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Fig. 2: Hydrogeologic sketch of the Beld river catchment

I — granitoids, crystalline schists, fracture permeability, 2 — limestones, dolomites, quartziles, Mesozoic as a whole,
fracture and karst-fracture permeability, 3 — alternation of sandstones and claystones, Paleogene, as a whole
unpermeable, 4 — gravel-sand and boulder sediments, Quartenary, intergranular permeability, 5 — faults, subtatric fault

zone, 6 — important springs

transitional-rural settlement structure, with arable
land - grassy cultures, which is the greater part of
the basin. Only on the northern margin of the basin
there is agricultural-recreational to recreational land
with predominant grassy-forest cultures and recrea-
tion facilities. The last two subtypes are characteris-
tic of the lower part of the studied catchment. From
the viewpoint of raw material the potential of the
Liptov Basin is connected only with occurrences of
construction materials (gravels, building stone).

The economic potential of the upper part of the
catchment (in Tatry Mts.) is limited by the topogra-
phy and altitude, reflected in the low population
density and low degree of agricultural land use. This
part of the territory has great tourism and recreation
potential, manifested in the construction of various
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tourist facilities, sports facilities (ski lifts), building of
tourist paths and roads. In this way the visitors rate
of the territory increases extremely. In spite of this,
Vysoké and Zapadné Tatry Mts. is a land type with
little damaged structure.

The upper part of the catchment belongs to the
Tatry National Park (TANAP), which should ensure
land protection, connected with limited forest exploi-
tation and protection of raw material resources.

Hydrology and hydrogeology

The Bela river catchment has a surface of 244.3
sgkm. With its altitude it belongs to the highest-lying
catchments of Slovakia, the average altitude being
1283 m a.s.l. From the viewpoint of altitude range,
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the S part of the catchment (Liptov Basin) has the
character of uplands (up to 300 m) and the N part
(Zapadné Tatry and Vysoké Tatry Mts.) are high
mountains (above 640 m) with typical glacial relief
and glacially remodelled valleys (Tab.1).

According to the Atlas of Slovak Socialist Republic
(1980), the runoff regime in the Tatry Mts. (upper part
of catchment) is transitional mountainous nival, in their
lower parts nival-pluvial, and in the lower part (Liptov
Basin) nival-pluvial. The higher is the relief, the more
rapid is the water runoff toward erosion bases and the
shorter is the contact with rock environment.

Precipitation is the only source of water supply in
the catchment. No surface water flows into the
catchment, nor any surface water flows off. Simi-
larly, groundwater does not flow in, but outflow of
groundwater cannot be excluded. Water discharge in
the Bela river catchment in the years 1984-1990 is
listed in Tab. 2.

The conditions of groundwater source formation
are considerably different in the upper and in the

Tab.1 Characteristics of the studied catchment

lower part of the catchment. A naturai boundary
(separating line) is the subtatric fault (Fig. 2).

The upper part of the catchment has a surface
of 155.9 sqgkm and is built predominantly of grani-
toids, partly crystalline schists (Fig. 2), with a sur-
face of 148.5 sgkm, and in the highest-lying part of
the catchment also by Mesozoic rocks of the Cer-
vené vrchy Mts., with a surface of 7.4 sgkm. The
inhomogeneous crystalline massif of the Tatry Mts.
is characterised by the presence of various local
groundwater circulation ways and intensive infiltra-
tion of atmospheric precipitation, which is in fact the
only source of water supply to groundwater re-
sources. Important is however the hydrogeologic
function of glacigenic sediments in valleys and at
foot of slopes, the water of which is almost in all
cases directly hydraulically connected with streams
at the bottom of valleys. The groundwater regime of
the crystalline massif in the upper part of the
catchment is affected by the hydrogeologic struc-
ture of the Cervené vrchy Mts. Mesozoic, built of

