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ABSTRACT 

According to the requirements of the International Commission on Large Dams, the dams in 

Bulgaria are classified as large (216) and small (over 2000). The dams have a main positive role 

in Bulgarian water management and give a strong contribution to the society’s life quality 

improvement. At the same time, dams are also a potential danger for downstream valleys: 

whatever the cause and the probability of occurrence, a failure in the water retaining capability is 

always possible. The official check carried out at the beginning of 2017 founds that 205 dams 

create a potential flood hazard for downstream valleys. To protect them from such devastating 

flood disasters, practicing dam-valley integrated flood risk management at the river basin level 

becomes important. In this regard, the purpose of this publication is to analyze Bulgarian dam 

management practice (on the example of the Odrintsi dam) and on this basis to outline, the main 

challenges facing decision-makers when applying the new approach. A methodological approach 

based on the integrated dam safety and risk concept is applied. It includes dam and downstream 

valley as a system for management; zero-risk is not possible; dam risk and valley risk reduction 

measures need to be considered. The major finding of the research is the developed integrated 

dam-valley flood management plan to mitigate the flood risk. Dam risk and valley risk reduction 

measures according to the situations in the downstream valley are proposed. These measures 

include flood emergency planning, flood risk mapping, flood monitoring and early warning 

system construction, dam regulation, and flood risk public awareness. 

Key Words : Bulgaria, Dam, Integrated flood management, Flood risk, Risk reduction 

measures 

 

INTRODUCTION 

According to the requirements of the 
International Commission on Large Dams, the 
dams in Bulgaria are classified as large (216) 
and small (over 2000). The dams have a main 
positive role in Bulgarian water management 
and give a strong contribution to the society’s 
life quality improvement. At the same time, 
dams are also a potential danger for downs-
tream valleys: whatever the cause and the 
probability of occurrence, a failure in the water 
retaining capability is always possible. The 
official check carried out at the beginning of 
2017 founds that 205 dams create a potential 
flood hazard for downstream valleys. Such is 
the case, analyzed in the present paper, with 
Odrintsi Dam, where at the beginning of 2015, 
because of wrong management, there was a 
risk of uncontrolled overflow and an infras-
tructure type of flooding in the river valley 
situated below the dam.  

The Odrintsi Dam is located in the catchment 

Basin of SuhaReka River (on the territory of 

Dobrich district, next to the villages of Odrintsi 

and Dolina.) The dam is a longstanding 

leveller of disturbed run-off of SuhaReka (alias 

Novo Botevska). Its purpose is to accumulate 

water volumes from the SuhaReka catchment 

area in the periods of winter and springtime 

freshets and their use in irrigation during the 

summer dry spell. The total catchment area of 

the dam is 236 km
2
 and the dam wall height is 

25 m.  

AIMS AND OBJECTIVES 

To protect downstream valleys from such 

devastating flood disasters, practicing dam-

valley integrated flood risk management at the 

river basin level becomes important. In this 

regard, the aims of this publication is to 

analyze Bulgarian dam management practice 
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(on the example of the Odrintsi dam and 

reservoir) and on this basis to outline, the main 

challenges facing decision-makers when 

applying the new approach. In accordance with 

that, an integrated dam-valley flood mana-

gement plan to mitigate the flood risk to be 

developed.     

METHODOLOGY 

A methodological approach based on the 

integrated dam safety and risk concept is applied. 

It includes dam and downstream valley as a 

system for management; zero-risk is not possible; 

dam risk and valley risk reduction measures need 

to be considered. The term risk, when used in the 

context of dam safety, is composed of three parts: 

(1) the likelihood of occurrence of a load (e.g., 

flood, earthquake,   etc.), (2) the likelihood of an  

adverse structural response (e.g., dam failure, 

damaging spillway discharge, etc.), and (3) the 

magnitude of the consequences resulting from 

that adverse event (e.g., life loss, economic 

damages, enviro-nmental damages, etc.). In the 

paper, a concept is accepted that flood risk 

management is a process, which includes establi-

shing the context, risk assessment and risk 

treatment. Risk management is the overarching 

activity related to making risk-informed 

decisions, prioritizing evaluations of risk, 

prioritizing risk reduction activities, and making 

program decisions associated with managing a 

portfolio of facilities.  All of the activities 

described above relate to risk control, which 

involves dam safety actions to reduce risk and 

activities to identify issues early before potential 

failure modes can initiate. (Fig. 1). 

