

TECHNICAL SPECIFICATION

INTRODUCTION

To date, a whole series of project documents (Conceptual, Preliminary and Main Designs) have been developed for the Jala River section in Lukavac Municipality. Based on the design documents, the section from the mouth of Spreča River, from Ch. km. 0+000,00 to Ch. km. 2+005,93 (PP65), was coated by monolithic concrete slabs and protective embankments.  

The Jala River is the right tributary of the Spreča River. It is created by tributaries and rivulets that collect waters from the south and southwest slopes of Majevica Mountain. The Jala River's middle- and lower-watercourse sections flow through the narrow urban area of Tuzla and through the Lukavac Municipality respectively. In the vicinity of the Cement and Soda Factories, the Jala River flows into the Spreča River. In the upper, river-source course, the Jala River and its tributaries feature a fan-shaped and very steep confluence, which is the reason why rainfalls reach its riverbed quite quickly. Given the geological constitution of the terrain and the conditions of vegetation patterns at the confluence, there is no possibility of more significant rain water retention. The Jala River is of a pronounced torrential character i.e. high waters do not last for long, whereas low waters remain for quite some time. The section of its riverbed that is passing through Tuzla has been regulated and, as a result, water is quickly transported to the lower-course area in the Lukavac Municipality.           
The swift concentration of high waters from the upstream regulated section and a small flow capacity of the natural riverbed downstream, are the main cause of the frequent flooding of the surrounding settlement of Bokavići. As the Jala River water is quite polluted, the floods destroy some 500 hectares of very fertile land.     
In the aftermath of floods that had hit our country in May and August last year, a whole series of activities were initiated to raise the flood protection levels across the region. Among other projects, regulation of the Jala riverbed in Lukavac Municipality is being prepared for implementation. That is the reason why Lukavac Municipality requested an Excerpt from the Main Design for the Regulation of the Jala River from the cross section PP64 at Ch. km. 1+965,93  to the cross section PP122 at Ch. km. 4+102,51 (for the non-regulated section of the Jala riverbed in the territory of Lukavac Municipality). Position of the regulated riverbed route in the area of Lukavac Municipality and the hydrological values needed for dimensioning the riverbed are defined by the " Conceptual Design for the Regulation of the Jala River in the Area of Lukavac Municipality", developed in 1986. As the regulation was completed up to the cross section PP65 at the Ch. 2+005,93, the Excerpt treated the section from P65 to P122 in the total length of L=2096.58m. The design solution is completely taken over from the said documents and the embankment was finalized at the Section PP120 which, at the same time, constitutes the border between Lukavac and Tuzla Municipalities. The design provides for transitional section from PP120 to PP122 with rockfill and stone stabilisation sills at the end (at PP122 ch 4+102,51).        
          
As the regulation of the Jala River was completed from the mouth of the Spreča River up to the cross section PP65, and as the trench without the lining is also from PP65 up to PP82 (2+685,93), the section with the trench was geodetically surveyed, whereas the remaining cross sections were completely taken over from the existing design documents listed as follows: 


BASIC DATA AND MAPS USED FOR THE DESIGN

The development of geodetic data and maps paved the way for the development of this documentation whereas the hydrological and geological-geomechanical data and maps were completely taken over from the existing documents. 

Design Documents
The following documents were used to develop the design:

1. Main Design for the Regulation of the Jala River in the Area of Lukavac, section from km 1+298.63 to km 2+732.93 (including geotechnical study), developed in November 1989 by VP "Spreča" Tuzla;
2. Main Design for the Regulation of the Jala River in the Area of Lukavac, section from km 2+732.93 to km 4+153.33 (including geotechnical study), developed by VP "Spreča" Tuzla;
3. Re-design of the Main Design for the  Regulation of the Jala River in the Area of Lukavac from km 2+005,93 to km 5+218,57", developed on 6 October 2000 by MVP "Spreča" d.d. Tuzla;
4. Annex to the Main Design for the Regulation of the Jala River in the area of Lukavac from km 2+005,93 to km 5+218,57", developed on 6 October 2000 by MVP "Spreča" d.d. Tuzla; 
5. A Study for Issuing a Preliminary Water Approval for the Regulation of the Jala River in the Area of Lukavac, from km 2+005,93 to km 5+218,57, developed in November 2014 by the Public Water Management Company "Spreča" d.d. Tuzla.  
 

