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1. Nuclear Industry of Ukraine 

A large scale nuclear program has been imple-
mented in Ukraine. 

WWER-1000 nuclear reactors (total of 11 
reactors) form the basis of Ukraine’s nuclear 
power. Beside that, Ukraine operates 2 nuclear 
reactors of the WWER-440 type. 

Altogether 4 nuclear power plants are in opera-
tion in Ukraine: 
• Zaporizhya NPP – 6 units WWER-1000; 
• South Ukraine NPP – 3 units WWER-1000; 
• Rivne NPP – 2 units WWER-440 and 1 unit 

WWER-1000; 
• Khmelnitsky NPP – 1 unit WWER-1000. 
3 RBMK nuclear reactors of the Chernobyl NPP 
are at the phase of decommissioning now. 

Nuclear power units produce almost half of total 
electrical energy produced in Ukraine. 

Work is currently underway to construct Power 
Unit 2 of the Khmelnitsky NPP and Power Unit 4 of 
the Rivne NPP (WWER-1000 reactors). 

A list of units of Ukrainian NPPs is presented in 
Table 1. 

All NPP units are operated with Russian nu-
clear fuel. Nuclear fuel is delivered by JSC 
TVEL. Manufacturers of fuel are JSC МSZ and 
NCCP. Designers are OKB Gidropress and 
OKBM. 
 
 
2. State Safety Regulation in the Use of 

Nuclear Energy 

According to worldwide principles there are 3 main 
activities in the field of nuclear energy usage: 
control, operation and regulation.  

State control in the use of nuclear energy is 
conducted by a body appointed by the Cabinet of 
Ministers of Ukraine. Now it is the Ministry of 
Energy and Fuel of Ukraine. 

The operator of NPPs in operation is the Natio-
nal Energy Generating Company “Energoatom”. 

Each NPP is a separated division of the Energy 
Generating Company on the site of the NPP. 

State safety regulation in the use of nuclear 
energy consists of ensuring the safety of people, 
the environment, nuclear installations and ionizing 
radiation sources. 

State safety regulation in the use of nuclear 
energy involves: 

• Establishing normative criteria and require-
ments which define the conditions for the use of 
a nuclear installation or an ionizing radiation 
source within the State (setting of rules); 

• Issuing permits (licences) for the performance 
of activities associated with the use of a nuclear 
installation or an ionizing radiation source (li-
censing); 

• Supervising compliance with the normative re-
quirements and terms of permits issued by 
organisations, enterprises and persons who 

Table 1. NPPs of Ukraine 

Unit Power 
(electrical), 

[MW] 

Type of 
reactor 

Beginning of 
operation 

  Zaporizhia NPP  

1 1000 V-320 10.10.84 

2 1000 V-320 02.07.85 

3 1000 V-320 10.12.86 

4 1000 V-320 24.12.87 

5 1000 V-320 31.08.89 

6 1000 V-320 19.10.95 

  South Ukraine NPP  

1 1000 V-302 22.12.82 

2 1000 V-338 06.01.85 

3 1000 V-320 20.09.89 

  Rivne NPP  

1 440 V-213 31.12.80 

2 440 V-213 30.12.81 

3 1000 V-320 24.12.86 

4 1000  under 
construction 

  Khmelnitski NPP  

1 1000 V-320 31.12.87 

2 1000  under 
construction 

3 1000  under 
construction 

4 1000  under 
construction 
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utilise a nuclear installation or an ionizing radi-
ation source, including enforced measures (su-
pervision). 

Regulation by legal and regulatory acts is an in-
tegral part of the holistic system of state regulation 
of the nuclear and radiation safety and comprises 
as follows: 
• Legal acts pertaining to nuclear and radiation 

safety issued by the Verkhovna Rada of 
Ukraine; 

• Regulatory acts on issues of nuclear and radi-
ation safety, issued by the Cabinet of Ministers of 
Ukraine and the President of Ukraine within the 
respective authority thereof as stipulated by the 
Constitution of Ukraine and national legislation; 

• Regulatory acts issued by the bodies of state 
regulation of nuclear and radiation safety (stan-
dards and regulations pertaining to nuclear and 
radiation safety) that are mandatory for all legal 
entities and natural persons that act in the field 
of nuclear energy use; 

• State standards pertaining to the area of nuc-
lear and radiation safety that are mandatory for 
all legal entities and natural persons that act in 
the field of nuclear energy use; 

• Industry-specific regulatory documents pertain-
ing to nuclear and radiation safety issued by the 
agencies of national government that are man-
datory for enterprises and organizations subor-
dinated thereto; 

• Documents that contain recommendations and 
explain provisions of the standards, regulations 
and requirements in the field of nuclear and ra-
diation safety and provide advice on appli-
cability thereof, issued by the bodies of state 
regulation of nuclear and radiation safety. 

