TECHNICAL SPECIFICATION
INTRODUCTION
The Turija River rises below Brezje, northwest of Banovići, runs in northwest direction and flows into the reservoir "Modrac". Complete basin of the Turija river with the network of tributaries covers the drainage area of ​​243.48 km2. Length of drainage area per main course is 23.98 km and is located in the zone of continental climate. According to observation data from the meteorological station in Tuzla ("Bukovčići"), the average annual temperature is relatively low, at around 10o C, while the average sum of precipitation is around 1000 mm. Gross head of the Turija river's course is 1.03%, and the central head is 0.52%. 
In Lukavac municipality - Turija local community there is a very significant problem of flooding of the river Turija and its tributaries, which particularly threatens the quality arable land. The main cause of the water spill of Turija river even at lower rainfall is a very low channel capacity of the Turija river. In this area, the protection of previously flooded areas of the Turija River and its tributaries would represent the starting point of a wider program of hydro-technical interventions-watercourse regulation and hydro-technical land reclamation. 
So the first task in solution of this hydro-technical problem is to protect the ground from external water. Failure to take these measures would threaten the further development in this area, which would have wider adverse and social consequences. 
Of course, regulation and hydro land reclamation works are very demanding and expensive projects, and this problem must be addressed by priority-phase. In this sense, Lukavac municipality is activating the acute problem when it comes to land protection, from the impact of flood flows of the Turija river in the area of Mosorovačka Bara and Čagal to the upstream part of Donja Ćuprija (the first bridge on the road Lukavac-Turija LC). A specific trait of this area to emphasize is that the right side has a surface of ​​about 70 dunams of quality land, while the left side is mostly a waterlogged part of Mosorovačka bara. Hence the emphasis is to protect the right side from the Turija river flood flows. In order to get bigger and better land surface, activities already started on the right side aimed at clearing the area of ​​trees, branches, shrubs and other plants, in order to obtain the clean surface. As far as the course of the Turija river in this area is concerned, it is important to emphasize that the main course of the Turija river has been corrected at the complete considered section, and that the initial course was turned into Starača, which to date functions partly through collecting of low flows of right tributary creeks. 
BASIC DATA USED FOR THE DESIGN 
Project documentation
In developing this project, the following project documentation has been used:
· "Preliminary Design of regulation of the Turija river from Poljice bridge to Turija bridge" completed in July 1997.
· "Analysis of the impact of the Turija river flood flows on the littoral zone of Modrac reservoir mouth", 1996.
· "Flow calculation study on tributaries of "Modrac" lake", December 1979.
·  "Main design of regulation of the Spreča river in Živinice", April 2003. 
· "Defining of flood flows of the Turija river on the section V.S. Turija – mouth of Modrac lake", August 2010. 
· "Preliminary Design of regulation of the Turija river from the bridge on the road Lukavac-Banovići and upstream to the bridge on the road to the village Turija in length of about 2200 m", January 2011. 
· Study on ing-geological characteristics of the terrain for the development of main design of regulation of the Turija river on the section from the bridge in Mosorovac to the bridge in front of the Turija stadium", April 2015.
Geomechanical data
Data on geological-geomechanical studies in this area are taken from the "Study on ing-geological characteristics of the terrain for the development of main design of regulation of the Turija river, from the bridge on the raod Lukavac-Banovići and upstream to the bridge on the raod to the village Turija in length of about 2200 m", which was prepared in April 2015 by the Mining Institute (Rudarski institut d.d.) in Tuzla. 
Ten (10) geotechnical boreholes were drilled in the mentioned section (B-1 to B-10), with maximum depth of 6.50 m, from which the soil samples for laboratory analysis and calculations were taken.
Also, nine (9) SPT and 2 LPT tests have been performed.
On the basis of soil testing, it can be concluded that the terrain is built of the following lithological panels:
a.
Geotechnical soil models
1
CLAY – brown, dusty, soft, inorganic, medium plasticity (CI). Location 

B-1 has highly elastic dust (MH), and B-3 has organic clay of medium plasticity (OI). It was found in all boreholes, except in B-4; B-6. It has the following characteristics:




- w=32.20 – 39.30%
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=18.20 - 19.61 kN/m3




