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Component 3: 

Regulation of River Kravica (Bratunac Municipality) with river tributaries Brnjanska and Zonića
2.1. THE TEHNICAL SPECIFICATIONS
INTRODUCTION 

Kravica River spreads along its course through the territory of Bratunac municipality. It belongs to medium-sized streams of this area, gravitating towards Jadar River and Drina River also as known as Drinjaca. A catchment area of the river is prone to flooding and high waters with its own basin. The river is of the mountain character with a turbulent flow regime, which with the low-intensity rainfalls quickly forms a flood wave. The watercourse has a shallow and undeveloped riverbed, which cannot accept high waters from its catchment area, consequently leading to the discharge of water from the riverbed and flooding of the surrounding areas. There is a large number of meanders, the riverbed is narrow and undeveloped, overgrown with shrubs and trees, with insufficient bandwidth, resulting in a continuous outpouring from the riverbed and inundation of residential buildings and agricultural areas. In the upper course, the river takes form of a torrential stream. In the lower stream through the village of Kravica and downstream towards the Jadar River, there are constructed regulatory structures with the role of faster and safer evacuation of high waters. The subject matter of this major project is to assess hydro-morphological characteristics of the basin and riverbed regulation of Kravica riverbed, Branjanska and Zonica Rivers and the river through the village of Kravica in the length of 1598.25 meters, in order to increase throughput or to protect the residential buildings and surrounding areas against flooding. 

1. THE CURRENT SITUATION 

The starting point of the basin of Kravica River on the east side of the zone in mainly covers the highest parts of the basin on the border of the villages Mandići, Opravdići, Kijevic, Brana Bacic and Kravica, and ends in the west at the confluence with the Jadar River near Konjevići village.

In the hilly and low-lying parts, Kravica River has the role of confluence and evacuation of the basin surface waters from the upland northern and southern parts of Glogova Mountain, Gradac, Menjak, Ježestica and Gujanovac, expressed through the secondary watercourses, such as: Studenac, Miševac, Branjanska River, Zonica River, Opravdići and Muratovac.

In preparation for the development of this project, a detailed insight into the current state of the watercourse, as well as of its durability and stability has been carried out. In most instance, coasts are covered with fine vegetation, shrubs and trees, in some places to the diameter d = 20-30 cm. A very small part of the trough is regularly maintained, which is noticeable only in places where they are properly disposed of vegetation, shrubs and tree trunks, both out of the riverbed and coastal watercourses. On such places, the actual physical condition and profile of the watercourse was well shown. Hydrologic-hydraulic analysis of the Kravica River basin is divided into two sections: section I of the regulation is from the beginning of this project upstream in the total length of L1 = 764.25 meters including Branjanska and Zonica River and, the second section is downstream from the existing bridge on the main road Bratunac - Konjevići in the length of L2 = 834.00 meters.
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Picture No.1 –The current averaged, Branjanska River cross- sectional profiles * upstream from the mouth with Zonica River 
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Picture No.2 – The current, averaged, cross-sectional profiles of Zonica River  

[image: image3.emf]


Picture. No. 3 – The current, averaged,cross-sectional profiles of Branjanska River * Downstream from the mouth with Zonica River 
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Picture No.4 – The current, averaged, cross-sectional profiles of Kravica River– upstream from the mouth with Branjanska River * I section 
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Picture No. 5 – The current, averaged, cross-sectional profiles of Kravica River- downstream from the mouth with Branjanska River and from the bridge on the regional road Bratunac-Konjevici* II section

Water banks are in several places uncontrollably destroyed in order to reach the communication and build the transition from one to the other side of the coast. The natural state of Kravica River section, which is the subject to regulation by this project is with the current average gradients of the trough around I = 0,54-0,81-1,30% for the section with a length of about l = 961.25 meters, including both sections.

The hydrological budget basin for probability of precipitation occurrence was made for the purpose of this project: P1%  (hundred-year precipitation), P2%  (fifty-year precipitation) P5% (twenty-year precipitation), P10% (ten-year precipitation), P20%  (five-year precipitation) and P50%  (two-year precipitation), and therefore consequently obtained maximum peak flow Qn%,  which were used for the hydraulic analysis of the existing bandwidth of Branjanska, Zonica and Kravica River and selected characteristic cross-sectional profiles of the regulated watercourses. The peak flows such as Q50% (biennial water), Q10% (ten-year-water) and Q1% (centuries of water), were used for analyzing the current riverbed bandwidth and the selected hydraulic profile of the regulated watercourse.

	Kravica River
	 Q50%
	Bottom width
	slope
	fall
	depth
	speed

	Averaged profiles
	m³/sec
	b (m)
	coast
	%
	hrs (m)
	m/sec

	Kravica R. – I section
	21.02
	3,80
	~1:1,5
	0,81-2,51
	1,84-1,96
	2,12-3,10

	Kravica R. – II section
	31.91
	5,20
	~1:1,5
	0,54-1,30
	1,86-2,18
	1,96-2,69


Table No.1-hydraulic analysis results * the bandwidth of current Kravica riverbed

After hydrology-hydraulic analysis and calculation of the basin of Kravica River, one can draw conclusion that the average current power profile of the watercourse can evacuate water, magnitude of about Q50% (water of return period T = 2 years), and in the case of greater intensity precipitation of the shown, can result in spilling from the trough, flooding of coastal areas and surrounding ground (see the analysis of the current watercourse riverbed).

The watercourse of Kravica River and its basin are geographically oriented in the east-west direction with its secondary watercourses to the mouth of Jadar River.

