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I — Vistula River catchment basin, II — Carpathian part of the basin, III — gauging stations with suspended load measurements (a — Skoczéw,
b — Goczatkowice, ¢ — Smolice, d — Tyniec, e — Sierostawice, f — Jagodniki, g — Szczucin, h — Sandomierz, i — Zawichost, j — Annopol, k — Pulawy,

1 — Warszawa, m — Plock/Kepa Polska, n — Wloctawek, o — Toruni, p — Tczew), (1-15) — river stretches between mentioned gauging stations
IV — dam reservoirs of larger size (existing and under construction), V — borders of main morphological units within the river basin
(A — Carpathians: A1 — Tatra Mts., A2 — Beskidy Mts., A3 — Carpathian Foothill zone; B — fore-Carpathian basins, C — Middle Poland

Upland; D—/Polish-Lowland);
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volume of reservoirs: VI — < 10 (x10° m3), VII — 10-100 (x10° m3), VIII — > 100 (x10° m3); reservoirs: IX — existing, X — under construction,
XI — planned (state from the 1970s), XII — increased rates of SSYy in mining areas

Fig. 1. The study area: location of the Vistula River catchment basin in Poland (1a), location of analysed gauging stations on the Vistula (1b), loca-
tion of dam reservoirs (existing, under construction and planned) within the river basin (1c), suspended sediment yield SSYy in subbasins (1d)
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Fig. 2. Relative changes in the magnitude of transportation and sedimentation by the Vistula
during the last millennia initiated by human impact

(after Falkowski 1975, 1982 and Lajczak 1995a)
A — relative changes in the magnitude of transportation and sedimentation, B — relative

changes in flooded area width, C — changes of river pattern, D — relative changes in sediment

influencing this supply
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supply rates to the river from various sources, E — relative changes in selected factors



Anthropogenic changes in the suspended... 13
DATA USED AND CALCULATION METHODS

Analysis of the present-day transportation and sedimentation rates of
the Vistula is based on detailed measurements made over the last 90 years.
The following data have been recorded: the daily suspended load
transportation at all gauging stations in its drainage basin (from 1946-1990);
records of daily water discharges at all gauging stations on the river (from
1931-1990); results from repeated levelling of all gauging profiles on the
river (from 1905-1990).

The average rates for suspended load show a decreasing trend along
those river stretches which do not have a large tributary in flows (Fig. 3).
A balance in the suspended load has permitted an estimation of the average
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Fig. 3. Average rates of suspended load transportation, R, along the longitudinal profile

of the Vistula. Lower continuous line presents the current state of transportation rates, upper
continuous line presents estimated rates of that transportation, when the suspended load is not

trapped by dams (before 1938). Broken line presents the rates of transportation of the Lower

Vistula before 1968 (without the Wloclawek Reservoir)
C, — reduced rates of transportation from the 1930s until 1968, C; — reduced rates of transpor-
tation after 1969; C3 — reduced rates of suspended load supply by the Vistula

to the Baltic Sea due to sedimentation processes in reservoirs; (a—p) — gauging stations with

suspended load measurements on the river. Mouths of main tributaries to the river are marked

rates of the overbank suspended matter which has been deposited, AS, to
be made. On this basis, it is possible to obtain information about changes
in sedimentation rates since 1946. Balances have been computed separately
for each stretch of the Vistula between successive suspended load gauging
stations. The methodology for this is explained in the author’s paper (Lajczak
1995b). Information relating to the sedimentation rates which occurred before
1950 has been derived from analysis of repeated cross-section levelling of
the inter-embankment zone at successive gauging stations on the river, from
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Anthropogenic changes in the suspended.. 15

2. Stage initiated by intensive regulation works on the river channel.
Cross-section levelling of the inter-embankment zone started after the
regulation works on the river channel had been initiated and was repeated
every few years, on average. This has permitted an estimate of:the increased
sedimentation rates during the first decades of the 20th century to be made.
Later, as discussed previously, the sedimentation rates decreased, and this
trend continues. It must be emphasized that the river stretches neighbouring
gauging stations where repeated levelling has been made, represent rather
spontaneous overbank sedimentation. Figure 5 shows the generally decreasing
trend in overbank sedimentation rates which have been computed from the
data compiled at those gauging stations and river stretches used in the
survey. The sedimentation rates refer to the zones which have the most
intensive overbank sedimentation, i.e. the overbuilt banks (including the
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Fig. 4. Relationships between values of mean annual suspended load supply, ZI, to successive
stretches of the Vistula (1-15) and quantity of suspended load sedimentation, AS, on the Vistula
valley floor (= inter-embankment zone). For numbering of the river stretches see Fig. 1

fast filling inter-groyne basins) and the levees. The rates of sedimentation
pertaining to the period before 1920 are not known exactly, but they were
probably not less than those after 1920. The data presented here show that
the maximum overbank sedimentation rates within the Vistula valley floor
occurred during the first years after the completion of river confinement. In
fact, river regulation is the most important reason for the acceleration of the
transportation and sedimentation rates, especially in the first year period after
river-shortening and groyne-construction works had been initiated.



16 A. Lajczak

3. Present-day stage: a decreasing trend in transportation and sedimen-
tation rates. Figure 6 illustrates the obvious decreasing trend in the magnitude
of suspended load transportation and sedimentation, the results of
measurements at gauging stations on the whole course of the Vistula during
the period 1946-1990. This trend probably started about 1920 and is
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Fig. 5. Decreasing trend in rates of suspended load transportation, R, and its sedimentation, AS,
the time of the inter-embankment floodplain inundation, IN, and the levee growth, LA, which
have occurred in successive analysed gauging stations and floodplain stretches
of the Vistula River in the Carpathian Foreland for the last decades
(after Lajczak 1995a)

continuing. After several large dams had been built within the river basin,
the magnitude of sediment transportation and sedimentation by the river
decreased markedly. The non-regular distribution of deep reservoirs within
the river basin, which trap large amounts of incoming sediments, is signified
by varying intensities of the decreasing trend at particular gauging stations
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Fig. 6. Mean 5-year rates of suspended load transportation, R, and its sedimentation
(AS — absolute rates, AS/ZI — relative rates) in successive gauging stations on the Vistula and in successive stretches of the river inter-embank-
ment zone. The data indicate lowering rates in the transportation and sedimentation processes of the river during recent decades.
Gauging stations and river stretches numbered as in Fig. 1
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Anthropogenic changes in the suspended.. 19
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Fig. 7. 5-year running means of annual suspended load transportation in successive gauging
stations on the Vistula in years 1946-1990. For numbering of gauging stations see Fig. 1

EXPLANATION OF THE ANTHROPOGENIC INFLUENCES WHICH HAVE CAUSED
CHANGES IN THE TRANSPORTATION AND SEDIMENTATION RATES
OF THE VISTULA

1. Channel downcutting. Downstream effects. Long deepened stretches
of the Upper and Lower Vistula channel, together with a short stretch of
the channel near Warsaw, supply large amounts of coarse material which
is only partially deposited on the floodplain. As a result of the increased
river competency due to the channel remodelling initiated by channel
regulation, the rest of that material is transported longer distances. The
material is aggraded downstream, where a wide braided channel is still
being formed. Thus, the present-day Vistula is typified by an alternation of
relatively deep and relatively shallow stretches of the channel (Fig. 8). By
recording the rates of channel downcutting, channel narrowing, levee growth,
and channel aggradation, it is possible to estimate, at least approximately,
the amounts of sediment transportation and deposition which have occurred



20 A. Lajczak

after general regulation works were initiated on the Vistula channel. The
solution of this problem can be approached by measuring the rates of vertical
change of mean channel level (downcutting, aggradation) and the mean
thickness of overbank deposition which have occurred at successive gauging
stations on the Vistula since the start of general regulation works on the
river channel (Fig. 8).
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Fig. 8. Mean thickness of overbank sedimentation (M.B.A.), represented by mean rates

of inter-groyne basin filling-up and levee growth, which have occurred along the whole course

of the Vistula since the beginning of regulation works on the river channel
(after Lajczak 1995 a).
The data are presented on the background of the vertical channel level changes (CH.L.CH.)
occurred in the same time
a — mouths of larger Carpathian tributaries, b — mouths of larger upland and lowland tributaries,
¢ — location of gauging stations on the Vistula with river cross-section levelling,

d — stretch of the Vistula between Skoczéw and Pulawy gauging stations

The Upper Vistula is typified by high rates of channel downcutting.
Material originating from the channel deepening (and also that contributed
by the Carpathian tributaries) is partly deposited within the Middle Vistula
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Anthropogenic changes in the suspended.. 23

particularly in its upper stretch. The resultant increase in the volume of
the reservoir, which continues, has stopped a decreasing trend in the trap
efficiency for suspended load. The B parameter has increased for the last
10 years, a fact reflected in the decreasing amounts of the suspended load
outflow from the reservoir (Fig. 9).
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Fig. 9. Increasing rates of the suspended load outflow, Oy, from chosen dam reservoirs indicat-
ing lowering trap efficiency, B, for suspended matter in shallowed reservoirs. Locations of the
reservoirs are: the Roznéw Reservoir on the middle stretch of the Dunajec River, the Wioclawek
Reservoir on the Lower Vistula, and the Debe Reservoir on the lower stretch of the Narew
(for distribution of the reservoirs within the river basin see Fig. 1). Intensive dredging practices
in the Wloctawek Reservoir started after 1982 are followed by an increased rate of trap
efficiency for suspended load, B

CURRENT RATES OF SUSPENDED LOAD TRANSPORTATION AND SEDIMENTATION
ALONG THE VISTULA

1. Average rates of suspended load transportation. As a result of an
intensive sediment supply from the strong denudation of the Carpathians,
the average rates of suspended load in the Vistula generally increase
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downstream as far as the mouth of the last Carpathian tributary, at the
present time. Directly below this tributary outlet, the Vistula is almost
critically overburdened with suspended load. Further down the course of
the river, however, the amount transported has become stabilized (Fig. 3).
Due to dam construction work, suspended load transportation has been
reduced in the Upper Vistula in recent decades by 20-50%, and in the Lower
Vistula by 50%.

