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INTRODUCTION

The settlement network ofl@&akia is broken down into smaller settlements
nationwide,whichi s al so applied to the city Kodgice.
defined by the c o atitudeianda2h & ®asdidhditudd. e nor t h |
area studied covers the whole cif K o ¢g,i thee largest distance is in the SN
direction (25 km) and the smallest in tB8W direction (35 km). The altitude
ranges from 184 to 851 m above sea level but theecehthe city $ at 208 m
On July 24" in 1996, the National Council of the Sk Republic adopted the
Act No. 221/1996 Coll. on Territorial and Administrative Organisation of the
Slovak Republic. Based on this act, the cffK 0 gi ce wa D4 distriets ded i nt
(Tabe 1) and in the lower level into 2®&ards, which wee in 2001 furtherdivided
into 126 urban zones. At its administrative borders the cityanagea 0f2423
km?. K o § ihas 23995 inhabitants (2017) anitk population dasityis 987.2
inhabitants perik? (2016datg.
One of the most important needs ob i iisctiee supply of drinking water in
sufficient quantity and quality. The main water sourtethe water reservoir
Starina (district of Snina) and the water reservairl8o v e ¢ -okadleodgstrict) e
i are situated oside of the city limits. Longdistance water pipelines supply
drinking water from t hem. Within the water
sources of the Slovak Kar shrienqvefKogp eed ) wat er p
and somethersouices located directly in the city are used as well.
At the turn of the 19 and 20" centuries, the oldest water supply systehthe
city employedthec apt ur ed s pr i Valey arwfatertalsethelwells me O
situatedin the valley ofthat Ho r n(ledh 8) River. Because of the industrial
developmenbf Kog i c e, the demand f orasihcoreasad use of g
Therefore, especially in thHE960s and 1970sumerous water sources wesaught
for, explored andbuilt within the territory of the city.
This monograph describes the hydrogeological camustin the territory of the
ctyofKogi ce. | sarevievs af thepistribution efgroundwater sources
in the city as well asan evaluation of their technical pEmeters,yield, water
quality andquantity.
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1. TERRITORIAL AND ADMINISTRATIVE ORGANISATION OF KOGCE

K o g ,iaztlkee metropolis of eastern Slovaksthe second largest city in Slovakia

with more than 230,000 inhabitan®he cityisgpar t ofd Kkdggiceg aw

agglomeration which, with 555800 inhabitantsis me of the largdsurbanised

area in Slovakia. As is documented Tahle 1, Kogice is divided into
and 22wards

Table 1. Districts andwardsofK o gi ce and
basgc information about them

(as of31 Decenber2017)
Ward District | Area [km?] | Population
Staré mesto 434 20 751
Tahanove 7.28 2 529
Sidlisko Tahanovce .. 8,56 22 340
Kosice |

Sever 54 .58 20 281
Kavefany 10,05 1310
DZungla 047 697
Zapad 553 39 978
Saca 41.21 5890
Sidlisko KVP 1.78 23 864
Polov Kogice | 12,96 1198
Peres 1.33 1939
Myslava 7.0 2257
Lunik [X 1.07 6411
Lorinéik 2,97 718
KoSicka Mova Ves Kosice |l 577 2 691
Dargovskych hrdinov 11.09 26 169
Vy3né Opatske 419 2 480
Sebastovce 5.1 732
Mad jazerom Kosice [V 3,66 24 803
Krasna 20,05 5401
Juh 9,77 23 030
Barca 18,13 3 626

Ko g i c eimporg&ant eentref political, economic, cultural anderical life as
well as the seat of the Constitutional Court of the Slovak Republic. It is also an
important universy and scientific centrdt is the seat ofour universiies as vell
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as faculties iad detached deptments of other Slovak universitiaad isthe seat of
eightinstitutes of the Slovak Academy of Sciences.

1.1.Di striclt Kogice

The first districtis divided into6 wards and represents the central part of the city.
67,908inhabitantdive within its area of 8516 km?.

WardSt avitesio

The dominant of this part of the city is its historical eenwith numerous
monuments of Goth, Baroque, Classical and Histori@mthitecture. It represents
the largestrea d historical importancen anycity in Slovakia (854 ha).The most
prominent is the largesgligious structurén Slovakiai the Gdhic Cathedral oft.
El i s abet hStreet, Hihed with§ palace and burgher house housing
restaur ant s, Iprovidésanice prosnenade df thetya f ® s

In the past, thisvardwas supplied from soWaleyes | ocated
Today, combined sourc&ukovec Dam springs in the aea of MedzevStarina
Damandspringsin thearea of TuR & Drienoveci Hatiny are used.

Up to 40 groundwater sources have been documented within tidy, st
although most of them are not used. One of the most impdstémdgroundwate
source supping the Singing Fountainbetween the State Theatre a8id Urban
Tower.

Wards a Imavce

Unt i | 1969 s adpaateovilag@nd the fgst vaitten mentioof it

dates back to 1263. At present, abog0R (mgtly older) inhabitantstay herelt

is closely interconnected with the neighbouringird Settlements a h aca.o v
Approximatly hdf of the central part of tharea isepresentetty build-up areeof

older agewith individual houseswhich often include dug wellsThe populationis
suppliedwith drinking water through sources t at ed i n RivetvaleyHor n 8§ d
In the cadastrahreas ahanov ce i t gherlnbmerbus @ar signiicane n e i
groundwater sourcesln the mapping base compilatiofior this study, the

recr eat i on albelorgingnethedard Sdvedy was also affiliated to this

ward A n i liskaa area where not onlynportant sources of drinking water but

also wells capturing natural mineral watleave leen identified. In total, 45
hydrogeological wells are documented here.

Ward Settlemens ahanovce

The centre of thevard is characterisedy a panel housing estate iftubetween

1984 and 1997 on the ldfank river terrace of h Hor n8d above the vi
s a h a n wheethe sanitation works relating to the erp®sn of the housing

estatewereplanned in the pasthewardSettlemens ahanovce is the young
the cty and currentlyhasabout 23000 inhabitarg The drinking watersupplyis
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from the centralsystem (StarindKogi ce wat em). Graupdgweter sy st e
sources are not found here. ®fap 1, this ward is affiliated with the ward
sahanovce.

Ward Sever

This ward covers the largest aréa the city. Itcontains amagnesite mine in the

Banko v ar e a,Hill Withauihs of fhe castle and the View Tower, Clinic

Sever, Komens®h o and An gsadiumsod m t pheer kilso,k anthot 2 va ar ea
therecreational zoreAnil k a , Al pi nka, Ler meO, Bankov and
the city is supplied byrdi nki ng water from LermeO sources
sources situateth the vicinty of theH o r rR§/et. In total, 15 hydrogeological

wells are documented in thisegy someof whichare locally used

WardKavel|l any

According to the oldst written document dated from 142Be original Slovak

name of thisvard was Kavd a n y .aname foundsin all regions of Slovakithe

village Kavel a mwgs mergedwith K o ¢ iCity en 1969. At present, peophasit

this area mainly for ftexation activities sinca ski resort, relaxation zone aado

arelocated hergand he southern part is intensively used faighbourhoods of

individual houses. Becae®f there are some localgrmdvat er sour ces, Kavel :
hasits own water supply netark. One hydrogeological well (GH) supplying the

water to thezoowas identifiel here

WardDgungOa

This is the smallestvard o f K o g idedein thef1@3Qsim the 1970s it was

designated for satation works, which verenotfinally realised. The location of the
wardDgungOa bet we dhe ciy énd newle buitreseent@lf area

brought dynamic shopping developmenthis tarealn addition,construction ofa

traffic and raiway junction, Terminal Severi s pl anned. The exi stence
as an autonomous city unit with only about 4BBabiants isan often discussed

political questionln discussion of theeductiono f K ovgrds, dte affiliation to

the ward Severhas beemproposed The water supplyin this areas similar to the

wardS t dviesd. In addition,5 groundwater sources and some dug wells related

to the housing edta are situated here.

12.Di striclt Kogice

The second distrids located in the watern part of the citgndcorsists of 8wards.
Totally, 82,255inhabitantsreside in the distet, whoseareais 73.87 knf.
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WardZ 8§ p ad

A significant part of thisward territory is characterisedy the residential eea
known as Noler&aMdeevér,oother parts amso characterisedy
redgdential or builtup areasinthe sout hern part the residenti e
the eastern edga built-up area originally of famikhouses, and on the western
edge 6 the ward an area of new housesn be foundZ 8§ p ad Hhird mosth e t
urbanisedvard of Slovakia.Higherpopulatiors are foundnly inthe Pat § al ka and
R u ¢ i waabbelonging to Bratislava.

Groundwater sources splging this area are located mainly in the Slovak Karst
(the T u ri Briznovec watesupply network) but waer is abo supplkd from the
Bukovec Dam In geneal, 14 groundwater sourcesere documentedsome of
which are used as irrigation sourcesassources ohondrinking water.

Ward Gaca
This district consists of wo former vilagesGa c a  ainkd, asBwil zs the
larges industrialsectionof Ko gi ce (U. S. SIh thie hrea@aonpjgror at i on) .

medical facility is situated,a private hospitabelonging to the AGEL Gup.

Drinking water isobtainedfrom the T u ri Brignovec water supply network here

and the hospital is sor c e d by wel | s of t he32 Mal § | da
hydrogeological wellswere doementedand most of themwere realised for

groundwater protectiopurposesn the industriakection(US Stee).

Ward SettlemenKVP

This wardis characterised bg complex of panel apartment blocks built mainly in

the 1980s. In addition, sho@sconvent, sport facilities, tennis hall etc. are situated
here. Water supply is resolvad the sane way as in theward Z8 pad. N o
groundwater sources ar@vailable here due to the unfavourabléocal
hydrogeological conditions.

WardP o Qo v

Formerly thisward was a historically independent village. Even today, it has

preservedy its rural characteand a few kilometres of green areas separate it from

the paneflats in thebuilt-up area of the cityThe @dastrharea ofP o Oisaraund

1217 ha, of which the builip area is over 165 ha. Drinking water is supplied to

thepopul ati on through dug wéDriensvecansterwe | | as t|
supply network. Fouse infarmyards, 5 hydrogeological wells werdug in the

territory of this ward but all of them were identified aseingof little value both

guantitatively and qualitatively.
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WardPer e g

Pereg is one of the youngest parts of
built-up areasf individual house Between 1997rad 2000 more than 90 building
permits were issued her&he ward is also knownfor the fact that it is rather
difficult to establish a groundwater source. Therefore, taa & supplied from the
TurR BDrienovec water supply network. Information about the realisation of
hydrogeological wellss absent in the archives.

Ward Myslava

The village is located ithe MyslavaCreek valley At presenthowever the built-
up area of individual housess expauwing also to the surrounding slopes.
My s | a v s ke paNlaf ¢MgslavaVillage known for its metallurgical history
belongs to thisvard as well.lts cadastral arealsoincludesa closeedown dump.
Drinking water is supplied from tHB@ukovecDam reserviy, but some houses have
theirown dug wells.

WardLunz k | X

This is the housing estate with the highest density of the Roma population in
Slovakia. Although the capacity of th®using estatis around2,400 inhabitants,
around 6,411 inhabitants amegst er e d i n whommappkoximaiely 200 f

are children. As a result, one flat is occupied by 14 tpddple on averagé\

di fficult praQGitbidthemadéqoa sodkabagdygienicconditionof

the people staying herdhe ity district usesthe BukovecDam reservoirandthe

T u ri Brienovecwater supply network as a source of wagik hydrogeological
wells are situated withithe territory of thisvardandward Myslava. Most of them

are located in the area of the dunmporder tomonitor the groundvaterquality.

WardLorin | 2 k

Thiswas an autonomous village the pastThe territory of thisvardis locatedon
the northwestern edge of thBistrict K o § il.cTke building expansion typicaF
this areais related tats location a well as the fet that it is the one ofhe best

places for relaxatonand peacef ul l'ife in Kogice.

Bukovec Dam reservoir In addition, inhabitants use also individual dug wells,
especially as soces of irrigabn water. Havever, officialinformation about the
utilisationof groundwater sources missing in this territory. In the northern part of
Lori nl| 2 k ,tuparedoeindividual housefas been developed during the
past decadebutrelatedhydrogeological worksdid not meet withsuccess.

Kogi ce

The



16 Ladislav TometZDi ana DiDrammear oTvo8met zov §

13.Di striclt Kogice

The third districti s t he s mal | e sQCity. il cossists dfanly two f Kogi ce
wards.

WardKogi ck8 Nov§ Ves

Kogi ck8 Nov§ Vhatbecammd fd | vialt I€Ydgnel968.TKeo g i c e
original family houses make up 99% of thailding area of thisward Only 3
structuresare prefabricated However, according to theatd-use plan settlement
expansion is planned, during whiahound2,000 new housewill supplementhe
currentlyexisting700houses T h e T Sfadnj ivatee system supply is used as a
source of drinking water fahe populationo f Ko gi ¢ k Fhrerelatigely Ve s .
deep (25 to 95 m) hydrogeological wadiee documentenh this area. In additiora
well-known spring used as source of refreshing water for the local populé&ion
located in the centre.

WardDar govsikdvch hrd

Thiswardis located on theith known as Fu [, whichis also the popular name of
this district. At present, approximately,800 inhabitantdive here, predominantly
in housing estatebuildings In this territory, there is essentially nindustry.
Drinking water is supplied through the StaiiKaoi¢e water system. As is evident
from Tabe 9, the area containd hydrogeological wells. They are situated mainly
on the western edge of the area, closer toHler nR3ver. As a result, their
hydrogeological value is higher (efficiencies evégherthan10Is'?).

