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Abstract. The hydroelectric power plants (HPP) are a valuable source of renewable energy; however they nega-
tively impact the environmental conditions in the river. The paper presents investigation of the ways to coordi-
nate these problems. The mathematical-hydraulic modeling is used to investigate sedimentation process in the 
riverbed and in the flooded valley. The sedimentation and sediment retention in the valleys is more intensive, 
when the HPP dams are not high (H≤ 4 m) and their ponds do not overflow into floodplains. The great sediment 
retention was estimated during the 1 % probability flood of 1958 (8000t/year) in the investigated interval of the 
river Virvyte. Having arranged 3 ponds in this reach, sediment retention decreased by about 50 %, as the height 
of Kap÷nai HPP dam was too big. The sedimentation during the years of various water heights in this river inter-
val has been 500-2000 t/year, i.e. quite heavy. Grass in the flooded meadows entrap the sediments and decrease 
the water contamination below dam. 
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1. Introduction 
 

The hydroelectric power plants (HPP), which are 
built on the rivers, appear to be the source of renewable 
energy, and this makes them valuable. However, they 
worsen the water self-purification and change the living 
conditions of water flora and fauna (Bruno 2009; Lo-
pardo and Seone 2004). Creation of new equilibrium 
mostly is time consuming or even impossible process. 
Therefore, the coordination of environmental and hydro 
energetical needs is necessary. The presented work aims 
to investigate the ways of this coordination. 

The processes of the water quality development and 
sediment transport in ponds and in natural rivers are quite 
different. In this work mathematical-hydraulic modeling 
of sediment deposition in the valleys of small rivers over-
flowed during the floods is used to study these processes. 
The influence of ponds with different dam heights is also 
investigated. The investigations were conducted in the 12 
km interval of the river Virvyte with 3 HPP: Skleipiai, 
Kap÷nai and Kairiškiai (Fig.1). The selection of the inter-
val was based on the availability of riverbed measure-
ments necessary for modeling. 

When the pond does not overflow into the valleys, 
the floodplain meadows are inundated only during the 
floods. Then the sediments washed from fields settle in-
tensively in   the grasses, and   water   quality is improved  

 
 
greatly, as the particles washed from agricultural land are 
deposited (Habersack et al. 2008; Jankowska-Huflejet 
2006; Lukianas et al. 2006). When the dams are high, a 
part of floodplains is always flooded, and not grassed, 
and then the sediment deposition decreases. Conse-
quently, high dams worsen the water quality in the rivers. 

An especially developed mathematical model is em-
ployed for modeling of sediment deposition in flooded 
meadows (Rimkus et al. 2007). The already known mod-
els (MIKE 11 or MIKE 21) cannot be applied, as they 
calculate only movement of sandy particles and are not 
suitable for grass-covered areas, where the suspended 
sediment deposition is several times greater. 

Deep ponds have unfavorable conditions for water 
quality due to intensive growing of algae and small vege-
tation. The decayed fine vegetation becomes water pol-
lutants. The velocities increased during the daylong 
power regulation can lift the silt, which deposited on the 
bottom. The silt, washed by increased water discharges, 
passes down. Oxidation of this material reduces the 
amount of dissolved oxygen in a long strip of the river. 
This process in Lithuanian rivers has been already dis-
cussed (Vaidelien÷ et al. 2008; Ždankus 2008; Ždankus et 
al. 2000, 2005, 2008; Sabas 2005).  
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Fig 1. HPP cascade on the river Virvyte 

Most ponds of the river Virvyte fill up the riverbed 
only; few of them overflow some into the valley. In the 
modeled interval, Kap÷nai HPP pond occupies 30 ha of 
the floodplain. In the 50-year interval, the area of 60-70 
ha has been flooded most frequently. Therefore, in this 
interval sedimentation naturally decreases in half. The 
average sediment deposition in the valley near the river-
bed is found equal to 2-3 t/year. Investigations have es-
tablished such quantity in the flooded valley of the river 
Nev÷žis too. 

The article discusses the results of the above men-
tioned mathematical-hydraulic modeling. 
 

