1. TECHNICAL SPECIFICATION
(From the Main Design)
1.1. INTRODUCTION:
The Sapna River includes two extremely torrential rivers, the Munjača River and the Rožanjka River, which are as torrential as the Sapna River itself. Both of these rivers originate in the Majevica Mountain. The basin of the Sapna River up to its confluence with the Drina River covers approx. 80 km2, or, when viewed up to the most downstream observed section (PP1), it covers approx. 50 km2. The river has a large number of tributaries. The Sapna riverbed is not regulated and serves as a dump site for garbage and various waste materials, which significantly reduces the flow rate of the Sapna riverbed. In addition, a series of defensive retaining walls and access bridges have been built, whose positioning and size are inadequate to meet the hydraulic requirements (flow section and bridge span). They have been built without being based on any prior professional data and are unable to let through even minor water levels. Because of these properties of the Sapna riverbed, there is frequent flooding of the surrounding land, structures (individual, public and private) and the infrastructural network with very extensive material damage. These properties also have another extremely adverse effect – the erosion process that affects both the river banks and the riverside.
In June and July 1999, this area saw very large floods, which caused extensive damage. The Sapna River has been flooding this area on several occasions and has caused serious problems to the residents of the Municipality of Sapna.
"The Main Design for the Regulation of the Sapna Riverbed through the Town of Sapna" concerns the stretch from the most downstream bridge on the Sapna – Zvornik road (ch 0 + 000.00) to the spot beyond the upstream bridge on the same road (ch 0 + 1,605.60).
1.2. BASIC DATA AND MAPS USED FOR THE DESIGN
To develop the Main Design for the Regulation of the Sapna Riverbed in Sapna, the following basic data and maps were prepared and used:
1.2.1. Geodetic Data and Maps
With regard to existing geodetic data and maps, maps with a scale of 1:5000 with a H – V representation of the terrain were used, as well as the detailed geodetic surveying of the terrain performed for the Conceptual Design. 

According to the programme of work, detailed geodetic surveys were made of the locations at the beginning and the end of the regulation (bridges – transitional sections), as well as detailed surveys of all bridges on the observed section (five bridges). In addition, additional 32 characteristic cross sections were surveyed (places where the route of the regulated riverbed approaches existing structures and the road).
The regulation route of the Sapna riverbed has been staked out in the field, while the results of all geodetic surveys have been linked with the national trigonometric network via the main traverse.

Based on the completed geodetic surveys, a site plan has been made of the watercourse and the surrounding belt (on both banks) at a scale of 1:1000, including all elements required for identification and execution of works.

The surveyed cross sections have been taken from the Conceptual Design, and with the help additional surveying they have been mapped at a scale of 1:100. Based on the cross sections, a longitudinal section of the watercourse has been developed.

All the geodetic works have been presented in the Geodetic Survey Report under item 7 of this design.
1.2.2. Basic Hydrological Data
Basic hydrological data have been elaborated in the Conceptual Design, and the data have been taken entirely from those documents.
· Hydrological data taken from the Conceptual Design
Design documents of the "Conceptual Design for the Regulation of the Sapna River in Sapna" were developed by "Zavod za vodoprivredu" of Sarajevo.
· The river basin area up to the most downstream section: 50 km2.
· Mean multi-annual flow rate of the Sapna River: 0.65 m3/sec.
· High water occurrence:

1/100
: 79.70 m3/sec
1/20
: 44.40 m3/sec
1/10
: 32.10 m3/sec
1/5
: 21.50 m3/sec
1/2
: 10.00 m3/sec
The adopted computational flow rate Q1/100 = 105.00 m3/sec.
1.2.3. Basic Geological – Geomechanical Data
The programme of works includes geological - geomechanical works aimed at defining the geological structure and stability of the surrounding terrain along the regulation stretch, as well as defining geomechanical properties of the soil for structural and stability analysis of the slopes of the regulated riverbed and for the sizing of the riverbed lining.