Numerous geological surveys related to its development were carriedtbat
housing estate area itseHowever, engineering geological wells did not confirm
the possibility of obtaining a significant amount of groundwater. Despite tthgs,
groundwater, although it is only in a small amount, affeéae stability of the
territory. As a result, some of the more permeable layers in the marginal parts of
the area are drained by more than 130 horizontal wellsvatetis taken to docal
canal

14.Di stricl¢¥ Kogice

The fourth éstrictof Ko g i c e iinghesootlteatsé @r n p&tyandof Kogi ce
consists of Gvards. It coversanarea 0f60.89 km? and has a population 60,072

WardVy gn® Ops8tske

WardVy g n ®skeéOwa§ establisdeon 23 24 November1990 by Acts of the

National CouncilNo. 369/1990 Collof Municipalities andNo. 401/1990 Coll. on

Ko gi c dtwasiformed by affiliation othec adast r al areas Vygn® Op:
K o g Vic mod. Today ti consists of two cadastral territoriddy gn ® OpdEt ske a

Ni gBvg @®dominantlya builtup area ofndividual house$asevolved here,
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with someindustrial structures The dinking water supply is provided from the

sources of the supragional StarineBKogi ce water systiem and fror
Drienovec wate supply network. From the hydrogeological point of view, only

three wells of minor importance were realised h8rece thewardis characterised

mainly by buit-up area, the occurrence of dug wells is relatively frequent here.

Ward Barca

Barca was aeyarate village in the past whi ch was afifthel i ated to
second half of the 20century because of the expansiontlud city. Most of the

village is made up ofan area of industrigblants an airport, a municipal waste

incinerator andthe sewag plant, and onlya minority of its areaconsists of

residential neighbourhood¥Vard Barca is suppliedvith drinking waterin the

same way awardVy gn® Op&8tske. Regardi ngo42he archi ve
hydrogeologcal wells were realised here. Masft themarerelatedto the planned

food industrysectionin the eastern part of the territory. After the development of

this complex and its restructuring in 1989, some groundwater sources are still used

today. In the aa of the airport, besides the waseurces for utility and drinking

purposes, hydrogeological works related to the protection of groundwater have

been carried out. In additiodug wells areelatively frequentn the buit-up area.

Ward G e boace

This part of t h al chracteicltasctecisedyyfamily dcusesa r ur

with nobl ocks of flats. Until 1976, Gebastovc:e
Generally 8 hydrogeological wells are documented in this area. Deeglés (31

to 163 m)pass also through artesian beds and as dt,rédseir efficiencies are

higher than 1@s'*. Shalloverwells (maximally of 18 m) are used as water sources

for thelocal nursery school artthe restaurant. Besides these wells, drigkivater

supply is provided from the same water supply systeass in wards Barca and

Vygn® Op 8t s k e .dugbyntltkiinkiabitdnissate usedenhainlg as sources

of irrigation and nordrinking water.

Ward Nad Jazerom

The nane of this ward comesfrom the lake (irSl ovak #fAj azeroo0) bel ongin
teriitory thatwas fameddue tog r a v e | mi ni ng Riadriothegpast. he Hor ng8d
Thewardconsists of estate housing and a bit larger area is reprebsgrtetlistrial

and business area locatemh the southwest. All of the 23 documented

hydrogeological wells are situatedthe 1 uv i al gr av eRivervallely t he Hor n§
and some of them are stilh use today.T he di opulatior aséwell ap

industrial (mainly food) facilities use drinkingwater mainly from the supra

regional StarinetK o gi ce wat er Sy s tTeura Biienovec wates o f r om t h
supply network.
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WardKr § s n a

Until 1990 thiswas an autonomous Vvillagdtisnamed Kr §s
located in the soutbastern partof he Ko gi ce city, on both bank
River. The territory of thisvardextendsalso to the TorysaRiver valley. A built-up

areaof house9revaik in this area andn the western edgthe is some industrial

production. The drinking watersupply is provided similarly to thevard Nad

Jazerom. Although 9 hydrogeological wells were realisexdt, noe of them are

used at present.

Ward Juh

The southern part of the cityagrestablished in the period of business development

asa continuation of t h én thie iMeldleoAgéscsome ent r e of
colonies near the citgxisted heresuch aBe d n 8r s k a , Gpit8&8lska and L
Ves. Today, thevard Juh has anultifunctionalcharactedueto residential as well

as indugtial zonesbeing presentiere. In this territory, 24 groundwater souraes

situated. In additionthe well with one of the hghestyields in the cityis in this

area: it islabelled K1N, has ayield of 41 Is'!, andis located ini the area of

Universily Hospital of L. Pagur on Rastislavov&treet. Currently it represesithe

source of the drinking water for this hospital. Heere as whole, thevard Juh is

supplied with the driking water from the supreegional StarinBK o gi ce wat er
systemad T iiDri€havec water supply network.
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2. NATURAL CONDITIONS OF KOGQCE

The natur al ¢ oQitydaretchamactegised if tHelawigg texeonly
in the context of the evaluation of its hydrogeological conditions.

2.1. Geomorphological conditions

K o cgicity is located on the territory of two geomorphological affieigsire 1):
a) TheSlove n s k ® R Mid. o¢ludingiTreelL i er nkBltsftwot & Hor n8d
foothills) and Volovec Ms.( wi t h HKo jl g@awn dHil)Ho I i | k a
b) TheL u| eéKoegci ce De pr e she Soothern Slovakl Basth i(withy
theKogi ce. Basi n)

TN
S as

-
o e

A

-

S~

1.

Figure 1. Geomorphological units of eastern Slovakia wviftehighlighted '
territoryofKo gi ¢c € Maerdgulani g, 1986)

The relief of the area studied is relatively varied. In the central part ofdfe Kc e
Basin, ithas aplain charactemwith the lowest point 204 m above sea leskelts
southernedgein theward Gaca(District Kol n € @ r  Bhislkindeof relief
represerga substantial part of thBistrictK o § i ¢ éDistlictkaongdi ce | V
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The highest point, 809 m above seeeleis located on the northern edgjethe
city territory, .FromtheHceer nkS8adsyé¢dvaadialthe edst st r i ct
the character of the relief changing from thlain to hilly (wards a haniov c e
District Ko g il,c eKo gi c k 8 Ditoct Ko gviegse ainldl Vygin® Op8t ske
District Ko g i Q.€The mduntain character of the relief occurs in @reaof
L i e horaMts. as well agheVolovec Mts. ( Ma znrdk u la ©986)

2.2. Climatic conditions

Climatic conditions of the area studied dependtmaltitude and the relief of the
terrain.
Th e Ko ¢ ineehar&trsed bp warm slightly humid clinatewith the
maximum longt er m average annual temperature of
Monthly average air temperatures of the years 2015 to 2018 are sgathari
Table 2.
The hilly area of the eastern parttbé Volovec Mts. andthe southeast part of
theL irra horaMts. is represermd by a slightly warmand slightly humid climate
with the maximumlong er m average annual temperature of

Tade 2. Averagemonthlya i r t e mp e r a,tAC20&6i2018)n Ko gi ce

Station | Year | Jan | Feb | Marc | Apr | May | Jun | Jul [Aug | Sep | Oct | Nov | Dec

Kogi2015/ 01| 10| 58 |99 149|196|221(234]|169| 96 [ 48| 21
T the [2016]|7129]| 44 | 60 |[116[157(207|212]|19.6|174| 87 | 41 [i23
airport| 2017 [i6.6| 09 | 74 | 9.8 [16.3[209(20.4[22.0/173| 99| 47 | 09
2018 14 |i11| 23 ]149/189]201|21.8/23.0]17.0/120| 6.0 |104

Source SHMb

According to the measurements attlimates t at i o hthekaopgrithe ng
term average annual rainf@l630 mm (19762005, Table 3).

Tale 3. Average monthly and annual rainfathm (1975 2005)

Station |Jan|Feb|Marc|Apr [ May |Jun |Jul [ Aug | Sep| Oct | Nov | Dec| Year

Kogice

? 30| 34| 29 [ 36| 78 | 85|82| 73 (44| 46| 54| 39| 630
the airport

Source SHMb

Potential vapor ranges fromabout 650 mm in the north to more than 73 it
the southern edge of the ar@&e evapaation rde from the soil surfaces is about
4801530 mm.

NY
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2.3. Hydrological conditions

The ma i

andalso by the human interferenicetheare a

n flow dr ai
River flowing from the north to the south. Trefore, from the hydrological poin
of view, the teritory of K o ¢ iCity doelongs to thewatershedareaof this river
(HydrologicalOrderNo. 1-4-32-03-068-01).
Regarding the flow regimef the flows the area studieid represergd byhilly
lowland area wWh the rainto-snow type of flow. It isan area typified by the
accumulation of watersom December to Januarkigh water flowfrom February
to April, the highest discharge of the receiving streams during Marck (IVand
the lowest during Septembend thesignificantsecondary increase ofater leve
at the end ofutumn and beginning of thainter (Tade 4). The mainflow of the
Ho r rRuat is widely influenced by the michountainous ared flows through
the waterworks

ni

ng

t he

beneath

water

Tabe 4. Average monthly and extrerdei s char ge of

8705 Station: Ko3ice River: Hornad Stationing: 26,60 Area: 2 440 40
Qm 34,77|20,75]23,89] 43,87 73,27 [ 129,80] 44,23 |44,55]|50,58]21,67] 29,88 [ 46,28[47.00
Qmax 2010(520.5 05/06/04{@Qmin 2010 9,841 02/11
Qmax 1966 day/month/ day/manth:
009 |320.5 [hour 24/07/20-2008| Qmin 1966-2009 3 580" " 23/01- 1972

Source

SHMbD

from

t

t he

he

r

sur f

ver
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3. GEOLOGICAL CONDITIONS

The ter i taityhas raativelKvaried geaogical conditiofisgure 2).

A substantial parof itisloc at ed i n t h wherg algdstcerclusBelys i n ,
Neogenic andQuaternary deposits overlappifgleozoic andViesaoic rocks of
Gemericum and Veporicum are preserved on the surface. Thewestérn part of

the area studiedf h e ar ea o hora Mts.eand LMolevecn Ms., is
characterised bthe emergingof the subjacent rocksn the surfaceNeogene and
Quaternary deposits are preserved here only rarely.

The whol e ar e a Mts.find Vdhoeec Msiisdisseced hydaulis
predominanyy of the northeassouthwest to nortsouth direction.However,
regarding the geological structure the more imporfacior is the oldest tectonic
activity of the northwestsoutheast directiontie Lubenik Margecany fault)
representing the contact of thepoicum and Gemericum. It is therefore possible
to identify the following rock complexes from the northeast to the southwest
(Bajanta8et RHUWMBKk et al

a) Paleozoic rocks of the Veporic crystalline complex represented by biotitic
granodiorites o the Bujanog o@plex

b) late Paleozoic rocks of the Veporicum represented by askowtagrey
wackes of the Bisno Formation and in the northernmost part also by
sandstones and shales with fgmained conglomerate intercalations of the
Ni gng8 Botiorgd ChorlmaNappe)

c) Mesaoic cover of the Veporicugrin the area studied represented mainly by
Triassic dolomitesalso by dirassic limestonest alower rate,as well as by
Triassic quartzites and claysandy shales

d) Paleozoic rocks of the Gemericum regpeatd by:

phylites with intercalations of tuff and tuffite and amphibolites of the
Rakovec Group

chloritic-sericitic and grghitic phylites with metabasalt tuffs and tuffite
intercalaton® f t he LrmeO Group

polymict metaconglomerates and metasandstaits graphitic shale
intercalations ,of the Dobgin8 Group
polymict metaconglomeratesandstoneshales and metaryolites of the
Krompachy Group

e) Mesaoic cover of the Gemericum represented Tjassic rocks of the
St r at e ni®. v@8iegatadpshalen@ sandstones with intercalations of
shelly limestones

Neogene sediments occurtime areastudiedas depositsof several formations. In
the territoryof the Moldava Basin variegated shales and siltstones with sand and
gravel intecalations interpretecas aSe | cevFormation are preserved on the
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surface Beneathalso kaolinised ryolite tuff and tuffite of the same formation are
locally present.

The territory of t he Predgov Basin is <char
Kochanov Formation deposits press in the northwest part into thsubjacent
deposits of the Stretava and KIlI|l ov Formati on
and soutkeastern parfThe Kochanov Formation is represented by variegated clays
and siltstonesvith occasional intercalatisnof poorly sorted gravels and sandse
Stretava Formation consists of lithologically similar depoaltepugh there are beds
of polymict gravels as welln the northwestern part of the area studiddl] | o v
Formation deposits are preserved on theaserfThey consist mainly of the
VarhaRovce gravels but clays andasegl aystones
occur. Locally,redepositedhyolite tuffs and tuffites knownasa Roy& &1 i | i ak et
al. 19913, 1991bK a | i | i %G, F096h aad peerved on the surfze.

