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Abstract

Georgia is one of the most vulnerable countries to natural disasters within South
Caucasus Region. In recent years, the disaster risk has increased due to faulty land-
using. Outstanding building codes lead to inadequate building construction. There is
a lack of real data on natural disasters and the impact of mudflows, floods, debris
flows etc. on land-use planning and prompt actions after above mentioned catastro-
phes. Therefore, it is important task to carry out assessments of critical structures
sensitive to natural threats such as dams and reservoirs. In order to be able to im-
prove the resistance of hydraulic engineering structures it is necessary to utilize a
formal risk analysis framework, such as the Critical Asset and Portfolio Risk Analy-
sis (CAPRA) method. The scientific article examined the creation of a framework
for the condition of the earth dam and risk management using the analysis of the crit-
ical state and the risk portfolio, which was developed by Professor Billal Ayyub who
represents Maryland University in USA, to examine human-caused threats, such as
terrorism events, and natural hazards, such as flooding due to dam failures, with fo-
cus on potential failure modes due to deterioration. For this purpose, based on the
field and theoretical studies, the regulation of hydrological (floods, debris-flows,
snow avalanches), geological (erosion, mudflows), and seismic (earthquake), as well
as those natural disasters formed in the water area of Zhinvali Reservoir, which de-
termines the stability and reliability of the Zhinvali Earth Dam, is estimated using
existing statistical data and theory of reliability and risk. Special attention is paid to
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the safety of the population living in the risk zone, as well as the development and
evaluation of methods and principles of the impact of expected disasters.

Keywords: Zhinvali Earth Dam, risk, reliability, stability, safety, CAPRA.

OLIEHKA PUCKOB ITPOPBIBA )KUHBAJIMACKOM VIOTUHBI
C YYETOM METOJA «CAPRA»
I. B. I'agapoaweunu, 3. I'. Kyxanaweunu, T. I. Cynamawieunu,

U. P. Hpemaweunu, U. A. Kynapaweunu, K. I'. b3uaea, I'. T. Hampowieunu

AHHOTALUA

['py3us siBasieTcs OHOW U3 HaMOOoJIee YA3BUMBIX K CTUXUMHBIM O€ACTBUSIM CTPaH
IOxnoro Kapkaza. B mocnemnue roapl puck OEACTBUN YBEIWYWIICS W3-3a HETpa-
BHJIBHOTO 3€MJICMIOIb30BaHUs. Y CTapeBIINE CTPOUTEIIbHBIE HOPMBI U MpaBUia MpHU-
BOJIAT K HEHAJIJIEKAIIEMY CTPOUTENLCTBY. OTCYTCTBYIOT peajbHbIE JaHHBIE O BIMS-
HUW CTUXHWHBIX OCICTBHSIX, TAKUX KaK OIOJ3HW, HABOJHCHWS, CEJIEBBIC TIOTOKH U
T.J. HA TJIAHUPOBAHUE 3EMJICTIONB30BAHUS U ONEPATUBHBIX ACHCTBUSIX MOCIE BbIIIE-
yIOMSIHYThIX KatacTtpod. CiienoBaTenbHO, BaXKHOW 3ajadyeil sSBISETCS MPOBEICHUE
OIICHKH KPUTHUYECKHX COOPYKEHU, UYYBCTBUTEIBHBIX K IPUPOJHBIM YIrpo3aM, TAKUX
KaK IUIOTMHBI U BOJIOXPAHWININA. B Henax yiny4dieHus YCTOMYMBOCTU THAPOTEXHU-
YECKUX COOPYKEHHI, HE0OOXOJAMMO HCMOJIB30BaTh TaKyl0 (HOPMAIBHYIO CTPYKTYPY
aHaJM3a PUCKOB, KaK METOJl aHalIM3a KPUTHYECKUX aKTUBOB M MOPTQENsl PUCKOB
(CAPRA). B nayuyHo#l cTaTbe pacCMOTPEHO CO3/IaHWE OCHOBBI JJISI OLIEHKH COCTOS-
HUSI 36MJISTHOM TJTIOTUHBI U YIPABJICHUS PUCKAMH C MCIIOJIb30BAHUEM aHAJIN3a KPUTH-
YECKOTO COCTOSIHUSA M OPTQesi pUCKOB ISl U3YUCHUsI aHTPOTIOTEHHBIX TAKUX yTPO3,
KaK TEPPOPUCTUUECKUE aKThl U CTUXUUHBIC OCJCTBUS, C AKIIEHTOM Ha BO3MOXKHBIC
pexuMbl pazpyuieHus. JlanHeiii MeTon Obul pa3zpaboTtan mpodeccopom bumnanom
AliroboM, KOoTOpbIN npeactaBisier Mapunenackuii yausepcuter B CIHA. [{ns sToit
1[eJIM, HA OCHOBE TMOJIEBBIX M TEOPETUUYECKUX MCCIIEIOBAaHUM, a TaKXKE C MOMOIIBIO
CYIIIECTBYIOIINX CTATUCTHUYECKUX JAHHBIX M TEOPHH HAJEKHOCTH U pUCKa, OblIa Ja-
Ha OIICHKa PEryJIMpOBaHUS TUIPOJIOTUYECKUX (HABOJHEHUS, CEJIM, CHEXKHBIC JIaBU-
HBI), TEOJIOTUUECKHUX (IPO3US, CEIN) U CEUCMUYECKUX (3EMIIETPSACEHHUSI ), a TAK)KE CTHU-
XUHHBIX OencTBui, oOpasyrommuxcs B JKuaBaabsckoMm Bogoxpanuiuiie. Ocoboe BHU-
MaHue yJnemnsieTcs 0€30MacHOCTH HACEJICHHs, TPOKUBAIOIIETO B 30HE PUCKA, a TAKKE
pa3pabOTKe M OLIEHKE METOJIOB U MPUHIIMIIOB BO3JACHCTBUS 05KUIa€MbIX O€/ICTBU.

