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ABSTRACT 

The target area of the present work is the nearshore neigh- 
bouring the Sacalin Island in the Black Sea, right off the Da-
nube Delta and close to the Saint George branch of the Danube 
River.  Being a newly formed island, this is a very special 
coastal environment.  Moreover, because it has a great variety 
of rare fauna, the area was declared as an ecological reserve.  A 
multilevel wave modelling system, based on the Simulating 
Waves Nearshore (SWAN) spectral model, was focused on the 
target area.  In the final computational domain, with the 
highest resolution in the geographical space, the effect of the 
current induced by the Danube River outflow was also ac-
counted for in the modelling process.  The wave propagation 
patterns characteristic to this side of the sea, together with 
some parameters related to the shoreline conditions, were 
evaluated.  Four different case studies were considered for a 
detailed analysis.  The results provided by the modelling sys-
tem revealed two antagonist processes.  The first process, 
which is dominant, and that can be defined as a constructive 
process, corresponds to the waves coming from the northeast.  
The second process, which can be defined as a destructive 
process, corresponds to the conditions of extremely strong 
storms with waves coming from the southeast.  Although such 
situations are quite rare, they might occur however from time 
to time and this is actually the case that generated in the winter 
of 2013 a strong penetration of the waves through the Sacalin 
Island changing the coastal configuration. 

I. INTRODUCTION 

Sacalin is a newly formed island in the Black Sea, right off  

 
Fig. 1.  The Sacalin Island, picture taken from Google maps. 

 
 
the coast of the Danube Delta, South of the Saint George 
branch.  Initially, Sacalin was made up of two smaller islands, 
Greater Sacalin (Sacalinu Mare) and Lesser Sacalin (Sacalinu 
Mic) but, in time, the two islands merged into one continuous 
landmass as illustrated by Fig. 1.  The island has become now 
the habitat of a great variety of birds, mammals and reptiles, 
being the main area for nesting, feeding and wintering of many 
rare species.  For this reason, the Romanian government has 
declared the area an ecological reserve and no settlement is 
permitted on the island. 

The coastal environments with such morphological char-
acteristics, as those of the Sacalin Island, are often called spits.  
The spits are usually very dynamic accumulating forms at-
tached at one end to the mainland appearing in general in 
places where sudden changes in the coast orientation are en-
countered (Dan et al., 2011).  A crucial concept considered 
when studying the spit dynamics is represented by the coast-
line equilibrium, which is mainly controlled by the wave re-
gime and the longshore sediment transport patterns (Bondar 
and Panin, 2001). 
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Some recent studies related to the coastal dynamics in the 
Sacalin area (Ovejanu, 2012; Păunescu, 2012; Dan, 2013) 
proved that the island had a large movement in a relatively 
short period of time.  In the north of the island, it can be no-
ticed how the seaside has come together with the island gen-
erating thus a peninsula.  Towards the south, the coastal dy-
namics seems to be even higher.  Thus, the first part is moving 
from east to west, while in the most southern part of the island 
the tendency of the movement is from west to east.  So far, 
these movements seemed to lead to the formation of a lake by 
linking the south of the island to the main coast. 

Nevertheless, this evolution was recently perturbed, in the 
winter of 2013, when, after some strong and rather atypical 
storms (with the waves coming from Southeast while in the 
case of most of the strong storms the wave direction is from 
Northeast or from East), the waves penetrated through the 
Sacalin Island and practically the island was again broken in 
some more parts.  This event seriously affected the very rare 
flora and fauna of this area. 

From this perspective, taking also into account the enhanced 
ecological importance and the high dynamics of this envi-
ronment, a better understanding of the wave propagation pat-
terns near the Sacalin Island becomes an issue of extreme 
relevance.  In this connection, the objective of the present 
work is to develop a computational framework based on nu-
merical spectral phase averaged models that can provide re-
liable outputs concerning the wave propagation patterns close 
to the Sacalin Island.  By using such computational environ-
ment, extended hindcast studies were performed and various 
wave propagation scenarios were analysed, providing in this 
way a realistic picture of the coastal wave impact and of its 
influence in the dynamics of this coastal area.  More details 
concerning the implementation and the performances of the 
wave modelling system, SWAN based, in the Black Sea are 
given in Rusu and Ivan (2010). 

