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Selected hydrogeological parameters calculated for Tatric vaucluse springs
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The analysis of the drying up curves is essential for the recognition of hydroregime in the Tatra karst areas. The most of big springs and
karst springs are characterized by the drying up curves having two parts with the completely different slope of the curve. The steep section

2

represents, according to this interpretation, a local groundvater basin, and the section with mild slope represents a regional water basin. For
the karst springs selected the calculations of the average underground outflow have been made using various methods. The basic outflow,
average “drying up” coefficient and Qro from Mangin formula have been estimated as well.
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INTRODUCTION

Stationary investigations of vaucluse springs have a im-
mense role in hydrogeological investigations of karst areas.
Vaucluse springs represent the karst waters regime most
completely. Systematic, contemporaneous observations of
stationary investigations allow to determine the reaction of
springs to climatic features annually as well as multi-annually
(D. Matecka, 1993). Particularly important are stationary
investigations of vaucluse springs in mountainous areas, as it
is practically impossible there to separate the influence of
fissure or pore waters from the influence of fissure-karst
waters. Investigations of groundwater runoff from Tatra karst
areas were based on the results from stationary observations
mainly in the most important Tatra vaucluse springs (Fig.1).
For many years they all have been undergoing stationary
observations by a group of scientists from the Institute of
Hydrogeology and Engineering Geology of the Warsaw Uni-
versity under the leadership of D. Matecka (D. Matecka,
1984). Water-marks have been installed on all vaucluse
springs, two have been supplied with limnigraphs (on Lodowe
vaucluse spring since 1989, on Chochotowskie vaucluse
spring since 1992) which automatically register fluctuations
of groundwater level. The results of stationary observations
(D. Matecka, 1993, 1997; D. Matecka, W. Humnicki, 1989;

D. Matecka et al., 1985; G. Barczyk, 1997, 1998) were the
base for calculations for all vaucluse springs.

HISTORICAL OVERVIEW

The interest for large karst springs from Tatra Mts. can be
dated back to the middle of the XIX century. Between 1829
and 1860 L. Zejszner supervised systematic hydrographic
observations of the Tatra Mts. (J. Glazek, 1995), which were
compiled in two of his theses (L. Zejszner, 1844, 1852). The
first scientific informations about such karst springs as the
Chochotowskie, Lodowe and Bystre appeared under his in-
fluence. L. Zejszner (1852) also introduced the term “vauclu-
se spring” into specialist literature (J. Szaflarski, 1972). The
rapid development of investigations on the Tatra karst be-
tween the two world wars was concentrated mainly on explo-
ration problems. Separate hydrogeologic investigations
connected with vaucluse springs were not carried out, nevert-
heless worth noting is the first monograph of karst phenomena
of the Polish Tatra Mts. by A. Wrzosek (1933).

After the World War Two the hydrogeologic investiga-
tions of the Tatra karst were begun by followers of J. Gotab
(H. Sobol, 1959; T. Dgbrowski, 1967; T. Dagbrowski, J. Rud-
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nicki, 1967; T. Dgbrowski, J. Glazek, 1968; T. Solicki, B.
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Fig. 1. Location of the karst (vaucluse) springs in Tatra Mts.
TATRA VAUCLUSE SPRINGS

Koisar, 1973). These investigations, particularly stressing the
role of vaucluse springs in creating the hydrogeologic regime

of the area, were later continued by the group of D. Matecka
(D. Matecka, 19854, b, 1993, 1997; D. Matecka, W. Humni-
cki, 1989; J. Pachla, W. Zaczkiewicz, 1981; G. Barczyk,

1993, 1994, 1997, 1998).

The stationary observations carried out from the mid-se-
venties in the Tatra Mts. by the group of D. Matecka include
among others six main vaucluse springs: Chochotowskie,

Lodowe, Bystre (Upper and Lower), Goryczkowe and Olczy-
skie (Fig. 1, Tab. 1) (D. Matecka, 1993, 1997).

Characteristics of main Tatra vaucluse springs

Table 1

Vaucluse spring Stream ﬁ‘:gidle] Outflow type Geology Recharge area/karst flows
outflow from limestones and recharge from Chochologvski Stream
. . (+20% recharge i ) drainage basin (ca. 7 km®); documented
Chochotowskie Chochotowski above 988 from stceam) goigmées of tlTe lower Sub Karst connections with Szezelina
atic succession Chochotowska and Rybia caves
outflow in contact zone of the recharge from izezrwgne Wicrchdy
N . p . Massif (ca. 17 km®); documente
Lodowe Koscieliski above 974 ascent gub-TaL'nc and High-Tatric connections with $niezna, Czarna and
uccession Migtusia caves
karst system in Triassic probable recharge from Giewont Massif,
BJS[re aL Bystra above 1180 descent deposits of the High-Tatric connections with Bystra and Kalacka
(Upper and Lower) Succession caves
e recharge by karst systems from beyond
kacst system in Triassic . .
. . . the Goryczkowy Stream drainage basin,
Goryczkowe Goryczkowy above 1185 ascent gepoml.g of the High-Tatric that is from the Sucha Woda drainage
uccession basin
. recharge by karst areas from beyond the
outflow from rocks lying on . . . .
. . . . Olczyski Stream drainage basin, that is
Olczyskie Olczyski above 1070 ascent lslrrLe§;0n§s gnd dolc?mltcs of the from the Pafiszczycki Stream drainage
ub-latric Succession basin (Sucha Woda Valley)
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Table 2
Rate of drying up of Tatra vaucluse springs (by Maillet formula)
. Mean recession coefficient | Period for which the mean
Vaucluse spring o [1/d] Flow is assumed as 0o Qo Qro 030 Qso QO
Chochotowskie 0.017 1980-1990 421 354 251 150 89
Lodowe 0.022 1980-1990 529 423 271 139 "
Bystre 0.021 1979-1990 321 260 172 92 49
Goryczkowe 0.020 1979-1990 679 570 382 209 114
Olczyskie® 0.021 1979-1986 537 436 288 155 83