The surface of the catchment area to the mouth of Branjanska River with Zonica River upstream of the monitored profiles is approximately A = 10.37 km. The average length of the path of water through the bed of the main stream is about Ls = 7.14 km. The altitude of the lowest level of the river basin is about Hd = 277.00 m above the sea level and the highest averaged angle basin is about Hg = 650.00 m above the sea level. The adjusted altitude on the angles of the river basin of the riverbed flow is about Hu = 532.10 m above the sea level. The adjusted flow of the river basin per river stream is about I = 3.57%.

The surface of the catchment area to the mouth of Zonica River with Branjanska River upstream of the monitored profiles is approximately A = 5.18 km. The average length of the path of water through the riverbed of the main stream is about Ls = 4.76 km. The altitude of the lowest level of the basin is about Hd = 277.00 m above the sea level and the highest averaged angle of the river basin is about Hg = 650.00 m above the sea level. The adjusted basin angle altitude on the angles of the basin riverbed is about Hu = 494,50 above the sea level. The adjusted slope of the stream flow is approximately I = 4.57%.

The surface of the catchment area at the mouth of Branjanska and Zonica River upstream of the observed profile is approximately A = 15.55 km². The average length of the path of water through the bed of the main stream is about Ls = 5.95 km. The lowest altitude level of the basin is about Hd = 277.00 m above the sea level and the highest averaged basin angle is about Hg = 650.00 above the sea level. The average altitude on the basin angle angles by riverbed stream is about Hu = 513,30 above the sea level. The adjusted basin slope by the riverbed of the stream is approximately I = 3.97%.

The surface of the catchment area of Kravica River at the mouth of Branjanska River* section I, upstream of the observed profile is approximately A = 24.39 km². The average length of the path of water through the bed of the main stream is about Ls = 6.52 km. The altitude level of the lowest basin angle is about Hd = 276.00 m above the sea level and the highest averaged basin angle is about Hg = 600.00 above the sea level. The average altitude of the basin angle by riverbed stream is about Hu = 402.00 above the sea level. The adjusted basin slope by the riverbed of the stream is approximately I = 1.93%. 

The surface of Kravica River catchment area at the intersection with the regional road Bratunac - Konjevići * section II, upstream from the observed profile is approximately A = 40.89 km². The average length of the path of water through the bed of the main stream is about Ls = 7.35 km. The altitude level of the lowest basin angle is about Hd = 268.00 m above the sea level and the highest averaged basin angle is about Hg = 600.00 above the sea level. The average altitude of the basin angle by riverbed stream is about Hu = 476.20 above the sea level. The adjusted basin slope by the riverbed of the stream is approximately I = 2.83%.

3.
THE BASIS FOR THE PROJECT DRAFTING
For the project solution design of relocation and regulation of Branjanska, Zonica and Kravica River, the following surfaces were used: 

3.1.
Hydrologic foundations 

3.1.1.
Introduction 

The purpose of hydrological analysis is the evaluation and definition of the relevant phenomenon of high waters in the area of the project range necessary for the design and dimensioning of hydraulic elements of the water streams and bridges. Based on the current topographical maps, the characteristics of the catchment area for each water stream are determined and for the total basin as a whole, which gravitates towards the initial profile regulation (the surface of the basin, the length of the watercourse by the main riverbed, the flattening slope of the water stream after the main manger, the length of the watercourse, the focus of the basin and the type and quality of the soil cover). Maximum high waters are calculated with the likelihood of the occurrence of several hours gross precipitation for 2-year return period, 5-year return period, a 10-year return period, the 20-year return period, the 50-year return period and 100-year return period for dimensioning watercourses and bridges, using different methods, taking into account the catchment area of more A> 10 km2, according to the synthetic hydrograph units.

3.1.2.
Geomorphic characteristics 

The project area is located in the catchment area of Drina and Sava Rivers, mostly belonging to the hilly, medium hilly and flat terrain, with the strong proluvium, lower and upper river terraces. This slough is formed in the Middle Miocene period. The eastern part of the slough is high to medium hilly land with a well-made fluvial network. Riverbeds such as Studenac, Miševac, Branjanska River, Zonica River, Opravdići and Muratovac are quite distinct. The terrace of the first river, mainly in the middle and downstream part, stretches westward to the alluvial valley of Jadar River. The terrace on the north falls below the alluvial floodplain sediments of Drina River. On the west edge, the terraced plain is partly covered with a hilly and proluvial sequences, the internal lot spreads to the south-north part, showing the gradients, that gradually converts into hilly terrain at the foot of the Glogova Mountain, Gradac, Menjak, Jezestica and Gujanovac. The highest point of the river basin is at the height of about 650.00 meters above the sea level and the lowest one is at about 268.00 meters above the sea level.

3.1.3.
Geological features 

In alluvial plain sediments from quaternary, with sediments from Neogene period, where the dominant role play the sand, gravel, clay, marl, sandstone, and conglomerate, a small amount of limestone, and sediments from Eocene and flysch series. The older rocks can be found in the hilly areas (from the Triassic and Jurassic time).

The largest part of the project area is made up of alluvial and proluvial sediments.These sediments are well granulated gravel with sand, gravel clay, gravel-sandy clay, sandy clay and humus-loamy surface covering.The edge part of the alluvial deposits is made up of a terrace, gravel clay and sandy clay. Sediments of the loamy soil on the surface of the terrain are characterized by the bandwidth. Other types of soils like swamps, the stagnant tributaries, etc., could be found in small quantities. In that way, their importance is less in terms of geological characteristics of the project area.