2. Average rates of suspended load sedimentation. The area limited
by a hypothetical transportation curve for suspended load (a situation
without sedimentation) and the real transportation curve, indicates the
suspended load sedimentation rates along the Vistula. The detailed data
concerning depositing rates in successive river valley stretches between
the suspended load gauging stations or between the mouths of the
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Fig. 10. Average rates of suspended load sedimentation, AS, in successive stretches of the inter-
embankment zone of the Vistula between gauging stations for load measurements. The rates of
sedimentation are expressed:

AS, — t yr~! (for the whole stretch of the inter-embankment zone), AS; — t km™ yr!

(for 1 km of the zone length). ZAS; and ZAS; — cumulative rates of sedimentation,

1 — sedimentation expressed as AS;, 2 — sedimentation expressed as ASy, 3 — ZAS; values,

4 — TAS, values, 5 — sedimentation rates before 1968, 6 — sedimentation rates after 1969
(downstream of the Ptock/Kepa Polska gauging station), (a—p) — gauging stations for
suspended load measurement on the Vistula (for their location see Fig. 1)
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26 A. Eajczak

silted-up, and also the shallow reservoirs on mountainous, upland and lowland
rivers, in providing reduced rates of load to the Vistula, is minimal.

2. Proposal for the correct location of new dams. The best solution to
the problem of the silting of new reservoirs, as outlined above, must take
into account the following:

— firstly, the deep reservoirs in the middle stretches of the large
Carpathian rivers should be completed to achieve minimum supplies of river
load from the Carpathians to the Vistula,

— secondly, if this programme is finished, a new reservoir on the Vistula
should be built downstream from Cracow. If dredging practices in the reservoirs
located in the Upper Vistula start at the beginning of reservoir operation, the
siltation of the reservoirs located downstream will be very limited.
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Fig. 11. Estimated total supply of the suspended load to the Vistula by the Carpathian
tributaries (A) and supply of the load to the Baltic Sea by the river (B) in 1900, 1968 and 1996
a — supply of suspended load to the river and the Baltic Sea
when planned deep reservoirs on the Carpathian rivers are completed,

b — supply of suspended load by the Vistula to the Baltic Sea when the above
reservoirs and planned ones on the whole course of the river are completed

3. Estimated changes in suspended load transportation rates by the Vistula
as a result of man’s impact on fluvial processes. Prognosis. Up to the beginning
of the 20th century the suspended load transportation rates of the Vistula
increased in the previous millennium more than 10-fold (Maruszczak 1988).
Due to reservoir siltation, the sum of suspended load supply to the Upper
Vistula by the Carpathian tributaries has decreased between the 1930s—1950s
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Structure of the solute yield in the Vistula... 33

where:

SY — solute yield,

SC — solute concentration (i.e. concentration of substances dissolved
in river water),

Q — discharge from the catchment.

It is a unit index simple to calculate, which makes possible direct
comparison of the catchments of different areas.

-
Oty ruttworde w 1 /andick
Schcne peid »  trenlryr

-

Fig. 1. River solute yield from rural areas in the Vistula river basin; isolines show the indices
of this yield calculated in relation to the average solute concentration in the years 1976-1985,
and mean discharges of many years.

Elaborated by H. Maruszczak and M. Wilgat, 1989
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Structure of the solute yield in the Vistula...
RIVER SOLUTE YIELD FROM SELECTED CATCHMENTS INCLUDING
MUNICIPAL AND INDUSTRIAL WASTEWATER

The distribution of the main sources of chemical pollution of rivers with

municipal and industrial wastewater is presented in Fig. 2. Wastewater
volume and the degree and manner of their purification are presented as

0N

Fig. 2. Distribution of larger sources of municipal and industrial wastewater in the Vistula
river basin according to statistical data of the Central Statistical Office from 1982; the size of a
circle is proportional to the volume of wastewater in million m? denoted by numbers inside or

outside the circles. Hachure inside the circles shows the percentage of wastewater treated

chemizally and biologically. Elaborated by H. Maruszczak and M. Wilgat, 1989



TABLE 1. Results of calculations of the river solute yield from selected larger catchments in the Vistula river basin, according to &
the measurement data from the years 1976-1985. A) Indices in brackets are calculated by interpolation due to a lack of solute
concentration measurement, B) Data are compiled for calendar years because records of solute concentration made at Provincial
Centres concern calendar years.
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* Numerator — ten-year-mean discharge, denominator — extreme mean annual discharges. ° Numerator — solute yield calculated by adding monthly values,
denominator — solute yield calculated by multiplication of ten—year—mean discharge and solute concentration. * Numerator — solute yield calculated by adding
monthly values, denominator — solute yield calculated by multiplication of mean annual discharge and solute concentration.
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Structure of the solute yield in the Vistula.. 41

90% of the solute yield!), and the Przemsza river catchment (75%) are the
best examples of the solute yield structure dominated by municipal and
industrial sewage. Less than half as great is the percentage of this component
in the upper Bug and Bzura river catchments. However, it should be stressed

Fig. 3. Structure of river solute yield in the Vistula river basin; circles show the percentage
of the particular components calculated on the basis of data from the years 1976-1985.
Elaborated by H. Maruszczak and M. Wilgat, 1991

that these catchments are many times larger than those of the Little Vistula
and Przemsza rivers. Having data for the uppermost course of the Bug river
(polluted by sewage from Lvov and the Volhynia Coal Basin) we may obtain



TABLE 2. Components of the solute yield from selected catchments in the Vistula river basin according to data from the years o
1976-1985; numbering of the components (1-5) as in the text. The value of the discharge in tkm™“y" is expressed by the
numerator, and the percentage of the particular components by the denominator

Components of the solute yield:
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precipitation  agricultural farm municipal and  denudation £1-56
chemicals sewage industrial of the
wastewater lithosphere
1 2 3 “ 5 6
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Wieprs 10,481 16.7 1.9 31 56 639 100 @
Upper Bug o 9 40 1.2 2.0 34.4 k8 8
down to the Huczwa mouth ; 11.7 5.2 16 377 44.2 100 ~
4 3.2 0.6 4.0 28 40 =~
o WAL 10.0 80 15 10.0 700 100 5
p ~ =
5 5.2 0.7 3.4 27 41 =
Wkra 4,879 122 ht’rn'/}ﬂ?in I.? 84 5.8 100 :
—_—— P OFg- = = "




“DIMISIA ayy ur pyak aynjos ayy Jo aspnag

(Numing Bug and Wkra) ik a7 7 i
Drweca 4,959 ﬁa.*i 127-% 2!)_\5’
Przemsza 1,996 % ?—g (-l)—i
Nida 3,630 LA 23 10
Kamienna 1,878 % g—% g-g
Radomka 2,060 —2—1113 g—? (—l’—g
Polica 8,664 — 2 2 o4
Bzura 6,281 % %‘5 (1)_% 32.-;—2
Brda 4,414 & oL 18 5
Wda 2,0322 o 22 2 L
Vistula upstream of Tezew 194,376 % -1%55 :_(5) %%%

Comment: values of the solute yield components in columns 1 and 5 are rounded.
Percentages are calculated according to these rounded values, thus their sum is not exactly 100%.
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54 A.T. Jankowski

TABLE 2. The amount of minewater pumped out from the mines of the Upper
Silesian Coal Basin (USCB) in the years 1967-1994

Amount of water pumped out in m%s

pungs 1967-1976 1980 1985 1987 1990 1992 1994
Stowing sand 4.08 4.08 3.70 3.16 3.05 2.61 2.96
Zinc and lead ores 6.35 6.38 5.85 5.36 3.23 3.14 3.08
Hard coal 1045 1041 1100 1190 10.15  10.51 9.94
All 20.88  20.85  20.65 2042 1643 1621  15.98

Fig. 1. Places of minewater discharges to the surface water network of Katowice province
(after Czaja & Jankowski 1992)
1 — rivers, 2 — watersheds, 3 — areas of stowing sand exploitation, 4 — areas of zinc and lead
ore exploitation, 5 — areas of hard coal exploitation, 6 — directions of drainage and places
of the minewater discharge: a — from hard coal mines, b — from stowing sand mines,
¢ — from zinc and lead mines

Half of the minewater pumped out, above all waters from mines of stowing
sand and zinc and lead ores, is used as drinking or industrial water and
after use is discharged to the sewerage system in the shape of wastewater.
The remaining minewaters — mostly strongly-mineralized ones — are

discharged directly to the surface hydrographic net (Czaja, Jankowski 1992),
vide Fig. 1.
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Vistula and the Oder basins was estimated in the mid-80s by M. Rogoz,
A. Roézkowski and Z. Wilk (1987) at 6900 tons per day, but in 1993
W. Szczepanski and others (1995) evaluate it at 4834 tons per day including
4453 tons of chloride ions (Cl-) per day and 381 tons of sulphate ions
(SO 2-) per day. In 1994 the salt load discharged by the Vistula and the
Oder rivers from the mines of USCB, calculated by the author on the base
of data from the Centre of Research and Monitoring on Environment (OBiKS)
(Monitoring... 1995), amounted to 6793 tons of chloride ions per day (for the
Vistula — 6442.2 and for the Oder 1351.0 tons per day) and 1062.5 tons of
sulphate ions per day (Table 7).

An estimation of Visula river pollution in the region of the Przemsza
confluence, caused by the discharge of minewaters, was made by A. Rézkowski
and others (1986) and by B. Gajowiec and J. Rozkowski (1988) on the basis
of hydrochemical analyses of river waters realized in 1985 (Table 4). Hydro-
chemical research was performed then in the winter, spring, summer and
autumn seasons in some sections (Fig. 2A).