Finally, it has to be highlighted that, as a further extent, 
such a wave prediction system based on numerical models 
may also allow a real time delivery of reliable nowcast and 
forecast products concerning the wave propagation and impact 
in the target area. 

II. METHODS AND MATERIALS 

1. Theoretical Formulations Considered in the Spectral 
Wave Models 

Third generation wave models solve the energy balance Eq. 
(1) that describes the evolution of the wave spectrum in time, 
geographical and spectral spaces (which is usually defined by 
the relative radian frequency  and the wave direction  ): 

 
DN S

Dt 
  (1) 

The recent versions of the spectral wave models consider 
the action density spectrum (N) instead of the energy density 

spectrum.  This is because in the presence of current action 
density is conserved whereas energy density is not.  The action 
density is equal to the energy density (E) divided by the rela-
tive frequency ( ).  Since SWAN (Booij et al., 1999) is the 
wave model considered in the present study, the discussion 
will be focused on the particularities of this model.  For 
large-scale applications, the governing equation in SWAN is 
related to the spherical coordinates longitude () and latitude 
() and the action balance equation becomes: 

1
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For coastal applications, the Cartesian coordinates are 
mostly used in the SWAN simulations and the action balance 
equation becomes: 

 
N S

xN yN N N
t x y

 
  

    
    

    
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S, from the right hand side of the action balance equation, 
represents the source terms.  In deep water, three components 
are significant in the expression of the total source term.  They 
correspond to the atmospheric input (Sin), whitecapping dis-
sipation (Sdis) and nonlinear quadruplet interactions (Snl), re-
spectively.  Various parameterizations for these source terms 
are alternatively available in SWAN and tuneable coefficients 
were defined for each case.  Besides these three terms, in 
shallow water additional source terms corresponding to phe-
nomena like bottom friction (Sbf), depth induced wave break-
ing (Sbr) and triad nonlinear wave-wave interactions (Str), may 
play an important role, and the total source becomes (SWAN 
team, 2013): 

 ...in dis nl bf br tri

finite depth processes

S S S S S S S      


 (4) 

Although the SWAN model is not considered very appro-
priate for ocean scale simulations, the recent developments 
implemented in SWAN in relationship with the propagation 
scheme and with some physical processes make the model 
now very suitable for simulations at sub oceanic scales.  Con-
sequently, SWAN definitively represents at this moment the 
best choice for enclosed seas, as the Black Sea is.  Moreover, 
in such environments SWAN presents the advantage that one 
single model can cover the full scale of the wave modelling 
process in a multi-level wave modelling system that can be 
focused on the most sensitive coastal areas. 

2. SWAN Implementation and Model Validations in the 
Black Sea 

The wave modelling system, SWAN based, was extensively 
tested considering a computational domain that covers the 
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entire Black Sea.  Some significant results related to the im-
plementation in the Black Sea basin of this modelling system 
are provided in Rusu and Ivan (2010) and in Rusu (2011). 

Validations have been carried out against both in situ 
measurements and remotely sensed data (Butunoiu and Rusu, 
2012; Rusu et al., 2014) and the wave predictions were found 
in general reliable, being also more accurate than those ob-
tained using a WAM based (WAMDI group, 1988) modelling 
system as presented by Cherneva et al. (2008). 

On the other hand, from the point of view of the wave 
modelling processes, the enclosed seas (as the Black Sea is) 
are a much more difficult environment than the open ocean.  In 
fact, in the enclosed or semi enclosed seas, the performance of 
the wave models depend in a higher degree than in the ocean 
on the quality of the driving wind fields, which are in general 
less accurate in such environments due to the strong influence 
of the land (Cavaleri and Bertotti, 2006).  Nevertheless, this 
problem can be partially solved by an increase of the wind 
field resolution.  In this connection, Rusu et al. (2008; 2014) 
performed extended studies concerning the influence of the 
accuracy and resolution of the forcing wind fields on the wave 
model performance.  Their results reveal very clearly that in 
the coastal environment, in general, but especially in the case 
of the enclosed seas, a higher resolution in the geographical 
space of the wind model can account better for the influence of 
the land and consequently can provide a better framework for 
the wave model and improve the wave predictions. 

From this perspective, the wind field provided by NCEP- 
CFSR (United States National Centers for Environmental 
Prediction, Climate Forecast System Reanalysis, Saha et al., 
2010) with a spatial resolution of 0.312  0.312 and a tem-
poral resolution of 3 h was considered in the present work. 

