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Abstract: Lublin Upland and Roztocze region are known for the occurrence of a large number of
springs of high yield. These springs are fed mainly from Cretaceous or Tertiary water-bearing hori-
zon. In order to determine variability of springs’ yield, 61 selected springs were analysed in spring
periods of the years 1998-2008. Collected hydrometric materials allowed for comparing average and
extreme yield values of springs in various physiographic regions within the period of 11 years. Aver-

age value was 76.1 dm®s™!, while the mean of the minimal yields was 44.7 dm*s™! and of the maxi-

mal — 132.7 dm*s ™. Coefficient of irregularity of the springs’ yield ranged from 1.5 to 5.0, which
may lead to the conclusion that the springs’ yield is constant or varies slightly. In some cases the
irregularity was higher but it was determined by hydrogeological, meteorological and local factors.
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INTRODUCTION

In the years 1991-2000 scientists from the Department of Hydrography of
UMCS carried field studies and spring mapping of the upland area between the
Vistula and the Bug Rivers. In 1991 springs were registered in the western part of
Lublin Upland (Zrédta..., 1993), in 1994 — in the Roztocze Region (Zrodta, 1996)
and in 2000 — in the centre and eastern part of Lublin Upland (Zrédta..., 2001). In
total, information of about 1,600 existing springs — meant as natural, self-acting
and concentrated outflow of groundwaters — on the area of about 12,200 km® was
gathered. Noteworthy, studies and spring measurements in the region have been
conducted for over 100 years. First published information concerned outflows of
ferriferous waters in the Czechoéwka River valley in Stawinek in the outskirts of
Lublin (DOBORZYNSKI, 1896) and the other springs near Lublin (KRISZTAFOWICZ,
1902). From the beginning of the 1950s, selected springs’ yield in the Lublin re-
gion was periodically measured (CZARNECKA, 1965; REDEROWA, 1965; MALI-
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NOWSKI, 1974; MICHALCZYK, 1982; 1983a; 1983b; JANIEC, 1984; JANIEC,
MICHALCZYK, 1986; 1988; 1991; MICHALCZYK, REDEROWA, 1992; MICHALCZYK,
TURCZYNSKI, 1999). At the time of hydrographical mapping done in the Depart-
ment of Hydrography, UMCS, information on the existence and yield of the
springs was collected since 1953 (WILGAT, 1968; REDEROWA, 1971;
MICHALCZYK, 1986; MICHALCZYK, WILGAT, 1998).

Within the next stage of spring studies of Lublin Region, the yield and quality
measurements of 61 springs were conducted since 1998. Springs chosen for moni-
toring are typical for particular physiographic regions (Fig. 1, Tab. 1). These stud-
ies were performed in 1999-2000 within the State Committee for Scientific Re-
search grant “Occurrence and yield of springs in Lublin Upland and Roztocze Re-
gion”. These measurements were continued in 2004—2008 within the ordered grant
“Extreme meteorological and hydrological events in Poland” with the aim of
documenting the variability of groundwater resources in Lublin Region. Collected
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Fig. 1. Location of examined springs (A) on the background of physiographic division
(B) of Lublin Region (CHALUBINSKA, WILGAT, 1954)
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Table 1. Average and extreme springs’ yield in 1998-2008

