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1. Abstract 

The 32% of the most downstream Drava River section for low navigable water level of 
freeflow river does not meet minimal requirements for navigation due to the insufficient 
fairway depth. Aim of this paper is to estimate impact of proposed river training 
structures on long term morphologic development for 4 critical locations and evaluate 
the layout of structures on fairway conditions. For this purpose, 4 types of river training 
structures are proposed to be strategically grouped on critical locations. Evaluation of 
proposed river structures effectiveness is done using coupled flow/sediment transport 
2D numerical model results: flow depth, width and local flow velocity within the 
fairway. Results have shown that construction of river training structures has local 
impact on hydraulic and sediment regime, while its influence on hydrologic regime has 
global character throughout the river section. 

Keywords: groynes, T-shape groynes, detached groynes, Chevron dikes, Drava River 
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2. Introduction  

The 14 km long Drava River section from its mouth into Danube to the international port 
Osijek is classified as international class IV waterway. This section has been heavily 
modified throughout the history in order to accommodate sufficiently wide and deep 
navigable fairway, confining morphodynamic processes on this river mostly to the main 
channel with limited sand-bar development. Nevertheless, for low navigable water level 
of freeflow river 32 % of this river section does not meet minimal requirements for 
navigation due to the insufficient fairway depth. Fairway management issues related to 
sediment transport are well documented on this Drava River reach, including 
sedimentation in port Osijek [1], sand-bar blockage of the fairway at the confluence [2] 
or problems with the fairway depth and clearance [3].  
Most efficient and at the same time cost-effective measures for securing the fairway 
geometry are installation of groynes in rivers, with purpose of flow concentration in the 
fairway, thus initiating erosion of the river channel in the fairway while protecting the 
banks. Groynes can be classified into different types according to their construction, 
angle of orientation and shape. Conventional groynes are simple and durable structures 
built mainly from rock, with effective length most often greater than one third of river 
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width. They have trapezoidal shape with narrow crest and different lateral slopes: steeper 
upstream slope and gentler downstream slope. T-shaped groynes have the same design 
parameters, except the head where additional perpendicular wings that can provide more 
sediment deposition and better performance in wide rivers and are most often used to 
secure fairway conditions in large rivers. More recently, in the context of enhancing the 
biodiversity and of morphological riparian features alternative shapes of groynes were 
suggested, among which detached groynes [4] and Chevron dikes [5], which are not 
connected to the riverbank as conventional groynes. Angle between the groyne 
centerline and riverbank is important because it is used to attract the flow towards 
alongside the near bank of the river, resulting with more efficient erosion in the fairway 
and less scour around the groyne head compared to the conventional groynes. Therefore, 
detached groynes are rotated for 15° downstream, according to the best practices on 
Danube River [6]. Chevron dikes utilize plan form in shape of the letter “V” or “U” 
pointing upstream, which is significantly different from the conventional design.  
Groyne installation design includes definition of crest length, height and width and side 
slopes. Traditionally, groynes on Drava River are constructed with constant cross-
sectional trapezoidal geometry. Their crest width is 1m, height is 1m above mean water 
level, upstream and downstream slope H:V 1:1 and 1:2, respectively. Slope of the groyne 
head is 1:1.5. These values were used in this research in order to conform to traditional 
construction practices on this river reach. Groynes are often constructed in groups, or 
fields in order to maximize their effect on the flow and sediment transport, not only 
inside the fields, but along the main stream. Installation of groyne fields result with more 
sediment being deposited inside the groyne field, making these regions the most 
habitable areas for the aquatic fauna and biota [7].  
Existing Drava River fairway conditions are analysed using ship’s navigation logs from 
River Information Services. Based on the analysis [8] it was concluded that fairway axis 
needs to be adjusted in order to minimise excavation and river training works during 
future fairway management. On the analysed river section 4 critical locations, i.e. 
“bottlenecks”, were identified on which groynes need to be installed in order to achieve 
the required fairway depth during low flows. The following locations are selected for 
groyne field installation: from rkm 2+730 to rkm 3+032 (groyne field I), from rkm 4+667 
to rkm 5+375 (groyne field II), from rkm 9+842 to rkm 10+342 (groyne field III) and 
from rkm 10+942 to rkm 11+652 (groyne field IV). These locations are shown in the 
following picture: 

