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Abstract. The paper briefly presents the physico-geographical characteristics of the Danube River basin in order to introduce data and considerations on
the river water and sediment discharges, focusing on the coarse-grained bed- and suspended loads.

The analysis of interactions between the water flow and the riverbed physical structure allowed to establish the empirical functions of the bed- and
suspended coarse-grained sediment load transport. For a given cross-section a linear dependence between the average specific water discharge and the
coarse sediment bed-load average specific discharge as well as the mean concentration of the suspended coarse sediment was found.

The coarse-grained sediment transport empirical functions based on a long series data for the period 1965 — 1989 allowed the determination of the daily
coarse-grained bed- and suspended sediment discharges along the Romanian Danube River section for an extended period between 1840 and 2012.

The multiannual average values and maximum annual discharges of the bed- and suspended coarse-grained sediment load (d50%>0.063 mm) have been

computed for the cross-sections downstream the Iron Gates barrages.
For the coarse-grained bed load:

« The multiannual average values of the bed-load discharge vary from 14.6 kg/s at Gruia (km 856.5) to 5.6 kg/s at Ceatal Ismail (Km 80.5);
«  The maximum values of the bed-load discharge vary between 23.9 kg/s at Zimnicea (km 553.23) and 47.9 kg/s at Grindu (km 141.3).

«  Forthe coarse-grained suspended load:

- The multiannual average values of the coarse-grained suspended load discharge vary between 54.1 kg/s at Zimnicea and 130.1 kg/s at Ceatal Ismail;
« The maximum values of the coarse-grained suspended load discharge vary from 400 kg/s at Corabia (km 624.2) to 2048 kg/s at Ceatal Ismail.
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1. INTRODUCTION

The beginnings in knowledge about the Danube are lost
in the historical past of Europe. The first information about
the Danube refers to its hydrography and to the mapping of
the region by Austro-Hungarian Empire.

A brief overview of the river catchment area with its oro-
graphic, geologic, climatic and hydrographic characteristics
will be presented in order to better describe the Danube wa-
ter runoff and sediment transport.

The first level gauge (stage recorder) on the Romanian
section of the Danube was installed by the Austro-Hungar-

ian Empire at Orsova in 1838. The regular measurements of
the water and sediment discharges started in 1857 being first
performed by the Danube European Commission and then
continued by the Romanian State after the Independence
War of 1877.

Based on these measurements as well as on the more
recent data, a reconstitution of the water level regime and
of the water and sediment discharges from 1840 until today
has been achieved and is presented in this paper. Special at-
tention was paid to the bed- and suspended- coarse-grained
loads, less explored in the past.
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Analysing the interaction between the water flow and the
physical structure of the riverbed the empirical functions of
hydro-morphological stability of the Danube riverbed as well
the empirical functions of the bed- and suspended- coarse-
grained loads have been established. The average specific
discharges of the coarse bed-load and the average concen-
trations of the coarse-grained suspended-load on a given
cross-section depend linearly of the average specific water
discharge on the considered cross-section.

Using the empirical functions of the coarse alluvial trans-
port, the daily bed- and suspended- coarse-grained loads
discharges on the Romanian section of the Danube for the
period 1840 - 2012 have been determined. Processing these
data, the multiannual average values and the maximum
annual values of the bed- and suspended- coarse-grained
loads discharges have been calculated for the hydrometrical
cross-sections downstream of the Iron Gate dams. The syn-
thetic data of this processing are shown below:

«  For the coarse-grained bed load:
- The multiannual average values of the coarse bed-
load discharge vary from 14.6 kg/s at Gruia (km 856.5)
to 5.6 kg/s at Ceatal Ismail (Km 80.5);
- The maximum values of the coarse bed-load dis-
charge vary between 23.9 kg/s at Zimnicea (km
553.23) and 47.9 kg/s at Grindu (km 141.3).

«  For the coarse-grained suspended load;

- The multiannual average values of the coarse-grained
suspended load discharge vary between 54.1 kg/s at
Zimnicea and 130.1 kg/s at Ceatal Ismail;

- The maximum values of the coarse-grained suspend-
ed load discharge vary from 400 kg/s at Corabia (km
624.2) to 2048 kg/s at Ceatal Ismail.

2. FORMATION OF THE DANUBE WATER
RUNOFF AND SEDIMENTS FLUX

2.1. DANUBE CATCHMENT AREA

Danube drains its water from a catchment area of 817,028
km2, occupying about 11% of the European continent. The
Danube catchment area is disposed asymmetrically, with
about 56% of the area located on the right side and 44% on
the left side of the river.

Of the total area of the Danube catchment area, 36% is
occupied by mountains with very high (above 4000 m in the
Alps) and high (1000-2000 m in the Carpathians, Balkans and
the Dinaric mountains) altitudes and 64% is occupied by are-
as with medium and low altitudes (plateaus, hills and plains).
The average altitude of the Danube basin is 475 m (Stanescu,
V., 1967; Stancik et al. 1988). The Danube catchment area is
divided into three sub-basins: upper, middle and lower.

Map 3: Sub-river Basin Areas
Based on National Planning Workshop Reports 1998

Sub-river Basin Areas
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Fig. 1. Map of the Danube catchment basin with sub-basins and the main hydrographic network
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Fig. 2. Scheme of the Danube tributaries multiannual average water supply to the main river course (after StanescuV, 1967)

The climate in the Danube River basin is temperate-con-
tinental, with the mean annual air temperature variying be-
tween 8°C in the upper basin and 12°C in the lower basin.
Absolute extreme temperature of air reaches values of 37° C
in summer and - 36° C in winter time, in the upper basin. In
the plain of the Lower Danube, absolute extremes are from
43°C to - 33°C.

A climatic factor of primary importance for the Danube
catchment area is represented by rainfall whose role is cru-
cial for the formation of water flow and hydrological regime
of the Danube. The rainfall distribution across the Danube
basin is inequable, due to the atmospheric circulation
characteristics and relief types. Annual average amount of
precipitation in lowland areas is about 400-600 mm, in the
Carpathian Mountains about 800-1200 mm and in the Alps
from 1800 up to 2500 mm and more. The highest amount of
rainfall is recorded in spring and summer and lowest quan-
tities in autumn and winter. The rainfalls on the right side of
the Danube catchment area are more abundant than on the
left side of the river. Snows fall every year at altitudes above
100 m (Stanescu, V., 1967). The fewer days with snow are

found in the lower Danube basin. In the valleys, the snow
is present about 20-30 days/year, on the hills about 40-50
days/year, in the Carpathian Mountains about 80 days/year
and in the Alps about 180 days/year. The snowfall begins
in October and ends in May (in the mountains). The snow
cover thickness reaches 20-30 cm within the plains and pla-
teaus, about 1.5-2 m in the mountains. In harsh winters the
snow reaches several meters as was the case in the winter of
1953-1954 and in 2012.