 

Fig. 1 : Dam Safety Risk Management Framework (adopted from
1
) 

Risk communication is a critical component of 

an effective risk-informed decision process and 

it must be integrated into all aspects of the 

process. Risk communication is essential 

within an owner/regulator organization and 

with other individuals/organizations that have a 

stake in the dam or would be impacted by its 

failure. 
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RESULTS AND DISCUSSION 

Institutional, legal and strategic framework 

The Minister of Environment and Water 

accomplishes state policy of water manage-

ment. Water management is realized at 

national and river basin level. A number of 

other institutions have their duties defined by 

specifications. For instance, state policy, 

connected with the activities on exploitation, 

construction, reconstruction and modernization 

of aquaculture systems (including dams for 

irrigation) and appurtenances for protection 

from the water harmful impact beyond the 

settlements’ borders, is accomplished by the 

Minister of Agriculture, Foods and Forests, 

and for water-power systems and objects – by 

the Minister of Energetics. Long ago there has 

been defined the system of safety control of 

dams applied by interagency technical 

committees, appointed by district governors. 

State Agency for Metrological and Technical 

Surveillance provides control functions on all 

the dam walls and their facilities, and the basin 

directorates are also authorized. Owners or 

users of water appurtenances are obliged to 

maintain them.  

Flood risk management in Bulgaria is 

regulated in the Bulgarian Water Act (1999)
2 

and in the Disaster Protection Act (2006)
3
. The 

main purpose of Water Act is to “provide 

integrated management of water” and one of 

the tools for achieving this is “flood risk 

assessment and management”. Water Act 

transposes the three-stage application of the 

Directive which applies to all kinds of floods 

(river, lake, urban, etc.): “Preliminary Flood 

Risk Assessment”, “Flood Hazard Maps and 

Flood Risk Maps”, and “Flood Risk 

Management Plans”. Flood Hazard Maps and 

Flood Risk Maps are designed according to 

Flood Risk Assessment Methodology in 

compliance with regulations of Directive 

2007/60/ЕC, published in February 2013. In 

this methodology is developed a conceptual 

framework of risk assessment for only two of 

the typical for Bulgaria floods – river and sea. 

In the Flood Risk Management Plans are 

developed measures for flood risk reduction of 

both types. The challenges in this area are 

connected with development of a national 

methodology for risk assessment of infrastr-

ucture type of floods based on Dam Safety 

Risk Management Framework. When develop-

ping such a methodology, difficulties stem out 

of the fact that there are necessary integrated 

efforts of a number of institutions (e.g., 

Ministry of Internal Affairs, Ministry of 

Regional Development and Public Works, 

Ministry of Environment and Water, Ministry 

of Agriculture and Food, etc.), as well as of the 

fact that till now there aren’t developed 

methodological frameworks for the greater part 

of possible risks of dam failure mode. 

According to Water Act, the terms and order of 

carrying out a safe technical exploitation of 

dam walls and their facilities, and of providing 

a control of the technical conditions are 

defined in Ordinance No 13 of 29.01.2004
4
. 

The analysis of this Ordinance indicates that 

dams and reservoirs safety management should 

be accomplished via the traditional approach 

based on engineering standards and 

procedures. Irrespectively of the fact that in a 

series of national strategic documents for 

disaster risk reduction (National strategy, 

program and plan for disaster risk reduction) 

there is a rule to apply the approach of risk 

assessment and management, in relation to the 

dams and reservoirs safety such a requirement 

hasn’t been implemented. What is  more, in the 

sector strategic documents (National Strategy 

for Management and Development of the 

Water Sector, General Strategy for Manag-

ement and Development of Aquacultures and 

Protection from the Water Harmful Impact), 

which will be valid until 2030, the traditional 

approach for dams and reservoirs safety risk 

management is confirmed. The challenges 

connected to the application of Dam Safety 

Risk Management Framework come as a result 

of: firstly, the lack of discussion and rationa-

lization of advantages of this approach to 

standard practice of dams and reservoirs safety 

management by the authorized institutions, 

secondly, a challenge is the implementation of 

this approach in the normative and strategic 

documents, as well as the explanation and 

unification of the terms used in these 

documents and connected to assessment and 

management of different types of floods. 
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Current dam and reservoir safety manage-

ment practice 

The current Bulgarian dam and reservoir safety 

management practice is based on technical 

standards, developed long time ago, for 

construction, exploitation and maintenance of 

dams and reservoirs, and has five basic 

components, integrated in the “Operation 

rules” category (Fig. 2). 

Maintenance includes exploitation standards 

for dams during the different stages: putting 

into operation, first stage of exploitation, stage 

of regular exploitation, and decommissioning, 

and also – requirements for ensuring dams 

safety exploitation under normal, extreme and 

emergency conditions.  