 
Figure 18. Drava River section from rkm 0+000 to 12+000 with surveyed cross-sections 
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Aim of this paper is to analyse flow field characteristics, estimate impact of proposed 
river training structures on Drava River’s long-term morphologic development for 4 
critical locations and evaluate the layout of structures on fairway conditions under 
relevant characteristic flow conditions. Two numerical models were used to simulate 
flow conditions: 1D flow model HEC-RAS and 2D coupled flow/sediment transport 
model MIKE 21fm. 1D model domain covers the entire river section with 120 numerical 
cross-sections equally spaced from rkm 0+000 to rkm 12+000. 2D model was divided 
into 2 models to save computational time: downstream section from rkm 1+500 to rkm 
5+500 (focused on groyne fields I and II) and upstream section from rkm 9+400 to rkm 
12+000 (focused on groyne fields III and IV).  

2. Methodology 

Flow and sediment transport regime for analyzed river section was calculated using 
coupled 2D flow and sediment transport numerical model. Current flow and sediment 
transport regime were calculated using discharge curve and sediment curve from the 
upstream section as inflow boundary condition [9]. Nearest gauging stations used for 
hydrologic analysis are located immediately on the Drava River confluence (GS Aljmaš) 
and 8 km upstream from the upstream boundary of the analysed section (GS Osijek, rkm 
20+000). Nearest GS with continuous discharge data is located further upstream, GS 
Belišće on rkm 53+800, and available data from it was used to calculate characteristic 
discharge data. Flow regime that affects the fairway conditions on this river section is 
historically known and in context of this study Q94%, Q60% and Qmean were selected as 
reference values [8]. Q94% is discharge associated with low navigable water level of 
freeflow river below which ship transport is suspended. Data acquired from discharge 
duration curve had to be corrected in order to compensate the inflow from 40 km of basin 
from the GS Belišće until the analysed section boundary. Data was corrected using 
specific inflow theory, which describes functional relationship between the basin area 
and discharge increase. Characteristic discharges adjusted from GS and used in analysis 
are 296 m3/s, 483 m3/s and 573 m3/s, for Q94%, Q60% and Qmean, respectively, which is 
approximately 4% increase through correction. This section is heavily influenced by the 
Danube which creates backwater effect more than 20 km upstream, which means that 
water levels corresponding to the aforementioned discharges cannot be calculated 
directly from GS data. Therefore, new discharge curve had to be constructed that 
represents freeflow conditions. For this purpose, data collected by FCE in the period 
from 2008 until 2018 was used [10, 11]. From the Q-H scatter plot data pairs that are not 
influenced with backwater effect were singled out and used in regression analysis to 
obtain boundary data for the model (Figure 19).  

For calibration of the 1D model the same data was used, resulting with local and friction 
losses coefficient for the three characteristic discharges. Results of water levels from 1D 
model were fed into the 2D model since it covers its sub-domain. Validation of 2D model 
was conducted using recorded detailed flow field data on 4 Drava River cross-sections 
[2, 8, 12]. Each of the 2D models used was validated using surveyed flow velocity field 
on 3 independent surveys conducted in 2014 represented with vectors averaged 
throughout the water column depth. Downstream model vas validated on profile 5+000, 
while upstream model vas validated on profile 11+000 (Figure 19).  
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Figure 19. Discharge curve corrected for backwater effect (left); example of 2D model 

validation (right) 

2D model validation has shown that for defined discharge span model results correspond 
well with measured flow profile. Apart from magnitude, flow velocity vectors show 
good alignment with local flow distortion near the banks, although the model cannot 
reflect sudden changes in flow velocity observed in the field. Based on the validation, 
current model setup is considered reliable for flow simulations on this Drava River 
section. Impact of proposed river training structures on flow regime was evaluated 
through comparison of flow field for existing and design state. Analysis included 
longitudinal profile of depth-averaged flow velocity in fairway axis, longitudinal water 
surface elevation, scalar flow field characteristics and flow velocity profile in the groyne 
field. Results are analysed separately for each groyne field for all 3 characteristic flow 
events. 