_ . Yield, dm’s™ ,
Spring — river - — Max/min
average maximal minimal
1 2 3 4 5
Plaskowyz Nateczowski
Wawolnica — Bystra 88.2 144.8 61.7 23
Rogalow — Bystra 59.5 89.7 43.6 2.1
Celejow — Bystra 51.5 64.5 39.2 1.6
Baszki I — Ciemigga 40.8 60.6 25.7 24
Baszki II — Ciemigga 17.5 26.1 14.2 1.8
Baszki III — Ciemigga 18.3 23.0 12.8 1.8
Lagiewniki — Ciemigga 6.5 9.0 5.04 1.8
Pliszczyn — Ciemigga 44.8 58.6 31.5 1.9
Kotlina Chodelska
Bor6éw — Chodelka 332 46.2 24.1 1.9
Wrzelowiec — P. Wrzelow. 36.5 59.4 20.4 2.9
Wazniesienia Urzedowskie
Stodkow — Wyznica 56.9 109.2 293 3.7
Boiska I — Wyznica 229 34.6 17.2 2.0
Boiska Il — Wyznica 16.8 27.5 10.8 2.5
Ostrow — Urzedowka 304 47.9 19.5 2.5
Urzedéw — Urzedowka 29.0 48.4 12.2 4.0
Wyniostos¢ Gielczewska
Suléw 52.0 75.4 28.8 2.6
Zakrzéwek I — Bystrzyca 91.2 222.6 16.3 13.7
Zakrzowek II — Bystrzyca 118.4 258.5 71.1 3.6
Zakrzowek O — Bystrzyca 130.6 182.3 78.1 2.3
Piotrowice — Bystrzyca 127.6 183.7 83.0 2.2
Bychawa — Galgzowka 63.8 115.6 37.9 3.1
Skrzynice — Czerniejéwka 433 74.8 24.2 3.1
Sobieska W. — Gielczew 91.6 231.1 373 6.2
Stryjno M. — Gielczew 73.5 118.0 48.0 2.5
Stryjno D. — Gietczew 163.4 356.2 87.4 4.1
Padot Zamojski
Labunie — Labunka 54.7 76.3 441 1.7
Zawalow — Siniocha 19.3 28.4 13.0 2.2
Roztocze Potudniowe
Siedliska — Sotokija 55.7 100.1 25.8 3.9
Nowiny Hor. — Papiernia 22.9 30.0 13.5 2.2
Pagory Chetmskie
Swigcica — Swinka 12.1 30.0 5.6 5.4

Bezek — Mogielnica 12.3 333 7.0 4.8
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contin. tab. 1
1 2 3 4 5

Nowosiotki — Uherka 18.3 494 5.6 8.8
Zdzanne — Siennica 16.0 32.0 9.7 33

Dzialy Grabowieckie
Majdan N.— Wojstawka 6.6 11.6 34 34
Krasniczyn G.— Wojstawka 49.1 97.6 21.6 4.5
Krasniczyn D.— Wojstawka 25.6 40.4 17.6 2.3
Grabowiec — Wolica 23.1 29.3 15.2 1.9
Stryjow — Wolica 17.3 20.7 12.6 1.6

Roztocze Zachodnie
Wierzchowiska Szk.—Sanna 50.5 129.3 9.4 13.8
Wierzchowiska Stok—Sanna 121.6 185.4 68.3 2.7
Janéw — Biata 107.3 130.0 77.2 1.7
Dzwola — Dzwola 75.2 138.6 32.2 4.3
Malinie — Biata Lada 181.2 224.0 147.0 1.5
Goraj — Biala Lada 110.8 150.0 70.8 2.1
Abramoéw — Biala Lada 187.2 251.3 153,0 1.6
Batorz — Por 97.8 153.0 60.7 2.5
Zaporze — Por 293.7 353.7 209.0 1.7
Szczebrzeszyn — Wieprz 38.3 67.2 19.5 34

Roztocze Srodkowe
Hedwizyn — Czarna Lada 90.9 117.0 79.4 1.5
Krasnobrod — Wieprz 152.6 417.2 20.7 20.2
Belfond — Wieprz 75.7 120.5 46.8 2.6
Hutki — Wieprz 239.5 478.9 107.4 4.5
Stokowa Goéra — Wieprz 167.1 358.3 98.0 3.7
Husiny — Sopot 96.0 232.2 39.0 6.0
Zawadki — P. Losiniecki 62.0 124.6 35.5 3.5
Losiniec — P. Losiniecki 100.6 176.7 56.4 3.1
Swidry — P. Losiniecki 180.3 339.0 113.3 3.0
Susiec — Jelen 59.1 80.4 39.3 2.0
Susiec Skwarki — Jelen 84.9 174.3 424 4.1
Sotokije — Sotokija 204.6 409.2 121,0 34

Max/min — coefficient of irregularity of spring yield.

