[bookmark: _Toc494958523][bookmark: _Toc416534543][bookmark: _Toc417932568][bookmark: _Toc418113636][bookmark: _Toc428529096]SECTION 4 - REGULATION OF THE RIVERBED FROM THE EXIT FROM THE JANJA SETTLEMENT AND UPSTREAM TO THE MOUTH OF THE JANJICA CREEK TO THE JANJA RIVER, L3 = 3,941.01 m
[bookmark: _Toc494958524]Layout Solution
The regulation route of the Janja River on Section 4 of its riverbed regulation from the exit from the Janja settlement and upstream to the mouth of the Janjica creek to the Janja River, L3 = 3,941.01 m, has been laid in the existing minor riverbed of the Janja River. This part of future regulation works is planned to include straightening and hydraulic treatment of the route of the regulated riverbed including cutting across four meanders, which are critical points on the route of Section 4 regulation when large water waves arrive, because due their unfavourable position these locations at that time become sites in which the main current of high water passes. 
Considering that in this section, on the sites of existing meanders “Pačići” and “Adice” in their natural state, there have been significant rise of high water levels and flooding of farmland on the left and right banks due to the direct penetration of the main current of high waters, which in turn indirectly caused flooding of the urban core of Janja and recently also overflowing over the Janja – Modran local road and filling of the Semberija canal network with Janja River water, it was necessary to undertake planning measures to reduce the level of high waters and also to calm the high water regime in these sites and over the entire Section 4. The design solution provides for backfilling of the meanders that will be cut across and for cultivation of land in those areas, which can later be used for agricultural production or as a land that can be used to compensate the expropriated land. The additional area obtained by backfilling and arranging the meanders is (16,279+26,021+3,741+10,130) m2 = 5.59 ha.
The concept of raising the level of protection and safety of the Janja settlement against high water of the Janja River is based on an increase of the throughput of the minor riverbed.
The essential technical requirement for the regulation route is that the route and the axis of the future regulated riverbed do not conflict with any existing structures, but it also needs to meet the hydraulic requirements in terms of the minimum radius, which for watercourses of the first order is a minimum of three widths of the water surface at centenary high water levels.
The position of the axis of the regulated Janja riverbed on Section 4 is dictated by the position of the natural riverbed of the Janja River, which it follows for most of the route, and in its upstream part it is dictated by the micro-location of the mouth of the Janjica creek to the Janja River. The altitude of the regulated riverbed is dictated by the transition from Section 3 to Section 4 in the area of the bridge at cross section P70 (2+712.87) and by the natural riverbed of the Janja River at the start of the upstream transitional section. 
The design flow cross section of the riverbed, and the layout solution of the route of the regulated riverbed that was designed in accordance with the dimensions of the flow cross section, will secure the passage of design centenary high waters subject to the design superelevation of the embankment in the downstream part of the regulation of 80 cm, as well as the transfer of design centenary high waters through the design flow cross section without a superelevation. It should be stressed, however, that it is necessary to remove the road bridge located at cross section P70 (Ch. 2+712.87), in order to secure the flow cross section for the passage of high waters. Later on, this bridge will be replaced with a new bridge, which will meet all the necessary hydraulic requirements, i.e. it will not generate backflow at the bridge zone that would result in additional increase of water level upstream of cross section P70.
The watercourse route in the minor riverbed of Section 4 has been designed with the radii of R=40 m to R=300 m, meeting the requirement according to which bend radii have to have a minimum bend diameter of Rmin=3.0 – 4.0B - width of the water surface in the minor riverbed.
Over the entire length of Section 4 regulation (L=3,941.01 m), the design provides for a riverbed in the form of a double trapezoid. The average width of the corridor necessary for execution of works on the minor riverbed regulation and for construction of associated embankments is approx. 45.0 m, with 5.0 m on average being left on both banks for creating a corridor for maintenance of the regulation on both sides.
The design provides that the future flood protection of the human settlement will be achieved by increasing the throughput of the minor riverbed (by deepening and expanding the existing riverbed) and by ensuring a superelevation in the form of an embankment in places where the riverbed in not deep enough.
The layout solution of the regulation of Section 4 of the lower course of the Janja River includes alignment of the route with the current watercourse of the Janja River and hydraulic shaping and filling of elements of the route and of the normal section of the regulated riverbed. Along this part of the regulation route, the design provides for three mouths of the right tributaries of the Janja River. On the upstream-most part of the watercourse, at Ch. 6+479.54, lies the mouth of a right tributary, Janjica. In the mid-part of Section 4 there are mouths of Canal “K-II” (Ch. 4+716.21) and Canal “K-I” (Ch. 3+001.23).
The route of the regulated riverbed of the Janja River was approved in writing by the Janja Local Community, No. 015-08-108/15 dated 18 August 2015. The design reviewer also approved the route, after which it was adopted as the definite route of the regulated riverbed of the Janja River on Section 4.
A graphical representation of the layout solution of the regulated riverbed of the Janja River on Section 4 is provided in Annex No. 1. 
The route of the regulated riverbed of the Janja River on Section 4 will be staked out on the basis of the graphical representation and the narrative part of Annex No. 12 (12.1.-12.6.) - Geodetic elements of the route. 
[bookmark: _Toc416534544][bookmark: _Toc417932569][bookmark: _Toc418113637][bookmark: _Toc428529097][bookmark: _Toc494958525]Longitudinal Sections
The longitudinal gradient of the bottom of the Janja riverbed over the entire regulated stretch, as well as of the bottom of the regulated riverbed and banks on Section 4 of the riverbed regulation from the exit from the Janja settlement and upstream to the mouth of the Janjica creek to the Janja River, L3 = 3,941.01 m, is dictated by the general gradient of the Janja riverbed, by the minor influence of Drina River backflow, as well as by adverse anthropogenic influence in the form of structures constructed in minor and major riverbeds (bridges, facilities used by households, infrastructure, partial regulation of the Janja riverbed, other facilities...) only in the downstream-most part of Section 4.
On the basis of completed design explorations, it can be concluded that the finished level of the regulated riverbed from cross section P70 (2+669.34) to cross section P153 (6+610.35) will run predominantly through gravel that is sandy, clayey, dark brown and well compacted. In gravely environments, depending on the hydraulic flow requirements and the geometry of the flow cross section, it is recommended as a matter of principle to construct additional protection by lining the riverbed to protect it from erosion of riverbed bottom and slopes. On this stretch of the watercourse of the Janja River, it is necessary to correct the route and the finished level in order to ensure appropriate capacity of the flow cross section as well as to ensure safe and hydraulically most favourable transfer of water between the mouth to the Drina River and the mouth of the Janjica creek in the newly-formed stable riverbed.
The finished level of the regulated riverbed of the Janja River in the project area (from the mouth to the Drina River and upstream to the mouth of the Janjica River) has a twofold decline, overcoming the altitude difference of H=9.75 m over the length of L=6,593.57 m, wherefore the mean decline of the design finished level of the regulated riverbed is I=0.148%.
The design finished level of the regulated riverbed has the following parameters:
· P1 (0+000.00) – P75 (2+809.85), ∆H= 2.46 m, L=2,809.85 m, I=0.08755%
· P75 (2+809.85) – P153 (ch. 6+610.35), ∆H= 7.29 m, L=3,800.50m, I= 0.191817%
The technical solution of the regulation of the Janja River on Section 4 provides for the natural type of regulation using transverse stabilisation sills, in order to prevent erosion of the riverbed bottom in longitudinal direction, because this is a gravely environment and requires additional protection against erosion. To facilitate riverbed maintenance and to fix the finished level of the riverbed, the design provides for the construction of twenty-one transverse stabilisation sills made of stone, bottom width 11.0 m and height in slopes up to 2.5 metres, which also constitute reference points for future maintenance of the finished level of the regulated riverbed of the Janja River on Section 4 of the riverbed regulation, from the exit from the Janja settlement and upstream to the mouth of the Janjica creek to the Janja River, L3 = 3,941.01 m. At the same time, this would ensure continuity and appropriate capacity of the flow cross section on this stretch, in addition to securing safe and hydraulically most favourable transfer of water.
The downstream (connecting) point at which the design finished level of the regulated riverbed of the Janja River on Section 4 will connect to the future regulated riverbed of the Janja River on Section 3 is at chainage P70 (3+669.34) and at the elevation of 101.34 m.a.s.l., stretching over 42.0 m and constituting the downstream transitional section, which ensures transition from the natural type of the regulation on Section 4 to the urban type of regulation on Section 3. The finished level of the regulated riverbed on Section 3 stretches from cross section P70 (2+669.34) directly downstream from the road bridge at the exit from the settlement, with the elevation of the finished level of 101.34 m.a.s.l.
The finished level of the regulation of the Janja riverbed in the area of Section 4 has a twofold decline. The first part (P70 (3+669.34) to P75 (2+809.85)) overcomes the altitude difference of H=0.12 m over the length of L=140.51 m, making the decline of the design finished level of the regulated riverbed I=0.08755%, whereas the second part of Section 4 (P75 (2+809.85) - P153 (6+610.35)) overcomes the altitude difference of H=7.29 m over the length of L=3,800.50 m, making the decline of the design finished level of the regulated riverbed I=0.191817 %.
A graphical representation of the longitudinal section of the regulated riverbed of the Janja River on Section 4 is provided in Annex No. 2 
[bookmark: _Toc416534545][bookmark: _Toc417932570][bookmark: _Toc418113638][bookmark: _Toc428529098][bookmark: _Toc494958526]Normal Section
[bookmark: _Toc416534546]On Section 4 of the regulation of the Janja riverbed, which stretches from the exit from the Janja settlement and upstream to the mouth of the Janjica creek to the Janja River, L3 = 3,941.01 m, i.e. from cross section P70 (2+669.34) to cross section P153 (6+610.35), total length L=3,941.01 m, the design provides for the natural type of regulation of the minor riverbed of the Janja River, with the normal section in the shape of a symmetrical double trapezoid.
The normal section of the minor riverbed of the Janja River is 11.0 m wide at the bottom, with the bank slope inclination of the minor riverbed of 1:1.5. 
The minor riverbed is 3.0 m high, and is protected in concave bends by a lining of rockfill up to the riverbed height of 2.5 m. On the left and right banks, there is a 5.0m wide shoulder (both shoulders have been designed to ensure additional capacity of the flow cross section and for maintenance of slopes of the regulated riverbed), and above the shoulders is a topsoiled and grassed slope inclined at 1:1.5. In places where the topography of the terrain required construction of additional protective structures to help keep the centenary high water levels of the Janja River with a superelevation of 80 cm within the design corridor, the design provides for the construction of protective embankments with crest width of 5.0 m.
The normal section of the regulation of the Janja River on Section 4 from the exit from the Janja settlement and upstream to the mouth of the Janjica creek to the Janja River, L3 = 3,941.01 m, is provided in Annex No. 3.
[bookmark: _Toc417932571][bookmark: _Toc418113639][bookmark: _Toc428529099][bookmark: _Toc494958527]Regulated Riverbed Slope Protection
By optimally utilising the longitudinal gradient of the riverbed during the occurrence of maximum flow rates, the relevant shear stress is determined that will affect the longitudinal stability of the regulated riverbed. 
By analysing the relevant shear stress which for the flow rate of centenary (Q1/100) high waters reaches the value of 30.00 N/m2, and by analysing engineering-geological and geotechnical properties of materials present in the regulated riverbed in terms of alluvial sediments (embankments, sandy clays, sands, etc.), which are present in the loose surface cover, it has been determined that the slopes and bottom of the regulated riverbed require protection. In this respect, the design provides that the regulated riverbed of the Janja River on Section 4 will be additionally protected by lining the slope toes and slopes of the regulated riverbed with a rockfill. 
The size of the stone lining was determined on the basis of speeds and tensile (shear) stresses formed during twenty-year high waters, while the height of the lining was determined to meet the permitted shear stress (S=15 N/m2) for grassed surfaces. The minor riverbed is protected in concave bends by a lining of rockfill up to the height of 2.5 m. Above the stone lining, the slope is topsoiled and grassed up to the height of 3.0 m.
