

TECHNICAL DESCRIPTION
Regulation of the Riverbed of the Drinjaca River in Kladanj municipality
1. INTRODUCTION
The River Drinjača flows through the urban part of the Kladanj municipality and in the very centre is joined by its most important tributary, the River Ujiča. 
The banks of the Drinjača River in the urban area are partially regulated in one section since the time of Austro-Hungarian rule with stone and concrete almost vertical embankments, and more recently concrete and reinforce concrete embankments have been put up to protect the banks from erosion and landslides. 
Intensive construction of buildings and infrastructure facilities line the watercourse, which makes regulation outside the natural limits of both watercourses impossible. 
This project foresees the following regulation works: 
· along the section between the two bridges on the road Tuzla -- Sarajevo, which entails regulating the left bank of the Drinjača River (freeing up the space for the construction of a bus station or another facility). Retaining the existing reinforced concrete embankment on the right bank is planned for this section. 
2. SUMMARY
The main plan of regulation of the Drinjača and Ujiča Rivers, Kladanj - priority section made use of the following background material: 
2.1 Geodetic background material
Of the existing background material, maps with a ratio of 1 : 1000 with H -- V views of the area were used. 20 cross-sections of the Drinjača River were surveyed. All survey data is given in the annex “Report on geodetic works”. 
2.2. Hydrological background material
Excerpts from hydrological background material from the project “Design for regulation of the Drinjača and Ujiča River bed in Kladanj” implemented by MVP “Spreča” d.d. Tuzla in 2001 were used. / acting on remarks from the review committee /
The following water flows were adopted from the above documentation: 
River Drinjača together with Ujiča: 


Q1/500=191,75 m3/s - adopted 192 m3/s

Q1/100=161,47 m3/s - adopted 162 m3/s
2.3. Geological and geo-mechanical background material
The development of the “Main plan of regulation of the Drinjača River in Kladanj - priority section” made use of geological and geo-mechanical background material from existing documentation, and new drill holes were made. 
The project of regulation of the Drinjača River used data from the following sources: 
· “Report of geo-mechanical investigation of soil for the new bus station in Kladanj” from august 1986 by VP “Spreča” Tuzla.
In line with the terms of reference from the above report, an excerpt for this project was selected and is attached to this planning documentation as part of Volume II. 
Geological and geo-mechanical background material for the above watercourse is part of this planning documentation and comprise Volume II. 
2.4 Existing technical documentation