For the purposes of the Sapna riverbed regulation, a total of 10 boreholes have been made in order to determine engineering-geological relations in the terrain and geomechanical properties of the soil (B-1 to B-10). The drilling of boreholes was carried out on 20 September, using a "Dolap" earth borer, by the company of Earth, Tuzla.
Based on the field exploration, it has been concluded that the subject location includes the following layers of materials:
· Fill.
· Yellow-brown silty clay, with occasionally integrated sand, hard.
· Gravel and sand, coarse grained, well consolidated.
· Sandstone, layered, hard and dray.
Following this categorisation of materials, laboratory and terrain tests have been carried out to determine their geomechanical properties.
As part of the engineering-geological prospecting of the terrain, two large active landslides have been registered, one of which is located on the planned regulation stretch. This landslide has an "advantage" over the landslide that lies outside this regulation in that it is situated in an uninhabited area. Therefore, this landslide can be remedied by appropriate and expertly executed earthworks to ensure drainage of rainwater, and this needs to be done before the regulation works are started.
The Geological-Geomechanical Report including engineering-geological prospecting of the terrain is presented under item 8 of this design.
1.2.4. Other Basic Data and Maps
Among other basic data and maps available to the Designer were two maps at the scale of 1:2500 from the Urban Plan of the Municipality of Sapna dated 1998, developed by the Urban Planning Institute of BiH – Sarajevo. These maps show the existing urban plan and a concept of urban plan with indicated purposes of areas.
The Designer has adopted the regulation route from the Conceptual Design, which was adopted in relation to the urban plan of the Municipality of Sapna.
1.3. ANALYSIS OF THE CURRENT SITUATION
An analysis of the current situation (natural conditions) has not been made because the Conceptual Design already includes an excellent analysis.
The Designer believed it was unnecessary to burden the Main Design and the design documents with an analysis of the natural conditions of the Sapna River, which have remained unchanged.
1.4. DESCRIPTION OF THE TECHNICAL SOLUTION
1.4.1. Solution Concept
In principle, watercourse regulation in our country is performed to ensure protection against high water with the probability of occurrence once in a hundred years (Q 1/100), including lining of the slopes of the riverbed up to the level of high water with the probability of occurrence once in ten years (Q 1/10). The high water rate of the Sapna River adopted for calculation in this design is equivalent to 105.00 m3/sec.
The Conceptual Design developed by "Zavod za vodoprivredu" of Sarajevo offers and treats two variants, as follows:
· A variant with a trapezoidal cross section including lining of the riverbed slopes and bottom with concrete, and
· A variant with a trapezoidal cross section with gabion lining.
The text below will explain the main reasons for accepting a specific solution concept as compared to the solutions offered in the Conceptual Design.
The weakness of the variant with gabion lining is that it takes up a large area for regulation works, reducing free areas around the regulation of the Sapna riverbed. In addition, such sample cross section would make it necessary to demolish the existing bridges except the one located most downstream (Bridge M1).
The weakness of the variant which involves lining of the riverbed slopes and bottom with concrete is purely environmental. The funding has been secured through a donation by an international environmental fund, as mentioned earlier, and the adoption of this variant of the sample cross section would definitely not be an environmentally friendly solution.
During the review of the design documents for urgent remedial action on the Sapna River watercourse developed by "Energoinvest – Higrainženjering" of Sarajevo, which was held on 11 October 2001 at the offices of the Public Sector Company of "Vodno područje slivova rijeke Save" – Sarajevo, the Designer proposed a sample cross section for the regulation of the Sapna riverbed to the Beneficiary, and all those present at the review meeting agreed with it.
This sample cross section has a double shape – a combination of minor and major riverbeds – with a lining of stone set in concrete (30 % stone, 70 % concrete) up to the level for protection against 100-year high water, which is very favourable for the environment.