Part of catchment

Mountain range Vysoké and

Foothills Liptov Basin

Energy of relief [r = 1 km]

cut relief in part deeply to very

ZapadnéTatry Mts.
Drainage area [sgkm] 155,9 88,4
Altitude [m a.s.l.] 900-2428 to 630-900
Length of river km 16,5 19,2
Inclination of drainage area % 14-30 0-6
180-640 m and above extremely 30-180 m

slightly hummocky to

deeply slightly cut relief
Climat raphical t mountain climate, cool to very basin climate, cool
imatogeographical type cold
January: -6 to -10° C January: -5 to -6°C
Temperature
i July: 4 to 14°C July: 14 to 17°C
Snow cover 180-250 days 120-180 days
Maximum snow cover 75-150 cm 25-75 cm
Annual precipitation 800 up to over 2000 700-800

Soil type

humus-ferriferrous podsols and
primitive litosols

fluvial plane illmenised soils

Average annual elementary runoff
[l.s'1. sgkm]

20 to 60

10 to 20

Type of runoff regime

transitional nival, in lower parts
also nival-pluvial

nival-pluvial

Data according to Atlas of Slovak Socialist Republic, 1980
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VWRQIO NDWARG 0 IG3BI 7UDWIE QP HARQHYV  7KWIH
VSWQIV RQ \WH 6@YDN VIGH RI WH 7DW 0 W KDYH
FDSDAMV RI R 0V 7KH VXEVABQUROSDWRI
\WH FDEERQDW MW 1V KRZ HYHUGWIQHS LQWR/ \WH
" XQDVIF FD\RKP HQVRQ \WH 3 RD/K VIGH RI \WH 7D\ 0 W/
* \IBXQGZD\WUGVKDUH IlRP WH %HID FDWRKP HQW
VKRZQ RQ )L $ HYWZIVH SBLB! RI \WH %D
FDVRKP HQVUYHUQHERWILY SWIVHQRG RQ ) L

7KH FUMDOH P DWL KDV D J BWIDVWQIXHFH RQ \KH
JIBXQGZD\WU HIIP H DQG ALFXOVRQ DOR LQ \KH
0RZ HUSDWARI \KH FD\AKP HOWMOQFH DRI \MH VXE\IY
WF IDXOWX QHIKERXWR) \WH 0 HVR] RF 3 DBRIHQH
DQG 4 XDWAQDW VHGIP HOW/ RI \KH / IS\RY %DMQ
Y XH R LW/H] SRVXWH DQG KUK SWIFSIINRQ
\WH 7DV 0 W/ FINABREEDH P DWW LV \R D FROVGHWDE®!
H[ \WQVAKH GLIHPWRULQGLIIPWYRXBH RI Z DVWUVXSSO
R J IBXQGZ D\WURI \ RXQI HUVHGIP HO\DL FRP SB{ HV
'Q VSIWRI \WH IDPAKDWRQ® VP DOFDERQD\W DWIDV
DSSHDURQ WH VXUDFHLQ WWH IMDQGV RI 6 XIRYY DQG
BXFK\ +WGRN ZI\W D VXUDFH RI DQG
VING  UHVSHRAIYHD  VSWIV ZIW/ YHW KLIK FDSDFL
W DYHWIH FDSDAMMY R OV VHH VSWQIV
6 XFK\ + IDGRN DQG 6 XIBYA + WDGRN 1R

RQ)LJ DWW IRZLQ RXVWRP WHMH 0 HVR

JRF MDQGV  7KH VSWV DB RZIQ) RXWRQ \KH
FROBDPWZ LW/ P SHWP HDEGH 3 DBRIHQH 0 VK VHGL
P HOWX/ + LIK FDSDRMMAV R1 WHVH VSWQJV DWW \KH H
VXLVRI H \WOVLYH GUIQDI H HIIHFVRRI KLTK® SHWB HDEMA
FDERQD\WY DQG WH VXEVBMAF IDX®OVZ KIFK D DOR
GUIQQ) JBXQGZ DWUIRP WH DGRQQ] FUNDGH
P DWL DQG 4 XDW@DW VHGAP HQW + DQJ H CBMDO