Stone lining drawings are provided in the normal section drawing – Annex No. 3. 
[bookmark: _Toc416534547][bookmark: _Toc417932572][bookmark: _Toc418113640][bookmark: _Toc428529100][bookmark: _Toc494958528]Riverbed Bottom Protection
On the design regulation of the Janja River on Section 4, hydraulic analysis has shown that the riverbed bottom also requires additional protection. Riverbed bottom protection in alluvial sediments is performed by constructing transverse stabilisation sills made of stone, bottom width 1.00 m and 1.00 m high. Based on engineering-geological and geomechanical exploratory works, in places where the bottom of the regulated riverbed passes through alluvial sediments, which can withstand shear stresses of 15 N/m2, the design has calculated the number and spacing of transverse stabilisation sills made of stone for the regulated riverbed of the Janja River. Once the regulation is completed, it is anticipated that after a certain period the bottom between the sills will become covered by coarser fractions of the sediment mix in a phenomenon called “self-paving”. 
[bookmark: _Toc417932574][bookmark: _Toc418113641][bookmark: _Toc428529101][bookmark: _Toc494958529]Structures within the Regulation
The design provides for the construction of the following structures within the regulation of the Janja River on Section 4:
Downstream transitional section structure;
Mouth structure of the “K-I“ canal to the Janja River;
Gate structure on the “K-I“ canal;
Mouth structure of the “K-II“ canal to the Janja River;
Upstream transitional section structure with the mouth of right tributary Janjica;
Typical littoral water structure through the embankment;
Typical transverse stabilisation sill;
Typical upward-downward ramp.
1.1.1. [bookmark: _Toc428529102][bookmark: _Toc494958530]Downstream Transitional Section Structure 
The downstream transitional section has been laid from cross section P70 (Ch. 2+669.34), and then upstream to cross section P72 (Ch. 2+711.54) over the length of 42.20 m. It is located at the site of a road bridge that is planned for removal. This transitional section will provide transition from the regulated riverbed on Section 3 of Janja River, i.e. from an urban type of regulation - in the shape of a combination of chamfered and asymmetrical double trapezoid with possible mini shoulders at the elevation of the end of the retaining wall and the joint between the stone lining and the parapet wall - to Section 4, which is a natural type of regulation, designed in the shape of a double trapezoid. 
The downstream transitional section structure is fixed in the regulated riverbed of the Janja River by an upstream and downstream transverse stabilisation sill in cement mortar. Between these transverse stabilisation sills, on the left and right sides, the toe and slopes of the Janja riverbed are protected by stone lining set in cement mortar.
The stone transverse stabilisation sill will be dug into the slopes of the regulated riverbed to a height of 1.00 m. The design does not provide for the lining of the riverbed bottom of the Janja River between stone transverse stabilisation sills within the downstream transitional section. 
The downstream transitional section structure is provided in Annex No. 5. (5.1.-5.3.).
1.1.2. [bookmark: _Toc428529103][bookmark: _Toc494958531]Mouth Structure of the “K-I“ Canal to the Janja River
In structural terms, the finished levels of the mouth structure of the “K-I” canal and the Janja River are not connected bottom-to-bottom; instead, the finished level of the bottom of the “K-I” canal is raised above the finished level of the riverbed bottom of the Janja River by 2.50 m. The finished level of the canal bottom rests on the stone lining of the slope of the Janja riverbed, while further upstream up to the Gate Structure, the mouth of the “K-I” canal is lined with stone lining set in cement mortar. The design also provides that the mouth of the “K-I” canal on the slope of the Janja riverbed, on the 5.00 m wide shoulder and on slopes of the associated embankment (at the height of 2.00 m) over the width of 1.40 m, will be lined with stone lining set in cement mortar.
The mouth structure of the “K-I“ canal to the Janja River is provided in Annex No. 6. (6.1.-6.3.).
1.1.3. [bookmark: _Toc428529104][bookmark: _Toc494958532]Gate Structure on the “K-I“ Canal
Upstream of the mouth structure of the “K-I“ canal to the Janja River, in the zone of the associated embankment, the design provides for a Gate Structure. The main purpose of the Gate Structure on the “K-I” Canal is to regulate overflowing of high waters of the Janja River into the “K-I” canal and to prevent flooding of land in the zone of the “K-I” canal.
In hydraulic terms, for all flow rates in the Janja River up to 130 m3/s, high waters of the Janja River will not overflow into the “K-I” canal due to the high position (104.32 m.a.s.l.) of the canal mouth, while flow rates in excess of 130 m3/s will overflow into the “K-I” canal and will slow the flow of water from the canal into the Janja River.
The design provides that the Gate Structure on the “K-I“ canal will be constructed of reinforced concrete in the embankment zone. The Gate Structure consists of a culvert with an opening measuring 2.00 x 1.80 m, which passes through the embankment trunk over a length of 13.50 m, and of a gate chamber that is situated on the exterior part of the embankment. The gate chamber houses a sheet stop gate, with an opening measuring 2.00 x 1.80 m including manual mechanism, frame, seals and guide rails for lowering and lifting the sheet stop gate. Access to the gate chamber is provided through an opening on the top concrete slap of the gate chamber, measuring 1.00 x 1.00 m, and the design provides for a metal cover on this opening measuring 1.00 x 1.00 m made of 5 mm thick ribbed sheet metal, while the cover frame will be made of “L” profiles, 50 x 50 mm.
Descent into the gate chamber is secured via step irons made of reinforcement, 20 mm cross section and 120 cm long when extended. The top slab of the gate chamber will also feature a protective fence made of steel pipes 2".
The Gate Structure on the “K-I” canal is shown in Annex No. 6.1. (6.1. Construction Drawings; 6.2. Formwork Plan; 6.3. Reinforcement Drawings).

1.1.4. [bookmark: _Toc428529105][bookmark: _Toc494958533]Mouth Structure of the “K-II“ Canal to the Janja River
The mouth structure of the “K-II” canal to the Janja River is identical to the mouth structure of the “K-I” canal. In structural terms, the finished levels of the mouth structure of the “K-I” canal and the Janja River are not connected bottom-to-bottom; instead, the finished level of the bottom of the “K-II” canal is raised above the finished level of the riverbed bottom of the Janja River by 2.50 m. The finished level of the canal bottom rests on the stone lining of the slope of the Janja riverbed. Along the shoulder and in the upstream direction, over the length of 12.50 m, the mouth of the canal is lined with stone lining set in cement mortar. In the minor riverbed of the canal, the mouth of the canal is fixed with a stone transverse stabilisation sill. 
The design also provides that the mouth of the “K-II” canal on the slope of the Janja riverbed, on the 5.00 m wide shoulder and on slopes of the associated embankment (at the height of 1.50 m) over the width of 14.00 m, will be lined with stone lining set in cement mortar.
The mouth structure of the “K-II“ canal to the Janja River is provided in Annex No. 6.
1.1.5. [bookmark: _Toc428529106][bookmark: _Toc494958534]Upstream Transitional Section Structure with the Mouth of Right Tributary Janjica
The upstream transitional section of the Janja River with the mouth of the Janjica tributary and the mouth of the “Obrijež Perimeter Canal” is situated from Ch. 6+433.35 to Ch. 6+597.56, over the length of 164.21m. The mouth of the Janjica tributary is located at Ch. 6+479.13, with these two watercourses joined bottom-to-bottom.
The upstream transitional section with the mouth of the Janjica tributary is fixed by stone transverse stabilisation sills at chainages: 6+433.35, 6+515.45 and 6+597.56, which are placed on the bottom of the minor riverbed and on slopes at the height of 2.50m. The slopes and the bottom of slope on the left and right banks, between stone transverse stabilisation sills, are protected by stone lining, while the remaining part of the minor and major riverbeds is protected against erosion by topsoiling and grassing.
Upstream of the stone transverse stabilisation sill at Ch. 6+597.56, over the length of 15.00 m, on the transition from the regulated to the non-regulated riverbed, the minor riverbed was scarped and its bottom and slopes lined with stone to provide protection against erosion of the regulated riverbed.
Due to the inclination of the riverbed bottom (I=0.013744) and high water speeds, the minor riverbed of the Janjica tributary from its mouth to the Janja River and upstream over the length (0-076.89 ÷ 0+049.95) of 126.84m is protected by stone lining. The thickness of stone lining on the riverbed bottom is 1.00 m; the height of stone lining on riverbed slopes is 2.50m; while the thickness of stone lining at the height of 2.50 m is 0.50m. The design provides that the surface area of stone lining in the minor riverbed of the Janjica tributary will be set in cement mortar. The other surfaces of the minor and major riverbeds (bank slopes, shoulders, embankment trunk) will be protected by topsoiling and grassing. The normal section of the Janjica tributary will be a double trapezoid, with bottom width of b=2.00m, slope inclination of 1:2 and the height of the minor riverbed of h=3.00m. The major riverbed consists of shoulders on the right and left banks that are 5.00m wide, as well as an associated embankment with variable height from 2.00m to 2.50m, with an embankment superelevation of 80 cm over centenary high water levels. Embankment slope inclination is 1:2 and the width of the embankment crest is 5.00m.
Upstream of Ch. 0+076.89, on the Janjica tributary, there is the mouth of the “Obrijež Perimeter Canal” to the Janjica tributary. This mouth is fixed by stone transverse stabilisation sills as follows: a downstream stone transverse stabilisation sill at Ch. 0+076.89; upstream at Ch. 0+020; and a stone transverse stabilisation sill on the “Obrijež Perimeter Canal”, Ch. 0+116.89. These two watercourses connect bottom-to-bottom. Between these stone transverse stabilisation sills, the design does not provide for any protection of the bottom and slopes of the mouth of the “Obrijež Perimeter Canal” to the Janjica tributary in the form of stone lining; instead, the protection will be provided by topsoiling and grassing.
The upstream transitional section structure of the Janja River with the mouth of the Janjica tributary to the Janja River, the mouth of the “Obrijež Perimeter Canal” to the Janjica tributary and the transition from the regulated to the non-regulated riverbed of the Janja River, is provided in Annex No. 8. (8.1.-8.3.).
1.1.6. [bookmark: _Toc428529107][bookmark: _Toc494958535]Typical Littoral Water Structure Through the Embankment 
The construction of parallel structures – embankments along the regulated riverbed of the Janja River will create an artificial barrier that will prevent the runoff of gravitating rainwater formed along the regulated riverbed of the Janja River. Once the regulation works are completed, these waters will be accepted and disposed of into the Janja River by means of typical littoral water structures with mica flaps within the regulated riverbed, which will prevent intrusion of high waters of the Janja River into the defended area. On Section 4 of the Janja riverbed regulation, the design provides for the construction of four littoral water structures, two on the left bank and two on the right bank, at the following chainages:
· OZV 4-1 - (2+677.53) – at cross section P71, left bank
· OZV 4-2 - (2+711.54) – at cross section P72, right bank
· OZV 4-3 - (4+303.77) – at cross section P109, right bank
The typical littoral water structure consists of a concrete inlet head, concrete wings on the defence side of the embankment, corrugated PE pipe and mica flap at the outlet into the riverbed of the Janja River. The concrete face wall of the intake head has an opening of 80×80 cm, while concrete wings measure 155×(80 and 40) cm, including a trapezoidal concrete bottom measuring 280×80*120 cm and wall and slab thickness of 20 cm. Groves will be left on the intake pipe of the intake head to install a grille measuring 500/400 mm. Through the embankment structure, a corrugated polyethylene PE pipe 340/300mm, SN 8, will be installed, 9 m long. The outlet head is rectangular and measures 120×100 cm, with a face wall also measuring 80×80 cm, on which a HDPE mica flap 340/300 mm, SN 8, will be fixed. The bottom of the outlet head has an opening of 100×80 cm, with wall and slab thickness of 20 cm.
