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EXECUTIVE SUMMARY 

 

History of project 

 

The U.S. (Department of Energy) and Russia (EMERCOM and MINATOM), 

under the aegis of the Joint Coordinating Committee for Radiation Effects Research 

(JCCRER) and the Arctic Council's Emergency Prevention, Preparedness and Response 

working group are conducting a series of pilot projects to develop a risk assessment 

methodology / source control process for reducing the potential for emergencies at 

facilities handling radioactive or other hazardous materials. 

The projects are being implemented in accordance with the Russian-American 

Agreement on “Cooperation in research on radiation effects for the purpose of minimizing the 

consequences of radioactive contamination on health and the environment” signed on January 

14, 1994, and the Project Arrangement Between the Department of Energy of the United States 

of America, and the Nuclear Safety Institute (IBRAE) of the Russian Federation for 

Coordination of Emergency Preparedness/Response Activities. 

The projects include the development of a risk assessment methodologies 

document and on-site facility risk assessments at selected hazardous industrial facilities.  

The assessment includes the application of national technical and regulatory standards 

and the application of the international ISO 14001 and ISO 14040 Environmental 

Management Systems standard [1,2]. 

The hazardous industrial facility selected for the first pilot project is the drinking 

water and sewage treatment utility in Apatity, Murmansk region, Russian Federation. The 

enterprise supplies water to the population and industrial facilities of Apatity city and adjacent  

territories applying chlorine-related technologies. In accordance with the Russian legislation the 

enterprise is not referred to the category of “Hazardous industrial facilities” due to the fact that 

chlorine reserve of the storehouse does not exceed 25 t at a time. The first pilot project 

produced two reports: Risk Assessment Methodology at Hazardous Industrial Facilities 

(Working Draft), and Analysis of Risks of Emergencies to Population and Territory, and 

Development of Measures to Reduce the Risks as Applied to the Apatityvodokanal Utility. 

The second phase of this project have been at a MINATOM faсtory handling 

radioactive and/or nuclear materials. FSUE «SSC RF Scientific and Research Institute of 

Nuclear Reactors» (FSUE «SSC RF NIIAR») located in Dimitrovograd city of Ulyanovsk region 
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- was selected as such type of enterprise. Presently FSUE «SSC RF NIIAR» is the largest 

scientific and research center of Russia in the field of nuclear power which operates research 

nuclear reactors, material science facilities and radiochemical laboratories. Fuel element and fuel 

assembly research department (FRD) is the facility for risk assessment methodology 

approbation. FRD conducts study of full-scale fuel assemblies and elements of power reactors 

(VVER-440, VVER-1000, RBMK and BN) and pilot fuel elements tested in research reactors. 

Process equipment provides for the opportunity to deal with the items of the activity up to 105 Ci 

(3.7 PBq). The second pilot project produced three reports: Legislative regulation of 

radiation safety at nuclear fuel cycle facility, Risk Assessment Methodology at Hazardous 

Industrial Facilities, and Study of safety conditions of SSC RF NIIAR fuel research 

department. 

Approach 

Risk assessment at hazardous industrial facilities is an integral part of industrial 

safety management.  Risk assessment is the systematic utilization of all available 

information to identify hazards and estimate risks of probable unexpected events.  The 

main goals of risk assessment are to provide company or facility decision-makers 

information on: 

• the hazardous material within a facility and a rank order of the greatest to least 

potential risk/threat; 

• identification and status of facility safety features, and 

• reasonable recommendations to reduce the risk. 

This information is used to prepare plans to mitigate incidents involving the 

hazards. In turn, decision-makers can use international standards and best practices such 

as the ISO 14001 process to establish prevention, preparedness and response programs 

based on relative risk and/or recommendations resulting from the effectiveness of 

systems and programs to manage the hazards.  To these ends, agency management can 

establish a structure and programs to address these risks through the implementation of 

international or modified country-specific policies and programs that define objectives 

and targets to achieve end results. 

A critical outcome of the risk assessment is aimed at obtaining the results to determine 

and implement corrective measures, develop improved directives, instructions, action plans for 

continuous enhancement of production process in terms of safety. Of course, the audit and 

review of hazardous activities will be essential components to ensure that the 
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environmental policy is complied with; and, that the environmental management system 

(EMS) remains appropriate to the risks identified and the program(s) to minimize those 

risks. 

Summary of Findings 

The implementation phase of the risk assessment methodologies realized in this 

report to determine of level of ecological impact by the use of nuclear and/or radioactive 

materials in Fuel Research Department (FRD) of FSUE «SSC RF NIIAR». This report 

presents results of the risk assessment  and recommendations which provide the management 

with the opportunity to assess facility safety level and use these recommendations for risk 

management program development. The report presents detailed information associated with the 

enterprise including process description, radioactive substance characteristics, equipment 

characteristics and etc. 

A risk assessment working group, comprised of facility management and engineers 

and IBRAE, was created for realization of the project. Working group has systemized 

regulatory document requirements, which provide guidance for facility activities, has 

familiarized with the facility, its operation background, documentation, process and equipment. 

It has been marked that, there were 8 incidents at FRD in 1991 – 2003, related mainly to 

fuel loading/unloading and transportation. These situations did not lead to personnel or 

population exposure over the set limits and did not affect the echeloned protection. 

Experts examined the possible emergency situations with radiation effect on the personnel 

and/or population and analyzed their consequences. On the basis of the performed analysis, the 

most important situations were determined selected for further detailed examination. 

Quantitative assessments of probability (frequency) and radiation consequences have been 

performed for the selected emergency situations with leak of the storage pool at FRD. The 

significance of each of the scenarios was determined using the risk matrix. 

The possibility of partial loss of water from the storage pool is the biggest threat as a result 

of personnel error or equipment failure presents the highest threat as it may lead to worsening of 

the echeloned protection. Thus the modernization of protective measures should first of all 

consider technical equipment and organizational measures that reduce the possibility of storage 

pool emptying: 

• a special drain device in the upper part of the pool is to be designed to reduce the 

amount of possible water leakage from the pool; 

• a system of collection and detection of the leaks from the storage pool is to be 

organized; 
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• a system of emergency feeding of the storage pool is to be developed; 

• the basic institutional arrangements lie in organization of round-the-clock monitoring. 

These measures will allow not only to reduce the possibility of pool emptying, but also 

reduce the severity of the accidents connected with loss of integrity of the SP. Risk reassessment 

and risk matrix considering planned corrective actions have demonstrated FRD safety level 

lowering up to risk acceptable level when these measures are done. 

The specialists of FRD participated in the risk assessment and the development of this 

report. Recommendations presented in the report may be used for risk management program 

development based on EMS with ISO 14001. It is now up to the management of FSUE «SSC RF 

NIIAR» to carry out the next steps in the ISO 14001 process. 
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LIST OF ABBREVIATIONS 

 

ASKRO Automated System of Radiation Situation Monitoring 

BDBA Beyond Design Basis Accident 

CA Control Area 

DBA Design Basis Accident 

EC Emergency Situation 

ES emergency situation 

FM fissile materials 

FP Fission Products 

FRD Fuel Research Department of SSC RF NIIAR 

GFP Gaseous Fission Products 

IEF ion exchange filter 

IFA Irradiated Fuel Assembly 

IRS Ionizing radiation sources 

LRW Liquid Radioactive Waste 

MVCF mixed vibration compacted fuel 

NOC Normal Operating Conditions 

NTD Normative and Technical Documents 

RAW Radioactive waste 

RFP Radioactive fission products 

RS Radioactive substances 

SFA Spent fuel assembly 

SFP Solid Fission Products 

SNF Spent nuclear fuel 

SP Storage pool 

SPA Sanitary Protection Area 

SRW solid radioactive waste 

SSC RF 

NIIAR 

State Scientific Center of the Russian Federation 

Research Institute of Nuclear Reactors 

SSCR Self sustaining chain reaction 

TPC Transport package container 
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TPK Transport Package Kit 

VFP Volatile Fission Products 

 

External impacts – impacts from natural phenomena and human activities characteristic for 

research nuclear installation (RNI) site, such as earthquakes, high and low levels of surface and 

ground waters, accidents at airborne, water and road transport, fires and explosions at nearby 

facilities etc. 

Initial event – single failure of the systems (elements) of RNI, external impact or personnel 

error, which can disrupt normal operation and lead to exceeding of the limits and (or) conditions 

of safe operations. It includes all the not independent failures that are its consequences.
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INTRODUCTION 
An increase in the amount and consumption of hazardous substances used in 

industry, more complex nature of the technologies and controls over modern processes 

require justified risk/safety assessments and criteria which take account of probability 

and consequences of possible accidents. 

The detection of hazards and risk assessment are two prerequisites for development – 

in accordance with ISO 14001 requirements – of managerial plans to ensure 

environmentally safe conduct of operations. Detection of hazards is an intrinsic part of 

any existing management system. Risk is generally assessed through determining a 

probability of any hazards at facilities within the enterprise. 

This Report presents the measures to reduce risk, improve operational safety and emergency 

preparedness in the Fuel Research Department (FRD) of FSUE «SSC RF NIIAR». These 

measures were developed based on the emergency risk analysis at the FRD.
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1. RISK ANALYSIS WORK GROUP 

Accident risk analysis for hazardous industrial facilities (hereinafter referred to as 

“Risk Analysis”) is an intrinsic part of the industrial safety management. The Risk 

Analysis pursues a systematic use of all available information to identify hazards and 

assessment of risk of possible undesirable consequences. 

The main tasks of the accident risk analysis for hazardous industrial facilities are 

to provide the decision-makers with: 

• valid information on industrial safety level of the facility; 

• information about the most hazardous, “weak” – in terms of safety – points 

• justified recommendations on risk mitigation. 

The special working group was set up to carry out the accident risk analysis for the 

potentially hazardous facility (PHF) FRD of FSUE «SSC RF NIIAR» and to study the 

hazard it poses and the level of its emergency preparedness. The group included: 

From the Russia: 

From FSUE «SSC RF NIIAR»: 

Gremyachkin V. A. - Deputy Technical Director; 

Usoltsev V.Yu. – contract manager, RS section head, RS chief expert; 

Esherkin A.V. – FRD chief engineer; 

Nekhozhin M.A. –FRD deputy chief engineer; 

Shkokov E.I. – RSD laboratory head, Ph.D.; 

Kizin V.D. – RSD leading scientist, Ph.D.; 

Komarov S.V. – FRD RS group head; 

Zhuravlev K.D. – FRD leading engineer; 

Efarov S.A. -  engineer. 

From – IBRAE RAS: 

Linge I.I. –deputy director, Doctor of Engineering Science; 

Shikin A.V. - senior scientist; 

Bakin R.I. – laboratory head; 

Frolova O.B. - junior scientist. 

From the U.S.: 

Bruce Russell — JS&A Environmental Services, Inc; 

Tomas I. McSweeney — Ph.D., P.E., Technical Leader Process safety and Risk Management. 
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The risk analysis work objective was: 

• implementation of research to determine FRD of FSUE «SSC RF NIIAR» safety 

condition including human element; 

• analysis of hazard basic sources during FRD operations with irradiated fuel assemblies; 

• preliminary analysis of incidents and analysis of consequences; 

• quantitative risk assessment; 

• to improve the operating and maintenance procedures regarding the enhancement of 

industrial safety management system. 
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2. THE CHOICE OF THE RESEARCH DIRECTION 

2.1. Radiation risks in normal operation 
In normal operation the radiation risks are assessed on the basis of the available information 

on personnel exposure, activity of the releases of the facility and the amount and the activity of 

the radioactive waste generated. The information is obtained through individual dosimetry 

control of the personnel (external exposure), data on concentration of radionuclides in work 

areas (internal exposure), data on the activity of the releases and data on the activity and the 

amount of the radioactive waste.  

Correction measures on improvement of normal operation systems and instructions on 

conducting of the technological process can be issued on the basis of the analysis of the obtained 

data. 

2.2. Radiation risks in case of an accident 
Radiation risks at the nuclear- and radiation hazardous facilities in case of accidents are 

determined by calculations based on data of probability and radiation consequences of the 

accidents, assessed on the basis of the predicted dose loads required for liquidation of the 

consequences of the accident. The current work pays attention mostly to investigation of hazard 

sources at FRD, analysis of possible emergency situations and assessment of radiation 

consequences of these emergency situations. 

Each of the accidents is characterized by the initial event, the process of development and 

the consequences. Here only radiation consequences are taken as consequences (exposure of the 

personnel and population, contamination of the equipment, buildings, environment etc). 

There are five basic types of initial events: 

� Failures of the equipment, systems or separate elements; 

� Errors of the personnel; 

� External impact of natural and man-caused origin; 

� Terrorist attacks (actions directed at damaging the equipment, systems, protective 

barriers); 

� software failures 

The process of development of the accident depends on: 

� Functioning of the systems and the equipment (the equipment that ensures safety and 

devices critical for safety), in particular on the presence of additional failures;  

� The correctness of the personnel actions (i.e. on the errors of the personnel). 
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The radiation consequences of the accident depend on: 

� The total activity and the radionuclide composition in the equipment (containers, 

repositories, protective cells etc) that is affected by the accident; 

� Physical and chemical properties of the radionulides and the materials containing 

them that determine the rate of the radionuclide release and the percentage of the 

nuclides released through the protective barriers if affected by an accident; 

� Functioning of the equipment and systems intended for retention and/or localization 

of the radionuclides and ionizing radiation in case of an accident in the boundary 

determined by the project; 

� The actions of the personnel during the accident and liquidation of its consequences. 

2.3. List of information required 
Based on the aforementioned, the following information is required for preliminary 

assessment of radiation risks at FRD: 

� Characteristics of the technological processes that involve radioactive substances; 

� Characteristics of the main equipment (protective cells, containers, radioactive waste 

repositories) and rooms; 

� Characteristics of the supporting systems (ventilation, power supply, water supply); 

� Characteristics of the ionizing radiation sources (activity, radionuclide composition, 

chemical form and aggregate state etc); 

� Characteristics of the technical systems and organizational measures aimed at 

provision of safety in case of accidents; 

� Characteristics of the security. 

2.4. Information Sources 
The information listed above is obtained from the following sources [3]: 

• Project documentation of the building, the rooms and the equipment; 

• Manuals on the equipment, the systems and the technological processes; 

• Operating instructions of the equipment, systems and separate elements; 

• Passport data for the spent nuclear fuel (SNF); 

• Personnel training programs and the procedure of qualification confirmation; 

• Instructions for the personnel; 

• Emergency instructions, plans and schedules of counter-emergency training and 

its results; 
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• The operating limits set for FRD and the institute, the limits of safe operation and 

control levels of the radiation parameters; 

• Scientific and technical reports containing information on the safety state and the 

functioning of separate systems and equipment of the FRD and the institute as the 

whole; 

• Scientific and technical reports containing information on radiation consequences 

of the accidents with SNF. 

• A description of past accidents that have resulted in releases to the environment 

or over exposures to workers, and a history of incidents that have resulted in the 

facility exceeding the limits set for FRD and the institute, the limits of safe 

operation and the control levels of the radiation parameters. 



3. GENERAL CHARACTERISTICS OF FRD 

3.1. Charactersitics of FRD site 

3.1.1. Geography and Demography 

FRD (building 117) is situated on the FSUE «SSC RF NIIAR» site. The site itself is located 

in the Basin of Volga River and its left tributary bolshoi cheremshan river. Bolshoi cheremshan 

River together with its erosion-accumulation terraces is cut into the widely developed ancient 

high Volga terraces [4]. 

The territory of the site itself is on the third right-bank terrace of Bolshoi cheremshan River, 

in a forest area near the water basin of the Kuibyshev Water Reservoir (Fig. 3.1). 40% of the 

region the site is located in, is covered by mixed forest. Linden, birch, asp, nut-tree dominate in 

these forests, although pines and oaks may also be found. 

The landscape of the district is smooth. It is a system of partially separated low plains. The 

absolute surface heights range between 66 and 72 m, height changes are about 1÷1.5 m over a 

distance of 100 m. The incline is in the direction of Bolshoi cheremshan River. 

To the east from the site on distance of 8 kms Dimitrovgrad, and to the west, on distance of 

3,5 kms - working settlement Mullovka is located. To the north and northeast from the site there 

passes a highway Dimitrovgrad - Ulyanovsk (Fig. 3.1.). 

The soils in the 30 km area have poor fertility and are of low value from the agricultural 

point of view. No minerals except building materials were found in the region. The sanitary 

protection area chosen in the design is circular with the radius of 5 km. The control area has a 

radius of 30 km. Sanitary protection area of FSUE «SSC RF NIIAR» is located mainly in the 

Melekess District. The control area includes settlements of Melekess, Cherdaklinskiy and 

Novomalykinskiy Districts and the town of Dimitovgrad. 

The total population living in the mentioned territory (the control area) in 1989 and 1993 

was 175803 153408 people, the population density – 80.4 and 78.2 hum/km2. The population is 

not uniformly distributed over territory. The population density in the Melekess District, the 

district where the site No.1 is located, is 3÷4 four times lower than in the 30 km area on the 

whole. The nearest to the site settlement of the Melekess District is the workers settlement 

Mullovka with the population of 6782. The town of Dimitrovgrad is the largest settlement with 

its population of 123800. 

The tendency of population changes in the Melekess District (territory in the radius of 

35÷45 km) is given in table 3.1. 
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Fig. 3.1. District of an arrangement FSUE «SSC RF NIIAR» 

Table. 3.1. Changes of population in the Melekess District (30÷÷÷÷45 км area), thousands 

Population, Year 1981 1983 1985 1987 1989 1991 1992 1996 
Urban areas 109.1 112.8 116.4 120.9 123.5 126.5 128.4 136.7 
Rural areas 45.6 44.5 44.9 42.3 42.1 41.4 41.0 no data 

Total 154.7 157.3 161.3 163.2 165.6 167.9 169.4 no data 
It can be seen that the population rose until 1996, then the population increase stopped, and 

currently a decrease of population is observed. 