Qr — after r-days recession in dm3/s; ¥ D. Malecka, W. Humnicki (1989)

CHOCHOLOWSKIE VAUCLUSE SPRING

It is situated about 30 m south of Skata Kmietowicza in
the Chochotowska Valley (Niznia Brama Chochotowska) at
about 988 m a.s.l. It flows out from beneath steep slopes
composed of limestones and bedded dolomites corresponding
to the lower part of the lower Sub-Tatric Succession (Middle
Triassic). It occurs in form of a small lake with a characteristic
funnel — shaped depression (about 1.6 m deep), from which
water ascents in two streaks to the Chochotowski Stream. The
main suppliers of the vaucluse spring are karst systems of the
Szczelina Chochotowska—Rybia caves (T. Solicki, B. Koisar,
1973; R. Rogalski, 1984). Additionally, hydrogeologic data
(R. Rogalski, 1984; G. Barczyk, 1994) point to a ca. 20%
supply from surface waters of the Chochotowski Stream. The
recharge area of the Chochotowskie vaucluse spring lies
entirely within the Chochotowski Stream groundwater basin
and covers about 7 km? (G. Barczyk, 1994, 1998).

A water-mark and limnograph has been installed in the
vaucluse spring. A second water-mark is present beneath the
runoff of the streams towards the Chochotowski Stream, on
the level of the upper limit of the Polana Huciska.

LODOWE VAUCLUSE SPRING

Itis situated on the eastern side of the Koscieliski Stream,
about 50 m from a small bridge on the way to the MroZna
Cave, beneath the valley neck — Brama Kraszewskiego. It
ascends from a limestone debris, about 974 m a.s.1., within the
contact zone of the High-Tatric and Sub-Tatric Successions.
The runoff occurs in an area of several tens of m2, creating a
small flooding, from which water flows in three arms to the
stream. The Lodowe vaucluse spring dewaters the Czerwone
Wierchy Massif. Colouring of karst water carried out in the
60-ties and 70-ties pointed to connections of the spring with,
i.e. the Snieina, Czarna and Mietusia caves (T. Dagbrowski, J.
Rudnicki, 1967). The vaucluse spring recharge area reaches
beyond the surface boundary of the Koscieliski Stream re-
charge area, possibly to the south and east, covering an area
of about 17 km? (G. Barczyk, 1994, 1998).

The Lodowe vaucluse spring and its close vicinity can be
treated as a sort of a scientific “testing ground”. From the

mid-seventies a water-mark is present beneath the runoff of
the vaucluse waters to the Koscieliski Stream as well as one
in the vaucluse spring itself. Since 1989 a limnigraph is also
operating in the vaucluse spring.

BYSTRE VAUCLUSE SPRINGS — UPPER AND LOWER

Both vaucluse springs occur on the western side of the
Bystra Stream, about 200 m below its source. They are situ-
ated on the eastern slope of the Kalacka Turnia, 50 m below
the blue tourist track to Hala Kondratowa, about 1180 m a.s.1.
and they are 15 m apart. Due to a slight difference in height
above sea level, the southern runoff is called the Upper, and
the northern one — Lower. The latter carries water continu-
ously, while the Upper vaucluse spring sporadically dries up.
In both cases water descends from rock debris directly into
the Bystra Stream. The karst system supplying water to the
springs developed in carbonate deposits of the Middle Trias-
sic and the Malm—Neocomian of the High-Tatric Succession.
The direct recharge area of the springs has not been determi-
ned (J. Rudnicki, 1967). Possibly the vaucluse springs dewa-
ter the Giewont Massif and the area situated southwards (J.
Gata, K. Gul, 1981; D, Matecka, 1993). In the close vicinity
of both springs the Bystra and Kalacka caves are present, the
Kalacka being a lower, younger level of the Bystra Cave, for
which the Bystra vaucluse springs are considered a dewate-
ring system. A water-mark is present on the Bystra Stream,
about 150 m below the springs, allowing to determine their
joined discharge.