2. Method of investigations 

The already made and verified mathematical-
hydraulic model (Rimkus et al. 2007; Rimkus and Vaika-
sas, 1999a, b) is employed for investigation of sediment 
deposition in the river Virvyte. The other known com-

mercial models are created for sandy river bottom, where 
the sediment deposition is several times lower than that in 
the grassed areas. That has been confirmed by natural 
sedimentation investigations in the Nemunas delta valley 
(Rimkus and Vaikasas 2010; Vaikasas and Dumbrauskas 
2010). Therefore, the special investigations of sediment 
deposition have been performed during the floods in the 
Nemunas delta and in the flooded meadows of the river 
Nev÷žis. Consequently, the following formula is created 
(Rimkus 2009; Rimkus et al, 2007): 
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where D - sediment deposition rate per unit of the bottom 
area, kcor- correction coefficient estimating the state of 
grasses, w –velocity of sediment particles’ fall, C  - 
depth-average suspended sediment concentration, Ca - 
sediment concentration at the surface of grass layer, α = 
3.3 hgr, hgr- thickness of grass layer, h - water depth, νy- 
flow velocity at the distance y from the bottom, β = 0.6, k 
= 0.4 - Van Karman number. 

Some difficulties occur in choosing the formula for 
sediment deposition calculations in the river Virvyte. 
Most of the known formulas have been created according 
to the laboratory investigations of sandy sediments. 
Therefore, they are not valid for clay and silt particles. 
The classical Zamarin’s formula created for fine and 
coarse particles has been chosen: 

w
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022,0= ,   (4) 

where Ctr- transportable sediment concentration, ν - aver-
age flow velocity, R - Hydraulic radius, i- kinetic energy 
gradient, w0 = 0.002 when w < 0.002 m/s (for silt and 
clay) w0 = w when w ≥ 0.002 m/s (for sand). 

Calculation of suspended sediment deposition re-
quires estimation of the distribution of stream velocities. 
The one-dimensional calculation methods are used for 
this purpose most often (MIKE 11). However, they esti-
mate only average flow velocity and total sediment dis-
charge. To estimate the sediment distribution across the 
valley, the river flow is divided into the strips with equal 
water discharges, for which the one-dimensional formulas 
are employed. Consequently, the model becomes quasi 
two-dimensional and, therefore, it can give more exact 
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results. Employment of real 2D models is being very dif-
ficult, as for complicated valley relief, the necessary large 
number (several millions) of net points and time consum-
ing calculations. The work with such models is not opera-
tive (particularly when the flow discharge is variable). 
Therefore, specially developed quasi two-dimensional 
model has been used in this work. This enables to calcu-
late the sediment deposition in many-year period, and to 
estimate more thoroughly the influence of HES ponds on 
the river water quality. 

During the floods the suspended sediment concen-
tration data is taken at the hydrometric post in Smalin-
inkai. Investigations are performed with 4 sediment frac-

tions with particle diameters of 0.001, 0.002, 0.005 and 
0.01 mm. 

 
3. Results and discussion 
 

The sediment deposition in the flooded meadows of 
valleys reduces the water contamination, if the weir of 
HPP is not too high and the valleys are flooded only dur-
ing the sufficiently high floods. For Skleipiai and Kairiš-
kiai ponds the riverbed is sufficient, however, the pond of 
Kap÷nai overflows some part of the valley meadows. 
Therefore, the calculations show considerable decrease of 
sediment deposition there, which is especially large, 
when the water discharge is low. It is shown in Fig.2.  
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Fig 2. Dependences of the amount of deposited sediments in the investigated interval of the river Virvyte valley on the dis-
charge of floods: thin lines – no dams, thick lines – with all 3 HES dams, dotted lines – only with dam of Kairiškiai HES. Di-
ameters of sediment fraction particles: 1 – 0.001, 2 – 0.002, 3 – 0.005, 4 – 0.01 mm 

 
Three investigated cases of the river ponds are pre-

sented in Fig.2. Thin lines show the sediment deposition 
in the case of pristine river, when there are no ponds. 
Thick lines indicate the variant with all three ponds, when 
the sediment deposition decreases intensively. During 
high floods sedimentation decreases almost to half, and 
during the small ones – even several times. The dotted 
lines indicate the variant, when only the Kairiškiai pond 
is constructed. In this case the sedimentation is practically 
the same or even a little greater than that in not ponded 
river, as even low dam ponds give some raise to the flood 
water level. 