A graphical drawing of the littoral water structure is provided in Annex No. 10. (10.1.-10.2.)
1.1.7. [bookmark: _Toc428529108][bookmark: _Toc494958536]Typical Transverse Stabilisation Sill
A detailed description of the stone transverse stabilisation sill structure is provided under Item 5.2. Riverbed Bottom Protection, while a graphical drawing of the structure is provided in Annex No. 9.
1.1.8. [bookmark: _Toc494958537]Typical Upward-Downward Ramp
To ensure free access to the minor riverbed during the exploitation phase, when undertaking maintenance activities on the regulated riverbed, the design provides for upward-downward ramp structures, of two types, on sites of associated embankments and the deeply cut regulated riverbed. Downward ramps have been designed on the following positions on the regulated riverbed:
· Ch. 2+987.90, right bank;
· Ch. 3+161.36, left bank;
· Ch. 4+394.53, left bank;
· Ch. 4+720.00, right bank;
The upward-downward ramp structures constitute a special-purpose extension within the embankment intended for crossing over the embankment and descending onto the shoulder of the minor riverbed of the regulated route of the Janja River on Section 4. They consist of a downward ramp and an upward ramp, which are inclined at approx. 20% to overcome the height difference between the natural terrain and the embankment and between the embankment and the shoulder in the minor riverbed. The total width of the upward and downward ramp is three metres. The design provides that the ramps will have a road on top of them, 2 metres wide, made of compacted crushed stone, d=20cm thick, with a grass shoulder on both sides of the road 50 cm wide. The design provides for four structures in places where there are access roads to the regulation route.
A graphical drawing of the typical upward-downward ramp structure is provided in Annex No. 11 (11.1.-11.2.)
[bookmark: _Toc494958538]PROTECTION FROM MOUNTAIN BASIN WATERS 
[bookmark: _Toc427742405][bookmark: _Toc494958539]Layout of the Route of the “Obrijež Perimeter Canal” Revitalisation
The route of the “Obrijež Perimeter Canal” revitalisation is connected to the route of the existing “Obrijež Perimeter Canal” through a canal network in the defended area and to the Janja River on the north, while in the south the Perimeter Canal has no connection to the basin of the Brezovica River, whose basin is oriented toward the Drina River and does not gravitate toward the basin area of the Janja River. By adopting a variant of the “Obrijež Perimeter Canal” revitalisation that includes draining the basin waters directly into the Janja River (variant 2 in the Conceptual Design), the connection will be severed with the canal network (canals “K-II-4” and “K-II”), which had previously served to transfer basin waters from the “Obrijež Perimeter Canal” to the Janja River.
The route of the “Obrijež Perimeter Canal” revitalisation is identical to the route of the existing Perimeter Canal, with minor deviations of the route to the left in order to deepen the Perimeter Canal and ensure superelevation of the embankment on the right bank of the Perimeter Canal, and in places where the embankment was damaged.
The route of the “Obrijež Perimeter Canal” revitalisation was dictated by the following:
· At Ch. 0+096.89 is the mouth of the “Obrijež Perimeter Canal” to the Janjica tributary. From the mouth (Ch. 0+096.89) to Ch. 0+207.33, over the length of 110.94 m, there have been no earlier “Obrijež Perimeter Canal”, meaning that this is a new part of the Perimeter Canal, which will now directly connect the Perimeter Canal to the Janjica tributary, and then via the Janjica tributary to the Janjica River itself;
· From Ch. 0+207.33 to Ch. 2+585.93, over the length of 2,378.10, the route of the “Obrijež Perimeter Canal” has been laid over the existing route of the Perimeter Canal with minor movement of the route to the left in order to deepen the canal bed and to revitalise the right protective embankment for the protection against floods;
· In the place of contact between the “Obrijež Perimeter Canal” and the “K-II-4” canal, at Ch. 1+440.66, where a culvert structure is located (opening 1.50x1.50), serving to transfer the basin water from the Perimeter Canal into the “K-II-4” canal, the culvert structure needs to be removed to prevent transfer of basin waters into the defended area;
· On road crossings over the Perimeter Canal at chainages 1+249.53 and 1+399.85, the existing culvert structures need to be removed and new structures need to be constructed in their place, because the existing structures do not have the necessary hydraulic capacity to safely pass high waters;
· The existing culvert structures at chainages 2+344.74 and 2+401.78, with the opening of 800mm, are able to satisfy, in both hydraulic and structural terms, the new role of the Perimeter Canal, and they do not need to be replaced;
· The existing road from “Novo naselje Janja” to the Bijeljina-Zvornik main road, which has been laid along the “Obrijež Perimeter Canal”, on the section from Ch. 1+383.85 to Ch. 1+568.60, over the length of 184.75m, conflicts with the new right embankment of the Perimeter Canal and needs to be relocated to the right of the embankment structure.
In accordance with the above contour requirements, the route of the “Obrijež Perimeter Canal” revitalisation satisfies the downstream and upstream contour requirements, as it is possible to directly connect it to the Janjica tributary and the Janja River, and it also meets one of the essential requirements, which states that the route of the “Obrijež Perimeter Canal” revitalisation needs to be laid along the lowest part of the route, i.e. along the existing bed of the Perimeter Canal.
The route of the “Obrijež Perimeter Canal” revitalisation has been designed with the radii of R=10.00m to R=500.00m, which fails to meet the criteria according to which the regulated riverbed should have the radii of 3.50 to 4.00 B widths of the water surface. This is one the biggest drawbacks of the revitalised “Obrijež Perimeter Canal”.
An overview map of the area of the “Obrijež Perimeter Canal” is provided in Annex No. 1, while the layout of the route of the revitalised “Obrijež Perimeter Canal” is provided in Annex No. 2. - Book 2.1
[bookmark: _Toc425243127][bookmark: _Toc427742406][bookmark: _Toc494958540]Construction Longitudinal Section of the Revitalised “Obrijež Perimeter Canal”
[bookmark: _Toc425241597][bookmark: _Toc425243128][bookmark: _Toc425243273][bookmark: _Toc425243586]The adopted conceptual design of the “Obrijež Perimeter Canal” revitalisation, which is to be elaborated within the Main Design, is the variant where basin waters are drained directly into the Janjica tributary and then into the Janja River.
[bookmark: _Toc425241598][bookmark: _Toc425243129][bookmark: _Toc425243274][bookmark: _Toc425243587]The mouth of the Perimeter Canal to the Janjica tributary is at Ch. 0+096.89. Upstream from the mouth (Ch. 0+096.89), and up to Ch. 0+207.83, over the length of 110.94m, a new part of the “Obrijež Perimeter Canal” has been dug to provide connection to the Janjica tributary and the Janja River and to provide direct draining of basin waters into the Janja River. Along the existing Perimeter Canal from Ch. 0+207.83 to Ch. 1+345.67, over the length of 1,137.84m, the existing Perimeter Canal has been deepened between 0.00 and 3.50 m, in order to set the finished level of the canal bottom.
[bookmark: _Toc425241599][bookmark: _Toc425243130][bookmark: _Toc425243588]In the remaining part of the Perimeter Canal, from Ch. 1+345.67 to Ch. 2+585.93, over the length of 1,240.26m, the canal is generally in good condition and this part of the Perimeter Canal does not require any major investments, other than clearing of the canal itself and straightening of the finished level of the canal bottom.
[bookmark: _Toc425241600][bookmark: _Toc425243131][bookmark: _Toc425243589]The total length of the new revitalised Perimeter Canal is 2,489.04m, with multiple longitudinal gradients of the canal bottom toward the Janja River with the following individual inclinations:
[bookmark: _Toc425241601][bookmark: _Toc425243132][bookmark: _Toc425243590]From Ch. 0+096.89 	to Ch.1+647.10, 	L= 1,550.21m, 		I= 0.000319
[bookmark: _Toc425241602][bookmark: _Toc425243133][bookmark: _Toc425243591]From Ch. 1+647.10  	to Ch.2+344.74, 	L= 697.64m, 		I= 0.002795
[bookmark: _Toc425241603][bookmark: _Toc425243134][bookmark: _Toc425243592]From Ch. 2+344.74	to Ch.2+401.78, 	L= 128.75m, 		I= 0.000310
[bookmark: _Toc425241604][bookmark: _Toc425243135][bookmark: _Toc425243593]From Ch. 2+401.78 	to Ch.2+585.93, 	L= 112.44m, 		I= 0.000311
[bookmark: _Toc425241605][bookmark: _Toc425243136][bookmark: _Toc425243594]The length of the new revitalised “Obrijež Perimeter Canal” compared to the existing Perimeter Canal has increased from 2,378.10 m to 2,489.04m (by 110.94m), and this increase does not affect the longitudinal gradient of the Perimeter Canal bottom.
[bookmark: _Toc425241606][bookmark: _Toc425243137][bookmark: _Toc425243282][bookmark: _Toc425243595]The deepening of the revitalised “Obrijež Perimeter Canal” has resulted in the existing culvert structures causing much greater backflow than is permitted, and therefore the existing culvert structures at chainages 1+249.53 and 1+399.85 need to be removed and in their places new culvert structures need to be constructed. In addition to the new culvert structures (at Ch. 1+249.53 and Ch. 1+399.85), it will also be necessary to construct a new culvert structure at Ch. 0+207.83.
[bookmark: _Toc425241607][bookmark: _Toc425243138][bookmark: _Toc425243283][bookmark: _Toc425243596]The existing tubular culvert structures 800mm at chainages 2+344.74 and 2+401.78 are in a good hydraulic and structural condition and do not need to be replaced.
[bookmark: _Toc425241608][bookmark: _Toc425243139][bookmark: _Toc425243284][bookmark: _Toc425243597]The backflow caused by high waters of the Janja River (H1/100=112.92 m.a.s.l.) and the centenary water level (Q1/100 = 9.90 m3/s) of the “Obrijež Perimeter Canal” form in the larger part of the Perimeter Canal a water column of H=2.40 m. This was the major reason for designing the right defence embankment to protect the defended areas from high basin waters coming from the slopes of the Obrijež hill, featuring an embankment superelevation of 80 cm above centenary  high waters.
The construction longitudinal section of the revitalised “Obrijež Perimeter Canal” is provided in Annex No. 3, Book 2.1
[bookmark: _Toc425241609][bookmark: _Toc425243140][bookmark: _Toc425243285][bookmark: _Toc427742407][bookmark: _Toc494958541] Normal Section of the Revitalised “Obrijež Perimeter Canal”
Over the entire length (Ch. 0+096.89 - Ch. 2+585.93) of 2,489.04m of the revitalised “Obrijež Perimeter Canal”, the design has adopted the normal profile in the form of an asymmetrical double trapezoid. The width of the minor riverbed at the bottom is b = 1.0 m, slope inclination is 1:2, and the average height of the minor riverbed is 2.00 m. On the right bank, the major riverbed consists of a 5.00m-wide shoulder and the associated embankment with an average height of 1.60m, slope inclination of 1:2, and the average width of the embankment crest of 3.00 m. On the left side, the major riverbed consists of the natural sloping terrain. The superelevation of the embankment on the right bank over the centenary high water levels is 80 cm.
A drawing of the normal section of the revitalised ““Obrijež Perimeter Canal” is provided in Annex No. 4. Volume 2.1.
[bookmark: _Toc425241617][bookmark: _Toc427742409][bookmark: _Toc494958542]Protection of Riverbed Slopes and Bottom
By analysing shear stresses which for the flow rate of centenary (Q1/100) high waters reach the value of 3.80 N/m2 at the flow rate of v1/100 = 0.8 m/s, and by analysing engineering-geological and geotechnical properties of materials present in the regulated riverbed of the “Obrijež Perimeter Canal” in terms of alluvial sediments (embankments, sandy clays, clayey sands, gravels, etc.), which are present in the surface cover, it has been determined that the slopes and bottom of the regulation do not require protection. To this end, for the minor and major riverbeds of the “Obrijež Perimeter Canal” the design provides for topsoiling and grassing of riverbed slopes and embankment, shoulders and the embankment crest. It is also not necessary to protect the riverbed bottom. The erosion protection of the flow cross section of the “Obrijež Perimeter Canal” by topsoiling and grassing is provided in Annex No. 4. Book 2.1.
