city territory; the northern boundary is delimited by Tahanovska street. It occupies the central city
part (Old Town), and the city districts of Juh, Barca, Sebastovce, Nad jazerom and Saca. Marginally, it interferes
in Zapad district. Substantial part of the region is composed of quaternary fluvial sandy gravels (HD 10
subregion) with a high permeability of (k = 1.10™ to 1.10” m.s™). The deposit thickness ranges from 3 to 12 m.
Conditions for good groundwater flow and accumulation arose in the coarser parts situated in the southern city
part. It is possible to collect the amount of 9 to 15 L.s™ by means of a single borehole here. The yield of boreholes
situated in the Hornad bench gravel (HD 20 subregion) is substantially lower. This subregion must also involve
the territory delimited by Popradska street and the whole KVP housing estate, where neogene deposits are found
with prevailing clays in which, usually in the depth of more than 25 to 30 m, there are gravel locations enabling
to obtain 0.5 to 3.0 Ls™ of groundwater with a single borehole. At the depth of 50 to 150 m under the quaternary
filling, neogene gravels are sporadically found in the form of artesian layers with the yield of approx. 10 Ls™ per
one borehole.

The following text describes the individual city districts with view to the possibility of groundwater
utilization for heat pumps.

Thence it follows that the hydrogeological value of the most part of the city of KoSice territory is very
important with view to the groundwater utilization for heat pumps. This is not only due to the quantity presented,
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but also the groundwater quality. Its temperature generally ranges from 10 to 12 °C, but temperatures around
14 °C are not unusual. The original investigation results show that the water to great extent conforms to the
conditions for its utilization as drinking water, with the exception of bacteriological and microbiological rates.
This points to its trouble-free utilization for heat pumps as well.

The first experiences with heating of buildings on the basis of the subject alternative energy source —
groundwater - have also been recorded in the city. Besides private dwelling houses, there is also, for example, a
kindergarten site in operation in the Obrancov Mieru Park (Sever city district). The proposed project of air-
conditioning in the administrative building at No.3, MurgaSova street, seems to be important. In that case, there
were utilized both the very favourable hydrogeological conditions of fluvial gravel - sand deposits of the Hornad
in the Old City centre and the fact that there has already been a groundwater resource in the building cellar — a
well (Photo 1), 7.5 m deep, with a yield more than 10.0 Ls”. Investigation (Tometz, 2006) verified the
possibility of not only drawing the required amount of groundwater from this well, but also its reabsorption in
the rock environment after utilization for the heat pump. The basins (Photo 2) located in the same cellar were
unconventionally used for that purpose; however, at a distance eliminating the possibility of affecting the water
drawn from the well.

Conclusions of this subject investigation imply that, with respect to the incompleteness of the well which
did not pass through the whole water thickness and thus a limiting reduction (6.0 m from the well opening), the
maximum amount utilizable is 9.0 1.s™. On the other hand, the limiting factor is the amount of utilized water
absorbed at the maximum value of 7.0 1.s™, which, however, covers and even exceeds the subject site energy
requirements.

4 CONCLUSION

The subject paper aimed at suggesting possibilities of groundwater utilization in the city territory of
Kosice as a modern alternative low-temperature energy source. In general, it is a fact that the groundwater
resources are not dislocated evenly over the city territory, as a result of different conditions of accumulation and
flow of groundwater attached to different lithogenetical rock types. It can, however, be claimed that the potential
given in the city territory is very significant. It is mainly situated in the central part of the city (administrative
buildings, schools, hotels, etc.), but also in the suburban — industrial and dwelling parts (Juh, Barca, Nad
jazerom). In these conditions, the existing resources can often be utilized, the number of which exceed a hundred
sites in KoSice. For that reason it is not possible to agree to some opinions (e.g., Havelsky, 2002) on the
infeasibility of groundwater utilization for the given purposes owing to high investment demands. This fact may
then be projected to the whole area of Slovakia universally, with due regard to the fact that the dislocation of
suitable groundwater resources and storage is not uniform there.

Photo 1: Internals of the pumping well situated in the cellar of Murgasova Street
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Photo 2: Disposal basin for water consumed by heat pump

REFERENCES
Havelsky, V. Podmienky efektivnosti a ucelnosti vyuZitia tepelnych cerpadiel na Slovensku. Publikacie
Slovenského zZvizu chladiacej a klimatizacne;j techniky Bratislava.

http://www.euroweb.sk/szchkt/tepelne cerpadla/havelsky01.htm

Malik, P., Svasta, J.: I:Ilavné hydrogeologic;ké regiony Slovenska. In: Miklos, L., ed.: Atlas krajiny
Slovenskej republiky. MZP SR Bratislava a AZP SR Banska Bystrica, 2002, s. 84. isbn 80-88833-27-2

Suba, J., Bujalka, P., Cibulka, L., Frankovi¢, J., Hanzel, V., Kullman, E., Porubsky, A., Pospisil, P.,
Skvarka, L., Subova, A., Tkagik, P., Zakovi&, M.: Hydrogeologicka rajonizacia Slovenska — 11. vydanie.
SHMU Bratislava, 1984, 308 s.