3.1.4.
The land cover 

The land cover conditions (land cover, land use, types of crops, vegetation status, etc.) affect the hydrological processes such as evapotranspiration, infiltration and drainage. The assessments were made on the basis of the field work and the use of topographic maps, on basis of which, certain parameters were made, for the number of false CN, the basis for drainage calculation. The distribution assessment of the surface of the basin of the false CN number was treated over topographic maps of the current zone, based on the following input parameters: 

• land use 

• the catchment surface

• soil type 

The way of the recognition of the watershed consists of the geo-referencing and input through the topographic maps of the current zone in the ratio 1: 25,000 and range zone of the catchment area with clearly defined boundaries of the watershed. On average, the groups of soil can be estimated as C, and D type, the soil type having a medium to moderately slow rate of infiltration. Based on the review of land use and soil type data, the number of CN curves was calculated for a given catchment. The map distinctly shows that the land is mostly covered by forests, meadows and pastures in the southern and northern part of the project range, with occasional fields, whereas the lowland part is extensively used for agricultural production with the necessary hydro-ameliorative works and improvements in physical properties of the soil. Hills of mountains Glogova, Gradac, Menjak, Jezestica and Gujanovac are mostly covered with forests with medium soil erosion.

3.1.5.
Precipitation 

Hydrological basin budgets were made for the described streams. In order to test the homogeneity of the precipitation samples in the project area, the hourly and daily precipitation were analyzed, available from two opposite precipitation cells, especially for Loznica and Tuzla. Taking into account that the meteorological station of Tuzla had a longer and almost uninterruptible series of observations, the precipitation data from this station have been adopted for this project. The results of the probability degree analysis are applied to the daily value for meteorological station of Tuzla. The precipitation data for different return periods are shown in the Table No. 2 and PDR (precipitation - duration - return period) diagrams. Calculations were carried out for several hours of precipitation for different return periods. Calculation of high water was made on the basis of classical PDR (precipitation - duration - return period) curve. To evaluate the precipitation of any length, it was necessary to interpolate the values in accordance with the adopted allocation and the definition of gross precipitation according to the formula: H =a*Ln(tk)+b or Pbr =a*Ln(tk)+b.
3.1.5.1.
Precipitation intensity (mm/hour)

	T
	2 year
	5 year
	10 year
	20 year
	50 year
	100 year

	tk (hour)
	H(mm)
	H(mm)
	H(mm)
	H(mm)
	H(mm)
	H(mm)

	1.0
	33.5
	40.8
	44.3
	48.5
	54.6
	59.7

	1.5
	35.5
	43.7
	47.7
	52.4
	59.2
	64.7

	2.0
	37.0
	45.8
	50.3
	55.3
	62.6
	68.5

	3.0
	39.2
	49.0
	54.1
	59.7
	67.8
	74.2

	4.0
	40.8
	51.4
	57.0
	63.1
	71.7
	78.5

	5.0
	42.1
	53.3
	59.4
	65.8
	74.9
	82.0

	6.0
	43.3
	54.9
	61.4
	68.1
	77.7
	85.1

	7.0
	44.2
	56.4
	63.1
	70.2
	80.0
	87.7

	8.0
	45.1
	57.6
	64.7
	72.0
	82.2
	90.0

	9.0
	45.8
	58.8
	66.1
	73.6
	84.1
	92.1

	10.0
	46.5
	59.8
	67.4
	75.1
	85.9
	94.1

	24.0
	52.7
	69.1
	79.0
	88.6
	102.0
	111.8

	48.0
	58.2
	77.5
	89.6
	101.1
	116.8
	128.2

	72.0
	61.6
	82.9
	96.4
	109.2
	126.5
	138.9


Table 2 – Precipitation intensity for different recurrent periods 
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3.1.6.
Estimate of high waters 

The estimate of high waters for associated basin is calculated using the indirect methods due to the lack of flow measurement in certain locations of the basin. Effective precipitation is calculated by the methodology of the number of curved CN. This method is based on knowledge of precipitation regime for short-term and long-term rainfall and basic knowledge of geographical and morphological basin characteristics, as well as permeability of soil, vegetation cover, hydrological conditions, the rate of infiltration and saturation of soil. Number of curve CN for each basin is calculated according to balancing method of principle as difference between rainfall and flow: Pef = Pbr – d.
[image: image1.emf]


With d value, depending on soil type. Relation these two values and number of curve CN is described in the following equation:
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If d → ∞ CN→ 0 (no flow), and if d = 0, CN = 100, the result is Pef = Pbr. In accordance with the area included in different group of land cover, weighted average number of curve CN is calculated for each basin. For this, and similar basins in surrounding area, weighted value is calculated for curve CN = 83. Given value of the curve CN matches to previous average conditions of soil moisture. Standard methodology indicates that greater conditions for soil moisture for extremely high waters should be considered. Therefore, for entirely wet soil, it implies appearance of high water T-of recurrent one-year period. For the analysis of this and other basins in the region and for further estimation, adopted value of curve is CN = 83. For each basin, the previous parameters are applied for rainfall in duration of several hours (precipitation – duration – recurrent period) of recurrent periods P2, P5, P10, P20, P50 and P100. Maximum of the high water is obtained from the effective precipitation, calculated by the unit and synthetic hydro gram of curved shape – the gamma functions for not studied basins.
3.1.7.
Synthetic unit hydro gram 

Synthetic unit hydro gram in form of triangle has a maximum ordinate:
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Where, value of the catchment area (F) is inserted in km2, duration of RACUNSKE rain (Tk) and delay basin time (tp) in hours, a K – is dimensionless coefficient that represent the ratio of decline hydro gram time (Tr) and increase hydro gram time (Tp) for proper basin area. 

