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Abstract. Consulting the results of the research in the last decades on the Danube
Delta with emphasis on those which made references to the regime of the discharge
and suspended sediment load on the Chilia channel, to the appearance and expansion
of the Chilia Secondary Delta and to its connections to the Sulina channel and with
the littoral area of the Black Sea as well as on the basis of personal observations and
comparative analysis of older maps, printed topographic charts (Gauss, sc.
1:25.000) and of satellite images, some aspects could be distinguished, regarding the
expansion of the Chilia Secondary Delta during the contemporary period,
respectively the elongation on the south-southeast direction of the Old Stambul
channel. An evolutionary model was designed for the process of aggradation in the
area of the Chilia Secondary Delta obtaining an annual rate for the expansion of the
Old Stambul channel (Ichim et al., 1986, according to Wolpert, 1964). On the basis
of the annual rate of elongation of the Old Stambul channel with an approximate
value of 40 m, it can be deduced that in a relatively short period of 50 years, the
flow of the respective channel into the Black Sea will be done through the mouth of
the Sulina channel, bringing great prejudices to the maritime traffic in the area.
Moreover, taking into consideration that the border between Romania and the
Ukraine follows the river bed of the Old Stambul channel, it can be assumed that,
starting from now, there will be important and complicated consequences.

Introduction
The geomorphologic evolution of the Danube Delta, including the Chilia
Secondary Delta has been a research subject for numerous geographers and
geologists. We especially consider the research that has been done in the last
decades, concerning the regime of the discharge and suspended sediment load on
Chilia channel, the appearance and extension of the Chilia channel and the Chilia
Secondary Delta, its relation to the Sulina channel and with the Black Sea littoral
area. Among these we mention: Bondar (1970, 1972, 2002), Driga (2004),
Gâştescu (1977), Gâştescu et al. (1982, 1983), Mihăilescu (1989), Panin (1972,
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1999), Panin et al. (1983, 1986, 2004), Vespremeanu (1984), Giosan et al. (2006).
Taking into consideration their contributions to determining the age of the delta
sediment deposits, the Danube Delta relief in general or of the Chilia Secondary
Delta, the determination of the temporal variation of the discharge and suspended
sediment load along the channels of the Danube and especially of the Chilia
channel, but also on the basis of our observations made in the area of the Musura
Bay and the end part of the Sulina channel and on the interpretation of older maps,
printed topographic charts (Gauss, sc. 1:25.000) and satellite maps, we have tried
to find new elements regarding the evolution of the Chilia Secondary Delta,
respectively the Old Stambul (Stambulul Vechi) Arm, as well as emphasizing on
some morpho-hydrographic consequences of this phenomenon on the evolution of
the Sulina channel.
1. The study area and the database
At the entrance of the Chilia channel into the Black Sea, considered to be the
most recent of the Danube Delta channels (Giosan et al., 2006), there has appeared
and then extended, in historical times, the Secondary Delta of Chilia, estimated
nowadays to have a surface of 368 km2 (fig.1).