There are about 80 nurseries and 67 schools in Dimitrovgrad and Melekess District. In 

summer, up to 20 recreation camps for children are organized in the town and its surroundings. 

Analysis of the data on sickness rate of the institute personnel and the population living both 

near FSUE «SSC RF NIIAR» and in relative remoteness did not show any noticeable difference. 

3.1.2. Nearby industrial and transport structures 

There is a heat supply plant at a distance of 3.5 km from the site. The plant is the only major 

atmosphere pollutant. It burns both natural gas and fuel oil. 12500 tons of fuel oil are stored in 

underground tanks. 
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Other industrial facilities which periodically release toxic or corrosive substances are in the 

town of Dimitrovgrad at a distance of more than 10 km from the site. These are daaz and 

Himmash plants, a railway station, flax-scutching mill and legwear garment factory. Industrial 

facilities of workers settlement Mullovka are situated in the five kilometer area – distillery and 

cloth factory. 

Railroad and motor road of federal importance pass close to the site location. The territory 

between the site and the transport roads is practically flat and covered with forest. Average 

height of the trees is 20÷25 m. The changes of heights of hills in the direction of highway are 15 

meters, and in the direction of railroad - 20÷25 m. 

The nearest section of the railroad of federal importance is at a distance of 8700 m from 

FRD. A branch railroad line 9.5 km long leads from Dimitrovgrad station to the site. 

The shortest distance from the FRD to the motor road of republican importance Saransk-

Samara is 3500 m. The site is connected to Dimitrovgrad by a motor road 5 km long and 6m 

wide. The road has a concrete base with an asphalt carpet; the height of the road bed is 1.5 m. 

The road to the site adjoins the Saransk-Samara highway. 

It is prohibited to lay air routes in 5 km radius of NIIAR site to ensure safety of reactors and 

facilities of NIIAR. Distance to the nearest airport (Ulyanovsk airport) is 70 km. 

Gas-main pipeline Samara-Ulyanovsk passes at a distance of 4.2 km. 

Specifications of the pipeline: 

� Diameter - 530 mm; 

� Wall thickness – 7.5 mm; 

� Gas flow rate – 150000 m3/hour; 

� Pressure – 5.5 MPa. 

3.1.3. Characteristics of impact of the nearby industrial and 
transport facil ities on nuclear-hazardous facil ities of FSUE «SSC 
RF NIIAR» 

There are no stores of solid explosives, liquefied gas mixtures or petrol storages on NIIAR 

site. However, there are three vessels with hydrogen at pressure of 1.0 MPa with a volume of 10 

m3 each at the electrolysis installation of the vk-50 reactor at a distance of 300 meters from 

FRD. 

Impact of inflammation of gas or fuel oil at the heat supply plant on the site no.1 is possible 

only in case of starting of a fire in the forest surrounding the plant and NIIAR. However, this 

factor is considered weak, as the plant is relatively remote and there areas cleared of forest 

around the plant. 
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Characteristics of the explosion-hazardous and fire-hazardous facilities and roads which 

may be used for transportation of explosive loads, and the parameters of the blast waves are 

given in the table No. 3.2. 

Table 3.2. Sources of external explosive impact and calculated parameters of blast wave 
impact on the nearest building of the institute 

Name of the 
source of possible 

explosion 

Distance to 
the nearest 
facility of 

the institute, 
m 

Type of 
explosive 

(flammable 
substance) 

Mass of the 
transported, 

stored or leaked 
flammable 
(explosive) 

substance, kg  

Maximum 
reflection 

pressure ∆Рrf, 
acting on a front 

obstacle, kPa 

Effective 
time of 
the blast 
wave θ, 

sec 

Railroad 8900 Solid explosives 372000 1.67 1.35 
Railroad 8900 Propane-butane 

mixture 
154000 1.76 0.36 

Highway 3700 Solid explosives 6000 1.00 0.44 
Highway 3700 Propane-butane 

mixture 
9000 1.64 0.14 

Gas-main 
pipeline 

4400 Natural gas 240000 4.32  0.40 

Vessels with hy- 100*) Hydrogen 27 8.88  
-drogen (bl. 126) 180   4.58 0.016 

NIIAR petrol 
store 

3700 Petrol 280000 2.35 0.183 

Petrol store of 
“Dimitrovgradstr

oy” company 

 
5700 

 
Petrol 

 
720000 

 
2.09 

 
0.251 

Accidents on the transport routes in transportation of fire-hazardous and explosive 

substances may also cause fires in the forests surrounding the site. However, the protection areas 

along the main roads should prevent spreading of fire to its territory. 

Influence of flooding on the institute facilities in case of break of one of the upstream dams 

is minimal, as the maximum level of the inrush wave in the vicinity of Dimitrovgrad is at the 

level 54.6 m in period of low water and 55.8 m in period of high water. The height of the NIIAR 

site changes in the range between 66 and 72 meters. Water level in the Bolshoi Cheremshan 

River, which is in the backwater from the reservoir, usually does not exceed 54 m. 

The possibility of an airplane crash on the FRD building is very low and such an accident 

may be considered only as beyond design-basis. 

3.1.4. Meteorology 

According to sanitary norms and rules (snp 2.01.01-82), the region of FRD corresponds to 

the climate subregion ii в. Extreme values of meteorological parameters with repeatability of 

once per 10 thousand years (data prepared for NIIAR by Voeiykov hydrometeorologic 
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observatory [5]) and according to the observations of weather stations of dimitrovgrad and 

NIIAR (the values in brackets) in 1965-1993 are the following: 

� Absolute minimum temperature of the air - -60 °С (-48 °С); 

� Absolute maximum temperature of the air - + 48 °С ( +40 °С); 

� Maximum daily amount of precipitation - 106 mm (63mm); 

� Maximum pressure of snow cover – 4.85 kPa (1.5 kPa); 

� Maximum windspeed - 62 m/sec (28 m/sec); 

� Maximum wind pressure – 2.4 kPa (0.3 kPa). 

Winds of south half of the horizon dominate in the area of NIIAR site. The winds of south-

west rumb are the most frequent. Winds of north and noth-west directions are registered in spring 

and summer, and in autumn south and south and south-west winds are encountered. Winds of 

south direction are observed 133 days per year, north direction – 113 days and those of south-

west direction are encountered 106 days per year. This means that the largest settlement of the 

melekess district – the town of dimitrovgrad is on the leeward side of the site.  

Average annual windspeed is 2.6 m/sec, windspeed with probability over 5% is about 

7m/sec. No hurricanes or typhoons were observed in the region, although storms were. 

Maximum wind speed in case of storm was 28 m/sec. Sandstorms, smoke mist were not 

encountered by the weather stations.  

According to the sanitary norms and rules 2.01.07-85 the examined territory corresponds to 

II wind region, for which the wind pressure amounts 0.3 kpa. 

Average annual air temperature on the NIIAR site is +3,6 °С. Extreme temperature values 

observed in the region were +40 °С and (-48 °С). Average annual amount of precipitation 

according to the observations of the Dimitrovgrad weather station in 1925-1987 was 561 mm, 

daily maximum of precipitation was 63 mm. According to the sanitary norms and rules the 

territory considered corresponds to the iv snow region, for which normal value of snow weight 

on 1m2 is 1,5 kPa. Relative humidity changes from 62% to 87%; average annual relative 

humidity according to the observations is 77%. Annual number of thunderstorms over the period 

from 1983 till 1993 changed between 7 and 24. The thunderstorms are most frequent in June, 

July and August. 

According to the map of zoning of the territory of Russia, the NIIAR site corresponds to the 

ii ice-slick zone. The glaciation phenomena are encountered from November till March. They are 

the strongest in December and January, according to the observations the number of cases in this 

period is around ten. Thickness of ice deposit on the wires was: 

� Thickness - 18 mm; 

� Weight per 1m of length – up to 88 g. 
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Average number of foggy days is 24 days per year. Fogs are mainly observed in the period 

between October and March (18 days from 24 in a year). Maximum number of foggy days is in 

November. 

Maximum frost penetration into soil was registered in March of 1951, when it reached 142 

cm. Other weather stations recorded frost penetration to the depth of 1.6 m. No permafrost is 

present on the territory of the region. 

The mentioned parameters and characteristics of the atmosphere are controlled by a 

departmental weather station, which is located at a distance of 200 meters from the NIIAR site 

boundary. It is equipped with a meteorological platform, a weather tower 40 meters high and a 

service room. The program of weather observations is implemented by a service of 

environmental protection department of the institute. 

3.1.5. Hydrology 

The hydrological characteristics of the surroundings of the NIIAR site are determined by the 

presence of such rivers as bolshoi cheremshan, erykla, sosnovka, malyi avral and bolshoi avral 

and the kuibyshev reservoir. All mentioned rivers flow into the kuibyshev reservoir. The rivers, 

with the exception of bolshoi cheremshan, do not noticeably affect the hydrological regime of 

the reservoir. Bolshoi cheremshan River flows at a distance of 1200 meters from the site, and the 

distances to the rivers erykla and sosnovka are 4000 m and 2600 m correspondingly. The rivers 

of erykla and sosnovka are not wider than 3 meters, and their depth is 0,5÷1,0 м. 

Lower course of bolshoi cheremshan is in the backwater of kuibyshev reservoir, that is the 

reason that the flow velocity here is absent at some times. The flow velocity in the period of low 

water changes from 0 to 0,3÷0,4 m/sec in both directions. Basic characteristics of bolshoi 

Cheremshan River are: 

� Area of water collection 11500 km2; 

� Water level oscillations up to 7.5 m; 

� Average annual water flow rate 36.1 m3/sec. 

Maximum water level in the Bolshoi Cheremshan River is observed in may-June. The most 

significant rise of water level was encountered in 1979, when the absolute water mark reached 

53.9 m. In all other cases, the maximum water level is much lower than the height of the site 

(66÷72 m). Minimum level of water in bolshoi Cheremshan River is observed in march-April. Its 

lowest level was recorded in 1976, when the absolute level mark dropped to 52.0 m. 

No major hydrological structures(dams, dikes etc), which may affect the safety of the 

facilities on the site, are present in the radius of 90 km. Cheboksary Reservoir is 450 km 

upstream the Bolshoi Cheremshan River. In case of break of the pressure fronts of the latter, the 
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water level in Bolshoi Cheremshan river will not rise significantly due to the large (not less than 

700 km2) flooding area. 

Decrease of the level and flow rate of water in the technical water supply of industrial 

facilities of Dimitrovgrad (Bolshoi Cheremshan River) is determined by discharge of water by 

Kuibyshev hydro-electric plant and does not depend on the amount of water drawn by the users. 

The daily drawof  is less than 1% of daily flow rate of the river. 

The site of NIIAR is in the region of III accumulative terrace over the floodplain of Bolshoi 

Cheremshan River with absolute heights ranging from 67 to 79 m, which is made of recent 

sediments, a complex of alluvial soils of quaternary period – loams, sands and clay of the 

Jurassic period. Hydrogeological conditions of the site are characterized by development of non-

pressure alluvial water-bearing horizon in the sands. Jurassic clays serve as an aquiclude. Ground 

water surface is at the depth of 20.2 ÷21.5 m in the north and north-west parts of the site, and at 

the depth of 8.8 ÷10.1 m at the south of the site. Absolute levels of ground water surface change 

between 62 and 56.5 m. The flow is inclined to the south and south-west in the direction of the 

reservoir. Seasonal oscillations of ground water layer are 2.5 m. Comparison of the ground water 

layers using the wells drilled in 1956 and in 1988÷89 showed no significant changes. The ground 

waters are hydrocarbon-calcium and hydrocarbon-calcium-magnesium, with low mineralization 

and alkalescent reaction. 

3.1.6. Seismotectonic, geological and engineering-geological 
conditions 

There were 24 earthquakes observed in the 300 km radius of Dimitrovgrad according to the 

earthquake catalogue of the East-European platform. There was some energization of the seismic 

processes in this part of the east-european platform recently (1989-1990), in particular this 

concerns the Tatar Anticline and Privolzhie [6]. This is explained by accumulation of large 

masses of water in the Kuibyshev, Saratov and Nijnekamsk reservoirs and also by pumping of 

large amounts of oil from the depths. The area of possible earthquakes connected with the break 

7 km to the south and to south-west of Dimitrovgrad is the most dangerous for the site. Possible 

magnitude of an earthquake caused by local source at a depth of 10 km and distance from the 

break of 7 km is assessed at the level of a design-basis earthquake of 5 points (once per 100 

years) and at the level of maximum design-basis earthquake as 6 points (once per 10000 years). 

No volcanic activity on the territory of the region was found. The recent geological 

processes such as landslides, bank collapses and karst phenomena are not encountered in the 

radius of several tens of kilometers from the site. According to the results of drilling of wells 

(over 40 deep wells) no past tectonic phenomena was found on the territory of NIIAR on an area 
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of a standard size of a survey grid of 2.5×2.5km. The seismicity of the site territory is now 

controlled by a departmental seismic station kagk-d1 (a system of instrumentation for 

geophysical control), that started its operation in 1993. 

Structurally, the NIIAR site is in the Melekess basin, which is a part of submeridional 

Ulyanovsk inter-anticline area. According to the data of well drilling, the crystal base is 

penetrated at the depth of 2264 meters and comprises of biotite granites. A large stratum of 

Paleozoic structural layer lays on the base: 300-meter stratum of mid- and upper-Devon 

limestone, sandstone, blackbituminous marl; then 1.5 km stratum of terrigenous-carbonate rocks, 

350-meter pack of Permian sediments (limestone, dolomite, clay, gypsum). Red and brown clays 

and alluvial quaternary sediments of the terrace of Bolshoi Cheremshan River lie above. 

Fill-up soil with admixtures of sand and construction waste is mainly found on the NIIAR 

site. The fill-up soil layer is in average 6÷7 meters deep, though in some places its depth is up to 

15 meters. Taking into account the geological section, the depth of the ground waters, average 

density and moisture of the soil, the site is divided into four parts on the map of engineering-

geological zoning. 

In assessment of seismicity it was taken into account that the site territory includes multiple 

buildings with deep foundations and communications that disrupted the soils. Due to this reason 

each of the site parts was divided into subparts, determined by the thickness of the fill-up soil, 

their lithologic composition and properties and the level of ground waters. According to this 

classification, the building 117 is on part 2 of the site on 2a subpart. Taking into account the 

depths of foundations of these structures, the soils under them correspond to category II 

according to their seismic properties. Thus, according to pnae g-5-006-87 the intensity of design-

basis and maximum design-basis earthquakes for building 117 is the same as the initial 

(background) values (5 and 6 points). 

3.2. History of foundation and operation of FRD 
In the mid-70s of the twentieth century such commercial reactors as vver-440 and vver-

1000, rbmk-1000, bn-350 and bn-600 were designed and constructed. Large hot cells were 

required for research of deformation, visual examination, gamma-scanning and other research of 

behavior of fuel and other construction materials of fuel elements and fuel assemblies of 

commercial reactors. 

There were no such hot cells in Russia at that time. So it was decided to enlarge the material 

studying facility of NIIAR by adding a system of large hot cells. Such a system was designed 

and built as a separate building (building 117). 

Building 117 was designed in 1977 by Krasnoyarsk branch of vniipiet. 
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The building started operation in 1986. In 1987 the department of initial research of fuel 

elements and fuel assemblies was separated from the department of reactor materials research. 

 

Fig. 3.2. Buildings of material research complex 

From the start of functioning of the fuel research department: 

� Reliability of vver-1000 fuel in 2-, 3-, and 4-year operation modes was validated; the 

same was performed for vver-440 for 3-, 4-, 5-year operation modes;  

� High efficiency of pellet fuel of sintered uo2 was proved; high characteristics of e-

110 alloy in basic operation modes were confirmed; the state of steel and zirconium 

spacer grids was studied;  

� A large scope of work on studying of impact of various factors on the stability of fuel 

assembly (and its fragments) dimensions was performed;  

� Peculiarities of the behavior of fuel with high burn-up were studied; a large scope of 

information on the causes and mechanisms of vver fuel failure in steady-state operation 

conditions were acquired;  

� Dependencies between fuel burnup, linear power of the fuel element and yield of 

gaseous fission products from the fuel were found for transients; 

� Work on research of power excursions on behavior of vver fuel elements with 

different fuel burn up has been finished. The allowable parameters of such power 

excursion were determined 

3.3. Objectives and main directions of work of the FRD at the modern 
stage 

The experimental equipment of the fuel research department is specially designed for work 

with highly radioactive objects.  

It is unique if compared to other Russian and foreign “hot” laboratories as it allows to 

perform the full cycle of tests of any reactor materials, and study full-scale fa of vver, rbmk, and 
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bn reactors. Engineering and methodical equipment of the department allows to ensure safe 

testing of the core elements in emergency conditions, including research of molten spent fuel. 

The department takes up a separate building and includes 7 hot cells (Fig. 3.3). 

 

Fig. 3.3. Hot cells allow studying of irradiated materials  

with activity of 105 Ci (3.7 PBq) 

 

The cells are specially designed for non-destructive research and, in particular, two of the 

cells allow working with assemblies (length of up to 4.5 m) of all types of Russian and foreign 

reactors (Fig. 3.4). 