[bookmark: _Toc425241618][bookmark: _Toc425243147][bookmark: _Toc427742410][bookmark: _Toc494958543]Structures within the Revitalisation of the “Obrijež Perimeter Canal”
[bookmark: _Toc425241619][bookmark: _Toc425243148][bookmark: _Toc425243293][bookmark: _Toc425243606]Within the “Obrijež Perimeter Canal” revitalisation, the design provides for the following structures:
· Downstream transitional section structure of the “Obrijež Perimeter Canal”;
· Culvert structure on the “Obrijež Perimeter Canal”;
· Relocation of the road along the “Obrijež Perimeter Canal”, from Ch. 1+383.85 to Ch. 1+568.60, over the length of 184.75m.
1.1.9. [bookmark: _Toc425241620][bookmark: _Toc427742411][bookmark: _Toc494958544]Downstream Transitional Section Structure of the “Obrijež Perimeter Canal“
[bookmark: _Toc425241621][bookmark: _Toc425243149][bookmark: _Toc425243294][bookmark: _Toc425243607]The mouth of the “Obrijež Perimeter Canal” to the Janjica tributary is at Ch. 0+096.89. Upstream from the mouth, at Ch. 0+116.89, the “Obrijež Perimeter Canal” has been fixed by a stone transverse stabilisation sill in the minor riverbed.
[bookmark: _Toc425241622][bookmark: _Toc425243150][bookmark: _Toc425243295][bookmark: _Toc425243608]The mouth of the “Obrijež Perimeter Canal” to the Janjica tributary is fixed by stone transverse sills as follows: a downstream stone transverse stabilisation sill at Ch. 0+076.89; upstream at Ch. 0+020.00 and a stone transverse stabilisation sill on the Perimeter Canal at Ch. 0+116.89. Between these stone transverse stabilisation sills, the bottom and slopes of the mouth of the “Obrijež Perimeter Canal” to the Janjica tributary are not protected by stone lining; instead, the protection is provided by mere topsoiling and grassing of slopes of the minor riverbed and associated embankments. 
Downstream from the mouth of the “Obrijež Perimeter Canal” into the Janjica tributary, i.e. from the stone transverse stabilisation sill at Ch. 0+076.89 to the minor riverbed of the Janja riverbed regulation, over the length (0+076.89 + 0+049.95) of 126.84m, the Janjica tributary and the Janja River have been connected bottom-to-bottom. The adopted normal section is a double trapezoid. The width of the riverbed at the bottom is b = 2.0 m, slope inclination is 1:2, and the height of the minor riverbed is h =3.0 m. The major riverbed consists of shoulders on the right and left banks that are 5.00 m wide, as well as an associated embankment with variable height from 2.00m to 2.50m, with an embankment superelevation of 80 cm over centenary high water levels. Embankment slope inclination is 1:2 and the width of the embankment crest is 5.00 m. 
Due to the inclination of the riverbed bottom (I=0.013744) and high water speeds, the minor riverbed of the Janjica tributary over the length (0+076.89 + 0+049.95) of 126.84m is protected by stone lining. The thickness of stone lining on the riverbed bottom is 1.00m; the height of stone lining on riverbed slopes is 2.50m; while the thickness of stone lining at the height of 2.50m is 0.50m. The design provides that the surface area of stone lining in the minor riverbed of the Janjica tributary will be set in cement mortar. The other parts of the minor and major riverbeds (bank slopes, shoulders, trunk, embankment) will be protected by topsoiling and grassing.
The upstream transitional section of the Janja River with the mouth of the Janjica tributary to the Janja River has been fixed by stone transverse stabilisation sills, while slopes and slope bottom are lined with stone. At chainages 6+433.35, 6+515.45 and 6+597.55, the design provides for stone transverse stabilisation sills, which are laid on the bottom of the minor riverbed and on slopes at the height of 2.50m. The slopes and the bottom of slope on the left and right banks, between stone transverse stabilisation sills, are protected by stone lining, while the remaining part of the minor and major riverbeds is protected against erosion by topsoiling and grassing.
Upstream of the transverse stabilisation sill at Ch. 6+597.55, over the length of 15.00m, on the transition from the regulated to the non-regulated riverbed, the minor riverbed was scarped and its bottom and slopes lined with stone to provide protection against erosion of the regulated riverbed.
The downstream transitional section structure of the “Obrijež Perimeter Canal” with the mouth of the “Obrijež Perimeter Canal” to the Janjica tributary, the mouth of the Janjica tributary to the Janja River and the transition from the regulated to the non-regulated riverbed of the Janja river is provided in Annex No. 6. (6.1.-6.3.) Book 2.1.
In terms of the specification of works and construction costs, the downstream transitional section structure of the “Obrijež Perimeter Canal” has been treated in detail within the Main Regulation Design of the Janja River. This part of the design, “Main Design for the Protection of “Novo naselje” in Janja from Mountain and Interior Waters” Book 2.1. - Protection from Mountain Basin Waters, provides drawings of the downstream transitional section structure of the “Obrijež Perimeter Canal” to provide an overview of the whole technical solution, but without providing a priced bill of quantities, because the downstream transitional section structure of the “Obrijež Perimeter Canal” belongs to the regulation of the Janja River.
1.1.10. [bookmark: _Toc425241623][bookmark: _Toc427742412][bookmark: _Toc494958545]Typical Culvert Structure on the “Obrijež Perimeter Canal”
For the passage from the right to the left bank of the revitalised “Obrijež Perimeter Canal” and vice versa, the design provides for culvert structures at the following positions: Ch. 0+207.83, Ch. 1+249.53 and Ch. 1+399.85. The typical culvert structure is made of reinforced concrete, has an opening of 3.00x1.80 m and safely passes centenary high water levels (Q1/100 = 9.90 m3/s), with a backflow reaching 22 cm. The typical concrete culvert has a foundation in the bottom of the revitalised “Obrijež Perimeter Canal”, at the depth of 1.40m, resting on strip foundations placed perpendicular to the direction of the watercourse. The strip foundations are 9.00m long and 1.50 m wide, and support the concrete tubular culvert and culvert wings that are placed perpendicular to the watercourse and are dug into bank slopes of the revitalised “Obrijež Perimeter Canal”. Vertical wings of the concrete culvert are higher than the culvert apex by 0.60m, while the span between the wings is 4.40m and includes a road made of stone aggregate over the length of 12.00m. 
The length of the typical concrete culvert is 5.00m, and the thickness of vertical wings is 0.30m, such that the width of the road over the Perimeter Canal is 4.40m.
Typical culvert structure for the passage over the revitalised “Obrijež Perimeter Canal” is provided in Annex No. 7. (7.1.-7.3.) Book 2.1.
1.1.11. [bookmark: _Toc425241624][bookmark: _Toc427742413][bookmark: _Toc494958546]Relocation of the Road along the “Obrijež Perimeter Canal”, from Ch. 1+383.85 to Ch. 1+568.60, over the Length of 184.75 m.
For the local road from Novo naselje Janja to the Bijeljina-Zvornik main road, which has been laid along the “Obrijež Perimeter Canal” on the sector from Ch. 1+383.85 to Ch. 1+568.60, over the length of 184.75 m, the road needs to be relocated to the right of the embankment in order to ensure superelevation and expansion of the embankment and to provide the appropriate level of protection from mountain basin waters coming from the slopes of Obrijež.
The main design for relocation of the local road has been made on the basis of geodetically surveyed cross sections as well as applicable laws, regulations and standards governing this field of civil engineering.
The layout solution provides that the local road will be relocated over the length of 184.75 m, with the average width of the paved surface of 6.00m, and with 1.00m shoulders on both sides. This local road features traffic in both directions and all the required traffic signage. All road surfaces will be constructed as an asphalt surface. 
On the relocated local road there are no intersections, and the road relocation has been designed in such a way that the road will remain functionally unchanged and will include all the currently present details and geometry following its planned relocation over the indicated length.
The road has been designed with all the elements required for the design speed of the local traffic with horizontal radii and without crossings.
The layout of the road route relocation is provided in Annex No. 8. (8.1.) Book 2.1.
The longitudinal section has been aligned with the longitudinal gradient of the existing road (Ch. 1+383.85 - Ch. 1+568.60), such that the current longitudinal gradient of the road has been preserved. The finished level of the design road follows the finished level of the existing road, which is located outside the above chainages. The finished level of the road follows the terrain line and meets the requirements for connection to the existing road at Ch. 1+383.85 and at Ch. 1+568.60. 
Because the protective embankment will be constructed on the abandoned route of the local road, the design provides for removal of the existing road structure and for using the removed material for the new road bedding.
The longitudinal section for the road route relocation is provided in Annex No.  8.(8.2.) Book 2.1.
Carriageway Structure
The pavement structure will be constructed as flexible and will be sized fully in accordance with the existing conditions and the prepared bedding:
	5 cm - 			Asphalt concrete ABS with BIT 60; acc. to JUS U.E.4. 014/1990
	10 cm - 			Bituminous crushed aggregate BNS 32s A, with BIT60; 
					 JUS U.E.9. 021/1986
	20 cm - 			Crushed stone aggregate 0-31.5 mm			 
	30 cm - 			Crushed stone aggregate 31.5 – 63.00 mm
	65 cm - 			TOTAL	
[bookmark: _GoBack]During the execution of works, the Contractor must pay careful attention to the design elements and the finished level already during the construction of bottom layers of the structure and must adhere to all applicable regulations, standards, norms and rules of the profession for this type of works and structures. Once all the works have been completed, the green areas will be graded and grassed.
The normal section of the road is provided in Annex No. 8. (8.3.) Book 2.1.

[bookmark: _Toc494958547][bookmark: _Toc425243122][bookmark: _Toc427826624][bookmark: _Toc425241592][bookmark: _Toc425242506][bookmark: _Toc425243123][bookmark: _Toc425243214][bookmark: _Toc425243268][bookmark: _Toc425243527][bookmark: _Toc425243581][bookmark: _Toc425244028][bookmark: _Toc425244086][bookmark: _Toc425244144][bookmark: _Toc425244201][bookmark: _Toc425244258][bookmark: _Toc425244312][bookmark: _Toc425244359][bookmark: _Toc425244395][bookmark: _Toc425244465][bookmark: _Toc425244577][bookmark: _Toc425244634][bookmark: _Toc425323123][bookmark: _Toc425766457][bookmark: _Toc426532099][bookmark: _Toc426542299][bookmark: _Toc426542378][bookmark: _Toc426542512][bookmark: _Toc426547968][bookmark: _Toc426701754][bookmark: _Toc426960228][bookmark: _Toc426967171][bookmark: _Toc426967209][bookmark: _Toc427826313][bookmark: _Toc427826518][bookmark: _Toc427826556][bookmark: _Toc427826625]PROTECTION FROM INTERIOR WATERS
[bookmark: _Toc425241593][bookmark: _Toc425242507][bookmark: _Toc425243124][bookmark: _Toc425243215][bookmark: _Toc425243269][bookmark: _Toc425243528][bookmark: _Toc425243582][bookmark: _Toc425244029][bookmark: _Toc425244087][bookmark: _Toc425244145][bookmark: _Toc425244202][bookmark: _Toc425244259][bookmark: _Toc425244313][bookmark: _Toc425244360][bookmark: _Toc425244396][bookmark: _Toc425244466][bookmark: _Toc425244578][bookmark: _Toc425244635][bookmark: _Toc425323124][bookmark: _Toc425766458][bookmark: _Toc426532100][bookmark: _Toc426542300][bookmark: _Toc426542379][bookmark: _Toc426542513][bookmark: _Toc426547969][bookmark: _Toc426701755][bookmark: _Toc426960229][bookmark: _Toc426967172][bookmark: _Toc426967210][bookmark: _Toc427826314][bookmark: _Toc427826519][bookmark: _Toc427826557][bookmark: _Toc427826626][bookmark: _Toc425241594][bookmark: _Toc425242508][bookmark: _Toc425243125][bookmark: _Toc425243216][bookmark: _Toc425243270][bookmark: _Toc425243529][bookmark: _Toc425243583][bookmark: _Toc425244030][bookmark: _Toc425244088][bookmark: _Toc425244146][bookmark: _Toc425244203][bookmark: _Toc425244260][bookmark: _Toc425244314][bookmark: _Toc425244361][bookmark: _Toc425244397][bookmark: _Toc425244467][bookmark: _Toc425244579][bookmark: _Toc425244636][bookmark: _Toc425323125][bookmark: _Toc425766459][bookmark: _Toc426532101][bookmark: _Toc426542301][bookmark: _Toc426542380][bookmark: _Toc426542514][bookmark: _Toc426547970][bookmark: _Toc426701756][bookmark: _Toc426960230][bookmark: _Toc426967173][bookmark: _Toc426967211][bookmark: _Toc427826315][bookmark: _Toc427826520][bookmark: _Toc427826558][bookmark: _Toc427826627][bookmark: _Toc425243126][bookmark: _Toc427826628][bookmark: _Toc494958548]Layout of the System
With respect to the protection from interior water, i.e. from the water that forms from rainfall directly in the defended area, its drainage from the defended area is provided by means of the existing canal network (main canals: “K-I” and “K-II”) into the regulated watercourse of the Janja River. In principle, the protection from interior water from the defended area is dictated by the previous protection from exterior water. In our case, the regulation of the Janja riverbed and the revitalisation of the “Obrijež Perimeter Canal” will provide protection from exterior water and will allow safe drainage of interior water.