7KH 0RZHUSDWWRI WH FD\RKP HOWQ WH / IS\RY
%DMQ KDV D VXUDFH RI VINP  DQG LIV EXLOV
SWIGRP IQDQW RI 4 XDNWIQDW VHAP HQW/ \KH XQGHU
AHURI ZKLFK DV D ZKRBILV IRW HG Rl D HDMWYHO LP
SHWP HDE® 3 DBIRIHQH 10 VK IR DIMRQ  * OFLIXYIDO
DQG 10KYIDO4 XDUMWQDW VHAP HW SUWHVHUY \KH
P RAMDYRXIDEG! FROGVRQV IRUJ BXQGZ D\WU DFFX
PXOMRQ DU LAWY \WH IXMDOSM@IQ Rl %HD IRP
3 RGEDQVNH \R \WH FRQIXHQFH ZL\W 9DK UYHU DQG
\WH RFFXUDV Z HIQ WWH IR RI WWDFHY +\ GUIDXIE
SDWP H\WLY R1 WHVH VHAP HOW DW GRAXP HQWG LQ
7DE  * IBXQGZDWUIRZ GLUHFRQ LQ 4 XDWWQDW
VHAP HOWLV FROWMAQWZ M/ \KH LOFRICDVRQ R WH
LP SHW® HDE®H 10 VK XQGHAHU 7KH %HD 10KMDOSOIQ
EHFRP HV QDUWRZ HUIQ WH GLBIFVRQ RI IYHURZ  1LRP
DERXW NP DV@DYW RY \R VHYHDOWMQV RI P H\WLY
DW ISRYWN 3 H\WAU ) L $V D UHVXONRI WLV
J BRXQGZ D\WUFDQORMRZ  XQIOQKIEWAG LQ WWH  IKYDO
VHGIP HQWDQG D SDUWAN (RZIQJ RXVIV VSWQI V

" MAKDUHV Rl WH W QLFDQWVSWIV IWRP 4 XD
WQDW VHGIP HQWW/DWILQ 7 DE

7KH UYHW/AHD GUIQVL\W/IOKYLDOVHGIP HOW/DO\ HDU
IRQJ RQD DVKLIK Z DWUHYHY LQ \WH WYHUQLOVRQ
IRP WH WYHULQW/ IXYIDO VHAP HW P D\ RFFXU
KRZ HYHURQOLQ WHDWID 1 ( RI 3UE\ACD 6 XSSO RI
ZD\WUR 4 XDIWODW J BXQGZ D\WLY LQ \KH 0RZ HUSDWVY
RI \WH %HD FDWRKP HQWY P RAX/ IIRP VORZ P HYRQG
B\ QX[ RI JIBXQEZDWUIRP \WH KLIKHUVKD\AG
FRQH R 5 DFNRYD 9D\  7X] LOVN HVIZO

* IBXQGEZDWU R 4 XD\WIQDW VHGIP HOW/LQ \WH
(RZ HUSDWRI WH FD\RKP HQWWY/ VXSSBP HOWG E\ 1Q
LOMVRQ IRP  SWASMWRY HVSHADD LQ \KH KIGD SDW
RI \WH FD\RKP HQW E\ (QLOWWRQ WP  VXUDFH
VM¥DP V DQG DV GRFXP HQWG E\ K\ GIBP HWF Z RUN
LQ \KH \ HDLY DG DOR B\ SHQHWD
\WRQ RI J IBXQEZ DVWWUIRP  \KH DARQIQ) SDUMRI \KH
7DW 0 W/ IURP \KH HQW RI \KH 5 DFNRYD 9D\ R
3RGEDQWNH  ZKHWI (RAHV RI ZDWU ILRP  VXUDFH
VMWDP V KDYH EHHQ UHFRWGHG

7KH P HOWROHG QDWIDODQG WIFKQRI HQIE FRQGL
\IRQV DIIHPAQ D GHAMYH ZD\ \WWH FKHP [FDOFRP SR\L
\IRQ RI Z D\ARURQ WH \WULVRAY