 

Fig. 3.4. Control room of the hot cell K-2 
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Tasks and goals of the department: 

� Expert assessment of full-scale fuel assemblies and their elements spent in 

commercial reactors; verification of design and engineering innovations of fuel 

assembly designers; 

� Evaluation of operation conditions impact and analysis of the causes of fuel element 

unsealing; 

� Recommendations on improving of fuel performance;  

� Manufacture of experimental fuel elements including instrumented ones to be tested 

on test benches and in research reactors;  

� Testing of fuel elements and their fragments on high temperature test benches under 

different conditions simulating transients and emergency operation;  

� Post-test examination of the experimental fuel elements in order to determine fuel 

operation limits and its licensing;  

� Development of test equipment; development of experimental devices and methods 

of measuring the basic parameter describing the state of fuel elements and fuel 

assemblies  

� Development of a database on VVER fuel 

Directions of research: 

The research of materials spent in commercial reactors, and research of experimental fuel 

elements is carried out corresponding to the goals set by the customer: 

� Reaching of higher burn-up, raising of efficiency and safety of the fuel by 

implementing new engineering solutions and use of new materials; 

� Assessment of the consequences of deviation from normal operating conditions; 

� Analysis of the causes and decreasing of the possibility of unsealing; 

� Determination of operating thresholds of the fuel in transients and emergency 

operation modes; 

� Repairing of the faulty FA. 

The mentioned goals are reached by study of the basic parameters characterizing the 

performance of the fuel: 

� Geometrical parameters and relative positions of FA elemnts; 

� Toughness of the FA design on the whole; 

� Geometric parameters and deformation of the fuel element cladding; 

� Integrity of the fuel element cladding; 

� Condition of the fuel core and redistribution (axial and radial) of masses inside the 

fuel element; 
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� Quantity and composition of the fission products; 

� Structure, composition and properties of the fuel core in axial and radial directions; 

� Yield of fission products from the fuel to beneath the cladding; 

� Corrosion state of the cladding; 

� Strength and elastic properties of the cladding material; 

� Structure, composition and properties of the cladding materials; 

� The fuel-cladding interaction. 

3.4. Technological operations performed at FRD 
The main stages of technological process at FRD connected with movement of radioactive 

substances and work with them: 

� Entry and exit transport loading/unloading operations with spent nuclear fuel 

(receiving of spent FA (SFA) for research and their subsequent shipment); 

� Temporary storage of SFA in the storage pool; 

� Internal transport loading/unloading operations (transport of SFA from temporary 

storage to the hot cells, transport between the cells and their return to the storage) 

� Research of SFA characteristics and characteristics of separate fuel elements and 

spent nuclear fuel in hot cells; 

� Collection, temporary storage and shipment of radioactive waste (solid, liquid and 

gaseous); 

� Repair and maintenance operations (including deactivation). 

3.5. Transport technologies of building 117. 
The fa and fuel elements are transported to the FRD from nuclear power plants, other 

research centers and processing facilities in special certified transport package kits [7]. The 

containers are transported on-site by a specially equipped kraz truck. 

The containers are delivered to the transport entry of building 117, then the container 

containing sfa is moved to the transport hall with a 50-ton crane. The sfa is subsequently 

unloaded to the storage of cells or to the storage pool. 

Fa and their fragments are stored in vertical storages in the vaults of hot cells. Fa and fuel 

elements are loaded into the storage pool after research. 

3.5.1. Radiation protection cells 

Seven radiation protection cells are located in building 117 (fig. 3.3). Two of the cells (k-1 

and k-7), which are designed for work with full-scale fa of commercial reactors have internal 

dimensions of: length - 7.5 m, width - 4.0 m and height - 7.2 m. The cells are equipped with 
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bridge hoisting devices for lifting of loads up to 1000 kg. The five other hot cells have 

dimensions of 5.0х1.8х2.6 m. The walls of the cells are constructed of heavy concrete 1.4 m 

thick. Cells k-2, k-4, k-5 and k-6 are equipped with bridge hoisting devices for lifting loads of up 

to 100 kg. All the hot cells have wells so that vertical technology of transport and research can be 

implemented. Research instruments and technical equipment is installed over the wells. Cells k-2 

and k-7 have machines for dismantling of fa and fuel elements up to 2000 mm and up to 4600 

mm long correspondingly. Here, when the non-destructive research has finished, the samples for 

further detailed research are selected. The cells are equipped with electric supply, water supply, 

compressed air supply systems, and systems of ventilation, deactivation and radiation 

monitoring. 

3.5.2. Transport hall 

The transport hall is located over the cells k1÷к-7 and is used for transport 

loading/unloading operations in receiving of the researched materials and in transport of them 

between the cells and the storage pool. 

Transport hall is equipped with a bridge crane with a capacity of 50000 kg and a storage 

pool for storing of fa and fuel elements. Several types of containers were developed for transport 

of radioactive materials between the pool and the cell: KT-340 container is used for transport of 

sfa of vver-440, vver-1000, rbmk-1000, rbmk-1500, bn-600 reactors and cassettes of fuel 

elements. It is used both for transporting of the materials between the cells and for on-site 

transport. 

� VK-50 is used for transport of SFA of VVER-440 and BN-600 and cassettes of fuel 

elements of VVER-440 and BN-600 on the NIIAR site. 

� GK-03 – used for transport of SFA between NIIAR facilities; 

� B-100– used for on-site transport of BOR-60 fuel. 

� KVO-05 and SPS-1 -  used for transport of highly radioactive solid waste; 

� КТ-62 – used for transport of VVER-440 fuel elements inside the building 117, and 

is specially equipped for measuring the activity of 85Kr in the gas plenum of the fuel 

element by gamma-spectrometry method. 

3.5.3. Research equipment 

Devices for visual inspection of fa and fuel elements are installed in cells k-7 and k-4. They 

magnify the omage by 0.8…30 times and allow recording it on photographic film or video tape. 

A system of reading the coordinates of the examined section is installed. 

Devices for measurements of geometric parameters: 
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- FA and fuel element length meter: the meter is located in K-7 cell, and is designed for 

measurement of overall dimensions and parameters describing relative positions of FA 

elements. The length of FA and the length of fuel elements are determined by comparing 

them to a length standard using a cathetometer. The relative position of the FA elements 

(for example the distance between stringers) is determined with a certified ruler. 

- Fuel element volume meter: the fuel element volume meter (cell K-4) is based on 

recording of the level of alcohol-water mixture by ultrasonic method. 

- Bench for measurement of dimensions and form of FA case: the bench for research of 

deformation of FA cases and fuel bundles is installed in hot cell K-1. The distances from 

the base coordinate to the sides and edges of the FA assembly are measured by a contact 

transducer of “magnetic ruler” type. Processing of the measurement results allows 

obtaining information on distribution of across-flat dimensions, flexure, torsion of FA 

case, and deviations of surface of the case side from flat. 

- External diameter meter and defectoscope: two identical units (K-1 cell) are designed for 

measurement of external diameter and vortex-current defectoscopy of the cladding of the 

fuel elements up to 4000 mm long and up to 15 mm in diameter. External diameter is 

measured using a contact method; defectoscope with harmonic excitation allows finding 

defects with minimum dimensions of 10% of cladding thickness. Defects are identified 

using the method of amplitude and phase analysis. 

- Automatic unit for measurement of external diameter and pulse vortex-current 

defectoscopy of fuel elements: the automatic unit for measurement of external diameter 

and defectoscopy of short fuel elements up to 1300 mm long and 4-15 mm in diameter is 

installed in K-4 cell. The difference from the unit installed in K-1 cell is that 

defectoscopy of the fuel element cladding is done using a pulse defectoscope designed at 

NIIAR; a bushing differential transformer converter with axial resolution of two adjacent 

defects of 3mm is used in measurements. 

- Meter for measuring the gap between the fuel and the cladding: the meter for 

measurement of the gap between the fuel pellet and the cladding installed in K-3 cell is 

based on the method of cladding compression in the limits of the elastic area and 

registering of the “deformation-tension” diagram.  

- Meter for precision measurements of external diameter: the meter (K-3) is designed for 

research of radiation-thermal creep of the construction materials in normal operating 

modes, and for research of dynamics of deformation of irradiated samples on electrically-

heated benches. 
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Devices for control of sealing and state of cladding: 

- Unit for measurement of radionuclide content in the gas plenum: the unit for 

determination of sealing of VVER fuel elements by determining the 85Kr content in the 

gas plenum is installed in one of the containers in the transport hall. Container is mounted 

over the well of K-1 cell and ensures transport of a fuel element to the measuring 

position. The fuel element is beforehand loaded into the measurement case, which is a 

hollow tube of stainless steel with lead protection in the upper part for mitigating the 

influence of γ-radiation from the fuel core. Collimator 345 mm long allows changing the 

diameter of the collimation aperture from 10 to 30 mm depending on the goal of the 

experiment. A standard spectrometer on the basis of the semiconductor Ge(Li)-detector 

with crystal in the vertical position is used for recording and research of the γ-radiation 

spectrum of GFP in the gas plenum. The sealing of the fuel element is determined by 

presence or absence of the 85Kr line in the spectrum of fuel element section with the gas 

plenum. 

- Meter for measuring the thickness of the oxide film on the external surface of the 

cladding: A system for measuring the thickness of the oxide film based on vortex-current 

measurement system Fischerscope® MMS® of Helmut Fischer GmbH company was 

constructed and operates in the K-1 cell. Oxidized metallic cladding of the fuel element 

in first approximation is a two-layer system of conducting non-ferromagnetic material 

(zirconium) and non-conducting oxide layer. The measuring probe generates an 

electromagnetic field that induces vortex currents in the cladding, which themselves 

affect the probe by changing its impedance. Electromagnetic field is concentrated in a 

circular area of 3 mm area around the probe axis. The depth of penetration of field 

depends on its frequency. Independency of determining of the amount of oxide layers on 

thickness and changes of conductivity of metallic substrate is achieved by choosing a 

high enough excitation frequency. 
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Fig. 3.5. Meter for measurement of oxide film thickness on the external surface of the 

cladding 

Devices for research of the state of fuel core: 

- Unit for x-ray radiography of the fuel elements: the unit for research of integrity of fuel 

core using x-ray radiography is located in the box under the K-3 cell. Characteristics of 

the bench allow to reveal ruptures in the fuel core with the width of under 0.5 mm. Using 

the 0.6A tube with voltage of 125 kV lowers the time of exposure near the fuel element 

to several seconds and substantially reduces the influence of gamma-radiation 

background on x-ray image.  

Devices for research of nuclear-physical characteristics of the fuel: 

- Fuel element gamma-scanner: gamma-scanner in the K-1 cell is designed for research of 

fuel elements of up to 4000 mm long and up to 15 mm in diameter.  Slit collimator with 

regulated slit width in the range between 0.1 and 10 mm is used. The bench is used for 

research of fission products distribution along the fuel core, assessment of the burn-up, 

energy release and non-uniformity factors of energy release in the fuel elements. The 

automatic bench in the K-3 cell is designed for gamma-scanning of short fuel elements 

up to 1100 mm long and in the range of 2-15 mm in diameter. The bench features a 

number of collimators with slit width between 0.1 and 10mm. 

Devices for research of gases under the cladding: 

- Unit for measurement of pressure, volume, and composition of the gas under the fuel 

element cladding: the unit for determination of pressure, volume and composition of 

gases under the cladding is located in K-5 cell. The fuel element cladding is punctured 

with a laser beam and pressure of the gases released to a vessel of calibrated volume is 
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measured. The results of analysis are used to determine the volume of the gases and the 

volume of cavities in the fuel element. The error of gas volume measurement is 2.7 cm3 

in the range of 30-150 cm3 and 6.8 cm3 in the range of 150-1150 cm3. Part of gas is 

separated for determination of its composition by mass-spectrometry and 

chromatography methods. The relative yield of gases from the fuel is determined using 

relative quantity of Kr and Xe. 

Devices for measurement of structural toughness: 

- Meter for measurement of bend strength of FA: the meter in the K-1 cell allows 

measuring the flexure of a FA in case of transverse loading. The mounting of the cassette 

on the bench simulates the conditions in the reactor. The mounting assemblies of the end 

piece and the head are designed in accordance with FA operating conditions in the core. 

Trajectory of the FA axis is restored using the results of side flexure measurement in 

several points along the assembly at the levels of the stringers. The flexure is determined 

using measuring rulers and the video camera on change of distance between the side and 

the string stretched between the head and end pieces of the assembly. 

- Unit for testing the VVER-440 case using internal pressure: the unit that allows 

measuring of the hoop strain of the case tube in case of loading it with internal pressure 

was designed for testing of VVER-440 case tubes with different wall thickness. The unit 

is used in K-7 cell. The deformation of the case is determined using differential 

transformer sensors installed on the measuring ring. Hydraulic method is used for loading 

of the tube. The internal volume of the case is determined by changes of water level in 

the pneumatic accumulator. 

- Unit for measuring the elastic properties of the stringer cells: the measurement device 

was developed for research of the threshold of elastic movement of the walls of the cells 

of stringers (in cells К-4(К-7)). The devices principle of operation is based on sequential 

deformation of the stringer cells by an expander cone and measurement of residual 

inelastic deformation. A diagram “movement-residual deformation” is built using the 

results of the measurements. Point of reflection in the diagram shows the threshold of 

elastic movement of stringer cells.  

- Unit for measurement of the force of fuel element extraction from the bundle: the unit is 

located in the K-7 cell. The force of fuel element or guide channel extraction from the 

bundle of the FA is measured by a force transducer based on resistive-strain sensors. The 

fuel elements or guide channels are extracted using the bridge crane of the hot cell. 

Test benches for research of the spent fuel: 
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- Bench for research of oxidizing, yield of fission products and changes of structure of 

irradiated materials: the bench in the K-5 cell is used for research of yield of fission 

products from the spent VVER fuel in various mediums and its structural changes in case 

of its heating to 2800°С, and also for study of oxidizing of the cladding of the irradiated 

fuel elements at the temperature of 2000°С. The bench is equipped with gamma-

spectrometer, mass-spectrometer and gas analyzer, which allow recording the kinetics of 

yield of volatile and gaseous fission products in heating of the fuel samples and the 

velocity of hydrogen extraction to the gaseous stage in oxidizing of the claddings. The 

bench allows researching the interaction of core materials with each other and the 

medium in the conditions typical for design-basis and beyond design-basis accidents. 

- Bench of internal gas loading of the fuel element claddings with various stages of 

oxidizing: the bench (К-5) of the gas loading allows studying the behavior of fuel 

elements of VVER, RBMK reactors and their fragments up to 275 mm long under 

conditions simulating the emergency situations. The bench is used for testing of the fuel 

element cladding on long-term strength, research of temperature limits of destruction of 

fuel elements with different burn-up, and support experiments aimed at obtaining of 

single characteristics of fuel and claddings. 

- Bench for research of fuel element fragments in simulation of reflooding: the bench (К-5) 

was developed for research of behavior of oxidized model spent fuel elements in case of 

a thermal shock. Two heaters simulating reflooding of the emergency dried core were 

developed. They provide oxidizing of the sample at a given temperature of either under 

1500°С, or under 2000°С and subsequent dropping of the sample into water with the 

temperature between 20°С and 100°С in under a second. The fuel element models with 

spent fuel or Al2O3 pellets up to 200 mm long are used as samples. Yield of volatile and 

gaseous fission products and hydrogen into the gas medium is registered throughout the 

experiment. 

- Equipment for testing of spent fuel under conditions of long-term dry storage: electrically 

heated bench (K-7) was developed for substantiation of safety of dry storage of spent 

nuclear fuel of RBMK and VVER. The bench allows to carry out long-term thermal tests 

of irradiated full-scale fuel elements of RBMK-1000, VVER-440 and VVER-1000 in the 

modes that simulate normal, transient and emergency modes of spent nuclear fuel 

storage. 

- Unit for measurement of thermal physical characteristics of the fuel elements: the unit  

(K-5) has an external heater and a screen providing smoothening of the axial temperature 

profile. A sealed sample is constructed from a section of a fuel element with a given 
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burn-up and is equipped with eight thermocouples. Two thermocouples are installed on 

the central hole of the sample, and other six - on the cladding. A short pulse of current 

passed to the cladding through the screen quickly heats the sample to a given 

temperature. The measuring system allows to record the readings of eight thermocouple 

with poll frequency of 10 Hz. High pressure is fed to the bench to ensure cogging of the 

cladding. Cogging of the cladding is done when the sample is heated to 700о
С with 5 

MPa pressure in 4 seconds. 

- Bench for measurement of changes of mechanical properties of the tube samples with 

various state of oxidizing: the bench (K-5) for oxidizing of external and internal surfaces 

of the fuel element includes: 

• A furnace comprising of a heater with heat insulation (maximum sample 

temperature 1250 оС, axial non-uniformity of the temperature along the sample 

±4 оС); 

• Steam generator; 

• System of feeding of noble gases to the furnace; 

• System of measurement of the temperature of the work volume of the furnace 

and the temperature of the sample; 

• A device for moving the sample. 

The heater is made of two stainless steel coaxial tubes that are connected so they form a 

series circuit. The voltage is applied on the heater through the input leads in the upper 

part of both tubes. The heater is heat insulated. Steam from the steam generator is fed to 

the furnace work volume through the stainless steel nozzle connected with lower 

interconnection of the heater.  

- Unit for high-temperature tests of samples in vacuum and inert mediums: the unit (K-5) 

was developed for simulation of the processes that accompany severe accidents. It allows 

studying the behavior of fuel samples at temperatures of up to 2500 С in vacuum and 

inert mediums. Temperature of the sample surface is controlled by thermocouples, the 

temperature of the melt surface – by a pyrometer. Temperature variation and time control 

allow to determine the kinetic characteristics of the processes. In particular, the bench 

was used to research the kinetics of simultaneous dilution of UO2 and ZrO2 by liquid 

cladding melt. In the experiment crucibles made from UO2 or ZrO2 were diluted 

according to the following scenario:  

• Slow heating (<1 оC/sec) up to intermediate temperature of 1700 оC,  
• Reaching of the operating temperature (2000-2300 оC) at 6 оC/sec,  
• Isothermal retention,  
• Cooling. 
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To assess the dilution rates, the volumes of diluted uo2 and zrO2, distribution of u, zr along the 

crucible radius, and the content of the oxygen in the melt are determined. Methods of post-test 

research include: metallography and quantitative treatment of the images, chemical and x-ray 

structure analyses, electronic microscopy. 

