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Summary. Even though it seems otherwise, the area of Pajezitcczynsko-Wiodawskie is

a region of poor water resources. It results framlow amount of water fed from the atmosphere
and the ground conditions for water circulation,jmyabecause of the impermeable layers occurring
close to the surface. Due to the occurrence obgieriexcess and deficiency of water, numerous at-
tempts at regulating the water conditions on allscale were made in areas characterised by a
naturally slow water circulation. As a result, thestions diminished the water resources, acceler-
ated the exchange of water, and modified the hyidraelationships between the underground and
surface water. The average specific runoff fromalesa of Pojezierzegczynsko-Wiodawskie is
only 3.81 dmts™km? with a high fluctuation in its value. Last yearater resources were very
poor and the flow of low water occurred at the ehdpring and at the beginning of summer. The
unusual hydrological conditions were documentegéforming a control measurement twice of
the discharge in all the rivers of Pojezierzezynsko-Witodawskie.
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INTRODUCTION

Pojezierze kczynsko-Wiodawskie is a subregion of Polesie Lubelskid
it constitutes the western border of the Polegigore It is situated in the area of
the European Lowland in a region adjacent to tHangs area (Lublin Upland).
The river Bug constitutes the border of the regmthe east, Pagory Chetmskie
to the south, Garb Wiodawski to the north, and Tgémienica valley to the
west. The latitudinal extent within the describextders is approx. 55 km, the
longitudinal extent is only 20 km, and the areapprox. 1160 krh(Fig. 1). It is
an area of natural and landscape attributes tlaumique throughout Europe
and, at the same time, it is characterised by lesistance of the environment
whose attractiveness and natural values are depeodehe water conditions.
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What is interesting about this small region is thenber of lakes of different
genesis which are the only group in Poland locamend the reach of the con-
tinental glacier of the last glaciation. The larafse is distinctly marked by
groundwater occurring near the surface, large atedsare constantly or period-
ically waterlogged, and numerous lakes and diveargexer reservoirs [Wilgat
1954]. The bed-rock consists of Quaternary fornmstizvith a maximum thick-
ness of 80 m [Buracagki 1983, Henkiel 1983] occurring on chalk and mar
the Upper Maastrichtian. The Upper Cretaceous cetieorocks are surfacing
locally, thus creating small hills up to 20 m high.places where they have oc-
curred near the surface, karst pits have appeairddiverse shapes and sizes,
periodically filled with water, thus highlightindé¢ landscape character typical
of Polesie.

From the hydrographical point of view, the area Bbjezierze
t eczynsko--Wiodawskie is located in the interfluve of tiéieprz and Bug
rivers and a watershed of the second order runsighrits middle (Fig. 1). The
western part belonging to the Wieprz river basinlrigined by the T§mienica
river and its tributaries: the Piwonia, O¢hpBobrowka, Brzostéwka, arfvin-
ka. To the east, the Wiodawka river and its trihes the Mietiutka, Tarasien-
ka, and Krzemianka, transport their water into Bug. The slight terrain incli-
nation and small amounts of water drained do noberage the creation of a
natural and well-formed network of outflowing watevhich has made the
swamps and marshlands endure [Wilgat 1963, BoroW890]. Their surface
has decreased significantly in the past decadpscisly in the meliorated areas
[Wilgat et al 1991, 1997]. At the same time, the river-bedhefrivers of Po-
jezierze feczynsko-Wiodawskie have been straightened and deepsrzety
times. The courses of rivers close to the watersbadently impossible to be
distinguished from artificial ditches, do not passevell-formed valleys and are
only characterised by a slight drop. The charaztéhe fluvial network and the
surface water density changed after the Wieprz-&r@anal was built, whose
route runs through the region of Pojezierzeansko-Wiodawskie in the area
of the watershed of the second order which conieitthe border between the
river basins of Wieprz and Bug (Fig. 1). The casal40 m long and starts in
the town of Borowica. It is supplied with water the Wieprz at an average dis-
charge of 3.0 is* [Michalczyk 1997]. The water in the canal flowsgtation-
ally and is distributed in the irrigated areastie same manner. In the upper
and middle courses of the canal, a part of the mfaden the canal bed infil-
trates through its bottom and sides into the grawatdr resources or reaches
the surrounding ditches. It carries water of alk@lieaction which is rich in bi-
carbonates and significantly affects the decreagbe biodiversity of the Po-
jezierze teczynsko-Witodawskie region.
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MATERIAL AND RESEARCH METHODS