DAUFKHP DAV

& KHP IFDOFRP SRVRQ RI QDWADOZ D\WU VORZ P HW
VIWDP VV VSV ERBKRMV [VAVNGLQ 7DE 7TKHWH

GDYDW! FRP SBP HQRG IRUIX WKHLI UDSKLFDOHYDODVRQ
B\ FKHP LFDO DQDOVHV RI ZDWU IRP  VSWQIV DQG
ERWKRMV REIQHG IRP WH SWRHPW * HRFQHP LFDL
$VIV Rl 6GRYDND 9 WOQD 7 KHURFDD/DURQ LV
VKRZQRQ)L  7KH SBIVHQRNG VQRZ FKHP MV DIBRZV
\R HWR D\t LQUIZOFKHP MV RI LOQLONVR Z D\WULQ \KH
FD\RKP HQW

) LIV DQG VKRZ WH GMREXVRQ Rl VRO
P ICHDD/DVRQ VXISKDW DQG QMW YDIXHV LQ \KH
%HD WYHUFD\AKP HOW7 KH GMIEXVRQV KDYH EHHQ
FDEXOWG XMQJ WH LQYHWH GMBOFH P HKRG DQG

WXV REBIQHG GD\Y Z HWH VXEVHTXHQW VP RRKHOHG
E\ P RYIQJ DYHDJH P HRRG

' VAXWIRQ DQG FRFOMRQ

7KH SWVHQRG K\ GIBFKHP LEDO GD\IY VKRZ  \WDW
QD\RIDO FROAVRQV LQ \WH %HD FDRKP HOWDUH \KH
UHDVRQ IRUWH GUIHBWQUBNRQ RI Z D\WU FOHP MW
GXH \R GLIHBIQW\ GURI HRBILIE DQG K\ GURI HRAKHP L
FDO SIBSHWHV RI VIGEDW DQG FDWERQDW RFNV
6 SUQIVLQ 0 HVR| RF FDIEBRQD\AY IRZIQ] RXVAYHQ LQ
JUDVDAAKGHY HJ 1R KDYH W WP HV KLIKHU



SEYRIMAINE

Tab.2 Average monthly and annual discharge in the Bela river catchment in the years 1984-1990 (according to SHMU)

Flow station sur- | Ann,
rills 8 I I I v Vi vit | v o
(sqkm) X | I v | IX X rage
1. Tichy brook 57,45 776 691 620 559 614 2301 5972 3704 2158 | 1751 2139 | 1139 1874
Ticha Val.
2. Kbéprovy brook 31,23 473 381 357 297 264 867 3136 2327 1328 | 1072 | 1228 790 1152
Koprova Val.
4. ';am:nisti 10,38 122 126 93 95 119 | 437 | 1282 717 279 | 210 310 200 334
roo
Podbanské
9. RaCkovbrook | 4055 | 797 | 734 | 561 463 | 689 | 2187 | 4990 | 2528 | 1507 | 1219 | 1726 | 1134 | 1550
Rackova Val.
3. Bela 9536 | 1350 | 1155 | 1068 | 919 957 | 3629 | 10683 | 5472 | 3895 | 2985 | 3723 | 2184 | 3263
Podbanské
11. Bela 24430 | 2789 | 2566 | 2039 | 1862 | 2587 | 7645 | 19089 | 11209 | 6624 | 5042 | 6605 | 4231 6038
Lipt. Hradok
Tab. 3 Hydraulic parameters from Quaternary sediments of Bela
Profile Number of Thickness of Water level max. Q q K
boreholes Quaternary (m) (1.s" (.s'.m™ (m.s™)
sediments
Pribylina 5 8,0-17,0 1,0-5,5 0,16-11,0 0,07-8,17 1,0.10°-8,4.10*
Vavri§ovo 6 4,0-145 1,3-2,2 2,6-20,0 1,74-8,0 3,5.10%-4,2.10°
5 6,6-14,0 1,5-6,2 2,9-15,0 1,35-7,95 3,0.10%1;1.107
Liptovsky Peter 3 4,0-12,0 1,4-3,0 0,6-9,9 0,3-3,8 5,6.10%-5,8.10"
Q - volume discharge, q — specific capacity, k — hydraulic conductivity
Tab. 4 Discharge of springs in Quaternary sediments
Spring Altitude a.s.| Discharge |.s™ Observed - time,who
locality m min max average
Krizan-1 720,0 27,7 61,8 41,5 1985-1990, SHMU
Vavridovo
Krizan-2 720,0 21,0 58,4 28,1 1985-1990, SHMU
Vavridovo
Pleso 883,0 10,9 52,1 23,3 1985-1990, SHMU
Pribylina

