TECHNICAL  SPECIFICATION
"Regulation of the Janja Riverbed in Ugljevik"
PROJECT BACKGROUND
Introductory Explanations
In accordance with the Agreement signed with the Municipality of Ugljevik and the company for hydraulic design, construction and engineering of D.O.O. "OLIGOKOMERC" Suvo polje-Bijeljina, the Oligo Komerc Company developed a Main Design for the "Regulation of the Janja Riverbed in Ugljevik", covering the area between the existing bridge leading to the Old Ugljevik and the existing regulated riverbed of Janja near the Thermal Power Station. 
The basis for developing this design were the Terms of Reference for developing the Main Design for the "Regulation of the Janja Riverbed in Ugljevik", which had been prepared and supplied by the Municipality of Ugljevik. 
Prior to the development of the Main Design for this part of the Janja riverbed in Ugljevik (between the bridge to the old Ugljevik and then upstream up to the regulated riverbed of Janja near the Thermal Power Station, at a length of approx. 3.75 km), there had been no adequate studies or design documents that would provide a more detailed treatment of the high water regime of the Janja River and the erosion of the collapsing river banks in this area. This Technical Solution, as supplemented based on the comments of the Review Report, provides for the construction of a stable riverbed of the Janja River, with the flow cross section formed in such a way as to ensure safe carrying of high water at the level occurring once in a hundred years, p= 1/100, and also to protect this part of the riverbed from further erosion and destabilisation. 
Present Situation
The intensive development of a new settlement of Ugljevik, located on the left bank of the Janja River downstream of the facilities of the Ugljevik Thermal Power Plant, has added weight to the issue of defending the new settlement of Ugljevik against high waters of the Janja River and its tributaries in the settlement zone, as the flooding in this part has caused significant material damage to the buildings that have been completed. 
Having reviewed the issue of how to defend the zone of the Ugljevik settlement against high water flooding, two directions for how to address this problem have been identified:
· Defence against the high water levels of the Janja River as the main watercourse; and
· Defence against torrential basin waters of the left tributaries of the Janja River, which threaten the developed part of the settlement on the left side of the main road Bijeljina – Tuzla, as well as the main road itself. 
The aim of this project is to develop the Main Design for the "Regulation of the Janja Riverbed in Ugljevik", over a length of 3.75 km, and to address the mouths of creeks that flow into the Janja River on its left bank. A significant left tributary of the Janja River is the Laktenica creek, while the mouth of the Pecka creek at Ch. 1+1,797.00 is not covered by this design. 
Technical Review of Design Documents
During October 2014, the Water Management Institute of Bijeljina carried out technical review of the Main Design for the "Regulation of the Janja Riverbed in Ugljevik", developed by D.O.O. "Oligo Komerc", Suvo Polje-Bijeljina, in September 2008.
All amendments under the report of the Review Team of the Water Management Institute of Bijeljina regarding the Main Design for the "Regulation of the Janja Riverbed in Ugljevik", developed in September 2008, were implemented in the Main Design for the "Regulation of the Janja Riverbed in Ugljevik", which was amended in November 2014. The proof of implementation of amendments to the Main Design is:
A Review Clause signifying acceptance of the Main Design for the "Regulation of the Janja Riverbed in Ugljevik". 
BASIC CONCEPT OF THE TECHNICAL SOLUTION
Basic Regulation Principles
It has already been stated that prior to the development of the Main Design for the "Regulation of the Janja Riverbed in Ugljevik", there had been no adequate studies or design documents that would provide a more detailed treatment of the high water regime of the Janja River in this area. Therefore, we state below the basic principles that will be applied to the regulation of the Janja River: 
· When selecting the type of regulation of the Janja riverbed, account will be taken of specific natural conditions (topographic, hydrological and geological), the range of protection and the scope of investment required;
· The selected solution for the protection against external waters is a passive type of protection against external surface water, which is purely defensive in character and consists of the regulation of the minor riverbed, construction of protective defence embankments, expansion and deepening of the main riverbed including intensive maintenance. This type of protection is a common and inherited system that has been mainly applied so far; 
· No active measures for the protection and regulation of the Janja riverbed, from the bridge to the Old Ugljevik and then upstream to the regulated riverbed of Janja near the Ugljevik Thermal Power Plant, can be implemented in the near future. This type of protection would involve construction of a reservoir, regulation of torrential waterflows, afforestation and other active measures, which would have an impact on the time of concentration of the flood wave, such that flood waters would be kept safely in the basin as long as possible, allowing for controlled evacuation of the flood water from the basin via the watercourse of the Janja River;
· According to available data (Integrated Water Management Strategy of the Republika Srpska, Water Management Institute, Bijeljina, 2012), the analysed basin of the Janja River, upstream of the Ugljevik TPP, features a reservoir of "Sniježnica" (usable volume: 7.00 x 106 m3, levelling coefficient 0.185). This reservoir has been constructed to supply water to the Ugljevik TPP, and does not have the capacity to effect a reduction in flood waters of the Janja River downstream of the dam and the Sniježnica reservoir. 