set of annual data from the last 11 years has monitoring character which documents
changes in spring’s yield together with determining the size of groundwater re-
sources. The aim of this study is to present changes of spring yield of the upland
area of Lublin Region based on homogenous data (annual measurements in spring
time) as the indicator of underground resources of Cretaceous or Tertiary multi-

aquifer formation.
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Yield of springs determines river water resources, which are fed exclusively
by groundwaters in dry periods. The share of underground feeding in the river out-
flow is 74%, and spring feeding reaches 24% (Zrédta..., 2001). Minimal specific
runoffs from the catchments of the upland area do not drop below 1 dm’s'-km 2,
which indicates abundant water resources.

HYDROGEOLOGICAL CONDITIONS OF SPRINGS EXISTENCE

Study area is located within the hydrogeological region of Lublin Cretaceous
Formation. Water circulation in the active zone of turnover takes place in carbonate
rocks of Upper Cretaceous formed as opokas, gaizes, marls and chalk (WYRWICKA,
1977). In north-western part the water bearing horizon occurred also in Palaeocene
gaizes and marl limestones, and in the southern one — in Neogene limestones and
sandstones (Budowa..., 1991). In both vertical profile and regional scale the occur-
rence of particular types of rocks distinctly varies and the existing rock layers slow
down the seepage and formation of upper levels (WILGAT, 1970; MICHALCZYK,
WILGAT, 1998). In the areas between river valleys firm carbonate rocks are cov-
ered with thin layer of sand-dusty formations, loesses and clays. Erosive dissec-
tions and river valleys are filled with Pleistocene and Holocene sandy formations,
alluvia and organic sediments.

Tectonically, upland area was formed during Young Alpine uplift movements
which took place in Lower Baden and Sarmatia and the Quaternary (POZARYSKI,
1974). Systems of fissures cut firm carbonate rocks and open fissures create good
conditions for groundwater flow. According to geomorphological studies, lines of
the main tectonic zones are reflected in valleys structure and in morphological es-
carpment system (JAHN, 1956; MARUSZCZAK, 1972).

Useful groundwater aquifer was created in pored and fissured Cretaceous
rocks and locally in Tertiary and Quaternary sediments. These rocks most often
form one series of aquifers with water table corresponding to surface relief, only
locally perched waters are found. The highest level of groundwater can be found in
Roztocze Srodkowe (280-300 m a.s.l.), and the lowest one — in the Vistula River
valley near Putawy (115 m a.s.l.). In valleys the groundwater table occurs very
shallowly — below 2 m. In the valley’s edges the thickness of unsaturated zone in-
creases to several metres and in the hilltop it reaches even 60—80 m. Conditions for
feeding groundwater resources by precipitation seepage are considered good be-
cause of good or medium permeability of the surface rocks. It determines large wa-
ter resources and balanced inflow into rivers, also through springs. Water resources
and good conditions of fissure flow provide stability in springs’ feeding. Spring
waters are characterized by natural chemical composition, high water quality and
slight effect of human impact (MICHALCZYXK et al., 2004).
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AVERAGE AND EXTREME SPRING YIELD

Springs with quite high yield are typical for Lublin and Roztocze Regions
(JANIEC, MICHALCZYK, 1986; 1988; 1991; Zrodha..., 2001; MICHALCZYK et al.,
2004). Spring studies described in cited papers are based on different length of
measurement series of springs yield collected in 1949-2004. In some outflows,
daily water levels were registered (Wawolnica, Goraj, Wierzchowiska, Krasno-
brod, Szczebrzeszyn, Janow), and in the others discharge measurements were made
irregularly. Published materials based on these irregular measurements document
slight variability of the biggest outflows’ yield in Lublin Region because the vari-
ability of almost 70% of springs did not exceed 5 and usually were within the range
1.6-3.8. In quite stable yield rhythm, seasonal fluctuations impose on annual yield
changes. Very high springs’ vyield values were observed in 1967—
—1968, 1971-1972, 1975-1976, 1980-1982 and 1999-2002, very low yields — in
1964-1965, 1973-1974, 1984-1985 and 1991-1993 (MICHALCZYK et al., 2004).

