TECHNICAL DESCRIPTION – COMPONENT 3
INTRODUCTION
The regulation of river Dobrinja has started on early 1982 in the time of preparations for Winter Olympic Games and the construction of the settlement Dobrinja. At that time was regulated approx. 1700 m of regulated bed through the settlement Dobrinja according to the main design which was made by Institute for Water Management /Zavod za vodoprivredu – Sarajevo, in1981.

In the period from 1984 until present, the section of non-regulated bed was cleaned for several times from piles of sediment, waste and overgrown brush but it was never definitely regulated, so that high waters of river Dobrinja at this section still overflow and flood the neighboring land causing damages to the people, agricultural land and economic structures.

Downstream section of watercourse, from the bridge on the road Sarajevo – Trnovo to the inflow or river Dobrinja into river Bosna in the length of approx. 4.6 km also is not regulated. During 1982 was made a preliminary design and later in 1988 the main design of regulation but works have never started. 

Due to these reasons was started an initiative to conduct novelations of main design at whole downstream non-regulated flow of river Dobrinja (from inflow into river Bosna to downstream point of regulated watercourse in settlement Neđarići). Project was made by Institute for Water Management in 2004, for section of length of 6.0 km.

Since there is ongoing realization of Main Design of regulation of river Bosna just at the section of inflow of river Dobrinja into river Bosna, it was necessary to conduct novelations of that project.
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Picture 1 – Situation chart of novelated section of inflow of r. Dobrinja
By this project were covered the Novelations of Main designs Regulation of river Bosna, Regulation of river Dobrinja through making of Main Design of regulation of new inflow of river Dobrinja.
1.1. Documentation
Designer had available the Main Design of Regulation of river Bosna from the bridge on the main road M-17 to Plandište and Novelations of main design of regulation of river Dobrinja section Inflow/Ušće-Neđarići (L= 6 km), book 1-4, year 2004.
1.2. Problematic
Harmonization of the above mentioned projects required the change of the elevation point of the entrance or river Dobrinja into river Bosna. All there was a change of the slope of invert level and in the length of approx. 500 m.

Investor has required that the existing bed of Dobrinja which is abandoned in the length of approx. 1200 m has to stay open and that at the entrance into river Bosna have to be installed passages for entering of water. 

BACKGROUNDS
All necessary for this project was taken over from the existing project documentation the Novelations of the main design Regulation of river Dobrinja, and this is related to:

· Hydrological data
· Geo-mechanical characteristics of soil
· Geometry of normal profile with all technical characteristics
1.3.  Geodetic backgrounds
For the needs of the project was conducted a survey of the said section in with a goal to actualize the situation. The survey has included:

1. Surveying of 5 profiles through the watercourse Dobrinja at the place necessary for us, 

2. Surveying of the wider area of the terrain of future regulation - 10 profiles,

Geodetic elements of the trace are given in Annex10.

Of the existing geodetic backgrounds were used maps in the scale 1:25.000, 1:2.500.
1.4. Hydrological backgrounds
This project has taken over the flow with range of occurrence 1/100 (once in hundred years) which is Q1/100=120 m3/s
1.5. Geological and hydro-geological characteristics
For the needs of this project were not conducted additional geological-geo-mechanical works or researches. There were used the results of engineering-geological and geo-mechanical researches which were conducted in the existing project documentation. 

ANALYSIS OF NATURAL CONDITIONS/STATUS 
The existing section of river Dobrinja from the inflow upstream approx. 1200 m mainly is in lowland part, with bed which cannot accept high waters with range of occurrence of 1/100. According to previously conducted hydraulic analyses the capacity of natural bed of river Dobrinja is approx. 45 m3/s. At the upstream part from the mentioned section is not solved the draining of wastewater of private objects into city sewer system, therefore exist large number of direct outlets of fecal sewerage into watercourse. 

By the ToR is predicted that the existing bed after the regulation is conducted, will stay in natural condition without filling up, so that it can drain the neighboring groundwater. However, there is the possibility that this bed will be transformed into waste dump, having in mind that in the existing bed was identified waste dumping at particular sections.
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Picture 2 – Waste dumps at the banks of river Dobrinja,

 Picture taken on: October 31, 2012 

By visiting of the said section was identified that the riverbed of river Dobrinja is currently in the phase of cleaning. Also there was identified (seen) the bridge which serves for crossing from right to the left bank.
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Picture 3 – Cleaning of riverbed of river Dobrinja picture up, bridge on river Dobrinja picture down, Picture taken on: October 31, 2012
ELEMENTS OF TECHNICAL SOLUTION
1.6. Trace of regulated riverbed
Trace of regulated bed related to the trace from the Main Design is slightly changed, since in the main design Regulation of river Bosna was defined elevation point of the inflow of river Dobrinja, just that was one of the contour conditions from one side, while from the other side was the main design of regulation of river Dobrinja which has given the direction and position of new inflow.
Situation presentation of regulation is given in Annex 2.

