TECHNICAL SPECIFICATIONS

COMPONENT 1:  FLOOD PROTECTION OF PART OF THE SETTLEMENT “EKONOMIJA”, ZVORNIK, FROM RIVERS DRINA AND SAPNA AND FLOODS FROM HINTERLAND

1.	INTRODUCTION
Sapna River is left tributary of the Drina River, which in its lower course passes through urban settlements of Čelopek, Ekonomija, Karakaj, Cer and Jardan.
[bookmark: _GoBack]By classification, it can be chategorized into torrential flows whose main characteristics are a large drop of natural riverbed, rapid concentration of large water and consequently carrying large quantities of suspended and bed load due to abrasion and erosion in the catchment area.
Given the characteristics of natural riverbed, big waters of Sapna River create a huge problem to urban settlement "Ekonomija" and the industrial zone of Zvornik.
In 2010 and 2014 a wider scale flooding was registered which has affected urban areas and settlements of the Zvornik municipality. The causes of outflowing big waters are shallow natural riverbed, the low flow capacity and a series of artificial barriers created at existing river contractings.
Throughout its course River Sapna riverbed meanders very much flooding surrounding land at high water levels it. In this sense, this design provides the regulation of part of River Sapna, from chainage 0 + 000.00 km to 4 + 664.24 km and the embankment is designed along the River Drina on the right side of the River Sapna riverbed to the railroad Zvornik - Šabac. The embankment is designed from chainage 0 + 000.00 km to 0 + 244.14 km. The height of the embankment was determined on the basis of backflow elevation of the Drina River at the site where Sapna flows into the Drina and it is 137.50 m.a.s.l. at the flow rate of the River Drina - Q100.
According to the cadastral layout plan, old riverbed has a length of 6,967.00m. On the part of the Sapna River the regulation of part of the riverbed was performed and the present length of the River Sapna is 5,780.00 m. When designing riverbed of River Sapna it was taken into account the minimum radius R / B = 3-7 and on that basis the first shortening of riverbed was planned from profile P11 to P16 profile, second shortening was planned from profile P20 to P24 profile, a third shortening was planned from profile P31 to P35 profile, fourth shortening was planned from profile P62 to P69 profile, fifth shortening was planned from profile P104 to P106 profile and sixth shortening was planned from profile P114 to profile P117. The total length of so shortened part of the riverbed is 5,780.0-4,664.24 = 1,115.76 m. Further regulation of the riverbed mostly follows the existing riverbed.
At the route of regulated riverbed at chainage 1 + 363.40 km there is concrete bridge on the trunk road “Zvornik – Bijeljina”. Another facility, which is located on the route of the regulated riverbed, is steel bridge “Karakaj – Ulice” located at 3 + 011.95 km. This bridge is scheduled for demolition because of the small space between supports resulting in clogging and reduction of  riverbed flow capacity.
After the survey carried out for this design documentation, the route of riverbed regulation was adopted. Subject main design provides more ways of bed lining depending on hydraulic properties of regulated River Sapna riverbed. For all types of riverbed, stone and concrete was used as a material.



1.1. DESIGN BACKGROUND

1.1.1. Geodetical background

	To make the design the cadastral map were used with contur lines of the terrain with equidistances of 2.5m. Maps of scale R 1/2,500 show wider representation of the terrain with the numbers of parcels on which the regulation of the River Sapna is to be performed. The area that was planned for regulation was recorded in detail using total station and a GPS station. Within the „belt“ of regulation all facilities were designated (bridges, crossings, etc.) incl. all access roads to the bridges. As there is no records on underground installations, if any exist at all, thay could not be registered.
	Operational poligon from which survey was made is determined by the national grid.
Previously, on cadastral maps with elevations a proposal of regulation was made by determining coordinate points. So defined route on maps is transferred to the ground and then actual height of the terrain recorded which performed the basis for the future development of the main design.
1.1.2. Geotechnical and geomechanical background

Geotechnical and geomechanical background is processed in a separate study and perform an integral part of design and technical documentation.