Explanation®f the geological mam Figure 2:

QUATERNARY , Holocene

a’i antropogenicsedments (burdengjumps)

fi fluvial floodplain sediments (loamsandsgravels)

Holocené Pleistocene

di deluvial sedimentésandyloamygravels)

p i proluvial fan sediments and fluvial sediments of the river terrgg¢eams,
sandsgravel3

NEOGENE, Miocene

n i Sel oyonealcaeous kaolinisedclays and silts sand and gravel
intercalations tuff and tuffite interbeds Kochanoee (clays, silts, gravels and
sand}, Stretawa (clays, gravels,sands tuff and tuffite intercalationsand KI | o v
Formationgclays,gravels,V a r h a Brave)c e

nti ryolite tuffs and tuffites

MESOZOIC

Triassici Jurassic

t T Veporicum cover(Triassic dolomites clayey shalessandstonesJurassic
limestones with cher}s

tl 7 LYaga Formation(quartzitessandstonés

ts T Gemericum coverSt r at e n farieGated shalessandstonesmarly
limestone}

PALEOZOIC

Permian

v T Northern Veporicum oubieto\8 Gr (@ruogis greywackes with coarse
fragments of volcanic detritus)

gski Northern GemericupKrompachy Grougmetaconglomeratesjetayolites)
gsdi Northern GemericupnD o b § i n §alt€brratomw gf the metasandstones and
shalespolymict up to bouldery metaconglomergtes
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Figure2.Geol ogi cal GCGtap of
( Baj an19B4;Keatl idli . BO81a ¥91h al .
Kal i | i.®08%a, 898b; a IPo | 8%96)et a

Kogi ce
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Carboniferous

gs 1 Northern Gemericuni, r me O (&ericitieichloritic and graphitic phylites,

metabasaltic tuffsrad tuffiteg

gsr 1 Northern GemericummRakovec Group(amphibolites,phylites with inter

calations of metabaltic tuffs and tuffite$

h i Hronicum Ipolitc Group Ni g n 8§ B o c a(safdstonesshalds,mtar

calations of conglomerates

Crystalline rocks

kT Crystallineof VeporicumBuj anovs8 Complex ) biotitic grano

Predominantly fluvial,proluvial, deluvial and rarely also @mbpogenic burdens
and dumps are identified §aternary coverThe preservedluvial sediments are
sandy gravels mresenting relict®f the river terracesasnd Holocene loamssands
and clays as floodplain deposits. thre areas of the rivers and streams discharge
into the valleys,sandy and loamy gravels or gravelly loams are deposited as
alluvial fans. Accompanyinghem are deluvialgravelloamy sediments resulting
from the weathering of thideogene and older quatemaleposits.
Regarding the tectonics,i mi | ar |l y t o t hwWs.aadalsointhef Li er na
Ko gi c e, falta of ithe northwestoutheastnorthesst-southwest andorth
south direction can be recognised asslt of the structurgectonic arrangemeén
of the prePaleogene basemer®f theNe o gene depositstef the Kog!
most significant is the fauinh the northeassouthwest directiomepresenting the
cortact of theK| | ov and St rsehdathe daultFod thanrertbouth n
K o giiSe dfigection, which reflects the decline of tiéeogene deposits towards
the Gemericum.During the Quaternary periodtectonic activity hashad an
exclusively declining charactehis reflects the reactivation of thBleogene
movements after the relativelyloaperiod of the uppePliocene,but new activity
hasalsobeenrecorded Ka |l i | 1996, 1@96h. a |
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4. HYDROGEOLOGICAL CONDITIONS

According to the Government decree 282@, thet er r i t or yCityo f Kogi ce
belongs to the following groundwater unitthin the quaternary sediments:
I SK1001200PIntergranular grounslater body of Quaternary sediments of
the Horng§d w&b ¢ digristé Wardar B uSt g @ é&p; M
Kogi ce Iiwardd MslaveZ g &P, L un2 WRPelrbegr, i nl| 2 k,
PoQoGaca: Kogi cé& wardy Juhd Basch, Nadc Jazerom,
G eabtovce),

and in the preguaternary rocks

I SK200500FKFissure and kardtssure grandwater bog of t he Sl ovensk®
Rudohorie Mts. in the watidrcts wadd area of t
Ser and HKavel|l any

1 SK200510KFDominant karsfissure groundwatevsody of the Branisko and
Lierna hora Mts. ofiHomStdh ¢ Kaligricté wardse d ar e a
Sever aovek), saha

I SK2005300P Intergranular groundwateio f t he Kogi ce Basin i
wates hed ar ea of disoiainviad Seftlérersi acheaca)jo
Kogi ce | lilwardsDat gbes kT ch hircdk & oNo vag dV eso;g
Kogice Ilivarddi ¥y gn®a oOd8&8KsRBena) ,

 SK2005200PI nt er granul ar groundwat etna body of t
hills in the watershed iwestereedgeoftheHor n8d ( Ko
wards GRo®pds lar i n| 2 k) .

Regarding geothermal water untsh e S K 3 00 1 7 dnfFekendsdoghiec e Ba
eastern part of the city.
According to the hydrogeologicakgionso f Sl ovaki 4992, Baba et al
area studied belorig the followinghydrogelogicd regions
M1 G118Pa#o zoi ¢ of the Sl ovensk® Rud,ohorie Mts.
T MG 124 Mesozoic and Crystalline of the Li
1 NQ 123 Neogeneofth east ern part of the Kogice Bas
1 NQ 138Neogene and Quatemngy of t he KdlgovdEe kBadim an
Hills in the Bodva watershed
T Ql25Quat er nar y Rivérinthakeo gHocren 8Bda s i n

The presece of the individual@gionsin the districts andvards of t he Kogi ce ci
is illustratedin Figure 3. Based on jtthe mostextensive erritory bdongs tothe

regionQ 125 situatedin the central and southern part of the city. €astern part

falls into the egionNQ 123,the northern part inteegionsG 118 and MG 124nd

the soutlwestern part into the rema NQ138.
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4.1. Hydrogeological characterisation of the lithological types of rocks

There are various lithological types of rogks eserved i n the territor
city. Some of their geological propiers are described this section

Crystalline rocks

Crystaline shales angjranibid rocks ae characterisedy fissure permeability.
The fissures in the rocks have various gienetigins, but in terms of water
saturation those of tectonic origin arghe most importantHowever,the fissures
are largely tightdned and mylonize, which resuls in low watersaturation in some
granitoid rocks. Recorded values of ttuefficient of he transmissivityare of the
order 1.16° m?s'%. Due to the dented struaire andschistosity of the paragneisses
and migmatitesfissures in these acks ae tightened and mylonized. As aresult,
their hydrogeologicaimportance regarding groundwater mmant and accumu
lation is low.Also, the low amount of the springs and thieiw yield, which is in
most cases maximallQ.1 Is'?, confirm the overalllow water saturatim of the
crystalline rocks. The springs of fissure origin have lower extension amqigidli
is only rarelyhigher than D Is'.

Paleozoic

Preserved types d¢faleozoic rocks were exposed to metamorphosis that destroyed
their primay poraus permeabity. At presenttheir permeabilityis related tothe
tectonic fractures and faultsBetter conditions for theinfiltration of the
atmospheric water and circulatioh the groundwateare foundin conglomerates
and sandstonesyhile the fractures in shalesare often clogged by weathered
material.In generalthe water circulation is also coné&din the Paleozoic rocks
due to the formationkeingcharacterised by thaternation of relatively permeable
rocks with shalesAs a reult, thee formaions have only poor permeability or
even nonewith the coefficient of the transmissivitigeing of the order 10° up to
10° m?s't, Regardng the springsn the described roks, the predominant are tof
talus charactewith a maximumyield of 0.1 Is'%. Better condibnsfor groundwater
accumulationare provided bygemeric granites and crystalline limests of the
Carboniferous age. In the area of the Volovec Mts. the reginti@eogroundwater
circulation in Rleozoic rocks has been clgad by miring actvity (BankovMine).
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KOSICE |

HYDROGEOLOGIC REGIONS

G 118 Paleozoic of Slovenské
rudohorie Mts. of the
Hornéd river valley

Mezozoic and crystalline
rocks of the Cierna hora Mts.

NQ 123 Neogene deposits of the eastern
part of KoSice basin

Paleozoic of Volovské vrchy Mts.
of the Bodva river basin

Neogene and Quaternary deposits
of the Bodva river valley

% Quaternary deposits of Kosice
basin

N@) 188

—— Borders of city
== Borders of city districts
----- Borders of city units

— Borders of hydrogeologic regions

Figure 3. Position of hydrogeological regiomgth relation
tothewards oftheK o gi ce ci ty
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Mesazoic

The Mesozoi c rocks of t he theimestimportaitor a Mt s .
groundwater aquiferMostly preserved are dolomitesn which the karst

processes are limited and therefore the fissure permeability predominates over

that of fissurekarst characteiThe mefficient of the transmissivity isf theorder

104 up to 10° m?s':, only rarely 10° m?s't (Helma 2005). The occurrencef

springsis connected to the contact of the caraies with théPaleozoic rocks and

their yield reaches 12 Is'?, rarely upto 5 Is'™. In the territory of the carbonate

complex fissure or talus springse common

Neogene deposits

Neogene deposits have varying conditions for accumulation and circulation of the
groundwater that is relates to their lithological features mainly gran-size
heterogeneity. Permeabldeposits are gravels or conglomeratesands and
sandstones as well adfs andtuffites. The acurrence of these deposits is irregular.
They have a small spatial rangelatively small thickness and often are presdrv
only as lensesWater saturation of these permeable deposits is affected by the
permeability; however,the possibility of sourcing by atmospheric water or water
penetration from thaeighbouringcomplexestheVolovec Mts.) is also important.
Among the Neogere deposits those thatare relatively well saturatedre the
sedi ments of t [aritakokds of the IGwerbraldi&armatian,and
bedsé t he Kogi ce wpoMsThe caeffigient oftthie ansvhisdivity
is of the order 18to 103 m?s't (Jetelink a | i | i 86, £966h.a |

Quaternary

Quaternary sandy and gralelalluvium represerd the mostpreservedaquifer
deposits in the area studied. They are characterised by the intergranular
permeability. The most extendedpatally andwith respect to the thicknesare
fluvi al s e d i m®&iner, where threet indigiduad accum@ations were
distinguishedi high, medium and low river terrace with lavial floodplain
sediments. In generahe thickness of these @aanulatonsranges from 5 to 12 m,

gravels aranorepermeable and the coefficient of the transmissivity is of the order
104t010°m*Li n the central an@ityspauld?mé&st.n part of
Gravels of the river terraces are of lower peahility and threir coefficient of
transmissivity is of the order TOto 10* m?s'! (Jetel inKal i | i al®9&@et al
19968. The groundwater level is unconfined to softly confinedd the direction

of its flow is parallel tothef | ow of tRivex. The trawgh 8fdhe river

Ho r n 8 dith the exception of small sectionsut into the watesaturated

gravels which allowsa hydraulic connection between the water in the river and the
groundwater.
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4.2. Occurrenceand characterisation of the groundwatersources
t he

Groundwders our ce s
springs as well as bartificial objects likehydrogeological wellsdug wells(to a

lower extent)etc.

Springs

situated

i n

territory

Springsoccur exclusively in the mountain and foditiof the city (Map 1), mostly
¢ 1, wherk Tiassacldblagnite predominate

to the left sideof thel. e r me O
over limestonesSince these sources are not used as a key water supply for

drinking

w a measured minimdlopgraneters do not aegipecial
importance in assessmentlowever,at average (228 Is'!) and maximum (4@3

Is'Y) efficiencies,the assessed waterwsrkystemprovidesa valuable amount of
quality drinking waterMeasured values of thgeld in the well point for the years

1994 to 208 (SM§ e 2006jdre.recorded ifiade 5.
Tabe 5. Minimum, maximum and average annual values of the glglzddi
for the Ler meO
Year 1994 |1995| 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
B min. | 258|231 (1531|293 |26,22( 223|183 | 148 [125[116| 129
Efficiency| max. | 711|506 (37.8[502|424|366(335]39.1[237]23.7]361
Qlls-1l average| 474 | 378 (2987|398 (3411|312 | 238|252 | 16,7 | 165|257

Other springs are in most cases connected to the same geological conditions and
geneticallythey can beattributed to the group of abov@entionedsprings They
Koaov eol fa (NMgp Bair ceea
Very rarely also talus springs are captured for the water supply syrstdra
Paleozoic rocks (sericitichloritic phyllites) with ayield not higher than @ Is’. In
Map 1 all of these springs are marked a& Bnd P28. Other springsvithin the
ntleey areonbt resopdedc i f i ¢

ar e

territor

y

Hydrogeobgical wells

situated

of

i n

t he

Kogi ce
in the maps presented in tisisidy.

ar

e

as

Hydrogeological wellsand dug wellsare of particularimportance regarding their

location and specialised us&here are also sources of drinking water used
sometimedor the publicwater supply but mainly astility and tetinical waters
neede for the running of various industrial operatiortsydrogeological

within the works related to the protection of groundwater against pollution cannot

be omittedeither.
Based

on

t he

compil ed

wells

we |

hy Maps dié)otheo gi c al
distribution and parametersof the wells in individual parts of the city are

of K

sprir

as

mp «

ma p
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characterised in the following texthe mapsare supplemented bwhles with
information about individualvards, i.e. GPS coordinateand thedepth of the
well, the aquifedithology and its @&pth position the static groundwater level and
its drawdown, the yield of the well, the suitability of the water for drinking
purpose as well as reference to the auth@ro$pectingvorks.