3.6. FRD system of electricity supply 
The power supply system provides electricity for the systems and mechanisms of FRD 

involved in the technological process, and technological process control systems in normal and 

emergency operation modes. The electricity-using equipment is usually divided into three groups 

based on the requirements to the reliability of the power supply: 

I group – customers that according to the safety requirements can not be disconnected for 

more than fractions of a second in all modes, including the mode of full de-energization from the 

external supplies;  

II group – customers that can be disconnected for a period specified by safety requirements;  

III group – customers that can be disconnected from the power supply.  

There are no customers of the i group at FRD, the second group includes emergency lighting 

system and the radiation monitoring system. Other customers correspond to the iii group. 

System of normal power supply of FRD is connected to the power supply system of the 

institute, and external power system via the institute system. NIIAR heat and power plant is used 

as emergency power supply (autonomous power supply of the institute site– aps); 

Electrotechnical equipment is checked by on-duty personnel each shift during the system 

operation, including visual control according to indicators. The correctness of the operation 

modes, state and intactness of the equipment and cables, state of the protective devices of 

grounding and fire-fighting equipment is thus checked. The results of monitoring are logged in 

the log books. Also checks of the equipment that is in reserve in normal mode are stipulated. 

All elements of the system are subject to periodic prophylactic maintenance according to the 

operation procedures of electrical stations and substations and operation procedures of the 

electrical equipment of the users worked out in accordance with approved regulations. The 

maintenance is mainly done in the period of planned outage for maintenance of the bench. The 

required complex of tests is also done in that period. 

Emergency power is supplied to FRD through building 106. 

3.7. FRD ventilation system 
Building 117 has own installed ventilation machinery that provide rarefaction in the cells of 

not worse than 20 millimeters of water. The air from the cells is purified in two stages on cell 

filters based on petryanov tissue and at the filter station of building 117, then it is taken to the 
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institute special ventilation system v-1 and is released to the atmosphere through a 120 m high 

stack with average flow rate of 240 m3/sec at the orifice and with a velocity of 8.5m/sec. The 

factor of two-stage purification of aerosol releases is ∼103. The ventilation system of the building 

117 directs the flow of air from the third zone to the second and from the second to the first. 

Special ventilation system of building 117 is equipped with four pumps providing constant air 

flow rate of 30000 m3/hour. If all four of the pumps will fail, the rarefaction will be kept up by 

the draught of the pumps of the gallery of the ventilation center of NIIAR, and, if these will also 

fail, using the draught of high ventilation stack (the flow rate of 10% of nominal is provided). 

3.8. Collection of radioactive waste at FRD 
Radioactive waste treatment facility (rwtf) specializes in treatment and disposal of all 

radioactive waste on the NIIAR site. 

Liquid radioactive waste generated in the departments of the institute, are divided into 

categories according to their chemical and radiochemical composition and content of solid waste 

(homogenic, heterogenic). Each of the categories is stored and treated at the reception vessels of 

the buildings 135, 135a, 138. Liquid radioactive waste is collected into two «neutralization» 

tanks 6 m3 each and is dumped into special sewage system KORO as the tanks are filled. 

Low and medium-active liquid radioactive waste (lrw) is transported from the departments 

via the s-1, s-2 and s-3 lines to the temporary storage vessel in the building 138. The waste is 

accumulated and averaged and then sent for treatment. FRD generates only low and medium 

active lrw that is transported using the s-2 line. 

Shower waters are accumulated sequentially in two 200 m3 vessels. When the vessel is full, 

it stops accepting the water and a sample for ph and volumetric activity tests is taken. If the 

results of the tests are lower than maximally allowable level, the shower waters are pumped to 

industrial and storm sewage-1. If the volumetric activity is higher than the maximally allowable 

levels, the shower waters are pumped to a vessel for collection of deactivation solutions. 

Deactivation solutions s-2, which form the largest part of lrw are pumped into an 

underground repository of the test industrial polygon (tip). The repository is a system of 

pumping wells and observation wells equipped with the required technological equipment and 

the systems of technical and radiation monitoring. 

Two water-bearing layers that contain brines are used for disposal at tip. One of the layers is 

bound to the sediments of yasnopolyanskiy overhorizon of lower Carbon (III- water bearing 

layer), the other one to okskobashirskie sediments of lower and medium Carbon (IV-water 

bearing layer). Water movement rate along the water-bearing layer is ≅ 1mm/year. 
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Under natural conditions, these water bearing layers contain chloride calcium-sodium brides 

with mineralization of 230-285 g/l, which can not be used for supply of drinking or industrial 

waters and do not contain any useful minerals in industrial scales. The iii water-bearing complex 

lies at the depth of 1450 m, has a thickness of 80 m and is made of sandstone with internal layers 

of shale; the IV water-bearing complex lies at the depth of 1150 m, has a thickness of 300 m and 

is made of limestone and dolomite. The presence of limestone in the IV-water-bearing layer can, 

in case of use of incorrect disposal technology, lead to formation of karst phenomena. 

The isolation of the III and IV water-bearing horizons used for disposal of the waste from 

the upper water-bearing layers is granted by the presence of regional aquiclude (in the European 

part of Russia) in the confining layer of the iv-horizon. The aquiclude is formed of clay strata of 

vereian horizon with a thickness of 45÷50 м. However, the protective functions of this aquiclude 

should be controlled and assessed more attentively in the presence of a tectonic break. 

Besides, the upper water-bearing horizons that are use for supply of drinking water are 

separated from the lower horizons with salted waters (i.e. From the underground store of lrw) by 

a stretched over the area aquiclude that is formed by a layer of clay and gypsum of Tatar stratum 

of upper Perm with a total thickness of 150-200 m.  

Presence of two aquicludes and the design of pumping wells that eliminates the possibility 

of leaking of radioactive substances when passing the water-bearing layers ensure that no 

radionuclides get to the layers used for drinking-water supply. 

A spa was organized around the tip in order to prevent negative impact of the waste disposal 

on the environment and activities of the population. The dispersion of pollutants and 

contaminants in the underground repository is monitored using geophysical research methods in 

the wells and radiochemical sampling of the horizon waters in the observation wells. 

Geophysical research methods are resistance measurement, thermal measurement and 

gamma-ray logging. There are 35 observation wells at the polygon drilled to observe the 

underground repository. The wells distributed across three belts of the sanitary protection area 

(the plan was approved by the decision of ulyanovsk oblispolkom on 05.10.70) at the distances 

of 0.6, 3.0 and 12-13 km from the polygon center correspondingly. There is also a cluster of 

sanitary and hygienic wells (3) built on the tip territory to control the drinking-water horizon. 

The design of these wells is similar to that of observation wells, their depth is 50÷60 м. 

There were no cases of spreading of radionuclides beyond the second belt of sanitary 

protection area (spa) in operation of the polygon. The situation at the polygon is controlled each 

quarter using the wells in the limits of the second belt of the sanitary protection area and 1-2 

times per year using the other wells. Measurements are carried out once per month in the wells 

where high gamma-background was found. 
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When the waste is pumped into the layer, the pressure in the layer rises by ≅ 26 kgf/cm2 at 

the pumping well, by (3÷4) kgf/cm2 at a distance of 200 m from the well; at the distance of 2600 

m the pressure gain is only 0.3 kgf/cm2. The contour of dispersion of radionuclide activity in the 

layer waters (the upper permeable zone of the iv-layer) was recorded at a distance of 2500÷3000 

m in west and south-west direction and at a distance of 800÷1000 m in the east and north-east 

directions from the center of the polygon. 

Analysis of the results of long-term monitoring of underground structures and 

communications allows making the following conclusions: 

� There were no significant leaks of radioactive waste for the whole period of 

operation of the facility; the content of radionuclides in the water-bearing horizon never 

exceeded the allowable values; 

� Radiation characteristics at the territory of the facility, man-caused background in the 

vicinity of structures, installations, repositories remained constant; 

� Experience of operation of the radiation monitoring system confirmed its reliability 

in control of leaks of radioactive waste. 

Thus, the radiation characteristics of the soil, soil layer and water-bearing horizon 

correspond to those stated in nrb-99 and osporb-99. This confirms the sealing of the underground 

structures, communications of the radioactive waste treatment facility NIIAR and satisfactory 

organization of work with radioactive waste. 

3.8.1. Protective barriers and safety ensuring systems 

The principle of deep echeloned protection is realized in the technological process of FRD. 

It is based on application of physical barriers and organizational measures. The physical barriers 

in operations out of hot cells are: 

� The fuel itself, which retains the radionuclides well at low temperatures; 

� The fuel element cladding (additional sealed cases are used in work with SFA with 

unsealed fuel elements); 

� Transport containers; 

� Water and construction elements of the temporary storage. 

In operations inside the hot cells: 

� Structural elements of the hot cells; 

� Ventilation system that keeps up rarefaction inside the hot cells. 

FRD occupies a separate building. The rooms inside the building are divided into three 

zones according to osporb-99. The third and the second zones are separated by sanitary locks. 

Building 117 has own installed ventilation machinery that provides rarefaction in the cells of not 
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worse than 20 millimeters of water. The air from the cells is purified in two stages on cell filters 

based on Petryanov tissue and at the filter station of building 117, then it is taken to the institute 

special ventilation system V-1 and is released to the atmosphere through a 120 m stack with 

average flow rate at the orifice of 240 m3/sec and with a velocity of 8.5m/sec. The factor of two-

stage purification of aerosol releases is ∼103. The ventilation system of the building 117 directs 

the flow of air from the third zone to the second and from the second to the first. 

The operational radiation situation monitoring is provided by an automated radiation 

monitoring system based on radiation safety monitoring “oreshnik”, designed for 24-hour 

monitoring of the gamma-radiation dose rate, equivavalent neutron dose rate, α-, β-aerosol 

activity of the air in the rooms, α-, β-aerosol activity of the releases from the ventilation systems 

of building 117. The system displays the results of the measurements and its analysis on the 

monitors of computers of the central device and workstations, saves the obtained information in 

the databases of servers of RSM NIIAR and in the local database of the central computer of the 

system, and prints it. 

Volumetric activity of the aerosols in the air of the work rooms is determined using a 

radiometric method of measurement of air samples collected on filters. 

Nuclear safety at FRD is ensured by implementation of technical measures and 

requirements to storages of nuclear fuel and equipment for treatment of nuclear fuel in 

accordance with basic normative documents determining the nuclear safety requirements for 

nuclear-hazardous installations and sections, and also implementation of organizational safety 

measures: 

♦ Storage and temporary storage of nuclear fuel is allowed only in specially designed locations; 

♦ Transport through the nuclear fuel storages in the storage pool is prohibited; 

♦ Transport of the nuclear fuel between the cells and the storage pool is done along the set 

routes; 

♦ Technical precautions preventing uncontrolled and unauthorized movement of nuclear fuel in 

the storage pool in time-off are taken; 

♦ The distance between the FA, fuel elements and packages in the storage rack or in the storage 

pool cell is chosen and maintained so that Keff does not exceed 0.95; 

♦ The storage pool is equipped with the following safety ensuring systems: 

- Water cooling system; 

- Water purification system; 

- System of technological control of water temperature and level; 

- Radiation monitoring system; 

- Ventilation system; 
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- System of pool filling and feeding of water; 

- Device that eliminates overfilling of the pool; 

- The pool bottom is plated so that the bottom revetment does not brake in case of a case 

fall; 

♦ There is a device designed for removal of the water from the pool cases directly to special 

sewer system without mixing it with pool water; 

♦ The design of the cranes and other lifting machinery for treatment of nuclear fuel eliminated 

the possibility of falling of nuclear fuel if the power supply is cut off; 

♦ The gripping devices and the hooks of the lifting machinery are equipped with locking 

devices that block spontaneous unhooking as a result of a personnel mistake; 

♦ The bridge crane with the lift capacity of 50/12.5 t used for transport and technological 

operations with nuclear fuel in the building and in the storage pool is operated in accordance 

with Gostehnadzor rules; 

♦ The process of operations on dismantling and disassembly of the SFA includes measures that 

eliminate the possibility of damaging the fuel element cladding; 

♦ If nuclear fuel waste in the spill form is generated, the envisaged measures on its collection, 

packaging, and storage in the set places are taken; 

♦ The drainages of special sewer system of the cells are equipped with gravitation filters of 

safe geometry. 

The emergency alarm system (eas) on self-initiated chain reaction (scr) is not used at FRD. 

This decision was scientifically and technically substantiated and the conclusion of nuclear 

safety department of pei was received. Automated system of radiation monitoring with gamma-

radiation registration modules on the walls of cells and rooms of the 2 zone is used for detection 

of scr. The modules are equipped with alarm lights showing the dose rate of the exposure: green 

– normal radiation situation; yellow – warning threshold exceeded; red – emergency threshold 

exceeded. 

The FRD building is located on the site of the institute that has sanitary protection and 

control areas. Both the site and the building are secure from unauthorized admittance. 

The functioning of FRD is ensured by the institute systems of power, compressed air, water and 

heat supply, systems of collection and disposal of liquid and gaseous radioactive waste, systems 

of radiation control US RSF and ASKRO NIIAR. 
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3.9. Description of radioactive materials stored at the facility 
Table 3.4. Maximum possible amount of radioactive substances stored at FRD 

Item Equipment, room Radioactive product Maximum 

number 

Note 

1 Storage pool SFA of VVER-1000 3  

SFA of BN-600 12 Prospect 

SFA of VVER-440 124 (or) 
The first or 

the second, 

or their 

combination 

  

Cassettes with 70 fuel 

elements of SFA of 

VVER-1000 

124 (or) 

Radioactive water. Specific 

activity 4•105 Bq/kg 

200 m3  

2 Tables of cells K-1 and 

K-7 

SFA of VVER-440 3 (or)  

Or SFA of VVER-1000 1 (or) 

SFA of BN-600 2 (or) 

3 Entrance wells of cells 

K-1 and K-7 

SFA of VVER-440 3 (or) Or 

SFA of BN-600,  

 

2 (or) 

SFA of VVER-1000 1 (or) 

4 Storage of assemblies in 

cells K-1 and K-7 

SFA of VVER-440 3 (or) Or 

SFA of BN-600,  

 

2 (or) 

SFA of VVER-1000 1 (or) 

Cassette with 70 fuel 

elements or their fragments 

(any combination of 

elements and their 

fragments) 

1 (or) 

5 Fuel element storage in 

K-7 cell 

fuel elements 70 in any 

combination  
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6 Storage of short fuel 

elements in K-1 cell 

SFA of BOR-60 or a 

cassette with fragments of 

VVER fuel elements less 

than 1 m long  

24  

7 Tables of cells K-2-K-6 SFA 1 Or 

70 fuel elements  

8 Shelving of K-6 cell Cassette with 19 fuel 

elements 

18  

9 Liquid radioactive waste 

collector tanks 

Two tanks with the volume 

of 6 m3 each (Maximum 

LRW specific activity of 

1•106 kBq/kg) 

12 m3  

10 Transport hall Packages with medium-

active radioactive waste 

(Maximum specific 

activity of MA SRW 1•106 

kBq/kg) 

40х10 kg  

3.10. Analysis of previous incidents at FRD 
In 1991 – 2003, there were 8 incidents at FRD. Their characteristics are given in table.  

Table 3.5. Characteristics of abnormal situations 

Item No. of 

investigati

on act 

Characteristic of the 

incident 

Causes Correction actions 

1.  23-5/390 

dated by 

14.10.99 

Exceeding of the 

specific activity of 

discharges of sanitary 

and drain sewer systems 

compared to the 

background level. The 

values of radionuclide 

concentration did not 

exceed the allowable 

values according to 

NRB. 

Ingress of 

contaminated 

technical water onto 

building 117 in the 

process of emptying 

of the neutralization 

tanks due to personnel 

errors and not clear 

enough requirements 

in the instructions. 

«Instructions on 

maintenance of 

neutralization assembly 

of building 117» was 

reviewed. 

The configuration of the 

neutralization assembly 

was altered (an 

extractable insertion 

introduced into the 

technical water supply 
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Item No. of 

investigati

on act 

Characteristic of the 

incident 

Causes Correction actions 

line). 

2.  9.08.99г. 

No.51 

Release of I-131 

exceeding the allowable 

daily level by 1.5 times 

through the high stack 

during research of fuel 

elements with high burn-

up. 

Deviation from the 

requirements of the 

«Regulations on 

organization and 

procedure of 

experimental works 

with reactors, in 

protective cells and on 

benches of NIIAR» in 

the part concerning 

the start of work with 

irradiated. 

Corresponding actions 

concerning the officials 

taken. 

3.  23-5/154 

dated by 

15.04.99 

Exceeding of daily 

control of release of 

inert noble gases 

ING were released 

into ventilation from 

unsealed fuel 

elements (previously 

punctured) during 

normal operations. 

The quantity of gases 

exceeded the 

calculated value. 

Measures taken to 

assess the number of 

unsealed fuel elements 

in the storage pool of 

building 117 and 

calculations of possible 

release of ING in case 

of storage of fuel 

elements in the pool 

performed. 

4.  23-4/529 

dated by 

15.10.01 

Unhooking of the 

grapple during reloading 

of SFA of RBMK-1000 

from the repository to 

KT-340 container. Fall 

of SFA into the water 

into pool shell.  

Design deficiency of 

the bayonet case 

grapple and the fixing 

clinch. 

The designs of bayonet 

grapple fixing and case 

altered. 