The hydrological features of the Pojezierze regiom still scarce, mainly
because of the small number of measuring pointshivthe IMGW (Institute
of Meteorology and Water Management) observatidwak, data from many
years ago are available only for the water gaugaisare closing the river basins
in various physiographic regions: for the Wiodavrk&kuninka, for theSwinka
in Puchaczow, for the Piwonia in Parczew, and lier Ty$mienica in Siemig.
As for the years between 1976 and 1990, measureda¢atfor other lake dis-
trict river basins are available: for the TarasenkZtobek, for the Krzemianka
in Luta, for the Wiodawka in Suchawa, for the Piveoin Sosnowica, and for
the Tysmienica in Ostrow. The volume of the underground tmal runoff from
particular river basins (Tab. 1), calculated maialy the basis of the IMGW
data, shows that the water resources in partigaleis of Pojezierze are different
[Michalczyk 1993].

Table 1. Average annual underground and total furetfveen 1976 and 1990

of ﬁ]r:?iver Total runoff Un?ﬁ;g()r;und Runoff
River Water gauge basin 0 q Q q coefficient
km? m>s* | dm*stkm? | m*s?! | dnfstkm? %
Swinka Puchaczow 211 0.79 3.74 0.44 2.09 56
Piwonia Sosnowica 115 0.52L 453 0.2p2 2.54 56
Piwonia Parczew 364 1.72 4.72 1.06 2.91 62
Tysmienica | Ostrow 192 0.6217 3.27 0.295 1.54 47
Tysmienica Siemig 1037 4.35 4.19 2.52 2.43 58
Krzemianka | Luta 88 0.355 4.03 0.178 2.02 50
Tarasienka | Ziobek Duy 110 0.424 3.85 0.17 1.62 42
Wiodawka Suchawa 434 1.64 3.78 0.938 2.16 57
Wiodawka Okuninka 576 2.32 4.03 1.3p 2.29 57
Pojezierze
thj:zyﬁsko-Wlodawskie 1106 4.42 3.81 3.31 1.99 52

Q — przeptyw, q — odplyw jednostkowy Q — disclearg — specific runoff

The volume of the average runoff in many years'etimas calculated on
the basis of data from the 9 designated river Isaand the materials from the
IMGW (Tab. 1), encompassing in total a river baesiaa twice as large as Po-
jezierze teczynsko-Wiodawskie. The values presented do not comlaia from
all the typical river basins in this region. In erdo evaluate the water resources
and their diversification in the Pojezierzeckynsko-Wtodawskie region and to
evaluate the quality of water in the rivers, a ogintneasurement of the flow in
12 hydrometric sections of this region was perfatnigata concerning the water
resources for the 13 designated areas have beainathtincluding the differen-
tial river basins. To evaluate the conditions shgphe quality of water, water
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samples were taken for physical chemistry analgiseisg the measurement. Site
surveys were planned in periods during which tlapisty of the water resources in
Polesie usually occurs. The first one was perforore@0th September, 2007, that
is, after the period of the summer deficiency ofayaand the second one on 23rd
June, 2008, that is, in the first days of summiera-period that is usually still abun-

dant in water. The results of the measurement ctat/éto the values of specific

runoff from particular river basins are presentedi® maps (Fig. 1, 2, 3).

VOLUME OF WATER RUNOFF

Average runoff

The landform features affect the rivers of Pojedeeczynsko-Wiodawskie
so that they are short, flow slowly, and gatherewitom small surfaces. The largest
area is drained by the Wiodawka — 726°KRig. 1), whereas other upper rivers, the
Piwonia, Ty¥mienica, andwinka drain water from the surface of several ddpen
300 knt. Small feed areas and climatic conditions resudinhall amounts of water
flowing in the river-beds. Furthermore, the sliggrrain drop and small amounts of
water prevented a natural outflow network from fioign

Fig. 1. Average specific runoff in the Pojezierzezynsko-Wiodawskie river basins: 1 — region border,
2 —rivers, 3 — the Wieprz-Krzna Canal, 4 — watedlsBbe- country border, 6 — lakes, 7 — discharge
measuring spots, 8 — specific runoff values
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River runoff at the beginning of autumn 2007 and athe end of spring 2008

