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Abstract: EU Biodiversity Strategy for 2030 aims to restore 25,000 km of free-
flowing rivers across Europe. The critical issue is which barriers should be
prioritised for removal. In this study, a set of socio-economic and environmental
criteria was chosen to rank the dams on salmonid rivers in Lithuania and
recommend them for removal. As these criteria usually contradict themselves, the
multi-criteria decision analysis tool was utilised. The results showed that the
Anyks¢iai dam on the river Sventoji could be recommended to be removed first.
The removal can significantly increase the salmonid population in the river Sventoji
over a significant stretch of the river. Also, this dam is in a protected area, is not
listed as a national heritage, and does not have a hydropower plant. Although, this
study showed that dams with hydropower plants could also be recommended for
removal.

Keywords: dam removal, salmonid rivers, socio-economic criteria, environmental
criteria, multi-criteria decision analysis, Lithuania

1. Introduction

The findings of the recently finished H2020 Amber project revealed that there
is a dam, weir, culvert, or other types of barriers at every kilometre of a river in
Europe (Amber project 2022). Hence, a new EU Biodiversity Strategy for 2030
aims to restore 25,000 km of free-flowing rivers across Europe. The main issue
is to identify and prioritise barriers that could be removed (European Commis-
sion 2022).
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In Lithuania, there are 22,250 rivers and streams that are longer than 0.25 km,
and their total length is over 76,000 km (Jablonskis et al. 2007). The total amount
of dams built in Lithuania is not clear to this day, the approximation being 1,500.
It means that issue of river fragmentation in Lithuania is much less apparent, and
the density of dams is only one in approx. 51 km. In fact, the number of barriers
found during the Amber project in Lithuania is even less — 1,257 (Amber project
2022).

Therefore, the main issue of dams lies elsewhere. Since the regaining of in-
dependence in 1990, no new dam was built in Lithuania. It means that most of
them were built during the Soviet Union era, the most intensive period being from
1972 to 1982 (Sadzevicius et al. 2013). Now, these old dams need a good man-
agement strategy and an increment of maintenance time and effort, which is not
always the case. Furthermore, although this number needs clarification in subse-
quential studies, it could be that up to a third of all dams in Lithuania are without
an owner who would be responsible for maintaining them in good shape.

The study, published in 2013 by Sadzevicius et al., revealed this issue rather
well. This study summarised the investigations of the state of the 260 earthfill
dams that were carried out between 2002 and 2009. It was found that only 48%
of these dams were in good or moderate condition. It also emphasised the wors-
ening of such dams’ state, compared with assessments made in 1997 (Sadzeviius
et al. 2013). What needs to be considered is also that this study was published
already almost 10 years ago and the approach to dam safety in Lithuania is the
same as it was in 2013.

The safety of dams is not a local Lithuanian issue. The need for efficient dam
safety management systems to prevent failures is acknowledged globally. Such
systems have been developed in South Korea (Jeon et al. 2009) and Spain (Mo-
rales-Torres et al. 2019). All dams are essential from this point of view — no mat-
ter if they are small dams built for agricultural purposes (Dam et al. 2012) or large
arch dams usually built in mountainous regions (Su et al. 2017). Additional pres-
sure on ageing dams that is presented by extreme events caused by climate change
is also being studied (Iveti¢ et al. 2022).

The fundamental issue with the dams is that they are seen as an impervious
barrier for fish migration and sediment movement and pose other threats to river
ecosystems due to fragmentation (Gido et al. 2015). Dam removal is usually seen
as the only efficient method to restore river connectivity (Birnie-Gauvin, et al.
2020). On the other hand, reservoirs and dams create multi-layered socio-eco-
nomic benefits for society that could be lost if the dam is removed, as they could
be used for electricity generation, flood protection, irrigation, recreation, and
other purposes (Bonnet et al. 2015). Thus, this study aims to prioritise the dams
for removal at the salmonid rivers in Lithuania by considering the environmental
and socio-economic factors.
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2. Materials and Methods

There are 13 salmonid rivers in Lithuania (Order of Minister of Environment,
2002), and the number of dams on these rivers is 19, of which 10 have small
hydropower plants (HPP). The location of salmonid rivers and dams is presented
in Fig. 1.
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Fig. 1. Locations of dams on salmonid rivers in Lithuania

The method that is used to help to evaluate and use different and usually
contradicting criteria is multi-criteria decision analysis or MCDA. In this study
Preference Ranking Organisation METHod for Enrichment of Evaluations or
PROMETHEE method is used with the help of Visual PROMETHEE software
(Visual PROMETHEE 2022). PROMETHEE is based on the pairwise compari-
son of the chosen alternatives, in this case, dams, by utilising different types of
preference functions. It also allows an assignment of criteria weight to reflect the
decision maker’s priorities. In this case, weights for all criteria were set equal. An
equal number of these criteria were selected to level the possible greater impact
of environmental or socio-economic criteria.