GORYCZKOWE VAUCLUSE SPRING

Itis situated on the northwestern slopes of the My§lenickie
Turnie in the Goryczkowy Stream valley, about 1185 m a.s.l.
It flows out from a wide (ca. 4 m) erosional depression within
the stream channel. The flow has an ascending character,
particularly notable during lowstands. The recharge area co-
vers probably the karstified My§lenickie Turnie Massif, the
alluvial-moraine deposits infilling the valley, as well as karst
systems reaching the Sucha Woda Stream drainage basin. The
main karst system representing external circulation (J. Gla-
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zek, 1995) is developed in Middle Triassic limestones of the
High-Tatric Succession. Karst connections between the Go-
ryczkowe vaucluse spring and Sucha Woda drainage basin
have been proved by several colourings (T. Dabrowski, J.Gta-
zek, 1968; D. Malecka, 1985a; J. Pachla, W. Zaczkiewicz,
1981). A water-mark is present in the Goryczkowy Stream,
about 50 m below the main runoff of the vaucluse spring.

OLCZYSKIE VAUCLUSE SPRING

It is situated on Polana Olczyska about 1070 m a.s.l,
beneath the Skupniéw Uplaz on the western side of a large
pasture. Water ascends from a depression 9 m in diameter.
The depression is infilled with limestone debris, sandstone
and crystalline rock fragments overlying the Triassic lime-
stones and dolomites of the Sub-Tatric Succession. The
vaucluse spring is supplied by karst systems of external cir-
culation from the Sucha Woda Valley (Panszczyca Valley).
This migration was described by A. Wrzosek (1933), and
confirmed by experimental colourings in the 60-ties and 80-
ties (T. Dabrowski, J. Gtazek, 1968; J. Pachla, W. Zaczkie-
wicz, 1981). A water-mark is present 220 m below the runoff
on the Olczyski Stream.

RECESSION CURVE ANALYSIS

The determination of flow regimes and their sources as
well as groundwater resourses largely depends on recession
curve analysis. In the Tatra conditions, the specific climate
unables a continuous observation of the recession curve (short
duration of truly precipitation — free periods). On the stage
discharge curve the recession curve fragments appear in dif-
ferent periods and are of different length. The elementary
recession sections allow to construct a mean standard curve
(P. Jokiel, 1987), nevertheless identification of particular
sections of the hydrogram as representing the recession phase
creates some difficulties. In the case of Tatra vaucluse springs,
the semi-logarithmic curves method has been used (J. Ple-
czyriski, 1981), successfully applied in mountainous condi-
tions (W. Humnicki, 1992) in hydrogram analysis. The
declining fragments of the hydrogram form in the semi-loga-
rithmic system groups of straight lines with inclinations char-
acteristic for every type of water creating a complete runoff
from the vaucluse spring. These straight lines allow to deter-
mine the underground runoff regime for several years and
creation of a standard recession curve for the discharge of an
aquifer system with undisturbed conditions, described by the
Maillet formula. The mean values of coefficients for particu-

Table 3
The “drying up” coefficient o (after L. Radczuk, O. Szarska, 1986) and Qg for the Tatra vaucluse springs
Chochotowskie Lodowe Bystre Goryczkowe Olczyskie
Period
ar[ld] | @aldm®s] | oi[1/4d] | Os[dm®s] | ou[l/d] | Qpldm™s] | ai[1d] | Qs[dm¥s] | o [1/d] | Qs [dm%s]

1994-1995 |  0.0224 287 0.1047 496 - - - - -
1993-1994 |  0.0343 223 0.7606 528 - - - - -
1992-1993 |  0.0853 326 04374 470 - - - - -
1991-1992 |  0.0443 260 0.1214 377 - - - - -
1990-1991 |  0.0315 233 0.1334 317 - - ~ - -
1989-1990 |  0.0084 126 0.2757 372 0.3715 233 0.3891 366 - -
1988-1989 |  0.1893 273 0.1217 196 0.1746 168 0.0737 190 - -
1987-1988 |  0.0431 249 0.0174 156 0.0559 131 0.5369 211 - -
1986-1987 |  0.0123 188 0.0479 197 0.0622 122 0.1919 222 - -
1985-1986 |  0.0435 248 0.1215 303 0.0997 158 0.2139 329 0.4457 434
1984-1985 |  0.0290 222 0.1066 203 0.0679 123 0.1160 279 0.0677 264
1983-1984 |  0.0527 290 0.1393 220 0.3720 142 0.2981 283 0.0369 230
1982-1983 |  0.1427 331 0.0800 201 0.2470 133 0.0669 232 0.0287 236
1981-1982 |  0.0802 249 0.1737 130 0.0146 107 0.0389 229 0.0180 216
1980-1981 - - 0.1488 215 0.0688 131 0.0503 187 0.0918 324
1979-1980 - - - - 0.0389 131 0.0466 168 0.0441 189
Average 0.0585 250 0.1860 292 0.1430 143 0.1838 245 0.1047 270
13‘8"1‘:_“1’5‘;0 0.0668 242 0.1204 220 0.1628 146 0.2139 260 0.1194 276
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Table 4
The “drying up” coefficient a2 (by Mangin) and Qro for the Tatra vaucluse springs
Chochotowskie Lodowe Bystre (Upper and Lower) Goryczkowe Olczyskie
Period
o2 [1/d] | Qro[dm¥s]| oa2[1/d] |Qro [dm¥s]| @2[1/d] |Qroldm¥s]| e2[l/d] |Qro[dm/s]| o2[1/d] |Qro [dm/s]