1.4.2. Route of the Regulated Watercourse
The route of the regulated riverbed has largely been adopted from the Conceptual Design from 2000. For the most part, the route follows the natural riverbed of the Sapna River. Certain deviations from the natural riverbed were effected at the site of the local market (between sections PP 29 and PP 35) over a length of 214.30 m. In this part, the existing natural conditions have been mitigated in order to achieve better hydraulic conditions for the flow of water through the regulated riverbed. The minimum curve radius of the regulated riverbed is 50 m at the apex T11 at ch. 1 + 284.60 (change compared to the Conceptual Design).
The total length of the regulated riverbed of the Sapna River is 1,605.60 m. The position and elements of the route are given on the site plan (Schedule No. 6.2). The geodetic elements of the route including all other geodetic data are given under Item 7 – Geodetic Survey Report.
Compared to the start of regulation under the Conceptual Design, this design provides for the start of regulation somewhat more downstream, by approx. 40 m. In this part, there is a 40.63 m long downstream transitional section beyond the most downstream bridge. At the end of the regulation, there is a 42.43 m long upstream transitional section beyond the most upstream bridge.
The regulation section includes seven bridges, one of which has been damaged in the floods and has not yet been repaired (Bridge M3 at ch. 0 + 405.41) as well as one unfinished bridge (Bridge M5 at ch. 1 + 033.53). The existing bridges have fixed the position of the riverbed cross section, and therefore attention has been paid to make sure the regulation route is symmetrical with respect to the walls of the bridges. Transition of the sample cross section onto bridge cones is achieved by gradual twisting. Furthermore, the flow area under the bridges is larger than the area of the sample flow cross section at Q1/100 and, regardless of the fact that certain bridges generate backflow, the regulated riverbed, including the existing bridges, may accept the high-water levels of the Sapna River occurring once in a hundred years.
The route of regulation did not acknowledge the existence of bridges at ch. 0 + 265.89 (Bridge M2) and ch. 0 + 405.41 (the damaged bridge at PTT M3), as these bridges do not fit in the urban planning solution and are planned for demolition. 
1.4.3. Longitudinal Section
Determination of the bottom finish level of the regulated riverbed was dictated by the existing bridges and their spatial distribution. In addition, attention was paid during determination of the bottom finish level to avoid large earthworks, save in the part near the local market.
The finish level was drawn relative to the finish level height at PP1, which is somewhat lower than the natural terrain height in this section (229.20 m.a.s.l.), and relative to the finish level height at PP56 (the final section), which is identical to the natural terrain height in this section (247.65 m.a.s.l.). The grade of the finish level of the bottom of the regulated Sapna riverbed is 1.1491 % and is constant across the entire length of the regulation, and differs slightly from the adopted grade in the Conceptual Design (1.13 %). Under the adopted scales for drawing the longitudinal section (1:100/1000), the longitudinal section is shown in two drawings, as follows:
· Schedule 6.3.1. from ch. 0 + 000.00 to ch. 0 + 814.24, and
· Schedule 6.3.2. From ch. 0 + 814.24 to ch. 1 + 605.60.

Drawings of longitudinal sections show all elements including required heights and lengths necessary for the execution of regulation works.
1.4.4. Sample Cross Section of the Regulated Riverbed
For the normal cross section, a double trapezoidal cross section as adopted, with minor and major riverbeds. Properties of the minor riverbed:
· Riverbed width at the bottom b1 = 1.50 m
· Slope inclination 1 : 1.50
· Height h1 = 1.00 m
· Inclination of the riverbed bottom (invert) 3 % on both sides
Properties of the major riverbed:
· Riverbed width at the lower part b2 = 8.50 m, of which berms 2.00 m with an inclination of 3 %
· Slope inclination 2.50 : 1
· Height h2 = 2.10 m
· Total riverbed width at the upper part B = 10.18 m
· Total riverbed height H = 3.1825m
In determining the dimensions of the sample cross section, several parameters were taken into account. The main parameter was that the sample cross section should be able to pass high water at the level occurring once in a hundred years (105 m3/sec), that the dimensions should be such that it takes as little of free riverside as possible (this is a feature of the double shape), and that it can fit with the existing bridges (the ones that are being retained), taking also into account the proximity of any existing houses and other structures and roads. Considering that for most of the year, the Sapna River has a very low flow rate, attention was paid to minimise the minor riverbed (in relation to the major riverbed). Naturally, an extremely important parameter in adopting the sample cross section was its environmental effect (visual appearance), which concerned the choice of the lining for the protection of the riverbed slopes.
