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Abstract:  High water levels in the conditions of extreme events are a characteristic phase of the river runoff in the order of several hours 

passing huge volumes of water. The drainage is characterized by turbulent state, significant velocities and depths, which change rapidly and 

cause pronounced uneven and unsteady process. Water quantities may exceed a few hundred times their annual average, causing large spills 

in river valleys, and the deep depth and dragging force of the stream are a natural disaster causing huge damage with the possibility of 

human casualties. 
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1.Introduction 

 

Discharge is the volume of water moving down a stream or river per 

unit of time, commonly expressed in cubic feet per second or 

gallons per day. In general, river discharge is computed by 

multiplying the area of water in a channel cross section by the 

average velocity of the water in that cross section. 

 

Fig.1. Determining the discharge of water in the river or open 

channel; 

Determining the discharge of water in the open river or open 

channel , comparison of modern innovative hydrometric methods. 

Method for calculation; 

(1)𝐴 = 𝐻 ∗  ℎ 

A-area of the cross section of each vertical; H-Depth; 

  h-weight of each vertical; 

(2)𝑄 = 𝐴 ∗  𝑉 

Q-amount of water for 1 second; A-area of the cross section of each 

vertical; V- main speed in each verticals; 

 

2.Precounditions and means for resolving the 

problem  

 

The problem is that in flood conditions the water quantity can’t be 

measured due to high speeds, an innovative method must be sought. 

The universal hydrometric propellers shown in Figure2 are 

currently used. These hydrometric propellers have rotating axle 

elements, fins, bearings that can be damaged by a stone block and 

huge trees.[1],[2] 

 

 

 

 

 

 

 

Fig2. Horizontal-shaft propeller-type current meter; 

A current meter is a device with a rotor which revolves at a speed 

which is a function of the local velocity of flow. By placing the 

current meter at a point in the stream and recording the number of 

revolutions over a known period of time, the velocity at that point 

can be determined from the revolution-velocity rating of the current 

meter. The number of revolutions of the rotor is obtained by an 

electrical circuit through a contact which completes the circuit at a 

selected number of revolutions. The electrical impulse produces an 

audible signal in a buzzer or is registered on an electrical counter. 

The time is determined by a stop watch or by a timer built into the 

counting instrument. There are two common types of current 

meters, the cup-type and the propeller-type .We use propeller-type 

current meter consists of a propeller revolving about a horizontal 

shaft, two bearings in an oil chamber, the current-meter body 

containing the electrical contact, tail-piece with-vane, and means of 

attaching the instrument to the suspension equipment. The current 

meter may be provided with one or several propellers which differ 

in pitch and diameter.[3] 

2.1 Experimental stand 

 

An experimental stand for the measurement of surface speeds of 

rivers and canals was carried out under conditions of high water 

levels at station HMS №23850, near Karanci with a water level of 

382cm. The experiment is performed in parallel with 50 kg of 

hydrophobic torpedo and a hydrometric propeller with a propeller 

diameter of 80 mm. The aim is to compare the results obtained from 

different types of devices, as well as to know if the amount of water 

at surface speeds and depths. We will use device for Surface Speed 

and dept. Devices is install on the top of the bridge, measure speed 

surface, depth, in each verticals. 
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2.2. Figure of the experimental set of the bridge 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Station HMS №23850, river Qntra-karanci , experimental set 

of the bridge; 

The experimental setup shows that the devices measure in the same 

position as recorded in the Hydrometer literature. This crane lab is 

used to measure high levels, but it can’t be used anywhere because 

of infrastructure problems. We usually use it to measure from road 

bridges. Measurement data is recorded in a book, then processed 

according to established standards, and also based on measured, 

velocity and depth, the water quantity is calculated. 

2.3 RQ-30 Radar device 

The RP-30 Radar Profiler, a mobile measurement system, is used to 

measure the surface velocity profile of rivers and canals. To achieve 

maximum mobility we offer different mobile mounting devices that 

will suit any situation. The measurement data are transferred in real 

time to a laptop by an integrated Bluetooth transmitter in the RP-30. 