The defended division of the land on the right bank of the Janja River, upstream from the urban settlement of Janja, occupies an area of 540 ha. On the northern side, the land division is delineated by the Janja River (the design provides for the regulation of the Janja River over a distance of approx. 8.00 km, to provide protection against centenary high water levels); on the southern side, it is delineated by the “Bijeljina-Zvornik” main road (the basin of the Drina River); on the eastern side, it is delineated by the “Obrijež Perimeter Canal” (this design provides for its revitalisation over the length of 2,489.04 m to provide protection against centenary high water levels); and on the western side, it borders on the existing urban settlement of Janja.
Through the development of a hydro-amelioration system in this area, the defended area has been divided into two hydro-amelioration divisions, as follows:
· The first division, with an area of 350 ha, includes basin surface waters that gravitate toward the existing “K-I” main canal, which transfers interior waters into the Janja River. In addition to the “K-I” main canal, canals of the first and second orders have been constructed in the first division: the “K-I-1” canal over the length of 1,540m and the “K-I-1-1” canal over the length of 400m.
· The other division, with an area of 190 ha, includes basin surface waters that gravitate toward the existing “K-II” main canal, which transfers interior waters into the Janja River. In addition to the “K-II” main canal, canals of the first and second orders have been constructed in this area: the “K-II-1” canal over the length of 1,230 m, the “K-II-2” canal over the length of 350m, the “K-II-3” canal over the length of 1,050m and the “K-II-4” canal over the length of 538,02m.
Within the first land division, the Main Design provides for revitalisation of the “K-I” main canal, over the length of 2,140.47m. 
The revitalisation of the “K-I” main canal includes the following: clearing of the canal; straightening of the finished level of the canal bottom; construction of new canal mouth structures to the Janja River and of the gate structure on the “K-I” canal; replacement and construction of a new culvert structure at Ch. 0+613.66, while the existing tubular culvert structure (1000mm) at Ch. 1+885.80 does not require replacement.
The other canals (canals “K-I-1” and “K-I-1-1”), of the first and second order, which drain rainwater from a part of Novo naselje Janja, will be analysed and treated in more detail within Book 2.3.: Rainwater Drainage from Novo naselje Janja.
For the second land division, the design provides for revitalisation of the “K-II” main canal over the length of 1,996.26m and of the first-order canal “K-II-4” over the length of 538.02m.
The revitalisation of the “K-II” main canal includes the following: clearing of the canal; straightening of the finished level of the canal bottom; construction of a new canal mouth structure to the Janja River; replacement and construction of a new culvert structure at Ch. 0+360.17. The existing tubular culvert structure at Ch. 0+822.91 (21000mm) does not require replacement, because once the “Obrijež Perimeter Canal” is revitalised, the “K-II” canal will not transfer basin waters from the Obrijež hill to the Janja River, and its capacity for interior water drainage is therefore sufficient.
Within this project, the design provides for the revitalisation of the “K-II-4” canal over the length of 538.02m, and the revitalisation process includes: rehabilitation of the “K-II-4” canal mouth structure to the “K-II” canal, at Ch. 0+010.00; closure of the culvert structure at Ch. 0+538.02, which previously served to transfer water from the “Obrijež Perimeter Canal” to the “K-II-4” canal, after which the basin water was transported via the “K-II” canal into the Janja River. This means that the function of the “K-II-4” canal will change, as it will no longer serve to transport basin waters from the Obrijež hill, and it will now only drain interior waters from the basin area that gravitates toward this canal.
By constructing the regulation of the Janja River and revitalisation of the “Obrijež Perimeter Canal”, the “K-II-1” and “K-II-2” canals will lose their function of protecting a part of Novo naselje Janja from flood waters of the Janja River.
The “K-II-3” canal, which drains rainwater from a part of Novo naselje Janja, will be treated in more detail within Book 2.2.: Rainwater Drainage from Novo naselje Janja.
An overview map of the design area is provided in Annex No. 1, while the layout of the interior water drainage system for the defended area is provided in Annex No. 2. Book 2.2.
[bookmark: _Toc427826629][bookmark: _Toc494958549]Longitudinal Sections
1.1.12. [bookmark: _Toc427826630][bookmark: _Toc494958550]Longitudinal Section of the Revitalised “K-I” Main Canal
The longitudinal section of the existing “K-I” Main Canal has largely remained unchanged, with only canal clearance and straightening of the finished level of the canal bottom being performed in some places. The revitalisation of the “K-I” Main Canal preserves the existing gradient of the finished level of the canal bottom.
The total length of the revitalised “K-I” Main Canal is 2,140.47m, overcoming the height difference of 4.74 m with an average gradient of I=0.0022144. To overcome the height difference of 4.74 m, the longitudinal gradient has multiple values and has generally been adapted to the natural gradient of the terrain, with the following values:
- Section 1, 	Ch.0+000.00 – Ch.0+435.24,	over the length of	L=435.4m,	I=0.001539
- Section 2, 	Ch.0+435.24 – Ch.1+180.19,	over the length of	L=744.99m,    I=0.00033169
- Section 3,	Ch.1+180.19 – Ch.1+315.03,	over the length of	L=134.84m, 	I=0.002595
- Section 4,	Ch.1+315.03 – Ch.2+140.47,	over the length of	L=825.44m, 	I=0.0043
The downstream (connecting) point at which the “K-I” Main Canal connects to the design regulation of the Janja River is designed in the form of a Mouth Structure and a Gate Structure on the “K-I” canal, because the “K-I” canal is affected by backflow caused by high waters of the Janja River. In hydraulic terms, the “K-I” main canal is flooded by high waters of the Janja River with the rank of occurrence of p=1/100, from its mouth to the Janja River and upstream to Ch. 1+578.70, over the length of 1,578.70m. In order to prevent flooding of the “K-I” canal by high waters (rank of occurrence p=1/100) of the Janja River, the design provides that at the mouth of the “K-I” canal to the Janja River, a Mouth Structure of the “K-I” canal to the Janja River and a Gate Structure would be constructed on the “K-I” canal. The twenty-year high waters of the Janja River (Q1/20) do not overflow from the main bed of the “K-I” canal and do not flood the area surrounding the canal.
The connection of the finished level of the canal bottom and the finished level of the regulated riverbed of the Janja River is in the form of a cascade, with the finished level of the canal being raised by 2.5m over the finished level of the Janja riverbed bottom. Other characteristic data regarding the connection of these two watercourses and the protection of the first land division against high waters of the Janja River are provided within the Mouth Structure of the “K-I” canal to the Janja River and the Gate Structure on the “K-I” canal, which are designed as a single technical solution.
In hydraulic and structural terms, the existing tubular culvert at Ch. 0+613.66 with an opening of 21000mm is collapsing and has insufficient throughput, so the design provides for its replacement with a new tubular culvert with an opening of 200x180 cm. The existing tubular culvert at Ch. 1+885.80, with an opening of 1000 mm, is in good condition and does not have to be replaced.
The construction longitudinal section of the “K-I” Main Canal is provided in Annex No. 3.1. Book 2.2.
1.1.13. [bookmark: _Toc427826631][bookmark: _Toc494958551]Longitudinal Section of the Revitalised “K-II” Main Canal
The existing “K-II” Main Canal runs along the end of the division on the eastern side of the second land division, over the length of 1,995.25m. The function of this canal was to drain surface water from its associated basin area, which includes a part of the Nova Janja settlement (an area of approx. 40 ha), and to drain high basin waters from the slopes of the Obrijež hill. With the revitalisation of the “Obrijež Perimeter Canal”, the “K-II” Main Canal will only be transferring interior water from the defended land division, while high basin waters coming from slopes of the Obrijež hill will be drained by the “Obrijež Perimeter Canal” directly into the Janja River.
The total length of the revitalised “K-II” Main Canal is 1,995.25 m, overcoming the height difference of 4.09 m with an average gradient of I=0.002049. To overcome the height difference of 4.09m, the longitudinal gradient of the canal has multiple values and has generally been adapted to the natural gradient of the terrain, with the following values:
- Section 1,	Ch.0+000.00 – Ch. 0+087.50,	over the length of	L=87.50m, 	I=0.00
- Section 2,	Ch.0+087.50 – Ch. 0+184.88,	over the length of	L=97.38m 	I=0.010166
- Section 3,	Ch.0+184.88 – Ch. 0+974.79,	over the length of	L=789.91m, 	I=0.00086
- Section 4,	Ch.0+974.79 – Ch. 1+995.26,	over the length of	L=1,020.47m, 	I=0.002371
1. The downstream connecting point at which the “K-II” Main Canal connects to the design regulation of the Janja River is in the form of a Mouth Structure. The connection of the finished level of the “K-II” canal bottom and the finished level of the regulated riverbed of the Janja River is in the form of a cascade, with the finished level of the canal being raised by 2.5m over the finished level of the Janja riverbed bottom. The other characteristic data regarding the connection of these two watercourses are provided within the Mouth Structure of the “K-II” canal to the Janja River.
The longitudinal section of the “K-II” Main Canal has remained unchanged, with only canal clearance and straightening of the finished level of the canal bottom being performed in some places. In hydraulic terms, the “K-II” Main Canal is not flooded by high waters of the Janja River with the rank of occurrence of p=1/100, with water remaining within the bed and not flooding the surrounding area. The existing tubular culvert at Ch. 0+361.17 (with an opening of 21000mm), needs to be replaced and the design provides for the construction of a new tubular culvert with an opening of 200x180 cm. The existing tubular culvert at Ch. 0+822.20 (with an opening of 21000mm) does not have to be replaced.
The construction longitudinal section of the “K-II” Main Canal is provided in Annex No. 3.2. Book 2.2.
1.1.14. [bookmark: _Toc427826632][bookmark: _Toc494958552]Longitudinal Section of the Revitalised “K-II-4” Canal of the First Order
The “K-II-4” canal of the first order had an extremely important role in the existing protection system of the defended land division on the right bank of the Janja River by providing protection against exterior and interior water. This canal served to transfer mountain basin waters from the slopes of the Obrijež hill through the defended land division to the “K-II” Main Canal, and further down the “K-II” canal the basin waters from the Obrijež hill were transported to the Janja River. In addition to basin waters, this canal also drained interior waters from the basin area gravitating toward this canal.