1994-1995 |  0.0009 328 0.0012 490 0.0024 185 0.0026 261 - -
1993-1994 |  0.0015 270 0.0012 407 0.0029 178 0.0025 268 - -
1992-1993 | 0.0014 340 0.0012 354 0.0017 191 0.0033 288 - -
1991-1992 |  0.0013 281 0.0012 365 0.0023 193 0.0037 277 - -
1990-1991 | 0.0029 292 0.0013 220 0.0025 145 0.0022 246 - -
1989-1990 |  0.0025 339 0.0015 252 0.0027 185 0.0017 255 - -
1988-1989 | 0.0017 287 0.0032 222 0.0038 192 0.0031 219 - -
1987-1988 |  0.0018 287 0.0029 251 0.0019 165 0.0014 201 - -
1986-1987 |  0.0011 247 0.0028 261 0.0025 169 0.0029 243 - -
1985-1986 |  0.0026 303 0.0027 293 0.0029 194 0.0013 240 0.0029 256
1984-1985 | 0.0011 247 0.0034 200 0.0017 126 0.0019 240 0.0019 313
1983-1984 |  0.0019 321 0.0032 214 0.0031 168 0.0023 250 0.0018 234
1982-1983 |  0.0071 291 0.0031 279 0.0025 148 0.0023 264 0.0016 286
1981-1982 |  0.0013 235 0.0046 182 0.0026 179 0.0014 240 0.0016 299
1980-1981 - - 0.0047 224 0.0044 180 0.0029 257 0.0015 310
1979-1980 - - - - 0.0039 214 0.0034 290 0.0019 217

Average 0.0016 291 0.0026 281 0.0029 176 0.0025 252 0.0019 274
. g‘g"l"'_ﬁl‘ggo 0.0016 284 0.0031 239 0.0027 170 0.0021 239 0.0019 278

lar vaucluse springs are nearly similar (Tab. 2), what points
to their similar hydrogeologic regime.

The runoff created in course of alimentary basin drainage
can be also described in form of a simplified mathematic
model. The model bases on the assumption that the runoff
from the aquifer layer is proportional to the product between
the area of the recharge cross-section and the variable decre-
ase of the energy line (L. Radczuk, O. Szarska, 1986), as well
as on the fact that the resources are continuously renewed due
to basic retention (basic runoff Qs).

The analysis of recession curves from the autumn—winter
periods of Tatra vaucluse springs points to their distinct
bipartition (D. Matecka et al., 1985; G. Barczyk, 1993, 1994,
1997) with different angles of the curve gradient. The assump-
tion that the steep segment may correspond to the decline
curve and the gentle segment to the regression curve allows
to interpret this bipartition as the existence of two alimenta-
tion areas, being, however, in contact with one another, Ac-
cording to this interpretation the steep segment would
correspond to a local reservoir, while the gentle segment to a
regional reservoir. This assumption seems perfectly correct,
particularly in light of the noted karst runoffs recharging each
of the vaucluse springs from distant areas. For example the
local reservoir of the Lodowe vaucluse spring is the Czerwone
Wierchy Massif dewatered by it. The recession a1 and basal
runoff Qp coefficients for all noted years are presented in

Table 3. Analysis of OB values calls attention to their distinct
convergence. Mean values oscillate between 240 and 290
dm®/s. For better comparison the mean values from periods
when all the vaucluse springs were under observation have
been presented in Table 3. A slight difference can be observed
in the mean values for the Bystre Upper and Lower vaucluse
springs, what can be explained by a particularly small rechar-

Table 5

Volumes of water stored up in local and regional groundwater
reservoirs calculated by Mangin formula

A Average volume of
verage volume of .
. water stored up in
. water stored up in local .
Vaucluse spring . regional groundwater
groundwater reservoir .
[m] reservoir
[m]

Chochotowskie 478 895 17 803 757
Lodowe 2060 085 13321 359
Bystre 1234532 5396 048
Goryczkowe 2 668 985 10307 828
Olczyskie 3417397 13 059 859
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ge area and a high hypsometric position, The mean QB values
for these springs reaches about 150 dm®/s. It has to be stated
that although the vaucluse springs are situated in different
parts of the Tatra Mts., the duration of the autumn— winter
recession periods is similar in all cases.