1.1.3. Hydrological background

Analysis of the status of surface waters and water levels of River Drina
Determination of maximum water elevation in River Sapna riverbed from its confluence with the Drina River and upstream until it passes envisaged location of the alumina plant depends, inter alia, on maximum water level of the Drina River if these water levels affect the backwater in the River Sapna.
There are no gauges in the riverbed of River Drina, at the mouth of the River Sapna nor in the River Sapna riverbed, and therefore any direct observations of water levels in the areas concerned. Data for the said water levels were obtained by corresponding computational analyzes. The maximum water level of the Drina River at the mouth of River Sapna was obtained from the gauges located upstream and downstream of the mouth of the River Sapna. Upstream gauge station Zvornik is located at chainage 90 + 950 km, and the downstream gauge station Kozluk at chainage 74 + 000 km of the Drina River.
According to conducted computational analysis, which was published in the „Basic Design of Drina River“, 1961, maximum water level of the Drina River at the point of the mouth of the River Sapna is approximately 137.50 m.a.s.l. (approximate probability of occurence of 1/100).
2.	DESCRIPTION OF EXISTING STATE
River Sapna riverbed
	The riverbed of Sapna River, from the source to the mouth of the Drina River is rocky in parts gravelly and sandy, overgrown with grass and shrubs, without embankments. On some parts it is noted that a certain portion of the river course is located in depressions as compare with the surrounding ground.
	In winter and spring River Sapna receives a large quantity of water coming from the catchment area and gradients of the terrain are great in some parts of the upper course. On the part where rehabilitation and regulation is to take place the riverbed has mild drops and in this place is predominantly plain.
3.	MAXIMAL WATER LEVEL OF RIVER SAPNA
According to data from Water Master Plan of River Drina Catchment Area, River Sapna has catchment area of 104.30 km2, flow length of 25.0 km and catchment area perimeter of 64.0 km.
Repecting that there are no appropriately monitored hydrological data, max. Flow rate of 140,00 m3/s was obtained using empirical calculation methods with the probability of occurence of 1/100. These data are taken from earlier technical documentation for the regulation of part of the River Sapna produced by the company „Energoinvest“, Sarajevo.
Specific max. flow:
Q100 =   = 1,34 m3/sec/km2

Based on hydrological processing, the following specific runoffs for nearby catchment areras are obtained:
- Jadar Q100 =   = 0,408 m3/sec/km2
- Janja Q100 =   = 0,524 m3/sec/km2

Quoted data as well as the specific runoffs for some other smaller watercourses within the catchment area of River Drina were applied to a diagram q = f (F). It may be noted that the data for River Sapna fit relatively well in the curve of the catchment area of the lower Drina River in which gradients are not big.
Also, big water of tributaries of the Drina River were calculated; as concern Sapna River it is Qmax (100) = 125 m3/s (data taken from the Study of cleaning the River Drina riverbed on the location Tršić, produced by the company „Hydro-simp“ Ltd, Bijeljina.
Another way to determine maximal flow of the Sapna River is a synthetic unit hydrograph.
Runoff is represented by runoff synthetic unit hydrograph that is used to calculate quantity of water runoff from the observed catchment area. Determination of the occurences of big water was made for the return period T (yrs.): T = 2 years, T = 10 years, T = 50 years and T = 100 years.
From total (gross) precipitation that fell on the observed catchment area, part of the water is lost through the infiltration into the ground. The rest of rainfall is dicharged from observed catchment area through various channels (canal network) and enters the watercourse. The difference between predipitation (Pgross) and runoff water (Pnet) represents a loss from the standpoint of runoff; thus runoff is caused by effective (net) rains ie. the difference between Pgross - Pnet = losses.
According to SCS method, effective (net) precipitation Pe can be determined from the equation:

[image: ]

Whereby:
P – total (gross) precipitation,
Pe – effective (net) precipitation,
Fo – initial loss of precipitation prior beginning of surface runoff (happens if in the beginning of precipitation the infiltration intensity is bigger than precipitation intensity),
d – potential (maximal) deficit of soil moisture
Since Fo = 0,20 x d, the equation has the following shape:

[image: ]

The value of the soil potential moisture deficit (d) depends on the type of soil and is in correlation with the number of CN, ie.	