Fig. 1 – The study area within the Danube Delta (a); The Chilia Secondary Delta and its
main arms (b); (image adopted in 2006 from earth.google.com)
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This was formed in the immediate downstream localities called Periprava
(Romanian territory) and Vylkove (Ukrainian territory), where the Chilia channel
splits into the Ochakov and the Old Stambul secondary channels. Between these
two there are several secondary arms and streams, including the Bystroe arm, with
very different dimensions, that have varied along time (see-“Map of the Romanian
Army General Staff”, sc. 1:100.000, from 1880 – 1884, Hydrografische Karte des
Donau Delta”, sc. 1:150.000, from 1909-1911; - „The Delta and the Danube’s
opening”, sc. 1:150.000, by I.G.Vidraşcu, from 1924; - Topographic map of
Romania, sc. 1:25.000, from 1982; - satellite images Google Earth, from 2006).
2. Results and discussions
According to the studies carried out by Panin et al. (2004), the Danube Delta
was settled in five main phases, beginning with the superior Pleistocene-Holocene
and the formation of the Chilia Secondary Delta which took place in the fifth
phase, taking into consideration the fact that the line of the Black Sea shore was
maintained in the area of today’s Vylkove locality up to 2000 years ago. Using
modern methods of dating, Giosan et al. (2006) have reasoned that the Danube
Delta has begun to individualise more recently, 5200 years ago, establishing that
the eastern part of the maritime sand bank has an absolute age of 900-1200 years.
The younger age of the Chilia Secondary Delta is explained mostly by the
unequal division in favour of the Chilia channel of the discharge and suspended
sediment load on the three arms of the Danube downstream Ceatal Ismail
(Patlageanca), Mm 44. According to Driga (2004), beginning with the second half
of the 19th century, from the annual average discharge of the Danube (upstream
Ceatal Ismail - Patlageanca) evaluated at 6453 mc/sec, the Chilia arm was taking
70 % in 1890, 72 % in 1910, 66.1 % in 1929, 62.5 % in 1960, 58.6 % in 1970,
57.8 % in 1985, 56 % in 1990, 56.4 % in 1992, 53.0% in 2000 and 49.5% in 2007.
The discharge decrease over time on the Chilia branch is justified by the correction
and deepening projects for the Sulina channel (period 1862-1902) and the St.
Gheorghe channel (period 1984-1988) which lead to the shortening, respectively
the significant increase of the thalwegs’ slopes.
On the arms and streams from the Chilia Secondary Delta the division of the
discharge is also unequal, the biggest percentages being directed to Ochakov (11 –
12 %), Bystroe (10 %) and Old Stambul (22 %) which ,being situated on the
southern extremity, also represents the Romanian border with the Ukraine.
According to other estimates (Petrescu, 1975), the flow on Old Stambul held, in
1970, approximately 34% of the average discharge of the Danube.
Proportionally with the discharge, the suspended sediment load had
approximately the same division which, spanning from 1921 to 1980, was
appreciated, in the section upstream Ceatal Ismail (Patlageanca) as having an
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average volume of 67,5 mil.t (Gâştescu,1977) or 58.75 mil.t (Driga, 2004). It can
be noted that, starting with the seventh decade of the 20th century, together with the
building of the great man-made dams on the Danube and its affluent rivers, the
suspended sediment load was continuously reduced from 1902 kg/s between 1942
– 1964 to 651 kg/s between 1983 and 2004. Despite the new conditions, the
suspended sediment load transported on the Chilia channel was maintained at a
high value of 346 kg/s, if we were to compare it with the suspended sediment load
of Sulina (127 kg/s) and St. Gheorghe (160 kg/s).
This evolution of the suspended sediment load distribution with higher values
on the Chilia channel at least in the last 4-5 centuries, including the arms and
streams within the Chilia Secondary Delta, is the main explanation for the great
intensity of the process of aggradation in the Chilia Secondary Delta, especially at
the mouth of the Old Stambul channel, expressed by the continuous extension of
the surface, the frequent change of the secondary arms and streams and the
decrease in depth of the water into the so-called Musura gulf.

Fig. 2 – Danube Delta gauging stations – the relationship between discharge and suspended
sediment load (annual averages between 1976 and 2007); (the source for the processed
data: A.N. „Apele Române”)

Theoretically speaking and making reference to the relation between Q
(discharge) and R (suspended sediment load), emphasized in 1953 by the
Americans Leopold and Maddock (reference work for the hydraulic geometry of
the river banks) and correlation R=f(Q) and the power function, using a graph with
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logarithmic scale from which results that the sediments concentration in suspension
at the increase of the discharge (fig. 2) is found at the entrance on the Chilia
channel but especially in the apex of the Chilia Secondary Delta at Periprava, the
exponents of the power function have the highest values -2.6678 respectively
2.8592. This situation indicates an active process of aggradation on the Chilia
channel in general and on the Old Stambul channel in particular in the Chilia
Secondary Delta.
-

Fig. 3 – The evolution of the Chilia Secondary Delta, obtained by overlapping images from
1830, 1894, 1922, 1980 and 2006; A and B: Individual images of the two distinct
evolutionary phases: (1830-1922) and (1922-2006); C: A highlight of the whole analyzed
period: 1830-2006 (the source of the data: Anishchenko, 2004)

Being based on discharge measurements and analysing high topographic maps
in different periods, the reference map being the one of the Romanian Army
General Staff, made in 1880-1884, Gâştescu (1977) appreciates that the southsoutheast advancement of the Chilia Secondary Delta and the Old Stambul
channel, during 1884 – 1972 (88 years), was made over approximately 7.5 km,
resulting in an annual average of 84 km. Anishchenko (2004) believes that the
Chilia Secondary Delta developed at least 900 years earlier, through the
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distributaries and streams separated from the main channels with an accentuated
extension during 1830-1922, when the number of the distributaries increased from
17 in 1830 to 56 in 1893, and decreased to 47 in 1922, followed by a period of
relative stagnation when the distributaries and streams decreased to under 20.
Taking all this into consideration, on a bibliographic, statistic and cartographic
level, we appreciate that in the evolution of the Chilia Secondary Delta, 2 relatively
well individualised phases can be distinguished (fig.3); they are:
- The first, accelerated expansion between 1830-1922, when its surface
increased by approximately 205 km2 (from 80 km2 to 285 km2), the branch of Old
Stambul elongated by approximately 10 km and the number of the secondary
distributaries and streams of the Secondary Delta increased from 17 to 56;