The average discharge of the largest rivers isd@twl to 3 rhs® (Tab. 1).
Besides the Bug and Wieprz rivers, the Wiodawka thashighest discharge
with an average of 2.7 %8 at the river mouth. The discharge of the othegrsv
of Pojezierze does not exceed ¥sh From the seasonal and annual perspec-
tive, all the rivers of the examined area are ditarssed by a large discharge
fluctuation. In the periods of low water, the spiecrunoff does not reach
1 dm*s*km? and in the time of long-lasting droughts it faklyen below
0.5 dn¥-s*-km? [Michalczyk 1998]. The occurrence of rather demp Water is a
result of low retention capabilities of the areattis rather firmly cut through by
an artificial outflow network. In the part of theea situated on the river Bug and
in the river basin of the upper Jiyienica, the value of the average underground
runoff depth is approx. 50 mm. In the area adjatetite northern border of Viy-
na Lubelska, its value slightly exceeds 60 mm. Tihderground runoff depth
from Pojezierze calculated for many years’ timebés mm, which constitutes
only 52% (Tab. 1) of the value of the total rivenoff [Michalczyk 1998].

The water outflow showed little dynamism in natucahditions. Even in
the period of the spring thaw and directly afteawnerains, the outflow through
the river network was slow and time-consuming. fapartant factor regulating
the river discharge was the fact that the grounemwatcurred close to the sur-
face and that there was a large number of terrggmegsions where constantly or
periodically waterlogged areas endured. Intensiggkwonnected with land me-
lioration in the 1960s and 1970s led to a chang@érocal base of drainage as
well as accelerated the runoff and circulation afev in the river basins.

The small thickness of the unsaturated zone anditheges resulting from
land melioration do not create good conditionskieeping the water within the
river basin. In the central part of Pojezierze, sheface runoff actually exceeds
the underwater feed slightly, which clearly shohattthere are only faint possi-
bilities for precipitation and meltwater retentiionthe thin unsaturated zone and
in the areas cut through by irrigation ditches.

The average specific runoff from the Pojezierzezynsko-Wiodawskie
area is 3.81 dirs™km. It is a value that is definitely the lowest irethubelskie
region and one of the lowest in Poland. The highpstific runoff was observed
in the Bobréwka river basin — nearly 4.8 @stkm? and the upper Piwonia —
4.53 dni-s*km?. Slightly more than 4 dfis*-km? flows out of the uppe$win-
ka river basin, the Wrienny Réw, the Krzemianka, and from the lower Wio-
dawka river basin to Okuninka. The smallest amaidmnwater flows out of the
Tysmienica river basin to Ostréw, and out of the méd§livinka and the upper
course of the Wiodawka to the Kotacze profile —rapp3.25 dns™-km? out of
each. The specific runoff from the Tarasienka rivasin toZtobek and in the
Bug river basin of Pojezierze is approx. 3.85 drrkm™.
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Fig. 2. Specific runoff from the river basin onl2@&eptember, 2007: 1 — region border, 2 — riversitse
Wieprz-Krzna Canal, 4 — watershed, 5 — lakes, 8chdrge measuring spots, 7 — specific runoff walue

The measurement was performed on 20th Septembtreirdry period
when the water flowing in the rivers was comingnirehe underground feed
alone. The resources of the region had been sligiplenished by the rainfall in
the first ten days of September, when the totalfadiin Wtodawa (between 4th
and 11th September) was 55 mm. The rainfall in Augeas slightly lower than
the average of many years’ time (64 mm), and ig duvas higher than normal
(117 mm). The average specific runoff from Pojezeat the beginning of au-
tumn 2007 was 2.81 dre’km? Considering the season of the year, the water
resources were rather rich and significantly diviexd throughout Pojezierze.
As for the volume of the water resources determimethe basis of the specific
runoff, the Bobréwka river basin stands out — appfodnt-s™-km. Significantly
less water flowed out of the middle Wiodawka ribasin, the uppedwinka (Fig. 2)
and its middle course — with the water downthromnrirthe mine — between 3.0—
3.3 dni-skm2. Approx. 2 dmts™km? flowed out of the Krzemianka, the Y¥ien-
ny Réw, and the upper Piwonia river basins. 1.5din7s™km? flowed out of the
Tarasienka and upper drgienica river basins. The highest part of the Widda
was hydrologically inactive since there was no flomthe Urszulin water gauge
and the specific runoff from the river basin to Kmtacze water gauge was only
1.1 dnis™km? These are flat areas where significantly draipedt surfaces
play an important role in the retention. It is wiffit to evaluate the discharge in
the direct Bug river basin explicitly, since there no water draining
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Fig. 3. Specific runoff from the river basin on2Q@une, 2008: 1 — region border, 2 — rivers, 3e- th
Wieprz-Krzna Canal, 4 — watershed, 5 — lakes, chdrge measuring spots, 7 — specific runoff wlue