For the adopted dimensions of the sample cross section, the computational flow rate of 105 m3/sec and the roughness coefficient of n = 0.025, hydraulic calculations were performed and the following characteristics of the sample cross section were obtained:
· Normal depth h nor = 2.57 m
· Critical depth h kr = 3.14 m
· Velocity v = 6.07 m/sec
· Critical energy E kr = 4.26 m
According to the values of the normal and critical depth (h nor < h kr), the flow regime is turbulent. The hydraulic calculation for the sample cross section is shown under item 2. 
The minor riverbed can pass around 10 % of the 100-year high water (equivalent to approx. 2-year high water), which is quite sufficient considering that the flow rate is very low for most of the year.
The adopted sample cross section is constant along the entire regulation, excluding transitional sections and sections under bridges. Slope walls of the minor and major riverbeds are 50 cm thick, and are planned to be made of stone set in MB 20 concrete (ratio: 30 % stone, 70 % concrete).
The protection for the bottom of the minor riverbed is planned in the form of large pebbles on a bed of gravel fill, while berms of the major riverbed are in grass reinforced with geogrids equivalent to the "TENSAR MAT" type, on a bed of large pebbles and gravel fill from the excavation. The slope walls will be reinforced with structural mesh reinforcement Q 335. Above the upper slope wall of the major riverbed, stone pillars 120 cm high will be placed for the protective fence. The banks will feature pedestrian paths, according to detail from the sample cross section. The right bank on the part of the regulated rivercourse between Bridges M3 (ch. 0 + 405.41) and M4 (ch. 0 + 461.10) will feature a parking lot. In this part, the adopted dimensions of the slope wall of the right bank are larger based on the structural analysis shown under item 3. For draining littoral and other water, the bottom will feature drainage lines on both sides at every 5 m, made of PVC drainage pipes DN 110 mm (the pipes must be perforated, but only on the upper side – top half of the cross section of the pipe). In the part near the local market, where the fill is very large, the drainage lines (on both sides) will be extended to the end of the fill to serve as a drainage system. Cross section drawings (56 in total) include the sample cross section of the riverbed, as shown in Schedules 6.5.2. to 6.5.19.
As the bottom of the riverbed will not be lined, stabilisation sills have been adopted to ensure stabilisation of the riverbed bottom, spaced at 50 m at straights and at 35 m at bends. The spacing of the stabilisation sills had not been strictly limited to these calculated lengths, because they were mandatory at entrances and exits below bridges, as well as at the start, in the middle and at the end of bends. The stabilisation sills are 1.00 m wide and 0.80 m deep, and are made in the same way as the slope walls. At certain distances, stabilisation sills will include steps to allow descent into the Sapna riverbed. A detail of the stabilisation sill is shown in Schedule 6.12.6.
In certain sections of the riverbed (spots with low natural banks), embankments are planned with the external inclination of 1 : 2. The embankments will be made of selected materials from the excavation, with appropriate compaction in 30 cm layers. The area behind the embankment will be backfilled at levels shown in longitudinal sections, using low quality soil from the excavation. This item is given separately in the priced Bill of Quantities, as well as the item of construction of stone walls and the pedestrian path around the regulation, in order to state their individual cost.