“Basin delay tp” time is calculated by the expression:
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With following definition:


-L – stream length (km)


-Lc – stream length from center of the basin to the exit profile per flow (km)

Iu – controlled fall of flow (%)

Relevant rains are defined in process of determination of calculated high waters from the conditions of reaching their maximum depending on rainfall duration Tk. In other words, high waters are determined for different times Tk (rainfall duration), and relevant time of rainfall duration is adopted 

By another words, large water is determinated for various periods Tk (rain lasting), and is accepted as measurable period of rain lasting the value for which dependance Qmax(p,T) reaches its biggest quantity.
3.1.8. 
Determination of high waters hydro gram 

Maximum (full) ordinate of high waters hydro gram in form of triangle, is obtained from expression in the equation below, which includes calculated values tp and K, for different rainfall duration Tk and effective rain of typical probability and and various rainfall durations Pef(Tk,p(%)), or: 
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Chart no. 3 Display of parameters of synthetic hydro gram

Expressions that derive from construction of triangle synthetic hydro gram, displayed in image 3, are used in analysis of outflow hydro gram:
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3.2.
Geodetic pads 

For the project preparation, as well as geo-referencing of project solution and marking of projected object on the field, geodetic surveys of the ground are conducted along the route through the longitudinal and cross section profiles as per given mutual distance. Also, all characteristic 

All geodesic and characteristic places were recorded along the watercourse route with all locations of usurpation and damages of the object, inflow of the secondary watercourses, local road crossings and locations of existing bridges. Geodesic works were completed in following scope and space:

· Water flows recorded of rivers – Branjanska, Zonica and Kravicka River in length of around L=1.958,25 meters. Recordings were made with across profiles. Number of recorded across profiles is in total around N=90. With across profiles is covered existing watercourse and coastal zone. Across profiles were recorded from n=8-12 points. Latitude of recording zone- length of across profiles is orientation by l=25-50 meters left and right from watercourse center line. 

· Longitudinal profile was recorded by detailed points on in between average distance of  l=10-25 meters. On places of route crossing or intersection of watercourses with another objects such as traffic, secondary watercourses, bridges, in between distance of recorded points is reduced and adjusted to concrete terrain conditions.

· On basis of conducted recordings of zones of future protective watercourse embankment with other structures, existing map in proportion 1:2500 was updated. Also was created a numeric data base YXZ of each recorded and projected point. Across and longitudinal profiles of terrain were shown in form suitable for project creation.

3.2.1.
Analytic processing of watercourse routes 

For analytical and graphics processing of watercourse routes was used software program  «Gavran GCM ++». Based on geodesic topographical plan, created from original data gathered directly on the field by precise tachymetry, a precise Digital Model Terraiod, (DMT) by TIN method, considering respect to all structural lines- variations in the field.

Center line of watercourse route is consisted of directions and circular curves. Routes is stationed and across profiles were set on all characteristic points of the route: beginning, middle, and end of circle curve, as on the other places of route where it crosses with other longitudinal objects or the route is braking in vertical sense. Besides across profiles were placed so that the maximal distance of across profiles do not cross l=10-30 meters. 

Based on applied software, coordinates of center points on each across profile were given, with purpose of marking by coordinate method with points of operative polygon. Except of center points, a profile in 3D was given of all characteristic points of projected river bed on across profiles. All coordinates were given in State coordinate system in Gaus Kriger comfortable cylindrical projection. 

3.3.
Geological basis 

The geological backgrounds of the project design of Kravica River watercourse with its tributaries, were formed on the basis of the of the geological report characteristics of the area of Kravica, Glogovacka and Slapašnica River, designed by the company Ibis-Engineering doo Banja Luka. The research results gave the appropriate fund data on the basis of which interpretation of the ground is made. On the basis of the field identification, the average values of geomechanical parameters and proluvial- alluvial deposits in which the regulation will be made, are estimated in sizes from: 

cohesion c = 0.0 to 4.0 kN / m² with a possible occurrence of c = 4.0 to 6, 0 kN / m² 

 internal friction angle φ = 24º - 28º with a possible occurrence of φ = 14º - 16º 

natural bulk density of γ = from 18.0 to 19.5 kN / m³  

The report is formed based on the analysis and the re-interpretation of the existing geological documentation on which the field reconnaissance was performed in the area zone and it includes the planned regulation of watercourses. 

4.
THE TECHNICAL SOLUTION - explanations and descriptions 

4.1.
The regulated watercourse route

The solution of regulation and control displacement of the watercourse of Kravica River with its tributaries is performed mainly in the corridor on the existing route with the minimum displacement. On the parts where there is no waterbed, the future realignment of watercourses and dikes is made taking into account the current state of the facilities on the watercourse route. In the phase of field and geodetic works, an operational polygon is made, route staking out and record of cross-sectional profiles. The security of elements of the operating polygon was performed. 

The altitude points of the regulated riverbeds and embankments of watercourses are given in the main project in graphic attachments through the longitudinal and transverse profiles. The spatial position of the dots mentioned (YX coordinates) with the projected height (Z-label counts) are provided in the form of tables in the chapter 'geodetic data' as a contribution to the project documentation and are at the disposal in electronic form.
4.2.
The protection degree against floods 

Starting from the initial assignment and setting of this project, whose priority is the the protection of facilities and property from floods, the level of protection and profile dimensioning as well as the watercourse height of levees is conceived. The degree of buildings protection from flooding is techno-economic category. In practice, the applied criteria are fully justified and generally have a real economic dimension. In this case, facilities and goods, under the influence of the possible floodwaters are:

 • Existing facilities located in close watercourse proximity and those not protected from the impact of high water.