streams on the surface. It is an area of signifibgpsometric differences where
the groundwater in the Bug valley and the adjabagttlands is positioned in a
specific drainage balance that is typical of botmres.

The spring of 2008 came rather early and the grdeid was equal to the
average of many years’ time. The winter gravitydfeleowever, was not high
and so the groundwater resources were not fullgmeghed. The measurement per-
formed on 23rd June was done after a one-weekatigdp On 14th June, the rain-
fall in Wiodawa was 15 mm; it did not significanilycrease the outflow which is
proven by the low values of the specific runoffe$é waters were submitted to re-
tention in drained soil; the river feed was stilace. The average specific runoff
from Pojezierze kczynsko-Wiodawskie was only 0.91 dist-km™ at the beginning
of summer 2008, that is, ¥4 of the average valug @i It is a very low value and
does not reach half of the average value of thengnound feed which is character-
istic of the summer or early autumn deep low water.

On the day of the measurement and during otherolggical research, the
Bobréwka river basin was the richest in water —dh&s*km? A similar value
was observed in the middle of tRainka river basin (Fig. 3), caused by the wa-
ter downthrow from the mine which supplied 1/3 loé flow in Puchaczéw on
the day of the measurement. The specific runotthan remaining river basins
was very small - between 0.63 #st-km?in the upper T§mienica in Ostréw to
1.21 dnis™km?in the Krzemianka river basin. Only 0.1 #st-km? flowed out
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of the Tarasienka river basin and there was ndawith the upper course of the
Wiodawka. The fact that the flow of the deep lowtevaappeared so early will
change the range of the hydrogenic areas of Popezand it will accelerate the
covering of lakes and marshes with plants whicH bé further advanced by
higher eutrophication of water and high air tempera

DISCUSSION

The presented values of the momentary specificffamow that the water
resources in the Pojezierzedzynsko-Wtodawskie region were very low in the
last year. The time of their occurrence suggedisidecy of the gravity feed in
winter and spring. Perhaps the unusual time forotteurrence of low water re-
sults from the periodicity of the hydrometeorolaiphenomena or climatic
changes. It is also the effect of few possibilitésinderground and surface wa-
ter retention in Pojezierze ¢ckzynsko-Wiodawskie which is cut through by
drainage ditches. In the last decades, the useeajroundwaters for the purpose
of tourism and recreation has increased, whiclagen by thousands of holiday
cottages being built. In the south-western parthef area, the watershed has
been relocated and, thus, the Piwonia river bassnbeen excluded from the Po-
jezierze area, which is a result of the environmkecdbanges in the area caused
by the hard coal mines. The total anthropogenicénfce is highly conspicuous
by the looks of the extreme water levels.

The observed values of the specific runoff showr#tention possibilities
of particular river basins of Pojezierzedzynsko-Wiodawskie which are cur-
rently inconsiderable. The natural water retenwomditions have been trans-
formed by the drainage and regulating treatmenti€lwhave considerably ac-
celerated the water circulation. The retention ibilgges near the surface have
been decreased and the river-beds have been straéghand deepened; they
transport the rainfall and meltwater relativelytfasis is completely opposite to
the features typical of the Polesie region wherdewavas slowly flowing
through a flat and boggy terrain.