1.4.5. Structures on the Route of the Regulated Riverbed
A downstream transitional section is planned at the start of the regulated riverbed. The length of the transitional section is 40.63 m. Over this length, the width of the design regulated riverbed will transition into the width of the natural cross section of the riverbed, and the inclination of the design regulated riverbed will transition into the inclination of the natural cross section. Over the length of 30 m of the transitional section, the bottom of the riverbed cross section will be lined with stone set in concrete, while the remaining part of the transitional section will be done by excavation to fit into the natural riverbed. The start and the end of the transitional section will be secured by stabilisation sills. During excavation in the riverbed, particular attention should be paid when working on the part of the route from cross section P1 (ch. 0 + 000.00) to cross section P3 (ch. 0 + 025.50) on the right bank of the regulation, next to the existing retaining wall. The excavation will be somewhat deeper in this part, and the Contractor should carefully execute excavation works, including an appropriate support system and the securing of the retaining wall if necessary (provided for in the priced Bills of Quantities). Layout of the downstream transitional section is shown in Schedule 6.6.1., while cross sections of the downstream transitional section are shown in Schedule 6.6.2.
An upstream transitional section is planned at the end of the regulated riverbed. The length of the transitional section is 42.43 m. This transitional section starts at the cross section PP 51 by transitioning from the shape adopted for the sample cross section to the shape of the natural mean cross section at cross section PP54, where the riverbed is secured by a stabilisation sill. Bank slopes in this part are secured by lining of stone set in concrete. Between cross sections PP54 and PP56, the embankment will be integrated into the natural banks of the Sapna riverbed. Layout of the upstream transitional section is shown in Schedule 6.11.1., while cross sections of the upstream transitional section are shown in Schedules 6.11.2 and 6.11.3.
The calculation for transitional sections is shown in the hydraulic calculation, item 2.
The existing bridges (seven in total), of which two are important road bridges and the others are access bridges (one of which is damaged and one is unfinished), include protective cones. The calculations show that all existing bridges can be preserved, because flow sections of the bridges can pass 100-year high water of the Sapna River. Two of the bridges (M2 and M3) do not fit into the urban plan for the town of Sapna. In parts of the route with bridges that will be preserved, the inclination of slope walls of the regulated riverbed transitions onto bridge cones. The transition is achieved by gradual twisting. Layouts of transitional sections for the bridges are shown in Schedules 6.8.1., 6.9.1., 6.10.1.
1.4.6. Inflow of Creeks and Littoral Waters
Over the regulated stretch of the Sapna riverbed, the Sapna River receives creeks (formed only from surface water during rainfall), and the design therefore had to take these into the regulated riverbed. The creeks have not been covered hydraulically because they are not formed by natural springs; in addition, due to their negligible basin areas, the hydraulic calculation only shows the maximum throughput of the discharge concrete pipes DN 500 mm. Further to the addressing of riversides of the Sapna river, it was also necessary to take littoral water and the existing discharge pipes into the riverbed.

Creek inflows at ch. 0 + 588.99, ch. 0 + 804.24 and ch. 0 + 991.83 are shown in detail – Schedules 6.12.1., 6.12.2. and 6.12.3. The inflow of creeks into the regulated riverbed (passage through the bank portion of the regulated cross section) will be achieved using concrete discharge pipes DN 500 mm. Layout of the creek inflow at the start of the regulation (downstream transitional section) is showed on the layout of the downstream transitional section in Schedule 6.6.1., while cross sections of the inflow creek are shown in Schedule 6.6.3.

Following designing of the left and right banks and de-levelling of the surrounding terrain, locations for the inflow of littoral waters were determined on the right and left banks. Discharge of littoral waters into the regulated riverbed will be by means of concrete pipes DN 500 mm, and the detail of littoral water inflow is shown in Schedule 6.12.5.

The intake locations (their external side) will feature coarse grids made of rebar - 10 mm for the arresting of waste materials. In case the grid becomes clogged, an option will be left for the water to overflow into the pipe through an opening in the concrete intake head measuring 60 x 30 cm. These dimensions are sufficiently large for the intake of overflow water, and are also sufficiently safe in terms of preventing accidental falling of residents into the opening.
1.4.7. Method of Works on the Bank Slope
The adopted type of the sample cross section has already been applied and is in use on the Sokoluša River in Gračanica. The method of works on the bank slope (bank walls) of the major riverbed is presented below.
