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Lake Zuvintas located in southern Lithuania in the basin of the Doviné river, is one of the biggest
lakes and oldest nature reserves of the country. However, changes in the hydrology of the Doviné
river basin, caused by a large-scale melioration and water management works carried out in the
20th century, have resulted in a significant decrease of the biodiversity of Lake Zuvintas and the
surrounding wetlands. To prevent the ongoing deterioration of Lake Zuvintas and adjacent wet-
lands, solutions have to be found at the basin level. Therefore, two scenarios to evaluate the impact
of the removal of sluice-gates built on the Doviné and Amalvé rivers have been analysed to get an
insight into the impact of water regime changes in the Zuvintas, Simnas, Dusia and Amalvas lakes
and adjacent wetlands. For such scenarios, the method of mathematical modeling employing the
SIMGRO model was used.

The results have shown that the entire restoration of water dynamics and flow pattern of the
Doviné river to its original state is impossible. The Doviné river has been modified to such a de-
gree that the changes are hardly reversible. When striving for at least partial flow naturalization,

reconstruction of the existing sluice-gates is necessary.
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INTRODUCTION

The objectives of the EU Water Policy as described in the
Water Framework Directive (2000/60/EC) identify a need
for a greater integration among the factors such as water
quantity, quality, water use and environmental protection.
The Directive is to be implemented using river basins as
the basic unit. One implication with respect to water man-
agement is that there should be an objective to maintain
flow regimes as close to natural as feasible. Wetlands, due
to their influence on controlling peak flows and droughts
as well as on removing pollutants and recycling nutrients
and accumulating sediment, can play an important role
in governing the processes in terrestrial and aquatic en-
vironments (Bragg et al., 2003). Therefore, naturalization
of the flow regime as well as restoration of wetlands have
received increased attention in river basin management
in recent years (Dunn, Ferrier, 1999; Zhang, Mitsch, 2005;
Mitsch, Day, 2006; Mitsch et al.,, 2002; White, Fennessy,
2004; Adrian et al., 2006).

Spatially distributed hydrological models have become
useful tools to support the design and evaluation of river
basin management. The dynamics of flow between un-
confined aquifer systems and interconnected streams are
explored using coupled stream-aquifer interaction mod-
els that are capable of accounting for the interdependence
of groundwater and surface water functioning (Bradley,
2002; Thompson et al., 2004).

* Corresponding author.

The Doviné river basin has been an exclusive area be-
cause it holds one of the most important and meanwhile
most threatened lakes of Lithuania, the Zuvintas. The lake
is one of the biggest lakes and oldest nature reserves of
Lithuania. In geo-morphological terms, the lake is unique
and there is no other lake of this kind in Lithuania. Next to
Lake Zuvintas, also other areas located in the Doviné river
basin are proposed to be designated as Natura 2000 sites,
either under the Birds Directive or under the Habitats
Directive.

The basic impediment to find a solution for the ongo-
ing deterioration of Lake Zuvintas and adjacent wetlands
has been the lack of regarding the lake as an integrated
part of the Doviné river basin and to acknowledge that
solutions for Lake Zuvintas have to be found at the basin
level. Therefore, the general objective of the research was
to evaluate the impact of the removal of sluice-gates con-
structed in the early 80s of the last century, on the water
regime in the Doviné river. The paper is mainly focused
on simulation scenarios using the SIMGRO model. The
model is physically based and therefore suitable to be
used in situations with changing hydrological conditions
(Querner et al., 2004).

SITE DESCRIPTION

The Doviné river basin covers an area of 588.7 km?* and
is located in the southern part of Lithuania (Fig. 1). The
basin is the right tributary of the Sesupé river and consists
of a network of rivers and water bodies formed by five big
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Fig. 1. Location of the Doviné river basin

lakes (Dusia 23.3 km?, Zuvintas 9.3 km?, Simnas 2.4 km?,
Giluitis 2.4 km? and Amalvas 1.9 km?) and a number of
rivulets and small ponds. All the lakes, except Giluitis, are
through-flowing lakes. Most of the areas in the basin are
productive agricultural lands. The forest cover is scarce,
i. e. approximately 9% of the area. About 16% is taken
by pasture and meadows, 46% is arable, 14% is natural
wetlands (including sparse forest) and 3% is urbanized
area. All areas in the Doviné river basin are hydrologi-
cally linked, and measures taken in one part of the basin
impact the situation in its other parts.