Differences in chemical composition and overall mineralization between
sections investigated on the Vistula are presented in hydrochemical profiles
(Fig. 2B). Mean mineralization of the Vistula waters in 1985, specified for
mean low and mean flows, increased from 0.2 g/dm® in the section of
Goczalkowice to the maximum value of 3.1 g/dm3 in Czernuchowice, where
minewaters from three coal mines are discharged to the Przemsza above
its confluence. The salt load of the Little Vistula waters from the USCB
area minewaters caused multiple and overstandard increase in the pollution
indicators as follows: dissolved compounds 1400-2550%, chlorides 1500-
2750% and sulphates 1550-3900%. It conforms to the following absolute
values: dissolved compounds 7400-9300 tons per day, chlorides 3600—4650
tons per day and sulphates 640-800 tons per day (Gajowiec, Roézkowski
1988). The mineralization in the Dwory section amounts to 2.7 g/dm3 in
consequence of the inflow of the more-badly mineralized waters of the
Przemsza and the Sola rivers (Rézkowski et al. 1986).

TABLE 4. Concentration of ions and salt loads in waters of the Vistula and its
tributaries in 1985 (after A. Rozkowski et al. 1986)

Concentration in g/m? Load in tons
Stream Profile = o : =T per day
Cl SO § mineralization CI"+ S0
Vistula Jawiszowice (1)’ 386.0 55.75 826.7 242.0
Vistula Nowy Bierun (2) 1740.0 146.30 3169.3 2098.0
Vistula Dwory (3) 1371.0 234.00 2786.5 5034.0
Gostynia Bojszowy (4) 6037.5 406.50 10 498.5 1779.1
Potok Golawiecki Czarnuchowice (5) 16 912.2 1009.20 29 229.0 919.6
Przemsza Jelen (6) 456.5  274.20 1492.0 1011.6

* numbers of profiles are as in Figure 2.
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with he profiles in Table 4), 3 — localities, B — hydrochemical profiles of the Vistula:

a — overall mineralization, b — content of Cl” ion, ¢ — content of S04~
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On the basis of archival materials from the 1980 analysis, verified by
measurements in 1985, A. Rozkowski and others (1986) state that the amount
of minewater discharged to the Vistula catchment closed by the profiles
Jawiszowice and Dwory (Fig. 2) amounted to 8.49 m%/s. These waters contained
a total load of both chlorides and sulphates of 4027 tons per day. In the profile
of Dwory the salt load discharged by minewaters made 78% of the river pollutlon
total load. In 1993 — 388.1 thousand m® per day of minewaters (4.49 m°/s)
containing 3382.4 tons per day of chlorides and 270.7 tons per day sulphates
were discharged to the Vistula. 79% of this load was discharged to the Vistula
by its tributaries: the Gostynia (57%) and the Potok Golawiecki (22.6%). The
amount of minewater, as well as the salt load, which were discharged to the
Vistula in 1993 are presented in Table 5.

TABLE 5. Amount of minewater and salt load discharged to the Vistula and its
tributaries in 1993 from the area of the USCB (after Szczepanski et al. 1995)

Amount Load in tons per day
River of minewater cr SO 3_ CI-+ SO 3-
m- per day
‘Gostynka 71,261 1931.18 91.55 2022.73
Potok Gotawiecki 35,693 878.99 50.63 929.62
Przemsza 251,418 268.75 123.40 392.15
Little Vistula 14,006 271.88 1.42 273.30
Vistula (Gromiec profile) 15,842 31.61 3.75 35.36
Total 388,220 3382.41 270.75 3653.16

In 1993 — 126.7 m” per day of minewaters with a total load of 1181.7
tons per day were discharged to the Oder. The quantity of waters and salt
load introduced into the Oder tributaries are presented in Table 6.

Excessive pollution of the Vistula and Oder waters caused by the
discharge of minewaters from coal mines has been observed since the 70s
(comparison of salt load in the water of the Vistula between the profiles
Jawiszowice and Dwory in the years 1976 and 1985 is presented in Figure
3).

TABLE 6. Amount of minewater and salt load discharged in 1993 to rivers of the
Oder catchment from the area of the USCB (after Szczepanski et al. 1995)

Amount Load in tons per day
River of r{linewater cr SO’ CI + SO 3_
m- per day
Klodnica 74,735 315.37 83.92 399.29
Olza 28,886 555.51 7.94 563.45
Bierawka 13,868 164.34 8.47 172.81
Ruda—Nacyna 9228 35.74 10.37 46.11

Total 126,717 1070.96 110.70 1181.66
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The course of reliable concentrations of chlorides and sulphates in three
profiles on the Vistula is presented above. In Jawiszowice, with mean annual
low flow (MLQ) in the period 1976-1985 a more than 3-fold increase in
chlorides concentration took place (from 520 mg/ dm3 to 1750 mg/dm?3) but
the concentration of sulphates increased insignificantly. In the profile of
Bierun Nowy a sixfold increase in the concentration of the Cl- ions (from
850 mg/dm? to 5000 mg/dm3) took place and the concentration of sulphates
increased by 170 mg/dm3, which means that it almost doubled. In the third
profile — Dwory, a small increase in concentration was noted (chlorides by
650 mg/dm3 and sulphates by 70 mg/dm?® — Fig. 3). The comparison of the
salt load in the waters of the Vistula and the Oder and its tributaries in
the years: 1980, 1985, 1989 and 1994 is presented in Table 7.

TABLE 7. Mean annual salt load in waters of the Vistula and the Oder and their
tributaries

River — measuring Indicator Mean annual salt load in tons per day in the years
section of salinity 1980 1985 1989 1994

The Vistula river and its tributaries

Little Vistula — chlorides 183.2 186.6 189.2 217.4
Jawiszowice sulphates 31.1 23.3 19.0 16.8
Little Vistula — chlorides 336.1 1308.1 2218.7 2643.3
Bierun Nowy sulphates 89.0 99.4 139.9 182.3
Gostynia — chlorides 99.1 1076.1 2027.5 1715.5
mouth to Vistula sulphates 45.4 73.7 124.1 114.6
Potok Golawiecki —  chlorides 953.5 876.4 1022.4 877.1
mouth to Vistula sulphates 52.3 43.2 48.1 47.8
Przemsza — chlorides 604.4 732.9 1012.9 730.6
mouth to Vistula sulphates 459.0 595.2 465.2 418.6
Vistula — chlorides 2043.3 3250.5 5158.3 5442.2
Bobrek sulphates 659.8 544.7 621.5 659.5
The Oder river and its tributaries
Oder — chlorides 205.2 213.2 269.5 217.1
Chatupki sulphates 155.2 266.1 337.7 207.7
Olza — chlorides 200.1 148.8 357.4 419.0
mouth to Oder sulphates 37.3 50.3 40.1 478
Ruda— chlorides 74.7 90.1 142.9 281.3
Ruda Kozielska sulphates 31.1 36.7 39.9 50.2
Bierawka — chlorides 389.7 287.4 829.8 3139
Tworég Maty sulphates 37.0 35.5 55.5 45.8
Klodnica — chlorides 45.6 112.9 164.1 119.9
Lany Male sulphates 50.8 471 51.4 51.5

From the data presented in Table 7 it results that in 1980 the largest
salt load was discharged to the Vistula by: the Potok Golawiecki and the
Przemsza and since 1985 by the Gostynia and the Potok Golawiecki.
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In the Oder basin located within the range of influence of the USCB,
i.e. its left-bank tributaries (the Olza, Ruda, Bierawka and Klodnica) the
largest amount of salt is discharged by the Olza and therefore by the Bierawka,
Ruda and Klodnica. In the case of the Klodnica the role of "specific" settling
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Fig. 3. Reliable concentrations of chlorides (a) and sulphates (b) for mean low flow (MLQ)
of Vistula waters in 1976 (a and b) and 1985 (A and B)

tank in the years 1965-1994 was fullfilled by the Dzierzno Duze reservoir,
which was finished in 1964. In the measuring section above the inflow of
the Klodnica to the reservoir, the mean annual concentrations of chlorides
in the years 1969-1975 amounted to from 835 to 1740 mg/dm3. In 1977 the
concentration of chlorides in this section amounted to 1635 mg/dm3 and in
1994 — 1458 mg/dm3. In the years 1969-1975 water in the reservoir contained
significantly fewer chloride ions in relation to the water which flowed to it
because the concentration of these ranged from 750 to 990 mg/dm3. At the
outflow from the Dzierzno Duze reservoir the concentration of chloride ions
in 1977 amounted to 941 mg/dm3 and in 1994 — 1368 mg/dm3 (Rzetala,
Wach 1995). It betokens the general increase in the salinity of the reservoir
waters. The content of chlorides in water which outflowed from the reservoir
conforms to its concentration in the water which inflowed. This situation
now has a permanent (stabilized) character because the mean concentration
of chloride ion in the period 04. 1994 — 04. 1995 in the reservoir water
was still at the level of 1300 mg/dm?® (Jankowski 1995).