An opposite phenomenon to the rainfall is the evap-
oration and evapotranspiration, which in Danube basin
has significant values. Thus, in the lowlands from upper
Danube basin, evapotranspiration varies between 450 and
650 mm/year. At higher elevation, the evapotranspiration
decreases up to 100 mm/year. The evapotranspiration
shows similar characteristics in the middle part of Danube
basin, where it is approximately 500 mm/year. In the lower
Danube basin, evapotranspiration decreases, reaching an
average value of about 400 mm / year close to the Danube
mouths zone.
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2.2. HYDROGRAPHIC NETWORK OF THE DANUBE RIVER BASIN

The hydrographic network of the Danube basin is rela-
tively dense consisting of over 120 tributaries unevenly dis-
tributed in the three sections of the basin (Stanescu, V., 1967;
Stancik et al. 1988).

In the upper basin, with an area of 131338 km2, the main
tributaries of the Danube are lller, Lech, AltmUhl, Naaba, Re-
gen, lIsar, Inn, Traun, Enns, Kamp and Czech Morava, which
springs from the mountains with permanent snow. In the
middle section of the river basin, with an area of 444894 km?,
the main tributary rivers are Raab, Vah, Hron, Drava, Sava,
Tisa, Veliko Morava and others smaller. In the lower basin,
with an area of 240796 km2, the Danube receives the follow-
ing tributaries: Timok, Jiu, Iskar, Olt, Yantra, Vedea, Arges, lalo-
mita, Siret, Prut and others of less importance. Danube tribu-
taries have a common characteristic namely: fast currents in
the mountains area, then their character gets slower on their
course through the hills and plains areas, forming the river-
beds with wide alluvial plains, floodable at high waters.

The hydrographic network of the Danube basin includes
also the network of canals that has been built over time. Thus,
for linking different hydrographic basins of Europe and cre-
ating important inland waterways, between 1836 and 1898
has been built on West Germany territory the first version of
the Rhine-Main-Danube canal, about 178 km long and 1.5 m
deep. At the end of the twentieth century this canal was up-
graded and extended for inland water transport with large
ships. Other canals have been built in the past on the Danube
River on the former secondary branches in the Pannonian
Plain and the western part of Romania.

In Romania, in the second half of the nineteenth century,
the Sulina distributary of the Danube Delta was transformed
into a maritime canal. The length of this canal is 71.7 km, with
a depth over 9 m and width of about 130 m. In 1984 came
into operation the Danube-Black Sea Canal, which connects
the Danube with the Black Sea (from the Cernavoda port on
the Danube to the Constanta Sud-Agigea and Midia ports on
the Black Sea. Between 1981 and 1992, the St. George distrib-
utary was shortened also by 32.6 km (the initial length 108.8
km) through an important cut-off programme that rectified 6
large mender bends.

The Danube hydrographic network includes also natural
lakes and backwaters whose surfaces are sometimes impor-
tant. These lakes can be mountain lakes, lowland and flood-
plain lakes and, in the lowest section of the river, lagoon-type
ones (local name limans). The main lagoon-type lakes in this
Danube lower section are: Brates (72 km2), Kahul (92 km2),
lalpuk (152 km?2), Kugurlui (71 km2), Katalpuk (71 km2) and
Kitai (40 km2), with depths between 1 and 8 m (Almazov
AAetal., 1963).

A number of reservoirs for complex goals (energy, im-
proving the navigation, water storage and other uses) have
been created in the twentieth century across the Danube ba-

sin. Thus in the upper basin there are 24 barrage lakes, other
lakes have been built in the middle and lower sections of the
Danube.The largest barrage lakes are on the lower Danube at
the Iron Gates 1 (km 942.8) and Iron Gate 2 (km 863).

The lakes and ponds are relatively few and small in the
Danube floodplain and wetlands in the middle and lower
sections. The Danube Delta is the only area from the lower
Danube section rich in ponds.

3. THE DANUBE VALLEY

The Danube River starts in Germany, on the South-East-
ern flank of the Black Forest Mountains, where the rivers Bre-
ge (altitude 1000 m and 48.5 km long) and Brigah (altitude
1125 m and 42.6 km long) have their springs. From the con-
fluence point of these two rivers, near the town of Donau-
essingen (altitude 676 m), the Danube valley stretches from
West to East on territories of 10 countries (Germany, Austria,
Slovakia, Hungary, Croatia, Serbia, Romania, Bulgaria, Moldo-
va and Ukraine) on about 2875 km until its mouths zones to
the Black Sea (Stanescu, V., 1967; Stancik et al. 1988).

The Danube upper section

The upper Danube valley stretches from the confluence
of Brege and Brigah rivers (km 2857) to Devin (km 1880) on
970 km. The upper drainage basin until Bratislava section
at km 1868.8, is of 131,338 km2. This section of the Danube
is typically mountainous with a narrow and winding valley,
deeply carved in rocks in which water flows rapidly.

The Danube middle section

The middle section of the Danube extends from Devin
(km 1880) to Drobeta-Turnu Severin port (931 km) on about
959 km; the middle Danube catchment basin is of 578,300
kmz2. In this section the valley is typically a lowland one, ex-
cepting the gorge crossing the Carpathian Mountains (from
Bazias km 1 073 to Gura Vaii km 942). At the downstream exit
of the gorge, in 1964 — 1971 period, a large dam with locks has
been built (at km 942.8) - the so called hydro electro-power
and navigation system Iron Gates | (installed power 2 x 1068
MW). The barrage lake extends on about 130 km, untill Bel-
grade (1172 km), and has a water volume of 2 830 - 1 350 mil-
lion m3 (depending of the water level in the dammed lake).

The Danube lower section

The lower section of the Danube stretches downstream
Drobeta-Turnu Severin port (931 km) until the Danube Del-
ta apex (Ceatal Ismail 79.64 km). The surface of the lower
Danube catchment area is of 807,000 km2. The valley crosses
plain regions, the river channel width ranges between 300
and 1 300 m, with minimum depths of about 1.5 m and wide
floodplains and meadows up to 28 km.

The average slope of the free water surface is about 4.5
cm/km and the average current velocity varies between 2
and 5 km/hour. The riverbed is not regularized, except the
upstream part at 863 km, where between 1975 and 1984 was
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built the hydro electro-power and navigation system Iron
Gates I, with a barrage lake between km 863 and km 942.8 of
425-600 million m3 water volume.