Suba, J., Bajo, I, Bujalka, P., Cibul’ka, L., Gunis, K., Hanzel, V., Jetel, J., Kullman, E., Kullman, E., ml.,
Leitmann, S., Mada, 1., Mihalik, F., Paschova, A., Porubsky, A., Stastna, K.: Mapa vyuzitelnych zdsob
podzemnych véd Slovenska. SHMU Bratislava,1990.

Tometz, L.: KoSice — Murgasova ul., &. 3, hydrogeologicky prieskum. Manuskript — Geoarchiv UGV
FBERG TU Kosice, 2006, 10 s.

Tometz, L., Bartko, M., Atlas podzemnych vod Slovenska pre tepelné cCerpadld. Manusrkipt —
INTERGEO a.s. Prievidza, 123 s.

Vass, D., et al.,1988: Regionalne geologické Clenenie Zapadnych Karpat a severnych vybezkov panonskej
panvy na tizemi CSSR, 1:500 000. SGU, GUDS Bratislava.

GeoScience Engineering Volume LIV (2008), No.1
http://gse.vsb.cz p- 33-40, ISSN 1802-5420



40
RESUME

Dosiahnutie energetickej aj ekonomickej efektivnosti je vel'mi realne a perspektivne za pomoci tepelnych
cerpadiel, ktoré vyuzivaju nizkoteplotny zdroj energie. Jednym z takychto zdrojov sa javi aj oby¢ajna podzemna
voda s teplotou spravidla nie nizSou ako 7°C anie vy$Sou ako 15°C. Pre otvorené systémy je ale potrebna
vzhl'adom na vodohospodarske predpisy reinjektaz pouzitého prietoku do d’alSiecho podzemného vrtu. Hlavnou
nevyhodou takéhoto systému su investi¢ne pomerne vysoké naklady pre ziskanie predmetného vodného zdroja
tepelnej energie.

Mesto Kosice, aj ked” sa rozprestiera na Gzemi so zastupenim roznych litologicko-genetickych typov
hornin, ktoré maji roéznu hydrogeologicki hodnotu, je zhladiska moznosti vyuZitia predmetného typu
alternativneho zdroja energie vhodne situované. Predkladany prispevok hodnoti vo vztahu k jednotlivym
Castiam mesta, moznost’ ziskania podzemnej vody z jednotlivych hydrogeologickych celkov, zasahujicich do
jeho teritoria.

Pri danom hodnoteni je treba vychadzat’ z regionalnych potrieb mozného vyuzitia podzemnych vdd pre
prevadzku tepelnych Cerpadiel. Z uvedeného hladiska sa ako najvhodnejSie javi na prvom mieste zemné
a spravne rozdelenie Kosic a na druhom mieste jeho regionalne a lokalne hydrogeologické roz¢lenenie.

Pre izemné a spravne rozdelenie Kosic bola vyuzita v sucasnosti platna schéma, ktora vymedzuje 4
okresy a 22 mestskych Casti.

Konkrétne hodnotenie vyuziteInosti zdsob podzemnych vod pre dané tcely je potom viazané na izemie
vymedzené hranicami okresu. V kazdom z 22 mestskych casti su zhodnotené v zmysle hydrogeologickej
rajonizacie Slovenska podmienky vyskytu, obehu a akumulécie oby¢ajnych podzemnych vod.

Hydrogeologicka hodnota znacnej Casti uzemia mesta KoSice, je z hl'adiska vyuzitia podzemnej vody pre
tepelné Cerpadla vel'mi vyznamna. Nie je to len z hl'adiska kvantity ale aj kvality podzemnej vody. Jej teplota sa
spravidla pohybuje v rozmedzi 10 az 12°C, no vynimkou niesu ani teploty okolo 14°C. Jej kvalita je vel'mi
priazniva aj z fyzikalno-chemického hl'adiska, menej vsak z biologického hl'adiska.

To poukazuje na jej bezproblémové vyuzitie aj pre tepelné cerpadla.

Vramci mesta boli zaznamenané aj prvé sklisenosti s realizdciou vykurovania budov na baze
predmetného zdroja alternativnej energie — podzemnej vody. Okrem sukromnych obytnych domov je napr.
prevadzke objekt materskej Skolky v Parku Obrancov mieru (mestskd cast Sever). Vyznamnym sa javi
pripravovany projekt klimatizacie administrativnej budovy na Murgasovej ul., ¢. 3. V danom pripade boli
vyuzité vel'mi priaznivé hydrogeologické podmienky fluvidlnych Strkovo-pies€itych nédplavov Hornadu v centre
Starého Mesta. Prieskumnymi pracami tu bola overena moznost’ nielen ¢erpat’ pozadované mnozstvo podzemne;j
vody z tejto studne, ale po jej zuzitkovani tepelnym ¢erpadlom ju aj spét’ vsakovat’ do horninového prostredia.
Za tymto ucelom boli netradi¢ne vyuzité nadrZe, nachadzajuce sa vtom istom suteréne, no v dostato¢nej
vzdialenosti, ktora vylucila moznost’ ovplyvnenia ¢erpanej vody zo studne.

Zaverom mozno vsak konStatovat, ze dany potencidl na uzemi mesta je velmi vyznamny. Zvlast' je
sustredeny do historickej Casti mesta, ale aj do jej priemyselnej Casti. V takychto podmienkach mozno casto
vyuzit’ jestvujuce zdroje, ktorych pocet v KoSiciach prevysuje sto objektov.
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