• The surrounding farmland is also not protected against floodsThe following table shows the criteria for the flood protection of facilities and goods: 

	
	
	
	
	
	
	The degree of                  protection

	The number of residents in the villiage or the nature of the protected goods
	
	  The return period of high water( years)

	
	
	
	
	
	
	

	Over 50.000 residents
	
	
	
	200
	

	From 20.000 to 50.000 residents
	
	
	
	100
	

	Very large and important industrial facilities
	
	
	100
	

	From 5.000 to 20.000 residents
	
	
	
	50
	

	Medium industrial facilities
	
	
	50
	

	Reclamation systems and source for water supply of the population 
	25
	

	To 5.000 residents
	
	
	
	
	25
	

	Small industrial and other facilities 
	
	
	25
	

	Agricultural areas outside the reclamation area
	
	20
	


Table no. 3 - The criteria for the protection of property from floods 

Pursuant to the aforesaid, the regulated watercourse of Kravica River and its tributaries through the village of Kravica, should allow greater throughput than the current, depending on the geometric profile characteristics, longitudinal fall, roughness troughs, as well as downstream boundary conditions. The selected criteria for flood protection of goods is the degree of protection from high waters of the return period T = 100 years. This criterion was met for Kravica River. For Branjanska and Zonica River, due to lack of space in the projected corridor between the existing residential buildings and roads, the selected criteria for protecting property from floods is lower and secured by high waters of return period T = 50 years. For these levels of protection, the respective hydraulic profiles are selected, highly adjusted so as to meet the target conditions - flood defense of goods for high water levels of the above selected return periods, taking into account the technical-economic category, including the following important parameters such as: a balanced ratio of the excavation and embankments of earth masses in the construction of watercourse regulation and the use of materials from the excavation for the construction of embankments of watercourses, taking into account the module and geo-mechanical properties of materials. Consequently, the constructed facility will serve its purpose with the minimum construction costs as well as later in exploitation maintenance.

4.3.
Characteristic cross-sectional profiles- Longitudinal profiles 

Pursuant to the project criteria related to bandwidth troughs, the cross-sectional profiles of regulation and relocation of Kravica River and its tributaries were designed as well as river and coastline organization. The projected cross-sectional profiles have retained the form of the existing canal sink but on the surface and longitudinal profiles are higher than the current ones. On the parts of the alignment of the regulated water streams, there are residential buildings, which are very close to the route control system, so that the intended protection embankments of trapezoidal form with its crown and the base, physically rest on the existing facilities. For these reasons, a different form of the characteristic cross-sectional profiles was applied in these sites, provided from a rectangular reinforced concrete (the rectangular reinforced concrete channel) of required width and height-depth. In this way, the watercourse throughput regulation is provided and the stability of existing buildings is secured. Typical cross-sectional profiles are planned according to the following:

	Watercourse
	Bottom Width 
	slope
	height
	downfall

	
	
	
	
	

	Characteristic cross-sectional profiles
	b (m)
	coast
	H (m)
	%

	KPP1 * Branjanska R. - ups. from the mouth of Zonića R.
	3,20
	1:1,5
	2,70
	1,50

	KPP2 * Branjanska R. - ups. from the mouth of Zonića R.
	2,60
	90º - concrete
	2,70
	1,50

	KPP3 * Zonića River
	2,00
	90º - concrete
	2,20
	1,50

	KPP4 * Branjanska R. - ups. from the mouth of Kravica R.
	3,80
	90º - concrete
	3,00
	1,35

	KPP5 * Kravica R. - ups. From the mouth * I section
	6,00
	90º - concrete
	3,10
	0,60

	KPP6 * Kravica R. - downs. From the mouth * II section
	5,50
	1:1,5
	3,60
	0,60

	KPP7 * Kravica R. - downs. From the mouth* II section
	7,20
	90º - concrete
	3,60
	0,60


Table No.4  – Characteristic cross-sectional profiles of Kravica River and its tributaries
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Figure No.4 - Typical cross-sectional designed profiles of Kravica River with its tributaries

4.4.
Vertical alignment of the reconstructed watercourse-longitudinal profile
Longitudinal gradients of watercourses in the natural - non-regulated conditions are longitudinally changeable and set on average from about I = 0,30-0,54-0,81 % for the lower, or about I = 1,30-2,03-2,51% in the upper reaches. The projected longitudinal regulated bed pads, namely pads of its bottom are conditioned and adopted by the actual, differences in height between upstream and downstream of the natural waterbeds in I = 0,60-1,35-1,50%. Since this is a newly regulated watercourse with some sections which have a higher incidence of the above projected, the height difference between the two natural stocks are resolved through projected falls and cascades. Cascades in height range from 0.20 to 1.0 Hk = meter. Such vertical alignment and longitudinal downs have been adopted for the reason that in combination with other geometrical and hydraulic characteristics, they result in a satisfactory flow regime in the regulated watercourse bed, in terms of flow rate, the values of Froude number and size of the tangential stress at the bottom of slopes and watercourses. Cascades are provided upstream and downstream with materials that are resistant to accept the dissipation of energy in the sudden altitude changes of the vertical alignment. These are mostly protected with stone cladding or combination of concrete-stone. On sections of open concrete channels, cascades are made of reinforced concrete.

4.5.
Hydraulic watercourse analysis 

Hydraulic design which is made as part of this project is in the function of the selection of individual elements of the technical solution, checking the throughput channel and supporting facilities as well as in the function of the verification of the overall design solution, and controllable displacement of the watercourse. In accordance with the set objective, different types and embodiment of hydraulic calculation was made up along with the existing flow of the watercourse, in the different incoming flow rates of high water with defined hydraulic elements, namely: 

· Calculation of the water flow, that is, the hydraulic regime of calculating the level of water in the present state geometry of natural waterbeds and newly designed riverbed along the flow from the end of the electronic control, to the existing regulation;
· calculation of the hydraulic parameters of the flow, such as speed of flow in the main channel, the longitudinal slope of the line power, traction effort, value of Froude number and other relevant quantities that are of importance for the analysis of the flow transport capability and stability estimation of the projected riverbed channels on the erosion;
· hydraulic parameters in the zone of current bridges and the control of bandwidth in the current and projected state.

Hydraulic watercourses analysis of Kravica River and its tributaries is carried out, taking into account the influence of the backwater and the elevation of the water table in the riverbeds with the selected tributaries of high waters of Kravica River, which are obtained in the upstream length of about l = 12-25 meters.