Downstream The Iron Gates Il dam there are many islets
and many secondary branches.

The Danube Delta

The Danube Delta starts at the first river bifurcation (the
delta apex at Ceatal Ismail 79.64 km), has three main distribu-
taries (Chilia, Sulina and St. George) and covers a total area of
about 5 800 Km2. The Danube Delta comprises the following
hydrographic units situated between the main branches: the
Chilia-Sulina Unit situated between the Chilia and Sulina dis-
tributaries, the Sulina-St.George Unit, between the branches
of Sulina and St. George, and the St. George-Razelm Unit, in
the south, from the St. George branch and including the Ra-
zelm Lake, Razelm-Sinoe complex lagoon area. Additionally
there is the lalpug-Catlabug-Chitai lakes area northward the
Chilia branch on Ukraine territory.

The Danube River mouths zone

The mouths of the Danube distributaries flowing into the
Black Sea form a hydrographically distinct “Danube mouths
zone unit” (Diaconu, C., Nichiforov, I. D., 1963). The distributar-
ies of the three main branches are the following:

The northern Chilia branch forms a lobate delta at its
mouth zone with many distributaries of which the most
important are: Belgorodskii, Ancudinov, Poludenai, Prorva,
Gneusev, Potapof, Otnojnai, Pescianai, Bystroe, Vostocinai,
Tiganskii, Zavodniskii, Curilskii, Old Stambulsky and Musura.
Except the mouth of the Prorva branch, that in the period
1958-1991 was dredged and kept as a maritime waterway
for vessels of 3.5 — 5 m draughts, the rest of the Chilia sec-
ondary delta distributaries mouths were in natural state. Only
recently, since 2004, Ukraine has begun the works to open a
new maritime waterway on Bystroe distributary. This new wa-
terway affected in some way the hydrological regime of the
secondary delta Chilia, as the Bastroe distributary became
the most active of the Chilia delta distributaries network ap-
proaching the hydrological parameters of Sulina branch.

The Sulina distributary mouth zone: the Sulina distrib-
utary was transformed into a maritime waterway by a large
meander belts cut-off programme achieved by the European
Danube Commission at the end of the 19th century. The mari-
time navigation depths at the Sulina mouth were maintained
in natural conditions between 1861 and 1892, then, between
1893 and 1923, the navigation depths of 24 feet were main-
tained by dredging, and since 1924 for maintaining the mar-
itime navigation depths, to the dredging protection dykes
that extend into the sea have been added. These dykes have
been prolonged yearly reaching the length of 7.8 km in 1978,
when the extension was stoped.

At the St. George mouth zone there is a small secondary
delta with three distributaries: the main one - the St. George

senso stricto or Kedriles one, the Seredny, now-a-days almost
clogged and the Turetsky distributary flowing into a bay be-
hind a lateral spit Sakhalin. The mouths of these distributaries
are in natural state and the water depth at the main branch
mouth bar is of about 2.2 m.

3.1. CHARACTERISTICS OF THE HYDROLOGICAL REGIME
OF THE LOWER DANUBE

For characterizing the hydrological regime of the Danube
River and the Danube Delta, we shall present below the water
flow, the water levels and the sediment flow.

3.1.1. Water flow

The water flow is characterized by the water discharge
and the water levels.

Water discharge. Trends

The characteristics of the water discharge and the water
levels are presented taking into consideration a long-time
data series, starting in 1840 until 2012 (Bondar, C., 1970.; Bon-
dar, C, lordache, G., 2012). The table 1 shows the parameters
of the multiannual characteristics of the Danube water dis-
charge for the mentioned period.

The Fig. 3 illustrates the trend of variation in time of the
annual average water discharge and of the multiannual aver-
age values of water discharge at Orsova (Series 1 and, respec-
tively Series 2) and at Ceatal Ismail (Series 3 and respectively
Series 4) between 1840 and 2013. One can observe thatin a
period of about 75 years, the multiannual average water dis-
charge had stabilized at values of about 5 550 m3/s, at Orsova,
and respectively about 6 500 m3/s at Ceatal Ismail.

Taking into consideration the data from Table 1, the Fig. 4
presents the variation of multiannual average water dis-
charge along the Romanian Danube section.

The Danube River on its lower section, between Orsova
and the Danube Delta apex, at Ceatal Ismail, receives from
the tributaries a water discharge of about 890 m3/s. This dis-
charge added to the discharge coming from the upstream
sections of the river give at the Danube Delta apex a multian-
nual average water discharge of about 6 450 m3/s with a daily
maximum of 21,867 m3/s in July 2, 1897 and a daily minimum
of 1350 m3/s, produced in October 31, 1921 (Diaconu, C.,
Nichiforov, I. D., 1963). Figure 2 presents the updated scheme
of growth of multiannual average water discharge along the
Danube River resulted from the tributaries’ additional water

supply.

At the Danube mouths zone at the Black Sea, the multian-
nual average discharge of water is 5 990 m3/s. The difference
between the two values at the delta apex and at the mouth
zone is 460 m3/s and is due to the water inflow from the river
to the Danube Delta interdistributary depressions, evapora-
tion losses and other smaller out-lets discharging the water
directly to the Black Sea.
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Table 1. The multiannual parameters of the Danube water discharge between 1840 and 2012 at different hydrometrical gauges along the
Romanian section of the river.

Maximum discharge Minimum discharge

Average
discharge
mc/s

Location
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Y (km)

Qmax
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Qmin
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The water discharge shows an increasing trend in time:
the annual maximum water discharge increases in time
with about 4.5 m3/s/year, the annual average discharge with
about 4 m3/s/year and the annual minimum discharge with
about 3.1 m3/s/year.

Under the influence of the variation in time of the climatic
factors that generate the water flow (atmospheric circulation,
precipitations, temperature, etc.) there is a corresponding
variation of the water discharge, on large time intervals as
well as in each year which close a short climatic cycle. Thus,
on the lower Danube section, once every 10 years, may oc-

cur increases or decreases by 25% in annual water discharge,
compared to the multiannual average. For the same Danube
section once in 100 years an increase of water discharge re-
gime by over 52% or a decrease by 36% compared to the
multiannual average value may occur.

In the annual hydrological cycles the water flow is une-
venly distributed in time, the monthly average water dis-
charge can vary compared to the multiannual average by
about +38% in May-June and -36% respectively in Septem-
ber. In the years with very high or very low waters, the devi-
ations from the multiannual long-term average of the daily
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water discharge, reach relative values of 137% for maximum
discharges and -75% respectively for minimum water dis-
charges.