In the flooded meadows the sedimentation increases 
quickly with the growing water discharge, as the inun-
dated area of valley increases also. Deposition of coarse 
particles is much more intensive than that of fine ones, as 
their falling velocity is also much higher. 

Fig 3 presents the calculation of the amount of sedi-
ment deposition as part of the sediments transported by 
the river. The deposited part is quite large. When the dis-
charges are high, the sediment deposition increases less 
intensively, than that of the ones brought by the river, 
therefore, relative deposition decreases. The Kap÷nai 
pond decreases the sediment deposition more intensively, 
when lower flood discharges flow, as this pond includes 
the part of valley, which would be grassed during the low 
floods. 

In Fig.4 the longitudinal profile of the investigated 
interval during the floods with the discharges equal to 20, 
50, 100 and 150 m3/s is plotted. These floods pond the 
water level below the HES, and some decrease the power 
of the turbines. In the pond Kap÷nai, this has the great 
area of cross-sections near the dam, the water level in-
creases along the river less than in the other two ponds. 
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Therefore, the stream velocities in the ponds of Skleipiai 
and Kairiškiai are higher, and the water level increases 
along the flow more intensively. It leads to the increased 

inundated area of the valley, and the sediment deposition 
there. As a result, the meadows are more fertilized and 
the water quality is improved. 
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Fig 3. Intensity of sediment, brought by the river, deposition in the inundated valley (in percent): thin lines – no dams, thick 
lines – with all 3 HES dams, dotted lines – only with dam in Kairiškiai HES. Diameters of sediment fraction particles: 1 – 
0.001, 2 – 0.002, 3 – 0.005, 4 – 0.01 mm. 

 
During the high floods the sediment deposition in 

the meadows of the Virvyte is more intensive; however, 
such floods are rare. Lower flood discharges occur more 
frequently; therefore, the significant part of sediments is 
deposited then. For estimation of the influence of chang-
ing floods, the calculations have been performed for long-
term period. The results are shown in figure 5. The sedi-
ment deposition during a flood depends on its size. The 
most intensive deposition was during the high and long-
time flood with 1 % probability in 1958. In the years 
when the floods were low and did not overflow in the 

valley, there was no sediment deposition. The ponds, 
arranged in the investigated river interval, decrease the 
sediment deposition by about 50 % due to too high dam 
of Kap÷nai HPP. The sediment deposition in the flood-
plains is quite large. Such amounts of sediments in the 
unit of valley area have also been found by field investi-
gations. The grasses in flooded meadows really entrap the 
sediments and help the self-cleaning of rivers. Therefore, 
the decrease of grassed areas worsens this natural proc-
ess. 
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Fig 4. Longitudinal profile of the investigated interval of the river Virvyte. Water levels of floods with water discharges: 1 – 20 
m3/sec, 2 – 50 m3/sec, 3 - 100 m3/sec, 4 - 150 m3/sec. HES dams: A  - Skleipiai, B – Kap÷nai, C – Kairiškiai 
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Fig 5. Amounts of settled sediments during the many-year period in the interval of the river Virvyte with the ponds of Skleipiai, 
Kap÷nai and Kairiškiai: 1 – no ponds, 2 – there are all 3 ponds 
 
The high dams in small rivers are not desirable in 

ecological aspect and can be necessary only for energetic 
needs, for example for the daylong regulation of power or 
for water energy accumulation. For this aim, the erection 
of one somewhat larger pond in the upper station of the 
cascade would be useful, which could regulate the water 
discharge for the lower existing plants. That would better 
meet the demand of local power exchange, and all the 
necessary pike energy could not be transported from the 
system. It would reduce the energy losses in the electrical 
network.  

On the river Virvyte 10 HPP are built and grouped 
in two cascades. In the lower one, the upper station (Su-
končiai) has the pond sufficient for daylong power regu-
lation. However, at present it is impossible, as all stations 
of the cascade have only 1-2 propeller type turbines. 
They can operate only at their maximum power; other-
wise, their efficiency coefficient would be too low. Hav-
ing worked the pond down to the permissible level, the 
HPP is stopped, and the sanitary discharge is passed, until 
the pond is filled again. Such intensively fluctuating re-
gime is very unfavorable for environment. The living fish 
decreases in amount. 