Monitoring includes meteorological, hydro-

logic and technical monitoring (it ensures 

information about dams and their facilities 

assessment as well as possibility potential risks 

to be identified in due time). It defines the 

type, organization, regularity, surveillance and 

measurements data processing, as well as 

surveillance and measurements of high water 

and earthquakes passages. 

Emergency Action Planning represents compr-

ehensive documents outlining actions, required 

in an emergency, in detail, including asses-

sment of possible causes for emergencies 

origin, assessment of ultimate possible outco-

mes for the object, environment, population 

and infrastructure, measures for localization 

and elimination of consequences, distribution 

of obligations and responsible structures, 

contact names and telephone numbers. In a 

number of normative documents is described 

the requirement the owners and users to 

develop emergency plans. In these documents, 

the requirements towards normatively defined 

structure are differing. There are no 

requirements for application of results from 

risk assessment in their development.  Only in 

Disaster Protection Act, there is a requirement 

for definition of maximum possible after-

effects in an object in case of emergency, 

based on risk assessment, in relation to 

personnel, population, and environment. In the 

process of developing emergency plans for 

dams and their facilities there is a challenge 

connected, on the one hand, to specification of 

normatively defined structure of emergency 

plans, and on the other hand, to synchron-

ization of requirements to the structure in 

separate normative documents. This calls for 

integration of results from risk-based approach 

to dams and their facilities safety assessment in 

the emergency plans, as well as their 

integration in Disaster Protection Plans 

(according to Disaster Protection Act) for the 

various administrative and territorial levels 

(local, regional, national).   

Dam Safety Reviews are periodic comprehend-

sive reviews of the dam, which independently 

consider the condition of the dam and works, 

the dam performance and current standards, or 

changes in practice since the previous review. 

Dam safety reviews are scheduled in the 5
th
 

year from the dam wall regular exploitation or 

in the next cases: finding a need of 

reconstruction; decommissioning or liquid-

ation; after motivated request by the person, 

making the technical exploitation, addressed to 

the owner; and when the structure is changed 

after a reconstruction. Extraordinary inspe-

ctions are carried out after technical accident, 

occurrence of extraordinary event, and change 

in the actual normative regulations for design. 

Deficiency Investigations - if the dam safety 

review or surveillance detects a potential 

deficiency in a dam and investigation is 

initiated to confirm the deficiency and to assess 

remedial options – need of repairs, reconstru-

ction, decommissioning or liquidation. 

Between Dam Safety File and the Risk Model, 

there is a two-way relationship. (Fig.2) For 

development of a Risk model, a Dam Safety 

File has to be used as a source of information. 

Such a task generates information, which can 

be included again in Dam Safety File. For 

example, a Safety Review of a dam can benefit 

from the results extracted from a Risk model 

and Possibility of assessing different strategies 

of flood management can contribute to the 

improvement of the Operation Rules or the 

Emergency Action Plan.
5 

Odrintsi dam-valley flood risk management 

–a case study 

The first step in development of an integrated 

dam-valley risk model is defining of its 

architecture by means of the so-called 

influence diagram. (Fig. 3) 
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Fig. 2 : Curent Bulgarian dam and reservoir safety management practice and links between the 

risk model and the dam safety file (adapted from
5
)

 

Fig. 3 : Odrintsi dam influence diagram of risk model for hydrological scenario (adopted from
5
) 

Loads 

In the period 31.01-3.02.2015, owing to 

considerable precipitations in the catchment 

area of Suha Reka River a high wave was 

formed, and in its the upper course the river’s 

run-off was 6 m
3
/s. At the same time, 9 out of 

19 small dams were overflowing through 

spillways, and one small dam - through the 

main floodgate. A maximum run-off of 50-55 

m
3
/s was formed, which ran into Odrintsi 

reservoir and caused very fast rise of the water 

level. Since June 2014 the water level of 

Odrintsi dam was being rising continuously.      

Previous pool level from192.36 m (measured 

on 31.05.2014) reached 195.20 m (on 

20.06.2014). The water level increase continu-

 
REMAINING RISK 
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ed at accelerated rates and in the end of June 

reached 200.04 m. Until the end of November 

2014 the level was kept a little under 200 m. 

From the beginning of December 2014 dam 

water level began to rise and surpassed 200 m. 

In January 2015, as a result of considerable 

precipitations, water level lightly rose and on 

the 30.01.2015 reached 200.88 m. 

Spillway availabilities include spillway with 

discharge: Q 0.1% - 307m
3
/s, and Q 1% - 148 

m
3
/s, and main floodgate, positioned on the 

right slope, with maximum discharge (Qmax) 

=7.34 m
3
/s. 