The following documentation was used for project development: 
· “Design for regulation of riverbed of the Drinjača and Ujiča Rivers in Kladanj” by MVP “Spreča” d.d. Tuzla in 2001 / acting on remarks by the review committee / Volume I, II, and III.
· ”Report of geo-mechanical investigation of soil for the new bus station in Kladanj” from august 1986 by VP “Spreča” Tuzla 
· ”Securing dilapidated banks of the Drinjača River” bus station facility, by OOUR “Projekt - Gračanica” from 1987
· Situational location plan of the bus station (crafts centre with station building) by RO Građevinar, Gračanica from July 1988
2.5. Hydraulic calculation of regulation of the  Drinjača River
According to available urban planning documentation (craft centre with station building developed by RO Građevinar Gračanica in July 1988) obtained from the Kladanj Municipality, the bus station platform is planned to encroach 6-9m into the natural riverbed. Apart from that, repairing a long-standing landslide on the right bank includes a retaining wall of low height (from 2.35 m to 2.7 m). The hydraulic review of this flow profile found that it is impossible to accommodate the flow of a 100-year event in such a narrow bed. Hydraulic calculations found that the expected pressure flow profile of the Drinjača River requires that the existing embankment on the right bank is extended at an average of 2.8 m in order to withstand 100-year flood waters and all the accompanying impacts (extensions in curves and bridge backwater pressures), so this option was rejected. 
Hydraulic analysis was also conducted for the option of extending the flow profile to the incline beyond the retaining wall on the right bank of the Drinjača River. This option was also rejected because of the risk of allowing overflow into a landslide area. 
Following a meeting at the Kladanj Municipality, it was concluded that planning documentation for the regulation of the Drinjača River without limitations related to the planned regulation line of the bus station platform should be drawn up. 
Calculations for normal depth at the starting profile PP0 and bridge backwater level determined the starting water level value for calculating the water levels along the entire section. The calculation used the finite elements method and included bridge backwater effects on the Tuzla - Sarajevo road. 
2.6 Static calculation of retaining wall on the Drinjača River
The choice of design took into account maximum cost-effectiveness and simplicity of implementation. In line with these criteria, a reinforced concrete retaining wall was selected. All the dimensions of the wall with necessary details, including reinforcement plans with reinforcement specifications, are given in the appended illustrations. 
Data from the Report on geo-mechanical soil survey for the new bus station in Kladanj from August 1986 was used to calculate the retaining wall. 
The static calculation included in this project documentation shows that the wall fulfils all stability requirements if it has a footing in line with the conclusions of the above Report, i.e. a minimum of 20 cm in the serpentine, and if it is reinforced and constructed in line with the appended plans. 
2.7 Technical regulation design
2.7.1 Situational design of regulated route of the Drinjača River 
There was no choice in the matter of determining the regulation route of the Drinjača River. The routes were determined in line with the exiting bridges, constructed retaining walls, buildings and infrastructure facilities, while taking into account that the routes match the natural limits of the watercourse as much as possible, so that the axis of the route fits into the previously constructed walls and that a regulation with river-bed width of about 16 m at the bottom is formed for the Drinjača River. 
2.7.2. Long profile of the Drinjača River 
The long profile, i.e. grade line of the regulated bed of the Drinjača River, is defined by the staring and ending point of already constructed regulation as well as the foundations of existing bridges. Thus we have the grade line between the two bridges on the Drinjača River with a decline of I = 0.5%. Since the bottom of the regulation will not be covered, this decline of the grade line must be achieved by regulating the existing riverbed bottom. 
The locations of the existing wall on the right bank of the Drinjača River included in the long profile. The height of the camber was determined on the basis of the water table level. This led to differing superelevation heights of the existing wall on the right bank. 
The left bank was regulated with a new retaining wall whose height fits into the existing terrain of the left bank. 
The long profile, i.e. grade line of the regulated bed of the Ujiča River, is defined by the staring (confluence with Drinjača) and ending point (already constructed regulation) as well as the foundations of the existing bridge. Thus the grade line should have a decline from the confluence to the bridge on the Tuzla - Sarajevo road of I = 1.73%, and the section from the bridge to the end of the regulation a decline of I = 1.2%. 
2.7.3 Cross profile of the Drinjača River
The cross profile of the regulated bed of the Drinjača River will have a width of about 16.0 m at the bottom, fitting into the existing regulation (right bank), and a new reinforced concrete wall is planned for the left bank. 
Part of the wall on the left bank has been constructed at the level of the existing terrain and is some 18 m long (from the bridge on the Tuzla - Sarajevo road to st. 0+206,08). The new wall will continue the existing wall. 
The newly planned wall on this part of the regulation of the Drinjača River is of reinforced concrete, and all dimensions of the wall with the necessary details are given in the appended illustrations that must be adhered to during construction. 
After digging to the foundation point (minimum 20 cm into the serpentine), the foundation trench should be inspected by a professional. The reinforcement and concreting are to be executed in line with the appended plans. The wall is to be constructed in segments of 6.0 m of reinforced concrete with double-sided formwork and the concrete must be vibrated in layers of 40.0 cm. The wall is reinforced with reinforcement mesh MAR 500/560, while the foundation footing is reinforced with ribbed reinforcement RA 400/500. 
The total length of the wall is 199.35m. A fence with elastic bumpers adapted to the usage of the space above the wall is foreseen. 
Upon completion of concrete works, a drainage system behind the wall should be constructed. A perforated drainage pipe DN 200mm to be laid along the bottom, discharging into the riverbed on the back profile, and a draining system to be installed behind the wall, then gradually cover the wall in layers of 30 cm to be compacted to the planned height. The wall will also have weep-holes DN100 as foreseen in the plan (normal profile of Drinjača River)
Stone and concrete will be used to protect the foundation ground in front of the wall. 
As described above, the right bank of the Drinjača River has a reinforced concrete wall from st. 0+119,44 to 0+196,00 constructed before and the remaining wall between the two bridges was constructed in 2004. This retaining wall is quite low and has created many problems in terms of matching the normal flow profile. 
2.7.4 Facilities along the route of the regulated riverbed
Reinforced concrete groundsills are planned along the route of the Drinjača River regulation. The groundsills are at the bottom of the riverbed and will be connected to the foundation footing of the existing retaining walls. The groundsills are to be reinforced according to the plans 

The works should be conducted in the period of low water levels and with corresponding preparatory works on the watercourses. 
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