RETENTION OF AREAS DRAINED BY VAUCLUSE
SPRINGS

One of the interesting methods allowing to characterize
the hydrodynamic conditions of a fissure-karst aquifer is the
Mangin method (A. Mangin, 1975). It was successfully ap-
plied by its author to determine the hydrodynamic conditions
in karst aquifers of the Pyrenees. In Poland the method was
applied to selected periods for the Goryczkowe (D. Matecka
et al., 1985), Lodowe (M. Konowrocka, A. Piekarski, 1988;
G. Barczyk, 1994, 1997) and Chochotowskie (G. Barczyk,

Table 6

Mean underground outflow Qpgr [dm3/s] from the Tatra
vaucluse springs

Bystre
Method | Chochotowskie| Lodowe ([31‘:1 ger Goryczkowe |Olczyskie
Lower)
Wundt 323 373 208 417 380
Kille 306 345 175 301 363

1994, 1997) vaucluse springs. The autumn—winter regression
curves used in this method were based on the values of
discharge volumes interpreted from rating curves as well as
on limnigraphic observations. In the regression curve analysis

of the described vaucluse springs the curves can be mathema-
tically expressed by the Mangin equation in the following
form (A. Mangin, 1975):

1 -t
0= 0roe ™™ + go—X

1+¢et

where: Q — expected vaucluse spring discharge during
time ¢, Qro — value characterizing initial discharge of regio-
nal reservoir; e — radix of natural Jogarithm; 0. — regression
coefficient; go — value calculated from the substraction Qo—
Oro (where: Qo — initial discharge of local reservoir); t —
time; 1 — parameter describing drawdown time; € — reces-
sion curve concavity coefficient

Particular attention has to be drawn to the Qro parameter
characterizing the initial discharge of the regional reservoir
(Tab. 4). Following the presented interpretation of the reces-
sion curves bipartition, the parameter can be treated as a
distant area, drained by vaucluse springs during the minimal
recharge (winter period). The regional reservoir is therefore
common for all vaucluse springs. The area recharging vauc-
luse springs during periods with large precipitation (from
spring to autumn), separate for each vaucluse spring, can be
treated as the local reservoir. In this interpretation the value
of Qro would correspond to the terminal discharge, beneath
which recharge takes place only from the regional reservoir.
In the case of the Chochotowskie, Goryczkowe, Bystre Upper
and Lower (jointly) and Olczyskie vaucluse springs the values
of the terminal discharges Qro reach the mean values, where
as in the Lodowe vaucluse spring they are more diverse.
Similarly as in the case of the basic discharge Og, the absolute
values of Qro for Bystre Upper and Lower vaucluse springs
are much lower than for other springs.

Application of the Mangin formula allows also the esti-
mation of water capacity within local and regional reservoirs
(A. Mangin, 1975). In the Polish Tatra Mts. such calculations
were carried out only for the Goryczkowe vaucluse spring (D.
Matecka et al., 1985). Comparison of the mean values of
capacity for the particular vaucluse springs allows to note
several regularities. Volumes of local reservoirs differ signi-

Table 7
Comparison between average Oro, underground outflow Qpsr, 8 and Qmin [dm®/s]
\ Bystre s
Chochotowskie Lodowe Goryczkowe Olczyskie
Method (Upper and Lower)
(1981-1995) (1980-1995) (1980-1995) (1980-1995) (1979-1986)
Values Qpgr calculated according to the
Wundt method 323 373 208 417 380
Values Qpsr calcufated according to the
Kille mothod 306 345 175 301 363
Mean value of Qro 291 281 176 251 274
Basic outflow Qg 250 292 143 245 270
Mean value of boundary 41scharge ) 292 13 176 304 122
between the local and regional reservoir
Mean minimal discharge (Qmin) for
selected periods 220 183 89 166 190
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Table 8

Rate of drying up of the regional groundwater reservoir from
Tatra Mits. (by Maillet formula)

Value of
Vaucluse spring boundary | Qro | Q30 | Qoo | Qiso | Q365 | @730
discharge Qo
Chochotowskie 292 281 | 259 | 205 | 143 | 69 16
Lodowe 323 310 | 286 | 226 | 158 | 76 18
Bystre 176 170 | 157 | 124 | 87 42 | 10
Goryczkowe 304 297 | 274 | 216 | 151 | 73 17
Olczyskie 322 309 | 285|225 | 158 | 76 18

(Q:— after t-days recession in dm’/s

ficantly depending on the vaucluse spring. The smallest capa-
city of water — ca. 479 000 m> — contains the reservoir
dewatered by the Chochotowskie vaucluse spring. This is in
line with the statement that the recharge area of this vaucluse
spring occurs entirely within the Chochotowski Stream drai-
nage basin and comprises only karst systems within carbonate
deposits (Fig. 1). Similar to results calculated from the Man-
gin formula are those presented by R. Rogalski (1984) for the
Chochotowskie vaucluse spring while carrying out tracer
investigations in the spnng (capacity of water in the reservoir
— about 580 000 m ) The Bystre vaucluse springs are also
recharged from a small area, therefore the water capacity in
the local reservoir is rather small (ca. 1 234 000 m3). The
Lodowe and Goryczkowe vaucluse springs have much larger
recharge areas. Volumes of water accumulated in these reser-
v01rs are similar. The largest amounts of water (ca. 3 400 000
m ) are accumulated in the Olczyskie vaucluse spring reser-
voir, the alimentation area reaches far beyond the boundaries
of the Olczyski Stream recharge area, that is to the Pariszczyca
Valley.