KaroueBbie cioBa: JKuHBanbCkass 3emiIsiHasg IUIOTHHA, PUCK, HAJICKHOCTD,
YCTOMYMBOCTH, Oe30macHoCTh, MeTo “CAPRA”.

Introduction. The geographical location of the Georgia complicated mountain-
ous terrain, and other factors shape the wide diversity of the climate. Georgia has
various climate zones starting with everlasting snow-caps and glaciers to warm
humid subtropical forests and humid semi-desert steppes. Various hazardous mete-
orological and hydrological phenomena, such as mudflows, debris-flows, droughts,
floods, avalanches, etc. are observed over the region. It is anticipated that the fre-
quency of occurrence of extreme weather and climate events will increase due to
the climate change. However, there are no systematic studies on the variability of
climate over the country.
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Georgia is one of the most vulnerable countries to natural disasters within South
Caucasus Regions. In recent years, the disaster risk has increased due to faulty
land-using. Outstanding building codes lead to inadequate building construction.
There is a lack of real data on natural disasters and the impact of mudflows, floods,
debris flows etc. on land-use planning and prompt actions after above mentioned
catastrophes [1]. Therefore, it is important task to carry out assessments of critical
structures sensitive to natural threats such as dams and reservoirs.

In order to be able to improve the resistance of hydraulic engineering structures
it is necessary to utilize a formal risk analysis framework, such as the Critical Asset
and Portfolio Risk Analysis (CAPRA) method, to examine human-caused threats,
such as terrorism events, and natural hazards, such as flooding due to dam failures,
with focus on potential failure modes due to deterioration. The use of such methods
requires data on their response to natural disasters and human-caused events (such
as terrorist attacks). Meeting the data need requires collection of recordings of local
disasters that may be appeared at the dams and reservoirs. The results obtained
from the analysis of the data will provide information crucial for developing tools
to disaster response and management plans in the South Caucasus.