Looking at the individual components of the watalabce it is clear that in
the summer term the water balance is negativetenexcess of water is observ-
able only in the cold period [Michalczyk 1998, Matbzyk et al. 2002]. The au-
tumn rainfall replenishes the deficiency of waterthe soil (unsaturated zone)
which is usually high after the summer months. baknce deficiency of water
in hydrogenic areas is replenished by the flowhef ¢confined waters which en-
sures a stable water level on the waterloggediteengen in periods of excep-
tionally low feed from the atmosphere. During thstldecades, the conditions
for the occurrence of the confined waters have etsmged, both in the shallow
and deep layers, which is a result of strong antidimactional anthropopressure in
Pojezierze kczynsko-Wiodawskie.
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RESULTS

The area of Pojezierzes¢zynsko-Wiodawskie, even though seemingly abun-
dant in water, is a region of poor water resoutitessults from both the small atmo-
spheric feed and the terrain conditions for theeweitculation. The average specific
runoff is only 3.81 driis™km?, with a high fluctuation in its value. Last yeary
poor water resources in the region and the flovowfwater already appeared at the
end of spring and at the beginning of summer. Thesual hydrological conditions
were documented by performing control measurenwdritee discharge twice in all
the rivers of Pojezierzeekzynsko-Wiodawskie. Among the numerous river basins
examined, the richest resources are in the Bobréwdabasin and the poorest are in
the upper courses of theshyienica and Wiodawka river basins.

The changes in the water resources are connectétk toneteorological
conditions, especially with the seasonal and anraiafall fluctuation; they are
also a result of the growing anthropopressurehénspring period, the water dis-
charge is usually very significant, especially dgriprecipitation and rising
meltwater. In the long dry summer periods, thelowt$ from some river basins
fall down even to 0.1 dis™km? which clearly shows that groundwater re-
sources are scarce. Such values of specific rapgéared at the end of spring
and at the beginning of summer 2008. At the same,tithe water stages in
lakes and reservoirs became lower and the watertbggeas started drying.

It is the water conditions that give Pojezierzg2ynsko-Wlodawskie fea-
tures that are unique throughout Europe. In ordggréserve them, it is neces-
sary to take action aiming at slowing down the louwtfand keeping the water
within the river basins. Preserving the featuresth® environment requires
drawing up and implementing a water abstraction semlage disposal pro-
gramme in the region, while taking into considenatihe limitations of the ex-
ploitation of the groundwater from the deeper wdkearing horizon which de-
termine the balanced water feed in the hydrogengiasa

CONCLUSION

The already begun process of slow water resouregsadation in the Po-
jezierze region cannot be allowed to continuehdf water stage falls even by 2
decimetres, the environment will be irreversibrsformed and, as a result, the
hydrogenic areas will start to transform and disapp
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ZROZNICOWANIE ODPLYWU WOD NA POJEZIERZU ECZYNSKO-WLODAWSKIM

Streszczenie Obszar Pojezierzaeczynsko-Wiodawskiego, mimo pozoréw obft wody, jest
regionem o niskich jej zasobach. Wynika to zar6wmiskiego zasilania atmosferycznego, jak te
z terenowych warunkéw obiegu wodSredni odptyw jednostkowy wynosi tylko 3,81 ést-km?,
przy dwym zr&nicowaniu jego wartei. W ostatnim roku zasoby wody regionu byly bardzo
mate, a przeptywy adwkowe pojawity st juz na przetomie wiosny i lata. Nietypowe warunki hy-
drologiczne udokumentowano poprzez dwukrotne patrel pomiary przeptywu wykonane na
wszystkich rzekach Pojezierzgdzynsko-Wtodawskiego. Z wielu badanych zlewni najaze za-
soby wykazuje dorzecze Bobréwki, a nagze goérne cZci zlewni Tysmienicy i Wiodawki.
Zmiany zasobow wodnych nayzuja do warunkéw meteorologicznych, przede wszystkinseo
zonowej i rocznej zmiendoi opadow, s tez konsekwengj nasilajcej st antropopresji. Zwykle
w okresie wiosennym spitywy wody bardzo wysokie, szczegblnie w czasie deszczovwziopo-
wych wezbra. W diugich letnich okresach bezopadowych odptywyiektérych zlewni obriijg

sie nawet do 0,1 dirs™-km?, co jednoznacznie wskazuje na mate zasoby wodigmdych. Takie
wielkosci odptywu jednostkowego wygdity juz na przetomie wiosny i lata 2008 r. Jedngdoze
stwierdzono dge obnizenie s¢ standéw wody w jeziorach i zbiornikach oraz wysyukaobszarow
podmokiych.

Stowa kluczowe:odptyw wody, przeptyw ridwkowy, zasoby wody, Pojezierzedzyhsko--Wio-
dawskie