For the regulation of the Janja riverbed in the zone of the urban settlement of Ugljevik, the design provides for the passive type of protection against external water. This type of protection has no reverse water management effects (which is its greatest disadvantage); however, its function is direct protection and it can be executed in stages. From the economic and technical viewpoint, this form of protection is the most acceptable one under the current social and economic circumstances.
Degree of Protection 
In accordance with the European Union Floods Directive on the assessment and management of flood risks (2007/60/EC), the Republika Srpska has an obligation to draw up maps of flood risk zones and areas with significant flood risk. In the future, these maps will be the starting point for the computing of water levels for the planning of protection systems. For each flood-affected area, appropriate technical and econometric analyses need to be applied in order to select a general concept for the technical solution as well as the required degree of protection, taking into account potential damage that can be expected in the coming years. 
In the meantime, as there are no data yet available on the optimal level of flood protection for the given area, the protection strategy should be selected using the existing criteria, depending on the degree of significance and the content of the defended area. 
Considering that this Main Design covers an area of a large industrial centre of the Ugljevik Mine and TPP, and also that an urban zone of the Municipality of Ugljevik and accompanying commercial facilities have been developed along the watercourse of the Janja River, from the bridge leading to the Old Ugljevik and then upstream to the regulated riverbed of Janja near the Ugljevik TPP, we propose adoption of centenary levels of water (Qvv 1%) for the regulation of the Janja riverbed, with an embankment superelevation of 80 cm above the centenary high water levels. The planned system of flood protection needs to achieve a balance between investment in development and production on the one hand and investment in protective systems on the other hand.
Selection of the Type of Regulation
Having reviewed the current situation in the urban area of the Municipality of Ugljevik along the Janja River from the bridge leading to the Old Ugljevik and then upstream to the regulated riverbed of Janja near the Ugljevik TPP, it has been proposed that the urban regulation of the water flow regime and the eroding banks of the Janja River in this area should be an urban type of regulation. 
The basic principles of urban regulation are the following:
· A classic protective embankment cannot be used in residential areas; instead, the regulation implemented needs to fit into the urban matrix. The most common choice is a complex type riverbed (minor and major riverbeds) with geometric elements that ensure free carrying of the design high waters;
· It is necessary to leave a free space over the entire stretch running along both banks of the watercourse; this free space will serve a protective water management purpose – it will allow free access to the banks by people and machinery in circumstances of flood defence;
· Transverse sills need to be used to stabilise the bottom of the watercourse and to create such hydraulic conditions that at low water levels the course of the river is stretched across its width inside the riverbed or over the whole course;
· The parapet walls (or embankments) serving to separate the public walk and the major riverbed should also be used for flood protection purposes (to increase the throughput of the major riverbed, with the parapet walls acting as water defence in circumstances where the riverbed is completely full);
· Vitally important structures in the riverside zone need to be elevated beyond the reach of flood waters of an even lower probability of occurrence. The expensive and delicate content of certain structures must not be located at an altitude that may subject them to a risk of flood waters in case the protective line is breached;
· In the event the complex riverbed cross-section is used, featuring a minor and a major riverbed, the major riverbed needs to fit into the urban fabric of the town, with only grass and possibly annual low ornamental plants that will not reduce the throughput of the riverbed and will not create conditions for accumulation of floating objects during the flood period.
BASIC DATA AND MAPS USED FOR THE DESIGN 
Basic Hydrological Data
In order to develop this design, it was necessary to define the characteristic hydrological values, first and foremost the relevant flow rates of high waters, in order to be able to define the normal section of the regulated riverbed. In the area of Ugljevik, in the Janja River basin, there is a hydraulic station H.S. "Janja" that controls the basin area of 222 km2; this station was established in 1962, with the water level measured by a water gauge whose zero level is at 139,62 m.a.s.l. However, there are no hydrological data that are specifically produced for H.S. "Ugljevik"; instead, the hydrological values have been borrowed from the Main Design for the Regulation of the Janja River along the "Ugljevik" Mine and TPP. Under that design, the high waters were calculated at cross sections of H.S. "Prilog" and H.S. "Zabrđe" on the Janja River, and on H.S. "Sniježnica" on the Rastošnica River; for the Janja River at H.S. "Zabrđe", which controls 210 km2 of the basin, the following hydrological values were obtained: 

