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Abstract:
Aiming at securing the local people of village Nakra in Mestia region (Georgia)
against floods and mudflows, the work considers the results of the field and
theoretical studies carried out in the water catch basin of Laknashera River, the right
tributary of Nakra River. The principal geological, hydrological and hydraulic
characteristics of Laknashera River catch basin, as well as GIS and GPS technologies,
were used to identify the sensitive sites of the river where landslide processes of
various intensities are expected to originate. Mathematical modeling and software
Volna-4 were used to identify the relation between the principal hydraulic and
hydrological properties of the flood and mudflow wave formed in case a 20-meterhigh natural coffer soli-stone barrier in the riverbed is disrupted and the time and
geometry of the flooded area on the example of Laknashera River. At the following
stage, the obtained data can be used to realize preventive and complex engineering
environmental measures to ensure the safety of the population of village Nakra
against natural calamities. Such measures, together with other environmental
protection measures, shall describe the regulation of the transit portion of both, the
talus train and bed of Laknashera River by constructing the cascades of reliable
springboard-type structures.
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1. Introduction
Scientists’ observations made on climate clearly showed that temperature increase
observed on our planet is instigating intensive melting of snow cover and glaciers that
in its turn represents one of the major components of formation of floods, freshets and
debris flows[1,2];
Apart from erosive processes river-bed crossing by the landslide body on the
mountain slope in the catchment area of the river and a breach of the natural barrier
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formed by the water mass accumulated in the headrace of the river bed play a
significant role in formation of debris flows [3,4,5,6].
Based on the analysis of the monitoring surveys conducted in September-November,
2016 on the sensitive areas observed in the catchment areas of the right tributaries –
Laknashera and Lekverari rivers – of the Nakra river it can be concluded that in the
case of formation of surface landslides taking into account climatic factors and
engineering-geological conditions, the beds of the Laknashera and Lekverari rivers
can be blocked up by ground of 20 m height while in the case of formation of tectonic
and seismogenic type landslides the river beds can be blocked up by a natural solistone barrier of 20 m height.

2. Methodology for Estimating the Losses in the Case of An Accident
at the Soil-Stone Barriers
2.1 Materials and Methods
The main striking factors of catastrophic flooding are: breakthrough wave (height of
the wave, rate of movement) and the duration of flooding. The breakthrough wave is
one formed at the front of the water rushing through the breach. It has a considerable
height of crest and rate of movement, possessing a great destructive force and energy.
From the hydraulic point of view, a breach wave is a moving wave which, unlike
wind waves rising on the surfaces of large reservoirs, has the capacity to transport in
the direction of its movement large masses of water. Therefore, a breach wave should
be considered as a definite mass of water moving downstream the river and
continuously changing its form, dimensions and rate. A longitudinal section of such
wave is schematically shown in Fig. 1.
The breach wave is the principal striking factor at the destruction of a hydraulicengineering structure; hence in order to determine the engineering situation it is
necessary to define its parameters: the height of the wave (Hw), depth of the stream
(H), rate of movement and the time of arrival at various characteristic points of the
wave (front, crest, tail), to the calculation sites lying downstream the hydraulicengineering scheme (Vf, Vcr, Vt and Tf, Tcr, Tt), as well as the duration of the passage
of the wave through the indicated sites (T), equal to the sum of time of rise of levels
(Tr) and time of fall (Tfl) or the difference between (Tt and Tcr),[6,7,8,9].

Figure 1. Diagrammatic longitudinal section of a breach wave.
H – ordinary level of water in the river; h – height of wave; Hw – height of stream
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The following are the initial data necessary for calculations of the parameters of the
breach wave:
The capacity of the reservoir [3, 7]
WR 

H R SR
3

Million m3 (1)

where HR – is the depth of the reservoir at the barrier, m; SR – is the area of the
surface of the reservoir (are of flowage), m2; BW – is the width of the reservoir in
front of the barrier, m;
Slope of the river bottom [7]
i

Bw hG2
(2)
WR M (M  1)

where WR – is the volume of the reservoir; h G – is the depth of the river downstream
the barrier; М – is the parameter describing the form of river cross-section, assumed
according to Fig. 2; BW – average width of the river at the height h G ; h – coefficient of
river roughness.

