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Following the data series of 62 years, it was determined that water balance of
Nevezis basin is characterized by negative water balance during May-September due to
higher evapotranspiration than average precipitation amount of the same period. It was
stated that the average annual flow coefficient of the whole 10th=hydrelogic region of
Lithuania was 0.3 till reclamation. It decreased to 0.28 during the period of intensive rec-
lamation, however, the average annual flow was 0.35 from 1980;.i€., it increased in
comparison with the period till reclamation. The average flow coefficient of warm period
was 0.10 till reclamation, and remained the same during the period of 1956-1980, while
the data of 1981-1995 show that the average flow_coefficient increased — 0.11.

Most of the regulated rivers are situated in the middle part of Lithuania. There are 422
rivers in the basin of Nevezis and 383 (or 91 %) of them are regulated (the total of 252 riv-
ers and 131 small streams) (Jablonskis et al.;»2007): The length of Nevezis is 209 km,
while the area of the basin is 6 146 km2, andthe discharge at mouth is 30 m3s-1 (Fig. 1).
While analyzing the change of Lithuanian river flow and its relationship with drainage in-
tensity, first, it was sought to assess the income and expenses of water of river basins. The
basin of Nevezis River is one of the most sensitive basin in Lithuania due to the lack of wa-
ter during summer and potential‘anthropogenic pollution — was selected for water balance
assessment. The basin of Nevezis belongs to the climatic sub-region of Central Lithuania,
which is characterized by warm spring and summer, as well as the lowest amount of pre-
cipitation in the republic..The.average annual air temperature is — 5.6-6.5 oC. 650-700 mm
precipitation falls in the basin of Nevezis River each year, and 70 % of it — during the warm
season (Kilkus and-Stonevicius 2011).

Fig. 1-Nevezis basin (Aplinkos
apsaugos..., 2008)
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The terrain of basin is uneven — the highest point is 184 m above sea level,
while the lowest — 20 m (at mouth), the average height of basin is 77 m, while the
average surface slope of basin is 0.027 m km-2. Approximately 90% of all agricul-
tural lands are drained in the basin of Nevezis River.

The data analysis in the present paper is based on the water balance method.
Hydrological and meteorological data of period of 1945 — 2007 period of Kaunas,
Dotnuva, Panevezys, Ukmerge and Raseiniai meteorological stations were followed.
The collected data were used as base, while analyzing the possible change of soil
moisture in the basin of Nevezis River. The balance of the whole basin was made,
according to the simplified equation:
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here AWn+1 - productive soil moisture at the end of the period, mm; AWn —produc-
tive soil moisture at the beginning of the period, mm; H — precipitation mm; N — flow
from the layer of soil, mm; ET- evapotranspiration, mm. Determined, according to
dependence, under Lithuanian climatic conditions:

ET =0,5).d +105 2)
here 2d — average amount of daily air humidity deficit during‘vegetation period, mb.

The calculations were made during vegetation ‘period (May — September). It was
assumed that at the beginning of vegetation, as,show has melt, the soil moisture
deficit is equal to zero, the soil moisture reserve'is equal to accumulative soil volume.
Dirse (2001) determined that the productive,reserve of soil moisture in Lithuanian
loamy soil is 100 mm. Flow to deeper soil layers was considered only in case, when
the productive reserve of soil moisture was equal or higher than 100 mm during the
vegetation period.

Following the data series of 62 years, it was determined that the average precipitation
amount during the vegetation peried is lower than the evapotranspiration of the same pe-
riod. The generalized patterns.of precipitation and evapotranspiration are shown in Figure
2. According to research of Zhi et al. (2009), land use change increased evapotranspira-
tion by 8.0%, while climate variability decreased it by 103.0%.
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The results of calculations of the water balance for the vegetation season during
May — September are presented in Figure 3. The calculated water balance shows
that the analyzed period is characterized by negative water balance. This demon-
strates that the total evapotranspiration in the basin of Nevezis is often higher than
the amount of precipitation.

After calculating the water balance, according to the moving averages of five
years, it was revealed that the vegetation periods, when water expenses exceed in-
come, dominate. The trend curves are clearly rising in the main part, which forms the
water balance — along Panevezys and Dotnuva, while the trend is less significant, but
still rising along Kaunas and Ukmerge. Finally, the trend remains neutral and water
balance is close to zero only in the western part of basin, along Raseiniai. In.sum-
mary, it might be stated that a negative water balance is typical for northern and cen-
tral zone of basin of Nevezis River, while the eastern and western.part of basin is
characterized by water balance, which is close to zero.

The areas of wet land in the region of basins of Nevezis River. make 70-90 % of
total area. The analysis of change of too wet lands and drained areas within 1960-
2007 years revealed that the drained areas made about 2% of total.area of wet lands
till 1960 (1.7 % of basin). What is more, 35 % of total area of wet lands (28% of basin
area) was drained till 1971, and 58 % of area of basin ofsNevezis River (Nevezis
along Panevezys - 68%) on average or 70 % of totalarea of all wet lands was
drained till 2000. Recently, the size of area of drained lands has been decreasing.
The area of more than 361.0 ha has been drained(in the basin of Nevezis, 354,118
ha from which was drained by drainage, while 7,470 — by ditches. Following the data
of 2007, the drained areas left for self-decaydmade 4,932 ha (0.8 %), while those,
drained by ditches, made 32 ha (0.01 %). It is quite complex to make a more accu-
rate assessment of change of Nevezis flow due to reclamation, since there is a lack
of observation data from the start of reclamation. According to available coefficients
of river flow of hydrologic region, it is knewn that during the period, when there were
not more than 1-3 % of drained areas in the basins of rivers, the annual flow coeffi-
cient in Dotnuvele (Dotnuva) was 0.29, and 0.10 during the period of June — October;
while in Nevezis (Panevezys).the coefficient was 0.31 and 0.11, respectively.