Q10%     = 234 m3/s

Q1%      =  359 m3/s

Q0.2%    =  456 m3/s.
Considering that the regulation of the Janja riverbed in Ugljevik is located downstream of the existing regulation of the Janja riverbed along the "Ugljevik" Mine and TPP, where H.S. "Ugljevik" on the Janja River controls 222 km2 of the basin, the following hydrological values have been adopted for the regulation of the Janja riverbed in Ugljevik: 

Q 10%     =    248.00 m3/s

Q 1%      =    380.00 m3/s

Q 0.2%   =     460.00 m3/s. 
The May 2014 floods flooded the urban area of the Municipality of Ugljevik, making it clear that H.S. "Ugljevik" on the Janja River must be put back into operation in order to continue hydrological measurements and to process hydrological data on H.S. "Ugljevik". The processing of new hydrological data should also take into account one extreme case (the hydrological "peak" value) registered in May 2014, whereby design criteria and more precise input data will be obtained for upgrading the existing and construction of new water protection structures in the urban area of the Municipality of Ugljevik. 
In the absence of newly processed hydrological data, the hydraulic dimensions of structures in this Main Design will be determined based on the existing hydrological values. 
Basic Engineering-Geological and Geomechanical Data
For the purposes of the Main Design for the "Regulation of the Janja Riverbed in Ugljevik", which was developed in 2008, a total of 14 geological investigation boreholes had been drilled, serving to identify the geological structure on the regulation route. In order to give a more detailed consideration to the geotechnical structure of the material in the riverbed, detailed geotechnical observations of the riverbank zone have been carried out along the whole course of the Janja River covered by the design, with special attention paid to the material composition of the banks and the riverbed. Based on the exploratory cuts, the following has been established:
· In the riverbank zone, above the riverbed, there are materials classified as belonging to the group of dusty-sandy loams. These materials are susceptible to erosion caused by the river flow.
· The riverbank zone also includes filled soil materials in places, which are not compacted, and thus represent very poor bank slopes that are susceptible to erosion. For these reasons, the poor materials will have to be replaced on such sections.
· In the riverbed itself, there are gravely-sandy materials, while areas lying closer to the hilly terrain also include marl and travertine.
· The banks have steep slopes, and erosion acts by undermining the slopes and collapsing the material into the riverbed.
· It should be noted that the bank slopes have a great number of large trees with developed room systems. This poses a specific problem, because once the trees are felled and roots removed, there will be large cavities left in the contact zone between the slopes and the riverbed, which will need to be filled with gravel materials.
Geotechnical Models
Geotechnical Model No. 1 
This model is present in the lower part of the planned regulation of the river over a distance of about 2.0 km. In this model, the following materials are present:
RIVERBED: The riverbed includes fine-grained to coarse-grained gravels extending to the depths exceeding 2.0 m, counting from the riverbed bottom
BANKS:
The banks are buried in loamy-sandy materials with low cohesion, making them prone to erosion
Geotechnical Model No. 2
This model applies to the middle part of the planned regulation of the river over a distance of about 0.5 km. 
This is the section that is closest to the hill massif. 
In this model, the following materials are present:
RIVERBED: The riverbed includes degraded travertine and marl 
BANKS:   The lower parts of the banks include blocks of travertine, while      
                       the upper parts include clay. 
Geotechnical Model No. 3.
This model is present in the upper part of the planned regulation of the river over a distance of about 1.5 km. 
In this model, the following materials are present:
RIVERBED: The riverbed includes fine-grained and sandy gravels extending to the depths exceeding 2.0 m, counting from the riverbed bottom
BANKS:
In several places, the riverbank zone includes filled materials of poor compaction and considerable heterogeneity, which are not favourable to serve as a direct support for bank protection, and will therefore need to be replaced.
Design Solutions for Stabilisation of the Riverbed and Banks
The design provides for the following stabilisation elements:
· Concrete stabilisation sills at the bottom of the riverbed
· Longitudinal beam as a support for the lining on the slopes
· Lining made of concrete blocks
· Gravel base for the blocks
· Geotextile under the gravel base 
It should be noted that the route and the finished level have been adjusted to match the geotechnical conditions, i.e. attempts have been made to reduce excavations to a minimum while ensuring optimal excavations in order to reach more favourable materials.
Having considered the geotechnical conditions along the route planned for regulation, one may conclude that the route and the stabilisation elements have been properly selected and that they will guarantee the stability of the riverbed and the slopes.
The planned elements will require corrections in certain sections, however, as follows:
On the slopes that include filled materials, it will be necessary to install a thicker drainage layer such that the tentative thickness would be about 0.5 m.
In places with sandy and muddy materials in the riverbed, an optimal solution will be to add a horizontal toe to the longitudinal beam in the riverbed. This will ensure stability, including in the event of increased erosion and settling of this beam.
Geological and Geo-mechanical Exploration
On 14 November 2014, a site visit was carried out and exploratory works conducted in order to assess the geological composition and geo-mechanical properties of the Janja riverbed in the design area in Ugljevik. 
The exploratory cuts were made at six locations manually and at four locations mechanically, using an O&K - MH City excavator, with a maximum digging depth of 5.70 m. 
During this exploration, four cuts were made mechanically, at the following locations that allowed the construction machine to reach the Janja riverbed:
CUT 1 at Ch. 0+000
The cut was made on the right bank of the Janja River. The digging depth was 1.80 m, i.e. >1.30 m from the bottom of the Janja riverbed. In this location, medium-coarse to coarse gravel material was identified. No solid substrate was reached, and it is therefore anticipated that the bottom of the Janja River regulation will be founded in gravel material.
Location of the cut No. 1:

Y = 6.580.811

X = 4.950.400
   Z = 149.39 m.a.s.l. 
CUT 2 at Ch.  0- 020
The cut was made on the right bank of the Janja River. The digging depth on the bank was 2.60 m, i.e. >1.60 m from the bottom of the Janja riverbed. In this location, medium-coarse to coarse gravel material was identified, identical to the cut No. 1.
Location of the cut No. 2:

Y = 6.580.857
            X = 4.950.409
            Z = 149.25 m.a.s.l.
CUT 3 at Ch. 1+345
The cut was made on the right bank of the Janja River. The digging depth was 2.90 m from the site elevation, i.e. >1.80 m from the bottom of the Janja riverbed. In this location, sediment in the form of clayey sands was identified with thickness of about 1.30 m, while in deeper levels there was medium to coarse gravel material. At the depth of 1.80 m from the riverbed bottom, blocks of travertine were identified.
Location of the cut No. 3:

Y = 6.579.597

X = 4.950.206
Z = 154.10 m.a.s.l.
CUT 4 at Ch. 3+656
The cut was made on the right bank of the Janja River. The digging depth was 5.70 m from the terrain elevation, i.e. >2.40 m from the bottom of the Janja riverbed. In this location, sediment in the form of clayey sands was identified with thickness of approximately 1.70 m; under this sediment layer, there was gravel with medium to coarse grains, as well as large stone blocks with an average diameter of 0.50 m.
Location of the cut No. 4:

Y = 6.577.906

X = 4.949.557
   Z = 162.58 m.a.s.l.
Observed Characteristics and Geological Properties of the Terrain
At the section between chainages Ch. 0+866.00 and Ch. 1+119.00, the presence of travertine was observed in the riverbed and the right bank, and these parts need to be indicated in the priced bill of quantities.
In the area of cross section P47 (Ch. 2+424.88), a landslide was identified on the right bank of the Janja River over a length of approx. 50 m.
It should be noted that the banks of the minor riverbed of Janja are covered with dense vegetation (tree trunks and shrubs) in the entire design area, on both right and left sides.
For the purposes of stability analysis of the bottom and slopes of (minor and major) riverbed, the following geo-mechanical properties of the terrain have been adopted:
	Layer
	Material
	Volum. weight
γ (Mp/m3)
	Int. frict. angle
φ (o)
	Cohesion
c (Mp/m)

	H
	Humus
	150
	8
	10

	N
	Embankment
	180
	12
	15

	1
	Loam
	190
	23
	1

	2
	Clayed sand
	190
	25
	5

	3
	Gravel
	200
	28
	0

	4
	Miocene sediments
	180
	28
	0.50


Basic Geodetic Data and Maps
The area of the Janja River in the urban area of the Municipality of Ugljevik, from the bridge leading to the Old Ugljevik and then upstream to the "Ugljevik" Mine and TPP, is covered by topographic maps with the scales of 1:25,000 and 1:10,000, geodetic plans with the scales of 1:2,500 and 1:1,000, and the georeferenced site plan based on the orthophoto Google map dated 2012, and these maps were used in this design. 
Due to deficiencies in the geodetic maps surveyed in 2008 for the purposes of the Main Design for the "Regulation of the Janja Riverbed in Ugljevik", the Review Team provided comments on the design that were used to supplement the design by carrying out another detailed geodetic surveying of the Janja riverbed in the field. The surveying was done by cross sections spaced at 20-40 m, with a total of 81 cross sections surveyed and mapped at the scale of 1:100/100.  The cross sections were mapped at the scale of 1:100/100 and were applied to the geodetic plan with the scale of 1:2,500, as well as to the orthophoto survey. On the basis of these surveyed cross sections, a longitudinal section was developed at the scale of 1:100/2,500.
The surveying was carried out based on the main traverse (link with the main trigonometric network), which was set along the regulated riverbed of the Janja River. 
All geodetic surveys done in the field (list of elevations and coordinates of main traverse points, route apexes and axes, sketches of fixed traverse points, elevations and coordinates of detailed points of cross sections, etc.) which are necessary for staking out the route of the new riverbed of Janja, are provided in Annex No. 17 (17.1-17.4), prepared by "Geomatik", Bijeljina, in July 2014.
TECHNICAL SOLUTION OF THE MAIN DESIGN
During the development of the Main Design for the "Regulation of the Janja Riverbed in Ugljevik" and following a joint visit to the design area by the Beneficiary and a Designer's representative, a joint conclusion was reached to supplement the design that was developed back in 2008 by all segments of the Review Report prepared by the Water Management Institute of Bijeljina in October 2014. Therefore, this design incorporates all amendments and supplements in accordance with the Review Report. 
The detailed, supplemented Main Design for the "Regulation of the Janja Riverbed in Ugljevik", from the bridge leading to the Old Ugljevik, Ch. 0+009.16 and then upstream to the previously regulated riverbed of Janja near the "Ugljevik" Mine and TPP, Ch. 3+757.45, has been developed over a length of 3,748.29 m. 
Layout Solution
The regulation route has been laid along the natural riverbed of the Janja River, fitting the design normal section into the existing riverbed. In doing so, a technical requirement was observed according to which the route of the future regulated riverbed should not conflict with the existing bridges or with the upstream regulated riverbed of Janja near the Ugljevik Mine and TPP, and it also needed to avoid excessive entry into private properties, which would trigger resolution of title issues. 
In places where there were limitations in terms of the width of the corridor of the regulated riverbed (due to structures and private properties), the corridor of the regulated riverbed was moved to uninhabited areas in order to protect the already constructed buildings. This technical solution of the riverbed regulation ensures full stability of all structures in the regulation zone, and also meets the requirement that the regulation route should be located in its entirety in the zone of the riverbed and the river banks. 
The position of the axis of the regulation of the Janja River at its upstream end is dictated by the position and the size of the bridge structure on the regional road leading to the Old Ugljevik, while at the downstream end it is dictated by the existing axis of the previously regulated riverbed of Janja near the "Ugljevik" Mine and TPP. 
The flow cross section of the riverbed (minor and major riverbed) ensures the flow of centenary high waters with an embankment superelevation (and possibly even of parapet walls) of 80 cm. The watercourse route in the minor riverbed was implemented with radii of R = 59.00 m to R = 600.00 m, meeting the requirements that bend radii had to have a minimum bend diameter of 3.5 – 4.00 times the width of the water surface in the minor riverbed, with the exception of the apex of the bend T16, where this ratio is slightly lower due to the newly-constructed bridge on the regional road between the Ugljevik TPP and the urban area of Ugljevik. 
This layout of the route of the regulated riverbed has largely followed the existing natural riverbed, as it appeared to offer an optimal solution and the lowest investment costs. 
Downstream of the regulated riverbed (downstream from Ch. 0+009.16), over a length of approx. 200 m, the natural riverbed of Janja requires concrete channelling to prevent backflows in the regulated riverbed as well as depositing of bed load and suspended load and a reduction in flow rate. This is one of the measures to protect the regulated riverbed of Janja from the backfilling with bed load. 
An overview map of the design area is provided in Annex No.1, while the layout of the regulation of the Janja riverbed in Ugljevik for Section 1 is provided in Annex No. 2 (2.1) and for Section 2 in Annex No. 2 (2.2). 
Longitudinal Sections 
Hydraulic Longitudinal Section