The bank walls of the major riverbed will be constructed in sections, on both sides, the sections being 1 m high and 6 m long. The earthworks for the placement of the blinding layer and the fill behind the bank walls will be carried out only after the concrete hardening phase is over. The full concrete hardening phase lasts for 28 days after concreting, while the use of hardening additives reduces this to around 15 days. The concrete hardening phase and the start of earthworks should be strictly supSupervisor. The blinding layer and the fill will be laid in 30 cm layers including compaction to reach the compressibility modulus of Ms = 25 Mpa, by using vibratory compactors weighing 700 to 800 kg. On the parts of the route where bank walls of the major riverbed will be a part of the embankment, it is necessary to use supports to secure the wall inclination, and these supports will be successively removed during the construction of the embankment. The construction of walls in sections will be executed by placing formwork, installing reinforcement (mesh reinforcement 6 m long), parallel concreting using concrete with low water-cement ratio, and the setting of stones into the concrete mass.
Below is a schematic of the cross section of a bank wall construction section.
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                                        1. TECHNICAL REPORT
                             (from the Amended Part of the Main Design)
1.1. INTRODUCTION
The basis for the development of these design documents was "The Main Design for the Regulation of the Sapna Riverbed through the Town of Sapna", developed by the Water Management Public Sector Company of "Spreča" d.d. Tuzla in January 2002. The route which was covered by the Design is the stretch from the most downstream bridge on the Sapna–Zvornik road (ch. 0+000.00) to a spot behind the upstream bridge on the same road (ch. 0+1605.60).
The design documents had been reviewed and were then used for the execution of works on the relevant stretch of the rivercourse.
Immediately after this part of the works was completed, high water was encountered causing damage on a stretch of the route. An Annex to the Main Design was developed in 2006 by the Water Management Public Sector Company of "Spreča" d.d. Tuzla, which provided for additional security of the berms and the minor riverbed along the entire regulation route (length of 1,606 m).
Further implementation of this Design encountered insurmountable problems related to land title issues, and it proved necessary to change a part of the route by restoring it to the natural riverbed. By "Amendments to a Part of the Design Solution Defined in the Main Design for the Regulation of the Sapna River through the Town of Sapna between chainage 0+617.73 and chainage 1+006.14", the route was restored to the natural riverbed and was integrated into the previously designed downstream (partially completed) and upstream sections. The length of the route in this part has increased from 388.41 m to 443.54 m.
 1.2. BASIC DATA AND MAPS USED FOR THE DESIGN
1.2.1. Design Documents
In the development of this design, the following design documents have been used:
· "The Main Design for the Regulation of the Sapna Riverbed through the Town of Sapna", developed by the Water Management Public Sector Company of "Spreča" d.d. Tuzla in January 2002.
· "Annex to the Main Design for the Regulation of the Sapna Riverbed through the Town of Sapna", developed by the Water Management Public Sector Company of "Spreča" d.d. Tuzla in July 2006.
1.2.2. Basic Geomechanical Data
Basic geomechanical data were taken from the "Main Design for the Regulation of the Sapna Riverbed through the Town of Sapna". A total of 10 boreholes were made in order to determine engineering-geological relations in the terrain and geomechanical properties of the soil (B1-B-10). The drilling of boreholes was carried out using a "Dolap" earth borer, by the company of Earth, Tuzla.
Based on the field exploration, it has been concluded that the subject location includes the following layers of materials:
· Fill.
· Yellow-brown silty clay, with occasionally integrated sand, hard.
· Gravel and sand, coarse grained, well consolidated.
· Sandstone, layered, hard and dray.
Following this categorisation of materials, laboratory and terrain tests have been carried out to determine their geomechanical properties.
1.2.3. Geodetic Data and Maps
For the purposes of this design, the entire route was surveyed once more, because the data of the earlier terrain survey could be used only to a small degree due to the constant changing of the banks caused by the great force of the watercourse, and also due to construction works, excavation and backfilling in the immediate vicinity of the riverbed.