At the Danube Delta apex, at Ceatal Ismail, in 1987, the
distribution of the water discharge among the main delta
distributaries was: 57% on the Chilia one and 43% on Tulcea
branch and, at the bifurcation of lather, 19% on Sulina distrib-
utary and 24% on Saint George branch. In 2010, the distribu-
tion of annual average water discharge of Danube on Delta
branches was strongly modified: the Chilia distributary - 49%,
the Tulcea branch - 51% (20% on Sulina branch and 31% on
Saint George branch). The redistribution process of the wa-
ter discharge of the Danube among the delta main branches
continues in detriment of Chilia branch (Bondar, C,, lordache,
G., 2012).

3.1.2. Water Levels. Trends

Systematic measurements of the Danube River water lev-
els began in the nineteenth century, first in Linzin 1821, then
in 1823 in Bratislava and Budapest, in Ingolstadt in 1827, at
Orsova in 1839 at Bezdan in 1856, at Sulina in 1857, in Tulcea

in 1858, the Ruse in 1898 and in 1920 at Ismail (Bondar, C.,
lordache, G., 2012; Marinov, ., 1977).

The recorded annual amplitude variation of levels in the
upper basin of the Danube reaches values up to 14 m. The
highest levels occur in the warm season (March-June) and
the lowest in the cold season, mainly in the automn (Septem-
ber-October).

The Table 2 shows the multiannual characteristic param-
eters of the Danube water levels for the period 1840-2013.

The water levels regime is closely linked to the water dis-
charge regime. This is shown in the Figure 5 which expresses
the average variation of water levels for the years 1980-2010
along the Romanian Danube section corresponding to water
discharges varying between 0 and 16,000 m3/ s.

The data from Table 2 have been used for analyzing the
Danube water levels variation in time. For this purpose, sim-
ilarly to the water discharge, graphs of variation in time of
annual average levels and of multiannual average levels at
Orsova and Tulcea between 1840 and 2011 have been drawn
(Figure 6). As in the case of water discharge, the levels show

Table 2. Multiannual characteristic parameters of water levels on the Danube, between 1840 and 2011

Maximum level Minimum level

Average
level
(<))

Location

No. Hydrometricstation (km)

Hmin
(cm)

Hmax
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Fig. 5. The water levels variation along the Romanian Danube section corresponding to water discharges between 0 and 16,000 m3/s (average

values for the period 1980-2010)
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Fig. 6. Variation in time of the annual average (1.1) and multiannual average of the Danube water levels (1.2) at Orsova (Series T and respectively
Series 2) and Tulcea (Series 3 and respectively Series 4) between 1840 and 2011
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the same feature of uniform variation in time, except Orsova
hydrometric station where due to the Danube daming at Iron
Gate | (km 942.8), the levels have increased considerably after
1973 when the barrage lake was filled.

Downstream the Iron Gate Il dam, when the water levels
exceed by 40% the average levels, the river banks start to be
flooded and the water overflow the lateral levees entering
the flood plain.

Danube flood duration is variable, sometimes extending
on several months, as was the case in the years 1897, 1940,
1970, 1980, 2006 and 2010. Historical data as well as those
resulting from the recent measurement attest the occurrence
of the Danube high floods in 1838, 1890, 1897, 1899, 1924,
1926, 1937, 1940, 1942, 1944, 1954, 1956, 1970, 1980, 2006
and 2010, which caused in many cases important damages
and even human lifes loss (Bondar, C., 1972; Bondar, C., lor-
dache, G., 2012).

To privent these disasters, the riparian states have built
along the Danube embankments for protecting settlements,
economic activities and vast agricultural land from flooding.
The limitation of high waters by dykes led to changes in the
water levels regime, in the time of occurrence of high levels
and also in their amplitude (Rainov, S., et al., 1975).

Statistical data of annual average water levels for the peri-
od 1840-2010 at Calarasi, Galati and Tulcea show that there is
a positive trend with gradients of 0.11 cm/year, 0.176 cm/year
and 0.109 cm/year respectively, while at Cernavoda the trend
is negative with a gradient of -0.368 cm/year.

3.1.3. Sediment discharge

Nature and grain size of sediment transported by the river.
Trends

The sediment particles are composed mainly of silica with
the apparent density of about 1.65 kg/dm3. The grain size of
sediment is diverse, from boulders to clays. In the lower sec-
tion of the Danube, the granulometric composition of sedi-
ments consists from clays to coarse sand (locally with small
gravels). Depending of particles size two categories can be
distinguished: particles with laminar behaviour in the water
flow and ones with turbulent behaviour.

The granulometric fractions consisting of particles small-
er than 0.063 mm have a laminar behavior at the fall into
the water column at rest and are transported exclusively in
suspension under the influence of current turbulence. The
fractions consisting of particles of size larger than 0.063 mm
have a turbulent behavior at the fall in a water column at rest
and are carried by the water current as bedload that moves
by dragging, rolling and saltation and partly in suspension.
Dragging on the bottom of riverbed or lifting in suspension
of fractions with sizes larger than 0.063 mm occurs when the
water current speed exceeds a certain limit, being called the
critical velocity of entrainment of particulates.

Table 3 shows the average values for different time pe-
riods of the Median diameter d50% of the suspended load
(d50s) and of the bedload (d50g), together with mean values
of water discharge, Qr for suspended load and Qg for bed-
load, as well as average values of the discharge of suspended
load - Rs and of the bedload Rg (Bondar, C., 1975; Bondar, C.,
State, |., 1977; Bondar, C., Harabagiu, E., 1984).

Table 3 shows the following characteristics of sediment
particle size:

«  The grain size of suspended load has the median diame-
ter d50% of approximately 0.023 mm;

« The grain size of coarse sediment (bed-load and suspend-
ed load) varies between 1 and 0.063 mm, the median di-
ameter d50% being of about 0.185 mm at Braila and of
about 0.152 mm at Ceatal Ismail.

The granulometric composition of the bottom sediment
along the Romanian Danube section, at the critical shoals for
navigation is relatively homogeneous with a slight trend of
coarsening over time.

Hydraulic criterion of suspended sediment lifting

The bottom sediments are entrained by the water current
through hydrodynamic pressure and friction. Another inter-
action between the water current and the grains of sediment
entrained by the stream is determined by the equilibrium be-
tween vertical components of pulsatory velocity of the water
current and the falling velocity in water of these grains.

The hydrological measurements on the Danube have
shown that the average value of vertical component of pulsa-
tory velocity V,, (cm/s) is expressed by the empirical function
(1) (Bondar, C., 1975; Bondar, C., Harabagiu, E., 1984).