Figure 2. Form of the cross-section of the river-bed

Scientific observation of the world climate has shown that rise of temperature is
noticeable on our planet, facilitating intensive melting of glaciers, which in turn is one
of principal causes of the formation of floods, freshets and mudflows.
In the modern world a frame treaty based on risk analysis is given special attention
by scientist for the analysis of various types of hazard [5,6,10,13], for by this method
not only the expected risk is assessed but it becomes possible to plan measures for
averting or mitigating the expected catastrophe.
With account of all these factors, loads are gradually increasing on watermanagement facilities, including obsolescent dams. Account should also be taken of
the studies commenced in 1969 by Acad. Tsotne Mirtskhoulava [11] that are
legated to the so-called “aging” of soli-stone barriers, which reduces the reliable work
of barriers and raises the probability of the risk of their collapse.
With a view to predicting the catastrophe of the barrier, the algorithm of the
"Volna-4" program was re-worked, allowing calculating the rate of the wave in case
of collapse, the distance run and, most importantly, the geometrical dimensions of the
inundated territory, with account of the time factor [5,7,10,16].
The initial data were divided into two parts: first – constant values, and second –
variables. Those parameters are taken into consideration in constant values that do not
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depend on any condition; as to variable values, they depend on the degree of the
destruction of the barrier, flood, and so on.
The width of the river is taken from a topographical map. As to the number of
points, they should not exceed 3 points on one side of the river axis (in all 6 points on
both sides).
To determine the area of the flooded territory the number of sections from the
barrier should not exceed 8 sections, the distance between which should be given on
the topographical map in advance.
The rate of wave (V) at flooding in the tailrace of the structure is calculated by the
following formula [5,6,14,15]:
V  V 0(H 1 / H 0 )2 / 3 (3)
where V0 – is the rate of water in the river in the tail race of the structure
(m/sec); H0 – is the height of water in the river in the tail race of the barrier (m); H1 is the height of water in the river at the time of flooding (m).
The degree of destruction
following dependence [14]:

of

the

dam

(EP)

is

determined

by

the

E p  Fw / F0 (4)
where Fw – is the area of the collapse of the bank (m2); F0 – is the area of the
surface (m2); in our ase EP = 0.75.
In addition to the above, considered in the algorithm are: the height (m) of river
bank, the number of section along length of the river, the distance between the
sections (km), width of the river bed (m), the rate of the water stream in the river bed
(m/sec); the width of bed of the river (m), the value of the river bed marks (m) etc.

3. Order of calculations of the parameters of the breach wave
Determination of the height of the parameter [8],
H BI  0.6H  hG

(5)

where H – is the depth of the reservoir at the dam, (m); h G – is the river depth
downstream the dam, (m).
Determination of the time passage of the breach wave through the site of the
destroyed dam (time of complete emptying of the reservoir), [14]
T1 

WR A
3600Bi H H

(Hour) (6)

Where WR – is the reservoir capacity; A – is the coefficient of the reservoir
curvature; for proximate calculation it is assumed to equal 2; μ – is the parameter
characterizing the shape of the river-bed; В i – is the width of breach, m; H – is the
depth of the reservoir in front of the hydroelectric scheme.
Determination of the time of arrival of the breach wave to the 1st site [6,8,9]
t1 
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where L1 – is the length of the 1st river section (km); V1 – is the rate of movement
of the breach wave at the 1st section (km/h).
Determination of the arrived of the breach wave at the 2nd and site
t2 

L2
 t1 (h) (8)
V2

where L2 – is the length of the 2nd section, km (i.e. from the 1st to the 2nd
site); V2 – is the rate of movement of the breach wave at the 2nd section, km/h.
To obtain the parameters of the breach wave at the subsequent sites, an analogous
method is used.
According to the results obtained of the breach wave at all sites, a graph of
movement of the breach wave is built.

4. Mathematical Modeling of Flood and Debris Flow Waves in the
Case of A Breachof 20 M High Soil-Stone Barriers of the
Laknashera River Bed
By using the methodology provided above we will consider the case of crossing the
river bed by the landslide formed in the bed of the Laknashera River while the height
of the natural soil-stone barrier does not exceed 20 m.

Figure 3. Calculation sections determined in the bed of the Laknashera River
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With the aim of predicting a disaster in the bed of the Laknashera River, the number
of sections on the Laknashera and Nakra rivers up to the confluence of the
Enguri River makes up 8 points (Fig. 3).
On the Laknashera river sections from the natural barrier were taken in the
following sequence: in the bed of the Laknashera river at the site of formation of the
barrier – one section, while out of 7 sections taken in the bed of the Nakra river
3,4,5,6 sections were taken in the village of Nakra, 2 sections before the village of
Nakra and as to 7 and 8 sections they were taken after the village of Nakra – at the
confluence of the Nakra and Enguri rivers. 1 - calculation section - 0,10 (km); 2 calculation section - 1, 96 (km); 3 - calculation section - 4,49 (km); 4 - calculation
section - 4,98 (km); 5 - calculation section - 5,70 (km); 6 - calculation section - 6,31
(km); 7 - calculation section - 7,63 (km); 8 - calculation section - 9,58 (km);
Initial values and geodesic features of calculation sections of the river are provided
according to Table 1 and Table 2.
Table 1. Work report on the breach of the 20 m high soil-stone barrier in the bed of the
Laknashera river (Time: 11:28:.2016, 10:51:17)
#
1
2
3
4
5
6
7
8
9
10
11
12