The survey included newly-built structures as well as the riverbed itself and the banks, with a sufficient number of recorded points to be able to obtain an authentic picture of the terrain in terms of layout and height, i.e. a model of the terrain that makes it possible to determine the required number of cross sections. 
Data have been obtained from the Cadastre Office of the Municipality of Sapna regarding cadastral boundaries of the Sapna River (in digital form – brown line), and were plotted on the Site Plan (drawing 6.1.2.) to ensure that the route of the regulated riverbed is adapted as much as possible to these boundaries and to avoid land title issues.
1.2.4. Basic Hydrological Data
Basic hydrological data come from the "Main Design for the Regulation of the Sapna Riverbed through the Town of Sapna", where they were taken from the "Conceptual Design for the Regulation of the Sapna River in Sapna", developed by "Zavod za vodoprivredu", Sarajevo.
Hydrological data taken from the Conceptual Design:
· The river basin area from the most downstream section: 50 km2.
· Mean multi-annual flow rate of the Sapna River: 0.65 m3/sec.
· The adopted computational flow rate Q1/100 = 105 m3/sec.
· Flow rate Q1/20 = 44.4 m3/sec.
· Flow rate Q1/10 = 32.1 m3/sec.
· Flow rate Q1/5  = 21.5 m3/sec.
· Flow rate Q1/2  = 10.0 m3/sec.
1.2.5. Basic Structural Data
Structural analysis of the stability of the bank protection was provided in the "Main Design for the Regulation of the Sapna Riverbed through the Town of Sapna".  Dimensions of the cross section are the same, and therefore the structural analysis from that Design may be used as a basis for this documentation.
1.3. TECHNICAL SOLUTION 
1.3.1. Layout Solution
At the request of the Beneficiary, the proposed route makes maximum use of the existing riverbed of the Sapna River, taking into account rules commonly used in hydraulic practice. The start of the regulation route in this design, at ch. 0+000, should be a continuation of the regulation route under the "Main Design for the Regulation of the Sapna Riverbed through the Town of Sapna" at ch. 0+617.13. 
The end of the route in this design is at ch. 443.54, where the route continues under the "Main Design for the Regulation of the Sapna Riverbed through the Town of Sapna" at ch. 1+006.14.
The layout solution is shown in drawings at the scale of 1:1000 (general site plan of the wider area, drawing 6.1.1.), and 1:500 (site plan of the entire section, drawing 6.1.2.). The route lies between five apexes (T1-T5). The minimum curve radius is 43.49 m, and the maximum radius is 800 m. The site plan shows elements of the cross section along the route: creek inflow, planned inflow of littoral waters and stabilisation sills. 
1.3.2. Longitudinal Section

The regulation route is designed with the grade of the finished level of 1.01 %. The longitudinal grade of the finished level is dictated by height levels at the start and end of the route. 
The drawing of the longitudinal section shows all elements including required heights and lengths necessary for the execution of regulation works, as follows: natural left and right banks, terrain levels at the base of the regulation,  stabilisation sills, inflow of littoral waters, creek inflow, embankment height levels and the height level of the overall flow cross section.
Stabilisation sills are placed at a maximum spacing of 70 m, in characteristic spots (start, middle and end of a bend, etc.). Stabilisation sills with steps are spaced at up to 250 m. 
1.3.3. Selection of the Sample Cross Section
The adopted sample cross section has the same shape along the entire section of the riverbed (double trapezoid) and the same method of security, as provided for in the Annex.
In determining the dimensions of the sample cross section, several parameters were taken into account. The main parameter was that the sample cross section should be able to pass high water at the level occurring once in a hundred years (105 m3/sec), and that the dimensions should be such that it takes as little of free riverside as possible, taking into account the proximity of any existing houses and other structures and roads. Considering that for most of the year the Sapna River has a very low flow rate, the adopted minor riverbed is significantly smaller than the major riverbed. 
Properties of the minor riverbed are as follows: width at the bottom is 1.5 m; with bilateral inclination of 3 % toward the riverbed axis; slope inclination is 1:1.5; the height is 1.0 m.