total mineralisation (up to 150 mg.l") than springs
flowing out in crystalline complexes. As it has been
already mentioned, specific conditions are associ-
ated with springs in lower altitudes connected with
carbonate "islands". The value of their total miner-
alisation is variable, but generally it attains about 100
mg.I". Large springs flowing out in Quatemary sedi-
ments as a result of change in hydraulic conditions
(springs No. 9 and 10) characteristically reflect already
by their primary chemistry the influence of predominant
silicate type of rocks of groundwater circulation.
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All springs in the catchment display a very low
contamination degree, which may be documented
by low concentration values of chlorides, nitrates
and sulphates, comparable with initial values of
infiltrating precipitation water. However, certain
anthropogenic influences may be observed in
slightly increased sulphate values, especially in
springs flowing out in the lowermost part of the
catchment (No. 9 and 10).

As it can see on data from Tab. 5, surface
waters differ very little in their chemistry in the whole
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catchment. From the presented chemical compo-
nents, significant for the indication of water pollution
in the relevant land use type (agricultural-recrea-
tional to recreational land) are especially ammo-
nium, chlorides, nitrates and sulphates. It is how-
ever evident that due to the runoff regime (relatively
large discharge of brooks during the whole year) the
produced pollution is immediately "diluted" to values
approaching the typical background concentration
values in "clean" mountainous environment.

Principal changes in water chemistry are caused
by anthropogenic influences reflecting in principle
the type of land use. The distribution of nitrate and
sulphate values (as pollution indicators) in ground-
water of the catchment (Figs. 6 and 7) shows that
these anthropogenic influences are concentrating in
the lower half of the catchment, especially in its
lowermost part. This corresponds generally to the
T.D.S. value distribution (Fig.6) with the exception
of the fact that in the area of the subtatric fault we
may find also groundwater outflows with increased
T.D.S. values, due to CO, saturation, and thus also
with naturally increased hydrogencarbonates. Since
we are evaluating only the first aquifer, we do not
deal with this problem in greater detail.

The lower half of the catchment, belonging to the
Liptov Basin, is thus characterised by influences of
communal and agricultural type contamination.
Areally increased chloride and sulphate concentra-
tions in groundwater of the first aquifer occur only in
the lowermost part of the catchment, as it is docu-
mented by Figs. 7 and 8. The influence of increased
concentrations of contaminants is then reflected
also in increased T.D.S. values, locally even
exceeding 600 mg.I", although in undisturbed
natural conditions expected T.D.S. values even in
the lowermost part of the catchment are only about
100-150 mg.l'1. This is supported by T.D.S. values
and the character of chemistry of large springs (No
9 and 10) flowing out in Quaternary sediments due
to already discussed changes of hydraulic para-
meters of water circulation rock environment.

Finally it must be stressed that the task of hy-
drogeology in the next period will be to define, in co-

operation with land ecologists, characteristic pollu-
tion types of natural water in different land units,
distinguished on the basis of land use type. This
method may contribute significantly to redefining of
distinguished territorial units and thus allow con-
siderably more qualified and effective decision-
making in the state’s ecological policy.
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