With the revitalisation of the “Obrijež Perimeter Canal”, which will now directly transfer basin waters from the slopes of the Obrijež hill to the Janja River, the only remaining function of the “K-II-4” canal will be to drain interior water. To allow the “K-II-4” canal of the first order to drain only interior water, it was necessary to sever the connection between the “Obrijež Perimeter Canal” (Ch. 1+111.70) and the “K-II-4” canal of the first order, which were mutually connected by a culvert structure 1000mm. To prevent inflow of water from the “Obrijež Perimeter Canal” to the “K-II-4” canal, at Ch. 0+538.02 of the “K-II-4” canal a barrier has been constructed in the bed of the “K-II-4” canal made of MB20 concrete sheet (measuring 2.00 x 2.00 x 0.5 m) as well as an embankment (to backfill the bed of the “K-II-4” canal) over the length of 5.00m. The concrete sheet (measuring 2.00 x 2.00 x 0.5 m) serves to backfill the concrete pipe 1000mm. The barrier on the “K-II-4” canal is provided in Annex No. 6.5. Book 2.2.
The existing culvert structure (with an opening of 1.40 x 1.60 m) on the “K-II-4” canal (Ch. 0+010.00), serving as a connection with the “K-II” Main Canal, requires revitalisation due to deformation. The revitalisation of the culvert structure on the “K-II-4” canal of the first order and of the mouth to the Main Canal is provided in Annexes No. 6.6.1. and 6.6.2 Book 2.2.
The longitudinal section of the “K-II-4” canal of the first order remains unchanged. The total length of the canal is 538.02 m, overcoming the height difference of 1.30m with a general gradient of I=0.002416. The longitudinal gradient of the finished level of the canal bottom has multiple values and is generally adjusted for drainage of basin waters from the “Obrijež Perimeter Canal”, and has the following values:
- Section 1, Ch. 0+000.00 – Ch. 0+039.44,	over the length of	L=39.44m, 	I=0.007353
- Section 2, Ch. 0+039.44 – Ch. 0+512.63,	over the length of	L=473.19m, 	I=0.001331
- Section 3, Ch. 0+512.63 – Ch. 0+538.02,	over the length of	L=25.39m, 	I=0.01457
The normal section of the existing canal has the shape of a single trapezoid. The canal bed width at the bottom is b = 1.0 m, and the slope inclination is m= 1:2. The canal depth ranges between 1.50 m and 2.50 m and can safely pass interior waters. The separation of the “K-II-4” canal of the first order from the Obrijež Perimeter Canal will significantly improve drainage of interior waters from this area.
The construction longitudinal section of the “K-II-4” canal of the first order is provided in Annex No. 3. (3.3.) Book 2.2.
[bookmark: _Toc427826633][bookmark: _Toc494958553]Normal Sections
1.1.15. [bookmark: _Toc427826634][bookmark: _Toc494958554]Normal Section of the “K-I” Main Canal
The normal section of the “K-I” Main Canal has remained unchanged. By shape, the normal section is a single trapezoid, bottom width 2.00 m, slope inclination m = 1:2, varying height from 2.00 m to 3.00 m. The canal is not lined, while bank slopes above the canal bed bottom from 0.50 m are protected by topsoiling and grassing. In hydraulic terms, the maximum throughput of the canal is 12.00 m3/s, provided that there is no backflow caused by high water levels of the Janja River, and in those conditions there is no overflow and flooding of land areas around the canal.
The road network in the first land division, which is drained by the “K-II” Main Canal, is incomplete. To facilitate maintenance of the “K-II” Main Canal and easier access to the melioration area, on the right bank of the Main Canal, along the canal over the length of 2,140 m, the design provides for the construction of a hard road. The carriageway structure is made of consolidated gravel material with the thickness of 30 cm, lane width of 4.00 m and with shoulders of 1.00 m on both sides of the road.
The normal section of the “K-I” Main Canal with the hard road on the right bank is provided in Annex No. 4. (4.1.) Book 2.2. 
1.1.16. [bookmark: _Toc427826635][bookmark: _Toc494958555]Normal Section of the “K-II” Main Canal
The normal section of the “K-II” Main Canal has also remained unchanged. By shape, the normal section is a single trapezoid, bottom width 1.00 m, slope inclination 1:2, varying height from 2.00 m to 3.50 m. The canal is not lined, while bank slopes above the canal bottom from 0.50 m are protected by topsoiling and grassing. 
In hydraulic terms, when there is no backflow of the high waters of the Janja River, the canal can pass Q=17.50 m3/s, while backflowing high waters of the Janja River do not overflow from the minor riverbed and do not flood the surrounding area.
As in the case of the “K-I” Main Canal, the design provides for the construction of a hard road on the right bank of the “K-II” Main Canal.
The carriageway structure is made of consolidated gravel material with the thickness of 30 cm, lane width of 4.0 m and with shoulders of 1.00 m on both sides of the road.
The normal section of the “K-II” Main Canal with the hard road on the right bank is provided in Annex No. 4. (4.2.) Book 2.2.
[bookmark: _Toc427826636][bookmark: _Toc494958556]System Structures
1.1.17. [bookmark: _Toc427826637][bookmark: _Toc494958557]Mouth Structure of the “K-I” Canal to the Janja River and the Gate Structure on the “K-I” Canal
At the mouth of the “K-I” canal to the Janja River, the technical solution consolidates the Mouth Structure of the “K-I” canal to the Janja River and the Gate Structure on the “K-I” canal into a single whole. They both have a common function to safely transfer high waters in the “K-I” canal into the Janja River and to protect by means of the Gate Structure the area of the “K-I” canal from high waters of the Janja River.
1.1.18. [bookmark: _Toc494958558]Mouth Structure of the “K-I“ Canal to the Janja River 
In structural terms, the finished levels of the mouth structure of the “K-I” canal and the Janja River are not connected bottom-to-bottom; instead, the finished level of the bottom of the “K-I” canal is raised above the finished level of the riverbed bottom of the Janja River by 2.50 m. The finished level of the canal bottom rests on the stone lining of the slope of the Janja riverbed, while further upstream up to the Gate Structure, the mouth of the “K-I” canal is lined with stone lining set in cement mortar. The design also provides that the mouth of the “K-I” canal on the slope of the Janja riverbed, on the 5.00 m wide shoulder and on slopes of the associated embankment (at the height of 2.00 m) over the width of 14.00 m, will be lined with stone lining set in cement mortar.
The mouth structure of the “K-I“ canal to the Janja River is provided in Annex No. 6.1. (6.1.1.-6.1.3.).
1.1.19. [bookmark: _Toc494958559]Gate Structure on the “K-I“ Canal 
Upstream of the mouth structure of the “K-I“ canal to the Janja River, in the zone of the associated embankment, the design provides for a Gate Structure. The main purpose of the Gate Structure on the “K-I” Canal is to regulate overflowing of high waters of the Janja River into the “K-I” canal and to prevent flooding of land in the zone of the “K-I” canal.
In hydraulic terms, for all flow rates in the Janja River up to 130 m3/s, high waters of the Janja River will not overflow into the “K-I” canal due to the high position (104.32 m.a.s.l.) of the canal mouth, while flow rates in excess of 130 m3/s will overflow into the “K-I” canal and will slow the flow of water from the canal into the Janja River.
The design provides that the Gate Structure on the “K-I“ canal will be constructed of reinforced concrete in the embankment zone. The Gate Structure consists of a culvert with an opening measuring 2.00 x 1.80 m, which passes through the embankment trunk over a length of 13.50 m, and of a gate chamber that is situated on the exterior part of the embankment. The gate chamber houses a sheet stop gate, with an opening measuring 2.00 x 1.80 m including manual mechanism, frame, seals and guide rails for lowering and lifting the sheet stop gate. Access to the gate chamber is provided through an opening on the top concrete slap of the gate chamber, measuring 1.00 x 1.00 m, and the design provides for a metal cover on this opening measuring 1.00 x 1.00 m made of 5 mm thick ribbed sheet metal, while the cover frame will be made of “L” profiles, 50 x 50 mm.
Descent into the gate chamber is secured via step irons made of reinforcement, 20 mm cross section and 120 cm long when extended. The top slab of the gate chamber will also feature a protective fence made of steel pipes 2".
The Gate Structure on the “K-I” canal is shown in Annex No. 6.1. (6.1.1 Construction Drawings; 6.1.2. Formwork Plan; 6.1.3. Reinforcement Drawings).
1.1.20. [bookmark: _Toc427826638][bookmark: _Toc494958560]Mouth Structure of the “K-II“ Canal to the Janja River 
The mouth structure of the “K-II” canal to the Janja River is identical to the mouth structure of the “K-I” canal. In structural terms, the finished levels of the mouth structure of the “K-I” canal and the Janja River are not connected bottom-to-bottom; instead, the finished level of the bottom of the “K-II” canal is raised above the finished level of the riverbed bottom of the Janja River by 2.50 m. The finished level of the canal bottom rests on the stone lining of the slope of the Janja riverbed. Along the shoulder and in the upstream direction, over the length of 12.50 m, the mouth of the canal is lined with stone lining set in cement mortar. In the minor riverbed of the canal, the mouth of the canal is fixed with a stone transverse stabilisation sill. 
The design also provides that the mouth of the “K-II” canal on the slope of the Janja riverbed, on the 5.00 m wide shoulder and on slopes of the associated embankment (at the height of 1.50 m) over the width of 14.00 m, will be lined with stone lining set in cement mortar.
The mouth structure of the “K-II“ canal to the Janja River is provided in Annex No. 6.2. Book 2.2.
1.1.21. [bookmark: _Toc427826639][bookmark: _Toc494958561]Culvert Structure on the “K-I” Canal, Ch. 0+613.66
The culvert structure is made of reinforced concrete MB 35, has an opening of 2.00 x 1.80 m and safely passes centenary high water with a backflow reaching 15 cm. The concrete culvert is positioned at the bottom of the minor bed of the “K-I” canal, while its foundation footing is at the depth of 0.90 m. The strip foundations are 8.00 m long and 1.50 m wide, and support the concrete tubular culvert and culvert wings that are placed perpendicular to the watercourse and are dug into bank slopes of the “K-I” canal.
Vertical wings of the concrete culvert are higher than the culvert apex by 0.60m. The span between the wings is 9.40 m and includes a road with lane width of 6.00 m and a walkway on the upstream side that is 2.40 m wide, while the downstream side features a 1.00 m wide shoulder. The length of the concrete tubular culvert is 10.00 m. The width of vertical wings is 0.30 m, such that the entire road zone (walkway, asphalt lane and shoulder) is 9.40 m wide.
Upstream and downstream on the vertical wings of the Culvert Structure, there is a metal fence made of steel pipes  101.6/97.6 mm, 80 cm high and with the total length (2 x 11.00 m) of 22.00 m.
On the place where the walkway passes over the Culvert Structure, the walkway features concrete curbstones measuring 0.30 x 0.20 x 1.00 m. The walkway is paved with a wearing course of AB 11 s, 5 cm thick.
Upstream and downstream of the Culvert Structure, the bottom and slopes of the “K-I” canal, over the length of 5.00 m, are protected by stone lining in order to protect the Culvert Structure from erosion.
The culvert structure on the “K-I” canal, Ch. 0+613.66, is provided in Annex No. 6.3. (6.3.1. - 6.3.2.) Book 2.2.
1.1.22. [bookmark: _Toc427826640][bookmark: _Toc494958562]Culvert Structure on the “K-II” Canal, Ch. 0+361.17
In structural terms, the Culvert Structures on the “K-I” canal and the “K-II” canal are completely the same with regard to the following: opening 2.00 x 1.80 m; culvert length 10.00 m; foundation depth 0.90m; length of vertical wings 11.00 m; width of wings 0.30 m; and height of vertical wings and above the upper slab of the culvert of 0.60 m.