Thus, simulations for the seven-year period 1999-2005 
have been carried out at the level of the entire Black Sea basin.  
In this time interval, validations have been performed against 
both satellite data and in situ measurements.  Table 1 illustrates 
the significant wave height (Hs) statistics, SWAN model 
simulations against remotely sensed data in the Black Sea and 
the SWAN results against in situ measurements at the Gloria 
drilling unit corresponding to the total time and only to the 
wintertime, respectively.  The Gloria drilling platform oper-
ates in the western sector of the Black Sea at a location where 
the water depth is about 50 m (29.57E/44.52N).  The meas-
urements were performed daily during the seven-year period 
considered at 6-h intervals, the percentage of valid data being 
about 92% and the technique developed by Makarinskyy et al. 
(2005) was considered to fill the gaps in the measurements.  
The statistical parameters considered are those commonly 
used to evaluate the wave model output, such as the mean error 
(Bias) computed as the difference between the average values 
of the simulated (MedSim) and observed (MedObs) data, the 
mean absolute error (MAE), the root mean square error 
(RMSE), the scatter index (SI) defined as the ratio of the 
standard deviation of the error to the mean observed values, 
the linear correlation coefficient (R) and the symmetric slope  

Table 1. Hs statistics, SWAN model simulations against 
remotely sensed data in the Black Sea and SWAN 
results against in situ measurements at the Glo-
ria drilling unit corresponding to the total time 
and only to the wintertime, respectively.  The 
period considered is 1999-2005. 

Param Sat-Total Sat-Winter Gloria-Total Gloria-Winter

MeanM 1.05 1.24 0.98 1.14 

MeanS 1.03 1.22 0.94 1.11 

Bias -0.03 -0.02 -0.04 -0.04 

MAE 0.28 0.30 0.28 0.30 

RMSE 0.38 0.42 0.39 0.43 

SI 0.36 0.33 0.40 0.37 

R 0.86 0.87 0.85 0.86 

S 1.00 1.01 0.92 0.93 

N 438794 232307 9738 5008 
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Fig. 2.  Hs scatter diagrams, SWAN against satellite data in the Black Sea, 

results for the time interval 1999-2005.  (a) the entire seven-year 
period; (b) wintertime. 

 
 

(S, for S > 1 the model overestimates the observations). 
Fig. 2 illustrates the Hs scatter diagrams, SWAN against the 

satellite data along the entire Black Sea basin, for the total 
seven-year period (a), and only for the winter time periods (b).  
In these analyses, the winter time represents all the periods  
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Fig. 3. Hs scatter diagrams, SWAN against in situ measurements carried 

out at the Gloria drilling unit in the Black Sea, results for the time 
interval 1999-2005.  (a) the entire seven-year period; (b) winter-
time. 

 
 

between September to March (inclusively).  At the same time, 
Fig. 3 illustrates the Hs scatter diagrams, SWAN against meas-
urements at the Gloria drilling unit for the total seven-year 
period (a) and only for the winter time periods (b).  The results 
presented in Table 1 and in Figs. 2 and 3 show that the com-
putational framework developed herewith provides at a global 
scale reliable wave predictions.  Moreover, these results are in 
line with the wave predictions provided in enclosed or semi 
enclosed seas by some others wave modelling systems (e.g. 
Bidlot et al., 2002; Ardhuin et al., 2007; Bertotti and Cavaleri, 
2009).  It has to be mentioned, however, that the above men-
tioned works are related to the Mediterranean and Adriatic 
seas, respectively, which are not enclosed seas. 

Since the wave modelling system implemented for the en-
tire Black Sea gives in general reasonable predictions, the next 
step is to focus this system in a multilevel scheme towards the 
target area, which is the Sacalin Island.  For this purpose, two 
additional computational levels were considered.  They are 
denoted as Level II, centred on the Danube mouths, repre-
senting also the area of the coastal wave transformation, and 
Level III defined in the coastal environment of the Sacalin 
Island, which represents the local area.  The entire sea basin 
was also denoted as Level I, or the generation area.  Never- 

Table 2. The computational grids considered in focusing 
the SWAN based modelling system towards the 
Sacalin coastal area.  The quantities presented 
have the following significations: Δx and Δy - 
resolution in the geographical space, Δθ - resolu-
tion in directional space, Δt - time step, nf - 
number of frequencies in the spectral space, nθ - 
number of directions in the spectral space, ngx - 
number of grid points in x direction, ngy - num-
ber of grid points in y direction, np - total num-
ber of grid points. 