Basic Geodetic Data and Maps
Geodetic maps, with the scales of 1:2500 and developed on the basis of aerophotogrametric surveys in 1971, were available for the project. The maps included the adopted route and drawings of the designed riverbed. Given that the as-built regulation of the Jala River is from the mouth of the Spreča River up to the cross section PP65, and the trench without the lining is also from PP65 up to PP82 (2+685,93), the section with the trench was surveyed geodetically whereas the remaining sections were completely taken over from the existing design documents. According to the existing documents, the designed regulated riverbed route was staked-out on the terrain as well. The route apexes were stabilised by concrete markers of 10x10x50 cm, and other points (transverse sections) by oak stakes of 4x4x40 cm. The route apexes are connected to the National Co-ordinate System. A 60 meters wide zone was surveyed from the staked-out route. In the section where the riverbed is coming closer to the existing riverbed, the latter was surveyed as well.  Cross section surveys were done in the field. Based on the surveyed data, a longitudinal and cross sections were made.  Earlier on, a main traverse was set along the designed route. The riverbed route section, treated by this design, is linked to that traverse. The main traverse data needed for staking the route out are incorporated in the chapter on geodetic data. In addition to that, a sketch representing the staking out of the main traverse elements is attached including all necessary numeric and graphic data needed for establishing the route in the field.      
As all the staked-out elements have been most likely destroyed since 1990, the route should be renewed i.e. staked-out before the beginning of the regulation works which should not be a problem given the fact that it was defined in the National Co-ordinate System. The said item is provided for by the Bill of Quantities and the Bill of Prices respectively.  

Basic Hydrological Data 

Hydrological data pertaining to the Jala River in the area of Lukavac Municipality are defined by the Jala River Conceptual Design as follows:

              		Q1/100 =  350 m3/sec.
Q1/20   =  225 m3/sec.
 			Q1/10   =  175 m3/sec.

Dimensioning of the regulated Jala riverbed in all designs in the area of Lukavac Municipality was carried out with the above stated hydrological values. 

Geological and Geo-mechanical Data

According to the said design documents, geotechnical works were carried out with the aim of developing the mentioned Main Designs for the Jala River. Having an insight into the existing documents, it was found out that there were 14 investigation boreholes along the section treated by this Excerpt. Out of that number, 12 boreholes are in the axis of the regulation and 2 on the banks between cross sections PP119 and PP120. The soil at the regulation sector is made of basic rock and alluvial load above. Given the geological composition of the soil, ground waters are of subartesian nature and of a relatively high level. The regulation design provides for construction of embankments using the excavation material. In this case, the excavated material is clay and, based on the Proctor's experiment results it was found out that the clay material from excavations is suitable for constructing the embankment. That is the reason why permanent geo-mechanical supervision is needed. Recommendation was also given to improve the soil composition by mixing CH/CI and MH/MI with 50% of sand (c=0; φ=350; γ=1,9 t/m3) when it is relatively easy to achieve compaction of Ms>25 Mpa. In the course of regulating the Jala River, works will be carried out using materials of II-IV category, and mostly of II category (according to GN-200). The slope stability was computed for three sliding planes and the safety factor is Fs>1.3. 

TECHNICAL SOLUTION 

Layout Solution
The regulated Jala riverbed route was agreed earlier on and was completely taken over from the existing documents. Namely, it was agreed and a conclusion was made to execute the Jala riverbed along the current Tuzla – Doboj main road because the road was meant to serve as a defence embankment on the right bank.
Immediately after the mouth of the Bistarački Creek in PP85, the regulated riverbed route stops following the Doboj-Tuzla road, turning right towards the Jala riverbed and, from that point on, the regulated riverbed follows the natural Jala riverbed. The turning of the riverbed route, from the road to the existing riverbed, was conducted through low marshy land. The riverbed route is drawn on geodetic maps of S=1:2500, and it should be pointed out that property relations regarding the buyout of the zone needed for execution of the regulation works have been already resolved. These maps provide all necessary implementation-related elements. The elements pertaining to the rehabilitation of the route are included in the sketch of staking the route out. 

Longitudinal Sections	
The existing documents show that the longitudinal section was made based on the surveyed data. The longitudinal section was drawn at the scale for heights R=1:100 and at the scale for lengths R=1:1000. Position of the finished level (vertical alignment gradient) in the longitudinal section is dictated downstream by as-built regulation elevations and upstream by natural terrain elevations at the cross section PP122 (Ch. 4+102,51). The riverbed bottom grade from PP65 to PP84 is J=0,0022, from PP84 to Ch. 2+923,33 is J=0,00256, and the most upstream section from 2+923,33 to the Lukavac Municipality border (PP120) has a longitudinal grade J=0,004. In large section of its length, the riverbed is cut through again i.e. it passes through the area where the old riverbed was not flowing through, cutting into clay soil. 
The longitudinal section that is attached to the design provides all necessary elements for proper designed altitude positioning of the regulated riverbed of the Jala River. The finished level elevations written in the longitudinal section are elevations of the slopes' toe and this should be taken into account during the execution of works.