In order to examine the hydraulic status of the regulated riverbed of Janja in Ugljevik, a hydraulic longitudinal section has been mapped at the scale of 1:100/5,000, including all hydraulic phenomena that are present in this watercourse in the urban area of the Municipality of Ugljevik. The following has been indicated on the hydraulic longitudinal section: the lines of the right and left banks; the line of the lowest depth; finished level of the bottom of the regulated riverbed; lines of water levels of high flood waters of May 2014; lines of the centenary high waters in the regulated riverbed and of the backflow of the centenary high water at bridge structures. 
The analysis of the hydraulic longitudinal section has yielded the following conclusions:
· Through the regulation of the riverbed of the Janja River in the urban area of the Municipality of Ugljevik, the level of flood water which occurred in May 2014 will be reduced at the bridge leading to the Old Ugljevik (Ch. 0+060.29) by 40 cm, at the Suspension Bridge (Ch. 1+307.13) by 190 cm, at the bridge leading to Krčevine (Ch. 2+325.03) by 170 cm and at the new bridge leading to the Ugljevik TPP (Ch. 3+548.95) by 195 cm.
· The backflows at bridge structures in the regulated riverbed will be as follows: At the structure of the bridge leading to the Old Ugljevik (Ch. 0+060.29), the backflow is 25 cm; the backflow at the Suspension Bridge (Ch. 1+307.13) is 30 cm; at the bridge leading to Krčevine (Ch. 2+315.03), the height of the backflow is 30 cm; and at the structure of the bridge leading to the Ugljevik TPP (Ch. 3+548.95), the backflow is 30 cm.
· The design superelevation over the embankment is 80 cm above the centenary high water levels, while the designed dimensions of the flow cross section can safely pass even high waters occurring once in five hundred years (Q0.2% = 460 m3/s), without flooding the surrounding land. The hydraulic longitudinal section is provided in Annex No. 3.
Construction Longitudinal Section
The development and formation of the Janja riverbed in this area has been conditioned by the presence of watercourse erosion processes, by the geological structure of the terrain through which the watercourse riverbed is running, as well as by anthropogenic factors such as construction of bridge structures in the riverbed, filling and superelevation of banks of the riverbed, and by other activities. 
Based on the completed Supervisoring-geological and geotechnical exploratory works, the structures for the stabilisation of the bottom and slopes of the minor riverbed will be founded in sand-gravel materials, and partially in blocks of marlstone and travertine. The major riverbed will generally be buried in loamy-sandy materials with low cohesion, which are prone to erosion. In environments such as these, the riverbed must be lined and protected due to possible erosion. Over the entire regulation sector, the design provides for the lining and stabilisation of the minor riverbed bottom in the horizontal direction, by means of longitudinal stabilisation sills, which will ensure that the entire stretch of the regulation watercourse is designed with a view to meeting the urban planning requirements related to sports, recreational and tourism needs of the citizens. At the same time, this will ensure that the flow cross section is continuous over this stretch, allowing for safe and most hydraulically favourable carrying of waters from Ugljevik downstream to the bridge leading to the Old Ugljevik. 
To overcome the height difference of 10.61 m, the longitudinal grade is twofold, and has generally been adapted to the natural grade of the riverbed bottom, with the following values:
· Section 1: Ch. 0+024.16 – Ch. 1+052.27, ΔL = 1,028.11m, ΔH = 2.16 m, I = 0.0021818
· Section 2: Ch. 1+052.27 – Ch. 3+742.45, ΔL = 2,710.18m, ΔH = 8.45 m, I = 0.0031063.
The downstream (linking) point to which the regulation is connected is the downstream transitional section with a transverse concrete stabilisation sill (Ch. 0+024.16) and the altitude of the bottom of the regulated minor riverbed at the elevation of 148.28 m.a.s.l. Upstream, the regulated riverbed of the Janja River connects to the transitional section between the previously regulated riverbed of Janja near the Ugljevik TPP and the regulated riverbed under this Main Design (Ch. 3+742.45), at the elevation of 158.85 m.a.s.l. The total length of the regulation is 3,738.29 m, and it overcomes the height difference of 10.61 m. 
The construction longitudinal section is provided in Annex No. 4. 
Normal Sections
For the normal section of the regulated riverbed of Janja, the design has adopted an urban regulation section in the shape of a double trapezoid. The width of the minor riverbed at the bottom is b = 12.00 m, and the slope inclination is m = 1:2.00. The major riverbed consists of shoulders on the right and left bank that are 5.00 m wide; the embankment is variable in height, ranging between 0.80 m and 1.70 m (the superelevation of 80 cm over the centenary high water level), with slope inclination toward the riverbed of m = 1:2.00, and the width of the embankment crest of 5.00 m. 
Depending on terrain configuration, the flow cross section of the regulated riverbed of Janja is formed on the left and rights banks partially by the construction of the embankment and partially by the cutting of the high terrain. 
The shoulder of the normal section, 5.00 m wide, is positioned at the height of 3.50 m from the bottom of the minor riverbed, and its longitudinal inclination is identical to the longitudinal inclination of the finished level of the riverbed bottom. 
The total height of the regulated riverbed for Section I between Ch. 0+024.16 and Ch. 1+052.27 is 5.00 m, and for Section II between Ch. 1+052.27 and Ch. 3+742.45 it is 4.80 m, which ensures full protection of the urban area of the Municipality of Ugljevik against centenary high waters. The height of the water column of centenary high waters is h1 = 4.20 m and h2 = 4.00 m, while the bank superelevation is 0.80 m. The minor riverbed can carry ten-year high waters, the height of the water columns for these high waters being h1/10 = 3.50 m. 
The normal section of the regulated riverbed of the Janja River is provided in Annex No. 5 (5.1 and 5.2).
Riverbed Slope Protection
To stabilise the bottom and slopes of the riverbed over the entire length of the regulation, the design provides for a longitudinal concrete stabilisation sill MB 30, 1.60 m high and 0.60 m wide, reinforced with structural reinforcement. The longitudinal sill is inclined toward the slope at a ratio of 5:1, with the crest of the sill elevated above the riverbed bottom by 60 cm, such that the riverbed has a trapezoidal shape. The sill is buried 1.00 m below the bottom of the Janja riverbed, while on its sides it is lined with stone lining in the watercourse. The sill crest supports slope lining made of concrete hexagonal prisms, with 20 cm sides and the thickness of 20 cm. Below the concrete prisms, a 30 cm filter-base layer is placed. Above the concrete prisms, the design provides for a protective concrete beam MB 30, which is structurally reinforced, measuring 0.30 x 0.50 m. Under the longitudinal stabilisation sill, the lining of concrete prisms and the longitudinal concrete protective beam, over the entire length of slope protection, the design provides for a filtering layer made of a 200 gr/m2 geotextile. The height of lining in the riverbed is 3.00 m, including the longitudinal concrete stabilisation sill, the lining of hexagonal prisms and the protective concrete beam. The remaining part of the minor riverbed above the protective concrete beam and the shoulder, as well as the major riverbed, the embankment crest and the slopes of the major riverbed, will be protected by topsoiling and grassing. 