Level I - Sea basin 
II - Danube 

mouths 
III - Sacalin

Coord. Spherical Spherical Cartezian 

Δx  Δy  0.08  0.08 0.01  0.01 200 m  200 m

Δθ  Δt ()-(min) 10  20 10  20 10  20 

Mode non-stat non-stat non-stat 

nf 30 30 30 

nθ 36 36 36 

ngx  ngy  
= np 

176  76  
= 13376 

176  176  
= 30976 

353  251  
= 88603 

 
 

theless, it has to be highlighted that although one single wave 
model (SWAN) is considered for this system, the physics and 
model settings are rather different from one computational 
level to another.  The characteristics of the three computational 
domains are presented in Table 2, while the corresponding 
physical processes activated in each computational level are in 
Table 3. 

Fig. 4 presents the geographical spaces of the three com-
putational domains having in the background the bathymetric 
map of each area.  As it can be seen in this figure, while the 
first two computational domains (Levels I and II) are defined 
in spherical coordinates (longitude, latitude), at the final 
computational level (III) the Cartesian coordinates were con-
sidered.  This is because some processes, as for example the 
wave induced set up, that might be relevant in the target area 
can be activated in SWAN only when the Cartesian coordi-
nates are used.  The position of the Gloria drilling unit is also 
represented in this figure. 

This coordinate change introduces however an additional 
modelling difficulty because in such case the passage to the 
higher resolution computational level within the nesting pro-
cedure is not automatically performed and in order to achieve 
this transition nine reference points were defined on the 
boundary of the high resolution computational domain (Fig. 
5(a)).  The positions of these points were also defined in the 
spherical system and the corresponding wave spectra were 
requested as output during the simulations carried out in the 
second computational level.  These spectral files were con-
sidered to provide variable boundary conditions in the final 
computational level.  As an example, such a 2D wave spec-
trum is illustrated in a normalized form in Fig. 5(a). 
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Table 3. SWAN model configurations for the three com-
putational domains considered.  The significations 
of the input fields and of the physical processes 
presented are: wave - wave forcing, tide - tide forc- 
ing, wind - wind forcing, curr - the current field 
input, gen - generation by wind, wcap - whitecap- 
ping process, quad - quadruplet nonlinear inter-
actions, triad - triad nonlinear interactions, diff - 
diffraction process, bfric - bottom friction, set up - 
wave induced set up, br - depth induced wave 
breaking.  The symbol X indicates that the proc-
ess is activated, while the symbol 0 indicates that 
the respective process is not activated. 

Level/ 
Input-proc 

I - Sea basin 
II - Danube 

mouths 
III - Sacalin 

wave 0 X X 

wind X X X 

tide 0 0 0 

curr 0 0 X 

gen X X X 

wcap X X X 

quad X X X 

tri 0 0 X 

diff 0 0 X 

bf X X X 

set up 0 0 X 

br X X X 
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Fig. 4. Focusing of the wave prediction system towards the Sacalin coastal 

area, bathymetric maps and wave vectors illustrating the domi-
nant wave propagation pattern.  The position of the Gloria drill-
ing unit is also represented. 
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Fig. 5. Wave modelling in the high resolution computational domain.  (a) 
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the spherical; (a1) 2D normalized wave spectrum.  (b) The geo-
graphical space of the target area, (b1) Dominant pattern for a 
high energy situation, scalar current fields and wave vectors. 

 
 
Another important issue is related to the effect of the cur-

rents.  The studies performed by Ivan et al. (2012) show that in 
general in the target area the marine currents do not have a 
significant influence on the wave propagation, since they are 
mainly following currents and they have also relatively small 
intensities. 

On the other hand, the opposite currents induced by the 
Danube River outflow determine locally a significant en-
hancement of the incoming waves.  The experimental studies 
performed by Rusu and Guedes Soares (2011) showed that the 
SWAN model is able to provide reliable results in relation with 
the interactions of the coastal waves with the strong opposite 
currents. 