5.  218/24 

dated by 

Rupture of a winch cable 

of VK-50 container 

Design deficiency of 

the winch of VK-50 

Alterations introduced 

into instructions on the 
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Item No. of 

investigati

on act 

Characteristic of the 

incident 

Causes Correction actions 

23.12.01 during its unloading 

through the gate of the 

hot cell GK-2 of 

building 170 (for 

subsequent transport to 

building 117). Fall of a 

cassette with fuel 

elements from the height 

of 1.5 m to the cell floor 

container. Deficiency 

of technological 

documents (no 

detailed description of 

loading and unloading 

of transport shell). 

use of VK-50 container 

Внесены  изменения в 

инструкцию по 

эксплуатации 

контейнера ВК-50 

6.  23-5/660 

dated by 

24.09.02 

Raising of volumetric 

activity of the air on 

beta-radiating nuclides 

(85Kr) in some of the 

rooms of the 3 zone of 

building 117 

Intake of the air from 

the transport hall into 

the rooms of the 3 

zone during opening 

of a case with 

unsealed fuel 

elements 

Ventilation configured 

to eliminate the 

possibility of ingress of 

air from the transport 

hall into the rooms of 

the 3 zone. Tambour 

between the transport 

hall and the corridor of 

the 3 zone organized. 

7.  23-4/756 

dated by 

29.10.02 

Fall of a fuel element 

from the diameter meter 

and vortex-current 

defectoscope holder in 

the protective cell No.1. 

Failure of the control 

computer PDP-11. 

Part of the outdated 

equipment (control and 

interface boards) 

8.  23-4/60 

dated by 

3.02.03 

Rupture of a load cable 

of an in-cell crane and 

fall of SFA of VVER-

100 into protective cell 

IZK-1 from the height of 

2 m 

Wear of the cable. 

Absence of a schedule 

of planned inspections 

of the in-cell cranes. 

Insufficient attention 

paid to the state of the 

cables by the 

personnel. 

Schedule of 

examination of in-cell 

cranes drawn up. 

Measures on 

modernization of a 

1000 kg crane 

developed. 
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As the data in the table shows, the most abnormal situations happened during loading, 

unloading and movement of the fuel elements and SFA. No damage was inflicted on the 

cladding in the above-listed incidents. However, there is a possibility of unsealing of the fuel 

elements or their mechanical damage and this should be taken into account in analysis of 

possible accidents at FRD. 
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4. ANALYSIS OF ENVIRONMENTAL PROTECTION 
DOCUMENTS OF THE FUEL RESEARCH DEPARTMENT (FRD) 

The section contains results of the analysis of documents, which determine FRD activities in 

the area of environmental protection. 

4.1. General requirements 
According to the requirements ISO 14001 an organization should develop and maintain the 

system for environmental management. Since FRD is a structural unit of FSUE SRC RF NIIAR, 

this requirement is applied to the organization (Institute) as a whole. 

If the system is considered a structured process rather than a specific document, the 

conclusion can be made that such system exists in the Institute. This will be demonstrated below 

in the course of analysis of individual requirements ISO 14001. Formally, this system does not 

exist as a common document meeting the requirements ISO 14001. 

4.2. Environmental policy 
The environmental policy is determined by the top management of the organization. The 

Institute and FRD’s environmental policy is outlined in the main documents determining their 

activities. These include “The Statute of FSUE SRC RF NIIAR”, “The Statute of the Research 

Division for Studies of Fuel Rods and Fuel Assemblies”, “The Quality Assurance Program for 

Studies of Fuel Rods and Fuel Assemblies in Shielded Boxes”, “Radiation-Shielded Boxes of 

Building 117. Quality Assurance Program for Operation”, “Manufacturing of Re-Fabricated 

Experimental Specimens and Re-Fabricated Fuel Assemblies”, Research Programs, etc. The 

specific demonstrations of the environmental policy are: 

• The correspondence of process and organizational procedures for controlling 

environmentally hazardous facilities (productions) to the nature, scale and impacts to the 

environment, as stipulated in the relevant statutes of divisions, instructions for safe conduct 

of work by the personnel, the personnel and population protection measures in the event of 

probable accidents.  

• Commitments to continuously improve the environment and prevent its contamination as 

stipulated in the NIIAR Overall Quality Assurance Program and in the FRD’s local program 

“The Quality Assurance Program for Studies of Fuel Rods and Fuel Assemblies in Shielded 

Boxes”. 

• Commitments to comply with the existing environmental legislation and regulations 

formalized as the enterprise internal standards and environmental impact norms, as well as 

set forth in the license granted to NIIAR for activities in the field of use of atomic energy, 
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which, in turn, are used as criteria for establishing and analyzing the environmental 

indicators of activities both the Institute as a whole and its individual structural units. 

• Informing all employees, in the scope their jurisdiction, on the main requirements for 

environmental protection through job descriptions and occupational and radiation safety 

procedures. This process is documented as records on passing fitness for job examinations, 

examinations in knowledge of radiation and occupational safety provisions, formalized by 

signatures in the procedure familiarization sheets, etc. This process is conducted for all lines 

of responsibilities starting from the bottom-line (workers) positions. As the basic regulations’ 

requirements change, the corresponding alterations are made to the documents to maintain 

the working documentation appropriately and timely updated. 

Availability for the general public of all documents related to environmental impacts. The 

organization’s Radiation-Hygienic Certificate contains the following indicators: 

• nature of exposure doses to the personnel and population from the main exposure 

contributors; 

•  number of persons exposed in excess of the established dose limits; 

•  number of persons with radiation injuries revealed; 

•  probability of radiation accidents and their scale; 

•  degree of preparedness to efficiently respond to radiation accidents and eliminate their 

consequences; 

•  characteristic of radioactive contamination of the environment; 

• analysis of measures implemented to comply with radiation safety standards and 

regulations. 

The relevant documentation is unclassified that is fully in compliance with the existing 

federal laws “On the Use of Atomic Energy”, “On Radiation Safety of the Population”, and “On 

the Sanitary and Epidemiological Well-Being of the Population”. 

4.3. Planning 

4.3.1. Environmental aspects 

According to ISO 14001, the planning environmental aspects are to establish and maintain 

the procedures for identification of environmental issues pertaining to an activity, product or 

service, which can be controlled by the organization. In the case of NIIAR, it should be noted 

that the productions adverse factors have been identified (determined) and categorized. When the 

operations are planned, the safe operation conduct criteria set forth in the documents below are 

used: 
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• Provisions for Organization and Conduct of Experiments at Reactors, in Shielded 

Boxes and at Test Benches in NIIAR; 

• Main Provisions for NIIAR Personnel as Regards Organization of Work; with 

Alterations № 1 and № 2. 

• FSUE «SRC RF NIIAR» Regulations for Monitoring of Radioactive Substances 

Releases. 

4.3.2. Legislative requirements  

Several federal level regulations (in total several dozens) have been developed and put into 

force. They include: 

• federal law “on the sanitary and epidemiological well-being of the population”. 

• federal law “on the use of atomic energy”. 

• federal law “on radiation safety of the population”. 

• “general safety provisions of nuclear fuel cycle facilities. opb oyatts np-016-2000” - 

nuclear and radiation safety (technical aspects)1. 

• “radiation safety standards nrb-99” – general radiation safety issues. 

• “basic sanitary rules of radiation safety (osporb-99)” – radiation safety at siting, design 

and construction of a facility. 

• “main rules of control and accounting of nuclear materials. np-030-01” – physical 

protection. 

• “fire safety rules of the russian federation. ppb 01-93”; with alterations and additions of 

25.07.95 № 282, of 10.12.97 № 814, of 20.10.99 № 817, and “fire protection of 

enterprises. general requirements. npb 201-96” – fire and explosion safety. 

• hygienic standards gn 2.1.5 and gn 2.1.6 – protection of atmospheric air and water 

(non-radiation factors. 

Main requirements for environmental aspects of NIIAR activities are formulated in the 

Federal Law No. 52-FZ “On the Sanitary and Epidemiological Well-Being of the Population”, 

which binds legal entities in relation to their activities to: 

1) meet requirements of sanitary regulations as well as decrees, directives and sanitary-

epidemiological statements issued by officials exercising the state-level sanitary-

epidemiological oversight; 

2) develop and implement sanitary-epidemiological (preventive) measures; 

                                                 
1 These OPB cover NFC facilities, in particular FRSD of NIIAR. 
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3) ensure safety for human health of the performed work and rendered services as well as 

industrial and technical products, foodstuff and goods for personal and household purposes 

during the fabrication, transportation, storage and sale to the public thereof; 

4) exercise in-productions oversight, including through laboratory studies and tests, over 

compliance with sanitary regulations and over conduct of sanitary and anti-epidemic 

(preventive) measures during execution of work and rendering services as well as during 

production, transportation and sales of items; 

5) carry out justifications of safety for man new products and their production technologies, 

safety criteria and (or) innocuity of environ factors, and develop methods of monitoring of the 

environs; 

6) timely inform the population, local administration, bodies and establishments of the State 

Sanitary and Epidemiological Service of the Russian Federation on emergency situations, 

shutdown of productions, violations of processes, which create the threat to sanitary-

epidemiological well-being of the population; 

7) have in place the officially published copies of sanitary regulations, methods and 

methodologies for monitoring of factors of the environ; 

8) educate the employees in hygiene. 

All safety requirements are generalized in the document “General Safety Provisions for 

Nuclear Fuel Cycle Facilities OBP OYaTTs NP-016-2000” developed and approved by 

Gosatomnadzor of Russia and put into force January 1, 2001. This document regulates safety 

bases of the whole NFCF life cycle: siting, design, construction, operation and decommissioning. 

4.3.3. Targeted and planned environmental indicators 

The radioactive product release standards for each path during normal operation have been 

established for the Institute as a whole and for each separate structural unit (including FRD). The 

release standards are regulated by the guiding documents, which were developed on the basis of 

scientifically supported decisions [see “Justification of Standards for Radioactive Substances 

Releases into the Atmosphere for FSUE «SRC RF NIIAR» (the Explanatory Note to the 

“License for Permissible Limits (Standards) of Radioactive Substances Releases into the 

Atmosphere”) as approved by FSUE «SRC RF NIIAR» Director 09.10.2000”, “Selection and 

Justification of Radiation Criteria and Limits for Research Reactors of NIIAR. Report by SRC 

RF NIIAR О-4855, Dimitrovgrad, 1999”, orders on the establishing of the control levels for 

radioactive substances releases, regulations for monitoring of releases and contamination of the 

territory]. In the majority of cases the environmental indicators are monitored continuously with 

the monitoring results being promptly analyzed. The analysis serves the basis for implementing 
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relevant measures. The requirements of existing legislation and regulations are considered in 

establishing and analyzing the environmental indicators. See full «List of normative, technical 

and report documentation of FRD» in Annex 1. 

The round-the-clock functioning ventilation system V-1 is installed at Building117 (FRD). 

The radionuclide composition of releases and activity of regulated indicators are measured [The 

Analysis of Quantitative and Qualitative Composition of GRW of Building 117. Information 

Notice №19-7/269 of 17.09.2003]. Gamma-fields are monitored in the main rooms of the 

building. The gamma-fields and releases’ measurement results are compared with the decision-

making criteria [see “DECISION-MAKING CRITERIA for safety level of RR in SRC RF 

NIIAR considering radiation parameters and intervention levels in the event of radiation 

accidents. Reg. №382 of 08.05.2001”]. 

4.3.4. Environmental management programs 

Еру FRD is a structural unit of NIIAR and plans its activities taking into account 

interactions with other structural units while linking that with its specific activity at a given 

stage. The environmental aspects and division of responsibilities for the latter are covered by 

environmental programs, which determine the division’s current activities. Long-term 

environmental management systems are covered by a number of guiding documents including: 

• “the quality assurance program for studies of fuel rods and fuel assemblies in shielded 

boxes”, 

• “radiation-shielded boxes of building 117. quality assurance program for operation”, 

• “manufacturing of re-fabricated experimental specimens and re-fabricated fuel 

assemblies. quality assurance and control program”. 

4.4. Implementation and functioning 

4.4.1. Organizational structure and responsibilities 

In the FRD the responsibility for the division’s environmental policy and maintaining the 

environmental management system working rests with the Chief Engineer. This function is 

stipulated by “The FRD Chief Engineer Job Description”. The Chief Engineer has under his/her 

direct command the relevant supporting services, including the Health Physics Monitoring Unit 

(HPMU), which monitors contamination and releases into the environment. The HPMU is an 

integral part of the Institute’s Radiation Monitoring Service, which is responsible for the 

environmental monitoring of the Institute’s facilities and environment (within controlled area 

and surveillance zone). 
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The tool of the Building radiation situation monitoring is the automated radiation 

monitoring system based on KRB “Oreshnik”, designed for continuous and round-the-clock 

radiation monitoring of gamma-radiation dose rate; neutron dose equivalent rate; alpha- and 

beta-aerosol activity in the air of premises; monitoring of gaseous, alpha- and beta-aerosol 

activity of releases from Building 117 ventilation systems; displaying of measurement and data 

processing results at computer monitors of the central and local workstations; storage of received 

information in the databases on servers of the ES KRB NIIAR; in the local database on the 

central computer of the system and its printout. 

The group includes the occupational safety engineer, who is responsible for the 

implementation and implementation oversight of occupational safety and environmental 

protection measures in the areas not related to radiation factors. The parameters are monitored by 

portable instruments (luxmeter, noise dosimeter, gas analyzer, etc.). 

4.4.2. Training, knowledge and competence 

The NIIAR fuel study division employs 154 staff. They include 3 Ph.Ds, 3 candidates of 

science, 47 technical engineers, and 66 workers. 

The FRD team is one of the youngest in NIIAR. Meanwhile, the majority of employees 

have been working since the division establishing date that is December 1986. The researchers 

are mainly graduates from universities of Moscow, St. Petersburg, Yekaterinburg, Tomsk. The 

FRD employees presented their papers to the international conferences held in the USA, Japan, 

France, Bulgaria and the IAEA technical committees. The FRD research staff breakdown is 

given in Table 4.1. 

Table 4.1. Number of FRD staff 

FRD researchers Number 

Junior Researcher 5 

Researcher 6 

Senior Researcher 8 

Leading Researcher 3 

Table 4.2 contains the workers’ qualification breakdown. It is evident that the majority of 

workers are of high qualification grades (5-th to 8-th grade). 

Table 4.2. FRD workers’ qualifications 

FRD workers’ qualifications Number 

3-rd grade 6 

4-th grade 2 
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FRD workers’ qualifications Number 

5-th grade 16 

6-th grade 21 

7-th grade 14 

8-th grade 7 

According to the “Radiation Safety Procedure for Building 117” Reg. №18060, the 

individuals newly employed for FRD, before they are granted a restricted access area permit 

must: 

a) attend the occupational and radiation safety inception briefing; 

b) get familiarized with the Building 117 radiation safety procedure; 

c) attend the occupational and radiation safety introductory briefing; 

d) pass occupational and radiation safety exam. 

The head of sub-unit receiving the newly employed individual designates an experienced 

employee for escorting and familiarizing the newcomer with the building and for training 

him/her in practical skills in the use of personal dosimetry equipment and personal protective 

equipment. 

The main personnel are granted independent work permits only after they have passed 

exams in knowledge of nuclear safety standards and regulations (before the Division’s Nuclear 

safety Commission) and nuclear power safety regulations, standards and procedures. The nuclear 

safety exam is conducted in accordance with the requirements of para 10.2 of the “Basic Rules of 

Nuclear Safety” (PBYa 06-00-96) and para 4.2 of the “Main Provisions for NIIAR Personnel 

Concerning the Organization of Work”: 

� the heads of structural units exercising technical and administrative supervision over nuclear 

safety must pass the exam, at least, once in 3 years; 

� the technical engineers who command NFM operations – at least, once a year; 

� the technical engineers and workers who directly work with NFM – at least, once a year. 

The knowledge of nuclear power RTD is checked in accordance with para 4 of the “Type 

Provisions for Checking of Nuclear Power Safety Knowledge, Regulations, Standards and 

Procedures of Managers and Specialists of FRD” (RD-3-3) and formalized by records. 

4.4.3. Communications 

The FRD regularly informs the parties concerned about the radiation situation following the 

industry’s internal statistic format the “Information of Radiation Situation and Toxic Safety of 

the Enterprise № 10-RBT-4 [the Order of the Ministry of the Russian Federation of Atomic 

Energy №338 of 06.06.2000]. The state regulatory authorities regularly monitor the enterprise’s 
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activities. In the event of an emergency situation the interaction is arranged for in accordance 

with the “Plan of Interaction Between SRC NIIAR, medical post MSCh-172 and central office of 

sanitary and epidemiological regulatory authority CG SEN-172 in the Event of Acute Radiation 

Injuries in NIIAR Structural Units, 2001”. 

4.4.4. Environmental management system documentation 

The heads of the division and its structural units compile lists of RD, which regulate 

activities of the divisions, structural units and individual employees considering the requirements 

of the “Provisions on FSUE SSC RF NIIAR” [see annex 1]. The list of the division’s RD is 

approved by the Institute administration’s official and out into force by the Institute’s order. RDs 

are put on and deleted from the list by the Institute’s order. When alterations are done to the list, 

the division head must undersign the alteration done and put the date of alteration. For each RD 

on the division and structural unit's list the appropriate heads indicate on the title page a set of 

positions of employees who need to know the content of a given RD, undersign and date it. The 

RD list and copies of RD’s are kept with the division’s technological service or at the division 

head’s working place, if such service is not available. Control over completeness of RD lists and 

RD familiarization lists is done by representatives of functional divisions and serviced 

subordinate to chief experts. RD lists are revised once in 3 years. The appropriate heads have to 

undersign the revised RD lists. Then the officials who approved the RD lists extend validity of 

the lists, undersign and date them. 