At present, Ukraine has the modern legislation in 
the area of nuclear energy conforming to the inter-
national nuclear safety requirements. The following 
are the basic national laws and regulatory acts 
currently in force that pertain to the field of nuclear 
energy uses: 
• Concept of State Regulation and Control of 

Safety in Nuclear Energy Sector of Ukraine, 
approved by relevant resolution of the Ver-
khovna Rada of Ukraine; 

• Law of Ukraine on Use of Nuclear Energy and 
Radiation Safety; 

• Law of Ukraine on Radioactive Waste Mana-
gement; 

• Law of Ukraine on Extraction and Processing of 
Uranium Ore; 

• Low of Ukraine on Protection of People from 
Radiation; 

• Law of Ukraine on Physical Protection of Nuc-
lear Facilities and Materials, Radioactive Waste 
and Other Sources of Radiation; 

• Law of Ukraine on Protection of Population and 
Areas from the Effects of Emergency Situations 
Resulting from Use of Man-Made Technology 

and Natural Calamities; 
• Law of Ukraine on Permissions in the Area of 

Nuclear Energy Uses; 
• Laws of Ukraine on Ratification of Nuclear 

Safety Convention and Joint Convention on the 
Safety of Spent Fuel Management and on the 
Safety of Radioactive Waste Management. 

At present, the process is underway to further 
develop the national system of legal and regulatory 
control of nuclear and radiation safety in Ukraine. 
The purpose of the system of legal and regulatory 
control of nuclear and radiation safety is to set 
regulatory requirements to define the goals in the 
area of safety, safety indicators and criteria (both 
quantitative and qualitative), to assign functions 
and procedures to ensure interaction of the sub-
jects of legal relations in the field of safety assur-
ance, technical requirements for various stages of 
the operational cycle of nuclear facilities and other 
radiation sources. 

It should be noted, that part of the regulatory 
documents of the former Soviet Union are still 
presently in force in Ukraine. In particular, that is the 
Regulations for Nuclear Safety of Nuclear Power 
Plant Reactors (PBYa RU AS-89) and others. 

Implementation of the state policy in the area of 
nuclear energy use, ensuring compliance with re-
quirements of nuclear and radiation safety has 
been made by the State Nuclear Regulatory Com-
mittee of Ukraine (Derzhatomreguluvannya of 
Ukraine) within its competence. 

The State Nuclear Regulatory Committee of 
Ukraine is the central executive authority with a 
special status the activity of which is directed and 
co-ordinated by the Cabinet of Ministers of 
Ukraine. 

Main tasks of Derzhatomreguluvannya of 
Ukraine are as follows: 
• To participate in establishment and ensuring 

the implementation of the state policy in the 
area of nuclear energy utilisation, the observance 
of nuclear and radiation safety requirements; 

• To carry out within the limits of its competence 
the state safety regulation of nuclear energy 
utilisation, the observance of nuclear and radia-
tion safety requirements; 

• To carry out state supervision of the observance 
of the legislation, norms, rules and standards on 
nuclear energy utilisation, the observance of 
nuclear and radiation safety requirements; 

• To co-ordinate central and local executive 
authorities discharging functions of the state re-
gulation of nuclear and radiation safely in 
accordance with the legislation. 

The organizational structure of the Committee is 
presented in Attachment 2. 

Functionally SNRCU structure is divided into 
four functional modules: 
• Module of regulatory policy for nuclear and ra-

diation safety; 
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• Module of SNRCU activity and rulemaking; 
• Module of licensing; 
• Inspection module. 
The following are the major tasks of the module of 
licensing of the Committee: 
• Conduct state expert analysis of nuclear and 

radiation safety and assessment of the degree 
of safety as envisioned by the feasibility studies 
and design documents for construction, recon-
struction, decommissioning of nuclear reactors 
and facilities designated for the purposes of ra-
dioactive waste handling as well review of the 
safety substantiation documents and changes 
in requirements and safety limits for the same; 

• Develop proposals on granting licenses to utili-
ties for work at individual stages of the ope-
rational cycle of nuclear reactors and radio-
active waste disposal facilities, making regula-
tory decisions on changes in design and safety 
enhancement of the said reactors and facilities 
as well as granting licenses. 