For this reason, based on various in situ measurements 
performed at the Saint George branch, three different scenar-
ios of the current field were designed, corresponding to high, 
average and low flowing conditions, respectively.  Since in fact 
the current intensity can be also controlled during the SWAN 
simulations via a scaling factor, this approach covers a large 
variety of flowing cases.  In the case of the high flowing con-
ditions, the current vectors are illustrated in Fig. 5(a), while 
the scalar current fields in Fig. 5(b).  The red point in this 
figure indicates the location of the maximum current value and  



674 Journal of Marine Science and Technology, Vol. 23, No. 5 (2015 ) 

 

47

46

44

45

43

42

41

La
tit

ud
e 

(°
)

La
tit

ud
e 

(°
)

Longitude (°)

Longitude (°)

28 30 32 3634 38 40

LEVEL II - Danube mouths LEVEL III - Sacalin

LEVEL I - Sea basin

45.6

45.2

44.4

44.8

44.0
29.2 29.6 30.0 30.4 0

1

2

3

4

5

0

1

2

3

4

5

1 2 3

Hs3 = 4.8 m

Vw = 19 m/s

Hs (m)

Hs2 = 5.1 m

Hs1 = 5 m

4 5 6

× 104 (m)

× 104 (m)

 
Fig. 6. System focusing towards the Sacalin Island.  Model results cor-

responding to the time frame 2002/03/25/h12 (high wave condi-
tions in the target area), in background significant wave height 
scalar fields, in foreground wave vectors. 

 
 

the yellow point the position of the maximum value of the 
significant wave height corresponding to the most common 
pattern of wave propagation, when the waves are coming from 
the northeast direction. 

Following the above-mentioned approach, an effective 
computational framework based on the SWAN spectral phase 
averaged model was developed.  This is focused on the coastal 
environment close to the Sacalin Island.  As an example of this 
system focusing, model results corresponding to the time 
frame 2002/03/25/h12 (reflecting relatively high wave condi-
tions in the target area with the waves coming from the 
northeast) are illustrated in Fig. 6.  The background of this 
figure presents the Hs scalar fields, while the foreground the 
wave vectors. 

III. RESULTS AND DISCUSSIONS 

Fig. 7(a) illustrates the Hs classes distributed for each di-
rectional bin of 20, as resulted from the seven-year SWAN 
simulations (1999-2005).  The results are reported to a loca-
tion just offshore the Sacalin Island (30.05E/44.77N), close 
to the south-eastern corner of the high resolution SWAN com-
putational domain.  Corresponding to the same location and 
time interval, Fig. 7(b) presents the Hs histogram.  Based on 
these data, the wave conditions offshore the target area were 
analysed and the most relevant wave propagation patterns in 
the nearshore area close to Sacalin were defined together with 
some extreme scenarios.  As a next step, following the above 
defined wave patterns specific to the coastal area targeted, four  
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Fig. 7. (a) The Hs classes distributed for each directional bin of 10°, 

SWAN results in a location offshore the Sacalin Island (30.05°E, 
44.77°N, close to the southeastern corner of the high resolution 
SWAN computational domain) for the time interval 1999-2005;  
(b) Hs histogram corresponding to the same location and time 
interval. 

 
 

relevant case studies (CS) were considered for a more detailed 
analysis and they will be next presented and discussed.  These 
are denoted as CSI to CSIV. 

CSI corresponds to the situation when the waves come from 
the north (about 18 degrees in the nautical convention, which 
means the direction from where the waves are coming, meas-
ured from the geographic north) and significant wave heights 
on the external boundaries (N and E) between 2 m and 3 m.  
Such situation presents one of the most frequent cases of the 
wave propagation while the magnitude of the waves in terms 
of significant wave height is characteristic for the average to 
high winter time conditions. 

Corresponding to this situation, the wind direction in the 
target area was 34 degrees and the velocity 7.2 m/s.  Although 
this case study reflects the real conditions corresponding to the 
time frame 2003/04/07/h09, it has to be highlighted that this is 
in fact also a very common wave pattern that might be often 
encountered in the target area. 

CSII presents an extreme situation that corresponds to the 
waves coming from the northeast (about 35 degrees in the 
nautical convention) and significant wave heights of about 7 m 
on the external boundary (E).  The wind direction in the target 
area was about 22 degrees with intensity of 24.2 m/s.  This  
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reference lines defined for each case study are also illustrated. 

 
 

situation reflects the real conditions corresponding to the time 
frame 2004/22/01/h21, which represents also the highest en-
ergetic situation encountered in the western side of the Black 
Sea in the seven-year period analysed. 