The results can be viewed immediately on the computer screen 

during the measurement.[4] 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Install mobile device on the  bridge near to Rilski manastir, 

river Rilska, station number 51450  

After measuring the velocity and depth in each vertical, the water 

quantity is calculated by means of software, this quantity is an 

important indicator as well as for farmers, so it is extremely 

important for forecasting large floods and for the economy in these 

regions 

 

 

 

3. Experimental data from the conducted 

measurement 

 

Station HMS №23850, river Qntra-Karanci.  

Geography Karantsi 

The village of Karantsi is 4.6 km northeast of the town of Polski 

Trambesh, to the left of the third-class road to the village of 

Orlovets (6.8 km). Car travel to the municipal center is about 6 

minutes. It is located on the east bank of the Yantra River 

 

Table 1. Station HMS №23850, river Qntra-Karanci 

The measurement data are presented in The measurement was 

carried with a hydrometric propeller and a torpedo of 50 kg. A 

subsequent measurement with the RQ-30 radar system was carried 

out. 

 

Vertical 

№ 
Distance Depth Area 

Velocity 

(average) Discharge 

- m m м2  м/s м3/s 

Start 

point  0 0 
0 0 

 

2 4 0.42 1.68 0 0 

3 8 0.52 2.08 0.246 0.511 

4 12 0.97 3.88 0 0 

5 16 1.55 6.22 0.538 1.732 

6 20 1.80 7.20 0.479 3.448 

7 24 2.50 10 0.468 4.680 

8 28 2.70 10.8 1.156 12.480 

9 32 2.90 11.6 1.447 16.785 

10 36 3.67 14.68 1.664 24.427 

11 40 3.65 14.60 1.706 24.901 

12 44 4.08 16.32 1.495 24.398 

13 48 5.00 20.00 1.385 27.713 

14 52 5.55 22.20 1.521 33.781 

15 56 4.94 19.76 1.558 30.779 

16 60 4.28 17.12 1.696 29.035 

17 64 4.70 18.80 1.328 24.966 

18 68 4.42 17.68 1.043 18.440 

19 72 3.67 14.68 0.899 13.207 

20 76 2.60 10.40 0.440 4.579 

21 80 1.0 4.0 0.157 0.630 

End 

point 
83 0 0 0 0 

     

Total:Q 

296.492  
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Fig.5 Measurement with Doppler radar RQ-30 

Fig.5 Preview of the measured values of the River Qntra -Karanci , 

speed profile, and river bed profile. The software allows you to 

exclude some verticals. Corrective parameters are set depending on 

the river bottom, large- size  stones, sandy bottom, medium-sized 

stones. 

3.1.Profil measurement(velocity of flow)-Qntra -Karanci 

 

Fig.6 Velocity of flow of the river in each vertical. 

The value of the river width is plotted horizontally, and the value of 

the speed flow. There are theories that make a connection between 

the speed profile and the deep river profile. The higher the depth in 

the section, the faster it is. In some cases this may be true and 

wrong. The figure in Figure 5 shows this dependence, in this river. 

It is very important to note that in the high water the vertical 

velocity profile is variable. In this case, the depth profile and the 

speed profile are complementary (they are respectively inverted) 

mirror to each other. surface velocity is greater, and there are a 

number of measurements that have adopted the following 

dependencies for correlation parameters. At a depth above 0.45, 

consider the following speeds to determine the mean vertical 

velocity: Surface speed, velocity with factor 0.2 (depth), 0.6 

(depth), 0.8 (depth). and speed down.[4] These coefficients are used 

when measuring with a torpedo-type universal current meter . In our 

measurement, the radar automatically uses these parameters and 

determines what coefficient to set. The coefficient ranges from the 

recommended K factor is (0.70 to 0.90) In our measurement, the 

radar automatically uses these parameters and determines what 

coefficient to set. The coefficient varies in recommended values. K 

factor (0.70 to 0.90) influences also the geometric shape. Example 

if there is a corrected bottom or irrigation channel. 