In the end, the PROMETHEE ranking is based on the computation of prefer-
ence flows. The positive preference flow ¢+(a) measures how much an alterna-
tive a is preferred to the other n-1 ones. It is a global measurement of the strengths
of the action a. The larger the ¢+(a) the better the alternative:

¢*(@) = —Tpza7(a,b) (1)
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The negative preference flow ¢-(a) measures how much the other n-1 alter-
natives are preferred to alternative a. It is a global measurement of the weaknesses
of the alternative a. The smaller the ¢-(a) the better the action:

¢7(@) = —=Ypzam(bh,a) )

The net preference flow ¢(a) is the balance between the positive and negative
flows:

p(a) =" (a) — ¢ (a) 3)

It aggregates strengths and weaknesses into one final score. The larger the
¢(a), the better the action.

Two general, four socio-economic and four environmental criteria were se-
lected to rank the dams for removal. The description of the criteria and the justi-
fication of whether the criteria should be minimised or maximised is presented in
Table 1. The salmonid fishes taken into consideration here are Atlantic salmon
(Salmo salar) and sea trout (Salmo trutta).

The gathered and calculated values of the criteria for each dam on the salm-
onid rivers in Lithuania that was used as initial data for multi-criteria decision
analysis with Visio PROMETHEE software are presented in Table 2.

3. Results and Discussion

The results of the ranking of the dams for removal, starting with the best option and
ending with the least according to Visio PROMETHEE software and selected cri-
teria, showed that three dams that were on top are Kur§énai (¢(a) = 0.23) and Au-
gustaitis’ mill dams on the river Venta (¢(a) = 0.19) and Anyksciai (¢(a) = 0.15)
dam on the river Sventoji. The first dam with HPP that came fourth in this ranking
is Rokantiskiai dam (¢(a) = 0.13) on the Vilnia river. Detailed analysis of why
these dams are recommended for removal can be done with the use of the PRO-
METHEE Rainbow function (Fig. 2). This function allows to analyse in detail
not only which criterion represents weaknesses and strengths of each alternative,
but also depending on the shown slices — their proportional contribution (flow
value times the weight of the criteria). This way, the balance between positive
(represents strengths) and negative (represents weaknesses) slices is equal to the

¢(a) score.
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Fig. 2. The impact of each criterion on the final ranking (strengths and weaknesses)
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As seen from the satellite image, Kur§énai dam is an old watermill-like stone
weir. The year when it was built is unknown. First, it is recommended for removal
because it is in the critical state, has no fish pass and is not listed as a cultural
heritage. Furthermore, it is the cheapest dam to remove (2,924 Eur.), there is no
need for bridge construction, and it does not have HPP. It would also open up quite
a significant distance for salmonid fish migration (47.7 km) and has a favourable
natural riverbed downstream to the other dam.

In this case, the two criteria that show weaknesses are more critical. Firstly,
the Kur$énai dam is not in a protected area. And secondly, it has no potential for
salmonid fishes to migrate upstream. It means that a dam downstream (Augus-
taitis* mill) is blocking the river, and the removal of Kur§énai dam will not pro-
vide any added value. Therefore, it should not be removed first.

According to the MCDA tool, the second dam for removal is Augustaitis’
mill dam. It is the site of an old watermill, built in 1932 (Fig. 4). The main reasons
for these recommendations are that this dam is in a critical state, has no fishpass
and is in a protected area. Other strengths are that it does not have HPP, there is
no need for a bridge, the downstream stretch has a natural riverbed, and the re-
moval would not be expensive (30,658 Eur.).