Initial values
Amount of flooded water in the headrace of the
soil-stone barrier
Depth of water by the soil-stone barrier
Area of mirror surface
Width of the barrier
Depth of the river in the tailrace of the barrier
Width of the river in the tailrace of the barrier
Velocity of river water in the tailrace of the barrier
Depth of water at the moment of barrier
destruction
Degree of barrier breach
Maximum level of water flooding
Height of the bank collapse of the river bed
Number of cross sections in the river bed

Dimension unit

Amount

mln m3

0,098

m
mln m 2
m
m
m
m/sec

20
0,007
97
1,0
6,0
1,0

m

20,0

m
m
unit

1,0
1795
1775
8

Table 2. Computational parameters of the wave
Parameters of Dim. Sec
Dam breach
unit. #0
Distance
of
section
from km
0
barriers
Maximum water
flow discharge in m3/ sec 1,67
the section
Time:
Of lowering of
min
0,00
wave front
Of lowering of
min
0,00
wave
Of lowering of
min
0,21
wave tail
Of flooding
min
0,21
Maximum rate
m/sec 7,81
of stream
Height of wave m
11,0
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Sec
#1

Sec
#2

Sec
#3

Sec
#4

Sec
#5

Sec
#6

Sec
#7

Sec.
#8

0,10

1,96

4,49

4,98

5,70

6,31

7,63

9,58

3,32

0,22

0,11

0,10

0,09

0,08

0,07

0,06

0,33

6,45

19,05 21,52 25,20 29,20 38,68 48,31

0,21

8,12

22,65 25,55 30,02 33,32 43,42 61,26

1,33

21,99 52,11 57,94 66,52 73,78 90,70 117,8

0,99

15,54 33,06 36,43 41,31 44,58 52,02 69,48

7,94

4,34

4,21

4,31

3,46

2,11

4,17

4,00

11,23 2,94

2,21

2,21

1,49

0,68

1,71

1,41
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Maximum
depth
of m
12,0
flooding
Maximum level
m
1788
of flooding
Maximum width of flooding
On the left bank
m
30,18
of the river
On the right
bank of
the m
30,18
river

12,23 3,94

3,21

3,21

2,49

1,68

2,71

2,41

1786,2 1376,9 1213,2 1183,0 1141,9 1110,2 1037,2 893,1

47,23 13,89 9,66

8,64

27,72 24,94 20,35 9,08

7,86

24,14 13,18 10,34

21,87 30,63 10,86 14,65

As to the geometrical dimensions of the flooded area from the river axis to the right
and to the left in the case of a breach of the 20 m high barrier in the bed of the
Laknashera River, are as follows (see Fig. 4 – Fig.12):

Figure 4. Initial section

Figure 5. Calculation section - 1

Figure 6. Calculation section - 2
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Figure 7. Calculation section - 3

Figure 8. Calculation section - 4

Figure 9. Calculation section - 5

Figure 10. Calculation section - 6
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Figure 11. Calculation section - 7

Figure 12. Calculation section - 8

Figure 13. Flooded area of the village of Nakra in the case of a breach of 20 m high soilstone barrier in the bed of the Laknashera River
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Figure 13. Demonstrate the sediment cone of the flooded river and the plan of the
territory of the village of Nakra in the case of a breach of the 20 m soil-stone barriers
in the bed of the Laknashera River.
According to the calculation, in case of a 20 m height soil-stone barrier located in
the Lakshana River, the volume of water in the artificial reservoir is equal to 98000
m3, and in the case of the destruction of soil barrier, the flood waves will reach the
village during 23 minutes. The rural area is flooded with a width of 30,0 meters and
depth of flooding - 3.21 m and the wave velocity is equal (at the village entrance) 4,21 m/s.
The obtained results were compared to the methodology incl. numerical simulation
of hydrodynamics using MIKE21 software; data collection and analysis where
conducted by means of surface laser scanning (LIDAR) data and GIS technology
[12,16].
Mentioned above comparison demonstrates that the difference between our
calculations and the results obtained by MIKE21 [12] varies between 25-30%, which
can be considered as a satisfactory results for hydrological and hydraulic calculations
[16].

5. Conclusions
A review of methods for the analysis of hazards of various types is provided on the
basis of available scientific literature sources. Special note should be taken of the
analysis of the statistical data of the catastrophes of soil-stone Barriers (dams) that
have occurred in the world, which allows prediction of the risk of possible
catastrophes at obsolescent soil-stone Barriers (dams) in Georgia.
Taking into account the destruction coefficient (Ep = 0.75) of the village of Nakra
in the case of a breach of 20 m high soli-stone barrier in the bed of the Laknashera
river, the geometrical dimensions of territories flooded in the beds of
the Laknashera and Nakrarivers and adjoining area, the main dynamic, topographical
and hydrological characteristics are determined, with account of the time factor.
Implementation in practice of the results obtained - enables effective forecasting
and preliminary warning to the population Nakra Village (Georgia) at risk, which will
considerably reduce casualties among the population in a possible future accident.
Also, it would help to perform risk analysis and management studies.
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