-Ic=0.284 – 0.678




-c=8.0 – 46.0 kN/m2




-φ=13 - 18˚




-Ms(100 kN/m2)=2.3 – 3.2 MPa




The layer thickness is 0.70 – 2.70 m.
2
CLAY (1b) – brown to grey, dusty, inorganic, high plasticity (CH), with the following 

characteristics:




- w=24.60 – 39.0%
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=18.31 - 20.33 kN/m3




-Ic=0.506 – 0.851




-c=10.0 – 52.0 kN/m2




-φ=13 - 26˚




-Ms(100 kN/m2)=4.1 – 5.5 MPa




The layer was identified in all boreholes except for B-2,3,5 and




Its thickness is 1.00 – 2.80 m.  
3
CLAY (1c) – brown with interlayers of grey, dusty, rich, inorganic, high 

plasticity (CH) and of following characteristics:




- w=34.40 %
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=18.56 kN/m3




-Ic=0.815




-c=20.0 kN/m2




-φ=9˚




-Ms(100 kN/m2)=7.1 MPa



           The layer was identified in B-1, with thickness of 3.0 m. 




Thickness is 1.00 – 2.80 m.
4
SAND (2) - grey to brown with inclusions of fine gravel (SW). It has the following characteristics:




- w=36.50 %
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=20.10 kN/m3




-c=4.0 kN/m2




-φ=29˚




-Ms=2.60 – 12.50  MPa (SPT)




-Nsr=5.20 - 25 blows in SPT 




 The layer has been identified in B-3, B-4, B-5, B-7 and B-10.




 Thickness is 0.50 – 3.00 m.
5
GRAVEL (3a)- brown to grey, clayey, sandy, fine-grained (GW). It has the following characteristics:




- w=9.90 – 12.70 %
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=21.15 – 21.90 kN/m3




-c=4.0 kN/m2




-φ=32 - 39˚ (SPT)




-Ms=12.24 – 31.20  MPa (SPT)




-Nsr=15.30 - 39 blows in SPT 
The layer thickness is 0.20 – 3.30 m.
6
GRAVEL (3b)- grey-brown, coarse-grained, in B-6 with serpentine debris (GP).

It has the following characteristics:




- w=9.20 %
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=21.30 kN/m3




-φ > 41˚ (SPT)




-Ms > 40.0 MPa (SPT)




-Nsr > 50 blows in SPT 
The layer has unknown thickness and initial drilling was done at depths of 3.60 - 6.30 m. 
7
EMBANKMENT ("4") –clay, sand, gravel. Identified in B-6, the thickness is 1.00 m below 

humus that has a thickness of 0.30 m. It has the following characteristics:




-φ =28˚ (SPT)




-Ms = 3.20 MPa (SPT)




-Nsr = 40 blows in SPT 
The layer has unknown thickness and initial drilling was done at depths of 3.60 - 6.30 m.
8
DEBRIS (5a) – crushed serpentine, fine-grained with gravel, identified in B-9 at a depth of 2.40 m, has a thickness of 0.30 m. It has the following characteristics:




- w=9.10 %
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=22.10 kN/m3




-φ = 32˚ (SPT)




-Ms=12.0 MPa (SPT)




-Nsr = 28 blows in SPT 
9
DEBRIS (5b) – green serpentine, degraded, of an unknown thickness.

Identified in B-9 It has the following characteristics:




-φ > 41˚ (SPT)




-Ms > 40.0 MPa (SPT)




-Nsr > 50 blows in SPT 
The whole geotechnical profile is characterized by a rather wide range of values of geotechnical parameters, which is not only due to interlayers and inclusions, but also due to quite frequent changes in environmental conditions (primarily the effect of fluctuations in the water level of the river Turija and NPV), which is a characteristic of alluvial - talus deposits.
b. Calculations of allowable soil bearing capacity were performed for boreholes B-1 through B-8, and conditions of foundation ing of the lining delivered by the Beneficiary. Calculations were performed for foundation strips of the width of B=0.80 m at a depth of Df=0.80 m.
The calculations have shown the values as listed in the chart below;
	Borehole
B
	Foundation in the layer
	qa (kN/m2)

	
	