4.5.1.
The calculation methodology

For the calculation of the water table line level and other necessary relevant hydraulic parameters along the projected watercourse, the method of steady non-uniform flow in trapezoidal shape bed was used. Below is the basic equation of conservation of energy whose resolution provides the level of water in the required profiles: 
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Symbols in the above equation have the following meanings:

H1,2      - the depth of water
Zdna 1,2 -  The angle of the channel bottom
Znv       - the angle of the water level

 V1,2      - medium profile flow speed 

g          - gravity acceleration

he         - the loss of energy decline

Equations are solved by an iterative procedure for trading limited adjacent profiles. The basic input data for the calculation are:

- a boundary condition - the corner of the water level at the most downstream or upstream profile depending on the flow regime of the hydraulic resistance 

- value of the coefficients and the riverbed inundation surface 

- calculating flow rates - taken from the hydrological base.
A boundary condition 

Since the fact that in this specific case the flow sink is analyzed in a quiet mode, the relevant downstream boundary condition for hydraulic calculations has been taken in the form of normal depth at the downstream watercourse profile.

Coefficient of the hydraulic roughness 

The Manning’s roughness coefficient of hydraulic resistance of the basic waterbed(n) includes the effects of meandering, non-prismaticity, size of the material in the riverbed and other factors. Hydraulic roughness parameters are adapted from recommendations in reference manuals and experience with similar watercourses, taking into account the initial and long-term exploation time for regulated riverbed in the average of about n = 0026-0035. For the interim sections and reinforced concrete channel, hydraulic roughness coefficient was adopted n = 0.020. 

Calculating flows rates
The above-described calculations are carried out for the flood flow range of biennial large water (Q50%) for analyzing the bandwidth of Kravica River natural riverbed and one hundred years (Q1%) or fifty (Q2%) of the return period for analyzing the hydraulic profile of the regulated water streams and the bandwidth bridges according to the budget of hydrological associated basins stated in chapter hydrological calculation as river basin of Kravica River for the first and second section with its tributaries, Branjanska and Zonica rivers. The selected criteria for the goods flood protection is the degree of protection from high waters of return period T = 100 years. This criterion has been met for Kravica River. For Branjanska and Zonica rivers, due to lack of space in the projected corridor between the existing residential buildings and roads, the selected criteria for protecting property from floods are lower and secured by high waters with the return period T = 50 years.

	Branjanska i Zonića R.
	 Q2%
	
	slope
	downfall
	depth
	speed

	Projected profiles
	m³/sec
	b (m)
	coast
	%
	h (m)
	m/sec

	KPP1 * Branjanska R.-upstr.
	25.90
	3,20
	1:1,5
	1,50
	1,30
	4,12

	KPP2 * Branjanska R.-upstr.
	25.90
	2,60
	90º - concrete
	1,50
	2,04
	5,17

	KPP3 * Zonića River
	15.44
	2,00
	90º - concrete
	1,50
	1,79
	4,51

	KPP4 * Branjanska R.-downs.
	41.41
	3,80
	90º - concrete 
	1,35
	2,05
	5,64

	
	
	
	
	
	
	

	Kravica River
	 Q1%
	Bottom width
	slope
	downfall
	depth
	speed

	Projected profiles
	m³/sec
	b (m)
	coast
	%
	h (m)
	m/sec

	KPP5 * Kravica R.-I part.
	71.46
	6,00
	90º - concrete
	0,60
	2,63
	4,76

	KPP6 * Kravica R.-II part.
	108.52
	5,50
	1:1,5
	0,60
	2,82
	4,23

	KPP7 * Kravica R.-II part.
	108.52
	7,20
	90º - concrete
	0,60
	3,02
	5,28


Table. 5 - The results of hydraulic computational regulated riverbed of Kravica River with its tributaries Branjanska and Zonica rivers

For these boundary conditions and input data, the calculations of these values of the incoming flow were carried out as well as for the geometrical characteristics of the characteristic cross-sectional profiles. For input flow rates, the corresponding water level in the cross-sectional profiles and the mean velocity of flow are obtained. In the table above, I presented an excerpt from the hydraulic calculation. Complete hydrologic and hydraulic analysis are enclosed in the hydraulic calculation section.

4.5.2.
The conclusion of hydraulic calculation 

The flow regime is hydraulically analyzed along the watercourse for floodwater conditions. The following conclusions can be drawn on the basis of calculations and analysis:
Kravica River waterbeds with its tributaries in the existing natural state can evacuate high-water phenomena rank of about Q50% (water return period of T = 2 years).
Kravica River waterbeds with its tributaries in the current natural state have insufficient bandwidth for analyzed computationally flow of Q1%, (water return period T = 100 years), so that in this mode of flood water swelling, the water is poured from its beds and floods shores, objects and surrounding terrain.
• Regulated Branjanska and Zonica riverbeds for analyzed calculating flow rate of Q2%, (water return period T = 50) and for adopted weighted value of the curve of CN = 83, have a reserve overshoot of about Δh = 60-80 cm and a role of accepting high waters to different levels of humidity in the previous basin. This overshoot also has the role of acceptance of water table in curves. 

• The regulated riverbeds of Kravica River for analyzed calculating flow rate of Q1%, (water return period T = 100) and for adopted weighted value of the curve of CN = 83, have a reserve overshoot of about Δh = 60-80 cm and a role of accepting high waters to different levels of humidity in the previous basin. This overshoot also has the role of acceptance of water table in curves.

  • The flow regime in the regulated riverbeds of Branjanska and Zonica rivers are in the turbulent regime, with the average profile speeds of up to fifty years of flood waters Q2% range from 4.12 to 5.64 V = m / sec.