The relief of the northern part of the Doviné river ba-
sin is rather flat (80-100 m a.m. s.1.) and holds various
glacial lakes. In the southern direction it changes into low
glacial hilly landscape (100-190 m a.m. s.l.). The domi-
nant soils are Haplic Luvisols covering one third of the
basin, while Gleyic Luvisols cover more than 20% of the
territory. The soils are mainly developed on sandy loam
(27.9%), peat (26.5%) and on sandy clay loam (20.7%).
Sandy loam soils prevail in the hilly southern part of the
basin, while light clay loam and peat soils dominate with-
in the Zuvintas Biosphere Reserve.

The predominantly fertile soils in the Doviné river ba-
sin stimulated the extension of agriculture. In the second
half of the 20th century, the water regime of the river and
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its basin was significantly altered. Sluice-gates were built
at the outlets of the Dusia, Simnas, Amalvas and Zuvintas
lakes to accumulate spring runoff. After the arrangement
of sluices the average water level in the lakes increased
by 0.43,0.83,0.20 and 0.31 m, respectively. Fishing ponds
along with a dam in the area between the Dusia and
Simnas lakes were established and a small hydro-power
station was built in the lower reaches of the basin. At the
same time large-scale amelioration activity was executed:
the northern and southern parts of the Amalvas wetland
were drained and long sections of the Doviné water-
course were canalized. The Amalvas winter polder was
arranged in the north-eastern and northern outskirts of
the Amalvas wetland. Due to intensive drainage activity,
about 36% of the Lake Zuvintas basin area was amelio-
rated.

DATA AND METHODS

Modelling methodology

Such a complex system as the Doviné river basin re-
quires the use of a combined groundwater and surface
water model to predict the effect of measures. Therefore,
the SIMGRO model was used. SIMGRO (SIMulation of
GROundwater and surface water levels) is a distributed
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parameter model that simulates regional transient satu-
rated groundwater flow, unsaturated flow, actual eva-
potranspiration, sprinkler irrigation, stream flow, ground-
water and surface water levels as a response to rainfall,
reference evapotranspiration, and groundwater abstrac-
tion (Kupper et al., 2002; van Walsum et al., 2004).

To model a regional groundwater flow in SIMGRO,
the system has to be schematized geographically, both
horizontally and vertically (Fig. 2). The horizontal sche-
matization allows assessing the input of different land
uses and soils per subregion in order to model spatial dif-
ferences in evapotranspiration and moisture content in
the unsaturated zone. The finite element procedure is ap-
plied to approach the flow equation which describes tran-
sient groundwater flow in the saturated zone. A transmis-
sivity is allocated to each nodal point to account for the
regional hydrogeology. A number of nodal points make
up a subregion. The unsaturated zone is represented by
two reservoirs, the other for the root zone and one for the
underlying soil. Evapotranspiration is a function of the
crop and moisture content in the root zone. The measured
values for net precipitation, potential evapotranspiration
for a reference crop (grass) and woodland are input data
for the model. The potential evapotranspiration for other
crop or vegetation types is derived in the model from the
values for the reference crop by converting with known
crop factors.

In the SIMGRO model, the surface water system is a
network of reservoirs. The inflow of one reservoir may
be the discharge of the various watercourses and ditches.
The outflow from one reservoir is the inflow to the next
reservoir. For each reservoir, input data are required on a
‘stage versus storage’ relation and a ‘stage versus discharge’
relation.

In the model, four drainage subsystems are used
to simulate the drainage. It is assumed that three of the
subsystems - ditches, tertiary watercourses and second-
ary watercourses — are distributed evenly over a finite
element or a subregion. These three subsystems are pri-
marily involved in the interaction between surface water
and groundwater. The interaction between surface and

groundwater is calculated for each drainage subsystem
using data on drainage resistance and the difference be-
tween the groundwater and surface water levels.

Input data and schematization

A SIMGRO model application scheme was built for the
entire Doviné river basin with a size of approx. 600 km?.
The groundwater system was schematized by means of
a finite element network. The network comprised 4370
nodes spaced about 400 m apart. The peat layer of the
Amalvas and Zuvintas bogs was considered as an aqui-
tard ranging in thickness within 2-4 m. The resistance
of this peat layer is in the order of 400 days. The aqui-
fer below is 40-80 m thick and its transmissivity is about
20-65 m? day™". For modelling the surface water, the ba-
sin was subdivided into 460 sub-basins. The schemati-
zation of the surface water further included sluice-gates
and the pumping station for the Amalvas polder. For the
modelling of spatially distributed features in the Doviné
river basin, the available digital data on topography (scale
1:10000) along with the boundaries of the river basin
and sub-basins, land use, soil type, geological layers and
hydro-geological parameters, hydrographic network and
positions of hydraulic structures were used.