	Top of the lining
	Bottom of the lining

	B-1
	1a
	74.70
	

	
	1c
	
	80.277

	B-2
	1a
	132
	

	
	3a
	
	123.50

	B-3
	1a
	101.99
	

	
	2
	
	76.32

	B-4
	1b
	69.10
	

	
	3a
	
	106.88

	B-5
	1a
	66.29
	

	
	2
	
	104.87

	B-6
	1b
	99.02
	

	
	3b
	
	261.77

	B-7
	1b
	182.73
	

	
	3b
	
	261.77

	B-8
	1b
	261.77
	

	
	3b
	
	258.90


c. Analyses of slope stability have been conducted as follows:
The section of the Turija river that is a subject of regulation has been analysed against the terrain stability according to two specific profiles 
Analyses have been conducted using the Bishop method for three phases of construction, including:
1. Construction phase 1 – natural current state
2. Construction phase 2 – state with cuts
3. Construction phase 3 – state with the embankment, noting that left and right banks have been separately analysed within phase 3.
The following values were obtained as listed in the chart:

	PROFILE 

	CHAINAGE
	Fs

	
	
	PHASE 1
	PHASE 2
	PHASE 3

	PP - 1
	0+145.58

	1.20
	1.84
	1.51

	PP - 19

	1+915.61
	1.18
	1.63
	2.04*
1.85**


·  Left bank
**    Right bank
The results show that this is a conditionally stable slope in the natural state because: 
1.0 < Fs < 1.50.
This means that there are currently no landslides, but a situation of significant change in natural conditions can lead to a process of landslides and instability.
However, the analysis carried out for the phase 3, i.e. the state with regulation and embankment, shows positive effects proportional to the degree of stability of the terrain (bank), because it leads to an increase in safety factor to Fs = 1.51 - 2.04.
The Proctor test is a test which examines the workability of soil materials into embankments.
The test has shown the following values:
· Optimum water content Wopt.= 20.30%
· Natural water content Wpr = 28.60%
· Maximum dry unit weight γd = 1.590 Mg/m3
· Also, the California Bearing Ratio (CBR) was obtained, which will be essential in the case of road construction.
· The resulting value is CBR = 7.3%, which indicates a poor soil, whereby the thickness of the lower substrate would be 8 cm.
d. Water permeability of the material from the cut is on the border of the set condition, therefore it may be said that it is a conditional pass, for the coherent materials. However only two samples have been examined and a more detailed check has to take place later, before commencement of the works.
Geotechnical supervision is necessary for all of the works, in accordance with the regulations governing the subject area.
1.23
Basic Geodetic Data 
Of the existing data, maps with the following scales have been used: 25 000 and 1: 2 500 with an H – V terrain view. 
The regulation route of the Turija river is set with two existing bridges-downstream one on the regional road Lukavac - Svatovac and upstream one on the local road in the village of Turija and existing riverbed that was excavated in a practically straight line between the two bridges. There are no buildings next to the riverbed except for three cottages, which are placed right below the upstream bridge. 
Geodetic survey implied a survey of the current state of the riverbed, banks and bridges. The riverbed was surveyed by cross-sections at the distance of about 50 meters.
The riverbed survey was done using the Modrac lake GPS network.  The operating polygon which was developed along the banks of the river used the same location points, whilst its location points were determined through GPS measurements in the system of permanent stations of FBiH POS. From these points, the cross-sections were surveyed directly using the total station. The points of the operating polygon were stabilized with temporary markers - oak staves painted in red colour, with a nail in the middle.  
This survey provided insight into situation, longitudinal and transverse sections, which served as a basis for further planning. All measurements were carried out using the "SOKKIA SET 3X" total station and a GPS device Trimble R6.
For the points of the operating polygon, there is no need to give positional descriptions, because there is no parameter that their distance could be measured against in the field, thus they should be identified via coordinates or new one should be determined for transfer of the route to the field.
1.2.4
Basic Hydrological Data
For the purposes of preliminary design, a study was prepared with the subject "Defining the flood flows of the Turija river
on the section V.S. Turija-mouth of Modrac lake"-Prof. Dr. Husno Hrelja, B.Sc.(Eng)
The obtained values of maximum annual flow rate (flood flows) are shown in the chart 
	Section
	Maximum annual flow rate Qmax(T)-(m3/s)
of the occurrence return period T(year)