Spring yield depends on climate and local factors, and among them permeabil-
ity of the surface grounds, lithology and rock fissure, land use and surface relief are
the most important. These conditions determine the quantity and regime of out-
flowing water which can be seen in registered springs (Tab. 1), grouped in physi-
ographic regions presented by CHALUBINSKA and WILGAT (1954). A characteristic
of yield was prepared in the hydrological aspect, with the attempt to search for re-
gional changes in the area of carbonate rocks occurrence. In the paper the average
yield for 11 measurements and extreme values were presented. In order to examine
regional changes of springs’ yield in Lublin Upland and Roztocze Region, in
spring periods of 1998-2008 every-year measurements of the most efficient springs
were made. Despite vast study area the measurements were conducted during one
month to ensure comparability of results.

In the areas of shallow occurrence of fissured Cretaceous rocks fast reaction to
precipitation was observed, for example in springs of the eastern part of Lublin Up-
land and Roztocze Tomaszowskie region (Nowosiolki, Sotokije, Husiny, Losiniec).
However, in the areas of loesses occurrence, slow and rather long-term changes of
springs’ yield were observed, for example in springs of Plaskowyz Natgczowski,
Roztocze Zachodnie, and Dziaty Grabowieckie. Coefficients of yield variability
calculated for the period 1998-2008 had values in the range 1.5-6.0 (and 70% of
them within even narrower range between 1.5 and 3.5 — Table 1), which confirms
high regularity of outflow from the biggest springs in Lublin Upland and Roztocze
Region (Zrédla..., 2001). Only several outflows were characterised by the variabil-
ity exceeding 10. The springs Zakrzéwek I, Wierzchowiska (spring near the
school), Krasnobréd during very dry periods of the second half of the 20th century
periodically disappeared.

Annually the analysed springs together delivered 4600 dm®s™' of water, which
corresponds to the mean outflow of 76.1 dm’s™'. In 2000, when the level of
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groundwater was very high, spring efficiency amounted 7400 dm®s™', but in 2004

it decreased to 3500 dm’-s™'. Average value of maximum outflow was 132.7
dm’-s™', while that of the minimum — 44.7 dm®s™'. Therefore, mean coefficient of
the yield variability of the springs equalled 3.0.

VARIABILITY OF SPRINGS’ YIELD

Former studies (MICHALCZYK, 1982; 1986; Zrédta..., 1993; Zrédta..., 1996;
Zrédta..., 2001) on springs’ yield in Lublin Upland and Roztocze Region showed
long-term and seasonal cycle of its changes which was related to the conditions of
circulation and the quantity of groundwater feeding. During the study period total
amount of water outflowing from the springs in the first years increased from 4740
dm*s™' to the maximum yield of 7400 dm’-s™' registered in 2000. Springs’ yield in
2000 was even a little higher than in previous wet years. In the following years it
ranged between 3500 and 4900 dm’-s™', while recently it has dropped too much
lower level, generally below the long-term average. Changes of yield converted to

average outflow varied from 56.6 to 120.8 dm®-s™' (Fig. 2).
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Fig. 2. Average yield of measured springs and sum of precipitation for 18 months
(former year + winter half-year)
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Springs’ yield depends mainly on precipitation. However, various times of
springs’ reaction to feeding and changes in the outflow were observed. It results
from lithology of the surface rocks, from lithologic variability and fissures in the
aquifer rocks. Comparison of the monthly sums of precipitation and springs’ yield
does not show correlation between feeding and runoff. Observations and analyses
showed that restocking of underground resources took place in the cold half-year,
and that there was a shift between high feeding and increasing of the spring yield.
Significant relations were observed, as in the former papers (MICHALCZYK, 1982;
1983; 1988; MICHALCZYK, REDEROWA, 1992), between shifted and elongated
feeding period and springs’ yield. It points out to the longer time of reaction of
springs to feeding and to a high retention capacity of the ground.