Materials and Methods. Modern evidences of the use of hydraulic engineering
structures reveal that the present world requires protecting a population from the
results caused by natural disasters, which provoke not only big ecological, but also
economic, social and demographic problems. Damage to or destruction of the na-
tion’s water supply and water quality infrastructure by natural disaster could disrupt
the delivery of vital human services in the country, treating public health and the
environment, or possibly causing loss of life. Interest in such problems has in-
creased greatly due to the disaster that took place in Thilisi (capital of Georgia). In
the course of implementation of scientific researches, the genetics of the origin of
floods and mudflows carried out in Thilisi on 13-14 June 2015 and its causes are
linked to the objectives of our research. As a result of the disaster, the zoo's territo-
ry, urban infrastructure and, unfortunately, the victims of human and animal life
took place.

Taking into account that it is generally impossible to implement accurate pre-
diction of emergency situations that occur at hydraulic engineering structures (such
as dams, reservoirs, etc.) under the influence of different factors and at different
time periods, we have not any universal method to assess these processes. There-
fore, it is necessary to take science-based preventive measures using innovatory
means and modern technologies. Special attention should be paid to the develop-
ment of rapid response mechanisms and operative warning of population about pos-
sible danger.

The majority of existing dams can be considered as difficult and combined sys-
tems, which include structures of different scopes and kinds. Though, a failure of
any structure may cause especially difficult results, possibly, human life loss. In the
majority of cases the cause of incidents for dams, wharf walls, reservoirs etc. may
be their deterioration and influence of external dynamic (due to for example earth-
quake, landslide, inundation, intensive erosion processes etc.) as well as mechanical
forces (due to for example terrorist attacks). Construct gaps occurred in design and
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construction phases cannot be omitted as well. On a world scale the majority of dam
failures generally happened in earth dams, which in the majority of cases were induced
by soil wash-out caused by seepage processes in the dam’s core.

Safe operation of dams and reservoirs (both natural and artificial) existing in
Georgia, and particularly Zhinvali Earth Dam is complicated by the condition that
they entered the phase of deterioration and aging. The cadastre of reservoirs, car-
ried out in Georgia in the 1960s-1980s, recorded 64 large and small reservoirs on
the entire territory of the country. As is known, along with the basic economic pur-
pose of reservoirs, special role is assigned to dams as one of the means of regulat-
ing natural disasters, including floods and freshets [2, 3, 4, 5]. The monitoring sys-
tem for dams and reservoirs, which should give us opportunities to get information
about existing and newly originated problems and to solve such gaps in time, does
not exist. At present there are no warning systems, which in case of failure inform
State Authorities and, appropriately, populations to reduce or control impact on the
populations. Taking into account the above-mentioned situation, the mentioned
structures can be easier destroyed by a terrorist attack, and as a result, the scale of
failure will be immeasurable.

The survey object located on the territory of Georgia is a Zhinvali Reservoir.
Selected area — Zhinvali Hydraulic Complex is located 35 km from Thilisi entrance
(Avchala district), 49 km from Thilisi centre (Baratashvili Bridge). The Zhinvali
Reservoir, which is fed by four water courses: Tetri (Mtiuleti), Shavi (Gudama-
gari), Khevsureti and Pshavi Aragvi rivers, is of the capacity of 520 million m?,
while the area of the water surface is 733 million m? (see Figure 1) [6, 7, 8, 9].

The initial data on the Zhinvali Earth-Fill Dam are given in Table 1.

Table 1 — Initial Data for the Zhinvali Hydro-Scheme

Ne Zhinvali Earth Dam (0.75) Dimensions Quantity
1 Reservoir capacity(g'ltf?ormal filling level Million m? 520
2 Depth of reservoir at dam (nlf) m 96
3 Area of water surface at nlf Million m? 733
4 Width of dam at nif m 415
5 River depth at tail-race of dam m 1
6 River width at tail-race of dam m 25
7 Rate of river at tail-race m/s 1

Depth of reservoir at the moment of dam
8 . m 96
accident
9 Degree of destruction of dam - 0.5

10 Height of river bed bank breach m 48
11 Mark of normal filling of reservoir m 816
12 Quantity of calculation sections in river bed unit 8