3. Results 

Numerical model results show that proposed groyne fields have significant effect on 
flow regime. Flow contraction from groyne placement in the river resulted in water level 
increase at each groyne field, where biggest increase was observed locally at the groynes. 
For all 4 groyne fields water level increase was observed to be similar: under Q94% 
conditions smallest increase (6 cm) compared to existing state was observed for Chevron 
dikes, followed by 8 cm increase for detached and T-shaped groynes, while the biggest 
increase was observed for conventional groynes (9 cm). Between individual groynes in 
each of the groyne fields local water surface depression was observed, resulting from 
local flow contraction and acceleration immediately downstream of the groynes (Figure 
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20). Flow conditions regarding the water levels are observed to be similar for the other 
two discharges Q60% and Qmean as well: for both discharges smallest increase (7 cm) was 
observed for Chevron dikes, followed by 9 cm increase for T-shaped groynes and 
detached, while the biggest increase was observed for conventional groynes (10 cm). 
When groynes are positioned next to the right bank have less influence on water level 
depression for adjacent groyne downstream.  

  

  

  
 

Figure 20. Longitudinal water surface elevation profile: from top to bottom: Q94%, Q60% and 
Qmean; left column for the downstream model and right for the upstream model 

The biggest increase in flow velocity is observed immediately downstream of the groyne 
head (Figure 21), as expected based on previously observed trend of depressions in water 
surface elevations profile (Figure 20). Trend of flow velocity increase through groyne 
field is not uniform – location of largest velocity increase varies between different 
groyne fields. As for water levels, smallest velocity increase for all discharges was for 
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Chevron dikes and largest for conventional groynes, while detached and T-shaped 
groynes have approximately the same velocity increase. On freeflowing river section 
between adjacent groyne fields there is no significant difference in velocity, compared 
to existing state.  

  

  

  
 

Figure 21. Longitudinal flow velocity profile: from top to bottom: Q94%, Q60% and Qmean; left 
column for the downstream model and right for the upstream model 

Groyne layout in groyne field I reveals that their positioning follows the existing river 
island and river branch behind it, emphasizing the alignment of flow towards the left 
bank. For all types of groynes the most upstream one has small effect on the flow field 
due to its positioning in shallow depth downstream od the river island. Velocity increase 
for all discharges, Q94%, Q60% and Qmean, is similar: for conventional, T-shaped groynes 
and detached groynes affect the flow field the most, while Chevron dikes affect the flow 
field the least. Downstream of the last groyne river bend is located in which effect of the 
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proposed groynes is negligible.  Groynes in Groyne field II are positioned in such a way 
that their construction augments existing structures on the same location, where river 
flows in straight section gradually transitioning into the right bend. Flow is deflected 
towards the left bank and therefore groyne field II has less impact on flow field than 
previously observed groyne field I. Most significant impact on flow field is visible on 
the most upstream groyne, which is consistent for all groyne types. Similarly, all groyne 
types equally affect the flow field, with least visible impact for detached groynes. 
Upstream river section around groyne fields III and IV is characterized with uniform 
flow width and flow velocity field distribution, without isolated hotspots. River section 
at groyne field III is straight, and groyne impact on flow velocity field is significant, 
causing the shift of the flow towards the left bank. For characteristic discharges Q94% and 
Q60% changes in resulting flow field is similar, independent of groyne types. Largest 
velocity increase is observed for conventional, smallest for Chevron dikes, while T-
shaped groynes and detached groynes have similar impact. Groyne field shadow follows 
the river continuity into the natural low flow are where flow field is deflected towards 
the left bank. For Qmean most significant impact on flow field is visible for conventional 
groynes, and the least for T-shaped groynes. Groynes in the groyne field IV are 
positioned on the concave river bend at the end of flow bifurcation through port Osijek. 
Complex flow field on the entrance in the port results with saddle formed river 
bathymetry where maximum flow velocity wonders from one bank to another. 
Therefore, primary role of the groynes in this field is not to influence morphologic 
development, rather to deflect the flow towards the right bank and entrance to the port. 
Flow expansion on this section is significant and therefore groynes have the least effect 
on the flow velocity, compared to the other groyne fields. Under Q94% flow conditions 
largest velocity increase is observed for conventional groyned, while Chevron dikes, T-
shaped groynes and detached groynes have similar impact. Groyne field shadow is 
relatively because the most downstream groyne is already in the transitioning section 
where flow attacks the same bank where groyns are positioned. Under Q60% flow 
conditions largest velocity increase is observed for conventional groynes, while least 
impact is observed for Chevron dikes. Under Qmean flow conditions largest velocity 
increase is observed for conventional groynes and detached groynes, while least impact 
is observed for Chevron dikes and T-shaped groynes. The following figures show 
numerical model results for flow velocity field for under Qmean  for existing and design 
state: downstream model (Figure 22 - Figure 26); upstream model (Figure 27 - Figure 
31). 