4.2.1.Ward Sever

In thisward 14 hydrogeologial wells were documeed. Their locatios areshown
on Map 1anda more detailectharacterisatiorin Talde 6. The wells are mostly
located in theQuaternary sedimentsit theedge ofthe H o r rR§vet floodplain
where proluvial gravels and deluviabpty gravels are depositeéd/ells are & to
14.0 m deep and theyield reactes0.1 to 2325 Is't. Groundwater captured by these
wells metguidelinesandwas determinetb besuitable fa drinking purposgat the
time of the survey

Att he | ocal ity Hor nimad&farthe pwpose ofithelocell | s wer e
hotel. The firstDBH-1 of 180 m depthpasses through the deluvial talugh the
possiblewithdrawalof 0.15 Is't. ThesecondDBH-2 of 200 m deph, was realised
in the phyllites and confirmed that no significant amourgroindwater (Q = @5
Ls'Y) can be taken from these rocks. Groundwater from both wells was determined
as qualitatively nonconforming for drinking fposes.

On the edge of the flual gravels of_e r me O, achydeodykamic test was
realised in 1987 ianexsting dug well The well is used as a water sourcetfar
restaurant in the holiday house AlpinKaeyield of this well was measured as84
ISt but the quality of the water is not suffiot to use as drinking water.

422 WardKkavel|l any

According to thearchive documentatiorgnly one hydrogeological well wamade

in this ward as apart of the regional hydrogeological surveytbél. i er na hor a
Mt s . ( FI9&lnTeesting oflthe well, situtatein the granodiorites with 100.0

m depth, revealed thaood quality groundwater can be withdrawn at the rate of
0.96Ls'! (Map 1,Tade 7).

4.2.3.Wardss a h a nandsetdemens ahanovce

A substantiapart of theterritory of this district is situated inthed | ey of t he Hor n§
River (Map 2) where fluvial sedimentslentified as gravel aquifers with significant
quantities of good quality groundwater acumulatedn this district,45 sources of
groundwater a present. The depth ofalisedhydrogeologicalwells ranges from
9.0 to 180 m and theiyields vary betwen0.77 and 4% Is'! (Tale 8).
The wells with hydrogeological importance are conaatt in the northern
part of the aregMap 2) They were relssed within the survey specialised in the
drinking watersupplyfort h e i n h a b i tRrimarysdocordriatignoofthec e .
wells labelled as | to IXMap 2,Tale 8) wasnot retained.
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The recr eat iipof sprialanteresh due tokhe presence of the
sources of the meral water known under the local name of Gajdovka.tker
public there isawell of 350 m depth from Wwich the mineral water is pumpedd
members ofthe public can refreshthemselves Water quéty is permanently
monitored and in the case of its deteation,especially during longerm drought
when the content of sulphates in waigmificantly increass, the sampling stand is
closed.More detailedspecfication of the sources of minal wate is given in
Chapter 6 of this study.
In the first half ¢ the 1980s(as seen especially 982 and 1985) thwater
supply forK o § City was very weak At thattime, the StarinaDamwas notyetin
operation and soces of the groupedate systemT u ri BrienoveéKo gi ce as
well as theBukovecDam were not ablg¢o supplya sufficient amount of water to
the city. Thereforefrom the strategic pat of view, it was necessary to build
additional sources directly in thaty. For this purpse,souces were built mainly
in the northern halft oif98t2he GHrak083nt ored e raned
Tomet zov§g antl9®eitr M%ﬁaﬁ.W@ksﬁurces of the whole
area of the Kogi ce edetnihinClaptes4andbar act eri sed i n
At the southern edge of theard s a h a n dwdrogeological wells ere
formedto protect groundwater from pollution from the Benzinol tewathiin which
fuel was stored for a long tim&urveys carried oub y M. DI gand® (1995
Mojsej (1996) confirmed the presence of petroleum substances in the groundwater.
Therefoe, long-term remediation works were realised in this area to remove the
pollution.

42.4WardDar govsklTch hrdinov

This area(Map 2) was analysed bgn extersive engineeringgeological surveyn

the past relatedo housing estate developmer®ne of the crucialproblens

associated withthe foundation engineering was thgroundwater, which is

unwantel in terms ensuring slope stabilitifor the dewatering of tharea, more

than 130 horizontal wells were realised at the baséhefslope.This may bethe

reason whytherearenot many wells in this ared. they were maden the pastjt

was mainly in tle western edge of the areahere Neogene deposits gradually

passe intotheQu at er nary al | u\Riveu iités carréspotishoethe Hor n § d
depth of wells (771 14.0) as well as to their efficiencies.2017.0 Ls'}; Table 9).

425WardKogi ck8 Nov§ Ves

Due b the morphological as well as geologicahditions (Neogene @yey beds
with occasional sandy or gravelly lensedhis area is relatively pooin
groundwatercontent especially at smaller depths {I® m). However,in the
southeast part of the ardlae possibility of the groundwater drainingas been
verified atup to 5.0 to 57 Is'!, documentedhroughtwo wells of 690 and 95 m
deep (MMal963 1964; Map 2 Tale 10).



MAP 1

SPECIALISED HYDROGEOLOGICAL MAP OF KOSICE

CITY DISTRICTS SEVER AND KAVECANY
(Tometz, 2017)

EXPLANATIONS
Average value of coefficient of transmissivity T [m”.s”] Springs Hydrogeological wells
[ J7=310"01.10°[  |T=1.10%03.10° o 0011s s t0011s’
[ ]r=110"03.10* [ T=1.10%01.10° ® 011t01,0ls" ® 01t01,0ls’
= - 6
[ Jr=310%0 1.10° [ T <3.10 ® 10t301s ® 0010018
. 3,0t010,01s" . over 10,0 l.s”
. hydrologically @ hydrologically
used spings S used wells

. wells with pre-quaternary aquifer

Direction of the groundwater flow
=== determined

TS==3 assumed
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STRATIGRAPHY, LITHOLOGY , HYDROGEOLOGICAL VALUE

Quaternary Holocene a - antropogenic sediments (burdens, dumps), without hydrological value; f - fluvial floodplain sediments (loams,
sands, gravels), intergranularporosity, aquifer; Holocene - Pleistocene d - deluvial sediments (sandy-loamy gravels), intergranular porosity,
aquifer; Pleistocene p - proluvial fan sediments and fluvial sediments of river terraces (loams, sands, gravels), intergranular porosity,
aquifer. Neogene, Miocene n - Secov (variegated and grey calcareous clays, coaly clays, lignites, interbeds of tuffs and tuffites),
predominancy of fissure porosity, aquiclude to aquifer; Stretava (clays, sands, tuffs), intergranular and fissure porosity, aquifer;Kochanov
(clays, coaly clays, lignites, bentonites), intergranular porosity, aquiclude, and Kl€ov Formation (varhanov gravels: gravels, sands,clays,
intergranular porosity, aquifer. Mesosoic t - predominance of triassic dolomites over jurassic limestones, fissure-karst porosity, aquifer; t,-
Luzna Formation (quartzites, sandstones, conglomerates), fissure porosity, aquifer; t, - Lower Triassic (variegated shales, sandstones,
marly limestones), fissure porosity, aquifer. Paleosoic, Permian v - northern Veporicum, Lubietova Group (arkosis greiwackes with coarse
fragments of volcanic detritus), fissure porosity, semi-aquiclude to aquifer; g., - northern Gemericum, Krompachy Group (metaryolites to
metadacites), fissure porosity, aquifer; g, - northern Gemericum, DobSina Group (metasandstones and metashales alternation, polymict to
bouldery metaconglomerates), fissure porosity, aquifer; Carbonifferous g. - Cermel Group (sericitic, sericitic-chloritic and graphitic

Hydrogeological conditions 33
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MAP 2

SPECIALISED HYDROGEOLOGICAL

MAP OF KOSICE
CITY DISTRICTS TAHANOVCE,
DARGOVSKYCH HRDINOV,
KOSICKA NOVA VES

(Tometz, 2017)

STRATIGRAPHY, LITHOLOGY ,
HYDROGEOLOGICAL VALUE

Quaternary Holocene f- fluvial floodplain sediments (loams,
sands, gravels), intergranularporosity, aquifer; Holocene -
Pleistocene d - deluvial sediments (sandy-loamy gravels),
intergranular porosity, aquifer; Pleistocene p - proluvial fan
sediments and fluvial sediments of river terraces (loams,
sands, gravels), intergranular porosity, aquifer. Neogene,
Badenian z - ryolite neovolcanites, Miocene n - Secov
(variegated and grey calcareous clays, coaly clays, lignites,
interbeds of tuffs and tuffites), predominancy of fissure
porosity, aquiclude to aquifer; Stretava (clays, sands, tuffs),
intergranular and fissure porosity, aquifer; Kochanov (clays,
coaly clays, lignites, bentonites), intergranular porosity,
aquiclude, and Kl¢ov Formation (varharov gravels: gravels,
sands,clays, intergranular porosity, aquifer. Crystalline rocks
k - Hercynian granitoides (biotitic granodiorites), fissure
porosity, aquifer, r- gneiss, fissure permeability, aquifer.

EXPLANATIONS

Average value of coefficient
of transmissivity T [m”.s”]

[ ]T=310"01.10°
[ ]7=110"3.10"
[ ]7=310°01.10°
[ ]T=110"03.10°
[]T=110°1.10°
B T <3.10°

Spring

® 01az10ls’
Hydrogeological wells
do0,11s"
01az1,01s’

1,0a210,01s"
nad 10,0 I.s”
hydrogeologically used wells

wells with mineral groundwater

wells with pre-quaternary aquifer

wells realised with regard
to groundwater protection

Direction of the groundwater flow

=== determined

T == assumed
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Continuation ofTable8

HL-2 48 |45 2325 121|115 11.04 | 10.00 gravel 3.5 8.5 3.50 0.68 555 Medved, 1990
HOK-23 |48 |44 | 4614|121 |16 456 | 1380 gravel a0 115 800 2 A0 714 unsuitable Diuha, 1995
HOK-24 |48 |44 (4274121116 166 | 11.00 qravel 6.2 9.5 5.00 1.50 1.43

S-1u 48 | 4413972 1211155723 1110 gravel 21 g0 365 0.58 867 Mosej, 1996

l. 48 | 44| 338312115 469 a1 gravel 6.0 9.0 7.02 1.50 20.00
Il 48 | 4413498 |21 |15]13.43 | 1075 gravel 6.0 10.0 591 2.00 30.00
V. 48 | 44| 4431121151583 | 10.31 gravel 4.0 10.0 4 85 0.80 23.00
Wl 48 | 4511841121 |15] 833 | 1065 gravel 4.0 10.0 434 250 45.00 suitable Tometz et al., 2008
VIl 48 |46 | 1477121143421 1380 gravel 6.0 12.0 6.75 1.20 40.00
VI 48 | 45272312114 | 5926| 961 gravel 4.0 8.0 440 2.00 35.00
X, 48 | 4532568 21|14 5523 | 980 gravel 4.0 8.0 4 .35 250 35.00
HGM-1c |48)4414682)21|15)4838| 900 gravel 3.2 7.8 3.50 1.21 3.77 unsuitable | Grexova et al., 2009a
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MAP 3

SPECIALISED HYDROGEOLOGICAL MAP OF KOSICE ..®, "

O_._.<.D_m._._»_0._.m STARE _,\_mm._.o. DZUNGLA, = @i
ZAPAD, KVP, MYSLAVA, LUNIK IX, JUH N D2ungla
(Tometz, 2017) -1
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STRATIGRAPHY, LITHOLOGY , HYDROGEOLOGICAL VALUE

EXPLANATIONS

[ J7=310"1.10°[  |T=1.10°03.10°
[ J7=110"03.10* [ ]T=1.10%01.10°
[ JT=310%t01.10" B T<3.10°

Springs
e t00,11s"
® 01t01,01ls’

Direction
of the groundwater flow

=== determined

== assumued

Hydrogeological wells

e t00,1ls’
® 01t01,0ls’

® 1,0t0 10,0 I.s”

. over 10,0 I.s”

hydrologically used wells

7N
-

‘ wells for heat pump water - water
. wells with pre-quaternary aquifer

@ wells realised with regard to
groundwater protection

Quaternary Holocene f - fluvial floodplain sediments (loams, sands, gravels), intergranularporosity, aquifer; Holocene - Pleistocene d - deluvial sediments (sandy-
loamy gravels), intergranular porosity, aquifer; Pleistocene p - proluvial fan sediments and fluvial sediments of river terraces (loams, sands, gravels), intergranular
porosity, aquifer. Neogene, Miocene n - Secov (variegated and grey calcareous clays, coaly clays, lignites, interbeds of tuffs and tuffites), predominancy of fissure
porosity, aquiclude to aquifer; Stretava (clays, sands, tuffs), intergranular and fissure porosity, aquifer; Kochanov (clays, coaly clays, lignites, bentonites), intergranular
porosity, aquiclude, and Kl¢ov Formation (varhanov gravels: gravels, sands,clays, intergranular porosity, aquifer. Paleosoic, Permian g,, - northern Gemericum,
Krompachy Group (metaryolites to metadacites), fissure porosity, aquifer. Crystalline rocks k - Hercynian granitoides (biotitic granodiorites), fissure porosity, aquifer.
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Continuaton of Table11