CN =  [image: ][image: ]   (inč)  →   d = ( [image: ][image: ] * 25,4 (mm)    

Calculating the value of gross precipitation is done using PTP diagrams obtained from the analysis of HMZ for the area of Tuzla, which is the closest location in relation to the observed area, and is calculated according to the equation:

Pb = 6,7 * T0,2 * tk0,32

Whereby:
T – return period of big waters
Tk – duration of precipitation
Below is given a synthetic unit hydrograph of runoff with its elements.
[image: jed dijagr]

		 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	 
	
	
	
	
	
	
	
	
	
	Synthetic unit hydrograph

	 
	 
	 
	 
	 
	 
	 
	 
	CATCHEMENT AREAS ELEMENTS
	 
	 
	 
	 

	 
	
	
	
	
	
	
	
	 
	 
	 
	 
	 
	 
	 
	 

	 
	
	
	
	
	
	
	
	Stream
	 
	 
	 
	 
	r. Sapna

	To = 1,864 x F(0,39) x J (-0,31)
	
	
	Catchement area (km2)
	
	 
	F  =
	138.17

	 
	
	
	
	
	
	
	
	The Longest flow path (m)
	L =
	36.13

	Tp = (Tk/ 2 + To) x (3/2 + K)
	
	
	Average slope (‰)
	 
	J =
	6.9

	 
	
	
	
	
	
	
	
	Catchement characteristcs (runoff))
	CN
	77




	



		K = Tr / Tp
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 

	Q = 0,56 x F x Pe (m3/s) / Tb
	
	
	
	
	
	F (km2)
	
	 

	d=(1000/CN-10)*25,4
	d=
	74.5
	
	
	
	
	
	
	P (mm)
	
	 

	fo=0,2*d
	
	
	
	f0=
	14.9
	
	
	
	
	
	
	Tb (sati)
	
	 

	 
	Time
	 
	 
	Gross rainfall  
	Neto rainfall
	 
	Flow
	 

	Tk
	To
	Tp
	K
	Tb
	 
	Pbr (mm)
	 
	 
	Pe (mm)
	 
	 
	Q (m3/s)
	 

	sat
	sat
	sat
	 
	sat
	1/10.
	1/20.
	1/50.
	1/100.
	1/10.
	1/20.
	1/50.
	1/100.
	1/10.
	1/20.
	1/50.
	1/100.

	4.5
	7.00
	9.3
	1
	18.5
	63.7
	73.2
	87.9
	101
	19.3
	25.6
	36.1
	46.1
	80.8
	106.9
	151.0
	192.9

	5.0
	7.00
	9.5
	1
	19.0
	65.9
	75.7
	90.9
	104
	20.7
	27.3
	38.4
	48.9
	84.3
	111.2
	156.3
	198.9

	5.5
	7.00
	9.8
	1
	19.5
	67.9
	78
	93.7
	108
	22.0
	28.9
	40.5
	51.4
	87.5
	114.9
	160.7
	204.1

	6.0
	7.00
	10.0
	1
	20.0
	69.8
	80.2
	96.4
	111
	23.3
	30.5
	42.5
	53.9
	90.2
	118.0
	164.6
	208.4

	6.5
	7.00
	10.3
	1
	20.5
	71.6
	82.3
	98.9
	114
	24.5
	32.0
	44.5
	56.2
	92.6
	120.8
	167.9
	212.1

	7.0
	7.00
	10.5
	1
	21.0
	73.4
	84.3
	101
	116
	25.7
	33.5
	46.3
	58.4
	94.7
	123.2
	170.7
	215.3

	7.5
	7.00
	10.8
	1
	21.5
	75
	86.2
	103
	119
	26.8
	34.8
	48.1
	60.6
	96.6
	125.4
	173.2
	218.0

	8.0
	7.00
	11.0
	1
	22.0
	76.6
	88
	106
	121
	27.9
	36.2
	49.8
	62.6
	98.2
	127.2
	175.3
	220.2