	
	100
	50
	20

	V.S.Turija
	161
	143
	121

	V.S. Turija- up to the mouth of the Bukovica river
	195
	175
	101

	Mouth of the Bukovica river up to the mouth of the Lukavac river
	215
	193
	110

	Mouth of the Lukavac river up to the mouth of Modrac lake
	222
	199
	113


HYDRAULIC CALCULATION
Hydraulic analysis of the natural state
Hydraulic analysis of the flow for the natural state and determination of the lines of flooding was done as part of the "Analysis of the impact of the Turija river flood flows on the littoral zone of Modrac reservoir mouth", mentor-Prof. Zoran Barbalić, B.Sc.(Eng)
The results obtained through the calculation showed that there is a significant uplift of the water plane level due to low permeability of the bridge on the road Lukavac-Banovići. Using the results of the hydrological calculation for specific hydraulic sections, the calculation of the water plane was done following the Herheulidze method. 
The Analysis has shown the maximum permeability of the Turija river riverbed, then the impact of the watercourse on the littoral zone of "Modrac" reservoir mouth: in case of the absence of impact on the reservoir (with the application of boundary condition that the water level is at the elevation of 199 m.a.s.l.), in case of the full reservoir, the overflow elevation is 200 m.a.s.l, and in case of a functioning spillway at the dam with overflow layer of water of 1 m or that is for the elevation 201 m.a.s.l. By adding these levels to the Herhelidze's curves, result is obtained that the impact of the reservoir on flooding of the littoral zone is at the chainage 468 m from the mouth of the river to the lake (impacts from the elevation 199 m.a.s.l. and elevation 200 m.a.s.l. are joined), and that the flooding of the area upstream of the chainage 468 m happens solely because of the occurrence of flood flows in the Turija river basin.
Hydraulic calculation of the regulated riverbed
The results of calculations of the normal depth, speed, and energy for the first upstream natural section, and for the regulated sections for Q1/100 and Q1/10 are presented in a more detailed way within the hydraulic calculation.
 Based on the normal depth, backwater was calculated from the bridge on the road Lukavac - Banovići, and calculation performed for the line of water plane in HEC RAS (Hydrologic Enginering Center US Army Corps of s).
It is visible from the calculation that the backwater from the bridge may be felt for Q1/100 in the length of 1800 m of the route of the regulated riverbed. The embankment crest elevation was gained in a way that a reserved hight of 0.8 m was added to the water plane elevation.
TECHNICAL SOLUTION OF THE REGULATION
Concept of the solution
When selecting a normal regulation section, effort has been taken to encompass as smaller area as possible with the regulation strip in order to release as larger area as possible for agricultural land (urbanization also an option), and as less surface as possible for land acquisition, which will be a significant item in the implementation of the regulation. 
Respecting the request of the Beneficiary to preserve Mosorovačka bara, protection from the flood flows of the river Turija was implemented as follows:
Three sections are planned to be covered on the route of the regulation:
· Part of the route from PP1 to PP10 - safety provided through an embankment on the right bank.
· Part of the route from PP11 to PP21- safety provided through an embankment on the left and right bank.
· Defensive embankment towards Mosorovačka bara - safety is provided through an embankment from PP11 perpendicular to the route of regulation along Mosorovačka bara towards the road Turija- Prokosovići, up to the terrain elevation 204.10 m.a.s.l (required elevation as a safety measure against the v.v. Q1/100).
Layout Solution
The regulation route of the Turija river is set with two existing bridges-downstream one on the regional road Lukavac - Svatovac and upstream one on the local road in the village of Turija. The route in most part follows the natural riverbed save for the part (PP17, PP17-1, PP18, PP18-1, PP19, PP19-1) where it had to be relocated due to existing buildings on the left bank.  
Regulation works start with fixation sill on the downstream bridge, and arrangement of the bottom of regulation in the bridge section. Total length of regulation works is 2130.49 m.  The transition from the bridge section to the standard section of regulation is done by twisting of the slope in the transitional leg which is 51.66 m long. The transitional leg is on the right bank secured with a lining of stone extruded in the concrete and fixed with sills on upstream and downstream part. 
The regulated riverbed is in-between the two above-mentioned bridges at the length of 2130.08 m. The adopted form of regulated riverbed is a combined section (double trapezium). The minimum adopted radius of curvature on the stretch of the regulated part with the fall of I=0.002 is 100 m.
The normal section fits the section of the upstream bridge so there was no need to do the transitional leg. Regulation ends with fixation sill on the upstream bridge section.
Longitudinal Section
Longitudinal section, i.e. grade level of the regulated riverbed is defined by elevation of the starting and ending point and the route length of the planned regulation. The resulting decline of the natural riverbed is 0.0015. The adopted regulation decline is: 
J=0.001   Combined cross section (embankment on the right bank, left bank remained without embankment          