Exemplary sections of RD lists are: 

• The division statute (division’s structural unit); 

• Job descriptions; 

• State-level, industry-level standards, enterprise internal standards, measurement taking 

methodologies (MTM); 

• Documents issued by regulatory authorities (PBYa, PNAE, etc.); 

• Quality assurance documents (policy, quality guide, quality assurance program, etc.); 

• Process instructions for installations; 

• Operating procedures for installations, equipment; 

• Occupational safety instructions; 

• Other sections. 

4.4.5. Document management 

The document management includes several stages: 
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1) Issue of corresponding documents and their dissemination to the personnel of all 

divisions.  

2) Timely updating and adding the existing documents to maintain they applicable. The FRD 

Chief Engineer is responsible for updating the division’s documents. Responsible individuals 

are designated to prepare changes and concur specific documents. 

3) The withdrawal of invalid and (or) out-of-date documents. The procedure is executed in 

accordance with the “Provisions for Development and Approval of Occupational Safety 

Regulations and Instructions” and “Examination Schedule for Knowledge in Nuclear, 

Occupational and Radiation Safety, Working Place, Electric Safety and for Briefings of 

Personnel Pertaining to Services 23070, 23080, Laboratories 23010, 23020, 23030, 23040, 

23007, 23008, 23009 of FRD”, which subject all existing instructions to periodic review of 

compliance with the established validity term and updating considering the newly issued 

documents of higher hierarchy.  

4) Storage of all documentation with reliable identification of any invalid documents. The 

identification of invalid documents is done on the basis of the established document validity 

term, which is marked on the document title page, by orders of the superior authorities as 

regards introduction/replacement/withdrawal from circulation of specific documents, and on 

the basis of the FRD management directives. 

4.4.6. Operations management 

In the course of fuel studies in FRD the operations are conducted to transport, store, 

transfer, and processing of fuel and store radioactive waste. The environmental and personnel 

protection measures are implemented at each operations stage. The measures are planned in the 

course of preparing all research programs considering the environmental policy aiming at 

excluding the excess of all established environmental indicators including dose limits for the 

personnel and population. The radiation hazardous operations are conducted in accordance with 

the “FRD Radiation Safety Instruction”, “Instruction for Increased Hazard Operations”, and 

“Instruction for Radiation Hazardous Operations”. In accordance to these instructions the 

personnel radiation safety is ensured through: 

• constraints in giving permits for work with radiation sources because of age, gender, 

health, previous exposure and other indicators; 

• knowledge and meeting the rules of handling of radiation sources; 

• sufficiency of protective barriers, screens and distances from a radiation sources as 

well as time limitation of work with radiation sources; 

• building the work conditions that meet the requirements of nrb-99 and osporb-99; 
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• the use of personal protective equipment; 

• compliance with the established controlled levels; 

• arrangements for radiation monitoring; 

• arrangements for the system of radiation situation information; 

• implementation of effective measures to protect the personnel while planning for an 

overexposure in case of accident THREAT. 

The organization is responsible for radiation safety and: 

• creates conditions for work with radiation sources in correspondence with osporb-99, 

the occupational safety rules, other sanitary standards and regulations, which cover the 

given organization; 

• planning and implementation of measures to ensure and improve radiation safety 

within the organization; 

• regular monitoring of radiation situation at the working places, on the premises, 

territory of the organization, within the controlled area and surveillance zone as well as 

monitoring of radioactive substances releases and discharges; 

• monitoring and accounting of the personnel individual exposure doses; 

• regular briefing of the personnel about ionizing radiation levels at the working places 

and the individual exposure doses; 

• radiation safety training and qualification of managers and performers of works, 

specialists of radiation safety services and other individuals who permanently or 

temporarily work with radiation sources; 

• briefing and examining the personnel in radiation safety knowledge; 

• preliminary (when newly employed) and periodic medical examinations of the 

personnel; 

• timely reporting to the state radiation safety regulatory authorities on an emergency 

situation or accident; 

• performance to orders and directives issued by officials of the state radiation safety 

regulatory authority. 

4.4.7. Emergency preparedness and response 

For FRD the possible accidents are identified, which may be triggered by equipment failure, 

erroneous actions of the personnel, natural disasters or other causes, which may lead to a loss of 

control over radiation sources and exposure of humans and (or) radiation contamination of the 

environment. The list of possible accidents for specific work conditions is agreed upon with the 

state radiation safety authority [FRD Personnel Emergency Response Procedures].  
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The procedures contain a listing, amount and storage locations of personal protective 

equipment, medicines, emergency set of radiometric and dosimetry instruments, 

decontamination and sanitary treatment stock, tools necessary for emergency operations to 

eliminate a radiation accident consequences. The FRD has developed, approved and concurred 

with interregional offices of the state radiation safety authorities the “Plan of Measures to Protect 

the Personnel in the Event of a Radiation Accident”. The Plan contains the following sections: 

• anticipated accidents in Building 117; 

• protective measures decision-making criteria; 

• organization for the emergency radiation monitoring; 

• assessment of nature and scale of a radiation accident; 

• procedure for the triggering of the emergency plan; 

• notification and reporting procedure; 

• personnel actions during an accident; 

• responsibilities of officials during emergency operations; 

•  personnel protective measures during the emergency operations; 

• fire protection measures; 

• medical aid to the affected individuals; 

• measures to confine and eliminate radioactive contamination sources (sections); 

• training and drills for the personnel for the accident occasions. 

4.5. Drills and corrective measures 

4.5.1. Monitoring and measurements 

The FRD automated radiation monitoring system is designed to continuous and round-the-

clock radiation monitoring of γ-radiation dose rate; neutron dose rate equivalent; α-, β-aerosol 

activity of air on the premises; gaseous, iodine and α-, β-aerosol activity of releases from the 

Building ventilation systems; displaying of measurement and data processing results at computer 

monitors of the central and local workstations; storage of received information in the databases 

on servers of the ES KRB NIIAR; in the local database on the central computer of the system 

and its printout. 

The stationary radiation monitoring system includes: 

• Central computer for collection, accumulation and displaying of information SP-1, 

which is controlled by an Intel processor-based personal computer; 

• Control and alarm board UI-05P; 

• Analog conversion unit BPKh-04P; 
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• Information collection and processing units BPKh-08M; 

• Alarm units BSR-19P; 

• Detector units BDRS-01P, BDMG-41, BDGB-02P, BDAS-03P, BDAA-01P, UDBN-

02R; 

• Detector UDAS-02P; 

• Detector UDAS-03P; 

• Air sampling system. 

The radiation monitoring system of Buildings 117, 118, 119 in unattended mode performs: 

• measurement of gamma-radiation exposure dose rate in the process premises by 

detectors BDRS-01P, BDRS-01P1, BDMG-41; 

• measurement of the neutron dose rate equivalent above the fuel assembly hold-up pools 

by detectors UDBN-02R; 

• measurement of volumetric activity of alpha-, beta-active aerosols in the air of process 

premises by detectors BDAA-01P, BDAS-03P; 

• measurement of total gaseous activity in releases from the Building 117 ventilation 

system by detectors BDGB-02P; 

• measurement of the total activity of aerosols in releases from the Building 117 

ventilation system by detector UDAS-03P; 

• measurement of the total activity of iodine-131 releases from the Building 118 V-1 

ventilation system by detector UDAS-02P; 

• comparison of the measurement results with warning and alarm set points with 

transmission of signals to the alarm units BSR-19P located in the monitoring points 

and to the central devices UI-05P and SP-1; 

• displaying of all monitoring points information massif processing at the computer 

monitor on the panel D in Building 117 in the form of tables (listings), charts and 

mnemonic diagrams; 

• generation of signals to verify BD and UD, BPKh-04P and BPKh-08M units; signal to 

wind the filtering tape one shot forward to units BDAS and UDAS from UI-05P 

devices (in manual mode) and SP-1 (in automated mode); 

• recording of Building 117 measurement results over all monitoring points and 

diagnostics of the system as a whole by the printer and recording of the results of 

monitoring of releases of ventilation systems by KSP-4 logger; 

• saving of the received information in the database on ES KRB NIIAR server and in the 

local database of system’s central computer; 
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• displaying of the monitoring results at the remote monitoring computers of the heads of 

radiation safety services (Radiation Safety Division and FRD). 

4.5.2. Incompliance, corrective and preventive measures 

When incompliance is revealed in terms of a violation of the established criteria and 

standards, the regulatory documents stipulate the compiling a record, which analyzes the 

incompliance causes, determine necessary corrective actions and measures to improve control as 

necessary to avoid the incompliance reoccurrence. Any changes done as a result of the corrective 

actions are appropriately documented and approved in accordance with the adopted regulations. 

4.5.3. Registered data 

According to the Institute’s regulations for environmental data monitoring [“The Provisions 

for Process Control Over Compliance with the Industrial Safety Requirements in FSUE SRC RF 

NIIAR”, “Regulations for Monitoring of Radioactive Substance Releases in FSUE SRC RF 

NIIAR”, “Regulations for Health Physics Monitoring of External Gamma-Radiation Exposure of 

NIIAR Personnel”, “Regulations for Monitoring of Volumetric Activity of Radioactive 

Substance Aerosols in the Air of Working Premises of NIIAR”, etc.] the following activities are 

performed: identification, maintaining and emplacement of recorded data necessary for 

implementation and functioning of the environment management system and for recording of the 

scope in which the anticipated targeted and planned indicators have been met. 

4.5.4. Audit of the Environment management system 

The Institute pursues the three-stage control over occupational safety [“Basic Work 

Organization Provisions for NIIAR Personnel”]: 

• Current control; 

• Self-control; 

• Administrative control. 

The control objects are the structural units, working places, tools and machinery, process 

featuring the injury hazardous equipment, adverse and noxious process factors. The current 

control and self-control are done by the managers jointly with specialists and a designated 

occupational safety individual. The administrative control is done by the integrated Institute’s 

commission once a year. The commission work results and related conclusions are documented 

as a record. The management of the structural unit draws up measures to eliminate the revealed 

violations. 
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The structural unit’s technical activities are controlled by the Institute’s supervising 

divisions represented in the integrated commission. The following is inspected: 

• whether the regulatory requirements for the structural units’ activities are met; 

• how the work with the personnel is organized. 

To maintain the Institute’s quality assurance system as appropriate, improve it and bring in 

compliance with the quality assurance policy, the quality management division conducts internal 

audits in the Institute’s divisions. The inspection is done to verify that the work executed 

complies with the requirements stipulated in QAP (for the licensed activities of the Institute), the 

functioning of the quality assurance system’s elements is also verified. The procedure for 

organization and conduct of internal audits is described in the “Recommendations for Internal 

Audit of the Quality Assurance System in the Division (Institute)” approved by SRC RF NIIAR 

Director’ directive of 11.07.97. 

4.6. Managerial analysis 
The Institute has created and maintains the system for monitoring and analysis of radiation 

situation at facilities. The ES KRB system of the Institute provides the Institute’s management 

with the operative information on radiation conditions at the main radiation hazardous sections 

of the divisions, releases of radioactive substances from the facilities and into the environment. 

The ES KRB system readings and other radiation situation data at the working places with a 

corresponding analysis are incorporated into the Radiation Safety reports of the divisions 

(quarterly and annual reports). An extended radiation situation analysis for the Institute is done 

in accordance with industry’s internal statistic format the “Information of Radiation Situation 

and Toxic Safety of the Enterprise № 10-RBT-4”. The analysis serves as the basis for the 

decision-making as regards the conduct of necessary actions to improve the environmental 

management system and means of control. 
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5. HAZARD SOURCES IN TECHNOLOGICAL OPERATIONS 
AND STORAGE OF IRRADIATED FUEL AT FRD 

5.1. Activity sources 
Cells K-1 and K-7 may hold three assemblies of VVER-440, RBMK-1000, RBMK-1500 or 

2 assemblies of BN-350, BN-600 in any condition or one assembly of VVER-1000. The entry 

wells of cells K-1 and K-7 may hold three assemblies of VVER-440, RBMK-1000, RBMK-1500 

or 2 assemblies of BN-350, BN-600 in any condition or one assembly of VVER-1000. The stores 

of cells K-1 and K-7 may hold three assemblies of VVER-440, RBMK-1000, RBMK-1500 or 2 

assemblies of BN-350, BN-600 in any condition or one assembly of VVER-1000. Also two 

stores of short fuel elements in the K-1 shell may store 2 cassettes with fuel elements or case 

with fuel element fragments on each of the 6 shelves or two assemblies of BOR-60. A single 

assembly or 70 fuel elements may be stored on the tables in К-2÷К-6 cells. The store in the K-6 

cell may hold 18 cassettes with 19 fuel elements each. 

STORAGE POOL 
The values of the activity of fission products in the irradiated assemblies of some reactors 

are given in tables 5.1 and 5.2. 

Table 5.1. Activity of main radionuclides in irradiated fuel assemblies of VVER reactors 
(with decay cooling of 3 years), Bq 

Item Nuclide Reactors 

ВВЭР-440 ВВЭР-1000 
1.  85Kr 4.2Е13 2.1Е14 

2.  89Sr 1.0Е9 5.6Е9 

3.  90Sr 2.9Е14 1.4Е15 

4.  91Y 2.0Е11 5.4Е10 

5.  95Zr 4.3Е10 2.2Е11 

6.  95Nb 4.3Е10 2.2Е11 

7.  103Ru 2.4Е7 2.3Е8 

8.  106Ru 2.5Е13 1.3Е14 

9.  119mSn 1.4Е10 7.4Е10 

10.  125Sb 1.2Е13 5.8Е13 

11.  134Cs 2.0Е14 1.2Е15 

12.  137Cs 1.2Е14 9.5Е14 

13.  144Ce 3.2Е13 1.6Е14 
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Table 5.2. Activity of main radionuclides in irradiated fuel assemblies of SSC RF NIIAR 
reactors (for the moment of the end of irradiation), Bq 

Item Nuclide Reactors 

VK-50 BOR-60-60 SM-3 MIR.M1 
1 85мKr 1.0Е15 3.1Е14 1.1Е15 7.8Е14 

2 85Kr 4.9Е13 2.5Е12 3.9Е12 4.8Е12 

3 87Kr 2.0Е15 8.5Е14 2.8Е15 2.0Е15 

4 88Kr 2.9Е15 3.1Е14 3.9Е15 2.7Е15 

5 88Rb 2.9Е15 3.0Е14 3.9Е15 2.8Е15 

6 89Kr 3.8Е15 7.7Е14 5.0Е15 3.55Е15 

7 89Rb 4.0Е15 8.2Е14 5.4Е15 3.73Е15 

8 89Sr 5.3Е15 7.4Е14 1.1Е15 5.42Е15 

9 90Sr 2.9Е14 6.0Е12 9.3Е12 1.1Е13 

10 91Sr 7.0Е15 1.1Е15 6.1Е15 4.3Е15 

11 95Zr 9.4Е15 1.0Е15 1.3Е15 1.54Е15 

12 95Zr 9.2Е15 8.6Е14 4.6Е14 5.55Е14 

13 99Mo - 1.2Е15 6.4Е15 4.8Е15 

14 103Ru 8.8Е15 6.9Е14 1.6Е15 2.0Е15 

15 106Ru 2.3Е14 1.0Е14 1.6Е13 1.9Е13 

16 131J 2.3Е15 6.6Е14 2.1Е15 2.1Е15 

17 132Те 3.2Е15 9.7Е14 3.9Е15 3.2Е15 

18 132J 3.2Е15 9.7Е14 4.3Е15 3.2Е15 

19 133J 6.0Е15 1.4Е15 8.2Е15 5.8Е15 

20 133Xe 6.0Е15 1.3Е15 5.7Е15 5.8Е15 

21 134Те 5.7Е15 1.3Е15 7.5Е15 5.3Е15 

22 134J 6.2Е15 1.5Е15 8.6Е15 6.0Е15 

23 134Cs 1.9Е14 1.4Е13 1.6Е14 1.9Е14 

24 135J 5.2Е15 1.3Е15 7.1Е15 5.0Е15 

25 135Xe 5.2Е15 1.3Е15 8.2Е15 5.7Е15 

26 135mXe 1.5Е15 3.2Е14 2.1E15 1.44Е15 

27 137Xe 5.1Е15 1.1Е15 6.8E15 4.8Е15 

28 137Cs 1.9Е14 4.9Е13 9.3E12 1.1Е13 

29 138Xe 5.1Е15 1.3Е15 7.1E15 5.0Е15 

30 138Cs 5.2Е15 1.3Е15 7.5E15 5.2Е15 

31 140Ba 1.0Е16 1.8Е15 3.4E15 3.9Е15 

32 140La 1.0Е16 1.8Е15 3.2E15 3.9Е15 

33 141Ce 1.1Е16 8.4Е14 1.8E15 2.3Е15 

34 143Ce 8.7Е15 1.7Е15 6.4E15 4.6Е15 

35 144Ce 3.1Е13 8.6Е13 2.9E14 1.0Е12 
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5.2. Main causes of the accidents and the factors contributing to its 
initiation and development 

Emergency situations for any radiation-hazardous facility accompanied with release of 

radionuclides to the environment may be caused by several factors (or their combination) which 

can be divided into two groups: 

� Internal (process) factors 

� External factors: 

- of man-caused character (operation of nearby facilities etc); 

- of natural character (hurricanes, tornadoes, earthquakes etc); 

- acts of sabotage. 

The process causes include (Primary hazards): 

♦ Hazards connected with transport technologic operations with irradiated assemblies in the 

technologic rooms of thee facility (operations of loading/unloading of containers with 

assemblies, their transport to the cells for storage etc). 

♦ Hazards connected with carrying out the transport operations with and research of irradiated 

assemblies in the protective cells. 

♦ Hazards connected with transport of solid radioactive waste. 

♦ Hazards connected with storage of irradiated fuel, solid and liquid radioactive waste. 

♦ Unsealing of the transport containers (case, flange connections) due to mechanical damage. 