Daily data on surface water level in the Dusia and
Zuvintas lakes were available for the period 1945-2005
and 1967-2005, respectively. Unfortunately, no measure-
ments of temporal variability of groundwater level at any
site in the basin were available. Only 38 wells, measured
in August and September 2004, provided useful informa-
tion on the spatial distribution of groundwater tables. Data
on daily precipitation and average daily air temperature
were taken from the Lazdijai meteorological station situ-
ated 10 km south-west from Lake Dusia. The maximum
and minimum values of daily air temperature and the data
on average wind velocity for the calculation of potential
evapotranspiration were additionally collected. It was as-
sumed that the daily amount of precipitation and air tem-
peratures are distributed evenly over the entire basin.

Continuous daily discharges in the Bambena river
were measured at the Azuoliniai measurement station
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installed 1.6 km upstream Lake Zuvintas for the period
January-December 2005; 22 single extra measurements
of discharges were also carried out in August 2004 to ver-
ify the model (Kilkus, 2004).

Model calibration and verification

The SIMGRO model was calibrated with the available
meteorological information and water levels measured in
the Dusia and Zuvintas lakes for the period 1996-2002.
Analysis of residual errors was used to evaluate the mod-
el’s performance by characterizing systematic under- and
over-predictions.

Model verification was performed using information
collected for the period 2003 through 2005. The ground-
water levels as well as surface water level dynamics in the
lakes during the period were statistically analysed after-
wards. The verification also included analysis of simulat-
ed and measured daily discharge patterns in the Bambena
river for the year 2005.

A comparison of measured and simulated discharges,
groundwater levels and lake water levels revealed that
there were differences. However, in spite of some inaccu-
racies that could be also related to the errors in the meas-
ured data, the SIMGRO model showed to be a useful tool
to predict groundwater movement and its interactions
with surface water in the Doviné river basin. More de-
tailed results of evaluation of the model performance un-
der calibration and verification procedures are presented
by Povilaitis and Querner (2006).

Simulation scenarios

The anticipated water management measures concern
the entire Doviné basin, the lakes and the Amalvas and
Zuvintas wetland complexes. The Doviné river runoff re-
gime should be made more natural.

Therefore, two scenarios (Table 1) have been analysed
to get an insight into the impact of changes of the river re-
gime on the water levels in the Zuvintas, Amalvas, Simnas
and Dusia lakes and adjacent wetlands. Simulations with
the model were carried out on a daily time step for the pe-
riod 1994-2005, thus simulating the surface and ground-
water levels according to the changing meteorological
conditions. Depending on what changes may occur due
to certain pressures on the environment, the chosen sce-
narios simulated a “what if..” situation.

RESULTS

Present situation (scenario 0)

This scenario reflects the present water management
practices in the Doviné river basin as well as their im-
pact on surface water and groundwater characteristics.
Scenario 0 was the reference for the other scenarios. It

Table. Scenarios simulated with the SIMGRO model
Scenario |

Description (main features)

0 Present situation used as reference

1 Removal of sluice-gates

) Restoration of the outflow through the old Bambena
river meander

gave the possibility to assess the impact of different wa-
ter management practices on water regime in the Doviné
river basin.

Simulation results have shown that under the present
conditions the average groundwater level in summer oc-
curs 0.10 m to more than 10.0 m below the ground sur-
face. In winter, the average highest water level at different
sites within the basin fluctuates from 0 to more than 7.0
m. Groundwater level in the complex of the Zuvintas and
Amalvas wetlands is much higher than in the surround-
ing areas.

Removal of sluice-gates (scenario 1)

This scenario reflects changes in the hydrological regime
of the Doviné river basin after the removal of sluice-gates.
The removal of sluices means free water release through
the gates.

Results of this scenario revealed that the removal of
sluice-gates could significantly decrease water level in the
lakes (Fig. 3) — on the average by 50 cm in Lake Dusia,
by 140 cm in Simnas Lake, by 120 cm in Amalvas Lake
and by 112 cm in Lake Zuvintas. The water level in Lake
Zuvintas would drop down below its critical level - 86.32
m a.m.s. . The critical water level was based upon the
attitude of outcropped mire areas in the lake during
the highest subsidence. The most sensitive part of Lake
Zuvintas, from this standpoint, appeared to be in the
south-western edge near the outlets of the Bambena and
the Rudé rivers.