V, = 6.76 X Gy / hyp 0961 (1)

where, g, (mp/s) is the average value of specific water dis-
charge

On the other hand, the average falling velocity in water
(w) of the sediment grains, called sinking velocity is defined
by functions dependent on grain size (d) and water temper-
ature (0) [6]. For grains with sizes (d) between 0.1 mm and
0.6 mm, the sinking velocity w (cm/s) is expressed by Zegjda
formula.

W:dxgz/3/(5xc1/3)x(ps/p_ 1)2/3 (2)

where, g is the gravitational acceleration, and { is the coeffi-
cient of kinematic viscosity, dependent on the water temper-
ature (6) by the formula (14):

((cm2/s) =0.000001775 /(1 +0.0337 x 6 +0.00022 x 62) (3)

ps/p expresses the ratio between the grains density (ps) and
the water density (p) equal to about 1.65.

For granules (d) of less than 0.06 mm the sinking velocity
has the expression (4).

w=gxd2/(18x{) x (ps/p-1) (4)
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Table 3. Average sizes of the fine suspended load and of the bedload in hydrometric sections on the Danube, corresponding to d50% of granulo-
metric composition for the years with annual measurements.

Hydrometrical Years Location Qr Rs d50s Qg Rg
sections Units m3/s kg/s m3/s kg/s
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Qr, Qg, Rs, Rg from table 3, have the following meanings:

« Qr, average water discharge at the measurements of the total (fine and coarse) suspended sediment;
+ Qg average water discharge at the measurements of the bedload;

«  Rs, average discharge of suspended load at the date of suspended sediment measurements;

«  Rg, average discharge of bed-load at the date of bed-load measurements.

Measurements were performed annually regularly.

When Vp > w, the grains are dragged or turbulently sus-
pended from the bottom by the water current.

Sediment transport hydraulics on the Romanian sector of
Danube

The transport of coarse sediment on the Danube starts
when the current velocity exceeds a certain critical value.
There is a critical velocity for the bedload and another critical
velocity for the suspended coarse sediment. Thus, the coarse
alluvial transport is dependent of the water current energy.

Current assessment of the total sediment transport on the
Danube

Sediment transport is quantified by measurements and
calculation of the sediment discharge. These measurements
consist of determinig the water discharge and the concentra-
tions of suspended sediment. For the bedload specific meas-
urements have to be done in cross-sections called hydromet-
ric sections. At the same time samples of water, suspended
sediments and bedload are collected for grain size analyses.

Systematic measurements of water and sediment dis-
charge on the Danube are made by Romanian Waters Nation-
al Administration that stores these data in the hydrological
database of the National Institute of Hydrology and Water
Management. This database was used for determining some
characteristics of the Danube suspended load and bedload
discharges.

The former Institute of Hydraulic Studies and Research
in the coordination of the State Waters Committee, has pub-
lished two hydrological monographs: one about the Dan-
ube Delta (Almazov et al., 1963) in Romanian and Russian
languages and the other on the Danube River between Ba-
zias and the Danube Delta apex (Stanescu, V., 1967). Under
the auspices of the UNESCO International Hydrological Pro-
gramme (PHI), in the framework of a regional cooperation
of the Danube countries (1975 — 1985), a Monograph of the
Danube Basin was published in English, German, French and
Russian languages (Stancik et al. 1988).
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The Hydrological Monograph of the Danube Delta (1963)
presents the following data regarding the water and sedi-
ment discharges at the entrance in the Danube Delta:

«  The multiannual average water discharge for the period
1921-1960 was 6 290 m3/s, with extreme values of 14,050
m3/s for maximum water discharge and 1 350 m3/s for
minimum one.

«  The multiannual average suspended sediment discharge
for the period 1921-1960 was 2 140 kg/s, with 5 150 kg/s
as the maximum discharge (in 1941) and 628 kg/s, the
minimum one (in 1921).

+ The bedload discharge represented no more than 5-6%
from the suspended load discharge, consisting of parti-
cles with sizes between 0.08 and 0.6 mm.

The Hydrological Monograph of the Danube between
Bazias and the Danube Delta apex (1967), shows also data
of water and sediment discharge for the period 1921-1962
(meaning that the data refer to the period before damming),
in three hydrometric sections Orsova, Oltenita and the Delta
apex:

« The multiannual average water discharge at Orsova was
5950 m3/s, at Oltenita, 6 000 m3/s and at the entrance in
the Danube Delta, 6 220 m3/s.

« The multiannual average suspended sediment discharge
at Orsova was 1 110 kg/s, at Oltenita, 1 765 kg/s, at Braila,
1 800 kg/s and at the Danube Delta apex, 2 110 kg/s.

« The bedload discharge was of about 1.5% from the sus-
pended sediment discharge.

« There is no information about the sediment grain size.

In the Monograph of the Danube Basin, data on water
and sediment discharges on the Lower Danube are present-
ed for four hydrometric sections in the period 1931 - 1970 as
follows:

« The water discharge at Orsova (km 954) was 5 699 m3/s,
at Zimnicea (km 553.2), 6 150 m3/s, at Vadu Oii (km 238),
6 216 m3/s and at the entrance of the Danube Delta Km
(80.5), 6 550 m3/s.

« The sediment discharge is given for the years 1930-1970,
at multiannual average values of 816 kg/s at Orsova (km
954), 1102 kg/s at Zimnicea (km 553.2), 1 356 kg/s at Vadu
Oii (km 238) and 1 457 kg/s at the Delta Danube apex.

« The average grain size of the suspended sediment load
was of 0.0251 mm at Turnu Severin (km 931) and 0.0212
mm at the Danube Delta apex.

« For the same period the multiannual average bedload
discharge was of 2.55 kg/s at Orsova (km 954), 14.9 kg/s
at Zimnicea (km 553.2), 4.32 kg/s at Vadu Oii (km 238)
and 2.21 kg/s at the Danube Delta apex. For the bedload
sediment, the average grain size was 0.444 mm at Turnu
Severin (km 931) and 0.145 mm at the entrance in the
Danube Delta.

Other information about the Danube transport of
coarse and fine sediment has been partially published but
without analysing the flow regime. This paper will present
below the needed analysis. For this purpose there were tak-

en into consideration data about total sediment discharge
(fine and coarse) on Romanian section of the Danube River
from 1840 until 2012. After processing these data the table
4 presents the following characteristic values for the men-
tioned period: the multiannual averages of water discharge,
the annual maximum values, multiannual averages and an-
nual minimum values for the total sediment discharge in
different hydrometrical cross-sections along the Romanian
Danube River.