Invert level of regulated bed was designed at the elevation point of the bottom of regulated bed of river Bosna with slight change of the slope to the profile P1 and new slope related to the main design of regulation of river Dobrinja to the profile P9, upstream part of regulation has kept the slopes according to above mentioned project.

At the whole section there are in total 3 changes of slope. First part is conditioned by the slope of bed of river Bosna, and it is 0.170%, while in the other part it is 0.375%, and which fits into designed slope in the main design of regulation of river Dobrinja, and it is 0.380% (Annex 3).

Niveleta of regulated bed is passing above the fecal collector 1000 and planned trace of gas pipeline, at the stationery 0+426.21, or 0+437.14. The elevation point of the bottom of collector is 484.02 m.a.s.l., and the elevation point of invert level is 485.77 m.a.s.l. 

1.7. Normal profile
There is kept the designed profile TYPE I, from the main design of regulation of river Dobrinja. Selected is a trapezoidal profile with bottom width of 10 m. Adopted slope of banks is 1:2 towards the watercourse, and to the external side 1:1,5. The bed is paved by “Reno mattresses” dimensions 4,0x2,0x0,2 and 4,0x3,0x0,2 m with medium grain size of 8,5 cm layered on geo-textile g=200g/m2. Reno mattresses are leaned on gabion leg at the bottom. Dimensions of gabion are 4.0x1.0x1.0 m with medium grain size of 15 cm.

Securing from overflowing of 100-year water is made by embankment with crown width of 3.0 m. height of the embankment varies and it is higher for minimum of 0,8 m from the elevation of high water. Embankments are covered with humus and sown grass along whole surface of embankment construction. 

Transversal profiles are given in Annex 5 and normal profile in Annex 4. 
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Picture 4 – Normal profile of trapezoidal riverbed
1.8. Objects/structure
1.8.1. Inflow of river Dobrinja into river Bosna
Structure of the inflow of river Dobrinja into river Bosna represents the parameter because of which is made the novelation of the main design of regulation of river Dobrinja, so that the very inflow of river Dobrinja can be incorporated into designed trace of river Bosna, which is defined by the main design of regulation of river Bosna. 

Inflow of river Dobrinja is situated downstream from the profile P118 at the river Bosna. Slope of the invert levelf river Bosna is kept al the way to the profile P1, from where is designed a new slope. 

Embankments that follow the regulated bed of river Dobrinja are incorporated into the height of embankment which was designed for bed of river Bosna. Pavement of the slope of bed of river Bosna is made of concrete prisms and prisms are kept all the way to the profile P1. 

Drawing of new inflow of river Dobrinja into river Bosna is given in Annex 6.
1.8.2. Piping of old inflow of river Dobrinja into river Bosna
Existing bed after regulation will remain dry open, without filling up, in order to serve for draining of groundwater. Due to that reason was designed the piping of the existing inflow, with two pipes as the connection with river Bosna. The selected pipes are PE ribbed pipes Ø800 mm. 

For water reception was deigned a concrete bed-sedimentation basin with dimensions of 6.0x2.4 m depth of 0.7 m below the elevation point of the bottom of river bed or elevation point of the bottom of pipe. There is planned a coarse screen with grid size of 100x100 mm. At the exit part, on pipes are installed flat check valves (Annex 7).
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Picture 5 – Drawing of piping of old inflow of river Dobrinja
1.8.3. Stabilization sills 
For purpose of stabilization of the invert level and slope of the regulated bed by calculations are determined maximal distances of stabilization sills which are 70 m. Adopted type of stabilization sill is of gabion which is adopted here as well. Dimensions of gabion are 4.0x1.0x1.0 m with medium grain size of 15 cm. Way of making of gabion is given in technical conditions. Connection between river Bosna and river Dobrinja is at the profile P1 and there is the concrete stabilization sill. Concrete sill had to stay because the slopes of the regulated part of river Bosna are paved by concrete prisms and the concrete will hold it better.

Drawing of stabilization sills is given in Annex 8.
1.8.4. Passages
For introduction of behind-the-bank surface water into bed was predicted the construction of the passage. Diameter of the passage is Ø800 mm, and it is stationed at the inflow of river Dobrinja into river Bosna, at the right bank. 

Surplus of quality material from the excavation will be used for regulation and filling of depressions. In such way will be obtained and single-sided slope which will gravitate towards river Bosna, as there is the usual slope towards river Bosna.

Detailed drawing of the passage is given in Annex 9. Situation presentation of the location of passage is given in Annexes 2 and 3.
1.9. Phase construction – way of incorporation 
Regulation of river Bosna upstream from the inflow of river Zujevina is at the final phase. There is planned regulation of river Bosna from the bridge Bojnik to downstream from new inflow of river Dobrinja. At this part of regulation would not be done anything at the location of the old inflow of river Dobrinja, e.g at the right bank of river Bosna in the length of approx. 60 m it would be done later on. There would remain to be regulated the bank and to make pipe passages.