The minor riverbed can pass around 10 % of the 100-year high water (equivalent to approx. 2-year high water), which is quite sufficient considering that the flow rate is very low for most of the year.
Properties of the minor riverbed are as follows: riverbed width at the lower part is 8.5 m, of which berms are 2.0 m with an inclination of 3 % toward the riverbed axis; slope inclination is 2.5:1; the height is 2.1 m; riverbed width at the upper part is 10.18 m. The total height of the flow cross section is 3.18 m and has been sized based on h1/100 including required additional elevations obtained by hydraulic calculation (additional elevation for the water table at the bend and due to air suction, spare height). 
For the adopted dimensions of the sample cross section, the computational flow rate of 105 m3/sec and the Manning's roughness coefficient of n = 0.02, hydraulic calculations were performed and the following characteristics of the sample cross section were obtained:
· Normal depth h nor = 2.53 m
· Critical depth h kr = 3.09 m
· Velocity v = 6.18 m/sec
· Critical energy E kr = 4.48 m
According to the values of the normal and critical depth (h nor < h kr), the flow regime is turbulent. The hydraulic calculation for the sample cross section is shown under item 2 of these documents.
The protection for the cross section is designed as a stone lining set on a concrete base. The lining is 50 cm thick, of which stone is d=15 cm (30%) and MB 20 concrete is d=45 cm (70%), reinforced with structural mesh reinforcement Q 335.
Above the upper slope wall of the major riverbed, stone pillars 120 cm high will be placed for the protective fence. The banks will feature pedestrian paths, according to detail from the sample cross section.
For draining littoral and other water, the bottom will feature drainage lines on both sides at every 5 m, made of PVC drainage pipes DN 110 mm (the pipes must be perforated, but only on the upper side – top half of the cross section of the pipe). In the part of the route where the fill is very large, the drainage lines (on both sides) will be extended to the end of the fill to serve as a drainage system. 
In certain sections of the riverbed (spots with low natural banks), embankments are planned with the external inclination of 1:2. The embankments will be made of selected materials from the excavation, with appropriate compaction in 30 cm layers. The area behind the embankment will be backfilled at levels shown in longitudinal sections, using low quality soil from the excavation.
The stabilisation sills are 1.0 m wide and 0.8 m deep, and are made in the same way as the slope walls (drawing 6.5.3.). 
1.3.4. Inflow of Creeks and Littoral Waters
The inflow of creeks and littoral waters into the regulated riverbed (passage through the bank portion of the regulated cross section) will be achieved using concrete discharge pipes DN 500 mm. (drawing 6.5.1; 6.5.2.)

The intake locations (their external side) will feature coarse grids made of rebar Ø10 mm for the arresting of waste materials. In case the grid becomes clogged, an option will be left for the water to overflow into the pipe through an opening in the concrete intake head measuring 60x30 cm. These dimensions are sufficiently large for the intake of overflow water, and are also sufficiently safe in terms of preventing accidental falling of residents into the opening.
1.3.5. Method of Works on the Bank Slope
The bank walls of the major riverbed will be constructed in sections, on both sides, the sections being 1 m high and 6 m long. The earthworks for the placement of the blinding layer and the fill behind the bank walls will be carried out only after the concrete hardening phase is over. The full concrete hardening phase lasts for 28 days after concreting, while the use of hardening additives reduces this to around 15 days. The concrete hardening phase and the start of earthworks should be strictly supervised by the Supervisor. The blinding layer and the fill will be laid in 30 cm layers including compaction to reach the compressibility modulus of Ms = 25 MPa, by using vibratory compactors weighing 700 to 800 kg. On the parts of the route where bank walls of the major riverbed will be a part of the embankment, it is necessary to use supports to secure the wall inclination, and these supports will be successively removed during the construction of the embankment. The construction of walls in sections will be executed by placing formwork, installing reinforcement (mesh reinforcement 6 m long), parallel concreting using concrete with low water-cement ratio, and the setting of stones into the concrete mass.
Below is a schematic of the cross section of a bank wall construction section. 
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