Fig. 4 - The evolution of Chilia Secondary Delta between 1924-2006
(image adapted in 2006 from earth.google.com)
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The second, relatively slow expansion between 1922-2006, when its surface
increased by 83 km2, the number of distributaries and streams decreased to under
20. The expansion took place in the Ochakov Arm especially, and in the Old
Stambul Arm whose length increased by an average of 76 m/year.
The water depth in Musura bay has been continuously reducing by an
estimated value of 0.5-2.0 m and after 1988 there appeared a barrier island on the
margin of the delta platform (Vespremeanu-Stroe, 2007) and the Old Stambul
channel continued to elongate south-southeast (fig.4).
In order to design an evolutionary model of the Chilia Secondary Delta and to
determine the annual rate of the elongation of the Old Stambul channel, we used
the same method as Ichim et al. (1986), the multiple linear regression analysis,
on some rivers in Romania, after Wolpert (1964). Thus, the following variables
have been taken into consideration: the surface of the Chilia Secondary Delta-(XS);
the rate of expansion (km) of the Old Stambul channel over a certain period of
time (years)-(XE); period (years) to which we relate the development of the
process- (XP); the length of the shore (km) corresponding to the Chilia Secondary
Delta-(XT); the rate of the accumulated expansion (km) of the Old Stambul
channel-(XEC). The Xs, XP and XEC parameters play an important role in
determining the rate of expansion of the Old Stambul branch. The proposed model
involves a great number of calculations because it contains a small number of
variables. The analysis time was greatly reduced with the help of an Excel
spreadsheet and there was an increase in the quality of the results.
Tab. 1 - The matrix of correlation between some morphometric parameters of the Chilia
Secondary Delta
XS
XEC
XT
XP
XE
1
XS
0.978138
1
XEC
0.833719
0.894565
1
XT
0.230782
0.279071
0.185165
1
XP
-0.2173
-0.16366
-0.19169
0.554966
1
XE

The first step consisted of making the matrix for the correlation of the
indentified variables. The matrix was generated on the basis of the correlation
coefficient calculated for each possible variable pair and with its help the variation
degrees can be compared. The correlation coefficients express values between -1
and +1, independently from the measure unit (tab.1).
The second step refers to the analysis of the correlation matrix of the variables
into question; it is observed that Xs (the surface of the Chilia Secondary Delta)
presents the best connections with the other parameters. That is why we introduce
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the variables with the highest level of correlation (XEC and XT) thus we can make
predictions about the expansion of the Chilia Secondary Delta, with a high degree
of confidence.
The equation of the multiple linear regression is as follows:

Xs=27,585XEC -4,709XT
(1)
where the determination coeff: R2=0.994 and the correlation coeff: r=0.997.

Our main goal is to stress the tendency in the evolution of the Old
Stambul channel, the annual rate of evolution. In order to have a model we
need to take into consideration the rate of expansion of the arm (XE) as a
dependent variable and XS, XEC, XT, XP as independent variables. The
equation of multiple regression has the following form:
XE=0,0264XT – 0.0160XS – 0,911XP + 0,2910 XEC
(2)
where the determination coeff: R2=0.720; and the correlation coeff: r=0.848.
However, the reduced level of accuracy (72%) of the prediction equation does
not allow us to carry out some values without doubt; but, through the increase of
data and introducing a bigger number of variables (the discharge, suspended
sediment load etc.) the degree of precision may increase.

Conclusions
Based on the tendencies calculated for each of the variables we have identified
and using the multiple linear regression equation, we can estimate a southsoutheast expansion of the Old Stambul Arm will occur over an area of
approximately 2.12 km, over the next 50 years, at a lower rate (42.48 m/year),
compared to that in the last 176 analyzed years (84.03 m/year for period between
1830-2006), as a result of the ample human intervention on the drainage basin of
the Danube. Nevertheless, the exit of the Old Stambul Arm into the sea may block
the Sulina Arm, seriously damaging its shipping traffic. This is why various
projects have been initiated since the middle of the 19th century, to ensure that there
are other ways to reach the sea, other than the Sulina Arm.
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