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Abstract

In the framework of EU Strategy for the Danube Region, pillar 1, Energy efficiency and renewable energy sources, is
provided the elaboration of global measures plan for sustainable hydropower development of Danube River and its
tributaries. Turnu Magurele — Nicopole hydropower development on the Danube River, a common Romanian and
Bulgarian project, was born almost 50 years ago but is extremely actual, on the borderland between energy and social
benefits and environmental issues. The paper presents this project and some considerations related to its pros and cons.
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1. Introduction

Danube River is the second largest river of Europe, after
Volga, with a length of 2860 km, flowing from an altitude of
1078 MASL toward Black Sea, crossing 10 countries [1]. Its
river basin, with 800,000 km?, covers lands from 19
countries [2].

In the upper part, the mountainous areas of the Danube
basin, are located hydrotechnical works, as dams, while most
navigation canals, dykes and irrigation networks concentrate
on the lowlands along the central and lower Danube [3]. The
building of large dike systems for flood protection started in
the 16th century in Hungary; old networks of drainage and
irrigation systems exist in all basins, mainly in Serbia and
Romania. The first major Danube regulation works started in
1830 in Upper Austria; the first Danube hydro dam was built
in 1927 at Vilshofen (lower Bavaria). Today, hydropower
utilization and energy production vary substantially from
country to country, the total installed capacity of
hydropower plants in the Danube River Basin is 29.2 GW.

The largest hydropower development (HPD) on the
Danube River is Iron Gates I Hydropower and Navigation
System, located at km 943 and was designed and executed in
collaboration between Romania and Serbia [4]. The
construction of the Iron Gates I system began on 1964, the
objective is symmetrical to the Danube axis and consists for
each part of: a hydropower plant (HPP) with six Kaplan
turbines, one lock and a spillway with 7 fields.

At both the HPP and the lock, over the past 15 years,
refurbishment programs have been carried out which have
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led to an increase in the installed capacity from 175 to 194.4
MW per unit in the plant, totalizing 1166 MW and an annual
electricity production of 5.24 TWh/a in the average
hydrological year, which represents about 10% of the
Romanian electricity production. In addition, the plant
provides almost half of the Romanian technological system
services.

Around 80 km downstream Iron Gates I, at km 863, is
located the Iron Gates II Hydropower and Navigation
System on the Danube in the Ostrovul Mare area of
Romania and was also designed and executed in
collaboration with Serbia. The construction of the Iron Gates
IT system started in 1977, the objective has a non-
symmetrical configuration, the Danube being hammered into
two fronts (the main one is the main Danube arm and the
second one on the Gogosu arm). The objective consists of a
central power plant with 16 Bulb type units (8 for each part
put into operation between 1984 and 1986), two additional
plants (functional since 1994, the Romanian one, and the
Serbian one since 2000) three locks (two on the Romanian
side and one on the Serbian side) and two spillway dams (the
Romanian one on the Gogosu arm, the Serbian one in the
main barrage front). The Romanian HPP has after
refurbishment 251.2 MW and a mean electricity production
of 1.24 TWh/a.

Located on the secondary side of the Danube, there is an
additional Romanian HPP, Gogosu, which has 2 bulb type
units, with an installed capacity of 54 MW which will reach
62.8 MW after retrofitting.

Many scientific papers were dedicated to Iron Gates I or
I HPDs. Most of the papers are dedicated to the ecological
issues resulted by the creation of the Iron Gates reservoirs
as: emerging contaminants in sediments [5], heavy metal
storage in sediments [6, 7], studies related to aquatic biota
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[8], silica retention [9, 10, 11], retention of sediments and
nutrients [12], studies of fish population evolution [13].

Other papers are dedicated to technical issues regarding
the HPPs operation as increasing the electricity production
[14], use of bottom outlets for flood transit [15] or
demonstration of safe operation of Iron Gates HPDs [16].

Recent papers are related to new techniques to evaluate
the landscape [17] or simply to social issues as the public
perception regarding protected areas in Danube River basin
[18]. One of the most important papers is related to the
sustainable management of the Danube River basin in the
area of the three Iron Gates HPDs [19]. The presented
methodology can also be applied for every other HPD on the
Danube River.

The aim of the paper is to present a third hydropower
development on the Romanian sector of the Danube River,
this time to be realized together with Bulgaria. The situation
is changed related to the first two HPDs because of the very
strong environmental constraints.

2. Turnu Magurele — Nicopole hydropower development

The first evaluation of rivers hydropower potential in
Romania was published in 1929, [20] and then, 4 years later,
results were published this time in very detailed manner,
with assumptions and calculations for all rivers, interesting
from hydropower point of view, and with sketches
representing hydropower developments on these rivers [21].
All these hydropower developments are today realized and
with only some slight changes.