In the case denoted as CSIII, the waves come almost normal 
to the coast (about 82 degrees in nautical convention) and the 
significant wave height on the external boundary (E) is of about 
5 m, conditions that in terms of significant wave height are 
characteristic to the normal winter storms.  For this case study, 
the wind direction in the target area was of about 88 degrees 
and the wind velocity is 15.3 m/s.  This case is also similar to 
the real conditions from the time frame 2004/01/17/h00. 

Finally, CSIV illustrates the situation when the waves come 
from the southeast (about 155 degrees in the nautical conven-
tion).  From an energetic point of view, this situation also 
corresponds to a normal winter storm with a significant wave 
height on the external boundary (E) slightly lower than 5 m.  
For this case study, the wind direction in the target area was 
154 degrees and the wind velocity 14.6 m/s.  This situation 
reflects the real conditions corresponding to the time frame 
2002/03/24/h06 but is also rather similar (although had smaller 
values in terms of significant wave height) with the strong 
storm conditions from 2013 that penetrated the island. 

Corresponding to these four case studies above described, 
Fig. 8 presents the wave propagation patterns in the target area, 
as given by the model simulations in the high-resolution 
computational domain.  The background of the figure presents 
the scalar Hs fields, while the foreground the wave vectors.  
For each case study, a reference line was defined following the 
direction of the wave propagation close to the coast.  The 
positions of these reference lines are also illustrated in Fig. 8.  
The variations along the reference lines of the main wave 
parameters (significant wave height - Hs, group velocity, water 
depth and wave power) are illustrated in Fig. 9.  In order to 
give a graphical representation of these data, each reference  

Table 4. SWAN results for the main wave parameters in 
the nearshore extremity (water depth 0.7 m) of 
the reference lines for CSI to CSIV. 

Case/Param
Hs 
(m) 

Dir 
(°) 

L 
(m) 

F 
(N) 

Ubot 
(m/s)

Vphase 

(m/s)

CSI 0.67 75.2 18 12.6 0.6 2.8 

CSII 0.72 81.2 16 12.7 0.6 2.9 

CSIII 0.75 91.7 18 13.4 0.7 3.1 

CSIV 0.97 98.4 17 14.8 0.9 3.9 
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line was divided in 100 points equally spaced. 
Finally, Table 4 presents the SWAN results for some rele-

vant wave parameters in the nearshore extremity (water depth 
0.7 m) of the reference lines for CSI to CSIV.  The wave pa-
rameters presented in Table 4 are: significant wave height (Hs), 
mean wave direction (Dir), wavelength (L), wave force (F), 
the root-mean-square value of the maxima of the orbital mo-
tion near the bottom (Ubot) and the phase velocity (Vphase). 

As discussed above, the most common pattern for the wave 
propagation in the target area is related to the waves coming 
from the northeast, these directions representing more than 
50% of the total incoming waves (Fig. 7(a)).  The strongest 
storms are also following this pattern.  The model results 
presented in Figs. 8 and 9 and in Table 4 indicate that, due  
to the bathymetric particularities, for such wave conditions 
(waves coming from the northeast) both the wave refraction 
and dissipation are enhanced and even in the case of the ex-
treme storms the wave energy is dissipated faster and the 
significant wave height decreases gradually before approaching 
the island.  Such features are very well illustrated by the sig-
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nificant wave height variations presented in Fig. 9 for CSI and 
CSII.  On the other hand, for this oblique wave approach the 
nearshore wave induced currents pointing south are higher.  
These currents are the most important factor in driving the 
sediment transport.  In fact, it appears quite obvious that this is 
the mechanism that determined the initial generation of the 
Sacalin Island and its extension towards the south.  This is 
because in such case the wave induced nearshore currents 
interact with the currents generated by the Danube River out-
flow driving towards south the Danube sediment discharge. 