K-10, 48 [ 4313077 | 21 [ 14| 5374 110 gravel 50 9.0 5 95 078 740 )
Jelinek, 1988b
K-11, 48 (4313669 | 21 (14| 2748 105 gravel 75 95 729 141 £.80 tabl
suitable
H-4 48 | 43307221 (1551563 110 gravel 3.5 10.0 36 24 11.10 Medved, 1988b
P-1+ 48 |43 (323121152491 | 120 gravel 50 1.0 5.00 3.25 970 Tometzova, 1988b
HV. | 48|43| 276 | 21| 14| 4836| soo | 9V 235 | 585 10.34 17.00 17.00 . Eristavi, 1989a
intercalations unsuitable
SP-1 48 |42 | 46.21 |21 [ 154425 125 gravel 45 12.0 410 022 6.60 Petro, 1991a
HF-1p 48 (4311628 |21 (152695 | 130 gravel 4.0 12.0 580 120 20.00 unknown FPetro, 1991b
ET-1 48431460921 15]13788 [ 100 | loamy gravel 2.7 8.0 3.40 1.10 15.00 unsuitable Pramuk, 1995
HG-2/09 |48 |43|4272|21|15|1738| 110 gravel 50 | 100 572 0.20 9.80 ,c_qmam%ammma%m“
HGI-1 | 48|43 |4740(21|15|1471| 123 gravel 3.3 12.3 5.00 1.00 21.50 suitable | Grexova etal 2013
5-1+ 48 431137321 16| 1.85 1.0 gravel 55 12.0 4 85 302 580
S5-21 48 | 43 | 1287 |21 [ 15| 5986 | 115 gravel 55 12.0 4 82 333 10.00 unsuitable Tometz, 2014a
5-37 48 |1 431149321 (15| 5660 | 108 gravel 55 12.0 475 249 250 suitable
HGZ-1; | 48|42 |5352|21|15| 232 | 240 |. mm:q. 105 16.2 590 220 0.90 : Tometz et al., 2016a
intercalations unsuitable
HGS-1 [48 (431436121 15[1215| 120 gravel 3.9 12.0 570 0.25 10.00 Tometz et al., 2017
CV-1 48 (4313846 | 21| 15[ 2254 131 gravel 6.2 13.0 6.10 027 15.00 suitable Petercova a Varga,
CV-2 48 1431384621 [15]2254 | 130 gravel 6.0 12.8 6.00 0.26 15.00 2017
Table 12 3
Information about groundwater sources inthe werd u n g O a
Well GPS coordinates Depth | Lithology Aquifer [m] Static Drowdown|  Yield Quality of Reft
€ N[ "] = H [m] of aquifer from _ to level h [m] s [m] Q[l.s"] |drinking water chierence
City district DZungla
P5-1 48 144 (2719121 [15[4193| 96 gravel 6.0 8.0 6.0 1.80 12.5 suitable Tartal, 1964
RH-2K |48 (44| 958 [21 |16 2122 | 165 gravel 7.0 15.0 6.04 500 220 Tkatik, 1957
V-1 48 144 97 | 21[16[2019| 253 gravel 6.0 11.0 590 3.50 0.49 unsuitable \Waaner. 1971
V-2 48 144 (1043121 [16[2319| 138 gravel 59 13.8 590 250 1.34 gner,
KOD-1 |48 (441129021 116[1935| 120 gravel 6.0 76 5.40 1.60 2.00 Ostrolucky et al._ 1991
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Table B
Information about groundwater sources in the wanth
Well m_um coordinates _ Depth | Lithology Aquifer [m] Static Drowdown ,jm__”.m Quality of Refference
N[° "] _ E[°" ] H [m] of aquifer from _ to level h [m] 5 [m] Q[l.s" [|drinking water
City district Juh
541, 48 [ 42 (1067 | 21 (16| 3162 | B.00 gravel 3.80 7.00 3.53 1.25 5.60 . .
unsuitable Micak, 1975
S-2, 48 (42 (1437 | 21 (16| 28.09 | 11.00 gravel 5.00 9.00 405 1.25 5.30
HKZ-1 48 (43 (3008 |21 (161768 | B.00 gravel 3.00 7.00 3.00 1.50 6.17
HKZ-2 |48|43|3146|21|16|1326| 7.70 gravel 3.00 | 670 3.00 1.50 6.09 unknown Tometzova, 1980
HKZ-3 |48 433503 |21|16]1261| 830 gravel 3.00 7.30 3.00 1.50 588
HG-1; |48 |41 |5812|21|16| 488 11.0 gravel 4.0 95 280 1.20 10.00 unsuitable | Tometzova, 1984b
HG-2;: |48 (41292821 |16 755 12.0 gravel 52 11.0 480 3.00 11.70 svitable Tometzova, 1984c
HGP-10 |46 | 41[4010[21[15]4790] 85 gravel 43 77 4.30 3.50 540 Protiviiakova, 1989b
KSA-1 48 | 414271121 [15[4032] 80 gravel 3.0 8.0 3.50 2.00 0.42 Tometz, 2018
K-1y 48 (42 | 312521151485 97 gravel 4.0 8.0 3.67 2.38 40.99 Lokajova, 1987b
HDJ-1 48 | 42 | 236521 (16| 268 11.0 gravel 3.0 10.0 3.00 3.00 13 .56 unsuitable Darikova, 1989b
KS-1 48 | 41 | 1762 | 21 | 14 | 4531 42 loamy gravel 2.0 4.0 240 1.00 0.11 Varga, 5., 1989
K-2,, 48 142 | 3099 | 21| 15| 18.49 o gravel 40 70 200 490 16.00 Daiikova, 1990b
K-3y, 48142 | 3086|2115 21.01 o gravel 40 70 380 4 80 14.00 svitable
HGV-1 48 | 42 | 4413 | 21 [(15[2280] 11.0 gravel 3.5 9.0 480 3.70 8.69 Varga, 5., 1990
HDO-1 [ 48|42 [ 5396 (21 [16] 810 | 140 gravel 3.0 9.0 3.40 0.562 3.80
HDO-2 |48 |42 5147 (21[16[1588| 135 gravel 6.2 11.5 6.70 0.89 540
HDO-3 |48 (424612 (21161418 | 106 gravel 44 8.6 3.30 0.562 5560 Sihelnikova. 1992
HDO-6 |48 (42| 5175(21[16[1043| 100 gravel 50 8.0 500 1.50 4.50 '
HDO-7 |48 |42 [ 4733[21[16[1094| 120 gravel 55 10.0 4.00 0.85 500 unsuitable
HDO-9 |48 (42 (471221 ] 16| 9.26 10.0 gravel 3.8 8.0 3.80 0.76 6.20
HKK-1 48 | 42 | 2435 | 21 |16 | 287 95 gravel 45 9.0 3.86 0.49 3.00 Petercova et al.,
HKK-2 |48 |42 |2488|21]| 16| 492 9.0 gravel 2.0 8.5 3.86 0.96 5.00 2016
HKO-1 (48 |41 | 417521 | 15| 4477 | 85 gravel 3.5 7.7 420 0.60 1.46 Ostrolucky, 2003b
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4.26.WardSt ar skb Me

As is evident fromMap 3 this area igypified by a higher concentration of the
hydrogeological wells witha yield higher than 1@ Ls'!. Other geological and
technical informatioris documented inTade 11. The ceph of the wells ranges

from 95to 25m and gr av el SRivep Valley dreerecdided as &l
aquifer.There are also wells with even higher efficienciesqi®4.0 Ls'?) situated

in the vicinity of the Technical Univeity andClinic Seve (Park Ko me ns k ®h o
St r e etk198&ebl Lokaje v B87a,b). A similar situationexistsin the area

of the City Park, wherethe measuredield of the wells reached 11to 170 Ls'?
(Tometz1 98 3 a; Da BB o v 318880). Anther area withfavourable
conditions regarding groundwater is the area of ditg swimming pool

( Pr ot i 987 kTommef2014a) One more wellHF-1 of 130 m depth and

with a yield of 20.0 LS! (Pero 1991b), was r eal i s e @reebnear tHé av n §
Urban Tower for the purpose cbnstructing dountain.

Towards the western edge of ttentreof city, the amount of the groundwater is
reduced to i 5.0 Ls'! due to spatial and thickness changethe flwial graves.
Consequentlya survey focumg on the occurrence of thmore deefly deposited
Neogene gravels and sands was carried out in this part of the city. As atwesult,
wellsioneof 43 m depth at the int evaSreast i on
(Eristavi 1988) ancbneof 150 m depth in the area of
Street (Tometz1983)1 were realised to confirm efficiencied 13.3 and 50 Ls'*!
respectively.For energy purposeshe possibilities of using groundwater foeat
punps working in the watemwater mode were documented mainly on Garbiarska
Street(VargaandP et e OOV E Gr €018, Tagnet2tl6a) |

Thegoodquality of the groundwater in the centre of the @tyather surprising,
particularly chemgal indicatars, where tle iron and manganese conteatewithin
the legislatively defined limits.

427.WardDgungOa

In this ward are situateda builtup area ofolder individual housg a business

centre industrial buildingsg ar ages of the Transphert Co
Faculty of Aeronautics othe Tec hni c al Uni v &Growmdwatg o f
saurces in his area capture exclusiveQuaternary aquifers represented by fluvial

gr avel s o Rivetvhlley. Yitld of thg€ wells ranges from.®0 up to125

Ls'! (Tade 12) and their realisatichwererelated mainly withaccess taground

waterfor the waterutility purpose  J . Os t r oepoued brihe profle&idnl )

of t h
St ar

mpany

Kogi c

of the groundwater in the areatbETr ansport Company of Kogi ce.

4.2.8.WardsZ § p andsetdemenKVP

The area of thesgards is characterised by the ooc@nce ofNeogene degsits(Map
3). Wells (Talde 3) are concentrated mainity theearlieri s por t whichhad e x 0,
beenalmost completely macel by shopping centretoday Aquifers recorded by
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the wellsat 20.0 to 840 m deep are represented by salvéeds 6 gravel, sand,
clayey gravel ad clayey sand and thejield rangesfrom 0.7 to 714Ls'.

Hydrogeological objects of therard settlementKVP could not be identified
from the available data. In this area mainly engineering gea@bgigvey have
been realed but even in this documéation hydrogeological wells are not found.
This most likelyis connectedvith the geological conditions (exclusively clays)
because aquifers were not identified eaedepths 080 to 80 m

A surprsing resul of the surveyis associated with wells HV/ard HVL. These
are situated i n t SireetintthesettléenerdTergsaMap 3)Popr ads k §
Their depth is 5D and 63 m andtheir efficiencies are 14 and 3 Ls'?,
respectively.

4.29.WardsMyslavaalL un2 k | X

Geologically,these areas are very sianito theward Z § p a dtheaeitldment
KVP. Due to the prevailingbuilt-up area ofindividual housesmainly dug wells
are constructed her@herehasbeena problem withobtainingdocumentation to
these wls in relation to their quantity, although someprivate persons owning
homesallow registration ofvorks relagdto the groundwater survey.

In thewardMyslava there is a closed dump where several wells sitrated ©
evaluate the impact oftva st e on t he quality1988). groundwat
Wells were maimally 250 m deep andhad confirmed efficiencies of @5 Ls't
(Map 3,Tade 14).

4.2.10. Ward Juh

Geologically,this area is charactsgd by theithological unit ofQuaternary luvial
deposits with gravelly aquifdiMap 3, Tade 15). The tal tickness of the uni
does not exceed 12,which corresponds to the depth of the realised well@i (4
115 m). The range of verified efficienes of thesavells is Q11 to 410 Ls'%.
Recarding the use of groundwatéhe most valuablare located irthe ara of the
L. Pasteur University Hospital on Rastislavi@eeet where the higkcapacity dug
well K-1y with yield 41.0 Ls'! as well as dg wells K-2y (16.0 Ls'!) and K3y
(14.0 Ls'") are used for drinking purposes for local health facilities.

In addition, some industrial facilitiesare situatedin this ward In particular,
there is railroad station which even today apreserd a significant sourceof
groundwater plution. Mai nl y Si h el maskconeegned (by Ghe 2 )
groundwater protection of this ternfo and within the works dealing with this
issue wells HDO-1 up to HDQ9 of 100 to 140 m depth wre realisedvith a
confirmed yield of 3.8 to 62 Ls'.

Industial complexes are preseimt the southernmost part of theard as well.
Wells are in this casgituated mainly othe leftsideo f t he JSwréenBe tr i eda
depth of wells HDSL, HG-11 and HG2r is maximally 120 m and theiefficiency
range between 1@ and 13561s't.