Searching for relations between precipitation and spring’s yield was continued
by extending the precipitation period preceding measurements of outflowing water
quantity. Figure 2 shows sum of precipitation from the former year and winter half-
year and springs’ yield measured every time in May to June. Because of the lack of
precipitation data for particular physiographic regions, presented data originate
from one station — Lublin Radawiec, the only one for which such data for spring
study period were available. Despite generalization of total precipitation in the re-
gional scale, considerable relationships between shifted feeding and springs’ yield
were observed. Similar relationships were obtained when the feeding period was
extended to 2.5 years — two former years and winter half-year (Fig. 3), in rela-

1700

1600 *
€
€
%) . * A”””"fffﬂfffffff—f—
B &
8 1500 N
[Te}
o~
:§ * *
=
5 1400
E *
=
3 s
2 1300 *
[e]
g .
7]

1200

Average yield, dm®s™
1100 T T T . . :
40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0

Fig. 3. Relationship between springs’ yield and feeding in 2.5 years period
(two former years and winter half-year)
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tion to averaged spring yield measured in that year. It should be mentioned that the
winter half-year when precipitation was usually larger than evaporation, had larger
impact on improving precipitation — spring’s yield relationships. Longer time of
springs’ reaction to feeding is influenced by the conditions of retention and water
flow in pore-fissured water-bearing bed covered with dust-sandy sediments in un-
saturated zone.

Feeding and hydrogeological conditions are clearly visible in the regional
variability of yield and regime of outflowing water. Analysis of changes of yield
was conducted with reference to physiographic division made by CHALUBINSKA
and WILGAT (1954). Typical yields of monitored springs are compared in Table 1,
while Figure 4 shows results of measurements for selected springs typical for par-
ticular regions. Constant vertical and horizontal scale was applicable on the chart,
so it enables to compare springs‘ yield and its changes in particular parts of the ex-
amined area. Simultaneously, those charts document yearly changes of the yield.
The most efficient springs, with seasonal mean over 400 dm’'s', exist in the Roz-
tocze Srodkowe in the area built of gaizes and opokas. The lowest yield with low
variability was observed in the eastern part of Lublin Upland, in the area built of
soft marls and chalk. In the zones of shallow occurrence of fissured opokas, gaizes
and hard marls covered by thin sand layer many springs can be found of distinct
annual variability of the yield (Fig. 4). In the areas covered with loess the spring
yield is regular.

___________ N o
KRASNOBROD \( /_t{ I —— \__\_h_u_,__a—'—h\_-

Fig. 4. Yield variability in selected springs of Lublin Upland and Roztocze Region
in the years 1998-2008
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In order to show regional character of yield changes, average springs’ yields
in particular regions were compared and presented in Figure 5. The vertical axis of
all charts shows yield from 0 to 220 dm’:s™', the horizontal one — annual yield in
years the 1998-2008. Springs in particular regions are not equally represented in
displayed data because their number varies from 2 to 13. In each year average val-
ues were calculated from the same amount of springs on the basis of measurements
performed in late spring season. Therefore, obtained values do not represent an av-
erage year although they are probably very similar to them. Highest average yield
was found in the Roztocze Srodkowe in 1999 and in other regions in 2000 (Fig. 5).
Lowest values were noted in 2004 and in 2008. In the years 1998-2008 the highest
variability of yield was noticed in Srodkowe and Zachodnie Roztocze as well as in
Wyniosto$¢ Gietczewska. Springs’ yield in other regions was more stable.
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Fig. 5. Average springs’ yield in physiographic regions
SUMMARY