  
Figure 22. Downstream numerical model results for flow velocity field under Qmean in existing 

state 
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Figure 23. Downstream numerical model results for flow velocity field under Qmean for 

conventional groynes 

  
Figure 24. Downstream numerical model results for flow velocity field under Qmean for T-

shaped groynes 

  
Figure 25. Downstream numerical model results for flow velocity field under Qmean for detached 

groynes 

  
Figure 26. Downstream numerical model results for flow velocity field under Qmean for Chevron 

dikes 
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Figure 27. Upstream numerical model results for flow velocity field under Qmean in existing 
state. 

Figure 28. Upstream numerical model results for flow velocity field under Qmean for 
conventional groynes 

Figure 29. Upstream numerical model results for flow velocity field under Qmean for T-shaped 
groynes 
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Figure 30. Upstream numerical model results for flow velocity field under Qmean for detached 

groynes 

 
Figure 31. Upstream numerical model results for flow velocity field under Qmean for Chevron dikes 

Cross-sectional flow velocity profile analysis is conducted for existing and design state 
on three characteristic cross-sections of each respective groyne field: upstream of the 
groyne field, downstream of the groyne field and between individual groynes inside the 
groyne field. Upstream of the groyne field flow velocity profile is affected only next to 
the bank where groynes are positioned, i.e. flow is decelerated compared to the existing 
state, while flow in the river channel remains unaffected. Flow velocity distribution 
doesn’t differ significantly for different types of groynes. Within the groyne field flow 
velocity profile is completely altered in comparison to the existing state. In the groyne 
shadow next to the riverbank flow is decelerated, while it is accelerated in the fairway, 
with little or no difference of flow pattern between different groyne types. Downstream 
of the groyne field flow velocity profile is completely altered in comparison to the 
existing state, and flow velocity distribution is similar to the one within the groyne field.  

4. Conclusions 

This paper presents results of analyses for impact of 4 different types of groynes installed 
as groyne fields on Drava River flow velocity field characteristics. Numerical models 
used for flow velocity computations were calibrated and verified using detailed ADCP 
flow field surveys. For all of the characteristic discharges associated with fairway it is 
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evident that installation of groyne fields significantly affects the flow velocity field. 
Groyne influence on flow velocity has global and local effect: globally, groynes cause 
backwater effect through increased local and friction losses while they locally alter the 
velocity through acceleration in contracted flow profile. Aforementioned changes in 
flow velocity distribution enable sediment deposition within the groyne field, thus 
contracting the flow area during low flows and initiating erosion of the river channel in 
the fairway zone which securs sufficient fairway geometry under low flow conditions. 
Maximum flow velocity patterns remain unaffected with groyne installation, due to its 
placement on the shallow inner bank, which in turn means that there is no additional 
hydraulic loading on the banks, apart from the design ones. Chevron dikes are shown to 
have the least effect on the flow velocity field pattern, while conventional ones are shown 
to have the most effect. Detached groynes have the common positive environmental 
impact as the Chevron dikes, while at the same time contribute more to the fairway 
geometry. Therefore, between all analysed structures in this paper detached groynes are 
estimated as good compromise between achieving environmental and navigational goals 
in this Drava River section. 
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