	8.5
	7.00
	11.3
	1
	22.5
	78.1
	89.7
	108
	124
	29.0
	37.5
	51.5
	64.6
	99.7
	128.8
	177.0
	222.2

	9.0
	7.00
	11.5
	1
	23.0
	79.5
	91.3
	110
	126
	30.0
	38.7
	53.1
	66.5
	100.9
	130.2
	178.6
	223.8

	9.5
	7.00
	11.8
	1
	23.5
	80.9
	92.9
	112
	128
	31.0
	39.9
	54.6
	68.4
	102.1
	131.4
	179.9
	225.1

	10.0
	7.00
	12.0
	1
	24.0
	82.2
	94.5
	113
	130
	32.0
	41.1
	56.1
	70.2
	103.1
	132.5
	181.0
	226.2

	10.5
	7.00
	12.3
	1
	24.5
	83.5
	96
	115
	132
	32.9
	42.2
	57.6
	71.9
	103.9
	133.4
	181.9
	227.0

	11.0
	7.00
	12.5
	1
	25.0
	84.8
	97.4
	117
	134
	33.8
	43.3
	59.0
	73.6
	104.7
	134.1
	182.6
	227.7

	11.5
	7.00
	12.8
	1
	25.5
	86
	98.8
	119
	136
	34.7
	44.4
	60.4
	75.2
	105.3
	134.8
	183.2
	228.3

	12.0
	7.00
	13.0
	1
	26.0
	87.2
	100
	120
	138
	35.6
	45.5
	61.7
	76.8
	105.9
	135.4
	183.7
	228.6

	12.5
	7.00
	13.3
	1
	26.5
	88.3
	101
	122
	140
	36.4
	46.5
	63.1
	78.4
	106.4
	135.8
	184.1
	228.9

	13.0
	7.00
	13.5
	1
	27.0
	89.4
	103
	123
	142
	37.3
	47.5
	64.3
	79.9
	106.8
	136.2
	184.3
	229.0





	13.5
	7.00
	13.8
	1
	27.5
	90.5
	104
	125
	143
	38.1
	48.5
	65.6
	81.4
	107.2
	136.5
	184.5
	229.0

	14.0
	7.00
	14.0
	1
	28.0
	91.6
	105
	126
	145
	38.9
	49.5
	66.8
	82.9
	107.5
	136.7
	184.6
	229.0

	14.5
	7.00
	14.3
	1
	28.5
	92.6
	106
	128
	147
	39.7
	50.4
	68.0
	84.3
	107.7
	136.9
	184.6
	228.8

	15.0
	7.00
	14.5
	1
	29.0
	93.6
	108
	129
	148
	40.5
	51.4
	69.2
	85.7
	107.9
	137.0
	184.6
	228.6

	Water intensities
	Period
	 
	1/10.
	1/20.
	1/50.
	1/100.

	
	Flow Q
	 
	 
	107.9
	137.0
	184.6
	229.0



Based on the above Hydraulic Analysis riverbed Sapna, will analyze the maximum flow of Q = 229 m3 / s, while the flow Q = 140m3 / s counted as a comparative flow.
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4.	DESIGN SOLUTION
4.1.	Regulated riverbed route