It is very odd that the values given in Tables 5, 6 and 7, which confirm
salt load discharged to the Vistula and the Oder and their tributaries are
very different. It is rather unlikely that the load was bigger and bigger by
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the minewaters. These exertions reduce the concentration of radium Ra226
to 0.4 kBg/m3 in the case of the "Krupinski" mine.

min Uy

v

12204
un

“a

T4 T5 76

thous. m/d

MM BET MDY NYR

YEARS

TN

MUMRBDMEMBNETEDYNYR

YEARS

mn

74 15 78

MTIAMM MM RBDMBBMEYEMYYMY R

YEARS

FINAL REMARKS

Fig. 4. Output of hard coal (1),
amount of minewaters pumped out
(2) and salt load (3) discharged to
the rivers of Katowice province in
1972, 1977, 1980, 1985, 1989-1992
(after W. Szczepanski — archival
materials of IMGW — Katowice)

The above-presented data reveal that the influence of minewaters on
the mineralization of river waters of the USCB area is very big and
determines the salinity of rivers including the Vistula and the Oder. The
excessive salinity of both rivers’ waters is observed on rather long sections
of their courses. As the years go by one should estimate that the excessive
salinity of the Vistula and the Oder will move to the upper courses. The
total salt load which is discharged to both rivers from the USCB reaches
5 thousand tones per day and thus accounts for over 50% of the overall
chloride load and about 35% of the sulphates introduced into surface
waters in the country.
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Fig. 1. Distribution of forests in Wielkopolska at the close of the 14th century (a)
(H. Blaszczyk 1974) and nowadays (b)
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driven by water wheels, also affected
water relations in the adjacent areas
and the intensity of river-bed processes
(Fig. 2). The processes were particul-
arly clearly evident in the areas adjacent
to larger towns, where water mills
were most frequent (Fig. 3). The
adaptation of watercourses for the
needs of water mills involved first of
all dredging of their beds and damming-
up of their waters. As far as the change
of water relations is concerned the
consequences of these activities varied.
Damming-up of watercourse waters
resulted in the rise of the underground
water level in adjacent areas, while
the dredging of river-beds and the
digging of drainage ditches in wetlands
were responsible for lowering of the
water table.

Within lowlands, where only a
slight elevational drop occurred and
where in summer, due to low flow,
water- courses frequently lost their
waters in boggy segments of valleys,
their resources were increased by
supplying water from lakes, other
watercourses or bogs by means of
canals and ditches. In the course of
time changes of this type, initially
taking place in areas adjacent to
towns, spread over increasingly large

B [z |os]s

Fig. 2. Changes in the relief and watercourse
network in the vicinity of Poznan

A — around the middle of the 13th century,

B — in the 14th century, C — in the 18th cen-
tury, G — Grobla; C — Czartoria, OT — Ostréw
Tumski, S — Spytkowo, R — Srodka, 1 — boul-
der clays of the upper terrace level, 2 — alluvial
sands on river islands (Kaniecki 1993), 3 — the

boundary of cities
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areas, as is exemplified by the adaptation of the Bogdanka river for the
needs of water mills in Poznan (Kaniecki 1993).

Fig. 3. Location of water mills (1) and dikes (2) in the vicinity of Poznan in the 15th
and 16th centuries (Kaniecki 1993):
water mills: 1 — Bogdanka, 2 — Folusz, 3 — Folusik, 4 — Sluza, 5 — Pita, 6 — Podgornik,
7 — Czapnicki, 8 — Wielki, 9 — Wierzbak, 10 — Ungréw, 11 — Gérkéw, 12 — Topolny,
13 — Faftkéw (hospital $w. Krzyza), 14 — hospotal $w. Ducha, 15 — Przepadek,
16 — Kapitulny, 17 — Groffowy (Dominikanski), 18 — Podolny, 19 — Srodka, 20 — éw. Jana,
21 — Laczny, 22 — Nadolnik, 23 — Garbuz, 24 — Szklany; dikes: a — Chwaliszewo,
b — Nowa Grobla, ¢ — Czartoria, d — Lacina, e — Kamienna, f — Spustna, g — near
Dominikanie, h — near mill Przepadek, i — near mill Podgérnik

In the second half of the 16th century, extensive river regulation works,
covering longer river segments, were initiated. River-beds, often blocked
with wood and boulders, dammed with dikes and weirs, separated into
arms and branches. The Warta and the Note¢ rivers in their lower courses
created a real water labyrinth covering the entire proglacial stream valley.
Only short segments of their main beds were clearly marked. In spring,
during thaws and after torrential rains, huge marginal lakes covering
vast areas of land formed. The process was facilitated by a very low
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76 A. Kaniecki

Period Number of companies Area covered
established in ha
1 I

1842-1870 24 48,509
1871-1890 57 39,546
1891-1914 420 162,542
1915-1922 52 16,605
1923-1930 144 40,882

Total 697 308,024

On the other hand, drainage companies only started to appear around
the year 1885. The first such company to be registered was a drainage
company from Lipownica (Srem administrative district) established in 1886.
According to B. Lukomski (1935), 711 land melioration companies were
officially registered before the year 1935. Lukomski distinguished three types
of land melioration:

1. Regulation of rivers, ditches and canals (24 companies),
2. Dewatering, mostly of meadows, sometimes combined with irrigation

(128 companies, including 15 also dealing with irrigation),

3. Drainage companies.

After 1848 the size of subsidies allocated yearly to river regulation
increased. Systematic regulation of the Warta river bed, upstream from
Poznan, only started in 1873 (Jaskowiak 1995). Carried out definitely much
more vigorously was the work conducted in the Warta river bed downstream
from Poznan, where apart from being regulated the bed was also cleaned
of stones. First of all, the meandering sections of the river bed were
straightened, then remnants of old hydraulic engineering structures (bridges,
water mills and such like) were removed. The bed was dredged and flood
dikes were erected from Poznan up to the estuary. After the year 1876
relatively safe navigation was possible along the lower and middle courses
of the Warta

Regulation work in the Warta river bed, carried out several times and
consisting primarily in the straightening of its course, facilitated water runofft
and the floating of goods and resulted in dewatering of vast wetlands. The
course of the river was shortened considerably; by 30.5% from the Prosna
estuary up to Srem, and by 27% between Srem and Rogalinek (Ingarden
1921). Subsequently the regulation of smaller watercourses started. The
regulation of the Prosna primarily involved the erection of embankments
in its lower course, while in its upper course numerous weirs damming up
the water were built. As a result of regulation, the lower course of the Notec
was shortened by 16.1% (Stryjewski 1980).

Deepening of the river bed is one of the common results of the regulation.
In the case of the Warta, however, lowering of its bed was insignificantly
small, and the opposite process took place in its certain sections. Within
the 408 km section of the river between Kolo and the place the Warta flows
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82 Z. Michalczyk, M. £0s

Krezniczanka tributary flows on average at about 0.8 m%s into the Bystrzyca
river, and down the Ciemiega tributary carrying about 0.55 m®/s in its lower
course. The average outflow from the whole Bystrzyca river basin 1316 km?
in area is 5.2 m%s. Thus, these rivers are of small water resources and very

Fig. 1. Location of Lublin in the Bystrzyca river basin
1 — rivers, 2 — watersheds, 3 — boundaries of the distinguished differential basin of Lublin,
4 — water-gauges, 5 — localities of flow measurements (Table 1), 6 — area of dense municipal
buildings in 1992

vulnerable to anthropological actions concentrated in the Lublin area. The
development of this city has long influenced water conditions of the rivers
mentioned, and this has been very strong in the last decade because of low
precipitation and a high consumption of water.
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In 1506 a contract was signed for the building of a water supply system
in Lublin (Szczygiet 1986). For this purpose the Bystrzyca river bed was
destroyed in Wrotkéw and a part of the water was directed into a canal
about 4 km (Lo$ 1986). This water was utilized to set going an appliance
called ’rurmus’ which pumped spring-water, conveying it from Wrotkow
through wooden pipes to a water-tower. After reaching a height of about
25 m it was distributed in the city. The discharge is estimated at 4-5 m%h.

Fig. 2. Spatial development of Lublin from the 16th c.
1 — rivers, water reservoirs (according to the present state), 2 — liquidated mill dams,
3 — covered river bed, 4 — city boundaries in 1317, 5 — in 1875, 6 — in 1931, 7 — in 1992

At the beginning of the 16th c., Lublin had about 3000 inhabitants, Thus
the diurnal water consumption was about 30 /person (Mazurek 1986). These
waterworks were functioning till the middle of the 17th c.

The damming-up facilities, canals conveying water and ponds, changed
the character of the valley bottoms, generally increasing top water resources.
It can be concluded that after the building of a number of such facilities
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88 Z. Michalczyk, M. Eos

waterlogged areas, and water came up from springs on the slopes of the
Bystrzyca, Czerniejéwka and Czechéwka river valleys.

In the following years the amount of exploited water was increasing.
New waterworks intakes were built in the Czerniejéwka, Czechdéwka and
Bystrzyca river valleys. After setting them to work, water dissipation was

Fig. 3. Water table form in July 1955 in Lublin and its environs
1 — hydroisohypses, 2 — main intakes of underground water (the marked area corresponds
to water exploitation at 2000 m%/day)

recorded in the neighbouring springs and sunk wells, as well as drying of
waterlogged land. The region of the anthropologically-lowered underground
water table was 120 km? in size in 1971. The range and development of
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this regional depression depended on atmospheric precipitation, which, when
they were high, decreased considerably (Michalczyk et al. 1983).

A d:stinct improvement in water conditions occurred in the southern part
of the city after the building in 1974 of the Zemborzyce Reservoir (Fig. 4),
in whizh 6.8 million m? of Bystrzyca river waters were dammed up. This

Fig. 4. Water table form in June 1981 in Lublin and its environs
1 —hydroisohypses, 2 — areas of underground water table lowered more than 4 m in the
years 1¥55-1981, 3 — range of influence of underground water intakes, 4 — main underground
water intake

reserwir, 2.82 km? in size, constitutes not only the largest recreation facility
for Lwlin inhabitants but also supplements underground water resources.
Surfae water infiltration of the subterrain, and unusually high atmospheric
preciptation in the years 1978-1981, caused the depression funnel to be
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filled up partially. Its area in 1981 was 120 km?, similar to that in 1972
despite a double water exploitation which increased to 58 million m3/year.
The biggest water table lowering exceeding 4 m occurred in the centre of
the city and in the neighbourhood of big water intakes (Fig. 4).