♦ Unsealing of the storage pool and other technological vessels with liquid radioactive 

substances. 

♦ Irregular power supply or blackout may lead to switching off of the alarm systems and 

counter-emergency protection and to disruption of normal operation of ventilation system. 

♦ Personnel errors. 

The following hazard sources of process origin may be applied to FRD: 
1. Presence of rooms lower than the water level in the storage pool: rooms at the mark of  

-4.6 м. (including control rooms) and at the mark of –8.5м. (room of LRW collection 

tanks); 

2. Transport of FA in containers through the transport hall; 

3. Loading/unloading operations before/after shipment of SFA in containers; 

4. Transport of fuel element fragments along a conveyer between cells К-1÷К-7; 

5. Use of craft-sacks for collection and storage of low- and medium- active SRW; 

6. Presence of flammable materials in low- and medium- active SRW; 

7. Presence of flammable materials in ionizing radiation sources and fissile material store; 

8. Low strength of storage pool bridging; 
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9. No reserve power supply of ventilation machinery; 

10. Use for in-cell cranes for technological operations with FA in chambers К-1÷К-7; 

11. No leak-detection system from the pipelines and LRW collectors; 

12. Operations connected with thermal influence on fuel elements during their research in 

protective cells. 

All of these hazards will be viewed and taken into account in analysis of the initial events 

and possible emergency situations in the works on assessment of the risks at FRD. 

5.2.1. External impacts of man-caused origin 

These impacts include: accidnts with explosions, including ammunition explosions (both 

manufactured and self made), mechanical damage of elements and systems critical for safety 

(cables, power supply lines) etc. There are no stores of solid explosives, liquefied gas mixtures 

or petrol storages on NIIAR site. However, there are three vessels with hydrogen at pressure of 

1.0 MPa with a volume of 10 m3 each at the electrolysis installation of the VK-50 reactor at a 

distance of 300 meters from FRD. 

Impact of inflammation of gas or fuel oil at the heat supply plant on the site no.1 is possible 

only in case of starting of a fire in the forest surrounding the plant and NIIAR. However, this 

factor is considered weak, as the plant is relatively remote and there areas cleared of forest 

around the plant. 

Characteristics of the explosion-hazardous and fire-hazardous facilities and roads which 

may be used for transportation of explosive loads, and the parameters of the blast waves are 

given in the table 5.3. 

Table 5.3. Sources of external blast impact and the parameters of air blast wave impact on 
the facility of the institute nearest to the explosion source 

Name of the 
source of possible 

explosion 

Distance to 
the nearest 
facility of 

the institute, 
m 

Type of 
explosive 

(flammable 
substance) 

Mass of the 
transported, 

stored or leaked 
flammable 
(explosive) 

substance, kg  

Maximum 
reflection 

pressure ∆Рrf, 
acting on a front 

obstacle, kPa 

Effective 
time of 
the blast 
wave θ, 

sec 

Railroad 8900 Solid explosives 372000 1.67 1.35 
Railroad 8900 Propane-butane 

mixture 
154000 1.76 0.36 

Highway 3700 Solid explosives 6000 1.00 0.44 
Highway 3700 Propane-butane 

mixture 
9000 1.64 0.14 

Gas-main 
pipeline 

4400 Natural gas 240000 4.32  0.40 

Vessels with hy- 100*) Hydrogen 27 8.88  
-drogen (bl. 126) 180   4.58 0.016 
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NIIAR petrol 
store 

3700 Petrol 280000 2.35 0.183 

Petrol store of 
“Dimitrovgradstr

oy” company 

 
5700 

 
Petrol 

 
720000 

 
2.09 

 
0.251 

Accidents on the transport routes in transportation of fire-hazardous and explosive 

substances may also cause fires in the forests surrounding the site. However, the protection areas 

along the main roads should prevent spreading of fire to the site territory. 

Influence of flooding on the institute facilities in case of break of one of the upstream dams 

is minimal, as the maximum level of the inrush wave in the vicinity of Dimitrovgrad is at the 

level 54.6 m in period of low water and 55.8 m in period of high water. The height of the NIIAR 

site changes in the range between 66 and 72 meters. Water level in the Bolshoi Cheremshan 

River, which is in the backwater from the reservoir, usually does not exceed 54 m. 

The possibility of an airplane crash on the FRD building is very low and such an accident 

may be considered only as beyond design-basis. 

5.2.2. External influence of natural character 

Natural external impacts are caused by the change of conditions (weather, geophysical and 

other) of the environment. Natural external impacts include floods, earthquakes, fires, 

hurricanes, landslides and others. The type of damaging factors of natural external impacts 

depends on specific impact.  

From all the natural processes and phenomena which are recommended for examination in 

analysis of safety of nuclear-hazardous facilities, the following ones are the most dangerous: 

• maximal calculated earthquake; 

• tornado; 

• hurricane; 

• maximum snow load; 

• air blast wave; 

• direct impact of an explosion. 

According to the requirements of normative documents, the maximally possible impacts of 

natural and man-caused character for the location of the facility site are calculated for the 

facilities using nuclear power. Impacts exceeding the limiting values may lead to damage and 

destruction of the facility. 

Changes in the structure of the device that do not change its geometric form will be 

considered as damage. In destruction the initial geometric form changes so dramatically that the 

initial that the device can not perform its functions or acquires new dangerous properties. 
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Unsealing of a radioactive source or a circuit containing radioactive substances and changes 

in the functions of protective devices may occur as a result of damage. Radiation consequences 

of the damage will depend on the character of the damage and the properties of the radiation 

source and its protective properties. Raising of the radiation level that may affect personnel and 

population may occur in case of the damage of the physical protection of a device. Radiation 

consequences will include exposure of the personnel that will participate in liquidation of the 

accident. Uncontrolled release of radioactive substances to the environment is possible in case of 

unsealing of sealed sources or protective containers. Contamination of equipment surfaces, 

generation of radioactive aerosols, release of radioactive substances exceeding the set limits are 

all possible also. However, on the basis of section 2.5 it may be concluded that the external 

impacts of natural character are too improbable to include them in the detailed examination. 

5.2.3. Radiation consequences of the impacts 

Parameters of radiation situation that was formed as a result of an impact on nuclear power 

using facility are considered radiation consequences. We will regard the following as radiation 

consequences of the accidents for the site and its sanitary protection area: 

- Activity of radioactive substances or nuclear materials released beyond the protective 

barriers; 

- Dose rate on the contaminated territory; 

- Surface activity on the contaminated territory; 

- Volumetric activity of the aerosols on the contaminated territory; 

- Exposure dose of the unprotected personnel. 

The changes in radiation situation are always caused by violation of protective barriers, 

regerdless of the type of facility. In case if there are several protective barriers (principle of 

echeloned protection), there is a possibility that the consequences will be localized within the 

intact barriers. 

5.3. Analysis of risk factors 
Release of radioactive products into the environment exceeding the set standards is not 

possible in normal operating conditions at FRD. 

The equipment and the protective barriers of the structure were designed to perform in the 

limits of calculated design-basis natural impacts. Integrity of all the protective barriers is retained 

in the limits of calculated design-basis values of the impacts (fuel matrix, fuel element cladding, 

containers, protective cells, the building). Damaging or destruction of the barriers is possible in 

case of exceeding of the calculated design-basis values of the natural impacts. The possibility of 

such events is low, but it still is not zero. Such emergency situations may cause significant 



 67 

radiation consequences. However, it needs to be pointed out that the technology of working with 

nuclear-hazardous materials and the design of the storage pool eliminate the possibility of self-

initiated chain reaction. Fuel assemblies with long time of decay cooling are used for research. 

Thus, the heating of the fuel to the temperatures when the release of radioactive fission products 

from the fuel is started is impossible. When research is carried out with heating of the fuel 

(simulation of accidents), only limited quantities of irradiated cooled fuel are taken. The release 

to the environment is possible only in case of unsealing of the equipment and protective cell and 

failure of the system of air purification form aerosols (as a result of an impact). 

Similar damage may be the result of man-caused impact on the facility. There is a 

possibility of a blast wave impact on the walls of the facility as a result of process activities on 

the territory of the site. Such an impact may cause the fall of the bridging plates and the bridge 

crane, which may damage the storage pool and the containers. 

The sabotage acts are improbable due to a multi-level security system of the facility and the 

site. 

Cutting off of the power supply as a result of natural or man-caused impact will not lead to 

noticeable release of radioactive products to the environment. Even if the fans of the ventilation 

system of the facility and the ventilation center will fail, there will still remain the rarefaction in 

the building due to the draught of the high stack. 

Failure of the equipment and other reasons, such as personnel errors practically can not lead 

to damage of the protective containers and release of radioactive products from them exceeding 

the allowable values.  

One of the main risk factors at FRD is the storage pool of irradiated fuel assemblies. 

Number of SFA and the design of the storage pool eliminate the possibility of SSCR, but the 

bridging of the pool, which is not strong enough makes the damage of fuel elements as a result of 

equipment or bridging fall possible. there is a possibility of unsealing of the pool as a result of, 

for example, earthquake stronger than maximum design basis value. Emptying of the storage 

pool will lead to exceeding of the gamma field in the pool hall and in the neighboring rooms. 

Worsening of SFA cooling conditions will lead to increase of the temperature of the fuel inside. 

However, usually the assemblies stored at FRD have long terms of decay cooling and thus, the 

heating of the fuel is not significant and will not lead to increase of the release of fission 

products to the environment. 

FRD planned and preventive repair works are carried out in accordance with operational 

documentation for equipment  [List of FRD planned preventive works]. To conduct repair works 

at FRD process lines all the fuel is removed to safe storage facilities. 

Table 5.4. lists the hazard sources at FRD drawing upon the information given above. 
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Table 5.4. Main hazard sources at FRD 

Hazards The category of the 
hazard cause 

What will be included in the further analysis 

Hazards connected with 
transport technological 
operations with the 
irradiated assemblies in the 
rooms of the facility  

Technological 
hazards 

� transport of FA inside the containers 

in the transport hall; 

� loading/unloading operations in the 

transport hall on receiving and sending of 

SFA in containers; 

� transport of fuel element fragments 
between cells К-1÷К-7 via the transporter 

Hazards connected with 
transport of irradiated 
assemblies between the cells 
and conduction of the 
research of the assemblies 

Technological 
hazards 

� thermal impact on the fuel elements 
during research in the protective cells; 
� use of in-cell cranes for performing 
technological operations with SFA in 
chambers К-1÷К-7 

Hazards connected with 
transport of solid radioactive 
waste 

Technological 
hazards 

use of kraft sacks for collection of low- and 
medium- active SRW 

Hazards connected with 
storage of irradiated fuel, 
solid and liquid radioactive 
waste 

Technological 
hazards 

� temporary storage of low- and 

medium-active SRW; 

� presence of flammable materials in the 
low- and medium-active SRW; 
� presence of flammable materials in the 
storage room of IRS and FM 

Loss of airtightness of the 
transport containers due to 
mechanical damage 

Technological 
hazards 

loss of airtightness of the container case, 
flange connections 

Loss of leaktightness of the 
storage pool or other vessels 
with radioactive liquids 

Technological 
hazards 

� presence of rooms at the level lower 
than the water level in the SP: rooms at the 
mark -4.6 m (including control rooms) and 
at the mark of -8.5 m (LRW collector tanks); 
� low strength of SP bridging; 
� absence of a system of detection of 
leaks from the pipelines and LRW collectors 

Stop or interruption of the 
power supply may lead to 
switching off of the alarm 
systems and counter-
emergency protection and 
disrupt the normal 
functioning mode of the 
ventilation 

Technological 
hazards 

absence of backup power supply of the 
ventilation machinery 

Personnel errors Technological 
hazards 

Practically cannot lead to damage of the 
protective containers and release of 
radioactive products above the allowed 
values  

Accidents connected with 
explosions 

External impacts of 
man-caused origin 

There is a possibility of an impact of a blast 
wave, caused by the activities on the 
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Hazards The category of the 
hazard cause 

What will be included in the further analysis 

territory of the site, on the walls of the 
facility. Such an impact may lead to fall of 
the bridging plates and the bridge crane, 
damaging the storage pool and the 
containers. 

Mechanical damage of the 
elements and systems 
important for safety 

External impacts of 
man-caused origin 

Sabotage is improbable due to the system of 
multi-level protection from unauthorized 
access organized at the site, therefore such 
situations wont be considered 

Maximum calculated 
earthquake 

External impacts of 
natural origin 

There is a possibility of an impact on the 
walls of the facility, which may damage the 
storage pool and the containers. 

Tornado External impacts of 
natural origin 

Maximum pressure of wind – 2.4 kPa (0.3 
kPa), which corresponds to the normative 
value of the wind pressure according to 
SN&P of 2.01.07-85 (Sanitary norms and 
rules), therefore tornadoes wont be 
considered 

Hurricane External impacts of 
natural origin 

No hurricanes or typhoons were observed in 
the region, so they wont be considered 

Maximum snow pressure External impacts of 
natural origin 

Maximum pressure of snow - 4,85 kPa (1,5 
kPa), which corresponds to the normative 
value of snow weight per 1 m2 according to 
SN&P of 2.01.07-85 (Sanitary norms and 
rules), therefore such impacts wont be 
considered 

Air blast waves External impacts of 
natural origin 

Wont be considered due to very low 
possibility 
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6. GENERAL SCHEME OF ACCIDENT ANALYSIS 

6.1. Structure of the accident analysis 
General scheme of the analysis of accidents at the facility is given in figure 6.1. The first 

step (Chapter 5) was determining the main sources of hazards and their causes, which should be 

subsequently analyzed. The results are listed in table 5.3 of paragraph 5.3. The next step is 

determining the various sources of impacts on the facility (FRD) which may lead to emergency 

situations. 

Characteristics of the facility using nuclear energy, such as FRD, includes: 

• activity of the sources, process mediums, packages of nuclear materials/radioactive 

substances/radioactive waste; 

• physical and chemical properties of the sources, process mediums, packages of nuclear 

materials/radioactive substances/radioactive waste; 

• characteristics of the safety barriers, including the capability to withstand external 

impacts (thermal, mechanical durability etc). 

The next step of the preliminary risk assessment method (see Chapter 7) determines the 

initial events for emergency situations, evolution of the emergency situations and the final 

conditions. The final conditions of emergency situations include the full list of damage caused by 

an emergency situation. 

Damage characteristics include assessment (determination) of the extent of destruction 

(damage) of the facility safety barriers and the possibility of forming of secondary sources of 

radioactive products, which may be released to the environment. The level of facility damage 

(building, rigging etc) is dependent on the extent of the impact, which in turn leads to changes in 

the level of damage of the radioactivity sources (packages of NM/RS/RAW, storage pool etc). 

Thus we have various scenarios of the accidents. Analysis of the radiation consequences is 

imperative for these scenarios. The scenario of the accident for analysis of the radiation 

consequences is determined (chosen) in correspondence with the characteristic of the damage. 

The value of the activity of the radioactive products released beyond the safety barriers, transport 

of the activity in the environment, possible radiation consequences of the release are calculated 

taking into account the weather parameters. 

The calculation method of assessment of radiation consequences offers impact-dependent 

analysis of the character and level of the damage. 
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Impact on the facility 

Final condition 
(damage characteristics) 

Paths of evolution of the accident 

Analysis of damage inflicted 
on the protection barriers 

Scenario 1 Scenario I Scenario J Scenario N 

Hazard source Hazard causes 

Initial events of the emergency 
situation 

Method of preliminary risk 
assessment 

Radiation 
consequences 

Radiation 
consequences 

Radiation 
consequences 

Radiation 
consequences 

 

Fig. 6.1. General scheme of accident analysis 

6.2. The procedure of assessment of the radiation consequences  
The procedure of making radiation consequence assessments depends on the scenario in 

question. In the general case the following stages are included in the assessment: 

Stage 1. Determination of the expected protective barrier damage for the known 

characteristics of the impact. The are two methods of determining the expected damage: by 

calculation and by postulation. The calculation method determines the sections that are damaged 
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or destroyed using the known characteristics of the impact (the type of the impact) and the model 

of the behavior of the facility and is parts. In the case when there are not enough data for the 

calculation (for example the strength characteristics of the buildings are unknown), the damage 

inflicted on the protection barriers is postulated. In this case the damaged barrier (barriers) and 

the extent of the damage should be determined. 

Stage 2. Activity and the rate of its release beyond the protection barriers and the values of 

the radiation consequences are determined for the selected scenario using mathematical 

simulations of object behavior. In the case when there are no models of object behavior, the 

required values of the activity and the rate of its release beyond the protection barriers should be 

postulated drawing upon the physical considerations of the behavior of similar objects or using 

the results of experimental research of the emergency processes of similar objects/processes. 

Stage 3. Radiation consequences of the accident for the personnel and population are 

calculated for determined values of the rate and amount of the release. Radiation consequences 

will be determined by the level of increase of the territory and air contamination, personnel and 

population exposure doses.  

Requirements of the special methodical instructions of state supervision agencies and IAEA 

recommendations are used in assessment of the accident consequences. Methods (procedures) of 

radiation consequence assessment are developed on the basis of the instructions and 

recommendations. 

The general structure of assessment of the accident radiation consequences is given in figure 

6.2. Methodical aspects of the radiation consequences analysis as a result of an external impact 

on the facilities using the nuclear energy are given in [8], [9], [10]. 
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 List of initial events 

Evolution paths for each of the 
emergency situations 

Determining the amount of 
damage inflicted on the protection 

barriers 

Determining the activity and the 
rate of its release through the 

protection barriers 

Determining the amount and the 
rate of the release; determining 
the exposure doses for personnel 

and population 
 

Fig. 6.2. General scheme of assessment of radiation consequences of the accident 
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7. PRELIMINARY RISK ASSESSMENT 

7.1. Description of the method of preliminary risk assessment 
The «If other than…?» method together with key words used in the method of operational 

integrity and hazard assessment method was chosen as the preliminary risk assessment method. 