In the case of water volumes accumulated in regional
reservoirs the values for particular vaucluse springs (with the
exception of the Bystre vaucluse springs) do not reveal such
differences. A slightly higher value for the Chochotowskie
vaucluse spring can be a result of a partial recharge of the
spring by surface waters of the Chochotowski Stream (Tab. 5).

GROUNDWATER RUNOFF

The method of hydrograph genetic subdivision, that is the
method of wave truncation is most frequently used to evaluate
groundwater runoff (M. Gutry-Korycka, 1978; I. Dynowska,
1974, 1979). In the Tatra area, in the case of frequently
occurring high water waves, subdivision of the hydrograph,
principally subjective, arouses some doubt. Therefore the A.

Wundt (1958) and K. Kille (1970) methods have been used in
the analysis of stationary observations of the Tatra vaucluse
springs. In the Wundt method the mean low monthly runoff
is supposed to represent the underground runoff. The Kille
method is also interesting, creating a separating order of
minimal monthly discharges, and then including arranged
values in the co-ordinate system. The value of mean under-
ground runoff corresponds then to the value of the ordinate
equal to the middle of the abscissa axis. This method usually
gives values lower than the Wundt method (I. Dynowska,
1979). Mean underground runoff values for particular vauc-
luse springs are presented in Table 6.

In both methods the obtained results are more or less
similar and reach values of 300-400 dm"/s for most vaucluse
springs. As in the case of the O and Qro values, the results
for the Bystre Upper and Lower vaucluse springs are lower,
reaching ca. 200 dm 3/s. The obtained results testify for the
fact that values in the Kille method are generally lower.
Naturally in the vaucluse springs we deal exclusively with
groundwaters. Therefore the obtained Qpgr values should cor-
respond, similarly as in the case of the Qg and Qro values, to
the boundary values between recharges of combined regional
and local reservoirs and between recharge exclusively from
the regional reservoir, taking place after the detachment of the
local reservoir.

BOUNDARY DISCHARGES BETWEEN LOCAL AND
REGIONAL RESERVOIRS

Tatra vaucluse springs are characterized by the existence
of two recharge areas co-operating with one another — a
local, separate for each vaucluse spring and a regional one
recharging vaucluse springs during low-flow periods. The
evaluation of the boundary values, at which the local reservoir
is detached, is an interesting investigation problem. Compa-
ring mean values of boundary discharges Qro (Tab. 4), with
calculated values of mean underground runoff (Tab. 6) and
basic discharge Qg (Tab. 3) their distinct convergence can be
observed (Tab. 7).

The convergence is in line with the suggestion of a com-
bined regional groundwater reservoir occurrence, covering
the whole Tatra Massif area (D. Matecka, 1993). The isolation
of some aquifers, occasionally noted by karst workers, has
probably a local meaning. In general all types of water are in
hydraulic connection. The boundary values applied for re-
charge only from this reglonal reservoir should reach a di-
scharge of ca. 300 dm 3/s. Of course this value is not definite
and the same for each vaucluse spring. For pamcular springs
the discharge interval reaches 300-285 dm’/s for the Chocho-
towskie, 330-310 dm’/s for the Lodowe, Goryczkowe and
Olczyskieand 185-170 dm®/s for the Bystre Upper and Lower
vaucluse springs. Within these intervals the recharge from
regional and local areas passes into recharge from local areas
(Tab. 7). At this assumption after 30 days of recession almost
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all investigated vaucluse springs will drain the regional reser-
voir (Tab. 2).

REGIONAL RESERVOIR RECESSION CURVE

Analysis of the hydrogeological regime of the vaucluse
springs during draining of regional reservoir represents anot-
her problem. The gentle segments of recession curves of
particular vaucluse springs (Tab. 2) are similar. Each curve
can be described by a specific formula — in the case of the
described recession curves the best formula is the straight line
formula ¥'=AX + B. For particular vaucluse springs this gives
groups of straight lines with similar parameters A and B. Mean
general formulas of regional reservoir recession curves for
particular vaucluse springs are as follows:

— Chochotowskie: ¥=-1.12X +302.3

— Lodowe: Y=-1.14X +263.3

— Bystre (Upper and Lower): ¥ =-0.85X + 204.0

— Goryczkowe: Y =~1.03X +254.6

— Olczyskie: Y=-1.05X + 2664

Similarities of the curves are distinct. Assuming the oc-
currence of a regional reservoir, drained in deep low-flow
periods by all vaucluse springs, the theoretic calculation of a
general recession curve for this reservoir is possible: Y =
—-1.04X + 258.2

The recession coefficient calculated from the Maillet for-
mula for this curve equals 0.0039 (Tab. 8). The drying up
velocity of reserves of a such defined reservoir is rather low.
The recession coefficient value is much lower compared to
values calculated for particular vaucluse springs (Tab. 2). It
has to be stated, however, that values of the recession coeffi-
cientorin Table 2 were calculated for discharge during periods
of recharge from local and regional reservoirs, and not exclu-
sively from the regional reservoir.