MAP 4

SPECIALISED HYDROGEOLOGICAL MAP OF KOSICE
CITY DISTRICTS VYSNE OPATSKE, BARCA,
NAD JAZEROM, KRASNA, PERES,
LORINCIK, POLOV, SACA, SEBASTOVCE

(Tometz, 2017)
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Direction of the groundwater flow

=== determined
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STRATIGRAPHY, LITHOLOGY AND HYDROGEOLOGICAL VALUE

Quaternary Holocene f-fluvial floodplain sediments (loams, sands, gravels), intergranularporosity, aquifer; Holocene - Pleistocene
d - deluvial sediments (sandy-loamy gravels), intergranular porosity, aquifer; Pleistocene p - proluvial fan sediments and fluvial
sediments of river terraces (loams, sands, gravels), intergranular porosity, aquifer. Neogene, Miocene n - Secov (variegated and
grey calcareous clays, coaly clays, lignites, interbeds of tuffs and tuffites), predominancy of fissure porosity, aquiclude to aquifer;
Stretava (clays, sands, tuffs), intergranular and fissure porosity, aquifer; Kochanov (clays, coaly clays, lignites, bentonites),
intergranular porosity, aquiclude, and Kl¢ov Formation (varhanov gravels: gravels, sands, clays), intergranular porosity, aquifer.
Paleosoic, Devonian a,- amfibolites of the Klatova Group.
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Continuation ofTable17

Hv-1, |48[40]|2379|21[17|5660| gq gravel 3 1 71 3.0 1.25 3.40
Hy-2,, |48|40| 2696|2117 | 2696 ravel 3.3 1.25 1.06
! 1.7 = 3.5 6.6 suitable Migdk, 1970
HV-3, |48(40| 852 |21 |17 |4247| g gravel A5 7 1 3.3 1.25 5.40
Hy-4, |48 (40| 1677|2117 |2867| gq gravel 47 73 3.7 1.25 £.20
HF-1 48 (41| 710 | 21| 16| 3878 ravel 4.0 2 40 10.68
i 111 = 51 | 10.3 unsuitable Migdk, 1974
HF-2r |48 41| 6.00 |21|16|4574| 424 gravel a5 11.2 4.1 2 40 £.80
Hy-1z | 48|40 [ 1071|21| 15| 4369 | 450 gravel 70 14.0 7.0 1.80 270 suitable Medved, 1983
HG-1, |48|40(5063|21|16|27.80| 135 gravel 4.0 12.0 5.2 2.00 12.50
Orvan, 18853
HG-2, |48|40|5944|21|16|2749| 445 gravel 40 13.0 5.0 2 20 12.50
HG-3, |45 (41 490 | 21|16 | 2474 qa47 gravel 50 12.0 47 0.¥o 6.20 unsuitable Oravn, 19850
HG-1, |48|40(5281|21|16|27.91| 150 gravel 5.0 15.0 5.0 1.70 8.50 Orvan, 1983
HG-15 |48 (41| 443 | 2115|5337 | 425 gravel 76 135 7.6 210 396 Orvan, 1985¢
HG-1, |48 (403338 |21 (14| 2044| 450 gravel 6.0 18.0 8.5 150 1.00 b Orvan, 1985d
- - - SuItabnlie
HG-1, |48|41|1064|21[15]5683| 450 gravel £ 1 135 7.6 1.50 13.30 Tometzov4, 1983d
HKK-1 | 48|41 268 | 2115|5047 | 140 gravel 76 12.0 7.5 1.50 1.60 Protiviidkovd, 1987
HGK-15 |48 |41| 093 [21[15|51.26| 459 gravel a0 14.0 75 114 3.00 unsuitable Darikova, 1990c
HI-4 4840491721 141963 230 gravel 12.0 20.0 11.0 1.50 0.30 Lokajova, 1989
KS, 4840|1328 | 21| 14| 424 | o4 gravel 10.0 13.0 10.0 6.00 1.25 suitable Petro, 1992
Studfia |48 401943 21[14] 5058 | 123 gravel 38 10.4 3.1 2.96 3,80 Veréimak, 1956
KS 48 (40| 2931 | 21| 15| 4232 | 180 gravel 8.0 16.0 8.0 8.00 0.50 Unsyitable Verdimak, 1982
Miynaréik a Szabova,
HvL-1 |48 |39 579 [ 21| 14| 2801 | 240 d 16.0 2.00 1.90
>al 17.0 | 230 1975
W-23 43 (40| 1667 | 21| 15| 2457 | 20.0 gravel 19.0 220 15.0 2.50 2.50 Lnknown Bujalka, 1958
Hvo-1 48|40 20096 |21|16|2000] o5 gravel 5.0 8.5 5.5 1.00 0.40 suitable Grexova, 2005
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Table B
Information about groundwatesources in the warcK r 8 s n a
i i Aguifer [m i i i
well GPS coordinates Ciepth r::c_ﬂm:‘ q [m] Static Drrowdown Yield .Dcm__q of Refference
M _ E[ ] H [m] of aquifer from _ o level h [m] 5 [m] ] :.m-; drinking water
City district Krasna
|.= 48 393998 | 21| 17| 32,01 3,80 gravel 2,00 7,60 3,20 1,50 6,60 unsuitable
.= 48 |39 (4308 (21 17| 44,09 3,40 gravel 3,50 7,20 3,80 1,50 3,40 unsuitable
.= 48 | 39 [ 4565 | 21| 17 | 56,51 3,00 gravel 3,80 7,00 3,80 1,50 3,10 unsuitable .
- Frankowic, 19760
V.= 453 |39 (4837821 18| 10,58 9,00 gravel 3,80 3,30 408 1,50 7,70 unsuitable
Ve 48 |39 3566 | 21|17 | 13,74 3,60 gravel 4 00 7,60 3,50 1,50 G,30 unsuitable
V= 48 1393206 (2117 | 3,46 6,80 gravel 3,60 5,80 3,20 1,20 3,10 unsuitable
HE-1,, 48 (40 (2210 21 18| 48,08 10,0 gravel 45 7.0 40 4 00 0,001 unsuitable Medved, 19850
Studhia 48 |40 [ 1423 | 21| 18 | 44,00 7.5 gravel 3.5 55 3.5 0,20 2,140 suitable Wagner, 1963
HG-1g 48 | 40| 28,93 | 21| 19 | 57,60 10,5 gravel 5.0 7.8 40 4 50 0,75 unsuitable Warga, 5. 1085
Table20
Information about groundwar sourcesinthewardor i n| 2 k
i i Aquifer [m i i i
well GPS coordinates Depth r::c_uE q [m] Static Drrowdown Yield .Dcm__q of Refference
MNP _ E[" "] H [m] of aquifer from _ to level h [m] s [m] Q :.m-__ drinking water
City district Lorincik
HL-1 483 41| 11,34 | 21| 11| 46,82 600 |, m:m_.___m._ 3.0 56,0 13,8 17,93 0,680 unsuitable Medved 1990
intercalations
Table 21
Information about groundwater sources in the ward O o v
i i Aquifer [m i i i
Well GPS coordinates Crepth EEeEE q [m] Static Drrowdown Yield .Dcm___q of Refference
MNP _ E["" 7] H [m] of aquifer from _ to level h [m] 5 [m] Q :.m-__ drinking water
City district Pol'ov
P-1 48 |40 2185 21| 11| 975 | 490 sand 17 31,9 17 5 7.4 0,25 unknown Adamiik, 1969
gravel 42 2 46 6
HG 43 | 39| 3525 | 21 12 | 16,20 40,0 gravel 3,0 40,0 12 11,60 0,410 unsuitable
HiG-1 43 |39 | 43145 | 21| 12| 312 200 gravel 47 7.3 05 10,70 0,200 unsuitable
He-2 |48|39|4345|21| 12| 6.84 | 150 |  9ravel 27 12,2 3,8 870 0,120 | unsuitable Forberger, 1980
intercalations
HG-3 |48|39|4175|21| 12| 1663 500 |  9ravel 4.0 50,0 0,9 12,30 0,25 unsuitable
intercalations
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Continuation ofTable22

MV-3 4835|5040 21|11 4996 135 [loamygravel| 17 135 47 0.14 1.25
Mv-4 | 48|36| 937 21|12 1455| 135 |loamygravel| 4.0 9.5 5.8 0.90 1.42
MV-5 48 (363507 21| 13| 2440 135 |loamygravel| 14 115 59 010 0.90 Masiar et al. 2003
MV-6 48 (35| 37.09| 21| 12| 3760 135 [loamygravel| 3.0 8.5 36 0.43 1.62 unsuitable
MV-7 48353241 | 21| 12| 101 | 135 [loamygravel| 35 135 32 0.32 2 50
Grexova
HGK-1- |48|26| 2075|2111 |27383| 104 _ .2 10.4 51 359 1.00 .
. grave Miynaréik, 2009
Hikx-1 |48[26| 187421 11| 400 | 125 gravel 45 102 62 032 0.47 suitable Pramuk, 2013
JKS-1 |48(28| 2023221 9 [4620] 400 gravel 35 8.0 35 3.00 0.40 unsuitable Tometz, 2017a
JRS-1 |48]33(2806(21| 9 |46.37| 16.0 |loamygravel| 35 | 130 3.5 5.00 0.45 unsuitable Tometz, 20170
Table23 .
Information d&out groundwatesources inthe warGe bast ov c e
i i Agquifer [m i i i
Well GPS coordinates Depth EEGEE q [m] Static Drowdown | Yield .D_.jm___qa Refierence
M E[F" "] H [m] af aquifer fram _ to level b [m] 5 [m] QJl.s __ drinking water
City district Sebastovce
HG-1- |48|39|1602|21|15|5187| 65 gravel 20 45 38 0.30 0.11 unsuitable Pridala, 1966
HvL-3 |48 |39|2942| 21| 16| 803 | 130 gravel 50 | 110 1.2 2 50 400 | unsuitable _ﬁ__{:mﬁn__wwmmmng{m.
SHMU 1124] 43 [ 29[ 1106 21|16 | 2016 | 13.0 gravel 1.3 11.0 1.3 200 7.30 unknown Frankovi¢, 1959
candv dla 469 496
KAH-6 | 48 39| 3487 (21| 17| 219 | 1636 Ve T T06 796 preliv 2.00 14.50 unsuitable Frankovic, 1976a
gravel
32 F 38 F
HG-10 48|39 1861|2115 5957 250 gravel 19.0 235 37 310 2 50 unsuitable Frankovi, 1977
H5-1 48 (29 790 (2116|1087 183 gravel 120 173 273 3.00 5.00 unsuitable Tometzova, 1932
HG-18 48|39 450 [21[16] 1542 250 gravel 120 320 7.0 5.00 1.00 suitable Tometzova, 1938
HV 48 |20 1557 | 21| 15| 5053 | 2310 gravel 100 | 210 34 7.10 1250 | unsuitable Eristavi, 1989
sandyclay | 250 310
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4211 WadVy go®8t s k e

The character of this area is similar to thatwafrd Dargovsd ¢ h  dvrTHe n
slope movements also affectlitit nosanitaryprocessesave beemealised here.
Thewestmed ge of tOlptke Mlisigmt®o t hRiver Matley.inghds
territory, mainly built-up areas oindividual house occur, sometime with dug
wells. However,information about technical and hydrogeological parameters of
these wellss not availdle.

The only relevaninformation on local conditions is providég wells VO1, S
3 and &4 located on the southern edge of thisrd (Map 4). As is evignt from
Tale 16, well VO-1 is 580 m deep and passes through gravels in the upper par
and tuffites in the lowepart, but itsyield is only Q4 Ls't. Wells S3 and $4 are
located in the floodplain gravels. Their depth IS d4nd 50 m andefficiency 3.33
and 15 Ls'?, respectively.

4.2.12. Ward Barca

As was mentioned in th@revious chapter,this ward is on the eastern part

adjacent tovard Nad Jazerom. The border is remest ed by iltiheer nkao gi c e
nad Tisourailway line (Map 4) A massive hydrgeolaical survey was carried

out in the area betwaehis track and railway leading tblungary fa the purpose

of planning for thefood processing industry (Halva964). A total of 15
hydrogeological wells labelled VS were realised within this surveyirTdepth

ranges from & to 110 m (Tabe 17) andthe efficiency of the wells ranges from

1.42 upto 150 Ls'* (E 100Ls'Y).

An aditional survey wasarried outo y Mi | 8 R974) fbrah# énills and
bakery industry and through 6 wells of720 120 m depth he documented the
possibility of groundwater utilizatiofior a total amount of 33 Ls*. Or van o6 s
work (1983, 1985a,b, ¢, d) can be described similarlgut these relate tihe area
with engineering industry (VSS). Relatively surprising are results of a survey
carried out orthe right sideo f J u g rSi§eetoppasie the former factory of
East Sloakian Machine Plant (VVS)where bus repair services were located in
the pas{Map 5) Theyield of the well in this area (H&a, T 0 me t ¥983d)8s
up to 133Ls'%

On the western edge dfdward in the area with an airporg hydrogelogical
suney prospectig for sources of groundwater available for drinking udélynar-
| 2 k and 19385 wab madgas well asa survey focused on grouwedter
protecti ol®89) Lokaj ov§g

4.2.13. Ward Nad jazerom

A substantial part ofhe groundwater sourcegrelocated onthe right sideof the
Ho r nRver (Map 4) In the aea betwee this surfae stream and the lake
(northern part of thevard) two more hydrogeological wells were realised (SPH
and SPH2; Tometz1983b) in order to obtain tHeaseinformationfor subsequent
sanitation works relating to sesmgeat the base ofthe levee. The reasorior these
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works was that during the extreme flows on the surfag#osion occurreat the
shoreline of the lakedue to the communication between surface water and
groundwater.Becauseof this filtration failure, the stality of the levee vas in
danger.However,the survey provided base information faecommendations for
and realisation of the sanitary workshich consised of a grout wall constructed
betweenthe dand surface to the impermeable basement (abdutn®p.t). The
structurewasconstrucedin 1987.

In addition, there are two wells ofhe Slovak Hydrometeorologicalnstitute

( SHMD; 1121 riadodtinihé fPathgwork af a survledbyFr ankovi |

(1969).The wells are operational within the observation network at present.

In the territory of thisward some other hydrogeological surveys of local
character were realisg¢d@alde 18). The efficienges of included wells rarefrom
2.51 to 250 Is'? and indicate a trend for valuesto be higher thegreater the
distance frontheH o r rRiet. In the area where efficiencies are higtiggre is
an industrial zone with mainly food facilitieMainly the canning factorydairies
and the med industry have alarge demandfor drinking water.This area is
adjacent to thavard Barca, where numerous hydrogeological wells have been
realised in the past.