In the spring time of 1998-2008 measurements of 61 most typical springs of
Lublin Upland and Roztocze Region were made. Apart from the Tatra Mountains
this is the area of most abundant occurrence of springs in Poland. Collected hy-
drometric data showed regional variability of feeding conditions of rivers by
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groundwaters. Only indirectly they indicate variability of hydrogeological condi-
tions of the region, which is characterized by abundant springs of the yield reach-
ing 400 dm®s™'. The same sampling period and terms of measurements enabled to
compare average and extreme yield values in the period of 11 years. Average
springs’ yield amounted 76.1 dm’s™', while mean minimum efficiency was 44.7
dm®s™' and mean maximum — 132.7 dm*s'. Therefore, average irregularity coeffi-
cient equalled only 3.0. Slight variability of spring yield was reflected in regular
river feeding by groundwater resources. Annually measured springs delivered in
total 4600 dm’-s™' of high quality water. In 2000, at the time of high level of under-
ground water, the total efficiency was 7400 dm®s™', but in 2004 it was only 3500
dm*s™'. In the first years of studies — till 2000 — springs’ yield was increasing. In
the following years it was stable and remained at a level of long-term average val-
ues. Irregularity coefficient of springs changed in most cases in the range 1.5-5.0.
These values allow for describing springs as outflows of stable and slightly vari-
able yield. In several cases irregularity of yield was higher because of hydrological
and meteorological conditions or local factors, associated with economic use of
spring waters.

The study was performed within the State Committee for Scientific Research grant: PBZ-
KBN-086/P04/2003.
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STRESZCZENIE
Zmiany wydajnosci zrodel Wyzyny Lubelskiej i Roztocza w latach 1998-2008

Stowa kluczowe: nieregularnos¢ wydajnosci, wydajnos¢, Wyzyna Lubelska i Roz-
tocze, zrodia

W latach 1998-2008 wykonywano w okresach wiosennych pomiary wydajno-
ci 61 charakterystycznych zrodet Wyzyny Lubelskiej i Roztocza. Jest to obszar
wystgpowania najwydajniejszych, poza regionem tatrzanskim, zrédel w Polsce.
Zebrane materialy hydrometryczne $wiadcza o istotnym regionalnym zrdznicowa-
niu warunkow zasilania rzek wodami podziemnymi. Tylko posrednio wskazuja na
zmienno$¢ warunkow hydrogeologicznych regionu, ktorego cecha jest wystgpowa-
nie wydajnych zrédet o wydajnosci dochodzacej nawet do 400 dm®s™'. Wydajnos¢
zrodet w znacznym stopniu decyduje o zasobnosci w wodg rzek, ktore w okresie
bezopadowym sa zasilane wylacznie z zasobow podziemnych. Minimalne odptywy
jednostkowe ze zlewni rzek wyzynnych praktycznie nie zmniejszaja sig¢ ponizej
1 dm*s™-km?, co wskazuje na znaczne zasoby wod podziemnych.

Zebrane jednorodne materiaty hydrometryczne umozliwiaja poréwnanie wy-
dajnosci $rednich i skrajnych w okresie 11 lat na zréznicowanym fizjograficznie
obszarze Wyzyny Lubelskiej i Roztocza. Srednia wydajno$é 61 mierzonych zrodet
wynosita 76,1 dm’:s”', natomiast $rednia z minimalnych wydatkéw zmniejszyta sig
do 44,7 dm>s™', a z maksymalnych zwiekszyta do 132,7 dm’s™'. Zatem $redni
wspotczynnik nieregularnosci wydatku mierzonych zrodel wynosi tylko 3,0. Co-
rocznie mierzone zrodta dostarczaly tacznie 4600 dm®s' wody. W 2000 r., gdy
stany wody podziemnej byly wysokie, taczna wydajno$é osiagneta 7400 dm’s ',
aw 2004 r. obnizyla si¢ do 3500 dm’s™'. W pierwszych latach pomiaréw — do
2000 r. — wydajno$¢ zrodel si¢ zwickszata. W nastepnych latach utrzymywata si¢
ona na poziomie warto$ci $rednich z wielolecia. Wspotczynnik nieregularnosci
wydajnos$ci zrodet przyjmowal przewaznie wartosci w zakresie 1,5-5,0, w zwiazku
z czym mozna zaliczy¢ badane zrodla do grupy wypltywow o stalej i mato zmiennej
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wydajnosci. W kilku przypadkach nieregularno$¢ wydatku zrodet byta wigksza,
o czym decydowaly warunki hydrogeologiczne i meteorologiczne oraz czynniki
lokalne, migdzy innymi zwiazane z gospodarczym wykorzystaniem wody.
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