CONCLUSIONS

The presented calculations allow to make several state-
ments:

— Tatra vaucluse springs are characterized by specific
bipartite recession curves;

— each vaucluse spring drains a local as well as a regional
reservoir;

— values of particular vaucluse spring recharges, at which
the draining of exclusively the regional reservoir starts, are
quite similar, they vary between 300 dm3/s for the Chochoto-
wskie, Lodowe, Goryczkowe and Olczyskie vaucluse springs
and ca. 200 dm*/s for the Bystre Upper and Lower vaucluse
springs;

— after 30 days of recession most vaucluse springs are
drained by the regional reservoir;

— segments of recession curves corresponding to the
drained regional reservoir are similar for all vaucluse springs,
approximated by straight lines of the Y= AX + B type with
similar parameters;

— volumes of water stored in regional reservoirs of par-
ticular vaucluse springs are more or less similar;

— regional reservoirs drained by particular vaucluse
springs are possibly in connection with each other, what
suggest the existence of one reservoir common for all vauc-
luse springs;

— drying up velocity of reserves in the common regional
reservoir is rather low.

Future stationary observations of the described vaucluse
springs will help to determine the presented results more
precisely, as well as solve other problems connected with the
dynamics of Tatra vaucluse springs, such as reaction to pre-
cipitation, dependence of time of discharge from recharge
areas to vaucluse springs to the watering conditions of the
massif, as well as others.

REFERENCES

BARCZYK G. (1993) — Aplication of Radczuk and Szarska method of
underground flow calculations in mountain karst areas (in Polish with
English summary). In; Aktualne problemy hydrogeologii, 6: 341-345.

BARCZYK G. (1994) — Karst-fissure waters from Western Tatra Mts. and
problems of their protection. Ph. D. thesis. Arch. UW. Warszawa.

BARCZYK G. (1997) — The use of stationary observations of the selected
Tatra karst springs for hydrogeological calculations (in Polish with
English summary). In: Aktualne problemy hydrogeologii, 8: 447-450.

BARCZYK G. (1998) — Obserwacje stacjonarmne wybranych wywierzysk
tatrzariskich. Prz. Geol., 46 (1 ): 42-43.

DABROWSKI T. (1967) — Underground karst flows of streams in the
Western Tatras (in Polish with English summary). Acta Geol. Pol., 17
(4): 594-622.

DABROWSKI T., RUDNICKI J. (1967) — Results of explorations on
underground water flows in the Massif of Czerwone Wierchy (Tatra
Mountains) (primary reports). Speleologia, 3 (1): 31-35.

DABROWSKI T., GLAZEK J. (1968) — Investigation of the underground
karst flows in the eastern part of the Polish Tatra Mts. (in Polish with
English summary). Speleologia, 3 (2): 85-98.

DYNOWSKA 1. (1974) — Calculation of ground-water run-off by the
Natermanns method. Zesz. Nauk. UJ. Pr. Geogr., 37: 79-94.

DYNOWSKA . (1979) — Evaluation of the suitability of the Lvovichs
method for determination of an average underground run-off (in Polish
with English summary). Czas. Geogr., 50 (3): 211-217.

GALA J., GUL K. (1981)— Analiza wydajnosci Zrédet i wywierzysk zlewni
potoku Bystra pod katem mozliwosci ich eksploatacji. M. Sc. thesis.
Arch. UW. Warszawa.

GLAZEK J. (1995) — Hydrografia krasowa Tatr Polskich. In: Jaskinie
Tatrzasiskiego Parku Narodowego, 4: 11-30.

GUTRY-KOR YCKA M. (1978) — Underground feeding of Polish rivers (in
Polish with English summary). Prz. Geof., 23 (2): 79-93.



Tatric vaucluse springs 545

HUMNICKI W. (1992) — Correlation beetwen groundwater and superfical
water of the Biatka drainage in Tatra Mountains against a background of
geological structure. Ph. D, thesis. Arch. UW. Warszawa.

JOKIEL P. (1987) — The regression process in the drainage area and its
physiographic controls (in Polish with English summary). Acta Geogr.
Lodz., 56.

KILLE K. (1970) — Das Verfahren MOMMAQ, ein Beitrag zur Berechung
der mittleren langjahringen Grundwassemenbildung mit Hilfe der mon-
atlichen iderigwasserabflusse. Z. Deutsch. Geol. Ges. Sonderdruk. Hy-
drogeol. Hydrogeochem.

KONOWROCKA M., PIEKARSKI A. (1988) — Drogi krazenia wéd pod-
ziemnych zlewni Potoku Kofcicliskiego w Tatrach. M. Sc. thesis. Arch.
UW. Warszawa.

MALECKA D. (1984) — The Tatra Mountains — an area feeding ground-
waters in the Sub-Tatra region (in Polish with English summary). In:
Parki Narodowe i Rezerwaty Przyrody, 5 (1): 129-147.