Covering multifunctional assignments in the fields of power, irrigation, water-
supply, flood and inundation control Zhinvali Reservoir can be considered as a very
important for Georgia from ecological and economic point of view. According to pre-

liminary calculation, the following can be assumed in case of failure:

e Destruction of areas located nearby, including about tens of thousands hectares

of agricultural lands;




e Destruction of populated areas, the ancient and the new capitals of Georgia
(Mtskheta, Thilisi) as well as a significant part of Rustavi;

e Failure of strategic objects (Natakhtari water-pumping station, which supplies
drinking water to 40% of Thilisi population and to a significant part of Dusheti,
Mtskheta, Gardabani and Rustavi; Transcaucasia railway station, highways and
bridges located on the territory of Georgia);

e Dam failure can cause a lot of human victims.
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Figure 1 — Diagram of the territories flooded as a result of an accident at the Zhinvali
Earth-Fill Dam
Implementation of the Critical Asset and Portfolio Risk Analysis (CAPRA).
The CAPRA method is implemented for the purpose for analysing the Critical Assets
and Portfolio Risks for Zhinvali Earth Dam. In general, the CAPRA provides a quan-
titative approach for all-hazards risk analysis. CAPRA is a five-phase process that
identifies hazard scenarios that are relevant to the region or asset of interest, assesses
the losses for each of these scenarios given they were to occur, allows for conse-
quence-based screening, assesses the annual rate occurrence for each scenario, and
provides results suitable for benefit-cost analysis [3, 10]. CAPRA produces risk as-
sessments that can form the basis for identifying alternative risk mitigation strategies
and evaluating them for their cost-effectiveness, affordability, and ability to meet risk
reduction objectives. Figure 2 provides the CAPRA analysis tasks, the analysis tech-
niques, and the output of each task.
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Figure 2 — Critical Asset and Portfolio Risk Analysis (CAPRA)

Bellow we have provided a general Risk Analysis in Engineering and Work
Breakdown Structure for a Zhinvali Earth Dam.

Risk Analysis in Engineering. Performing risk analysis requires defining the
problem at hand, which could span several disciplines or departments in an organiza-
tion and encompass economic, environmental, technological, societal, and political
dimensions [4, 11, 12].

Risk must be assessed, analysed, and managed within a systems framework to-
ward the objective of optimum utilization of available resources and for the purpose
of maximizing benefits and utility of stakeholders.

The discipline of systems engineering establishes the configuration and size of
system hardware, software, facilities, and personnel through an interactive process of
analysis and design in order to satisfy an operational mission for the system to per-
form in a cost-effective manner. A system engineering process identifies mission re-
quirements and translates them into design requirements at succeeding lower levels to
ensure operational and performance satisfaction. Systems engineers leverage their
understanding of the system to determine the various interface requirements of the
elements. Understanding the big picture is a key to identifying interfaces that affect
the chosen elements and can change the structure of the system. Figure 3 shows how
systems engineers identify needs from an environment, define engineering problems,
and provide solutions that feed into the environment through a dynamic process.
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Figure 3 — Engineering and Systems

The definition of a system requires a specific goal, which can be determined from
either needs identification or problem articulation. The goal statement should then be
used to define a hierarchy of objectives that, in turn, can be used to develop a list of
performance and functional requirements for the system. These requirements form
the basis for system definition methods that are described here.

A system model can be developed through requirement and functional modelling.
Dams can be modelled as systems with functional and performance requirements in
an environment that has natural and human-made hazards.

Dam
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’Ll

|
Water rStrength l {Flood Contgl

Release

Pool Water Structural/ Stability

Level Geotechnical

v
Integrity A
Floodplain Downstream
Dams

Figure 4 — Functional Requirements for a Dam

Limiting the model to only the physical system of a Zhinvali Earth Dam is shown
in Figure 4.