Fig. 3. Satellite view of the Kur§énai Fig. 4. Satellite view of the Augustaitis’

dam (image from geoportal.lt) mill site. The location of the dam is
marked with the flag (image from
geoportal.lt)

Still, the weaknesses of Augustaitis’ mill dam are the factors that should be
considered when deciding. Yes, it has moderate potential for salmonid fish up-
stream (12,858.3 Eur/y) and an average stretch length that can be freed for mi-
gration (26.1 km). It is also clear now that the next dam upstream is Kursénai
dam. Removing both could significantly increase the salmonid population in the
river Venta at the significant river stretch with relatively low cost as all other
dams downstream have fish passes. However, removing the Augustaitis’ mill
dam is not currently possible since it is listed as a national cultural heritage.
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The third dam recommended for removal is the Anyks¢iai dam. It is an old
watermill site, built in the centre of Anyksciai city in 1910. During the Soviet
Union era, the site was reconstructed into HPP and generated electricity until 1969.
the dam gained its current view in the latest reconstruction in 1986 (Fig. 5)

The factors that are in favour of this dam removal are: it has the largest po-
tential for salmonid fishes of all the dams that are considered in this study
(205,472.5 Eurly), it will free a considerable length of the river Sventoji upstream
for fish migration (66.7 km) and has a natural riverbed downstream. Furthermore,
it is in a protected area, does not generate electricity and is not listed as cultural
heritage. Also, it is not the most expensive dam to remove (346,216 Eur).

The factors against the removal are that it is in a relatively good state and
already has a fish pass. Still, it is not an effective fish pass, so this dam blocks
salmonid fish migration. Furthermore, the bridge would be needed to be re-build
as this is the centre of the resort city with recreational infrastructure constructed
in the area. Overall, the advantages of this dam removal clearly outweigh the
disadvantages. Therefore, this dam could be the first recommended for removing
all the dams on the salmonid rivers in Lithuania.

Lastly, looking at the Rokantiskiai dam example, why the dam with HPP can
be recommended for removal may be analysed. Rokantiskiai dam was built in
1934. The reconstruction into HPP (installed capacity of 132 kW) was made in
2004 (Fig. 6).

Fig. 5. The view of the Anyks¢iai dam Fig. 6. The Satellite view of the
(photo by EK) Rokantiskiai dam site (image from
geoportal It)

The Rokantiskiai dam has a fish pass and a relatively low potential for salm-
onid fishes (4,606.5 Eur/y). Still, it is an old dam in a bad state. It is the fourth
worst dam according to electricity generation (371.6 MWh) of all dams on salm-
onid rivers in Lithuania with HPP. Furthermore, it is a dam in the protected area
with no need for a bridge. The removal will free the 48.5 km of the river Vilnia,
which would cost approximately 309,647 Eur. Can that justify the removal; it
remains to be seen.
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The general idea for using MCDA to select dams for removal is to rank them
so that the removal would provide the highest environmental revenue with the
lowest losses in the socio-economic aspect. Using this logic, dams with HPPs
should not be among those selected for removal. It coincides with the recom-
mended best practice from European Commission for hydropower development
— to upgrade existing hydropower plants and to utilise existing in-stream struc-
tures (Kasiulis et al. 2020). The reality is that due to the strict environmental laws,
the last HPP in Lithuania was commissioned in 2017. Since 2021 HPPs in Lith-
uania are not supported by feed-in tariffs, a new water tax is planned. Therefore,
the probability of removing the dam with HPP in Lithuania is high.

4. Conclusions

Dam removal and the process of first dam selection for removal may be contro-
versial. The socio-economic and environmental aspects that usually contradict
each other should be considered. Multi-criteria decision analysis system can be
utilised to solve this issue. In this case, Visual PROMETHEE software was used.
Four socio-economic and four environmental criteria were used, giving them
equal importance.

Dams on salmonid rivers in Lithuania were assessed, and three dams that
were recommended for removal were Kur§énai and Augustaitis’ mill dams on the
river Venta and Anyks&iai dam on the river Sventoji. Although removing the
Kursénai and Augustaitis’ mill dams could significantly increase the salmonid
population in the Venta river over a significant river stretch at a relatively low
cost, this option at this day is impossible in Lithuania as the Augustaitis’ mill dam
is listed as a national cultural heritage.

Therefore, according to the MCDA results, the first dam that could be rec-
ommended for removal is Anyksc¢iai dam. Removal could also significantly in-
crease the salmonid population in the river Sventoji over a significant river
stretch. This indicator is the best among all other dams on salmonid rivers. Fur-
thermore, the dam is not listed as a national cultural heritage, is in a protected
area and has no hydropower plant.

The dams that have hydropower plants can also be recommended for re-
moval. In the case of the Rokantiskiai dam, it is mainly that the dam is old and in
a bad state. It is not listed as a national heritage but is in a protected area. Still,
what needs to be considered is that this dam already has fish pass and the potential
for salmonid fishes spawning upstream is not that high.
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