From the point of view of the wave penetration through the 
island, the results show that the most dangerous are the waves 
coming from the southeast and also (to a lesser extent) the 
waves coming from the east (situations reflected by CSIV and 
CSIII).  In such cases, even the regular storms can produce in 
the reference point waves with significant wave heights higher 
than 0.95 m.  It has to be highlighted that since the reference 
point is in shallow water (0.7 m), in such situation the point 
will be located in the surf zone and, as illustrated by Fig. 9, in 
fact a significant wave height of above 4 m is estimated just 
before the breaking process to start, value which is consid-
erably higher than in CSI and CSII when the process of wave 
energy dissipation initiates earlier.  As illustrated also by Fig. 9, 
in CSIV the incoming wave power along a meter of wave front 
on the offshore extremity of the reference line is lower than in 
CSII or CSIII, being about 65 kW/m in CSIV against more 
than 80 kW/m or 200 kW/m, in CSIII and CSII respectively.  
Despite this, in CSIV not only the significant wave height 
appears to be considerably higher in the nearshore reference 
point considered for the present analysis (the nearshore ex-
tremity of the reference line), but also the other relevant pa-
rameters (group velocity, phase velocity, orbital velocity at the 
bottom and wave force) present significantly higher values.  
This demonstrates that a wave approach from the southeast is 
the most dangerous from the point of view of the wave pene-
tration through the Sacalin Island. 

IV. CONCLUSION 

The present work presents some results provided by a wave 
modelling system, based on the SWAN spectral phase aver-
aged model that was focused on the nearshore area neighbour-
ing the Sacalin Island.  This is a very particular and important 
coastal environment, being a newly created Island. 

Model system simulations have been performed considering 
the most relevant wave propagation patterns specific to this 
coastal environment.  A first conclusion would be that the re-
sults provided by the modelling system developed herewith are 
in general in line with the outputs of the previous studies based 
mainly on observations and some in situ measurements and 
these model results directly help in both following and ex-
plaining the very dynamic coastal evolutions in the target area. 

Thus, the model results reveal two antagonist processes.  
The first, which is dominant, and that can be defined as a 
constructive process, corresponds to the most common wave 

propagation pattern in the target area (that is the waves coming 
from the northeast).  In this case, the alluvial river input, 
combined with the longshore sediment transport, determine 
the southern extension of the Sacalin Island.  In fact, this was 
also the mechanism that determined the generation of the 
Sacalin Island more than one century ago.  Corresponding to 
various moments of the evolution of the Sacalin system, field 
evidence concerning the dynamics of this coastal environment 
were made available in a large number of references from 
which we mention as more relevant: Bondar and Panin (2001), 
Dan et al. (2011), Ovejanu (2012), Păunescu (2012) and Dan 
(2013). 

The second, who can be defined as a destructive process, is 
characteristic of the strong storm conditions with waves com- 
ing from the southeast (and to a lesser extent also from the 
east).  Although the statistics presented in Fig. 7(a) show that 
more than 20% of the regular waves are following this pattern 
in terms of wave propagation, strongest storms coming from 
the southeast are less frequent and that is why the constructive 
process appears to be dominant, allowing the generation and 
the last decades spatial extension towards the south of the 
Sacalin Island.  However, when the waves are coming from the 
southeast, they appear to be much stronger.  Consequently, in 
the case of the most extreme storms following such a pattern, 
the waves can penetrate the island, sometimes destroying in 
only one day, years of sediment accumulations and putting in 
danger the very rare fauna living on the island.  This was really 
happening in the winter of 2013. 

Finally, it has to be also highlighted that a computational 
framework based on numerical wave models has been de-
veloped and described in the present work.  Beside the more in 
situ validations, in order to improve locally the reliability of 
the wave predictions, some protection scenarios are also con-
sidered for the future work. 

Thus, a viable solution to assure protection to the coastal 
environment of the Sacalin Island would be to install a marine 
energy park offshore the island.  Such scenarios were already 
explored in the target area by Diaconu and Rusu (2013) con-
sidering a Wave Dragon based wave farm and by Zanopol et al. 
(2014), where a generic wave farm was considered together 
with various transmission scenarios.  Since this is in fact one 
of the most energetic areas in the Black Sea’s nearshore, such 
farm might become economically effective, especially as 
regards a hybrid wind-wave solution.  Moreover, the results 
provided by the above mentioned studies show that a marine 
energy farm will decrease considerably the wave impact in the 
coastal environment and might provide an effective protection 
to the Sacalin Island. 

Moreover, besides designing various scenarios and analy-
ses, the wave prediction system developed in the present work 
allows the real time release of reliable nowcast and forecast 
products concerning the nearshore wave conditions at the 
mouths of the Danube River in the Black Sea, in general, and 
in the marine environment close to the Sacalin Island, in  
special. 
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