As a result of precipitations fallen in the dam 

catchment area the maximum pool level 

reaches its absolute maximum value for the 

whole period since the impoundage of the dam 

– 202.77 m, having its crest at 204. 32 m.  

System response 

The following three failure modeshave been 

spotted: Uncontrolled overflow, Dam breach 

and Controlled drainage. 

The maximum water level, that reached 202.77 

m, put Odrintsi dam in real danger of 

uncontrolled overflow. Owing to the extremely 

low conductivity of SuhaRekariver, such an 

overflow would cause flooding of the road 

infrastructure, houses and yards, and very 

likely - human losses, within the settlements 

borders and out of them. That’s the reason why 

the quickly formed crisis management team 

made a decision for full evacuation of 

population of the villages of Odrintsi and 

Dolina. 

The tendency of steady rise of water level 

caused pressure on the dam, which was 

recorded for the first time since the beginning 

of dam exploitation. As a consequence from 

the non-working GIS and insufficiently 

represenatative information of piezometric 

measurements before the flood, the owner 

didn’t have sufficient and correct information 

about the real state and behavior of the dam 

when the reservoir had its maximum capacity. 

Owing to the threat of dam uncontrolled 

overflow, the drained dischargethrough the 

main floodgate was gradually increased and 

reached 5 m
3
/s.  

Consequences 

As a result of the formed river run-off   in   the  

SuhaReka valley, farm lands, yards and  road 

infrastructure were flooded beneath the dam 

wall. Properties were deluged in the lands of 

the villages of Odrintsi (30) and Dolina (50). 

After hydraulic modelling
6
, using discharge of 

5m
3
/s, the total flooded area was calculated to 

1, 534 km
2
. 

Risk Treatment/Reduction alternatives 

In order to guarantee the safety of Odrintsi 

dam and its facilities and to reduce the risk of 

occurrence of infrastructure floods, there 

should be taken two groups of measures 

(structural and non-structural) aiming at 

reducing (prevention) the potential impact of 

flooding occurrence and reduction (mitigation) 

of the consequences (Fig. 4). The implem-

entation of measures, described above, is a 

great challenge because of several reasons. 

First, they should be shared between the three 

actors involved in the process of dams and 

reservoirs safety management – dam owners, 

public and authorities, since the participants 

are related, on the one hand, by the process of 

acceptance and awareness of the fact that there 

always exists a particular level of dam failure, 

and on the other, for example, the change of 

borders of private farm land and of land use
7
 

(increase of forest area and change in 

development planning) will lead to reduction 

of negative consequences. Second, the putting 

into practice of a series of measures (e.g., 

Warning System, Structural Modification, 

Upstream Dam Improvement, and Monitoring 

Improvement) demands substantial invetments, 

resources which the dam owners and the users 

don’t have. A challenge is also the insufficient 

number of specialists capable of applying Dam 

Safety Risk Management Framework and 

Emergency Planning in practice. Another 

problem is the insufficient institutional 

capacity – authorized comm.-issions and 

organizations connected to Risk-Informed 

Decision-Making to evaluate dam safety. Last 

but not least, measures application demands 

significant changes in the strategic and 

normative documents (land-use planning
7
 and 

zoning), connected to dam and facilities safety 

and the implementation of probability 

approach to dam safety risk management.
8,9
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Fig. 4 : OdrintsiDam-Valley Flood Risk Reduction Measures 

CONCLUSION AND 

RECOMMENDATIONS 

As it was explained above, in Bulgaria dam 

and reservoirs safety is based on deterministic 

approach, which includes national technical 

standards for construction, exploitation and 

maintenance. This approach systematically 

ignored the consequences ensuing from dam 

failure, which constitute the second component 

of risk. Despite the fact that these standards 

improve the dams safety, there have been 

many examples in the years in which they 

haven’t contributed to significant reducing the 

risk of infrastructure floods in Bulgaria. That is 

a proof that when the aim is to avoid dam 

walls failures and to reduce the risk of such 

accidents as soon as possible and in the most 

effective way, assessment and management of 

dams and reservoirs safety play key role as 

basic activities in the modern programs for 

dams safety. From the analysis of the two 

approaches of safety risk assessment and 

management of dam walls and their facilities it 

is evident that they both complement one 

another, and it is possible a transition from the 

traditional approach, based on standards, to 

risk-based one to be accomplished. However, 

the application of probability approach for 

safety risk assessment and management of dam 

walls and their facilities is connected to 

overcoming of political, economic, legal, 

scientific and other challenges.  
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If all mankind were to disappear, the world would regenerate back to the rich state of 

equilibrium that existed ten thousand years ago. If insects were to vanish, the 

environment would collapse into chaos. 

Edward O. Wilson 

 