The functional requirements of a dam are used to develop a system breakdown
structure is the top-down hierarchical division of the dam into its subsystems and
components including people, structure, foundation, floodplain, the river and its
tributaries, procedures, and equipment. By dividing the dam environment into major
subsystems, an organized physical defi8nition for the dam system can be created. The
definition allows for a better evaluation of hazards and potential effects of these haz-
ards. By evaluating risk hierarchically (top-down) rather than in a fragmented man-
ner, rational, repeatable, and systematic outcomes can be achieved [13-16].

Work Breakdown Structure. The work breakdown structure as shown in Figure
5 for a Zhinvali Earth Dam is a hierarchy that defines the hardware, software, pro-

Safety Requirements
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cesses, and services of a system. The work breakdown structure is a physical-oriented
family tree composed of hardware, software, services, processes, and data that result
from engineering efforts during the design and development of a system. The break-
down of a Zhinvali Earth Dam into systems and subsystems in Figure 5 focuses on
the physical subsystems, components, and human population at risk.

Dam System
2 K /
Upstream and Dam Facility Downstream and
Water Inflow Water Outflow
Dam DaE
Stucti am Foundation Downstream
2NN B
Upstream Seismic Spillway Turbines s
o | [ | S =
Faults Environment Y
{ — Flood Warning Outlet Gates 4 Property
Equipment
Tributaries, Wildlife
and Other
Water Bodies Reservoir
Snow and Ice v :
Soil ‘egetation
Earth Vegetation Initial Level Capacity
Adjacent to Adjacent to
Water Bodies Water Bodies
Y Y
[ Slides ] L Debris T

Figure 5 — Work Breakdown Structure for a Zhinvali Earth Dam

The system was divided into subsystems, such as the dam facility subsystems that
include structural members, foundations, gates, turbines, spillway, alarms, and reser-
voir. The work breakdown structure was developed for the goal of performing risk
analysis of dams. Each subsystem can be affected by and can be affected by and can
affect other subsystems outside the hierarchy presented. While this breakdown is not
complete, it does illustrate the hierarchy of the system and subsystem relations.

Prediction of Gully in the Downstream of the Zhinvali Earth Dam using the
Theory of Reliability and Risk. According to the revised scheme of seismic zones
of the territory of Georgia, the territory adjacent to the Zhinvali Reservoir belongs to
the zone of 8-9 magnitude seismic activity, and in addition to the seismic risks, the
Zhinvali Earth Dam is also located in the zone of active hazards including erosion-
debris flows, landslide processes and floods [1, 17, 18].

An automatic monitoring system operates at the Zhinvali Hydro-Complex. The
system includes: pressure and pressure-less piezometers that control the seepage
mode; deformation monitoring system, high-altitude and planned geodetic network;
automatic weather station, etc. Examination of the world statistics on earth dams
showed that many accidents on earth dams are observed in those cases, when there is
an overflow of water mass over the dam or in the case of enhanced seepage as a result
of suffusion, damage of lower tail occurs firstly, so called occurring of gullies, which
later outgrows into ravines, and at the last stage damage occurs to the lower slope of
the dam and the complete destruction of the dam takes place [5, 19, 20].

Accidents under this scenario were recorded in the USA, Europe and Asia, unfor-
tunately in Georgia as well, particularly in 1960 in the Tsageri Reservoir and in 1989
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in the village Tskneti a 10-meter dam accident caused the death of three people. In
this case, the cause of the accident was the overrun of loads obtained during the cal-
culations of the earth dam, which is mainly associated with a decrease in the soil
strength, the reason for which is an increase of the water discharge of seepage flows
in the body of the dam.

Figure 6 — The general view of the Zhinvali Earth Dam

Figure 6 shows the general view of the Zhinvali Earth Dam from the axis of the
dam in the direction of its upper and lower streams.

In a case of damage of reinforced concrete tiles in the upper part of the dam, the
depth of the gully (H) arising from the action of seepage flows is calculated accord-
ing to the following equation:

H = 0,38 o 113
| 104 @ (cm), (1)
and the width (B) of the gully:
g _ 931H 0.94
T g% (cm), (2)

where p>3.8 (mm/min) - is a maximum intensity of occurred precipitation (mm/s),
the value of which is more than 3.8 (mm/s), and a is a slope angle, value of which is
equal to a=5°-27°.