Over the length of longitudinal concrete stabilisation sills, at every 2.00 m, the sills will feature drainage holes. The drainage holes will be made of ACC Φ50 mm, 60 cm long.
The normal section of the riverbed slope protection is provided in Annex No. 5 (5.1), while the structural reinforcement of the longitudinal concrete stabilisation sill and the final concrete beam is provided in Annex No. 5 (5.2). 
Riverbed Bottom Protection
The design provides for the protection of the bottom of the regulated riverbed of Janja from Ch. 0+024.16 upstream to Ch. 3+738.29 in the form of transverse concrete stabilisation sills, 1.00 m high and 0.60 m wide, with the length in the minor riverbed of 12.00 m. The transverse stabilisation sills will be reinforced with structural reinforcement.
On both upstream and downstream sides, the sills will be lined with stone lining 15 cm< d < 30 cm, with an average width of 1.00 m. Following completion of regulation, it is anticipated that finer material will be washed out from the bottom of the riverbed and that after a period of time the sediment will be replaced between the sills in a phenomenon called "self-paving". 
Hydraulic calculation yielded the required distance between the traverse stabilisation sills. The sills will be positioned by sections (by the longitudinal grade of the finished level), at the following distances:
Ch. 0+024.16 – Ch. 1+052.27
Lusv = 90.00 m
Ch. 1+052.27 – Ch. 3+742.45
Lusv = 70.00 m.
The structure of a typical transverse stabilisation sill used to secure the riverbed bottom is provided in Annex No. 12 (12.1-12.2).
Slope Stability Testing
The problem of slope stability for the regulated riverbed of the Janja River in its natural material (excavations and embankments), includes the following:
· The uplift action of the leachate;
· The effect of the kinetic energy of the natural riverbed;
· The erosion effect of rainwater and surface water;
· The dynamic effect of waves produced by wind;
· The mechanical action of ice; and
· The temperature impact on riverbed slopes through the freezing of soil, which contributes to the weakening of the structure and a reduced cohesion of material on the riverbed slope. 
Based on the analysis of the results of Supervisoring-geological and geotechnical exploration conducted for the purposes of the Main Design for the regulation of the Janja River in Ugljevik, and based on the calculations of slope stability, one may conclude that the general stability of the minor and major riverbeds with slope stability of 1:2 is satisfactory.
The calculation of general stability of riverbed slopes took into account the impact of the action of groundwater in the case of an abrupt fall of the water level in the riverbed, the load of a motor vehicle and a continuous load of 20 kN/m (reduced to the ground level for calculation purposes), as well as the impact of earthquake in the earthquake zone of 8.00 MES, which corresponds to horizontal acceleration of 0.20 g. 
Slope stability testing for the longitudinal regulation structure of the Janja riverbed was conducted on the normal section including embankment. 
Slope stability testing for the minor and major riverbeds was conducted according to the Bishop's method, using the software package "MAC.STA.:R.S", and the results of computation are provided in Chapter "C" Calculations, Item 6: Slope Stability Testing.
The calculation was done for the case of an earthquake coinciding with a load on the riverbank and an abrupt lowering of the water level in the riverbed.
In general, the entire section of the Regulation of the Janja River in Ugljevik and its design solution meet the stability criteria in all kinds of extreme conditions (excluding earthquakes), subject to the existing geo-mechanical soil characteristics and the use of planned materials to be installed in the body of the embankment of the major riverbed. If during the execution of works laboratory tests show poorer geo-mechanical characteristics of the natural material than the geo-mechanical characteristics that were used for the slope stability testing, in such case the design provides for replacement of such poor soil materials. 
A tabular overview of minimum slope stability coefficients for the longitudinal regulation structure which forms the minor and major riverbeds of the Janja River, for cases with and without earthquakes, is provided in Chapter "C" Calculations, Item 6.  
Structures within the Regulation
The design provides for the construction of the following structures within the Regulation of the Janja River in Ugljevik: 
· Downstream transitional section structure;
· Upstream transitional section structure;
· Structures for the expansion of the minor riverbed of Janja at the sites of bridges;
· Creek mouth structures;
· Typical transverse stabilisation sills;
· Typical structures for the inflow of littoral waters; and
· Typical descent stairs structures. 
Downstream Transitional Section Structure
In the downstream part of the regulation, at the site of transition from the regulated to the unregulated riverbed of the Janja River, from Ch. 0+009.16 to Ch. 0+024.76, over a length of 15.60 m, the design provides for a downstream transitional section.
According to the design, this structure will include one transverse concrete stabilisation sill, which will be reinforced by structural reinforcement.
Downstream of the transverse concrete stabilisation sill, over a length of 15.00 m, the bottom and slopes of the transitional section will be lined with stone lining (15 cm< d < 30 cm).
The transverse concrete stabilisation sill is 0.60 m wide and 1.00 m deep, buried below the finished level of the riverbed bottom and into the slopes up to the shoulder height (h = 3.50 m), with a 0.50 overhang at shoulders. The height of lining of the bank slopes at the transitional section is h = 3.00 m, with the stone lining of 15 cm< d < 30 cm. 
The structure of the downstream transitional section is provided in Annex No. 7 (7.1 and 7.2), while the plan of structural reinforcement is provided in Annex No. 7 (7.3). 
Upstream Transitional Section Structure