 from Ch. 0+25.94 to Ch. 0+980.77
J=0.002   Combined normal section........................ from Ch. 0+980.77 to Ch. 2+146.17
With this decline, the grade level is about 3.0 meters below the ground surface which is the amount of the average depth of the natural riverbed. At this decline, the flow in the regulated riverbed is calm. Longitudinal profile of the embankment around Mosorovačka bara is shown in a separate drawing.
Solution for the regulation in the cross section
The mode of securing the minor riverbed section is the stone lining, adopted during the preliminary design. 
Construction of the embankment has been planned with the soil from the excavation. Water permeability of the material from the cut is on the border of the set condition, therefore it may be said that it is a conditional pass, for the coherent materials. However only two samples have been examined and a more detailed check has to take place later, before commencement of the works. Geotechnical supervision is necessary for all of the works, in accordance with the regulations governing the subject area.
Part of the route from PP1 to PP11
The cross sections of the regulated riverbed on this part of the route consist of the part of minor riverbed, which is trapezoidal and the embankment on the right bank. The minor riverbed has variable width at the bottom, with a right slope inclination of 1: 2.5 and a variable left slope inclination, i.e. the natural slope inclination with minimal adjustments.
The idea is that the left side receives the minimum adjustment, because it disturbs the natural balance established by vegetation on the slope. Depth of the minor riverbed is 2.5 meters. On the right side of the minor riverbed, the 3.0 meters wide berms were left, which for the most part coincide with the surface of ​​the natural terrain. Embankments with the crest that is 3.0 meters wide and a slope inclination of 1: 2 are continuing on the berms. Slopes of the minor riverbed are lined with stacked stone in a layer of 30 centimetres, which rests on the foot also made of stone. On the berms and slopes of the embankment, soiling and grass sodding are planned. In the slopes of the cross section  geotextile is planned, which prevents leaching of small particles.
Part of the route from PP11 to PP21
The cross section of the regulated riverbed was done in the form of double trapezium. The minor riverbed is 15 meters wide with a slope inclination of 1 : 2.5 and depth of 2.5 meters. On the left and right side of the minor riverbed, the 3.0 meters wide berms were left, which for the most part coincide with the surface of ​​the natural terrain, and embankments with the crest that is 3.0 meters wide and a slope inclination of 1: 2 are continuing on the berms. Slopes of the minor riverbed are lined with stacked stone in a layer of 35 centimetres, which rests on the foot also made of stone. On the berms and slopes of the embankment, soiling and grass sodding are planned. 
In the slopes of the cross section  geotextile is planned, which prevents leaching of small particles. 
Defensive embankment towards Mosorovačka bara
The cross section of the embankment is trapezoidal. The crest width is 3 m, and the slope inclination is 1:2. Construction of the embankment from compacted earth of appropriate quality is planned, soiled and grass sodded on the slope towards the pond.
Buildings on the route of the regulated riverbed
Along the regulation route, fixation sills of stone laid in concrete have been planned at a distance between 60 and 120 meters depending on the hydraulic calculation. The stone laid in concrete is used for easier monitoring of the regulation grade level during the works since the decline of grade level is small, which would not be possible if the sill were built from stone. Fixation sills with a staircase are placed at every 250 m, alternating left and right bank.
On the part of the route where the left bank is not defended, fixation sills are placed only on the bottom and on the right side of the regulation.
Inflow of hinterland waters
Along the route of the intended regulation of the Turija river, 9 inflows of hinterland waters of Ø 800 mm are planned, which are located at the lowest points outside the intended regulation. 
Merging of right side tributaries of the Turija river is planned with two inflows of 2x Ø 1000 mm. Location of the first inflow is a place where the Starača Turija is getting closest to the regulation and this is a place where an inflow of 2x Ø 1000 mm already existed. Location of the second inflow of 2x Ø 1000 mm is downstream at the lowest point.

CONCLUSION
The implementation of the full regulation provides security from flooding during the appearance of flood flows that appear 1/100 years. 
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