• The flow regime of Kravica river regulated riverbeds is on the border of peaceful regime with the average profile speeds which, for a hundred years’ flood water of Q1%, range from 4.23 to 4.76 V = m / sec. 

• The flow regime of the regulated bed of Kravica River is in the turbulent regime on sections where an outdoor reinforced concrete rectangular channels are provided, the profile with the average speeds for the hundred-year flood waters of Q1% range from v = 5.28 m / sec. In the transitional sections between the trapezoidal profile and rectangular profile (upstream and downstream), coastal defense is provided by reinforced concrete. 

• The bridge gaps on Branjanska River that are positioned on local roads, do not have sufficient throughput for computationally analyzed flow rate of Q2%. In such places, it is necessary to build new bridges adapted to the new circumstances, taking into account the hydraulic elements of the regulated riverbeds for every new bridge individually. 

• The bridge gaps on Kravica River that are positioned on the local road through Kravica village and the regional road Bratunac – Konjevići, have sufficient throughput for analyzed flow rate of Q1%.

4.6.
Regulated watercourses and levees 

The control of the watercourse of Kravica River with its tributaries, is reflected in the regulation and partial relocation of riverbeds, bringing the vertical alignment of the riverbed to a certain depth and construction of embankments on both sides with the crown of the embankment to the planned height and width. In places where the coastline of the existing riverbeds is destroyed or damaged, the rehabilitation is in plan. In layout view, the regulated part of Kravica River and its tributaries extends upstream from the current regulation of Kravica village and downstream from the bridge on the main road Bratunac-Konjevići. Regulated tributaries streams are planned through Kravica village. In the longitudinal sense, the control is defined by a distance of about L = 1598.25 meters, with a longitudinal section of the crash I = 0,60-1,35-1,50% with seven (7) characteristic cross-sectional profiles of geometrical characteristics according to the following: trapezoidal profiles, the bottom width of the watercourse b = 3.20 to 5.50 meters, height H = from 2.70 to 3.60 meters in length and angle of the curve of the coastal area n = 1: 1.5 and rectangular profiles with the bottom width b = 2, 00-2,60-3,80-6,00-7,20 meters and height of H = 2,20-2,70-3,00-3,10-3,60 meters. 

Information required for the construction and operational implementation on construction area enclosed to the project are: dispositional representation of an object, longitudinal profiles, cross sectional profiles and a tabular overview of the projected points of cross-sections with their coordinates and altitudes. Other information necessary for the renewal of the operating geodetic polygons are given in the separate technical report, which refers to the geodetic works.

5.
CONSTRUCTION 

5.1.
Staking out and land surveying designed elements 

Land surveying elements for the project watercourse staking out are given in coordinates of the State coordinate system for a sufficient number of points with which the projected object is defined.

During the creation process of watercourse project, the attention is mostly given to the existing state of minor issues like the settlement of property relations and expropriation and as well as the riverbed regulation is planned of mostly all the curves that are connected to each other.

This kind of geodetic route stakeout is impractical to be carried out from the projected apex of the curvature, which are often positioned away from the riverbed in inaccessible places. This is particularly the case with setting out the projected watercourse routes. Due to the large number of curves on the planned route, there could be the problem in the display table with the elements of the curve in the graphic enclosure of the situation, which could lead to the vast drawings of the route situation. 

Due to the foregoing, the surveying staking out elements are provided in the form of coordinates in the State coordinate system for all characteristic points in each cross-sectional profile.

As cross-sectional profiles intersect the track at a sufficient density and in all characteristic places, in this way, every detail of the projected state is absolutely defined and positioned in space in the State coordinate system.

Modern geodetic instruments staking out (GPS systems, electronic theodolites, distance meters, a total station, and the like) which is widely applied for many years, requires the staking out points to be defined by coordinates in the State coordinate system. Thus, defined projected state, allows direct introduction of point coordinates for staking out in surveying instruments (not necessary to perform calculation of the geodetic elements staking out from tables for the given horizontal curve elements).

It is important to note that during the route elements staking out, the same geodetic basis is required (as well as the transformation parameters) as well as in the case of the project surveying terrain for the project design, homogeneity and conformity of the current and projected state of the geodetic control. Designed geodesic elements are shown in detail in the section Geodetic data- designed elements through a tabular overview of each cross-sectional data profile: the number of profiles, stations, X, Y, Z, the section axis regulation coordinates with indications of whether the data refers to the L (left) and R (right) side of the projected profile.

5.2.
Earthworks 

Before the commencement of work on the regulation of watercourses and the construction of levees, it is necessary to do the preparatory work relating to land clearing, cutting shrubs, undergrowth, cutting trees, removing stumps with a deposit of at a place designated by the Beneficiary. After that, the conditions are met for the establishment of operational geodetic polygons and marking alignment axis of the regulated riverbed and embankment. The construction of levees can begin after the removal of topsoil. The construction is calculated from the present excavation material which are according to the report on the designed geomechanical study defined as clay, silt and sand clay, as well as homogeneous material, and the third category of materials from the borrow pit of similar characteristics. The installation should be carried out in a layer of thickness d = 30 cm, at the content optimal moisture, installed with the minimum compaction degree of 100% under the standard Proctor test and with the prescribed compressibility modulus of Ms = 10 psi. Control the compressibility module on-site by the number of the tests and at mileage determined by the Supervisor, with plate diameter D = 300 mm. In case of lack of content natural moisture to be fitted, compensate the moisture with tank splash water. In the case of higher content moisture than the mounting material which is allowed for the installation, spread layer thickness d = 30 c, leaving it to dry, and then continue the installation. Upon completion of revetment construction, do the process of alignment- flattening the slope of the embankment and the crown, with the final humus installation of layer thickness of d = 5 cm, and by seeding of the embankment with seeds of the park grass. On the parts of the route regulation where ground works are provided only with reference to the excavation according to the characteristic cross-sectional profiles of the respective-regulation, use the excess of soil excavation for the backfilling of the existing waterbeds or depression, and transport and spread the residue to a place defined by the Beneficiary.
5.3.
River control objects
The construction of cascades is planned in this watercourse. Cascades are provided in locations of possible sudden change of vertical alignment height position and have a role of fixing the bottom of the upstream and downstream sections of the watercourse flow as well as the longitudinal fall control, or to prevent their uncontrolled deepening in the regulated sector. The heights of cascade, range from HK = 0.20 to 1.00 meters. They are built in combination of granular crushed stone- concrete stones of size a = 20-30 cm, the width of the calculated profile of the regulated flow with the deepening – by entrapment on the downstream side of the minimum depth of approximately h = 60 cm in the axis of the cascade, respectively at the beginning and the end of the cascade sections.