The Department for Nuclear Reactor Safety Regu-
lation comprises the Department of Radiation-
related Technology Safety Regulation and the De-
partment of Radioactive Waste Safe Treatment 
Regulation. Physical Protection Department, and 
Personnel Licenses and Training Centers Division 
of the Central Inspection Office, form a part of the 
module insofar as functional activity areas there of 
pertain to licensing and personnel licensing res-
pectively. 

In accordance with the Law of Ukraine on Use 
of Nuclear Energy and Radiation Safety, the feasi-
bility studies and design documents related to 
construction, reconstruction, decommissioning and 
the documents containing safety substantiation or 
changes in requirements and safety limits for nuc-
lear reactors and radioactive waste disposal fa-
cilities are subject to mandatory state expert exa-
mination. The state expert examination of the nuc-
lear and radiation safety is conducted by the body 
of state regulation of nuclear and radiation safety 
with consideration of other state expert exami-
nations performed in accordance with the legis-
lation. The State Scientific and Technical Center 
for Nuclear and Radiation Safety is the basic tech-
nical support organization of the State Nuclear 
Regulatory Committee of Ukraine. 

 
 

3. Current Operation of Nuclear Fuel 

As a result currently used nuclear fuel, following a 
number of upgrades and modifications, is now 
different from that initially specified in the design. 
Thus at present, the fuel is loaded to the cores of 
the WWER type reactors according to the proce-
dures that are different from the initial standard 
loading procedures.  

Russian nuclear fuel is used in the cores of 

Ukrainian NPPs. Fuel is supplied in the framework 
of the long term contract between NAEGC Energo-
atom and OAO TVEL. Beside deliveries of fuel and 
core components “TVEL” provides scientific and 
technical support of fuel operation.  

“Scope and order of concurrence of operational 
Neutron and Physics calculations and other sub-
stantiating materials to obtain permit for operating 
a fuel loadings for WWER-1000 reactors” is the 
industry regulatory document establishing require-
ments for nuclear safety substantiation for the 
loading of fuel and operation of the WWER-1000 
reactor core, that sets out the procedure for 
obtaining permissions to perform fuel loading and 
further operation of the fuel assemblies in the core. 
“ Scope and order…” contains approved safety 
operation criteria in particular. In accordance with 
“Scope and order…” preparation of documentation 
for permit obtaining is done by the operator. 

Permit obtaining for operation of fuel loading 
shall be gotten in SNRCU. Permit obtaining for 
operation of fuel loading with standard FA types 
consists of two stages: 
1. Agreement on Technical decision on loading 

composition. Technical decision is supposed to 
contain the following documents: 

• Report on comparative analysis of calculated 
and experimental values of basic physical cha-
racteristics of operated fuel loading; 

• Calculated substantiation for supposed loading; 
• Data on some core and fuel operational charac-

teristics (water-chemistry, cycles of loading for 
FA etc.). 

For consideration of Technical decision SNRCU 
request confirmatory calculations are done by TSO 
(SSTC NRS). In performing the confirmatory calcu-
lations of core loadings SSTC NRS uses indepen-
dent computer codes. 

As a result of this stage permit for implemen-
tation of such composition loading should be got. 
2. Agreement on Technical decision on operation 

of loading. Technical decision is supposed to 
contain the documents describing improved 
characteristics of loading (effect of potential FA 
bowing shall be taken into account as well). 

As a result of this stage permit for operation of 
loading should be gotten. Necessity of these two 
stages is stipulated by: 
• Phenomenon of fuel assemblies (FA) bowing 

and potential appearance of increased gaps 
between them that causes additional con-
straints with regards to the relative volume power 
density; 

• Introduction of amendments into the loading 
composition due to detection of defect FA or 
another reasons. 

In case of new type of FA or elements of core in 
loading composition or deviation of some fuel cycle 
parameters from allowed values Technical deci-
sion on trial-industrial operation is developed. 
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Technical decision describes issues of operation 
planning, presupposed additional substantiation, 
monitoring, scientific and technical support, pre-
supposed reports and another necessary issues. 

There is experience of advanced fuel imple-
mentation into operation in Ukraine. It was FA with 
zirconium spacing grids and guide channels and 
fuel with integrated gadolinium-based burnable ab-
sorber. 

The licensing process of loading with advanced 
FA becomes of complex nature. It means that the 
matters are addressed concerning not only nuclear 
safety but also thermal-hydraulic and strength re-
liability, material scientific analysis, conditions for 
safe storage of fresh and spent fuel. Examples of 
such combined approach to safety analysis are the 
licensing of loading operations for Rivne NPP Unit 3 
and Zaporizhya NPP Units 3 and 6, where fuel is 
used with zirconium spacing grids and integrated 
Gadolinium-based burnable absorber. Under con-
sideration of such core loading the necessity 
arises to analyze the reactor safety during some 
design basis accidents. At that time, the experts 
are governed by the results of their own calculating 
studies of these emergency modes performed 
previously or directly in licensing process for the 
particular loading. 