Further excess exploitation of underground waters caused water table
lowering not only in the city area but also in the adjacent regions. In 1992
the depression funnel was about 200 km? in size (Fig. 5) with underground
water exploitation of about 50 million m%year. The biggest lowering of the
water table, exceeding 4 m as determined from comparison of hydroisohypsic

Fig. 5. Underground water table form in June 1992 in Lublin and its environs
1 — hydroisohypses, 2 — areas of underground water table lowered more than 4 m in the years
1955-1992, 3 — range of influence of underground water intakes, 4 — main underground water
intake
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annual flow of this river was much lower than the mean of many years,
and in 1991 it decreased to 3.02 m3/s. In the last 15 years a decrease in
the amount of the exploited underground water was also recorded, as
well as one in the amount of discharged wastewater, which determined
the amount of Bystrzyca river flow in its lower course. Most water was
exploited in 1981 — 58.3 million m3. In the following years the consumption
decreased systematically to a level of 50 million m® in 1991. Despite
decreased underground water consumption, big changes in water
circulation were found after 1982, being particularly noticeable in periods
of a low flow.
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Fig. 6. Changes in the years 1977-1991 in annual mean flows of the Bystrzyca river
at Sobianowice (1), in Lublin (2), and water exploitation in Lublin (3)

Big transformations in water circulation are well documented from the
Lublin water-gauge records. It closes the Bystrzyca river basin, 748 km? in
area, which constitutes 59.1% of the whole collecting area. The mean flows
in the Lublin hydrometric section were in the range 54.4-64.9% of the flows
at Sobianowice in the years 1977-1981; thus, they were proportional to the
catchment basin area. In the following years a considerable decrease in the
outflow from the upper Bystrzyca river was noticed. In 1990 the amount of
conveyed water in the Lublin profile was only 28.6% of the flow at Sobianowice.
In the period 1990-1991, at the Lublin water-gauge profile the mean annual
flow was 0.92 and 0.96 m®s. These are much smaller values than the
unimpaired (biological) flow estimated at 1.17 m%s according to the hydro-
biological criteria (Kostrzewa 1977).
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To document long-term trends for flow changes, a curve of total annual
Bystrzyca river flows in Lublin was plotted in comparison to those at
Sobianowice (Fig. 7). It shows the flow relationships between these water-
gauges. On this curve a trend for flows to decrease in Lublin is found from
1982. For the period 1982-1991 the total ’deficit’ of flows in this section was
almost 182 million m? in all. This value corresponds to almost a four-year
exploitaton of underground water to satisfy the needs of the city. A trend
for flows to decrease was also found in the Wolka Abramowicka profile on
the Czerniejowka river.
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Sobianowice

Fig. 7. Totals of annual mean flows of the Bystrzyca river in the years 1977-1991 in Lublin (1),
and in the years 1979-1989 at Wélka Abramowicka (2) (calculated in relation to those at
Sob:anowice). Dotted line shows the trend till 1981; continuous line — real sums of flows

Losses of river flows in the area of the Lublin depression funnel are
caused by decreasing underground supply and escaping top waters (Los,
Michalczyk 1984, 1989). Series of flow measurements made at low flows of
1990-1992 in 10 hydrometric sections point to non-natural changes in the
amournt of flowing water (Fig. 1). Five measurement series were carried out
in rainless periods by workers of the Department of Hydrography, Maria
Curie-Sklodowska University and the Municipal Company for Water Supply
and Treatment in Lublin (Table 1). Despite the basin enlargement of the
Bystrzyca river and its supply by the Krezniczanka river, a decrease in its
flow is found. A similar situation is in the river basins of the Czerniejowka
and Czechdowka rivers, where flows are decreasing in their lower courses.
The Bystrzyca river below the city is supplied with wastewaters on average
of 1.51 m%s, thus regaining its normal flow. Unitary outflows calculated
from tae given mean flows also indicate the escape of top waters underground.
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Its value was 1.80 I/s km? for the basin above the city, 0.91 Us kn? in the
centre of Lublin, and 1.93 I/s km? in Sobianowice, i.e. a little moe than in
the upper part of the basin. From the measurements mentioned ¢ shortage
of river supplies can be found, and even a decrement at an amount 0 0.42 m®%/s
of flowing waters.

TABLE 1. Mean unitary flows and outflows calculated from five flow masurement
series carried out by the Department of Hydrography, Maria Curie-%lodowska
University, and the Municipal Company for Water Supply and Treatmen in Lublin
in rainless periods of 1990-1992 (measurements were made on the days:9.05.1990,
12.07.1990, 19.05.1991, 23.07.1992 and 18.08.1992)

No River Measurement Basin area Flow Unitry outflow
locality [ka] [m3/s] [’'s km?]

1 Bystrzyca Nowiny 480 0.865 1.80

2 Krezniczanka Kreznica 225 0.330 1.48

3 Bystrzyca Wrotkow 718 0.768 1.07

4 Czernigjowka Gluszczyzna 56 0.089 1.60

5 Czernigjowka Lublin 172 0.023 0.13

6 Czechowka Dabrowica 29 0.018 0.61

7 Czechéwka Stawinek 67 0.001 0.01

8 Bystrzyca Tatary 1046 0.875 0.84

9 Ciemiega Pliszczyn 152 0.263 1.73
10 Bystrzyca Sobianowice 1265 2.440 1.93

On the basis of hydrometric materials for 1982-1991 the nagnitude
of the outflow from the particular parts of the Bystrzyca river jasin and
Lublin differential collecting area was estimated (Table 2). Hylrometric
data from the Pliszczyn water-gauge on the Cimiega river, cosing its
basin with relatively small transformation of water conditions, w:re taken
as the basis for calculations. The mean outflow from this basinwas 3.22
I/s km?. In the years 1982-1991 the average area of the Lublin epression
funnel was 178 km? Assuming the mean outflow at 3.22 l/skm?, the
supply in this funnel was only 0.57 m®s. This is a decided smal amount
to compensate for the exploitation of underground water in tie Lublin
region, estimated on average at 1.6 m®s. The remaining part of -he water
exploited from communal and industrial intakes (1.03 m?/s), reaching
water-bearing layers, comes from top waters in the city area. Uncerground
supply from the upper part of the Bystrzyca river basin and its tibutaries
may also have a positive influence. Of 1.60 m® water exploited a1 amount
of 1.51 m3/s returns as wastewater to the Bystrzyca river, which is
discharged within the Lublin differential collecting area, and ).09 m?s
constitutes non-returnable loss.

In recent years, very advantageous changes in water managenent have
taken place in Lublin. Economizing on water and reduced industrial
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Fig. 1. Location of measurement points in the Labunka river catchment up-stream of the gauging station at Krzak
1 — point of river water sampling: a — in the gauging station, b — at remaining points; 2 — climatic station, 3 — river network,
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TABLE 1. Characteristic indices of total solute concentration, hardness and pH of waters of the Laburika and its tributaries —
the Topornica and the Czarny Potok, in the years 1989-1992; from the author’s measurements

River Locality Solute concentration Hardness pH
wos T o v L mak o v o X o v
min min min
mg dm™ % mval dm™ % %
Topornica Zarzecze 336 5.85 2.6 7.91
303 322 59 18 5o 5.52 0.14 7.46 7.72 0.10 1.3
Topornica 408 7.05 13.5 8.37
208 330 43.9 13.3 3.50 5.62 0.76 7.39 7.70 0.17 2.2
Zdanéw 402 6.80 8.5 8.23
291 337 29.8 89 ggs 5.74 0.49 7.68 7.92 0.13 1.7
Czarny Sitno 567 10.00 15.2 8.22
Potok 310 443 64.8 146 ¢3¢ 7.65 1.16 713 7.83 0.24 31
Sitaniec 562 9.65 12.6 8.29
303 440 53.9 12.3 4.95 7.36 0.93 737 7.93 0.20 2.5
Labunika Labunska 609 10.10 13.2 8.59
347 419 50.2 12.0 5.40 7.10 0.94 752 7.95 0.17 2.1
Pniéwek 595 10.40 13.4 8.35
337 456 58.2 12.8 5.60 7.63 1.02 796 7.69 0.19 24
Zamosé 558 7.70 10.2 8.55
267 379 435 115 449 6.25 0.64 7.49 7.98 0.20 2.6
Krzak 681 8.30 8.7 8.21
329 473 56.4 11.9 5.15 6.99 0.60 6.91 7.49 0.20 2.6

X — arithmetic mean,
o — deviation from arithmetic mean,
V — variation coefficient.
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TABLE 2. Characteristic indices for the main ions in waters ofi the Labunka river and its tributaries — the Topornica and the

Czarny Potok, in the years 1989-1992; from the author’s measurements

Anions
River Locality =0 S04 g
5% b o v T b o \' e be o A
min min min
mg dm™ % mg dm™ % mg dm-3 %
Topornica Zarzecze 347.8 36.0 18.4
295.9 316.0 6.0 1.9 9.6 19.5 5.4 27.7 10.6 14.1 1.7 11.8
Topornica 378.3 55.2 21.3
192.2 318.4 40.5 12.7 79 25.4 9.4 37.0 10.3 13.8 2.2 16.1
Zdanéw 338.7 60.1 19.5
204 4 3129 23.5 75 9.6 279 9.6 34.4 11.3 15.6 1.9 12.2
Czarny Sitno 524.8 55.2 29.1
Potok 308.2 431.7 55.5 12.9 48 21.9 11.7 53.4 11.7 20.7 44 21.2
Sitaniec 485.1 69.7 32.6
265.4 401.7 46.5 11.6 7.9 31.2 135 43.2 195 25.2 2.6 10.3
Labuika Labunka 454.6 91.3 34.4
286.8 377.2 30.7 8.1 48 33.7 18.8 55.7 16.0 215 3.1 145
Pniéwek 494.3 84.1 90.1
302.0 412.3 42.3 10.3 48 28.9 17.2 59.5 18.8 27.0 8.0 29.8
Zamosé 393.6 69.7 106.4
241.0 338.6 28.9 8.5 48 30.0 12.0 39.9 15.6 235 11.1 473
Krzak 509.5 67.3 105.3
27176 402.8 416 10.3 48 34.2 12.4 36.5 21.3 37.1 12.7 34.2