3.1.4. The state of knowledge of the coarse grained sediment
transport on the Danube

According to national rules in force, the sediment dis-
charge measurements on the Danube refer to suspended-
and bed-loads, without differentiating the fine-grained and
coarse fractions. At the request of the National Navigation
Authority the National Institute of Meteorology and Hydrolo-
gy (NIMH) has organized special campaigns of water and sed-
iment discharges measurements where the concentrations
of suspensions were determined differentiated on fine and
coarse fractions.

The campaigns of water and sediment discharges differ-
entiated on fine and coarse fractions on the entire Romanian
section of the Danube started in 1970 (at high waters) using
the National Navigation Authority vessel and continued un-
til 1975 when NIMH was equipped with a research vessel for
complex hydrological measurements on the Danube (R/V
Lipova). Using this vessel NIMH conducted biannual cam-
paignes (in spring at high waters and in autumn at low wa-
ters) on the Romanian Danube, including the distributaries
of the Danube Delta (in 34 hydrometric sections with about
1070 measurement verticals) until 1997.1n 1974 when the hy-
drological stations on the Danube, have been passed under
the NIMH administration, they were equipped with bathom-
eters for measuring the bedload and with mini-labs for deter-
mining the grain-size of the suspended- and bed-loads. The
Danube sediment transport monitoring organised in such
a way continued until 1990 when the hydrological stations
passed to another administration (Bondar, C., 1975; Bondar,
C, State, I, 1977).

Between 2002 and 2006, the National Institute of Hy-
drology and Water Management had performed bedload
measurements in all the hydrological sections of the Danube
hydrological stations network where water and sediment dis-
charges were measured.

The data of water and sediment discharges along the
Romanian Danube in 1970 (at high waters) have been used
and processed for establishing the relationship between the
suspended- and bed-loads and the water discharge and the
average river depth.
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Table 4. The characteristic values for the period 1840-2012 of the multiannual averages of water discharge (Qmeam), and the annual maximum
values (Rmaa), the multiannual averages (Rmeam) and annual minimum values (Rmia) for the total sediment discharge in different hydrometri-
cal cross-sections along the Romanian Danube River.
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Where:
Qmeam - multiannual average water discharge; + Rmeam - multiannual average of sediment discharge;
Rmaa -annual suspended sediment maximum discharge; + Rmia  -annual suspended sediment minimum discharge.
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Fig. 7. Graphs of variation in time of the total discharge of sediment (fine and coarse) annual average Rmea(1, 3, 5) and multiannual average
Rmeam(2, 4, 6) of the Danube, in hydrometrical sections Bazias (1-2) km 954, Gruia (3-4) km 858 and Ceatal Ismail (5-6) km 80.5 between the
years 1840 and 2012.
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For characterising the water discharge the specific aver-
age water discharge was choosen:

q=Q/B;

where, Q = total water discharge in the considered section;
B = riverbed width; measurement unit m2/s;

The specific average water discharge shows the concen-
tration of the water current energy per unit of the riverbed
width, beeng also an indicator of water current turbulence.
For the same total water discharge in the riverbed, specific
water discharge is in an inverse relationship with the riv-
erbed width, consequently when the riverbed is wide, the
specific water discharge is lower, compared to the narrow
riverbed sections, where the specific water discharge is
higher. There is a direct relationship between the multian-
nual average riverbed depth and the multiannual average
specific water discharge. The data show that multiannual
average depths in riverbeds and to the multiannual aver-
age specific water discharge are interdependent. Also, the
measurements showed that for the same specific water dis-
charge, the transport of coarse sediment is dependent on
the average depth of the riverbed because the velocity and
the enrgy of the water current are dependent on the depth
of the riverbed.

The specific coarse sediment discharges averaged for
a section and the specific water discharge averaged on
the section, were plotted function of the average riverbed
depth for the data of 1970 in all the hydrometrical stations
along the Romanian Danube. In the Fig. 8 are presented
correlation charts for the bedload the in the Fig. 9 for the
suspended load.
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Fig. 8. Correlation between the specific discharge of bedload (rt)

and the average specific water discharge (q) in a cross-section,

depending on the average riverbed depths, on the Danube River
in 1970 (at high waters)

Partial results of processing the data related to the sed-
iment discharge measurements, differentiated on fine and
coarse sediment, made in the past, have been already pub-
lished (Bondar, C., 1972; Bondar, C., Harabagiu, E., 1984).

For further processing the data from the 1070 measure-
ments made between 1971 and 1997 in 34 hydrometrical
sections have been added and the methodology of data pro-
cessing improved. The empirical functions for the sediment
transport on the Danube River have been established by
groupping the data regarding the water discharge and the
coarse sediment discharge in 7 intervals of average depths
(hm), between 5 and 22 m.

The parameters processed from the Table 5 allowed the
determination of the empirical functions depending of the
average depths of the hydrometric cross-sections where the
measurements were performed.

The empirical functions for the parameters of the coarse
sediment transport in suspension on the Danube River are:

qcrgs = 0.517 x hm?1.147 r=0.998
ags =5.615 x exp(-0.0259 X hm) r=0.979
bgs =4.281 X hm0857 r=0.996

where, ags and bgs are the empirical function parameters of
specific coarse sediment transport in suspension, expressed
by the function (6), and qcrgs is specific critical water dis-
charge of coarse sediment transport in suspension.

The parameters processed from the Table 6 allowed the
determination of the empirical functions depending of the
average depths of the hydrometric cross-sections where the
measurements were performed.
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Fig. 9. Correlation between the specific discharge of coarse-

grained sediment in suspension (rs) and the average specific

water discharge (q) on a cross-section, depending on the average
riverbed depths, on the Danube River in 1970 (at high waters)
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Table 5. Synthetic data regarding the specific average discharge of coarse sediment in suspension gs (g/cm) measured by NIMH in the hydromet-
rical cross-sections on the Danube River between 1969 and 1998

gs(g/mc) Depths hm(m)

qm(mp/s) d J 4 11.99 13.74

3.61 0

7.05 0

10.84 0

16.25 9
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The average values of empirical functions parameters of coarse sediment transport in suspension
on the Danube River

Hm(m) qcrgs(mp/s) hm(m) bgs

5.87 3.95 5.87 4.88 19.29 3.95

9.85 7.24 9.85 4.29 31.08 7.24

13.74 10.66 13.74 3.93 4191 10.66

18.8 14.58 18.8 3.51 51.13 14.58
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Table 6. Synthetic data regarding specific average discharge of the coarse bedload gt (g/m/s) on the Danube River measured by NIMH
between 1969 and 1998

gt(g/m/s) Depths hm(m)
qm(mp/s) 5.87 11.99 13.74 15.86
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The average values of empirical functions parameters for the coarse bedload transport
on the Danube

gt(g/m/s) qcrgt(mp/s) hm(m) agt bhgt bgt/agt

Table 7. Number of the bedload and suspended loads measurements at different depth intervals

Number of bedload Number of coarse sediments
measurements in suspension measurements

I T - T I

Depths interval (meters) Average depth (meters)
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The empirical functions for the parameters of the coarse

bedload transport on the Danube River are:

gcrgt =0.222 X hm1.227
agt =6.497 x xp(-0.0851 x hm)
bgt = 4.827 x hm?0.306

where, agt and bgt are empirical function parameters of spe-

r=0.996
r=0.992
r=0.607

and of the average concentrations of coarse sediment in sus-
pension (gsm) are presented in the following table.