It is necessary to change or install at least one Kap-
lan type turbine in the each station with optimally chosen 
power and real power regulation. When the power sta-
tions on the river Virvyte were designed, the necessity to 

install better turbines was not foreseen, as the summary 
power of all river stations was small in comparison with 
the power of the whole system. Therefore, the regulation 
of small HE power was not considered to be very impor-
tant. Also, no attention was paid to the possible ecologi-
cal damage.  

The installation of Kaplan type turbines buys off 
economically during some time, as it is not necessary to 
pass uselessly the sanitary discharge, when the utilized 
volume of pond is refilled. Possession of regulated power 
turbines allows to use the almost whole river water dis-
charges except the surplus flowing during the floods. In 
addition, it is possible to produce higher value energy, 
adapted to the usage exchanges. In this way the ecologic 
and energetic demands can be coordinated. 

As the dams on the river Virvyt÷ are not high, the 
stream velocities in the ponds during the floods are suffi-
ciently high. Therefore, they are not silted by deposition 
of silt and clay particles. Only the coarse particles 
brought from the fields settle there. That was established 
by taking ground samples from the bottom. Intensity of 
the deposition depends on the velocities developed during 
the floods. For investigation of this process, the sediment 
deposition during the time period from 1950 till 1992 was 
calculated. The results, i.e. the average sediment deposi-
tion in one year, are plotted in Fig 6. 
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Fig 6. Deposition of 5 sediment fractions with different diameters in floodplain part of ponds in Skleipiai, Kap÷nai and 
Kairiškiai 
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In the ponds, which do not overflow in the valley, 
the low velocities are higher; therefore, silt and clay par-
ticles are transported through entire pond. Only the sand 
particles with d≥ 0.02 mm are deposited near the dam, 
where the velocities are the lowest ones e.g. in Kairiškiai 
and Skleipiai ponds. In the pond Kap÷nai, where the dam 
is higher, the velocities are lower. In this pond the silt and 
clay particles are also deposited near the dam. The depo-
sition of sand particles begins at about 4500 m from the 
dam. In the river Virvyte there are two such larger ponds, 
other of them are similar to the Kairiškiai one, where the 
sand sediment deposition takes place only near the dam. 

The examples of sediments have been taken from all 
ponds of the Virvyte. The particles with d=0.05 mm pre-
vail. Consequently, ponds in the river Virvyte are not 
silted and decrease of water quality because of algae 
growing is impossible. 

 
4. Conclusions and recommendations 

 
Ecological conditions in small rivers used for hydro 

energy production are better, when the arranged ponds do 
not flood the valley. Then the area of periodically flooded 
meadows is not decreased. The suspended sediments, 
brought from fields, are intensively settled there. It is 
very important to self-cleaning of water. However, for 
energetic needs one larger pond is desirable in upper of 
HPP cascade for regulation of energy production. 

In small rivers the propeller type turbines without 
power regulation are mostly used. They work at their 
maximum power periodically, what creates a large fluc-
tuation of stream velocity and water depth that is very 
harmful for water flora and fauna. It is necessary to 
change or to install anew at least one Kaplan type turbine. 
It enables to use the river flow better. The increased en-
ergy production will buy off the expenses. 

In the deep ponds, made by high dams, the favorable 
conditions for algae and small water vegetation growing 
are formed. It increases the water contamination with 
organic materials and the use of dissolved oxygen. There-
fore, the high dams can be useful only in large rivers in 
the case of unavoidable energetic need (for the energy 
regulation and accumulation}. The example in Lithuania 
is the Kaunas HES and the hydro accumulation station 
located up the river. Accumulation of water energy is 
particularly useful, when the employment of unstable 
wind energy starts.  

Coordination of the energetic and ecological needs is 
necessary. It is often a complex problem; therefore, the 
thorough scientific investigations and experimental pro-
jecting works are necessary in the future. 

 
References 
 
Bruno, G. S.; 2009. Developing European Small Hydro to its 

Full Ekonomic Potential.Hydropower   &Dams 2009(2): 
102–108. 