At the site of transition between the previously regulated upstream riverbed of Janja near the Ugljevik TPP and the design regulated riverbed from this Main Design, from Ch. 3+737.00 to Ch. 3+752.00, the design provides for an upstream transitional section over a length of 15.00 m. This transitional section effects transition from the previously regulated riverbed of Janja near the "Ugljevik" TPP, with the width of the minor riverbed bottom of 15.00 m, to the regulated riverbed under this Main Design, having the width of the minor riverbed bottom of 12.00 m. 
According to the design, this structure will feature two transverse concrete stabilisation sills reinforced with structural reinforcement: the transverse stabilisation sill (TSS) above Ch. 3+752.00 at the end of the existing regulation near the Ugljevik TPP, and the TSS at Ch. 3+737,00 which marks the beginning of the new regulation of the Janja riverbed. In addition to effecting the transition of the riverbed bottom width from 15 m to 12 m, these stabilisation sills also serve to transition from the slope inclination of 1:2.50 (the existing regulation near the Ugljevik TPP), to the slope inclination of 1:2. In order to stabilise the riverbed bottom and the riverbank slopes, between these sills the design provides for longitudinal concrete stabilisation sills on which the slope lining will rest. The slopes of the transitional section will be lined with concrete hexagonal prisms, placed on a base layer of 30 cm. Above the concrete hexagonal prisms, there will be a final longitudinal concrete beam measuring 30 x 50 cm, which will be structurally reinforced. The transverse concrete stabilisation sills are 0.60 m wide and 1.00 m deep, buried below the finished level of the riverbed bottom and into the slopes up to the shoulder height (h = 3.50 m), with a 0.50 overhang at the shoulder. The slopes will be lined to the same height as the slopes of the upstream and downstream regulation of the riverbed. 
The structure of the upstream transitional section is provided in Annex No. 15 (15.1, 15.2), while the plan of structural reinforcement is provided in Annex No. 15 (15.3 and 15.4). 
Structures for the Expansion of the Janja Riverbed at the Sites of Bridges
At the sites of bridges, Ch. 0+060.20, Ch. 1+307.13, Ch. 2+315.03 and Ch. 3+648.95, the design provides for expansions of the minor riverbed in order to reduce the backflow of high water of the Janja River at bridge structures. The following expansions of the bottom of the minor riverbed have been designed:
· At Ch. 0+060.20, from b= 12.00 m to b = 18.00 m;
· At Ch. 1+307.13 from b = 12.00 m to b = 15.00 m;
· At Ch. 2+315.03 from b = 12.00 m to b = 18.00 m; and
· At Ch. 3+548.95 from b = 12.00 m to b = 18.00 m.
In the longitudinal direction, the bottom of the minor riverbed will be expanded over a length of 30 m, and the expanded riverbed will then be restored to the design width of b = 12.00 m over an additional length of 30.00 m. The expansion of the minor riverbed bottom itself will be effected over a length equivalent to the cross section of the bridge structure, plus 5 metres upstream and 5 metres downstream (the bridge structure + 10 m). The transitional sections for the expansion of the minor riverbed and the expanded sections below the bridges (from 12.00 m to 18.00 m or 15.00 m) will have the same normal section as the regulated minor riverbed. 
The structures for riverbed expansion at the sites of bridges are provided Annex No. 11 (11.1 and 11.2), while structural reinforcement for transverse concrete stabilisation sills is provided in Annex No. 11 (11.3, 11.4 and 11.5.). 
Creek Mouth Structures
At the left bank of the Janja River, three creeks that are tributaries of the Janja River need to be taken into the regulated riverbed, at the following chainages:
· Structure of the Laktenica Creek Mouth, at Ch. 1+174.40
· Structure of the Creek 1 Mouth, at 
Ch. 2+606.55
· Structure of the Creek 2 Mouth, at 
Ch. 3+698.60.
All the creek mouth structures are designed according to the same principles. The creek bottom width is b = 2.00 m, and the slope inclination is m = 1:2. The bottom of the creek mouth is at the level of the longitudinal concrete stabilisation sill, which means that the finished level of the creek mouth is raised by 0.60 m over the bottom of the regulated riverbed of the Janja River. The upstream end of the mouth is fixed by means of a transverse concrete stabilisation sill, which is reinforced with structural reinforcement.  The transverse concrete stabilisation sill is 0.60 m wide and 1.00 m deep, buried below the finished level of the creek bed bottom and into the slopes up to the shoulder height h = 2.50 m, with a 0.50 m overhang at shoulders. The height of bank slope lining follows the level of lining of the minor riverbed of the Janja River. At the bottom of the slope between the transverse stabilisation sill of the creek and the longitudinal concrete stabilisation sill of the Janja riverbed, the design provides for longitudinal concrete stabilisation sills which serve to stabilise the bottom and slopes of the creek bed. The slope lining will rest on the longitudinal concrete stabilisation sills. At the height of 1.00 m above the creek bed bottom, the design provides for lining of concrete slabs measuring 2.00 x 1.50 x 0.20, placed on a base layer of d = 0,30 m. Above these concrete slabs, slope lining will be placed consisting of concrete hexagonal prisms, with 20 cm sides and the thickness of 20 cm, which will be placed on a filter-base layer of 30 cm. Above the concrete prisms, the design provides for a final concrete beam MB 30, which is structurally reinforced, measuring 0.30 x 0.50 m. 
The structure of the Laktenica creek mouth is provided in Annex No. 8 (8.1-8.2), Creek 1 mouth in Annex No. 9 (9.1 and 9.2) and Creek 2 mouth in Annex No. 10 (10.1 and 10.2), while structural reinforcement for the transverse concrete stabilisation sill is shown in the following annexes: Annex No. 8 (8.3) - Laktenica, Annex No. 9 (9.3) - Creek 1 mouth, Annex No. 10 (10.3) - Creek 2 mouth. The longitudinal stabilisation sill and the longitudinal beam are shown in Annex No. 8 (8.4.) - Laktenica, Annex No. 9 (9.4.) - Creek 1 mouth and Annex No. 10 (10.4) - Creek 2 mouth.  
Typical Transverse Stabilisation Sills
In order to adapt the Regulation of the Janja River in Ugljevik to the existing natural conditions, to the previously completed regulation near the Ugljevik TPP and to the bridges constructed over the Janja River, this Main Design provides for the following types of transverse stabilisation sills:
Type 1:
Transverse concrete stabilisation sill, width at the bottom 13.00 m
Type 2:
Transverse concrete stabilisation sill, width at the bottom 15.00 m
Type 3:
Transverse concrete stabilisation sill, width at the bottom 18.00 m
Type 4:
Transverse concrete stabilisation sill for securing the riverbed bottom, with 