42.14. WardKr § s na

This wardis located predominantiyithe floadplainde posi t s o Rivet h e
valley (Map 4), where all hydrogeological objects are situafBae most important
wells are those labelled IF to VI.F ( Fr a n kX9@6b)iwhich were drilledto
examine the possibility of obtaining groundwater the plannedlocal industrial
park. A total amounof 20.8 Ls'! (Tade 19) was documented thesewells of G8

to 9.0 min depth

4215 WardsPer e g, bhdProiOolvz k a

From the hydrogeological point of viethe location of theseards is restricted to
the lithological units (clays with aquiclude character)ttwino potentialfor
obtaining groundwater. Locallysome wells were realised here but their
efficiencies were never higher thaif® Ls'! (Tale 21). In generaltheyield of this
area is lower than.BLs'.

In thewardP e r r® fjydrogeological wells usirgyoundwater are registered in
the Geofond archive.

4.2.16.WardGa c a

The territory of this suutawesterncedgéMamal i c e
Thecadastralarea f Ge | ealso assoaiated witls it. Todae steel complex
USS is situated heralthougha smaller parof it falls into the cadastral area of the
vill age Toedssedial part.of the hydrogeological woftis the steel
compkex is locatedin this territory. Wells are most often situated in proluvial

Hor ngd

i s | oc
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sedimentsin which loamy gravemakes ughe aquifer character. Through wells of

not more than 20 nyjelds of 0.04 up to 26 Ls'* have beemletermined Take 22).

Higher efficiencieswere meaured on thesouth-easternedge of theGe |l ez i ar ne

areawhich isrelated tothe fact thahydrogeological conditionareaffected by the
Ida River. Efficiencies reach B to 102 Ls'* here andaredocumentedn 11.0 to
135 m deep wellsThe purpose of these wells was fat water use buto drain
the buildingpi t s ( T de88b) asowel§ as foto solve the problem of
groundwat er p o01988uMasian et aRQ0B; #tarauiR018)8 ,

Due to its geological positiorthe urban area of thward Gaca i s

poor
Cangé8r

groundwaer content. Thiswas conf i rmed by wiO88kwho o f
realised 3M m deep wells iNeogene sediments and captured groundwater with

arate of no more than.DLs'! per well. Similar resultare found inworks of
ot her aut hd966s Folimedoavih@B3.Beeper wells (5% mi1 Tartal
1965; 600 mi Bindas1987) have higher efficienciesanging between.21 and
26Lst

In conditions of alluvial sediments tfe Ida River in the northern pamf ward
G a cttee possibility of groundwater capture in the amount of abotls'* was
confirmed byawell of 160 m depth (Tomet2017).

4.2.17.WardGebastovce

In total, 9 wells were documented in thisard (Map 4ard Table 23). Oneof them
(KAH-6) wasorientedto Neogene layers preservedtime higher depth andvas
realisedwithin the survey of artesian layers in the aled he sout h

( Fr an k9@6a)i This well was 16® m deepand the artesian aquifer was

verified at 7001886 m depth. Theyield was determined tde 145 Ls! by a
pumping test. Similarlya yield of more than 1Q.s'! wasalsoobtained athe well
HV of 31.0 m degth (Eristavi1989) passing through tieogene gravelat 25.0 to

310 m. However,for both aquifers insufficient groundwater quality for drinking

purposes characteristidue to the high values of edMn as well as biological
and microbiologichcontamination

Wells situated in the quaternary gravels do not reacihhigh efficiencies. In
such sedimentsalues 0f0.11 to 73 L s'* weredocumented.

of

i n

Kogi c
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5. THE USE OF GROUNDWATER AS PUBLIC DRINKING WATER SUPPLY
IN KOGCE

The ci ty o pliedkvithglinking wates fros geperal resources managed
bythej oi nt stock company VIichodosl ovensk§8 vodS§

Sl ovak Water Company Kodgice). Maj or water s
of the city. In particularthis is the Staina Ko ige water system whose sourice
the Starina water reservdiri s | ocat ed i nSninddistric®inglgov r egi o

n,
early 1980s,when this system did notet exist, Ko gi ce was theupplied by
Bukovec water reservoifpcated no more than 10rkfrom the city. Prior to the
mentioned periodt he deci sive resource wa$ the water
Drienovec,which uses groundwater from the resources of the eastern phe of
Slovak Karst National Park. Important resources at that time werabdredoned

wells situated inQuatrnary setinenss, thef | uvi al graveRve in the Hi
pl ai n. These are situat ahevilagesoftTielmejonor t h of K
and Teplilany. Such resources oarthe also | oc
northern ot s ki r t s  o-$evetcityepartkiro the cadastral territories of

LermeO (well VIil) anldV,Bleuwlevillm® IXMé&reit o (wel | s |

location is shown oMap 2and the documentation falde 8. In addition to wells
| and IIl, these wés are still used today.

The oldestvatersupply system of the cityisvd i st ori ¢ Ler meO water a
capturing the groundwat er RwrfvaleypOneP5ngs | ocat e
November 2011this interesting work celebrated its f0@nniversary.For this
reasonijt will be givenspecialattention here.

51.Hi story of drinking water wutilization from

Theprimayi nt enti on f or (Credk valley sptingsoreachesfback e r me O
to the turn of the 19" centuy. It is testifiedby a document compiled fothis
purpose (b y Schust | 4899) and dlealiigd with preparatory works,
projecting and constructi on gsyftemttlise f i r st Ko
evident from the introductory part of this documestatingfby the decision of the
town cound No. 48M/118from June 271899, thatit was decided to construct
an aquedudt n K @gait from sewerage.
The drategyfor appropriate water sources choice was an especially important
element of the aqueduct constructidime older wellsytilizing groundwéer from
H o r rReeat accretionsyere situated ithet own r esi dent Cigl area of
and appearetb be unsuitablelue to their heavy pollution. From the point of view
of acquiring new water sourcesi.e. acquisiion of water with approprate
qualitative parametersand also from the point of view of sufficient water amount,
the choice fell on the possibility of explorationtbe . e r nCee€k valley springs
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interception.Theart hor s of the original project propc
springs situated in this valley for water supply purposes.
The «pected start of the aqueduct constructias 190171 after theacquisition
of financial creditjnvestigation of summary yield of springs and project doenta
tion development. Definite plans for aqueduct and sewerage constrassembled
by the Division of Public HealthEngineering of the Hungarian royal stdiesctorate
for waterworks constructionver e el aborated by G. Gend®°r in J

-
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Figure 4. Fragment from original project documentation depicting capturing
ofLer me O (4ipCapturingg by a gallery; 2 Crosssectionof a gallery;
31 Section AB)

The aiginality of the aqueduct construction consisted in its technical realization,
when individual springs were captured by shafts and galleries fluming frater
numerous small dells agheb r a n c h i n @reek \alteyn énGhe projecthe
total pipeline length (with pipesof different diametersfrom 40 to 500 mmwas
19501 m:closed concrete pipes (length,173 m) perforated concrete pipes (895
m); and closed cast iron pipes .83 m). This createdan extensive aqueduct
system consisting of more than 200 objeatsich is up to the presentade up of
springs andmixing, interrupting and flowthrough shaftsFigure 4 presents one
part of the original mject documentation and depicts a method of spring capturing
by a shaft and by a gallery.

Construction of t he f i1 228pril 1RGS> @ndovas aqueduct
completedon 25 November 1911The Zellerin Companyprovidedthe supply of
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pipeline anl partcipated also in cutting worfEigure 5) and inthe construction of

individual installationsThe @mpany was represented by Ulrik Kitzbichler Jr. with

a partner. Steel shaft covers were provided by Fleischer and CotHedfno g i c e

machine worksSupervison duri ng the construction was pe
b j 8y, who consideredhe construction works realised well accorditg the

approved projecté G° n1®05Y).

Figure5.Hi st ori c al phot depi ctiaggeductut t i ng wor ks

52.Geobgyand hydrogeol ogy of LermeO springs

Thewut heast sl opes of the Li eacomplicdledr a Mt s. ar
geologicaltectonic structure,which is also reflected in complicated hyédro
geological conditions. Hydrogeological evaloatof this ar@ is very problematic
due to frequent alternation of petrograplitlsological rock types having different
hydrogeological properties. Considerable segmentation of reli@th substan
tially affects drainage of surface and underground watelma2005) also plays
an important role in hydrogeological evaluation of the area.
The evaluated area is typic#h its variegated composition of lithological rock
types belonging to the different tectonic unitfie pesent geological structure of
the areas a reult of multiple orogenetic cyclesyhich have influenced present
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relations among individual aquifers and insulattejr character and permeability
values

Carboniferous rocks of the Gemericum unit

These rockdorm the predominant parbf the sudy aea. They are represented
prevailingly by chloritesericitic phyllites intercalated by diabase metavol
canoclastic rocksgraphite phyllites and lydites. All present rock types are
metamorphic; consequentlyhey lost their original intergramar pemeabilty.
From a hydrogeological point of viewthey represent the same qualityi.e.
groundwater insulators. Multiple springs with a yield not exceedind §were
documented in this rock milieu by hydrogeological mapping.

Carbonate ro&s of Me®zoic
Carmbonae rocksare the most important groundieaaquifers in the study area.

Quartzites othe Lower Triassicare distributed only in a small areathe central

part of the territory. These highly rigid rocksedisintegrated with opernrdctures,

which erables deeper groundwater circulation (not only in the subsurface zone),
andare present due to multiple orogenic sta@esartzites belong tthel. ¥4 Ra n s k ®
beds ofthe Vepricum unit. No springwere documented and no hydrogeological
borehole waddrilled in this unit.

Shales ofthe Lower Triassicare manycoloured,locally metamorphosed rocks,
intercalated locally by quartzose sandstones. Shales are plzet\dkrfen strata of
the Veporicum unit. Shales are scarcely present in the sitely. Nospring rees
from them. When compared with the ncarbonaceous rockshey could be
classified as insulators with an interval of average permeability frorh 1@°to
1.0T 10° m?'L. In generalwe can state that ésestrata act like a reifier of
groundwaer circulation in the top wall oMiddle Triassic carbonates. Contact
springs are usually situated in the contact area of these shales.

Ramsauer Dolomitesrop out on the surface in a discontinuous belt in the central
part of the territoy. Dolomtes are typical for fracture to fracturkarst
permeability. Springs with an average yield of aboutl®'% were documented by
hydrogeological mapping in this rock milieu.

Variegated carbonates dhe Jurassic crop out in the studied areaoal the
Margecany ttust one (further only MTZ) from its eastern side and are present in
moreor-less continual belt. Springs with an average ydve 1.0 Ls'! were
documented in these rocks by hydrogeological mapping. Situated in the top wall of
Lower Triasic quartzits, variegated clayey to clayesandy shales ofower
Triassic reacha maximum of20 m in thickness. These shales belondMVerfen

beds and perform a hydrogeological insulator task between quartzitdsgicaie
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to Upper Triassic carb@tes. The Triassic cabonate complex crops out to the
surface in the northern and the southern part of the territory. Ramsauer dolomites
are the most widespread partloé carbonate complex.

Rain water, infiltrated through cwering geest,entersthe wedhering aul
loosening mne of a rock massif where descend$rom the watershed to the local
erosion baseda r t of water comes ou,¢eithergithihn on t he e
the carbonate complex ithe form of fissure to fissuréarst springs or ithe form
of contact spring on the boundary withthe footwalld dess permeablé ower
Triassic shales.

Together with Jurassic limestondRamsauer dolomites form an important
hydrogeological structure drained by springs in the evaluated territory. Several
springs, situated on the a@ntact with impermeable Carboniferous sediments of the
Gemericum unitrise on the western side of this structure.

As far as Mesozoic rocks are concerngdyassic carbonates mainly
limestonesi are relatively good aquifers. Theyopr out tothe surfacein a
discontinuais belt alongthe MTZ. Jurassic limestonegpgether with Triassic
dolomites form an important hydrogeological structupayt of which is drained by
a form of contact (barrier) springs on the contact with graphitglitels,
representinghel. enre @oup of the Gemericum unit.

Quaternarysediments

As a result of deep erosioQuaternary sediments aomly discontinuouslywell

preserved in the studied area. Widespread are mainly fluvial and proluvial
sedimentsyhich are represented hige Holocene accumulation df e r noeedl

and its tributaries. Proluvial sediments create very noticeable conical forms in the

majority of outfalls of the smaller tributaries of thee r ma @ e k ; HI i nnT creek
Sennl creek ar e ex a ithpstudysaream Proluwial sediments,i but ar i es
which have a character of loareand and gravelare of no hydrogeological

importance.

5.3. Present state of waterworls utilization of theL er me O val |l ey springs

As already mentioned in the introductiaihe currentadminidrator of the first
Kogice aqueduct i s emi nenThdysic duty bfdhee st ed i n |
detailed mapping of all the objects of this watervgpdnd not only groundwater
trapping objectsbut also shafts in the pipeline route to the consunuasisted of
technical state chesk

This mapping consisted of physical documentation of every existjegrt i
either a shaft intercepting groundwater from a spriog,a shaft used for
manipulation of transported water, a shaft for supervising paoses.

In total, 209 out of 215 shafts (thisumberis mentioned in the original
historical document) were documentedccgoperatiorwith the administrator othe
evaluated waterwogkfacility. For eachobject (especially irthe case of springs),
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first basic hydrogeological parametevgere documentedvhich consisted othe
measurement of:

a) Water inflow yield to the shaft Q'Y],
b) pH value 1],
c)Specific electricai?y, conductivity value C
d) Water temperature J[A §
e) Air temperature T, [“C],
f) Determnation of position and absolute altitude of documented object by
GPSMAP 60CSx from Garmin Comp.

Figure 6. ; Figure7.

Roots in inlet piping of shaft S6 Carbonate crust on an outlet piping
in shaft S6

Figure 8. Figure 9.