Determination of the main velocity 

 

 

Fig.7 Cross section profile Qntra -Karanci 

 

3.2 Cross section profile 

The prediction for the determination of the discharges is the cross 

sections profile. Either the cross section is known due to 

topographical survey or it has to be determined in advance. This can 

be performed with staging in different verticals or by measurements 

with an ADCP boat. Before the measurement the cross sections is 

divided into different sectors. The individual sectors are defined by 

positions where the measurement of the surface velocity is 

performed.Fig.7 Cross section profile on the horizontal is the length 

of the river, and the vertical is the depth of the river. 

 

3.3Discharge Calculation 

The discharge is determined for every sector individually 

(3)𝑄𝑖 = 𝐴𝑖 ∗ 𝑣 𝑚𝑒𝑎𝑛 . 𝑖 

Qi- discharge of sector i[𝑚3/𝑠] 

Ai cross section area of the sector i[m2] 

V𝑚𝑖- mean flow velocity of sector i[𝑚 𝑠2]  

3.4K factor 

In the sector the flow velocity at the water surface is measured .This 

velocity is not the mean velocity. Therefore a correction  factor has 

to be implemented to calculate the main velocity from the surface 

velocity. 

(4)𝑣𝑚 = 𝑘 ∗ 𝑣𝑖  

k-k- factor ,dimensionless correction factor 

Vm- mean flow velocity[m/s] 

Vi –local flow velocity at the water surface[m/s] 

3.5.Calculation 

The calculation of the partial discharge with a k –factor is 

determined from equation (3) 

(5)𝑄𝑖 = 𝐴𝑖 ∗ 𝑘𝑖∗𝑉𝑖  

Qi- discharge of sector i[m^3/s] 

Ki-k-factor of sectors I; 

Vi-local velocity at the water surface of sector i[m/𝑠2] 

3.6.Total discharge is the sum of the partial discharges of the 

individual sectors. 

(6)𝑄 =  𝑄𝑖 

Qi – discharge [m^3/s] 

Qi – discharge of the individuals i sectors [m^3/s] 

4.Experimental data from the conducted 

measurement 

 

Measurement was made on the Rilska River HMS№51450 

Data:09/03/2018  at the Rila Monastery, while the river was at low 

water level at that time, the purpose of the measurement is to 

compare it at low levels, according to the measurement with a 

universal hydrometric propeller 
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Fig.8 Cross section profile the river Rilska  

The figure shows that the measured amount of water is 4.344 cubic 

meters, and the measured by a universal hydrometric propeller is 

4.318 cubic meters. There is little difference in the measured values, 

but this is due to the different measurement methods. 

 

Table2. Station HMS№51450 the Rilska River.Measurement with 

universal current meter.[4] 

5.Conclusion 

 

Modeling of the k-factor  is a dimensionless correction factor to 

calculate the mean velocity from the measured surface velocity. 

Usually the k –factor is in the range of 70 to 90  but can deviate 

strongly due to geometrical influences. The main velocity is 

determined theoretically using the formula by Darcy –Weisbach.In 

that  case of field measurements, they are  very good results and the 

system can be used as a measuring device for large quantities of 

river (floods). The system allows the input  of parameters of stones 

or large rock fragments as it generates its correction coefficients. 
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Vertical 

№ 
Distance Depth Area 

Velocity 

(average) Discharge 

- m m м2  м/s м3/s 

Start 

point 
0 0 0 0 0 

1 4.5 0.24 1.08 0.193 0.208 

2 5 0.26 0.13 0.458 0.059 

3 6 0.23 0.23 0.286 0.065 

4 7 0.30 0.30 0.548 0.164 

5 8 0.34 0.34 0.807 0.274 

6 9 0.38 0.38 0.397 0.150 

7 10 0.40 0.40 1.296 0.518 

8 11 0.62 0.62 1.544 0.957 

9 12 0.60 0.60 1.485 0.890 

10 13 0.62 0.62 1.553 0.962 

11 14 0.64 0.64 1.578 1.009 

End 

point 
15 0.70 0.70 0.852 0.596 

     

Total:Q  

4.318 
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