Regarding the Danube River only the cataracts sector,
between Romania and the former Yugoslavia, today Serbia,
was considered. The proposal was to realize three HPPs with
maximum heads of 6.3, 9.1 and 8.8 m and installed
capacities of 240, 300 and 330 MW, respectively. Those are
today “covered” by only one HPD, Iron Gates, totalizing a
head of 27 m and an installed capacity of around 2300 MW.

In addition, downstream Iron Gates I was built Iron
Gates II with a bit more than 251 MW installed capacity at
km 863.
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Fig 1. HPD Turnu Magurele — Nicopoe, situation plar:

Year of last design documentation is 1993. In figure 2 is
presented the longitudinal section of the dam of Turnu
Magurele — Nicopole HPD.

The hydrotechnical node comprises on each shore a plant
and a lock. Both spillway dams are located on Ostrovul
Pavel, on the left bank. Land dams provide river barriers and
the shoreline. On both banks there are works for the defense
of settlements and riparian lands, drainage systems and other
hydro-melioration works.

Turnu Magurele — Nicopole
Situation plan
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The site of the works for the hydrotechnical node was
established in Varna in 1972 at km 581 [22]. On April 5,
1978, in the presence of the party and state leaders of the
two countries, the construction works of the Turnu Magurele
— Nicopole HPD were inaugurated.

Between 1978 and 1983, the Romanian side carried out
works worth 267 million lei on its bank. During the period
from 1977 to 1980, the Bulgarian side carried out some site
construction works in Belene and the site of the
hydrotechnical node. At the end of 1980, the Bulgarian side
announced that it could not continue the execution of works
for the Turnu Magurele — Nicopole HPD due to internal
economic and conjunctural considerations. It was decided at
a high level to draw up an analysis of the efficiency of the
works of the HPD, which was carried out in 1981, leading to
different conclusions: the Romanian side considers efficient
work on both sides, while the Bulgarian side considers that
the work on his shore is not effective at that time.

A brief description of the main data describing Turnu
Magurele — Nicopole HPD is [22]:

- use the hydropower potential of the Danube on the area
between HPD Iron Gates II (km 863 on the Danube) and
km 581 where it will be the hydrotechnical node location;

- the reservoir has a length of approx. 282 km: length of the
Romanian - Serbian sector: 17 km and length of the
Romanian - Bulgarian sector: 265 km;

- the slope of the Danube is about 4 cm/km;

- retention elevations analyzed: 29.5; 30.75 or 32 MABSL
(meters Above Baltic Sea Level); the normal retention
level was established at 30.75 MABSL,;

- gross head: 9.1 m;

- the tributaries on the left bank: Jiu and Olt, and on the
right bank Timoc (the border between Serbia and
Bulgaria), Lom, Ogosta, Iskar, Vit, Osam.

In figure 1 is presented the situation plan of HPD Turnu
Magurele — Nicopole.

Regarding the parameters for the entire HPP, both
parties, there were established the following data [23]:

- the installed flow is 11,020 m%s; it corresponds to an
installed coefficient of 1.7 as the mean flow of Danube
River in that cross section is 6,500 m*/s;

- the installed capacity is 840 MW in 24 hydropower units;
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- this correspond to an annual energy production of around
4.432 TWh/a if the average time use of installed capacity
is considered 5300 h/a.

It must be mentioned that energy production at HPD Iron
Gates II after the realization of HPD Turnu Magurele —
Nicopole diminishes by approx. 480 GWh/a due to the raise
of the downstream level.

NOD HIDROTEHNIC
TURNU MAGURELE - NICOPOL DE PE DUNARE
AMPLASAMENT KM D 580 + 650
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Fig 2. HPD Turnu Magurele — Nicopole: the dam, longitudinal section.

In figures 3 to 5 are presented sections through a
spillway, through the closing embankment dam and through
a hydropower unit of HPD Turnu Magurele — Nicopole.

TGO

Fig 4. HPD Turnu Magurele — Nicopole, section through the closing
embankment dam.

The drawings and data were
documentations [22].

A rough calculation for the hydropower potential of the
river sector covered by the Turnu Magurele — Nicopole
reservoir, in terms of power (P) and energy (E), using
existing data and the usual formulas [24]:

taken from project

P=981-0-H[kW], (1
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E=T,-P[kWh], 2
where:

0 = 6500 m¥s is the mean flow of Danube in this
section;

T, = 8760 h/a is the number of hours for one year;

H is the gross head and can be determined with the
formula:
H=i-L, 3)
where:

i =4 cm/km is the average slope of Danube riverbed
over this sector;

L = 282 km is the length of the sector covered by the
Treservoir.

By performing those simple calculations, it results:

H=11.28m, 4
P=719 MW, )
E=63TWh/a. ©)

The ratio between the estimated average electricity
production of the future HPP and the hydropower potential
in terms of energy is:
E,/E=0.7=70%, 7
and it can be considered an efficiency of the use of
hydropower potential in Turnu Magurele — Nicopole HPD.

Fig 5. HPD Turnu Magurele — Nicopole, section through a hydropower
unit.