For each interval of averaged water depths, the specific
water discharge (gm), the values of average specific bedload
discharge (gtm) and the values of concentrations of average
coarse sediment in suspension (gsm) have been graphically

correlate

cific coarse transport of bed load, expressed by function (5),

and qcrgs is specific critical water discharge of bed load trans-

port on the bottom of riverbed.

By averaging the data, resulting mean values of specific
water discharge (gm), of specific bedload discharge (gtm)

d.

The average numerical results of these correlations are

shown in the Tables 4 and 5 and in the graphs from Figures

10 and 11. Their analytical expressions have led to determi-

nation of two basic empirical functions of coarse sediment
transport, which are presented below.
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Fig. 11. The graphs of the function gt (qm) dependency on the average depths hm of 5.87 m (1) 8.03 m (2), 9.85m (3), 12 m (4), 13.74 m (5),
15.86 m (6) and 18.8 m (7) in the hydrometrical sections where measurements of coarse sediment in suspension discharge have been carried out

by NIMH between 1965 and 1997
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gtm = agt x gm - bgt (5)
gsm = ags x gm - bgs (6)

where, the average specific water discharge (gm) in the
cross-section is expressed in mp/s, the average specific bed-
load discharge in the considered section (gtm) in g/m/s and
the average concentration of coarse sediment in suspension
in the same section (gsm) in g/cm.

Through a simple transformation, the empirical functions

(5) and (6) become (7) and (8).
gtm = agt X (gm - bgt/agt) (7)
gsm = ags x (qm - bgs/ags) (8)

The ratios bgt/agt and bgs/ags from the empirical func-
tions (7) and (8) can be interpreted as the critical values of
average specific discharge (gm) when starts the coarse sedi-
ment transport, consequently,

gmcrgt = bgt/agt 9
gmcrgs = bgs/ags (10)

According to relations (9) and (10), the empirical func-
tions (7) and (8) become (11) and (12)

gtm = agt x (@m - gmcrgt) (11

gsm = ags X (gm - gmcrgs) (12)

The parameters’ values agt, bgt, ags and bgs are regis-
tered toghether with the average depths (hm) at the lower
part of the Tables 4 and 5. At the same positions are recorded
the empirical functions of those parameters dependency on
the average depths (hm).

The processing of the measurements data related to the
coarse sediment discharge (bedload and in suspension) led
to the empirical functions (14) and (16) of critical average

specific water discharge when starts the transport of coarse

sediment.
« For the bedload,
agt = 6.497 x exp(-0.0851 x hm) (13)
gmcrgt = 0.222 X hm1-227 (14)
«  For the coarse sediment in suspension,
ags =5.615 x exp(-0.0259 x hm) (15)
gmcrgs = 0.605 x hm1.075 (16)

Consequently the integral coarse sediment discharge in

a cross-section can be expressed by the expressions (17) and
(18).

Gt(kg/s) = agt x (gm — gmcrgt) X B/1000 (17)

Gs(kg/s) = gm X ags x (gm - gmcrgs) X B/1000  (18)

where B is the riverbed width.

Knowing the riverbed morphometry and the water dis-
charge, the empirical functions (17) and (18) allow the de-
termination of the bedload and of the coarse sediment in
suspension discharges in any section along the Romanian
Danube River. Two computing programmes based on these
two functions have been made, one for determining the bed-
load and the coarse sediment in suspension transport capac-
ity and another one to determine the daily coarse sediment
discharge (bedload and in suspension) in the hydrometrical
sections along the Danube in the period 1840 - 2012.

The results of the first computing programme are rep-
resented in the Figures 12 and 13. They show the following
characteristics of the variation of the coarse sediment dis-
charge along the Romanian section of the Danube River, de-
pending on the water discharge (Bondar, C., 1975; Bondar, C,,
lordache, G., 2012):
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Fig. 12. Graphs of the coarse sediment in suspension discharge (Gs) variation along the Romanian Danube section for water discharges between
1000 (Series 1) and 16000 (Series 16) m3/s.
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The bedload discharge decrease from upstream to down- -«
stream, the maximum value being of about 42 kg/s in
the Orsova gauging cross-section at a water discharge
of 16,000 m*/s (data refer to the period before damming)

The discharge of coarse sediment in suspension in-
crease from upstream to downstream, the maximum
value being about 1080 kg/s at the Ceatal Ismail hydro-
metric cross-section at a water discharge of 16,000 m*/s

(Figure 13); (Figure 12).
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Fig. 13. Graphs of the bedload discharge (Gt) variation along the Romanian Danube section for water discharges between 1000 (Series 1) and
16000 (Series 16) m3/s.

Table 8. Multiannual average and maximum annual values of bedload discharges and of the coarse sediment in suspension discharges in the
hydrometrical cross-sections along the Danube, between 1840 and 2012

Bedload (kg/s) Coarse sediment in suspension (kg/s)

Hydrometrical sections Multiannual

average
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Annual maximum Multiannual average Annual maximum
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The results of the second computing programme alowed
among other things to determine the multiannual average
and annual maximum values of the bedload discharges as
well of the coarse sediment in suspension discharges in hy-
drometrical cross-sections on the Danube downstream the
Iron Gate dam, for the period 1840-2012 (Table 8).

The data of the table above show how the multiannual
average discharge of coarse sediment varies along the Dan-
ube River. The table contains also the annual maximum val-
ues of this discharge at different hydrometrical cross-sections
(Bondar, C., 1975; Bondar, C,, lordache, G., 2012) :

For the bedload:

« the multiannual average values of the bedload discharge
vary between 14.6 kg/s at Gruia and 5.6 kg/s at Ceatal Is-
mail (the Danube Delta apex);

« the maximum values of the bedload discharge vary be-
tween 23.9 kg/s at Zimnicea and 47.9 kg/s at Grindu.