Habersack, H.; Hofbauer, S.; Hauer, C. 2008. Vegetation im-
pacts on flood flows – evaluation of flow resistance based 
on a hydraulic scale model and numerical hydrodynamic 

modeling. River Flow 2008. Altinakar, Kokpinar, Aydin, 
Cokgor&KIrkgoz (eds.) ISBN978-605-60136-1-4 p. 425–
432.  

Jankowska-Huflejet, H. 2006. The function of permanent grass-
lands in water resources protection. Journal of Water and 
Land Development . 2006(10): 55–65. 

Lamsodis, R.; Vaikasas, S. 2005. The Potential to Retain Nitro-
gen in Beaver (Castor fiber L.) Ponds and Through Man-
Controlled Flooding in the Nemunas River Basin. Archiv 
fur Hydrobiologie. Suppl. – Large Rivers, vol.15(1-4): 
227–241. ISSN 0945-3787 

Lopardo, R. A.; Seone, R. 2004. Environmental impact of large 
and small hydraulic structures. Fifth International Sympo-
sium on Ecohydraulics. Aquatic Habitats. Analysis & Res-
toration. Madrid, 2004, p.867–872 

Lukianas, A.; Vaikasas, S.; Mališauskas, A. P. 2006. Water 
Management Tasks in the Summer Polders of the Ne-
munas Lowland. Irrigation and Drainage. 55(2): 145–
156. ISSN 1531-0353  

MIKE 21. 1995. Sediment processes. User guide and reference 
manual. Danish Hydraulic Institute. Copenhagen. 

Rimkus, A.; Vaikasas, S. 1999a. Pakibusių nešmenų transporta-
vimo ir s÷dimo upių vagose ir žole apaugusiose salpose 
skaičiavimo klausimai. Lietuvos vandens ūkio institutas. 
Vandens ūkio inžinerija. 6(28): 57–67. 

Rimkus, A.; Vaikasas, S. 1999b. Calculation of suspended 
sediment deposition in flooded, overgrown with grass val-
leys of rivers. Proc. XXVIII IAHR congress. 22-27 Au-
gust, Graz, Austria. CD-ROM. IAHR. p. 1141–1147. 

Rimkus, A. 2009. Nešmenų s÷dimo žemutiniame Nemuno del-
tos ruože modeliavimas. Vandens ūkio inžinerija, 35(55), 
3-4: 67–74. 

Rimkus, A.; Vaikasas, S.; Pukštas, R. 2007. Calculation of sus-
pended sediment deposition intensity in grass-covered 
floodplains. Nordic Hydrology. 38(2): 151–163. 

Rimkus, A.; Vaikasas, S. 2010. Possible ways to improve sedi-
ment deposition in the Nemunas delta. Hydrology Re-
search. 41(3-4): 346–354. 

Sabas, G, 2005. Analysis of Hydropower Plant Influence to the 
River Hydrological and Hydraulic Regimes. Proceedings 
of the 6th International Conference “Environmental Engi-
neering”, Ed., LUA, 1: 451–457.   

Vaidelien÷, A.; Mihailow, N. 2008. Dam influence on the river 
self-purification. Environmental engineering. The 7th in-
ternational conference, Vilnius Gediminas Technical Uni-
versity. p. 247–251. 

Vaikasas, S.; Dumbrauskas, A. 2010. Self – purification process 
and retention of nitrogen in floodplains of River Nemunas. 
Hydrology Research. 41(3-4): 338–345. 

Ždankus, N.; Krakauskas, M. 2000. Influence of simplification 
of low powered hydraulic turbine on its efficiency. Power 
Engineering, 1: 3–9. ISSN 0235-7208 (In Lithuanian). 

Ždankus, N. 2008. Interaction of closely located hydropower 
plants. In Proceedings of the 7th International Conference 
Environmental Engineering, May 22-23 p. 764–768.  

Ždankus, N.; Sabas, R. 2005. The Influence of Anthropogenic 
Factors to Lithuanian Rivers Flow Regime. Proceedings of 
6th International conference “Environmental Engineer-
ing”, Ed., LUA, 1, p. 515–522. 

Ždankus, N.; Vaikasas, S.; Sabas, G. 2008. Impact of a hydro-
power plant on the downstream reach of a river. Journal of 
Environmental Engineering and Landscape Management, 
16(3): 128–134. 