Revetments are constructed in a combination of granular crushed stone - concrete stones of size a = about 20-30 cm in a layer of thickness d = 30 cm complex machined through passing type of geotextile 400 g / m² on the prepared substrate of a gravel tampon with thickness d = 10 cm. The revetment structure made in the extreme upstream side of Branjanska River is provided in full height of the characteristic cross-sectional profile. The high water with a return period of ten years (T = 10 yr.) is provided on the coastal defense of Kravica River, or in the height of approximately h = 2.50 meters with respect to vertical alignment.

The transitional section is provided at the junction between the regulated characteristic cross-sectional profile of trapezoidal form and the open-reinforced concrete of the rectangular duct, viewed upstream and downstream. This section consists of a lower reinforced concrete slab of thickness d = 20-25-30-35 cm of trapezoidal form with variable width and side walls of reinforced concrete-plane-thickness d = 20-25-30-35 cm with variable pitch of n = 1 1.5 (33.7º) to 90º.

5.4.
Watercourse route facilities
From the facilities on the watercourse route, there are bridges that are positioned on the local roads and have insufficient throughput for computationally analyzed flow of Q2%.

In such places, it is necessary to do new bridges adjusted to the new circumstances, taking into account the hydraulic elements of the regulated riverbeds for each new bridge individually. 

6.
MATERIALS
6.1.
Materials for concrete construction

Concrete aggregate

Material for the concrete aggregates production should be solid, wholesome, tough and free of impurities and soil organic material and prior to processes of crushing and sieving.
For the production of concrete type B.II use aggregates which meet the requirements of the resistance to frost and salts in total in accordance with the Yugoslav standards with mandatory application JUS B.B8.001 i JUS B.B8.002. 

The binding material

As binding materials, all types of cement meeting Yugoslav standards JUS B.C1.009, JUS B.C1.011, JUS B.C1.013 i JUS B.C1.014 can be used. The binding materials which do not meet the standards may be used only if their use is officially approved by the Supervisor. The contractor is required to submit the evidence of the binding materials quality (certificates) issued by the manufacturer, appropriate institute for construction materials testing or construction site laboratories. Cements used should meet the requirements for making waterproof hydraulic concrete.

Water for concrete preparation

Water for concrete preparation must be free of harmful additives and ingredients. The dosage of water can be done by weight and by volume. Accurate metering of water should be ± 1%. The water used for the production of concrete must meet the conditions set by JUS U.M1.058.
Concrete additives

The additional agents for concrete, which are used for improving the workability of the tightness or resistance of concrete against chemical, mechanical stresses, and the like, need to have the appropriate certificates if they are not standardized. 
6.2.
Concrete 

For the facility construction of for the watercourse regulation use brand MB30, concrete with a maximum ratio of water cement maxVc (v / c) = 0.50. The testing on the resistance against freezing and thawing should be made in accordance with the Yugoslav standard with mandatory application JUS U.M1.016 for the delivered concrete sets with the final evaluation of the obtained results. Also test control on resistance against frost and de-icing salt must be carried out all in accordance with the Yugoslav standard mandatory application JUS U.M1.055 of the delivered concrete sets with a final evaluation of the results. The concrete brand in terms of resistance against freezing and thawing is M-150. Code of a mark M is the number of cycles of freezing at -20 ° C and thawing in water at + 20 ° C. With regard to the waterproof resistance of the concrete, it is necessary to examine concrete brand V-6 with penetration depth of water from a = 150 mm. All others necessary elements related to: aggregates, concrete, cement, water, additives, manufacturing, transportation, installation, testing of evidence quality and final assessment of the concrete quality, must be defined through the concrete project which the contractor will deliver to an investor for review and consent before the commencement of concrete work. In order to evidence the specified concrete quality, a contractor will perform the following control tests: 

a) -Test control on concrete consistency 
b) -Test control on concrete frost resistance
c) - Test control on concrete resistance to salt 
d) - control of the strength of concrete

If the results of the concrete test control show the incorrespondence with the required quality set by these conditions, an additional examination of samples derived from the hardened part of the disputed item will be made. If the results of these and subsequent control tests show that concrete do not meet the required quality, it is necessary to remove such concrete and create a new corresponding concrete element.
6.3.
The stone 

The stone for the construction of watercourse facility regulation should be solid, wholesome and tough to meet the requirements of resistance to frost and salt in total according to Yugoslav standards with mandatory application B.B8.001 JUS and JUS B.B8.002.

In order to evidence the prescribed quality stone, a contractor will perform the following control tests:

e) - Test control of stone on frost resistance 
f) – Test control test of the stone on salt resistance
g) - Tests control of tensile on stone pressure 
If the results of control tests stone show incorrespondence with the required quality of the image provided by these conditions, the subsequent testing of samples derived parts of the disputed item will be carried out. If the results of subsequent control tests show that the stone does not match the required quality, it will be necessary to remove such stone and create a new element correspondent to the required quality.
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