The function of the relative magnitude of the depth and breadth of the gully aris-
ing in the downstream of the Zhinvali Dam, has a normal distribution pattern, taking
into account the so-called norm of accuracy, and is expressed by the following math-
ematical equation:

f(H/B)=0564exp{-6,2[(H/B)-0,724F |, (3)
and the reliability of the performed work is calculated using the following equation:

P(H/B)= iO,S64exp {~6,2[(H/B)-0,724]d(H /B)}=0,421, (4)

and the corresponding risk is calculated by the following formula:
R(H/B)=1-P(H/B)=0,579. (5)
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Consequently, using the obtained equation (5), we can calculate the stability con-
ditions of the downstream of the Zhinvali Earth Dam using the theory of reliability
and risk, when as a result of seepage on the soil surface of the dam’s slope the system
of gullies will be occurred.

Conclusions. Taking into account the results of theoretical and field studies, as
well as considering the Critical Asset and Portfolio Risk Analysis (CAPRA) method,
which provides for the quantitative assessment, testing and implementation of all ex-
pected risks, we can draw the following general conclusions:

The positive and the sensitive aspects of the Critical Asset and Portfolio Risk
Analysis (CAPRA) method are reviewed and evaluated;

The essence of risks presented in the CAPRA method and the directions of
their management are considered taking the main defining parameters of the
Critical Asset and Portfolio Risk Analysis (CAPRA) model;

The areas for identifying risks and their analysis, measures for risk manage-
ment and response to them, as well as directions for quality assessment are pre-
sented;

A general risk assessment of a Zhinvali Earth Dam was considered taking into
account the likelihood of hazardous geological processes and hydrological dis-
asters;

The criteria for determining the likelihood of accidental situations and the ex-
pected negative consequences in case of breaking the Zhinvali Earth Dam are
presented;

Using the theory of reliability and risk, the law of distribution of the relative
values function for the depth and width of gullies, created in the downstream of
the Zhinvali Earth Dam is determined. This function is described by the so-
called normal distribution function taking into account the norms of accuracy;
The reliability and risks of the carried out theoretical scientific studies have
been determined.
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B PECIIYBJIMKE BEJIAPYCH
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AHHOTALUA

OnHYM W3 TPUOPUTETHBIX HANPABICHUW Pa3BUTHUS «3E€JIEHON» SKOHOMHUKHU B
PeciyOnuke benapych  siBisieTCs  TMOBBIIICHHE TOTEHIMAA  HUCIIOJIb30BaHUS
BO306HOBJ’I$ICMI:IX HCTOYHHKOB OHCPIHH, KOTOPLIC OKA3BbIBAIOT I'Opa3go MCHBIICC
BIIMSTHUE HA OKPYKAIOLIYIO CPEAy, YEM MCKOMAaeMOe TOIUIMBO. B cTaThe mpeacrasieH
dHAJIN3 pPa3BUTHA HCIIOJIb30BAHHMA HCTPAAUINMOHHBIX HCTOYHHKOB OHCPIHU B
HallOHAJIbHOM TOINIMBHO-OHCPICTUYCCKOM KOMILJICKCC.

KiroudeBble cjioBa: BO300OHOBJISIEMble WCTOYHUKH HSHEPIUHU, BO300HOBIsIEMAast
AHEpPreTrKa, S3HeprodHPeKTMBHOCTD, TOMIMBHO-IHEPTETUYECKUI KOMILJIEKC.

PROSPECTS FOR DEVELOPMENT OF GREEN ENERGY
IN THE REPUBLIC OF BELARUS
A. P. Golovach, S. V. Montik

Abstract

One of the priority directions of development of «green» economy in Republic of
Belarus is increase in potential of use of renewable energy resources which have
much less impact on the environment, than fossil fuel. In article the analysis of de-
velopment of use of unconventional energy sources in national fuel and energy com-
plex is provided.
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