Consequently, the area of surfacing shallow in Lake
Zuvintas would increase. Besides, the groundwater level
can decrease by 2-80 cm in the complex of wetlands sur-
rounding the lake (Fig.4). The removal of sluice-gates can
negatively influence Lake Amalvas as well. The south-
western part of this lake would dry up significantly. The
groundwater level in the wetlands surrounding Lake
Amalvas can decrease by 50 cm on average compared to
the reference scenario.

The removal of sluice-gates would be followed by a
4% reduction in water storage capacity in Lake Dusia and
by 30-35% in lakes Amalvas, Zuvintas and Simnas. This
would shorten water residence time by one year in Lake
Dusia and by 22 days in the other lakes. Consequently, the
lakes would benefit from the reduced sediment retention
capacity and increased processes of sediment flushout.
Furthermore, changes in water level regime in the lakes
would occur. 2.4 times higher fluctuations of water level
(according to the coeflicient of variation) in Lake Amalvas
are expected. Water level fluctuations in lakes Zuvintas,
Simnas, and Dusia would increase by 30, 55 and 22%, re-
spectively (Fig. 3). The post-damming would condition
the changed river flow pattern. By 10-30% higher daily
peak outflows from Lake Dusia can be observed. The av-
erage outflow during the driest 30-day period would in-
crease twice. Therefore, this would increase the inflow to
the downstream located lakes Simnas and Zuvintas. The
average daily inflow to Zuvintas is expected to increase
by 12%, while the peak ones by 30% in comparison to the
dammed conditions. The same tendencies as for inflows
would appear also in the dynamics of outflows.
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Fig. 3. Changes in water level dynamics in lakes Amalvas (a), Zuvintas (b), Simnas (c) and Dusia (d) after the removal of sluice-gates
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Restoration of the outflow through the old Bambena
river meander (scenario 2)
According to the water management project implement-
ed in 1972, the hydrological regime in Lake Simnas was
changed while installing sluice-gates and a dike at the out-
let. Outflow from the lake was diverted to an artificial 700
m long new watercourse (Fig. 5). Consequently, a natural
890 m long strip of the Bambena river was abandoned.
While analysing the possibilities to reinstate the out-
flow from Lake Simnas through the old Bambena river
meander, a similar simulation procedure as in scenario
1 was used. The main point of this numerical experi-
ment was that according to the longitudinal profile and
cross-sections of the old Bambena river meander, which
were defined before the construction of the sluice-gates
(Zuvinto rezervatas, 1961), the outflow conditions and
the change of water levels in the lake were “restored”
Consequently, the outflow from Lake Simnas proceeded
£ s only through the old Bambena meander. Short-term data
on water level fluctuations in pre-dammed Lake Simnas,
measured for the period from June 1960 to April 1961,
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Fig. 5. The network of watercourses downstream Lake Simnas were used to calibrate the model.
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Fig. 7. Average decrease in groundwater level around Lake Simnas in winter (a) and summer (b) seasons (comparison between “regulated” and

“restored” outflow scenarios)

The simulation results have shown that after the resto-
ration of the outflow through the old Bambena river me-
ander, water level in Lake Simnas would lower by 0.77 m
on average (Fig. 6). The restoration would be followed by
a threefold increase in water level fluctuations. Changes
in surface water dynamics would induce changes of
groundwater level in the surrounding areas as well. The
decrease of groundwater level around Lake Simnas under
“restored outflow” conditions is shown in Fig. 7.

During wet periods, the groundwater level would de-
cline mostly in the areas situated to the south-west from
Lake Simnas. There the decrease (in comparison with the
present situation) would make 60-80 cm (Fig. 7a). In the
eastern part of the shores of Lake Simnas groundwater
table would decline by 15-30 cm. Such decline would im-
pact the areas situated at a distance of 300 m from the
lake. During dry periods, the groundwater level can de-
cline most (by 80 to 100 cm) in the area between lakes
Simnas and Giluitis (Fig. 7b).