For the coarse sediment in suspension:

« the multiannual average values of the coarse sediment in
suspension discharge vary between 54.1 kg/s at Zimnicea
and 130.1 kg/s at Ceatal Ismail;

« the maximum values of the coarse sediment in suspen-
sion discharge vary between 400 kg/s at Corabia and 2
048 kg/s at Ceatal Ismail.

4. CONCLUSIONS

The sediments transported by the lower Danube can be
split in two main categories: the fine grained fraction under
0.063 mm and the coarse grained fraction with sizes larger
than 0.063 mm. The paper presents the main hydrologi-
cal characteristics of the total sediment transport (fine and
coarse) as well as of the bedload and of the coarse sediment
in suspension for the Lower Danube River (the Romanian
section of the river). The fine grained fraction is transport-
ed by the water current exclusively in suspension. The em-
pirical functions for the hydromorphological stability of the
river bed and for the transportation of the bedload and of

the coarse grained sediment in suspension have been estab-
lished.

The average bedload specific discharge and the average
concentrations of the coarse sediment in suspension in the
hydrological cross-sections depend linearly of the average
specific water discharge.

Using the empirical functions of the coarse-grained al-
luvial transport the daily coarse sediment discharge, bed-
load and in suspension, along the Romanian section of the
Danube for the period 1840-2012 have been determined.
Multiannual average values and the maximum annual values
of the coarse sediment (bedload and in suspension) discharg-
es in the considered hydrometrical sections downstream Iron
Gate dams have been computed. The results of this analysis
can be synthetised as follows:

For the bedload:

« the multiannual average values of the bedload discharge
vary between 14.6 kg/s at Gruia and 5.6 kg/s at Ceatal Is-
mail (the Danube Delta apex);

« the maximum values of the bedload discharge vary be-
tween 23.9 kg/s at Zimnicea and 47.9 kg/s at Grindu.

For the coarse sediment in suspension:

« the multiannual average values of the coarse sediment in
suspension discharge vary between 54.1 kg/s at Zimnicea
and 130.1 kg/s at Ceatal Ismail;

« the maximum values of the coarse sediment in suspen-
sion discharge vary between 400 kg/s at Corabia and 2
048 kg/s at Ceatal Ismail.

Part of the data regarding water discharges used in this
paper was obtained in annual study campaignes performed
by the National Institute of Marine Geology and Geoecology
— GeoEcoMar. The authors would like to express their grati-
tude for the permission of using these data.

REFERENCES

Awmazov A.A., BonpAr C., Diaconu C., GHEDERIM VETURIA, MiHAILOV A.N., MiTA
P., NicHiForov I.D., Rai I.A., Ropionov N.A., STANESCU S., STANEScU V., VAGH-
N N.F,, 1963. Zona de varsare a Dunarii. Monografie hidrologica.
Ed. Tehnicd, Bucuresti, 396 p.

Bonpar, C., 1970. Date hidrologice noi rezultate din masuratorile si
observatiile directe, efectuate pe sectorul romanesc al Dunarii in
perioada apelor mari din aprilie-iunie 1970. Hidrotehnica nr.12,
Bucuresti, p. 628-635.

Bonpar, C., 1972. Aspecte hidrologice pe Dunarea indiguita la viitura
din anul 1970. Culegere de comunicari | la Simpozionul “Cauze
si efecte ale apelor mari din mai-iunie 1970". Bucuresti, p. 57-64.

Bonpar, C., 1975. Zaconomernosti perenosa vlecomah nanosov v ni-
jnem tecenii Dunaia. VIl Conferentia pridunaischih stran po ghi-
drologhiceschim prognozam, (5-10.IV.1970). Sbornik dokladov,
Sofia, p. 136-140.

BonDAR, C., STATE, ., 1977. The Danube River Contribution with Water
and silts to the BLACK SEA. Cercetari Marine, IRCM, nr.10, 51-66,
1977.

BonpAr, C., HArABAGIU, E., 1984. Referitor la transportul de aluviuni gro-
siere pe sectorul romanesc al Dunarii. Studii si cercetari hidrolog-
ice, Vol. 52, Bucuresti, p. 157-165.

48 Geo-Eco-Marina 22/2016



Constantin Bondar, Gabriel lordache — Sediment transport on the Romanian section of the Danube River

Bonpar, C., Borcia, C., 1999. Longitudinal pulsations of the flow velocity
and water turbulence in lower Danube River. GEO-ECO-MARINA
4/1999, Romania, p. 31-36.

BonpARr, C., lorDACHE, G., 2012. Extinderea pe trecut (pana in anul 1840)
ale nivelelor si debitelor de apa zilnice ale Dunarii la posturile si
sectiunile hidrometrice din sectorul romanesc de granita. Confer-
inta stiintifica internationala a INHGA din 8-10 octombrie 2012.
Abstract p. 43-44. Bucuresti.

Bonpbar, C., Borcia, C., 2013. Procesele hidromorfologice din albia
Dunarii pe sectorul romanesc. Conferinta stiintifica INHGA din
23-26 septembrie 2013. Abstract p. 60. Bucuresti.

Diaconu, C., NicHiForov, I. D., 1963. Zona de varsare a Dunarii. Mono-
grafia hidrologica. Editura Tehnica, Bucuresti. Gidrologia ustievoi

oblasti Dunaia. Gidrometeorologiceskoe izdatelistvo (Odelenie),
Moskva. Diaconu C.,

Marinov, 1., 1977. Hidrologicen spravocinik na r. Dunav. Bilgarski uci-
astik ot r. Timok do gr. Silistra (845- 375 km). Dirjavno izdatelistvo
“TEXNIKA", SOFIA, 1977, p.1-192.

Rainov, S., Ninov, 1., Pecinov, D., Kocev, N., 1975. Morfologiceskie izmene-
nia ostrovov r. Dunai ot km 845 do km 375. VIl Konferentzia pri-
dunaiskih stran po gidrologiceskim prognozam, (5-10.IV. 1973)
Sbornik dokladov, p.325-338, SOFIA, 1975.

STANCIK ET AL 1988. Hydrology of Danube River - International Hydro-
logical Programme (PHI) UNESCO, Bratislava, 1988.

STANEscu, V., 1967. Dunarea intre Bazias si Ceatal Izmail. Monografie hi-
drologica. Editura tehnica. Bucuresti, 1967, p.1-372.

Geo-Eco-Marina 22/2016 49