bottom width of 12.00 m.
Transverse Concrete Stabilisation Sill Type 1
This type is provided for the riverbed expansion structures of the Janja River at the sites of bridges, at chainages: Ch. 0+024.76, Ch. 0+104.76, Ch. 2+278.41, Ch. 2+358.01, Ch. 3+510.38, Ch. 3+589.65, and for the structure of the upstream transitional section at Ch. 3+757.45. 
The Type 1 transverse concrete stabilisation sill, with bottom width of 13.00 m, is provided in Annex No. 11 (11.1 and 11.2). The typical structure for Janja riverbed expansion at the sites of bridges is also provided in Annex No. 15 (15.1 and 15.2), Upstream Transitional Section Structure. 
Transverse Concrete Stabilisation Sill Type 2
This type is provided for the riverbed expansion structure of the Janja River at the bridge site, at chainages: Ch. 1+299.63 and Ch. 1+317.86, and for the structure of the upstream transitional section at Ch. 3+757.45. 
The Type 2 transverse concrete stabilisation sill, with bottom width of 15.00 m, is provided in Annex No. 11 (11.1 and 11.2). The typical structure for Janja riverbed expansion at the sites of bridges is also provided in Annex No. 15 (15.1 and 15.2), Upstream Transitional Section Structure.
Transverse Concrete Stabilisation Sill Type 3
This type is provided for the riverbed expansion structure of the Janja River at the sites of bridges, at chainages: Ch. 0+054.76,  Ch. 0+074.76, Ch. 2+309.01, Ch. 2+337.41,  Ch. 3+540.58 and Ch. 3+560.25.  
The Type 3 transverse concrete stabilisation sill, with bottom width of 18.00 m, is provided in Annex No. 11 (11.1 and 11.2), the typical structure for Janja riverbed expansion at the sites of bridges.
Transverse Concrete Stabilisation Sill for Securing the Riverbed Bottom Type 4
This type of the stabilisation sill is designed to stabilise the riverbed bottom in the urban regulation zone, and is provided in Annex No. 12 (12.1), Typical Transverse Stabilisation Sill, Plan and Cross Sections. 
Typical Littoral Water Structure
The construction of the regulation and the embankment for the protection against high waters of the Janja River will cut off flows of surface waters, which were draining toward the Janja watercourse, and which will need to be retaken into the home watercourse through a littoral water structure.
The typical littoral water structure has the form of a pipe with a diameter of ϕ 600 mm, with an inlet and outlet head. The inlet head of the structure will feature a metal grid measuring 90 x 120 cm, made of 10 x 15 cm steel profiles, serving to prevent the clogging of the structure by floating objects. The outlet head of the structure will feature a mica flap to prevent the flooding of urban areas by high waters of the Janja River. 
The spatial position of the littoral water structures and the drawings of the littoral water structures are given in Annex No. 13.
Typical Descent Stairs Structure
In order to allow normal walking on the quay, the design provides for eleven locations for typical structures of descent stairs on both banks of the Janja River. These structures will allow normal access to the quay from the embankment crest (or from the high bank terrain) along the Janja River. 
The typical structure of descent stairs is provided in Annex No. 14 (14.1), while structural reinforcement for the concrete descent stairs is provided in Annex No. 14 (14.2). 
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