Under licensing the loading with new type of FA 
the following work had been undertaken: 
• Preparation of constant libraries for improved FA; 
• Calculating analysis of the nuclear safety 

under transportation of fresh and spent ad-
vanced fuel; 

• Calculating studies of possible ways to increase 
subcriticality at the areas of spent fuel storage 
and transportation; 

• Study of dependence between reactivity coeffi-
cients αt and αγ and state parameters of the 
WWER-1000 core loaded with fresh fuel under 
its start-up and power build up; 

• Study of individual design basis accidents and 
transients. 
 
 

4. Prospects of Nuclear Fuel Usage and 
Licensing Perfection 

Increasing attention is paid in the Ukraine’s Nuc-
lear Energy to the enhancement of the fuel usage 
efficiency and increase of economic indicators of 
the power plants performance. 

To improve economic and safety aspects of the 
WWER-1000 operation, the suppliers of nuclear 
fuel to Ukraine are currently working on the deve-
lopment of the improved nuclear fuel type that 
envisages higher fuel performance parameters as 
follows: 
• Average fuel burn-up in a fuel assembly – 55-

60 MWd/kgU; 
• 5-6 year fuel cycle; 

• Extension of the reloading period up to 18 moths 
(if required) by means of the use of: 
• Integrated neutron absorber (UO2+Gd203); 
• New high radiation and corrosion resistant 

Zirconium alloys to be used for cladding and 
guide tubes; 

• Low hafnium content Zirconium alloys 
(<0.01% of the mass) for structural materials; 

• Optimization of fuel pellet parameters (mic-
rostructure of Uranium dioxide, degree of 
enrichment, mass reduction due to minimi-
zation of the axial aperture); 

• Enhancement of operational reliability (fail-
ure frequency ≤5⋅10-6). 

Current practice of multichannels deliveries of nuc-
lear fuel is recognized as the most efficient one in 
the world. 

In the framework of Agreement for Cooperation 
between Ukraine and USA Concerning Peaceful 
Uses of Nuclear Energy Implementing Agreement 
between the Government of Ukraine and the Go-
vernment of USA Concerning the Ukrainian Nuc-
lear Fuel Qualification Project was signed in 2000. 

The main objective of the Project is nuclear fuel 
diversification for WWER-1000 nuclear power reac-
tors. The Project should allow to master nuclear fuel 
design and reactor core design methodologies, to 
improve licensing practice, and in future to take an 
opportunity of alternative nuclear fuel deliveries for 
WWER-1000 reactors for Ukrainian NPPs. 

Nuclear Regulatory Authority of Ukraine is per-
forming preparation and training for licensing of 
any new nuclear fuel type. The term licensing 
means work that ensures granting required per-
missions for the use of the new fuel type at indivi-
dual stages of the fuel operation including, but not 
limited to, development and review of safety ana-
lysis documents. 

In the frameworks of this activity Methodology 
to Perform the Expert Review of Materials Sub-
stantiating Introduction into Operation of New 
Types of Fuel was developed. 

Methodology is aimed at supporting directed at 
the performance of Technical Evaluation and 
Expert Review on nuclear and radiation safety of 
the Applicant’s documents in the frameworks of all 
stages of licensing activity concerning introduction 
of new type of nuclear fuel. 

Methodology is developed based on existing 
experience of Ukrainian experts and provisions of 
reports and publications of representatives from 
design, research, operational and other organiza-
tions from Russia, USA, Germany and other coun-
tries. Ukrainian experts tried to summarize their 
knowledge as for nuclear fuel development. 

Methodology establishes the following: 
• List of issues to be analyzed by experts while 

considering materials, and order of their analysis; 
• Assessment criteria which experts should be 

guided by in analysis of substantiating materials. 
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The list of basic criteria to be taken into account 
during Technical Evaluation and Expert Review is 
made up on the base of provisions of Ukrainian 
laws, rules, regulations, standards, industry docu-
ments, IAEA recommendations etc.  

Expert assessment of introducing alternative 
NF will be performed at stages of: 
• Fuel rods and FA design stage; 
• NF experimental batch pre-operational testing 

and control; 
• NF trial-industrial operation; 
• NF trial-industrial operation analysis of results; 
• NF industrial operation; 
• Fresh NF transportation and storage; 
• Spent NF storage and transportation. 