Regulated riverbed route is drawn on the layuout plan, the scale of R 1/1,000 and as we said at the beginning the most of the route is adapted to existing state on the ground with the exception of the route where the first shortening the bed was done. In this sense, the first shortening of the bed is planned from profile P11 to P16, second shortening from profile P20 to P24, a third shortening from profile P31 to P35, fourth shortening from profile P62 to P69, fifth shortening from profile P104 to P106 and sixth shortening from profile P114 to P117. The total length of the shortened part of the bed is 5,780.0-4,664.24 = 1,115.76m. Route of newly regulated bed was done in one part of the total length 4,664.24m, starting from stationary 0 + 000.00 km to 4 + 664.24km.
Parts processed in this design fit into the existing state of previously designed regulated riverbed. On the upstream side design has been incorporated into regulated riverbed on a “Karakaj - Cer“ bridge while the downstream regulated riverbed fits into River Drina riverbed. At the confluence point of the River Sapna into Drina River, the elevation of River Drina high water of Q1 / 100 is 137.50 m.a.s.l. To prevent the return of water from the River Drina on the right side of the River Sapna the embankment is designed from chainage 0 + 000.00 km to 1 + 118.20 km and on the left side of the Drina River from chainage 0 + 000.00 km to 0 + 244.14 km and connected to a railroad.
In this regulated part has been applied only one min. radius of R 53,00 m and is  = 2.52 (per arsine). The designer has chosen this solution to fit into existing riverbed and natural conditions in the field. Other radiuses meet the criteria that  = 3-7 (per arsine).
All elements of regulated riverbed route are provided on the layout plan. Data for the establishment of the route are given in the appendix and on geodetic background. Elements of surves are written down at a lyout plan scale R 1/1,000. Also, at the layout plan there are drawn all the elements of the riverbed as well as planned facilities.
The main task of this design was to determine the optimal route in terms minimal occupation of land taking into account the integration of existing facilities which cross over the canal and taking into account technical aspects of the regulated riverbed and increase the aesthetic value of that stream with its new route.

4.2. Longitudinal profiles

Observed section goes from the River Sapna mouth into the Drina River to the bridge “Karakaj – Cer” in the length of 5,780.00 m with the height difference of 16.99 m which gives drop of 2.94 ‰. Next regulated section, from bridge “Karakaj – Cer” and upstream produces a drop of 2.85 ‰. Since a shortening of the route of the regulated riverbed was made at certain profiles the total length of regulated riverbed of 4,664.24 m giving a drop of 3.64 ‰ . Taking into account that  regulated riverbed bottom as much as possible follows existing bottom on the route of regulation, the cascades are designed in total height of 0.5 m, a total of 5 cascades.
The designed cascades along the route of the regulated riverbed provided a continuous drop of 2.95 ‰, which was approximately equal to drop of of natural riverbeds (2.94 ‰) and upstream drop (2,85 ‰).
Cascades – stilling basins are made of mass concrete and stone whose dimensions and design is given in a separate apendix.
The following is shown in longitudinal profile of the River Sapna:
1) Line of designed bottom,
2) Line of designed bank,
3) Line of existing bottom along the axle of newly-designed route,
4) Lines of existing left and right banks,
5) Lines of floods,
6) Lines of embankments,
6) Chainages of bridges and facilities,
7) Riverbed properties.
Also, in the longitudinal profiles were descripted other elements necessary for execution of works, such as:
- fixation tresholds,
- cascades,
- inflow points of riparian waters.
On the line of designed banks the transition sections can be seen connecting the designed cross sections of different heights.

4.3. Cross-sections

As mentioned earlier, the choice of the cross-section was carried out on the basis of the observed riverbed profile at upstream section with the aim to better fit the subject section of the riverbed. A similar cross section is adopted downstream from the regulated riverbed that is designed by company “Energoinvest” Sarajevo and the same cross section was adopted upstream from the bridge “Cer – Karakaj” which was designed by the company “Instel” Ltd., Bijeljina.
The main design envisages four variants of the regulated riverbed implementation. On the whole section of 4,664.24 m are planned on both sides longitudinal lower and upper stabilization thresholds and transverse stabilization thresholds which would permanently stabilize the bottom of the riverbed. Gradients of upper slopes parts in cuts and embankments will be topsoiled and sown with grass.
Riverbed types:
1) RC bed - Type 1, of the following properties:
- Slope gradient 1: 2
- Bottom width 700 cm.
- Bottom inclination towards axle of cross-section of 5% with the aim of better discharge of sediments and possible washing out,
- The bottom is paved with crushed stone d50 = 400 mm, total height 40 cm with filling joints made of concrete up to 30% of the quantity of stone, the stone to be packed on layer of concrete bedding 5-10 cm thick,
- Channel lining is made of low reinforced concrete grade MB25, average thickness of 20 cm, with dilatation of concrete on each 3.0 m,
- Under low reinforced concrete there is compacted gravel layer of averaged thickness 10 cm.
- In the transverse direction are placed fixation RC thresholds of size 80 / 25 cm, and longitudinal stabilization RC thresholds in order to get bed fixed; bed size is 100 / 25 cm, structurally reinforced; on the slopes above the lining longitudinal stiffener beam is designed with dimensions of 20 / 40 cm,
- Under gravel there is the geotextile, the specific weight of 300 gr / m2 to prevent washouts below the canal lining,
- Slopes in cuts and embankments will be topsoiled and sown with the grass min. 300 gr. / m2