During the period of 1956-1975 (the years of most intensive land drainage) the
flow coefficient of Dotnuvele decreased — 0.25 (annual) and 0.05 (June — October),
while the flow coefficient of.\Nevezis River increased — 0.35 (annual) and 0.15 (June
— October). During the next 20 years the flow coefficient of Nevezis River increased
to 0.36 and 0.18,respectively. Observations were no longer implemented in Dotnu-
vele. During the pperiods of 1956-1980 and 1981-1995 the annual flow coefficient also
increased in.otherrivers of basin of Nemunas River — Juosta (Jackagalys) from 0.27
to 0.37, Nevezis\(Dasiunai) from 0.28 to 0.36, Smilga (Pasmilgys) — from 0.27 to
0.30. The«flow coefficient of warm period (June — October) also increased in Nevezis
(alongPanevezys and Dasiunai) from 0.15 to 0.18 and from 0.10 to 0.11. It remained
the same.in’'Juosta, and only the flow coefficient of Smilga decreased during June —
October from 0.09 to 0.06.

In summary, it might be stated that the average annual flow coefficient of the
whole 10th hydrologic region of Lithuania, which includes a major part of basin of
Nevezis, was 0.30 till reclamation. It decreased to 0.28 during the period of intensive
reclamation, however, the average annual flow was 0.35 from 1980, i.e., it increased
in comparison with the period till reclamation. The average flow coefficient of warm
period was 0.10 till reclamation, and remained the same during the period of 1956-
1980, while the data of 1981-1995 show that the average flow coefficient increased —
0.11. After assessing the meteorological conditions and soil water balance of basin
of Nevezis River, according to above analysis, it might be stated that the primary
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reason of water lack in the basin of Nevezis River is climatic conditions. Drainage
systems can hardly have a significant impact on wateriness of Nevezis River. A simi-
lar opinion is shared by Lukianas and Ruminaite (2009), who determined that more
intensive drainage shortens the duration of spring flood and discharges the same
water quantity within a shorter period, however, the annual duration of drainage flow
demonstrates a small contribution of drainage to the total flow of rivers. After deter-
mining the common trends it also might be stated in the water balance in the basin of
Nevezis River will be more negative in the future, since, according to research of Sta-
ras (2002), the changes in structure of water balance of basins of Lithuanian rivers in
21 century will be mostly determined by increase of precipitation amount (especially
during the warm period), expected in scenarios of climate change, and predicted in-
crease of air temperature. Therefore, precipitation will less accumulate in snow
cover, while the evapotranspiration will increase.
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Fig. 3 — Water Balance tendencies in the Basin of Nevezis

Conclusions

The'basin of rivers of Nevezis is characterized by negative water balance during
the warm period, i.e., water income (precipitation) is lower than water expenses
(evaporation). The common trends allow stating that the water balance in the basin
of Nevezis River will be even more negative in the future.

While summarizing the observation data of period of 1951-1995 of the whole
hydrologic region, it might be stated that as the number of drained areas increased,
the flow coefficients decreased during spring season (March — May), while the flow
coefficients of summer — autumn (June — October) increased.

The average annual flow coefficient was 0.30 till reclamation, it decreased to
0.28 during intensive reclamation. However, the average annual flow coefficient was
0.35 from 1980, i.e., it increased in comparison with the period till reclamation. The
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average flow coefficient of warm period was 0.10 till reclamation, and remained the
same during the period of 1956-1980, while the data of 1981-1995 show that the av-
erage flow coefficient increased — 0.11.
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Thermal energy facilities produce a peculiar kind of wastewater with high con-
centration of minerals. In order to improve the quality of waste wastewater it's neces-
sary to perform an analysis and develop recommendations on optimization of water
treatmentisystems based on the best available techniques.

BBegeHune

O6bekTbl TENSTOIHEPrETUKM NMEIOT XapaKTEPHO BbICOKMI yAEemNbHbIN pacxoq uc-
XO4HOW BOAbI N4 BbifyCcKa NPOAYKUMUK, a Takke crneundundeckme Buabl CTOYHbIX BOA,
00pasyoLnXCcs Ha pasnuyHbIX Npoleccax Npon3BoacTBa (BOAONOArOTOBKA, NpoayB-
Ka, NpoMbiBKa obopyaoBaHus U T.n.). [Ans oCyLecTBreHUss OCHOBHbIX MPOU3BOACT-
BEHHbIX NPOLIECCOB (MPOM3BOACTBO 3NIEKTPOIHEPrMM, Napa 1 ropsaven Boabl) 0O6bek-
Tbl TEMNSIO3HEPreTUKM UCMONb3YHT, B OCHOBHOM, BOLY M3 MOBEPXHOCTHbLIX BOOHbIX
00BLEKTOB, pexe - U3 NOA3EMHbIX UCTOYHMKOB. B cooTBETCTBMM C AaHHbIMK ["ocyaap-
CTBEHHOWN CTaTUCTUYECKOM OTYETHOCTM 06 MCnonb3oBaHUKM Bogbl No popme 1-Bofa
(MuHnpupoghbl) 3a 2014 rog Ha KpynHenwmnx obbekTax TennoaHepreTukn Obinn umc-
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