vol
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Cations
2+ + + +
River Locality oa Mgz BT Els
e b o ' 2z X v i b o '
min min min
mg dm® % mg dm™ % mg dm-3 %
Topornica Zarzecze 105.2 10.3 23.5
899 98.5 2.9 3.0 3.6 74 1.3 18.0 4.0 11.5 3.5 30.3
Topornica 123.2 134 217.5
57.1 95.3 149 15.6 5.5 10.6 14 13.2 35 12.8 4.4 34.5
Zdanéw 126.3 10.3 24.0
61.1 101.7 10.2 10.0 36 8.0 14 17.9 95 10.3 4.0 39.2
Czarny Sitno 179.4 18.8 30.0
Potok 90.2 136.2 21.8 16.0 43 104 2.8 26.6 2.0 115 7.2 63.2
Sitaniec 166.3 22.5 33.3
76.9 124.0 17.5 14.1 6.7 14.2 3.1 21.9 3.8 14.7 6.0 40.5
Labuinka  Labunka 1814 17.0 30.0
95.9 125.5 18.1 144 3.0 10.2 2.3 22.8 13 9.7 5.2 53.5
Pniéwek 185.4 17.0 47.3
89.2 133.1 21.0 15.8 6.7 12.1 1.8 15.3 2.0 12.2 7.3 60.3
Zamosé 139.3 15.2 71.3
76.9 109.6 13.3 12.1 30 9.5 2.2 23.1 25 14.5 9.8 67.7
Krzak 142.3 17.6 106.8
83.9 117.9 11.5 9.8 73 134 1.9 14.2 75 34.3 15.2 443

X — arithmetic mean,

o — deviation from arithmetic mean,
V — variation coefficient.
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TABLE 3. Quality of the Labunka river waters and those its tributaries — the Czarny Potok and the Topornica, on the basis of
data from the Provincial Inspectorate of Environment Protection in Zamos$¢; data for the years 1989-1992 (A) and the decade

1981-1990 (B)

0, BOD;
g Typical values Classes of water qualily. g Typical values Classes of water quality”
g SE max X I Il M pkz SE max X I 11 I pkz
& 2 3 -g E g min E g min
g g t% HI 3 E 2 =
= &% Z 8 mg dm W Z g mgO0zdm %
Czarny  Sitaniec 14.0 76 A
Potok A il el AR RIY L aT L <48 o =27 828 ATA . - .
15.0 48.4
B, Yen Uoat iee el T, Vagieds: Tlead Cpat vanl e sl s 35
Topornica Zamosé 11.8 7.8
4 e A 2% gg 90 1000 - - =y o8 Lo A s SRl s
12, 7.2
B 45 gg 92 1000 - - - 87 oa ‘34 ;1T 123 - - =
Labuika Krzak 9.2 112.2
e A 8 o 27 93 46 116 745 48 ;g 203 83 29 188 500
8.8 208.6
B 112 o, 20 143 54 54 749 112 12 301 125 107 116 652
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PO} N-NH}
8 Typical values Classes of water qunhtym 5 Typical values Classes of water qualily""
g o
- 9 = -2 i
> g oy W2 1 | GO | (R . e I 1 I M  pks
= -g - .3 ; min _S 5 min
: = = 3 s 9 o
> ce 358 -3 Eg -3
= _§ &% ZE mg dm™ % > g mg0dm %
Czarny Sitaniec 0.55 3 / . 394 -
Potok A 46 o5 018 739 261 - - 4 oo 083 644 311 45 -
2.13 ; 4.18
B 87 0.07 0.30 47.1 48.3 1.2 34 86 0.0 0.87 63.9 32.6 3.5 -
Topornica Zamoéé 0.45 L = L 3.94 y
A 36 0.05 0.25 7.1 62.9 - - 36 0.09 0.94 61.1 36.1 28 -
0.67 6.52
B 60 0.05 0.30 233 76.7 - - 59 0.0 1.00 39.0 39.0 3.3 1.7
Laburika Krzak A 15.80 21.0
it s 48 SR e 31 21 104 85447 ., 630 43 149 425 383
0.20 0.17
B 22.50 21.0
113 0.10 2.50 3.5 11.5 8.0 770 114 0.07 4.54 20.2 20.2 33.3 26.3

X — arithmetic mean, pzk — waters beyond classification

Classification standards of waters on the basis of The Decree of the Minister of Environment Protection, Natural Resources

and Forestry of 5 Nov. 1991

* **k kK% *kkk

I 6.0 mg dm™ and above I 4.0 mg O, dm™ below I 0.2 mg dm™ and below I 1.0 mg dm™® and below
II 5.0-5.9 II 4.1-8.0 II 0.21-0.60 II 1.1-3.0

111 4.04.9 III 8.1-12.0 II1 0.61-1.00 III 3.1-6.0

pzk below 4.0 pzk above 12.0 pzk above 1.0 pzk above 6.0
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TABLE 4. Selected chemism features of river waters unpolluted (R1) and polluted with municipal — industrial wastewaters (Rg)
in the Labunka river catchment in the years 1989—1992

Anions
HCO3 sof cr
fé min x Most numerous min X Most numerous min X Most numerous
8 max class interval max class interval max class interval
T
23 g g g
g3 -3 s £ 3 I g 3 3 £
23 mg dm £ 2 mg dm £ 3 mg dm e 2
Z: AN o e
) = 5 = E =
Labunk 524.8 91.3 34.4
Rz: - 192.2 342.4 384 |281-360| 61.2 48 27.9 384 |10.1-30.0| 65.3 103 17.0 384 |10.1-20.0 76.13
Labunka 509.5 67.3 105.3
Rs — Krzak 2776 402.8 79 |361-440| 718 48 34.2 78 |30.1-50.0f 56.5 213 37.1 78 20.1-40.0 69.2
Cations
Ca® Mg Na'+K*
e min X Most numerous min X Most numerous min X Most numerous
i max class interval max class interval max class interval
'U -
g g n ‘é n “é n ‘é
Ee : E 4
< 3 J = o _ = 4 = =
E% mgdm3 E ng mgdma g %59 mgdm_3 g 5@
& g 2| S k= & K s
g d 30.0
Eopunks ety 109.5 384 81-120 70.1 153 9.0 384 5.1-10.0 61.7 10.8 384 0.0-20.0 94.5
Ri 57.1 3.0 13
Labunka 142.3 17.6 106.8
Rs— Krzakt 83.2 117.9 78 ]101-140| 923 73 134 78 |10.1-15.0f 71.8 75 34.3 78 120.1-40.0| 527
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ponms 'y



Solute concentration Hardness pH
5 min Most numerous min Most numerous min Most numerous
2 X ; X h X .
= max class interval max class interval max class interval
]
b B 3 B L | n ]
o @ @ @
g5 : e g
.—g § mg dm™ ‘E 5 & mval dm™ E é ® ‘E § ®
& 8 19 R e S S
5 = & = S =
Labunka 609 10.1 8.59
Ry 208 364 384 |301-400| 68.0 350 6.22 384 |5.01-6.20 53.6 713 7.86 375 |17.61-8.00 70.9
Labunka 681 8.30 8.21
Ry — Krzak 329 473 78 |401-500| 62.6 5.15 6.99 78 |6.21-7.40| 66.6 6.91 7.49 76 |17.21-7.60 72.4

X — arithmetic mean,
n — number of analyses,

R1 — weighted means for the catchment of the Topornica, upper Czarny Potok and upper Laburika rivers.
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Fig. 2. Distribution histograms for selected physicochemical indices of waters of the Labunka river and its tributaries —the Czarny Potok
and the Topornica. On the basis of author’s data for the years 1989-1992
n — number of measurements taken for calculations
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118 T. Wilgat et al.

Although the amount of circulating water is small, there are nunerous
lakes — natural and changed to reservoirs, small ponds, wetlands of various
types, streams and ditches periodically discharging water. The secret of the
apparent abundance of water lies in the relief and geological structure. This

Fig. 1. Leczna—Wlodawa Lake Region
1 — region boundaries, 2 — lakes, 3 — lakes turned into retention reservoirs, 4 — ponds,
5 — Polesie National Park, 6 — Landscape Parks, 7 — colliery

morphological flat depression is open eastwards and surrounded by higher
terrain on three sides. The altitudes vary from 180-200 m a. s.l. on its
southern and northern peripheries, to 160 m by the river Bug and 140 m
in the north—west. Plains inclined below 2° are the main element. But
the origin of the monotonous plains differs. Two denudation and two
accumulation surfaces can be distinguished here (Wilgat 1957). The
accumulation plains, differing slightly in their heights, contrast with their
moisture-conditioned vegetation. The lower ones have mire vegetation,
whereas the higher sandy ones are cultivated or used as pasture, or partially
covered with forest.

The sandy plain was formed in the period of the Middle-Polish glaciation,
by the accumulation of stagnant and flowing waters. In the last glaciation
it was overlain with sands. Numerous depressions in its surface were filled
with organic sediments in the Holocene, and they now form a large —
discontinuous — lower accumulation plain.

The denudation plains, common in the northern part of Polesie, occapy
small areas in the Lake Region. They were formed on ground moraine or
Upper Cretaceous outcrops. They are a little higher than the accumulation
plains and have a diversified microrelief.
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Hydrological consequences of human action.. 123

Later years brought considerable Year 1887
changes to forest cover. According to Ma- -
ruszczak (1952), the woodland area
decreased by over 50% in the central part
of the Lake Region between 1830 and 1930.
The forest cover of three time periods was
compared for this fragment of the Region
comprising 3500 ha (Fig. 2 and 3).
A German 1:25,000 map issued in 1915,
a copy of a Russian map for which the
topographical picture was made in 1887,
presents the situation from the end of the
19th c¢. The forest area was then only 29.0%
and that of cultivated fields together with
farm buildings — 39.5%. According to the
1:25,000 topographical map issued by
Glowny Urzad Geodezji i Kartografii (The
Central Office of Survey and Cartho-
graphy) the arable land area in 1976 had
increased to 52.4%, and that*of forests had
decreased to 27.7%. In an aerial photo-
graph in August 1992 the area of arable
land was 47.4%, and that of forests 33.6%.