Expert assessment of the documents submitted by 
the Applicant will be performed in the following areas: 
• Nuclear safety; 
• Radiation safety; 
• Thermal-hydraulic analysis; 
• Mechanical-stress analysis; 
• Science of materials analysis; 
• Nuclear fuel transport and handling. 
Some values of criteria of different fuel designers 
differ, some criteria could differ in their definition. 
To license mixed core with fuel assemblies de-
signed according to different designer approach is 
an interesting and challenging task.   

The Content of Methodology is presented in 
Attachment 1. 

 
 

Attachment 1: Contents of Methodology to Perform the Expert Review of 
Materials Substantiating Introduction into Operation of New Types 
of Fuel 

1. GENERAL PROVISIONS  
2. ABBREVIATIONS, TERMS AND DEFINITIONS. 
Abbreviations  
Terms and Definitions  
3. GENERAL ISSUES OF TECHNICAL EVALUATION 
4. ORDER FOR EXPERT WORK AND STAGES OF EXPERT ASSESSMENTS OF DOCUMENTS 

SUBSTANTIATING INTRODUCTION OF WESTINGHOUSE NUCLEAR FUEL 
4.1 EXPERT ASSESSMENTS OF NEW FUEL PROJECT 
4.1.1 Terms of References (TOR) for Development of New Nuclear Fuel 
4.1.2 Technical Specifications (TS) for Nuclear Fuel 
4.2 EXPERT ASSESSMENTS OF COMPLIANCE OF NUCLEAR FUEL WITH THE DESIGN 
4.2.1 Quality Assurance Program in Nuclear Fuel Production  
4.2.2 Methodologies, Programs, and Results of Precommissioning Tests of New Nuclear Fuel 

Experimental Samples 
4.3 EXPERT ASSESSMENTS OF SUBSTANTIATION FOR SAFETY OF MIXED CORE LOADING OF 

VVER-1000 
4.3.1 Normal Operation Conditions for Reactor Facility 
4.3.2 Emergency Modes of RF Operation 
4.3.3 Assessment of Compatibility of New Nuclear Fuel with the Existing Components of the Core 
4.4 EXPERT ASSESSMENTS OF FRESH AND SPENT NUCLEAR FUEL MANAGEMENT SAFETY 

SUBSTANTIATION  
4.4.1 Fresh Nuclear Fuel Management Safety Substantiation 
4.4.2 Spent Nuclear Fuel Management Safety Substantiation 
4.5 EXPERT ASSESSMENTS OF USE OF REGULAR (MODERNIZED) INCORE MONITORING 

SYSTEM 
4.6 EXPERT ASSESSMENTS OF PROGRAM FOR NEW NF TRIAL OPERATION AND TECHNICAL 

DECISIONS WITH SUBSTANTIATING MATERIALS FOR MIXED LOADING OF VVER-1000 
CORE 

4.7 EXPERT ASSESSMENTS OF THE REPORT ON RESULTS OF NEW NUCLEAR FUEL TRIAL 
OPERATION 

4.8 EXPERT ASSESSMENTS OF VALIDATION OF THE COMPUTER CODES USED BY THE 
APPLICANT 

5. REFERENCES 
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Attachment 2: Organizational Chart of the State Nuclear Regulatory Committee 
of Ukraine 

Chairman 

Deputy Chairman  First Deputy 
Chairman 

Dept. of 
Safety of 
Nuclear 
Facilities  

(15)  

Adminis-
trative 

Department 
(11) 

Department 
of Regula-
tions and 

Legal 
Matters  

(9)  

Department 
of Safety of 
Radiation 

Technologies
(10)  

Department 
of Safety of 

Waste  
Management 

(11) 

Office of 
Chairman  

(4) 

Deputy Chairman – Chief Nuclear 
& Radiation Safety Inspector 

Department 
of Planning, 
Coordination 
and Develop-

ment  
(19) 

Main Department 
Nuclear and  

Radiation Safety 
Inspection  

(36)  

Collegium  
(Executive Board)  

5 Resident  
Inspections at NPPs  

(30)  

Dept. of 
Physical 

Protection 
and  

Security  
(9) 

Accountant 
Office  

(4)  
 

Department 
of Monitoring 

and  
Emergence 

Prepa-
redness  

(9) 

Division of 
Safeguards 

(7)  

Department 
of Inspection 
Coordination 

(12) 

Department 
of  

Assess-
ment of 

Nuclear and
Radiation 

Safety  
(15) 

 

Scientific -Technical 
Advisory Board 

Personnel 
Office  

(4) 
 

 
 
 

 