2) RC bed - Type 2, cascade of the following properties:
- Bed slope gradient 1: 2
- Bottom width of 1300 cm.
- Bottom inclination towards axle of cross-section of 2.5% with the aim of better discharge of sediments and possible washing out,
- The bottom is paved with crushed stone d50 = 600 mm, total height 60 cm with filling joints made of concrete up to 30% of the quantity of stone, 
- Channel lining is made of low reinforced concrete grade MB25, average thickness of 20 cm, with dilatation of concrete on each 3.0 m,
- Under low reinforced concrete there is compacted gravel layer of averaged thickness 10 cm.
- A stone wall is built of chrushed stone d50 = 400 mm, width from 70 to 40 cm, with filling joints made of concrete up to 30% of the quantity of stone, at the bottom of every 5 m to leave cross openings Ø 110mm,
- In the transverse direction are placed fixation RC thresholds of size 80 / 25 cm, 120/25 cm and 150/30 cm and longitudinal stabilization RC thresholds in order to get bed fixed; bed size is 80 / 25 cm, structurally reinforced; on the slopes above the lining longitudinal stiffener beam is designed with dimensions of 20 / 40 cm,
- Under gravel there is the geotextile, the specific weight of 300 gr / m2 to prevent washouts below the canal lining,
- Slopes in cuts and embankments will be resoiled and sown with the grass,

3) Bed lined with chrushed stone - Type 3, of the following properties:
- Bed slope gradient 1: 2
- Bottom width of 700 cm.
- Bottom inclination towards axle of cross-section of 5% with the aim of better discharge of sediments and possible washing out,
- The bottom is paved with crushed stone d50 = 400 mm, and covered with soil from excavation, 
- The canal lining is paved with crushed stone d50 = 250 mm, average thickness 25 cm with filling joints made of concrete up to 30% of the quantity of stone; stone is to be packed on layer of concrete bedding 5-10 cm thick, 
- Under low reinforced concrete there is compacted gravel layer 10 cm thick.
- In the transverse direction are placed fixation RC thresholds of size 80 / 25 cm and longitudinal stabilization RC thresholds in order to get bed fixed; bed size is 100 / 25 cm, structurally reinforced; on the slopes above the lining longitudinal stiffener beam is designed with dimensions of 20 / 40 cm,
- Under gravel there is the geotextile, the specific weight of 300 gr / m2 to prevent washouts below the canal lining,
- Upper slopes gradient above stiffener beam in cuts and embankments will be topsoiled and sown with the grass,