Besides cutting, afforestation was
conducted in the 19th and 20th c., but its
scale was much smaller. Moreover, pine
monocultures were introduced in place of
natural forest communities, and the role of
a forest depends not only on its area and
its location in the catchment but also on its
species composition and the age structure
of the stand of trees.

The consequences of changes in land-
use cannot be determined precisely. The
influence of forest on water circulation and
relationships, despite studies carried out
for a long time and abundant literature,
have not been fully elucidated. It depends
on climate, particularly snow percentage

Fig. 2. Land use in the central part
ofithe Lake Region
1 — waters, 2 —wet meadows, mires,
3 — forests in wetland, 4 — other forests,
5 — arable land and farm buildings
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in total precipitation, and on the course of temperature as well as land
conditions such as: slope, soil type land, subsoil character. Thus, it is not
well known to what extent forest effects the incoming amount in a water
balance, though in Poland its role is rather positive®.

Year 1887

» waters (4.7%)

anay

arable lands and ~ e ‘vwet meadows, mires (26.8%)
farm buildings (39.5%, “° )

_ forests and brushwoods
in wetland (0.4%)

Year 1976

% waters (3.9%)
X wet meadows, mires (16.0%)

& forests and brushwoods
) in wetland (6.4%)

arable lands and 3 /
farm buildings (52.4%) X

x forests (21.3%)

Year 1992

_-waters (3.8%)
- X » wet meadows, mires (15.2%)

ST

arable lands and farm ™
buildings (47.4%) =Y

. e forests and brushwoods
L ¢ in wetland (4.3%)

Fig. 3. Land use in the central part of the Lake Region

It has not been determined, either, how forest areas influence the water
balance’s outgoing amount, i.e. evaporation and runoff. Unequivocal
conclusions are confined to those concerning runoff dynamics regulated by
forest. Snow cover lying longer and thawing more slowly, and big moisture
retention in forest litter and soil frozen a little or not at all increase water

! A review of studies on forest influences on water circulation carried out in Poland was presented recently
by Gutry-Korycka, 1993.
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and that of the Swinka on the south-west border of the Lake Region. The
primary sources of these rivers cannot be determind. Their upper courses
have been transformed and elongated, in some sections considerably. For
example, the Northern Piwonia river, whose springs were most likely north
of the Region, begins at present in the region of Nadrybie Lake, over 20 km
southwards.

Despite the imperfection of the old cartographic materials, the problem
of the lack of outflow from lakes has been addressed as far as possible. On
the Topographical Chart of the Polish Kingdom few lakes were included in
the outflow network, some of which have an evident artificial outflow (Fig.
4a). It is possible that only the lakes situated in the upper course of the
river Wlodawka (Wytyckie Lake) originally and Southern Piwonia (Sciegienne
Lake) originally had natural outflows, but they too could give off their waters
through waterlogged ground, or only in the period of spring thaw. The lakes
were included into the outflow network largely in the 19th c. as is presented
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on the map. Most lakes were already connected by rivers (Fig. 4b) by the
end of the 19th c.

The connection of the lakes with rivers accelerated spring runoff, reduced
the range of stable wetlands and facilitated lake overgrowth by plants.
However, radical changes were exceptional and were recorded in the central
part of the Lake Region. Lejno Lake, a big body among the largest in the
whole Region (L in Fig. 4a), is marked on the Topographical Chart of the
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Fig. 4. Lakes with and without outflow
1 — lakes without outflow, 2 —lakes with outflow, 3 — lakes turned into retention reservoirs,
4 — lines of natural and artificial outflow, 5 — canals, 6 — watersheds
A — situation at the beginning of the 19th c. (on the basis of Carte Topographique du Royaume
de Pologne 1:126,000), B — situation at the end of the 19th c. (on the basis of Karte des
Westlichen Russlands 1:25,000), C — situation at the beginning of the 50’s (on the basis of the
Topographical Map WIG and field studies), D — present situation (from autopsy)
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completed, changed the rate and character of water circulation in a large
part of the Lake Region.

In areas with water conditions so liable to transformations as the Leczna-
Wlodawa Lake Region, the regulation of water supply and drainage requires

1956

Fig. 5. Communication lines in the Leczna~Wlodawa Lake Region
1 — roads, 2 — railway

great precision. If it is neglected the effects of the undertaken proceedings
can be a failure. Such is the case with the Wieprz—Krzna canal. The melioration
measures taken have resulted in the appearance of numerous overdraining
symptoms. The direction of hydrosphere transformations caused by hydro-
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technical works is thus the same as that induced by changes of soil
management. The overlapping of these causes makes it difficult to assess
them separately. However, the fact that after building the drainage system
of: the Wieprz—Krzna canal, symptoms of land drying were commonly
manifested and relatively fast, allows us to conclude that hydrotechnical
work played a predominating role.

RECREATIONAL UTILIZATION OF LAKES

The Leczna—Wlodawa Lake Region was a neglected region to the middle of
the 1950’s. Poorly-developed communication networks (Fig. 5) practically
hindered entry to its interior. Its natural and landscape attributes were described
for the first time in 1956 (Wilgat 1956), promoting this region for geographical
excursions. The earliest tourism started on Biale-Wlodawa Lake, situated in
the eastern part of the Region, which tourists began to visit after 1958. The
land around it was sold to state institutions for recreational purposes in 1961.

§

& ’
i
& P
F T T T T T T T T A
< /
£ /

d £
¥ £ 0o 2 2
: £/ 3=
BOOOD |+ s ccvvssnessrnnanvessnansannonannnsssssle / .............. 4
- 7 )
5 4
2 /He,rc.ﬂ:ws
l' Q000 | + » s st s s s s e st s s s et st anses s Hroosevosssnssssoncae 0 &
z /

0
000 | « ¢ o o0 et s s s s s s s asssessassssssesfheeersssseses e ens
Accomodation beds, ..~ 200

o - 100
1960 1% 1964 1968 1903

Fig. 6. Recreators on lakes and accommodation facilities in the Lake Region

That year was the beginning of: building permanent facilities in the Lake
Region area. As building the Wieprz—Krzna canal required the construction
of new roads, the late 50’s and early 60’s saw new communication tracks
built, facilitating penetration of the western and central part of the Region.
By 1963 further permanent recreational facilities had been established on
Rogozno and Bialka lakes so that at that time 1400 tourists or visitors could
be accommodated for the night, and weekend recreation predominated. In
1964, 145,000 persons enjoyed recreation in the summer season (July, August)
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on the lakes. In 1965 Piaseczno Lake was provided with recreational facilities.
A year later 6158 beds were offered on all lakes, over half on Lakes:
Biale-Wlodawa and Bialka. In that year 475,000 persons visited the Lake
Region, 284,000 of whom spent their weekends and feasts. On one sunny
July Sunday 13,000 visitors arrived at Wlodawa—Biale Lake, 5000 at Piaseczno
Lake, 1500 at Bialka Lake, and 200
at Rogézno and Lukcze lakes?. A |
The beginning of the 70’s was a [y
period of intensified building of (o [ “ T
private rest-bungalows. In 1989, the e “ O\,
number of beds increased to 11,730 - J | |
(Fig. 6), and bases for night accom- :". |
modation were organized on 13 Kraaps—" ’
lakes. The greatest intensification of
building private rest-bungalows was
observed at the beginning of the 90’s.
It was developing spontaneously,
particularly on the most attractive \
lakes with overcrowded recreation / } ,."/,
facilities existing earlier. Many ) ¢ v ‘ }E ,’,/
lakes are surrounded by recreational > / LN N/ O\
houses (Fig. 7), which considerably ‘ , J
reduce their natural attributes. In | —_—" E
extreme cases, recreational bulding :
has entered swamps adjacent to
lakes (lakes Piaseczno and Wlodawa— B
Biale). Spontaneous recreational
management and utilization of the
Lake Region in recent years has
resulted in a lack of current statis-
tical data about the dynamics of these
processes. e N
According to the authors’ estima- (ot Sk
tions about a million people relax - Orenbwer ) 7
in the Lake Region over the summer ey /
season. Overcrowding of some places [\ /
insufficiently prepared to receive a i &

large number of people causes i oY)

. k f )
degradation of the environment. A\LS ol .
Only a few owners of recreational s & \

objects are prepared to render , N .
proper services to tourists. Sewage | /. : \

stored in nogroundwatermetic ' ]
A fragment of the eastern part of the Lake Region

| Zaghbdocte

Plasecano

7

A fragment of the western part of the Lake Reglon

Data from unpublished Master’s theses. Fig. 7. Areas with recreation facilities
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cesspools and primitive toilets are a threat to groundwaters and the lakes.
There is a lack of sanitary arrangements largely near intensively-utilized
lakes. Other pollution sources are 'wild’ garbage dump encountered most
often in forests near camping areas.

THE INFLUENCE OF COAL-MINING

The coal deposits of Lublin District were discovered in 1964-1971 on the
basis of studies conducted according to the results of Samsonowicz’s
investigations (Porzycki 1984). Their presence was noted in an area of
4000 km? extending NW-SE from Parczew to Hrubieszow — 180 km in
length and 18-37 km in width, which is called the Lublin Coal Basin. Three
regions of coal exploitation have been established: northern of 450 km?, central
— 240 km? and southern — 320 km?. The central region was exploited first.
This area constitues a wide transitional zone between the Lublin Upland and
Polesie. The shafts of the first coal-mine were built in close proximity to
the south-west part of the Lake Region at Bogdanka and Nadrybie (Fig.
8). They were located 3 and 2 km south of Nadrybie Lake, respectively, despite
the protests of naturalists, who pointed to threats to the environment resulting
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Fig. 8. Situation of lakes and location of the 'Bogdanka’ colliery
1 — Wieprz-Krzna canal, Puchaczow — Wola Wereszczyniska conveyer, 2 — rivers,
3 — settling tanks for minewaters and sites of their discharge into the Swinka river, 4 — lakes
and their maximal depths, 5 — shafts of the 'Bogdanka’ colliery, 6 — a shaft of the ‘Stefanow’
colliery (building stopped), 7 — range of the coal field, 8 — area of found land subsidence
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be recognized distinctly. The area of wet meadows and mires decreased from
26.8% in 1887 to 16% in 1976 and 15.2% in 1992.