MALECKA D. (19854) — Studia hydrogeologiczne krasu Tatr Polskich.
Gacek, 2: 14-30.

MALECKA D. (1985b) — Znaczenie badan stacjonarnych w rozpoznaniu
rezimu hydrogeologicznego Zrédet i wywierzysk krasowych w Tatrach.
In: Aktuaine problemy hydrogeologii, 3: 119-131.

MALECKA D. (1993) — Hydrogeologia krasu tatrzariskiego. In: Jaskinie
Tatrzafiskiego Parku Narodowego, 3: 11-35.

MALECKA D. (1997) — Springs of the Tatra massif (in Polish with English
summary). Acta Univ. Lodz., 2: 9-25.

MALECKA D., HUMNICKI W. (1989) — Role of hydrodynamical condi-
tions in shaping the Qlczyska vauclusian spring regime (in Polish with
English summary). Prz. Geol., 37 (2): 78-84.

MALECKA D., KUBERSKI D., ZACZKIEWICZ W. (1985) — Hydrogeo-
logiczne problemy wywierzyska Goryczkowego w §wietle badani stac-
jonarnych. In: Aktualne problemy hydrogeologii, 3: 573-588.

MANGIN A. (1975) — Contribution a letude hydrodynamique des aquiferes
karstiques. Ann. Speleol., 29 (3): 283-332, 29 (4): 495-601, 30 (1):
21-124.

PACHLA J., ZACZKIEWICZ W. (1981) — Drogi krazenia wéd podziem-
nych zlewni potoku Sucha Woda w Tatrach. M. Sc. thesis. Arch. UW.
Warszawa.

PELCZYNSKI J. (1981) — Qdnawialno§é zasobéw wéd podziemnych.
Wyd. Geol. Warszawa.

RADCZUK L., SZARSKA O. (1986) — Estimation of conditions of the
middle part of Odra river supply by underground water (in Polish with
English summary). Prz. Geof., 2: 177-184.

ROGALSKI R. (1984) — Studies on ground water flow by the colouring
method in the Chochotowska Valley (in Polish with English summary).
Prz. Geol., 32 (4): 223-225.

RUDNICKI J. (1967) — Origin and age of the Western Tatra caverns (in
Polish with English summary). Acta Geol. Pol.,, 17 (4): 521-591.

SOBOL H. (1959) — Observations of the relations of water and karst
phenomena on the hot springs of Jaszczuréwka (in Polish with English
summary). Speleologia, 1 (1/2): 13-27.

SOLICKI T., KOISAR B. (1973) — The Chochotowska Spring enigma (in
Polish with English summary). Taternik, 1: 30-31.

SZAFLARSKI J. (1972) — Poznanie Tatr. Wyd. Sport i Turystyka. Warsza-
wa.

WRZOSEK A. (1933) — Z badad nad zjawiskami krasowymi Tatr polskich.
Wiad. Stuzby Geogr., 7: 235-270.

WUNDT A. (1958) — Die Mittleren Abflusshochen und Abflusspendeln des
Winters, des Sommers und des Jahres in der Bundesrepublik Deutsch-
land. Forsch. Deutsc. Landskunde, 105.

ZEJSZNER L. (1844) — O temperaturze Zrédet tatrowych i pasm przyle-
gtych. Bibl. Warsz., 2: 257-281.

ZEJSZNER L. (1852) — Monograficzny opis wapicnia liasowego w Tatrach
i przylegtych pasmach karpackich. Rocz. Tow. Nauk. Krak. Oddz. Nauk
Przyr., 157-309.

WYBRANE PARAMETRY HYDROGEOLOGICZNE DLA WYWIERZYSK TATRZANSKICH

Streszczenie

W artykule poddano analizie wyniki dwudziestoletnich obserwacji sta-
cjonarnych wydajnosei pigciu najwigkszych wywierzysk krasowych Tatr
Polskich. Interpretacja krzywych wysychania, przy zblizonych wartosciach
wspdtczynnikéw regresji, pozwolita wysnué wnioski o zblizonym rezimie
hydrogeologicznym wszystkich wywierzysk tatrzariskich. Stwierdzona
wyrazng dwudzielno$§¢ krzywych mozna interpretowac jako istnienie odreb-
nych, lecz pozostajacych ze soba w kontakcie hydraulicznym, zbiornik6éw
wdd podziemnych: lokalnego i regionalncgo.

Zastosowanie formuly Mangina pozwolito na oszacowanie objeto$ci
wé6d zmagazynowanych w zbiomikach lokalnych i regionalnym, w odniesie-
niu do poszczegllnych wywierzysk. Wyznaczono réwniez kilkoma metoda-
mi wielko§¢ wydatkéw granicznych poszczegélnych wywierzysk, przy
ktérych koriczy si¢ drenowanie zbiornikéw lokalnych i regionalnego, a
rozpoczyna drenaz wytacznie zbiornika regionalnego. Stwierdzono niewiel-
ka prgdko$é sczerpywania zasobéw wdéd podziemnych w odniesieniu do
wspélnego zbiomika regionalnego.