After these works is planned to conduct regulation of river Dobrinja. It would include works on regulation to the profile P1, regulation of the old inflow of river by piping and connection of right bank of river Dobrinja and river Bosna from profile P1 to profile P117. Left bank of river Dobrinja downstream from profile P1 would be done as transition made of layer of large stones of minimal size of 30 cm. 

Upstream part of river Dobrinja from profile P11 to profile P12 fits into natural bed with layer of large stones of minimal size of 30 cm.

All above mentioned works are included through the bill of quantities.

This order of phases is designated by a hydraulic principle according to which is better to conduct the regulation from the downstream part, since, if it was done the opposite, the upstream conducted regulation could deteriorate the situation at downstream non-regulated part.
CONCLUSIONS AND RECOMMENDATIONS 
1. By novelations of main designs of regulation of river Dobrinja and regulation of river Bosna, in the considered area was designed the incorporation of these designs/projects.

2. by piping of the existing inflow through the embankment (bed of river Bosna), as well as by leaving of the existing bed in natural condition all surrounding groundwater will be drained and brought to river Bosna. 

3. At the right bank of river Dobrinja was built an embankment at the place of crossing over existing bed for the purpose of communication from right to the left bank of the existing bed.

4. Existing bridge on river Dobrinja will remain also for purpose of communication in this area.

5. There is a danger from transforming of the existing bed into waste dump.

6. Regulated bed is realized with two normal profiles: trapezoidal with pavement of concrete and simple trapezoidal normal profile at the major part of regulation by trapezoidal with pavement/coating of the slope made of “Reno mattress”. 

7. Invert level of regulated bed is designed in a way to follow to highest possible extent the slope of the natural bed as well as to satisfy hydraulic parameters of flow of 100-year high water.

8. To the constructor make available the said project documentation which was used as the background for this project.

CALCULATIONS
1.10. HYDRAULIC CALCULATIONS
Hydraulic calculation is taken over from the Novelations of main design of regulation of river Dobrinja, and it was made for stationary flow regime, based on the principle of conservation of energy (Bernoulli’s equation): 
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Calculations were made for regulated bed.
After the selection of the way of securing the bed was conducted the check of basic parameters of flow (speed, depth, shear stress), related to the proposed paving of slopes, protection of paving (foundation), was made a calculation of distance between stabilization sills, which are necessary to be installed, having mind that the bottom of the bed will not be paved/coated.

All values and dimensions are taken from the said project documentation.
1.10.1. Hydraulics of flow
There was made hydraulics of flow due to the change of the slope of invert level from profile P1 to profile P9. For calculation was used a non-commercial HEC-RAS (version 4.1) developed by United States Army Corps of Engineers (USACE). By this program are calculated lines of water mirror based on «one-dimensional» model for steady and torrent regime of flow. 

Presentation of high water in the bed, for mentioned section of river Dobrinja is given in the following pictures:
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	Picture 6 – Flow of 100-year high water 
in regulated bed

	Picture 7 – Hydraulic longitudinal profile
of 100-year water for regulated bed



Table 1 – Hydraulic calculation of regulated riverbed HEC-RAS for Q1/100

	Chainage
 
	Q Total

(m3/s)
	Bottom elevation
(m)
	Water elevation
(m)
	Line of energy
(m)
	Slope LE

(m/m)
	Speed
(m/s)
	Flow surface
(m2)
	Width of water face
(m)
	Fr number
 
	τ

(N/m2)

	0+504.16
	120
	486.16
	488.66
	489.07
	0.003051
	2.83
	42.4
	20.96
	0.64
	57.02

	0+406.21
	120
	485.7
	488.35
	488.82
	0.003782
	3.06
	39.27
	20.35
	0.7
	67.51

	0+336.21
	120
	485.4
	488.09
	488.56
	0.003720
	3.04
	39.5
	20.4
	0.7
	66.64

	0+266.21
	120
	485.15
	487.84
	488.3
	0.003613
	3.01
	39.91
	20.48
	0.69
	65.13

	0+196.21
	120
	484.86
	487.6
	488.05
	0.003440
	2.95
	40.62
	20.61
	0.67
	62.67

	0+126.21
	120
	484.42
	487.39
	487.81
	0.003183
	2.87
	41.76
	20.83
	0.65
	58.95

	0.+56.24
	120
	484.31
	487.36
	487.75
	0.003000
	2.81
	42.23
	20.91
	0.64
	56.75


By hydraulic check was identified that the change of slope from profile P1 to profile P9 does not impact to geometry and characteristics of adopted normal profile. Level of high water obtained by HEC-RAS is lower than water level which is presented at the longitudinal profile (Annex 9), and at the transversal profiles (Annex 5), and which is adopted from the Main Design. Regulation of river Bosna from the bridge at main road M-17 to Plandište, from one side and Novelations of Main Design of regulation of river Dobrinja section Ušće(Inflow)-Neđarići (L= 6 km), from the other side.
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