Comparison of the total area of waters, meadows, mires and forests on
wetland leads to the same conclusion. The percentage of these areas is also
decreasing systematically from 31.9% via 26.3% to 23.3%. Even if we take
into consideration the facts that maps do not show accurately enough forest
wetlands, and that has a bearing on the given percentages, the process of
decrease in wetland areas is quite conspicuous.

TABLE 1. Character and utilization of land areas in the central part of the Leczna—
Wlodawa Lake Region (3525 ha)

Period (year)

Kind of land utilization

1887 1976 1992
ha % ha % ha %

Waters 167.2 4.7 139.1 3.9 134.4 3.8
Wet meadows and mires 943.8 26.8 562.5 16.0 536.9 15.2
Wet forests and scrub 14.1 0.4 226.6 6.4 150.0 4.3
in wetland

Forests 1007.8 28.6 789.1 21.3 1032.8 29.3
Arable land 1392.1 39.5 1846.8 52.4 16719 474

b) A method widely used in hydrology is analysis of continuous
observations of water phenomena. In the case of the Lake Region it is to
little avail because of deficient data.

There are only four stations registering the level of groundwaters and
only one of them has done so continuously since 1951. They show (like the
stations in neighbouring regions) a similar rhythm — seasonally and over
many years — of water table oscillations (Wilgat et al. 1984), which point
to rain — and thaw water supply being of decisive importance (Fig. 9).

At three stations a tendency for groundwater table lowering occurs, but
this is statistically significant only in Ludwin. For the 43-year observation
series of this station the regression coefficient is 2.03 cm/year.

Data concerning river runoff are also scarce. Mean annual river
discharges show big oscillations from year to year (Fig. 10), and on their
basis it cannot be shown whether a unidirectional tendency to runoff
changes exists.

To find out whether water runoff had been modified by farming, a graphical
analysis was performed. Curves of summed-up annual mean values for river
discharges were plotted not in relation to the time marked on the X-axis but in
relation to analogous sums for the Krzna river discharge at Malowa Gora, which
were recognized as reference values. In the diagram (Fig. 11), in which the
Tysmienica river is presented in two profiles, a change in the curve inclination
occurred in about 1967. This means that after that year the discharge ratio of
the Tysmienica and Krzna rivers changed. After 1967 the Tysmienica has been
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Fig. 9. Annual mean levels of groundwater at stations of IMiGW
(The Institute of Meteorology and Water Management)
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Fig. 10. Annual mean runoff of rivers
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carrying relatively more water than before. It cannot be determined from
the available data whether this results from the supply from the upper
Wieprz river, from which most waters are conveyed to the Tysmienica basin,
or whether a role is also played by increased runoff from its own basin due
to hydrotechnical action.
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Totals of annual mean discharge of the Krzna river at Malowe Géra

Fig. 11. Totals of annual mean discharge of the Tysmienica river at Tchorzew and Siemien
(1951-1990). In relation to totals of annual mean discharge of the Krzna river at Malowa Géra

Lake water levels have been observed for only a short time. Piaseczno
Lake has the longest observation series, from September 1971%. The diagram
of monthly water levels (Fig. 12) shows that there were two periods of high
levels — 1975-1976 and 1981-1982 — over 22 years. In the last decade, a
decrease in annual maxima and minima has been observed. The lowest level
recorded in 1992 was over 70 cm lower than the minima recorded in the
first observation period. Mean water level lowering was 0.35 cm/month in
the whole period, and since 1982 it has increased to 1.1 cm/month. The
results of both periods are statistically significant.

¢) Hydrographical changes can be recorded directly in the field. The first
studies in which attention was drawn to changes were carried out by the
end of the 40’s and the beginning of the 50’s (Wilgat 1950, 1954). Most

In the years 1971-1982 readings of water levels were performed by the state service. In the following years
observations were organized by the Department of Hydrography, Maria Curie-Sklodowska University, Lublin.
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attention was given to the decline of lakes. Many forms indicating shrinking
of the shore line have remained and their short-lived existence allows us
to conclude that the changes occurred relatively recently, largely by the end
of the 19th c¢. and at the beginning of the 20th c¢. The disappearance time
of some of them can be defined from few data in the literature (Roztworowski
1882) and interviews with people.

1
1972 1974 197 1970 1 0 1902 1904 o s " 1o e

years

Fig. 12. Water level of Piaseczno Lake

The Department of Hydrography, Maria Curie-Sklodowska University,
Lublin, has carried out field studies on a large scale since the 50’s. To obtain
an extensive knowledge of water conditions the method of hydrographical
survey according to the instruction of Polish geographers was used (Instruk-
cja... 1954, II ed. 1959, III ed. 1964). In 1964, a 1:100,000 hydrographical
map was made by T. Wilgat for a large part of the Lake Region. Censorship
did not allow its printing. The one proof-sheet saved is a document of the
region’s water conditions at that time preceding the changes connected with
the building and functioning of the Wieprz—Krzna canal (Fig. 13 and 14).
In the following years a hydrographical survey was repeated for large
fragments of the Lake Region (Wilgat et al. 1984; Michalczyk, Bartoszewski
et al. 1993). From successive maps presenting the state of the groundwater
table it results that from the early 60’s no change occurred in the course
of the main watershed of groundwaters and runoff directions, but the depth
of the water table and the range of wetlands changed. On comparing maps
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of the thickness of the aeration zone made in different periods, great caution
must be used because of the seasonal character of water phenomena.
Nonetheless, they allow us to determine that in the last 25 years the Lake
Region has undoubtedly been drained. Convincing proof has been given by
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Fig. 13. Hydrographical map — Leczna chart
1 — streams, 2 — ponds and lakes, maximum depths, 3 — wetlands,
4 — occurrence of dry karst dolines, 5§ — occurrence of wet karst dolines, ~
6 — depths of groundwater table occurrence

comparing the results of charting in the central part of the Region in autumn
1977 and July 1985. Despite a high level of groundwater in 1985 and that
close to the mean value in 1977, water table decreases in seven land fragments
and a considerable decrease in groundwater range were found. A precise
determination of undergroundwater table decrease in the Lake Region
conditions is impossible, therefore the numbers given in the literature: 1-2 m
(Rézycka et al. 1983), or 0.5-1.5 m (Chmielewski, Radwan 1993) cannot be
considered as referring to the whole region.
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Fig. 14. Situation of groundwater table — Leczna chart
1 — hydroisobaths, 2 — measured sunk wells; rock material on well bottom: a — sands and
gravels, b — silty sands, muds, ¢ — Cretaceous opokas and marls, d — other rocks not defined

CHANGES IN HYDROSPHERE QUALITY

In the area of the Leczna—Wlodawa Lake Region, waters of very different
concentrations of dissolved constituents occur: from hyperfresh (50-100 mg/l)
to fresh waters of the upper limit (=500 mg/l). Natural differentiation of
solute concentration in the lake or river catchments determines their liability
to anthropogenic transformations. The sensititvity to quality changes results
from the hydrogeological conditions and geochemical features of the
catchment. In some lake catchments a relative deficiency of carbonates
alkalizing the water habitat is found, whereas silica, aluminium compounds
and peat occur commonly. Sparingly-soluble minerals and rocks are the reason
that waters contain few macroelements, and in consequence have limited
resistance to degradation (Janiec 1987, 1993).
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TABLE 2. Hydrochemical characteristics of waters of selected lakes in the western part of the Leczna-Wlodawa Lake Region

Hardness Ions [mg/l] : Solute
Lake pH K load Hydrochemical type
Total  Carbo- Ca Mg Na+K HCO,3 Cl SO, (mg/1) -
nate
Piaseczno 7.53 0.58 0.32 8.4 1.9 9.2 19.5 7.1 221 65.0 71.0 SO,~HCO;-Ca-Na
Brzeziczno 5.30 0.43 0.20 5.0 2.2 6.9 12.2 6.7 16.3 46.0 50.0 SO0,-HCO;-Na—Ca
Lukietek 6.62 0.70 045 122 1.2 12.0 27.5 8.9 21.1 76.0 83.0 HCO3;-S0,-Cl-Ca-Na
Masluchowskie 7.97 0.64 0.57 8.0 2.9 18.0 34.8 12.4 24.5 93.0 1025 HCO4;-S0,~Cl-Na-Ca
Miejskie 7.56 0.83 078 124 2.6 13.6 47.6 15.6 9.6 940 103.0 HCO;-Cl-Ca-Na
Kleszczéw 7.50 0.80 065 12,0 24 4.0 39.7 71 6.2 74.0 81.0 HCO3;-Cl-Ca-Mg
Czarne
Goscienieckie 6.43 0.62 0.40 8.8 2.2 7.1 244 8.2 14.4 61.0 66.0 HCO;-SO,—Cl-Ca-Na
Global weighted mean
values of 7 lakes 0.61 0.38 8.7 2.0 9.9 23.2 8.0 20.8 69.0 76.0

:_speciﬁc conductivity of water at 10°C [uS/cm)]

hydrochemical types of waters were determined according to the classification proposed by Shtchukariev-Priklouskiy
(see: Macioszczyk, 1987, Hydrogeochemia, Wyd. Geol.).
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