For these two culverts (“K-I” Ch. 0+613.66 and “K-II” Ch. 0+361.617), the difference is in the local requirements: for the “K-I” canal, the width of the canal bottom is 2.00 m and the height of the canal is 1.97 m, while for the “K-II” canal, the width of the canal bottom is 1.00 m and the height of the canal is 2.67 m. Due to the lesser width of the “K-II” canal (b=1.00 m) than the “K-I” canal (b=2.00 m), the stone lining for canal protection upstream and downstream of the Culvert Structure is somewhat smaller. When backfilling the Culvert Structure with soil material, the requirements for the Culvert Structure on the “K-II” Canal are somewhat higher than those for the Culvert Structure on the “K-I” Canal. The width of the walkway, paved road and shoulders on both culverts on the “K-I” and “K-II” canal is the same.
The culvert structure on the “K-II” canal, Ch. 0+361.17, is provided in Annex No. 6.4. (6.4.1.-6.4.3.) Book 2.2.
1.1.23. [bookmark: _Toc427826641][bookmark: _Toc494958563]Culvert Structure on the “K-II-4” Canal, Ch. 0+538.02
To sever the connection between the “Obrijež Perimeter Canal” and the “K-II-4” canal, which are connected by means of a tubular culvert  1000 mm at Ch. 0+538.02, at the end of culvert on the “K-II-4” canal, a barrier has been constructed in the canal. The barrier consists of a concrete sheet (size: 2.00 x 2.00 x 0.50 m), which has been placed at the end of the concrete culvert in order to close the opening of the culvert 1000mm, after which the canal cross section has been backfilled with soil material over the length of 5.00 m. Following completion of the barrier in the canal, the design provides that the barrier will be protected from erosion by topsoiling and grassing.
The existing Culvert Structure (with an opening of 1000mm) between the “Obrijež Perimeter Canal” and the “K-II-4” canal remains in proper working order and can be reactivated if necessary.
The barrier structure on the “K-II-4” canal, Ch. 0+538.02 is provided in Annex No. 6.5. Book 2.2.
1.1.24. [bookmark: _Toc427826642][bookmark: _Toc494958564]Revitalisation of the Mouth Structure of the “K-II-4“ canal to the “K-II” canal, Ch. +010.00
The existing Mouth Structure of the “K-II-4” canal to the “K-II” canal at Ch. 0+010.00 is collapsing. During the use of the “K-II-4” canal, the Culvert Structure leading from the “K-II-4” canal to the “K-II” canal sustained collapse of culvert wings (vertical wings) on the inlet and outlet heads of the culvert. The wings are of the prefabricated type and are separated from the trunk of the culvert (opening of 1.50 x 1.60 m), and they need to be replaced.
The revitalisation removes the existing wings on the Culvert Structure and provides for the construction of new vertical wings on the existing culvert trunk. These wings are separately founded on 2.40 x 1.50 m foundations that are 0.60 m high, and are connected to the concrete trunk of the culvert. On the top slab of the culvert, the new culvert wings are connected by a concrete beam, which is also connected to the concrete trunk of the culvert.
Following installation of new wings on the Culvert Structure, the canal mouth will be protected by concrete lining and the Culvert Structure will be restored to its original condition.
The revitalisation of the Mouth Structure of the “K-II-4” canal to the “K-II” canal, Ch. 0+010.00, is provided in Annex No. 6.6. (6.6.1. and 6.6.2) Book 2.2.
[bookmark: _Toc494958565]RAINWATER DRAINAGE IN NOVO NASELJE
[bookmark: _Toc428780172][bookmark: _Toc494958566]Layout Solution
Routes of the canal network have been laid in the existing canals while observing the technical requirements of ensuring the best possible fit of the design normal section with the natural state of the canals. The main technical requirement is that the route and the axis of the future regulated canal bed do not conflict with any existing structures and installations while meeting the hydraulic requirements taking into account the level of development of the existing canal network, structures and installations. The position and gradient of the terrain and route of the main canals have necessitated division of the canal system into two subareas, as follows:
· Subarea K-I, recipient is the K-I canal;
· Subarea K-II, recipient is the K-II canal;
Subarea K-I
Subarea K-I consists of the basin area measuring 37.01 ha and is located on the left and right sides of the Nikola Tesla street in the “Novo naselje” settlement, in the southwestern part of the Janja settlement. The subarea basin is delineated on the northern side by the Janja – Novo naselje road, on the southern side by the GSK K-I-1 main secondary canal, on the eastern side by the GK K-I main canal, while on the western side it is delineated by the GK K-II main canal, which also represents the boundary between the two subareas.
The basis of Subarea K-I is the GSK K-I-1 main secondary canal with the total length of 1,340.60 m. The position of the axis of the regulated GSK K-I-1 canal is dictated by the position and size of the culvert on the Janja – Novo naselje local road, in the immediate vicinity of the mouth of the GSK K-I-1 canal to the GK K-I main canal; in the upstream part, it is dictated by the position of the culvert on the local village road in the zone of cross section P22. The route of the GSK K-I-1 main secondary canal has been laid along the existing canal route while observing the hydraulic requirements in terms of meeting the minimum bend radii of three widths of the water surface in the canal during twenty-year high water levels. The design flow cross section of the canal and the accordingly designed layout of the route of the regulated canal ensure drainage of all collected water from Subarea K-I into the GK K-I main canal and further on into the Janja River. The canal route has been designed with the radii of R=40 m to R=500 m, meeting the requirement according to which bend radii have to have a minimum bend diameter of 3.0 – 4.0 widths of the water surface in the canal. 
The SK K-I-1-1 and SK K-I-1-2 secondary canals are located in the Nikola Tesla street on the left and right sides of the street, and they dispose of the water collected from tertiary canals into the GSK K-I-1 main secondary canal. Canal mouths are located in the culvert zone at cross section P22, immediately before and behind the culvert. The SK K-I-1-1 canal with the total length of 575.60 m has been laid along the route of the already existing canals, having a flow cross section that allows drainage of water collected from tertiary canals. Since the canal route is complicated by the existence of electric and telephone utility installations, care should be taken during the execution of works to prevent any damage to utility installations. The SK K-I-1-2 canal with the total length of 546.20 m has been partially laid along the route of the existing canals, while for the part of the route from Ch. 0+000.00 to Ch. 0+134.23 and from Ch. 0+398.31 to Ch. 546.20, the canal will be in the form of a concrete canal with a canal grille due to the narrow corridor available to incorporate both the canal and the electric and telephone utility installations in these sections. During the execution of works, care will be taken to construct the canal as a classic canal with slopes if the terrain permits this. For utility installations that need to be relocated from the canal route, consent will be sought from the Supervisor and appropriate institutions, and then in coordination with their technical departments, the electric and telephone utility installations that conflict with the canal route will be relocated. The tertiary network on the left side of the Nikola Tesla Street will be disposed of into the SK K-I-1-1 secondary canal, while the right side of the street will drain into the SK K-I-1-2 secondary canal. While laying the route of tertiary canals, the main requirement was to ensure that the canal follows the route of the local road and to avoid any conflicts with existing utility installations. The SK K-I-1-3 and SK K-I-1-4 secondary canals are reconstructed existing canals that flow directly into the GSK K-I-1 main secondary canal through existing discharges. The total length of the SK K-I-1-3 canal is 62.90 m, while the total length of the SK K-I-1-4 canal is 171.60 m.
The GSK K-I-2 main secondary canal is a reconstructed existing canal and follows the route of the existing canal, flowing into the GK K-II main canal through the existing discharge. The total length of the canal is 224.70 m. 
Subarea K-II
Subarea K-II consists of the basin area measuring 55.74 ha and is located on the left and right sides of the Nikola Tesla street in the “Novo naselje” settlement, west of Subarea K-I. On the northern side, the subarea basin is delineated by the Janja – Novo naselje road; on the southern side by the “Obrijež” perimeter canal and the Bijeljina – Zvornik main road; on the eastern side by the GK K-II main canal; while on the western side it is delineated by the “Obrijež” perimeter canal.
The basis of Subarea K-II consists of the GSK K-II-3 main secondary canal on the left side of the Nikola Tesla street, with the total length of 1,505.60 m, and the GSK K-II-4 main secondary canal on the right side of the Nikola Tesla street, with the total length of 1,144.10 m. The position of the axes of the regulated GSK K-I-1 canal is dictated by the position of the mouth of this canal to the K-II main canal and the position of the Nikola Tesla road – street, along which these two canals run. The route of the GSK K-II-3 and GSK K-II-4 main secondary canals is laid on the existing canal routes, while observing the boundary requirements with respect to the route of the Nikola Tesla street. The design flow cross section of the canal and the accordingly designed layout of the route of the regulated canal ensure drainage of all collected water from Subarea K-II into the GK K-II main canal and further on into the Janja River. Since the route of the GSK K-II-3 and GSK K-II-4 main secondary canals is complicated by the existence of electric and telephone utility installations, care should be taken during the execution of works to prevent any damage to utility installations. The GSK K-II-3 canal, on a part of its route from Ch. 1+225.00 to Ch. 1+248.12 over the length of 23.12 m, is designed as a concrete canal with a canal grille due to the narrow corridor available to incorporate both the canal and the electric and telephone utility installations in this section. During the execution of works, care will be taken to construct the canal as a classic canal with slopes if the terrain permits this. For utility installations that need to be relocated from the canal route, consent will be sought from the Supervisor and appropriate institutions, and then in coordination with their technical departments, the electric and telephone utility installations that conflict with the canal route will be relocated. The tertiary network on the left side of the Nikola Tesla Street will be disposed of into the GSK K-II-3 main secondary canal, while the right side of the street will drain into the GSK K-II-4 main secondary canal. While laying the route of tertiary canals, the main requirement was to ensure that the canal follows the route of the local road and to avoid any conflicts with existing utility installations.
A graphical representation of the layout solution for rainwater drainage in Novo naselje is provided in Annex No. 2  Book 2.3.
[bookmark: _Toc428780173][bookmark: _Toc494958567]LongitudiInvestor
Investornal Sections
When determining their elevation, the finished levels of canals were set such that they generally follow the finished levels of existing canals, with a requirement to reduce excavations in the canal and to strive for equalisation of the excavation and embankment masses.
1.1.25. [bookmark: _Toc494958568]Subarea K-I
The finished level of the GSK K-I-1 main secondary canals is dictated by the position of the finished level of the GK K-I main canal as well as by elevation position of the culvert on the Janja – Novo naselje local road in the zone of cross section P18 and the culvert on the local road in the zone of cross section P22. In terms of its longitudinal gradient, the secondary canal is divided into three sections with single gradients, as follows: section 1 from Ch. 0+000.00 to Ch. 0+789.30 with the length of 789.30m and the gradient of 1.0‰; section 2 from Ch. 0+789.30 to Ch. 0+979.80 with the length of 190.50m and the gradient of 4.6‰; and section 3 from Ch. 0+979.80 to Ch. 1+344.60 with the length of 364.80m and the gradient of 3.3‰. When determining finished levels for the SK K-I-1-1 and SK K-I-1-2 secondary canals, the downstream condition was the elevation of the GSK K-I-1 main secondary canal at the mouth of these two canals. The SK K-I-1-1 secondary canal is divided into three sections, as follows: section 1 from Ch. 0+000.00 to Ch. 0+065.40 with the length of 65.40 m and the gradient of 4.5‰; section 2 from Ch. 0+065.40 to Ch. 0+423.00 with the length of 357.40 m and the gradient of 3.0‰; and section 3 from Ch. 0+423.00 to Ch. 0+575.60 with the length of 152.60 m and the gradient of 4.0‰. The SK K-I-1-2 secondary canal is divided into two sections, as follows: section 1 from Ch. 0+000.00 to Ch. 0+390.40 with the length of 390.40 m and the gradient of 2.8‰ and section 2 from Ch. 0+390.40 to Ch. 0+546.20 with the length of 155.80 m and the gradient of 6.5‰. The SK K-I-1-3 secondary canal and the SK K-I-1-4 secondary canal are existing canals whose current gradient and direction have been preserved, with only profiling and clearing of the canal to be undertaken. The tertiary canal network follows existing canal gradients as well as terrain gradients. In general, finished levels of the design canals follow finished levels of the existing canals, the only condition being to take into account mouths of these canals to the higher ranked canal. 