4) Embankment lined with chrushed stone - Type 4, of the following properties:
- Embankment slope gradient 1: 2
- Embankment crest width 150 cm
- The embankment lining is paved with crushed stone d50 = 300 mm, average thickness 30 cm with filling joints made of cement mortar; all joints to be closed with cement mortar according to description within bill of qtts., 
- Under low reinforced concrete there is compacted gravel layer 10 cm thick.
- In the transverse direction is designed stabilization stone treshold with the aim to fix slope, size 140 / 60 cm, 
- Under gravel there is the geotextile, the specific weight of 300 gr / m2 to prevent washouts below the canal lining,
- At each 2m of embankment height, at "dry" embankment side the horizontal berm is made, width 20-30cm
IMPORTANT NOTE: EMBANKMENT OF CLAY IS BASIC TYPE OF EMBANKMENT THAT IS APPLIED ALWAYS WHERE AND WHEN THE CONDITIONS EXIST FOR MAKING SUCH TYPE OF EMBANKMENT because it requires a minimum volume work on maintenance of bank rivetments.
- Embankment lining on the wetted part is of the double structurally reinforced gunite grade  MB 29 MPa, the average thickness of 10-12cm with filling of joints with "water-stop" rubber bands.
- Under low reinforced gunite lining there is layer of compacted filter mixture – sand/gravel  50/50%, 10 cm thick.
- In the transverse direction is designed stabilization stone treshold with the aim to fix slope, size 100 / 60 cm, in which the reinforcement from slope gunite lining is inserted,
- Under the sand/gravel there is the geotextile, the specific weight of 300 gr / m2 to prevent washouts below the canal lining,
- On both slopes, beneath the geotextile, there is cascaded clay lining built in layers of 30cm, as protection from washing of the embankment gravel,
- Inner "dry" slope is also cascade lined with a layer of clay d = 30cm, topsoiled and sown with the grass,
- on the bottom of the embankment, as a basis after removing the humus, a layer of clay 30cm thick is first placed.
At the site of bridges “Zvornik – Bijeljina” and “Ulice – Karakaj” riverbed is upstream and downstream lined with reinforced concrete, Type 1, in the length of 30.0m. At the place of cascades riverbed is upstream and downstream lined with reinforced concrete Type 2 in the length of 10 + 30 m. In other parts the regulated bed is lined as TYPE 3 while the embankment along the Drina River is line as TYPE 4.

4.4. Facilities on the route

The facilities on the route, with their description, apply to all four types of bed - Type 1, Type 2, Type 3 and Type 4.
1. The transition from a regulated to a natural bed of the River Drina.
On the transition part of regulated River Sapna riverbed it is required only to direct big water downstream in the direction of flow of the River Drina; in this part it is required to protect  bottom and the slopes of natural riverbed from colapsing. Natural riverbed and embankment are provided with stone lining and slopes are to be additionally filled with mortar. Transition riverbed at the mouth of the River Sapna and embankment beside the River Drina are lined as TYPE 3 and TYPE 4.
2. Cascades in regulated riverbed
Because big difference in height that is obtained by shortening the riverbed it is required to construct in the route of regulated riverbed 5 cascades with the threshold height of p = 0.5 m. Given the features of the riverbed the stilling pool is designed, size 13x27 m. It is necessary upstream and downstream from the treshold to protect the bed from big waters. Drawings with the necessary details are attached in the design.
3. Longitudinal and transverse fixation tresholds
Transverse and longitudinal fixation thresholds are to be made along the entire length of regulated riverbed for all three types of riverbeds. The distance between threshold is determined by hydraulic calculation and by the distribution in the layout plan and in the longitudinal profile. At a distance of about 200-300 m from both sides it is to provide stairs for going down into the riverbed.
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Tr —vrijeme opadanja (retardacyje) hidrograma direktnog oticanja,

Tb — vremenska baza trajanja hidrograma direkinog oticanja,

Tk — ukupno trajanje efektivne kise,

tp — viyjeme "zakasnjenja sliva" t] viyjeme od tezista hijetograma efektivne kise do vremena
pojave Qmax.

K =Tr/ Tp - broj K prestavlja parametar oblika trougla.

T'p= 5 :-K(E-I_ Ta)

2 te je:
v 3(K + 1) Tk
Th={K +DTp= ———(—+To) ) . —
Z+K \2 - relacija predstavlja zavisnost trajanja kase Tk,

vremena zakasnjenja sliva (oticanja) To 1 parametra K (oblik hidrograma) a svi ovi elementi
ustvari zavise od fizckah karakteristika sliva.

Za odredivanje To koristi se relacija:

To= 1,864 + F?,39 03!
F — povisina razmatranog sliva
I —pad sliva

Za odredivanje Quax koristi se relacyja:
0,56 « F = Pe
Th
F — povisina razmatranog sliva
Pe —neto padavine
Tb — vremenska baza trajanja hidrograma direktnog oticanja

(Qmax =
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