Carbonateincrustation in arinlet A clear reduction of piping cross
piping in $aft S64 section as a result of incrustation

(shaft S 117)
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Figure 10. Figure11.
An example of destruction An example of destction
of concrete heading shaft S20 of concrete heading shaft S132

Techical monitoring consisted of shaft wall tiling inspection and functionality
inspection of closing and security elements. Photographic documentation of
every object from inside and outside was an integral phithe field work.
Documentedy successive éld mappilg were: 18 shafts havirtpe character of

a spring witha protection zong2 shafts havinghe character of a spring without
a proposed protection zond5 flow-through shafts with a spig i 8 of them
with a proposed protectionone 2 mixing shafts witha springi 1 of them witha
proposed protection zoné flow-through mixing shaft with a spring withoat
proposed protection zoné flow-through shaft with 2 springs without proposed
protection zons; 1 flow-through shaft with Zprings and interruptinghamber
without a proposed protection zon&25 flow-through shafts 25 flow-through
shafts with interrupting chambet mixing shafts4 flow-through mixing shafts
and?2 flow-throudh shafts with a gate valvelhe pedominantmajoiity of these
techni@l objectswere found to be in satisfactory technical state.

As field measurements haallimited exten, the results of older laboratory
analyses were still a prime source of datatherdetermining thedrinking water
quality o Ine Oreek valley sgngs. An assay of these resultsads to the
conclusionthat no activity occursin the infiltration (seeping) area of these
springsthat could influence groundwater quality fromn physical or chemical
aspect either in the field ofinorganic or organic cdamination. However,
coliform bacteria and Escherichia coliyhose presenceis not permittedin
drinking water by lawsometimes occur in the water; these bacteria suggest that
the contamination is relatea tinsufficient protectin. Insufficient protectio
consiss of the present insufficient technical state dmesprings Pprotection
zones of theslprotectionstge of Ler meO springs are
shaftslocatedoutsideof these protection zones are insufficiently ensured against
acces by animals and unauthorized persos.this place, it is to emphasize
some activities, which could negativelyfedt quality and quantity of utilized

not

en
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water. Increasing timber exploitation themu ni ci pal f ovhesethée of Kogi ce€
1stand 29 hygienic protection zones of evaluated springslacated seems to be
a threato water quality
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6. LOCAL GROUNDWATER RESOURCES

In addition to the abovmentioned groundwater resourcéisere are alsavater
resources i n thhtare considgredesefve rEsoujcescaad were
implemented as part of the dityinitiative in he 1980s. At thidime, the citywas

feeling the effects of significant supply deficit of drinking water. Afumber of

wells were thus implemented not only in the boundamgas(Med v elB85ai

Map landTale 8), but also in the town residential areal{Ja é R 8 8 a ; MedveN
1988a,1988bi Map 3 andTale 11).

In addition to such resourcelmcal drinking water resourcesshich are still
supplying various institutionsyere implenentedwithin the territory of the city.
These are mainly medical facilitigs the case of the Polyclinic Sevesoerce SL
is located close to the builiding (BrandrE260 andBajo 20077 Map 3andTalde
11). Likewise,wells (K-1N, 2N a 3Ni Map 3andTalde 15) were installedor the
medical facility of L. Pasteur Hospitahat are still functioning. The original
documentation of their implementation is not availablg, their revitalization was
documented by Lokajov§ (THe®&sojrcesaanednotDaRkov § (
usedto their capacity to meahe needs of the polyclinic and hospittde actual
sampling rag is from 2 to 3.s'%, but their yields range from 12 #41Ls% All of
these water bodies were constructed as {aagacity drop wells with a diameter of
2to3m.

In the second half of the last centudye to the industrialization of the city o
Kog i memerous hydrogeological surveys were carried ouprovide either
drinking or service water. These kmdf resources are mainly located in the
industrial parts of the citywards Sever,Barca,Nad JazeromGa c a ) . Many of thes
repurees a&e not currently being usedbut as a result of a pricing policyitv
water,current owners of industrial plants and facilities are returning to their use.

Following the logs of hydrogeological documentation in the archive of Geofond
GGDBDG Bwvaae fumberaof new water resourcés increasng. In total,
hydrogeologial documentationvasrecordedfor 20 new sitegBajo andGr e x o v §
2015; @00%8,20083VG§ e x 0 vMB yanrazr 0| 029k; Gr e2R09apb8 et al .
201920132 01 8 ; O 2@08ap;|IPutc &l ¢ ovarga2 A o @ ; Petercovg et
2016a,b; Tometz2016a,b; 2017,2018; Varga et al2013, 2014). The vast
majority of these resources wenetendedfor industial use. This group also
includes resources for energy use by heat pumps operating interatater mode.

This is especiallythe casefor the territory located in the city center (wells HGI
and HGSL, at GarbiarskeBtreet,wells KSFL and2 at StkSiegt, @elle n
LMland2 at T oSiréeti BapsS Kadle 11).
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7. MINERAL WATERS

Mineral waters arpreseni n t he t e r (CitytAoningral walter r&sougce ¢ e

known from the 1% centuryis locatedin the northern part of the towim the

recreation area oAni | ka ( di s twaid Kb §-Bewe)i Mamly the
population of the nearbwyards ahanovce drew miner al water fr
depthof 3.0m.In186&% new resource c¢al3prngFigureaj os forr 8§s
12) wasbuilt here. The spring s named after the Hungariaavolutionary Lajos

Kossut h. The wi do wtovenfdepiycreateraisgaltwithla@agk§ ny i ,

and a spa building here. At that tintbe prosperous spa had gamesroom, a

reading rom anda dane hall,and an attendinghysician supervised the curative

treatment.
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Figure12 Historicalpost car d of t heSsnga house at 0Ouc

At the time when General Radola Gajda with his army served as commander of the
11" Infantry Division and was a successful organizer of cultural and political life
(1922 1924) the spa was tmiilt and renamethe Gajda Bath¢Figure 13). The

local mineral water was also namé@ajdovka and this term is still common
among the inhabitants of Kogice.
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Figure 15. Mouth of the well @ located inA n i | ka

According to My, walG{léds caeied oat ht.a deptl &f 03D )m
as a part of a survey for additmrd r i nki ng water 198 murces (Fr a
the position otheoriginal dug well.
The mineral water was captured by thisllveg the top of the faulted Triassic
dolomites ona basis ofQuaternary alluviumwhere it was mixed with ordinary
groundwater. The groundwater level was tapped3atri3below the surface.

Geologtal drilling log:
Quaternary
0.0/ 1.2 m sandy loam
1.2 3.3 m gravelly loam
3.316.3 m loamsandy gravel
6.3/ 9.5 m sandy gravel
9.5'11.0 m clay loam with gravel
Mesozoic
11.0'130 m gray dolomite.

Well equipment:

The well was completed bg pipe with a diameter of 273 mm with a perfoeat
part from a depth ©11.0 m to the bottom of the well (13.0 nThe filter was
placedbetweer8 and10 mdepth
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Well test:

A 14-day pumping test was carried out on the completed well. The groundwater
level was reduced from 2.8 to 2.93 m from the césy pipe level. Theree CQ

value (measured by the Heartland equipment) ranged froni 1880 md,'.

The recorded COcontent was 1600 nhg, the water temperature was in the
range of 1214 A Cand sulfée was present in a higr concentrationwherebythe
waterwas charactezied as sulfuc.

The water was biologically and microbiologically unsuitable for drinking
purposes. Despite this fach, kiosk was built here and later a mineral water
drinking stand After 1948,the spa ad loal park were renamedeh A n Spa,k a
due to he fascist engagement of General R. Gajda during World Wandljt has
keptthis name until todayAt the end of the 19808pweverthe spa experienced a
significant decline with complete devastatioh the sampling place The wid
privatization in tre early nineties struck the last historic bath buildimgich had
become sdlilapidatedthatit had to be completelgemolished

Themayor of Ko g i presideatrofdthe tSlovek Reubligudolf
Schustertook care of the @nstrution of the mneral water resource in 1995.
A new source of mineral watelabeled G5, was implemented at his initiative
(Hal ugka an dl99s) dowadaysgherel is & §azebo with a drinking
fountainon the site of the former -& well (Figure 16), which is suplied with
mineral water from th&0 m deepG-5 well. Well G-5 is located about 25 m east
of the gazebd@Figure 17).

St
1y B

Pon WS g = <

Figure 16. Wooden gazebo with drinkifiguntainof mineral water
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Geobgy drilling log:
Quaternary 0.0/ 1.1 m sandy loam
1.11 3.2 m gravelly loam
3.2'6.3 m sandy gravelpamy
6.3'9.5 m sandy gravel
Mesozoic (Middlei Upper Triassic)
9.4/110 m dolomites highly faulted into smaltagments and
mixed with clay magrial (rock mantle)
11.0'220 m less faulted dolomites
22.0'30.0 m more compact dolomites.

Well equipment:

The method of the completion allows the entry of mineral water into the well at
intervals of 9.610.0 m and Q.0 28.0 m. The well egjpment isa 160 mm
perforated PVC pipewith a steel pipe with a diameter of 133 mwith two
packers. The bottom packer was set to allow water to flow through the perforation
at an interval of 91610.0 m.

Well test:

After the pager is set,the optimalchemical omposition of the mineral water has
been achievedThe wderground water is poorly mineralized (3@5nd."?),
slightly acidic (pH = &2) and cold in the classification of mineral waters. The
presence of sulfate at a c@mtration of 8. mg_"! classifiesthe water as moderdte
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sulfate. Tle sensorial properties of water were slightly influenced by the yield of fine
dolomite sand from the aquifevhich was adjusted during the pumping tesd the
water was clear and amlrless. On the basis dhe Gazda tassification (Gazda
1971), the grandwater is a basic calciumagnesiurhydrogen carbonate type.
Soluble chlorides with alkali are also present in the solution. According to the
classification of mineral waterswater in the G5 well is natual, poorly
mineralized,bicarbonatechloride, calciumsodiummagnesiumgarbonatesulfur-
water,hypotonic,cold water. The radiological composition of mineral water allows
it to be used in a volume of ho more than 1.5 liters pgroer person.

In 1996, an additionh hydrogeochemical survey was cadieut in the G5
borehol e ( ™96). rAftev atd dsseksmenit was found that the
groundwater under investigation is a deep circulatory system withtéony
detention (HC@CI = 21). The water ignetamorphicr(Na-K)/rCl = 1.39; with
considerablenfluence ofNeogenic sediments (Cl/Na =78), which nourishthe
chloridesodium component. Mineralization of water is obtained by dissolving
sedimentary carbonate rocks.

After leavng the reduction enviroment and td original thermodynamic
conditions (eduction in carbon dioxide partial pressutemation of free C@
phasechange intemperature)contact with air (dissolution of oxygen in mineral
water solution)jron sulfides FeS,FeS) of black cola began to pecipitate out of
the water solutionwhich adversely affected the sensappearance properties of
water.

The quantitative presence of irontire mineral water was high (85 md_"* Fe)
and it originated from disminaed pyrite minerals in exlimentary cdonate
environment. The isomorphousixture of this mineral is most often arsenic
(representing sulfur). Subsequentlyis element is introduced into a water solution
by hydrolytic decompositionwhereby the mineral ater in the well &b conains a
significant amount of arsenic. After diloth with waterthe mineral water from the
drinking stand was rated as naturslightly mineralized,bicarbonatechloride,
calciumsodiummagnesiume¢arbonatesulfur, cold, hypotoric water.

At present,the mineral watr from well G5 is pumped and dischgad
through a pipeline into the gazebo with a discharge and sampling device. The
well G-5 is protected by a closetructureand fenced in a circular plan area with
adiameter of 15n.

A reservoir with acapacity of aout 150 | is situated under the roof the
gazebo and there are 3 drains for water sampling from the reservoir. Parameters of
mineral water were measured on the outflow into a resl@aped spring vase.
Excessive andnused water flows intthe public sever.

Well G-5 has not yet been recogeizas a resource of mineral water pursuant to
the Act of the National Council of the Slovak Republic no. 538/2005 Coll.

Well G-4, which was implemented in 1982 at the initiative tbeé former
Cultural andRecreation Pak i n iKats@ytheaasqurce ofineral water. The

role of the exploratory MM&) kas to (oltfaanl u gk a

and
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thermal water for spa purposes in the territos,, in the vicinity of sports and
recreation complex PKOAi | k a .

Well G-4 is located about 130 m northwesttb& gazebo witlthe mineral water
drinking fountain (Figure 18) and was drilledo a depth of 310 m. Under a 10 m
thick layer ofQuaternary fluvial sand and sandy graeel95 m deep layer of light
gray Middle to Uppe Triassic severely faulted dolomitéhe bedding is from 195
m to the final depth of the borat 310 mand isformed by sericitiechloritic
phyllonites (Permian).

The drill was equipped with anticorrosive tulveth adiameter of 2 112 ( 0
m), or moreprecisely 168146 and133 mm with aifter part set in sections from
72 to 152 52134168 (nim)l2%2 7m3n)m a(nild 133 mm) .
the section from 234 to 249 m and from 273 to 310 m there is desksteel
smooth pipe with dime t er m. 133 m

A well test lasting 31 days wasnpermed The pumping test was started by the
stepdrawdown of the groundwater levdlhis method was used while pumping at
5.0 and 1 metersdrawdown.A further drawdown could not be dobecause of
gassafety(Halu g k a P @t i V198R)dar khisreasonpumping was carried
out at the maximum output of the submersible purepat a constant yield.

Figure 18. Location of the well & (Hr a d o vigtheHbackgtound)
