1.1.26. [bookmark: _Toc494958569]Subarea K-II
The elevation position of the GSK K-II-3 main secondary canal on its downstream end is dictated by the position of the finished level of the GK K-II main canal. In terms of its longitudinal gradient, the main secondary canal is divided into four sections with single gradients, as follows: section 1 from Ch. 0+000.00 to Ch. 0+246.80 with the length of 246.80m and the gradient of 3.0‰; section 2 from Ch. 0+246.80 to Ch. 0+499.10 with the length of 252.30 m and the gradient of 5.6‰; section 3 from Ch. 0+499.10 to Ch. 1+225.00 with the length of 725.90m and the gradient of 2.1‰; and section 4 from Ch. 1+225.00 to Ch. 1+506.60 with the length of 280.60 m and the gradient of 3.3‰. When determining finished levels for the GSK K-II-3 and GSK K-II-4 main secondary canals, the downstream condition was the elevation of the GK K-II main canal at the mouth of these two canals. The tertiary canal network follows existing canal gradients as well as terrain gradients. In general, finished levels of the design canals follow finished levels of the existing canals, the only condition being to take into account mouths of these canals to the higher ranked canal. 
A tabular overview of canals with lengths and gradients is provided in Table No. 1.
A graphical representation of longitudinal sections of the canals is provided in Annex No. 3 Book 2.3.
[bookmark: _Toc428780174][bookmark: _Toc494958570]Normal Sections
1.1.27. [bookmark: _Toc494958571]GSK K-I-1 Main Secondary Canal and Associated Secondary and Tertiary Canals
Over the entire length (Ch. 0+000.00 - Ch. 1+344.60) of 1,344.60 m of the GSK K-I-1 main secondary canal, the design has adopted the normal profile in the form of a single trapezoid with two variants of canal bottom width. The bottom width of the canal from Ch. 0+000.00 to Ch. 0+885.00 over the length of 885.00 m is b = 2.50 m with the slope inclination of 1:1.5 and the average height of the minor canal bed of 2.00 m, while from Ch. 0+890.00 to Ch. 1+344.60 over the length of 454.60 m, the bottom width is b=1.50 m with the slope inclination of 1:1.5 and the average height of the minor canal bed of 2.00 m. Dimensions of the minor canal bed ensure drainage of rainwater collected from the area, and it is therefore not necessary to construct an embankment and other defence structures on the canal route. For the SK K-I-1-1 secondary canal, the design normal section is a single trapezoidal cross section with two variants of canal bottom width. The bottom width of the canal from Ch. 0+000.00 to Ch. 0+346.43 over the length of 346.43 m is b=0.6 m with the slope inclination of 1:1, while from Ch. 0+346.43 to Ch. 0+575.56 over the length of 229.13 m the bottom width is b=0.50 m with the canal slope inclination of 1:1. The SK K-I-1-2 secondary canal has two normal section variants. From Ch. 0+000.00 to Ch. 0+134.23 over the length of 134.23 m and from Ch. 0+398.31 to Ch. 0+546.20 over the length of 147.89 m, the design normal section is a concrete canal with a rectangular cross section, bottom width 0.50 m, average height 0.80 m, wall thickness 15cm. Since the canal is located in the zone of a sidewalk, it is closed with a canal grille for reasons of safety and to facilitate maintenance and clearing of the canal. From Ch. 0+134.23 to Ch. 0+398.31 over the length of 2,646.08 m, the design normal section is a single trapezoid with the bottom width of b=0.50 m and the slope inclination of 1:1. For all canals in the tertiary network, the design normal section is a single trapezoid with the bottom width of b=0.40 m and the average height of 0.55 m.
1.1.28. [bookmark: _Toc494958572]GSK K-I-2 Main Secondary Canal and Associated Secondary and Tertiary Canals
The normal section of the main secondary canal is a single trapezoid with the bottom width of b=0.40 m and the slope inclination of 1:1. For the SK K-I-2-1 secondary canal, the design normal section is also a single trapezoid with the bottom width of b=0.40 m and the slope inclination of 1:1.
1.1.29. [bookmark: _Toc494958573]GSK K-II-3 Main Secondary Canal and Associated Secondary and Tertiary Canals
The design normal section of the GSK K-II-3 main secondary canal is a single trapezoid with the slope inclination of 1:1. From Ch. 0+000.00 to Ch. 0+241.00 over the length of 241.00 m, the width of the canal is b=0.60 m, while from Ch. 0+241.00 to Ch. 1+225.00 over the length of 984.00 m and from Ch. 1+248.12 to Ch. 1+505.60 over the length of 257.48 m, the bottom width of the canal is b=0.50 m. Between chainages Ch. 1+225.00 and Ch. 1+248.12, the design normal section of the canal is a rectangular concrete section with 15 cm walls and a canal grille on the upper part of the section. For all canals in the tertiary network, the design normal section is a single trapezoid with the bottom width of b=0.40 m and the average height of 0.50 m.
1.1.30. [bookmark: _Toc494958574]GSK K-II-4 Main Secondary Canal and Associated Secondary and Tertiary Canals
The normal section of the GSK K-II-4 canal is a single trapezoid with the bottom width of the canal of b=0.50 m and the slope inclination of 1:1 over the entire length of the canal route. Canals of the tertiary network also feature single trapezoidal normal sections with the slope inclination of 1:1.
Drawings of normal sections of canals in Novo naselje Janja are provided in Annex No. 4 Book 2.3. 
[bookmark: _Toc428780176][bookmark: _Toc494958575]Structures within the Regulation of Interior Drainage
The design provides for the construction of the following structures within the rainwater drainage system in “Novo naselje” settlement:
· Transitional section structure on the GSK K-I-1 main secondary canal
· Canal mouth structures
· Discharge structure of GSK K-I-2 into GK K-II
· Passage to residential units structure – typical residential house culvert structure
1.1.31. [bookmark: _Toc415127458][bookmark: _Toc416534550][bookmark: _Toc417932575][bookmark: _Toc418113642][bookmark: _Toc428780177][bookmark: _Toc494958576]Transitional Section on GSK K-I-1
On the part of the regulated GSK K-I-1 main secondary canal where the canal transitions from a single trapezoid with the bottom width of 2.50 m into a single trapezoid canal with the bottom width of 1.50 m, over the length of 5.00 m, the design provides for a transitional section.
At Ch. 0+890.00, there is a transverse stabilisation sill made of rockfill set in cement mortar that is 1.50 m long, and downstream from it, over the length of 5.00 m, there is the transition from canal bed width of 1.50 m to canal bottom width of 2.50 m. At Ch. 0+885.00, the transitional section ends with a transverse sill made of rockfill set in cement mortar that is 0.50 m long. The mean grain size of stone for transverse sills of the transitional section is 15 cm and the stones are placed in a 50cm-thick foundation pit. The width of the sills is 1.00 m. The left and right bank slopes of the downstream transitional section are topsoiled with a topsoil layer of approx. 10 cm over the height of 50 cm from canal bottom to the natural terrain.
The transitional section structure is provided in Book 2.3, Annex No. 10. (10.1.-10.3.)
1.1.32. [bookmark: _Toc417932576][bookmark: _Toc418113643][bookmark: _Toc428780178][bookmark: _Toc494958577]Canal Mouth Structure
1.1.33. [bookmark: _Toc494958578]Mouth Structure of Secondary Canals to the Main Secondary Canal
At the site of inflow of secondary canals into main secondary canals and main canals, the design provides for mouth structures. The mouth structure of a lower-rank canal to the higher-rank canal does not provide a direct bottom-to-bottom connection, with the finished level of the secondary canal being elevated over the main secondary canal or the main canal. The height of elevation of finished levels varies, with a tabular overview provided in the Design drawing. Along the secondary canal, in the upstream direction, over the length of 6.00 m from the mouth, the canal is lined with stone set in cement mortar on the canal bottom and slopes. The design also provides that the slopes and bottom of the main secondary canal (main canal) will be lined with stone set in cement mortar over the length of 6.00m. The mean grain size of stone for the lining of the mouth is 15 cm and the stones are placed in a 50cm-thick foundation pit.
The typical mouth structure is provided in Book 2.3, Annex No. 6.
1.1.34. [bookmark: _Toc494958579]Concrete Mouth Structure of the SK K-I-1-2 Secondary Canal to the GSK K-I-1 Main Secondary Canal
The concrete mouth structure of the SK K-I-1-2 secondary canal to the GSK K-I-1 main secondary canal is identical to the typical mouth structure of secondary canals, the difference being that the secondary canal is of a concrete type with a rectangular normal section and the canal bottom width of 50 cm. In terms of elevation, the finished level of the concrete secondary canal is elevated by 1.45 m over the finished level of GSK K-I-1. The design provides that the slopes and bottom of the main secondary canal will be lined with stone set in cement mortar over the length of 6.00m. The mean grain size of stone for the lining of the mouth is 15 cm and the stones are placed in a 50cm-thick foundation pit.
The typical mouth structure is provided in Book 2.3, Annex No. 7.
1.1.35. [bookmark: _Toc494958580]Mouth Structure of Tertiary Canals to Secondary Canals
At the site of inflow of tertiary canals into secondary (main secondary) canals, the design provides for mouth structures. In terms of elevation, the finished levels of canals are connected directly, i.e. bottom-to-bottom. Along the tertiary canal, in the upstream direction, over the length of 2.00 m from the mouth, the canal is lined with stone set in cement mortar on the canal bottom and slopes. The design also provides that the slopes and bottom of the secondary (main secondary) canal will be lined with stone set in cement mortar over the length of 4.00m. The mean grain size of stone for the lining of the mouth is 15 cm and the stones are placed in a 30 cm-thick foundation pit.
The typical mouth structure is provided in Book 2.3, Annex No. 8.
1.1.36. [bookmark: _Toc428780179][bookmark: _Toc494958581]Discharge Structure of GSK K-I-2 into GK K-II
The discharge structure of the GSK K-I-2 main secondary canal is a typical concrete discharge head for the already existing concrete pipe Ø300mm. The reinforced concrete discharge head consist of a trunk and wing walls and measures 1.29×1.20×1.50m, with 1.10 m high wing walls and 0.30 and 0.40 m thick walls.
The discharge structure is provided in Book 2.3, Annex No. 12.
1.1.37. [bookmark: _Toc428780180][bookmark: _Toc494958582]Structure of Passage over Canal to Residential Units – Typical Residential House Culvert Structure
The design canals are situated along the local road on both sides of the road, between residential units and the road, and it is therefore necessary to secure passage of population, cars and other light transport vehicles over the newly-designed canals. To this end, the design provides for residential house culvert structures in places of access to residential units. The population has already constructed passage structures over existing canals for their own needs. A field visit has shown that these passages are mostly constructed of concrete pipes with the diameter of Ø200 mm and larger. A hydraulic analysis indicates that the minimum diameter of the pipe necessary for a residential unit passage is Ø300 mm, which means that those residential passages that meet this requirement will not be changed. For the residential passages the design provides for a PEHD corrugated pipe with ring stiffness of SN 8 and the diameter of Ø400 mm, to facilitate future system maintenance and upgrades. The typical residential house passage structure has an average length of 5.00m and includes a transverse stabilisation sill made of stone set in cement mortar at the bottom, and with canal slopes 30 cm wide. The pipe will be backfilled with fine gravel material under, around and above the pipe in a layer of no less than 15cm. The remaining trench will be backfilled using excavated material including compaction. At sites of the local paved road, the passage will be paved with a prior construction of a 20cm-thick blinding layer made of crushed stone, while in cases where the local road is a macadam road, the road structure will be made of 20cm-thick compacted crushed stone layer.
The typical residential house culvert structure is provided in Book 2.3, Annex No. 13.
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