3. Pros and cons of the project

The construction of Turnu Magurele — Nicopole HPD will
be beneficial as it increases the production of electricity
from RES in both countries, Romania and Bulgaria, helping
at the fulfilment of new targets established by the EC until
2030. This HPP can also provide system services which are
very important for both national power grids as the
penetration of other nonpredictable RES as wind and solar,
is increasing.

From the point of view of the navigation, with the
creation of the reservoir related to this HPD, Danube will
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become navigable all year long on the related sector while
now only around 60% of the time can be considered a
waterway.

Moreover, the construction of Turnu Magurele —
Nicopole HPD will be beneficial for the operation of low Olt
sector HPD, Ipotesti — Izbiceni. This sector consists in five
HPPs provided with reversible units and acting as a cascade
pump storage plants (PSPs). The general idea of the
development of low Olt sector was to be completed with one
more HPP, Islaz, which could pump-up water from the
Danube River, when the flow of Olt river waters is low.
Danube River represents the inferior reservoir, huge with
respect to Olt River, as at the junction of the two rivers the
mean flow of Danube is 30 times larger than that of Olt
river. Then, from Islaz reservoir the water can be pumped-up
through the five reservoirs. The alternative of Islaz is Turnu
Magurele — Nicopole HPD which will realise downstream
Izbiceni, the last HPP on Olt River, a constant level of 30.5
mABSL ensuring the possibility for this plant and implicitly
for the other four upstream HPPs to be operated in pumping
mode.

This mode of operating low Olt HPD as a PSP will be
beneficial for the national power grid.

Besides, as the environmental concerns are very high,
one can expect that the Turnu Magurele — Nicopole HPD is
provided with a fish passage allowing for sturgeons and
other fishes to go upstream during migrations. The design,
the construction and the monitoring of this fish passage will
be a good example on how to realize such an additional
construction for Iron Gates I dam.

Finally, it must be mentioned flood control, irrigations
and social aspects related to employment of many thousands
of people from various domains related to the construction
of this huge objective.

Despite so many pros there are also a non-negligible con
related to environmental impacts that this kind of large
HPDs have: the longitudinal connectivity of Danube River
will be once more affected, impact on water ecosystems,
flooded areas etc.

4. Conclusions

Nowadays, there are new opportunities and new
potential to consider, particularly in terms of strengthening
the European Union's efforts to overcome the economic
crisis in a sustainable way. In difficult times when the
unemployment phenomenon is widespread, the execution of
some hydropower developments can absorb a large volume
of workforce over periods of 5 + 10 years.

It is well known that many infrastructure works have
been carried out in developed countries in times of economic
crisis.

As a conclusion of the data presented above, which were
based on syntheses extracted from the studies carried out
before 1990, it can be pointed out that the most favorable
conditions for technical and economic achievement as well
as the partnership between Romania and Bulgaria, is
comprised of the Turnu Magurele — Nicopole HPD.
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In the event of the adoption of the implementing
decision, it is necessary to agree with the Bulgarian (and
possibly Serbian) side the following issues of common
interest:

- establishing the necessary works for defending the lands
and localities, redeveloping the ports and ways of
communication, as well as the way of accomplishing and
supporting these works, including the related annual
expenditures;

- establishing the set-up potential and the
participation in its realization and capitalization.

It is stated that all existing studies are valid up to the
level of 1988. Over a period of more than 25 years, there
have been many changes, especially regarding the situation
of the land, the use, the mode of ownership, etc., so that the
related costs, currently estimated only based on inflation
indices, are now higher. On the other hand, at this time there
were built dams along the Danube. These dykes will be
overburdened in the case of river barrage in the section of
the hydrotechnical node, so that the volume of fillings in the
reservoir will be reduced.

For a proper technical and economic efficiency analysis,
under the current circumstances, it is necessary:

- resumption of support studies in the chosen site: topo
elevations, real cost estimation of occupied land,
hydrological study, system study, etc.;

- the recalculation of the energy parameters through the
updating of the supporting studies and equipping the
hydrotechnical node with the current standards;

- the updating of the investment on the works in the
retention front (dams, dams, lakes — constructions and
equipment), as well as those related to the two banks
(dams, designing, pumping stations, defense works of
localities, etc.).

It is necessary to update
navigation, agriculture, forestry,
protection etc.

Regarding the provision of the debts for the Cernavoda
nuclear power plant and the improvement of the navigation
on the Danube, downstream of the Turnu Magurele —
Nicopole HPD, several hydrotechnical works can be made
locally.

In the framework of the European Union Strategy for the
Danube Region, pillar 1: "Energy efficiency and renewable
energy", it is foreseen: "To develop a plan of global
measures for the sustainable development of hydro-energetic
potential of the Danube River and its tributaries".

It is necessary to make every effort to obtain funds for
the development of a new complex arrangement on the
Danube where, through a constructive dialogue between the
various competent authorities, a balance between the
economic benefits and the environmental protection is
ensured.

share of

specialized studies on
fish farming, flood
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