DISCUSSION AND CONCLUSIONS

Dams exert major impacts on river hydrology, primarily
through changes in the timing, magnitude, and frequency
of low and high flows, ultimately producing a hydrologic
regime differing from the pre-impoundment natural flow
regime (Magilligan, Nislow, 2005). Restoration of an un-
regulated flow regime has been cited as a necessary, and
often sufficient, condition for restoration of the ecosystem
(Bednarek, 2001). However, many of the physical changes
are irreversible and have to be taken for granted when as-
sessing the quality status of the river (Doyle et al., 2005).
This necessitates the use of combined groundwater and
surface water models to evaluate the effect of the changes.
Simulations by the SIMGRO model revealed that for
the case of the Doviné river basin the removal of sluice-
gates would be followed by 1.2-2.4 times higher fluc-
tuations of water level in the lakes in comparison with
dammed conditions. The removal would result in a re-
duced sediment retention capacity followed by a short-
ened water residence time. The deepening and widen-

ing of pre-damming outlets while installing sluice-gates
changed the outflow conditions. Therefore, the flow
pattern in the river would change significantly during
spring floods and drought periods. Daily maximum out-
flows from the lakes higher by 10-30% can be expected.
At the same time, the average outflow during the driest
30-day period would increase twice. However, restoring
the water dynamics and flow pattern of the Doviné river
to its original state by removing sluice-gates appeared
to be hardly possible. The removal of sluices would re-
sult in an undesirable water level decrease in the lakes.
Consequently, the entire naturalization of the hydrologi-
cal regime in Lake Zuvintas is impossible. Such measure
would destroy the lake.

Some measures to improve the hydrological situ-
ation along the Doviné river, however, are possible.
Reinstatement of historical outflow conditions through
the old Bambena river meander downstream Lake Simnas
could be an effective measure when trying to achieve en-
tire naturalization of water level regime in the lake. This
measure would activate the retention of biogenic sub-
stances (phosphorus in particular) and sediment in the
floodplain. The restoration would increase threefold wa-
ter level fluctuations in Lake Simnas, consequently, the
outflow discharges would assume features characteristic
of natural rivers. However, water level in the lake would
decline by 77 cm on the average. This would lead to a
decrease of groundwater level in the surrounding areas
(within the radius of 500 m) by 0.15 to 1.0 m. Such a de-
crease can significantly worsen the ecological conditions
in and around Lake Simnas.

Therefore, the damming in the lakes remains neces-
sary in order to prevent the drying out of the lakes and to
avoid the undesirable lowering of the groundwater table
in adjacent wetlands. This indicates that the Doviné river
has been modified to such a degree that the changes are
hardly reversible. When striving for at least a partial flow
naturalization, reconstruction of the sluice-gates is neces-
sary. As an effective measure, replacement of the sluice-
gates by overflow type spill-weirs of a complex shape can
be considered.
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GALIMI HIDROLOGINIO REZIMO POKYCIAI DOVINES
UPEJE PASALINUS SLIUZUS-REGULIATORIUS

Santrauka

Dovinés upés hidrologinis rezimas pagal 1972-1974 m. igy-
vendintg projekta tiesiogiai reguliuojamas Se$iose vietose. Tam
tikruose upés ruozuose pastatyti skirtingo dydzio ir vandens
pralaidumo sliuzai-reguliatoriai, sudarantys patvanka Dusios,
Simno, Zuvinto ir Amalvo ezeruose. Darbe analizuojami galimi
hidrologinio rezimo pokyciai Dovinés upéje panaikinus $liu-
zus-reguliatorius. Tam tikslui panaudotas matematinio mode-
liavimo metodas pritaikant SIMGRO modelj.

Tyrimo rezultatai parodé, kad dél sliuzy-reguliatoriy panai-
kinimo zenkliai pazeméty vandens lygiai ezeruose. Tokia prie-
moné sunaikinty Zuvinto eZera ir neigiamai paveikty vandens
rezima Zuvinto-Amalvo pelkiy komplekse.

Istakos Bambenos upés senvage zemiau Simno ezero atka-
rimas buty efektyvi priemoné siekiant nataralizuoti vandens
lygiy rezima Simno ezere ir biogeniniy medziagy sulaikyma pa-
ezerés salpoje. Deja, §i priemoné salygoty pozeminio vandens
lygio pazeméjima iki 1 m aplinkinése teritorijose.

Gauti rezultatai rodo, kad vandens rezimas Dovinés upéje
yra labai pakeistas. Vien $liuzy-reguliatoriy panaikinimu jo vi-
siskai nattralizuoti negalima. Siekiant bent dalinio vandens re-
Zimo nataralizavimo butina rekonstruoti sliuzus-reguliatorius.

Raktazodziai: Dovinés upé, Zuvinto eZzeras, SIMGRO mo-
delis, hidrologinis rezimas, pelkés