 Selection of the Normal Section

The normal section of the regulation of the Jala River at the treated area was adopted as early as in the course of developing the Conceptual Design. To this end, the form of normal section was taken over from the current documents. Normal asymmetric section is from cross section PP65 to cross section PP84. On the right bank, the design provides for the lining of monolithic concrete slabs and grassing in slope inclination of 3% from the Tuzla-Doboj main road, while on the left bank it provides for an embankment above the concrete lining in the slope inclination of 1:3. From the cross section PP84 (Ch. 2+732,93) to PP120 (Ch. 4+050,51) there is a trapezoid cross section the bottom width of which is 7 m, the slope inclination with concrete lining of 1:2, and grassing area of 1:3. The embankment crest is 3 m wide and the outer inclination towards the defended area is 1:2.
In this section, the riverbed of Jala is cutting into clay materials. For the most part, the riverbed bottom is also cutting into clay materials, except at the end of the section where it cuts into clay gravel.
The riverbed bottom and slopes' resilience to corrosion is at a low level and, therefore, they have to be protected. This will be done by concrete slabs and grassing.    
	Protection of riverbed slopes by concrete slabs is usually executed up to the height of ten-year water, and the remaining part is protected by grassing. The adopted thickness of the lining at the area of turbulent and critical flow regime is 25 cm. At the section from PP65 to PP84 there is a calm flow regime. For the purpose of reducing investments, the thickness of monolithic concrete slabs at the section from PP65 to PP79 was decreased to 20 cm. The protective embankments will be done using the excavation material and, therefore, permanent geo-mechanical supervision is recommended.  
 
Hydraulic Calculation
Adoption of the regulated Jala riverbed route resulted in the shortening of the route itself in relation to the natural riverbed. According to the current documents, a consequence of the shortening is that the canal bottom grade in a section of the route is higher than the critical one, which results in turbulent flow regime in the riverbed (from 2+923,33 to PP120 4+050,51). Upstream from the turbulent flow regime section, there is a longer section with the grade lower than the critical one and where calming the watercourse down would be carried out. As the issue is about insignificant differences in grades, the transition will be conducted without any detrimental effects on the riverbed, because the calm flow regime takes place from the cross section PP84 and all along to the mouth of the Spreča River. As the transition from turbulent to calm flow regime is taking place in this section, a section with the grade equal to the critical one is inserted (section from PP84 to 2+923,33) in order to conduct the transition with insignificant hydraulic jump. In this section, the riverbed is protected to the extent sufficient to prevent overflowing. 

Transitional Sections
As the regulation of the Jala River in the area of Lukavac Municipality is carried out continually, it is not necessary to develop a special transitional section. Namely, it is already connected downstream to the existing cross section of as-built regulation while upstream, the route of the designed and of the natural cross section PP122 is at the same location. Embankments at the cross section that is a border between Tuzla and Lukavac Municipalities (P120) are small and they are also cut off at that same cross section. Transition between the Municipalities is made of protective rockfill of the basic riverbed (from P120 to P122), until the continuation of flood protection activities, and through Tuzla Municipality (all the way up to the current Tuzla-Doboj railroad).    

Stabilisation Sills

In order to limit any potential damage to the regulated riverbed, the design provides for stabilisation sills to be made in the riverbed across the entire width of the flow cross section. The space between the sills is 60 m. Descending structures into the riverbed are provided for on both banks, with the space of 500 m in between, and in zigzag layout.
 
Culverts and Inflow of Littoral Waters

At the Chainage 2+318,50 there is an arch culvert whose width is b=2 and height is h=1.5 m. As the terrain on the right side of the road is higher than high waters of Jala River, there is no need for a mica flap at the end. Waters are let in from the culverts into the regulated Jala riverbed through an open canal. Because of the short length, better functionality and easier cleaning, the design provides for lining of the bottom and slopes by concrete. The details are provided in the design. 
Inflow of littoral waters behind the embankment is resolved in a typical manner. From the recipient structure at the defended side, the littoral waters are transported through PE pipes into the Jala River (a mica flap at the end is provided for). The layout of inflows is given in the situation and longitudinal sections.

Inflows of Tributaries

At the Ch. 2+709, 00 there is Bistarački Creek. According to the existing document, the Creek is transporting huge amounts of eroded quartz sand and, therefore, this was resolved by introducing an inclination of 20%, a concrete riverbed lining and a 50 cm high cascade. The terrain on the right side of the road around Bistarački Creek is minimum 50 cm higher than the high waters of the Jala River and, therefore, there is no danger of inflow onto that area to the right side of the road.  
At the cross section PP101 (3+414,20) there is a mouth of Bezimeni Creek. At the site of the current inflow of the Creek, the design provides for construction of a culvert of Φ100 cm so that a portion of waters from the surrounding agricultural fields could be smoothly taken into the Jala riverbed. The existing design documents resolve this issue of Bistarački and Bezimeni Creeks by longitudinal and cross sections.

Concluding Remarks 
[bookmark: _GoBack]The existing documents emphasize the fact that there is no cadastre of installations at the treated area and that this fact should be taken into account by all parties involved in implementation. As the issue is about a section outside residential settlements, a large number of installations at agricultural land is not to be expected, but in case of any findings of the sort, they should be relocated in accordance with the local regulation in place.
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