This method is the most suitable for the operating facilities. It is applicable for preliminary risk 

assessment as the following factors are taken into account: 

• goals of the analysis; 

• the type of the analyzed system and the character of the hazard; 

• the availability of the resources for carrying out the analysis of the required 

information; 

• the skill and experience of the executors. 

In general, various elements of the facility present various threats. Therefore the facility 

should be divided into subsystems at the very beginning of the analysis, to reveal the sections 

and components of the process, which may present the threat of uncontrolled events. At the first 

step the hazard sources are revealed (for example is release of the radioactive substances and 

nuclear materials possible?). At the second step the components of the system which may cause 

such conditions are determined. 

The « If other than…?» method together with key words used in the method of 

serviceability and hazard assessment method belongs to the group of qualitative assessment 

methods of the hazardousness of the facility. The method is presented as the list of questions and 

answers about the correspondence of the facility to the safety requirements and instructions on 

safety assurance. The questions are given as follows: «What will happen if an unexpected event, 

other than the (keyword) will happen?». 

The contents corresponding to the keywords depend on the facility in question. Here the 

keywords are interpreted for the radiation-hazardous facility: 

NO — absence of something that should be present, (for example, absence of direct feeding 

when it should be present i.e. there is no flow or there is a backflow, absence of radiation 

monitoring, i.e. inactive sensors, absence of the personnel) 

ABOVE — Any of the applicable physical quantities (parameters) have values higher than 

they should have, (for example. large flow (rate or total quantity), high temperature, pressure, 

viscosity, increase of the dose rate values, activity neutron flux density etc) 
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BELOW — Any of the applicable physical quantities (parameters) have values lower than 

they should have. 

PART OF— The structure the system differs from the required structure, for example 

changes in the connections between the elements, absence of the elements, etc (for example a 

container is gripped by a single binding, and not by two). 

MORE — The system has more elements than there should be present (for example, there is 

an additional phase (steam, solid), admixtures (air, water, acids, corrosion products) or there are 

more fuel elements in the storage pool than there should be). 

OTHER — Conditions that differ from the regular system operation for example, start, halt, 

capacity changes, other operation method, unsatisfactory installation operation, maintenance, 

service etc (for example electric cable short-circuiting due to a personnel error).ELSE THAN — 

Full substitution of the process, unforeseen event, destruction, loss of leaktightness of the 

equipment (for example, destruction of the building roof, or unsealing of the fuel element, 

destruction of the RAW package). 

The answers to the questions asked are given as the description of the initial event that leads 

to the accident, the evolution of the accident, the final condition, the initial data for the 

calculation and the results of the calculation. At the last stage the data are generalized in a table 

that contains the question, initial events and scenarios, safety measures, consequences and 

comments. 

7.2. Preliminary risk assessment of possible emergency situations at FRD 
Accident No.1 

Question  

What will happen if ELSE THAN expected event occurs during transport process operations 

on SFA movement, i.e. a cable rupture? 

Initial event 

A cable was ruptured during the transport technological works and a case with SFA of 

VVER-1000 (or VVER-440, RBMK-1000, RBMK-1500, BN-600 or a case with 70 fuel 

elements) falls into the storage pool (SP). 

Question  

What will happen if ELSE THAN expected event occurs, namely SFA will fall to the 

bottom of the pool?  

Evolution of the accident 



 76 

The case with SFA falls to the bottom of SP, breaks through the shell of the pool and leads 

to unsealing of the SP. Radioactive waters start leaking to the neighboring room at the mark of -

4.6m through the break and the cracks in concrete blocks of the pool, which leads to 

contamination of the surfaces. The leak of water from the pool is detected by the dose sensors 

and level transmitter of the pool water level. Feed water pumps are engaged. The case is 

extracted from the pool, the break in the shell is closed up and then the consequences in the room 

at the mark of –4.6 m are liquidated. 

Question  

What will happen if OTHER maintenance will take place and the personnel wont be able to 

liquidate the consequences of the accident in minimum period of time? 

Final situation 

350 liters of radioactive water leaked to the neighboring room over 6 hours. In assessment 

of the volume of leaked water, the experts determined the maximum size of the rupture taking 

into account possible changes in its size and used the basic equations of hydrodynamics for 

calculation of leak rate. Most of the water will drain into the drain hatches of the special sewage 

system. There will be approximately 50 liters of water remaining on the floor surface. The 

exposure of the personnel during accident liquidation will be the radiation consequences of the 

accident. No radioactive products will be released to the environment. 

Initial data for calculation  
We suppose that the activity of the leaking water is determined by 137Cs to make a 

maximum assessment. Specific activity of the water is 4.0·104 Bq/kg. The volume of leaked 

water is ~350 liters. There will be approximately 50 liters of water left on the floor surface. The 

rest of the water will be discharged to special sewage system. The floor area in the affected room 

is 25 m2. About 5 man-hours will be required for removal of the remnants of water and surface 

deactivation. 

Calculation results 
Maximum dose rate from the leaked water may amount 0.5 µGy/hour. The total 

accumulated dose of the personnel will not exceed 0.0025 mSv. There will be around 1.4·107 Bq 

of radioactive water discharged to special sewage system. There will be no radiation influence on 

the population. 

Accident No.2 

Question  

What will happen if ELSE THAN expected event occurs during transport process operations 

on movement of a KT-340 container with a loaded SFA, i.e. a cable rupture? 

Initial event 
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The cable was ruptured during transport technologic works and a KT-340 container with 

SFA of VVER-1000 (or VVER-440, RBMK-1000, RBMK-1500, BN-600 or a case with 70 fuel 

elements) falls in the transport hall from the height of 0.5 m. 

Question  

What will happen if ELSE THAN expected event occurs as a result of a cable rupture, 

namely the KT-340 container will fall from the height of 0.5 m? 

Evolution of the accident 
During the transport technologic works, a cable was ruptured and a container with SFA of 

VVER-1000 fell from the height of 0.5 m onto the concrete floor. The container turned over as a 

result of the fall. According to the specifications of the container, such a fall may not damage nor 

the container itself nor the devices inside. The SFA will not be damaged also. Release of 

radioactive products from the container as a result of the accident is impossible.  

Calculation results 
No radiation effect on personnel or population. 

Accident No.3 

Initial event 

Fall of a KT-340 container with SFA of  VVER-1000 (or VVER-440, RBMK-1000, 

RBMK-1500, BN-600 or a case with 70 fuel elements) in the transport entry from the height of 

5.5 m. 

Question  

What will happen if ELSE THAN expected event occurs at the transport entry, i.e. the cable 

binding the KT-340 container will be ruptured? 

Evolution of the accident 
During the transport technologic work, a cable was ruptured and a container with SFA of 

VVER-1000 fell from the height of 5.5 m onto the concrete floor. The container turned over as a 

result of the fall. According to the specifications of the container, such a fall may not damage nor 

the container itself nor the devices inside. The SFA will not be damaged also. Release of 

radioactive products from the container as a result of the accident is impossible. 

Calculation results 
No radiation effect on personnel or population. 

Accident No.4 

Initial event 

Fall of a case with fuel element fragments (irradiated VVER-1000 fuel) of under 1.5 m of 

length into the box of inter-cell conveyer. 

Question  
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What will happen IF OTHER THAN expected event will occur: a case with fuel element 

fragments (irradiated fuel of VVER-1000) will fall into the box of inter-chamber transporter? 

Evolution of the accident 
During transport technologic works, a case with fuel element fragments of under 1.5 m of 

length (irradiated VVER-1000 fuel) fell into the box of inter-cell conveyer. 10 grams of fuel is 

spilled into the box of inter-cell conveyer. The mirrors are used to determine the location of a 

fallen case, and manipulators are used to carry the case to the protective cell for subsequent 

utilization. 

Question  

What will happen if there will be MORE elements in the box of the inter-cell transporter 

than there should be as a result of fuel spilling? 

Final situation 
About 10 grams of fuel were spilled into the box of inter-cell conveyer. The fuel is not 

heating. No radioactive products will be released to the environment. Practically no exposure is 

received by the personnel during extraction of the case from the box. 

Calculation results 
No radiation effect on personnel or population. 

Accident No.5 

Initial event 

Breaking of a package with solid radioactive waste (SRW). 

Question 

What will happen if OTHER condition of the SRAW package will appear during sorting 

and certification of SRAW, as the package will be destroyed? 

Evolution of the accident 
A package with medium-active radioactive waste (maximum assessment) was broken 

during the works on assorting and certification. As a result, the contents of the package were 

spilled over the area of 5 m2. 

Question  

What will happen as a result of spilling of the SRAW package there will be MORE 

elements in the exhaust ventilation than it is required? 

Final situation 
As a result of package breaking the contents of the package were spilled over the area of 5 

m2. Part of the released radionuclides will be taken by the exhaust ventilation. The surfaces of 

the room and the equipment were contaminated. 

Initial data for calculation  
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Maximum values of activities for a given class of radioactive waste were taken in the 

assessment of radiation consequences of the accidents connected with radioactive waste. The 

Main radionuclide is 137
Сs. Therefore, taking into account its volatility, we assumed that it was 

the only radionuclide in the release. We suppose that the activity of the waste is determined by 
137Cs to make a maximum assessment. Specific activity of the waste is 106 kBq/kg. The weight 

of the package is 10 kg (0.04 m3). Not more than 0.1 % of the activity from the packages will be 

released to the room (1·107 Bq). The surfaces of the room and the equipment will be 

contaminated. The personnel may be subject to exposure during the works on liquidation of the 

consequences of the accident. About 5 man-hours will be required for removal of the remnants 

of water and surface deactivation. Part of the released radionuclides will be taken by the exhaust 

ventilation. The design effectiveness of aerosol filters is 99.9%. 

Calculation results 
Results of calculation of volumetric activity of the radionuclides in the affected room 

(transport hall) are given in table 7.1. 

Table 7.1. Volumetric activity of the radionuclides in the affected room in case of an 
accident No.5 

Time from the 
start of the 

accident, sec 

Volumetric activity of the aerosols, 
Bq/m3 

Surface contamination, Bq/m2 

10 1Е+4 37 

20 1Е+4 110 

50 8Е+3 280 

100 5.1Е+3 490 

150 3.3Е+3 620 

240 1.5Е+3 760 

360 5.2Е+2 830 

600 6.2Е+1 860 

900 4.5 860 

1200 0.4 860 

1800 0.1 860 

The values of allowable average annual volumetric activity for the group A personnel will 

be exceeded for a short period of time in the affected room (DOApers). In 200 seconds the 

volumetric activity of aerosols will drop below the allowable value. Surface activity of the 

deposited aerosols will be a minor one and will not introduce a noticeable contribution to the 

contamination caused by the spilled radioactive waste. 
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Calculated dose rate from the contamination in the center of the contaminated area at the 

distance of 1 m from the source will amount 0.5 mGy/h. The total exposure dose of the personnel 

will not exceed 0.5 mSv. 

Activity of 137Cs in the release through the high stack will amount 1·104 Bq. This value is 

substantially lower than that of allowable release (5.846E+09 Bq/year). 

Accident No.6 

Question  

What will happen if OTHER than expected event occurs during loading of a container with 

SRAW into the vehicle due to its fall? 

Initial event 

Fall of a container with medium-active solid radioactive waste (SRW) from the height of 

3.5÷5.5 meters during its loading into a vehicle.  

Evolution of the accident 
A container fell from the height of 3.5÷5.5 meters during loading of medium-active SRW 

into a vehicle. Ten packages were broken. 

Question 

What will happen if ELSE THAN expected event occurs after the fall of a container with 

SRAW, i.e. more than 10 packages will be destroyed and their contents will be spilled? 

What will happen if there will be MORE radionuclides in the exhaust ventilation as a result 

of spilling of a package with SRAW? 

Final situation 
As a result of the fall, 10 packages were broken and their contents were spilled over the 

floor area of 10 m2. Part of the released radionuclides will be taken by the exhaust ventilation. 

The surfaces of the room and the equipment were contaminated. 

Initial data for calculation  
Maximum values of activities for a given class of radioactive waste were taken in the 

assessment of radiation consequences of the accidents connected with radioactive waste. The 

Main radionuclide is 137
Сs. Therefore, taking into account its volatility, we assumed that it was 

the only radionuclide in the release. We suppose that the activity of the waste is determined by 
137Cs to make a maximum assessment. Specific activity of the waste is 106 kBq/kg. The weight 

of the package is 10 kg (0.04 m3). Not more than 0.1 % of the activity from the packages will be 

released to the room (1·108 Bq). The surfaces of the room and the equipment will be 

contaminated. Part of the released radionuclides will be taken by the exhaust ventilation. The 

design effectiveness of aerosol filters is 99.9%. 

Calculation results 
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Results of calculation of volumetric activity of the radionuclides in the affected room 

(transport entry) are given in table 7.2. 

Table 7.2. Volumetric activity of the radionuclides in the affected room in case of an 
accident No.6 

Time from the 
start of the 

accident, sec 

Volumetric activity of the aerosols, 
Bq/m3 

Surface contamination, Bq/m2 

10 1Е+5 370 

20 1Е+5 1100 

50 8Е+4 2800 

100 5.1Е+4 4900 

150 3.3Е+4 6200 

240 1.5Е+4 7600 

360 5.2Е+3 8300 

600 6.2Е+2 8600 

900 45 8600 

1200 4 8600 

1800 1 8600 

The values of allowable average annual 137Cs volumetric activity for the group A personnel 

will be exceeded f in the affected room (DOApers). In 500 seconds the volumetric activity of 

aerosols will drop below the allowable value. Surface activity of the deposited aerosols will be a 

minor one and will not introduce a noticeable contribution to the contamination caused by the 

spilled radioactive waste. 

Calculated dose rate from the contamination in the center of the contaminated area at the 

distance of 1 m from the source will amount 3.7 mGy/h. The total exposure dose of the personnel 

will not exceed 4 mSv. 

Activity of 137Cs in the release through the high stack will amount 1·105 Bq. This value is 

substantially lower than that of allowable release (5.846E+09 Bq/year). 

Accident No.7 

Question  

What will happen if ELSE THAN expected event occurs, namely inflammation of SRAW in 

the transport hall/sanitary lock? 

Initial event 

Inflammation of medium-active SRW in the transport hall/sanitary lock. 

Question  
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What will happen if there will be MORE radionuclides in the exhaust ventilation as a result 

of inflammation of the SRAW packages? 

Evolution of the accident 
4 packages were fully burnt as a result of inflammation of packages with medium-active 

solid waste (10% of the total amount of the waste). The fire was extinguished by the maintaining 

personnel in 10 minutes. Part of the released radionuclides will be taken by the exhaust 

ventilation. 

Final situation 
4 packages were fully burnt down. The surfaces of the room and the equipment were 

contaminated. Part of the activity through the aerosol filters was exhausted to the first category 

of the ventilation center and further to the high stack. 

Initial data for calculation  
Maximum values of activities for a given class of radioactive waste were taken in the 

assessment of radiation consequences of the accidents connected with radioactive waste. The 

Main radionuclide is 137
Сs. Therefore, taking into account its volatility, we assumed that it was 

the only radionuclide in the release. We suppose that the activity of the waste is determined by 
137Cs to make a maximum assessment. Specific activity of the waste is 106 kBq/kg. The weight 

of the burnt down waste is 40 kg.  10% of the activity from the burnt down packages (4·109 Bq) 

will be released to the room. The waste was burning for ten minutes. The surfaces of the room 

and the equipment will be contaminated. Part of the released radionuclides will be taken by the 

exhaust ventilation. The design effectiveness of aerosol filters is 99.9%. 

Calculation results 
Results of calculation of volumetric activity of the radionuclides in the affected room 

(transport entry) are given in table 7.3. 

Table 7.3. Volumetric activity of the radionuclides in the affected room in case of an 
accident No.7 

Time from the 
start of the 

accident, sec 

Volumetric activity of the aerosols, 
Bq/m3 

Surface contamination, Bq/m2 

150 8.1Е+4 4.1E+5 

300 1.2Е+5 1.3E+6 

450 1.3Е+5 2.5E+6 

600 1.4Е+5 3.7E+6 

720 7.3Е+4 4.4E+6 

900 2.7Е+4 4.9E+6 

1200 5.4Е+3 5.2E+6 

1800 2.8Е+2 5.2E+6 
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Time from the 
start of the 

accident, sec 

Volumetric activity of the aerosols, 
Bq/m3 

Surface contamination, Bq/m2 

2400 82 5.2Е+6 

The values of allowable average annual volumetric activity of alpha-emitting and trans-

uranium nuclides for the group A personnel will be significantly exceeded for a short period of 

time in the affected room (DOApers). In 1500 seconds the volumetric activity of aerosols will 

drop below the allowable value. Surface activity of the deposited aerosols will be 1.5 times 

higher than the allowable limit of contamination of work surfaces of periodically admissible 

rooms (10000 part/(cm2хmin) – NRB-99) and deactivation of the surfaces will be required. 

However, doses received in process of deactivation of the surfaces will be rather low. 

Activity of 137Cs in the release will amount 7Е+5 Bq. This value is substantially lower than 

that of allowable release (5.846E+09 Bq/year). 

Accident No.8 

Initial event 

Short circuiting of the electric cables in the ionizing radiation sources and fissile materials 

storage room. 

Question  

What will happen if ELSE THAN expected event occurs, namely damage of the electric 

cables in the storage room of IRS and FM? 

Evolution of the accident 

The plasticate in the of ionizing radiation sources and fissile materials storage room is 

inflamed due to failure of electric cables. 

Final situation 
The plasticate in the of ionizing radiation sources and fissile materials storage room is 

inflamed due to failure of electric cables. The room is a storage of the class 1, equipped with 4 

position (2000х750 mm) rack and a safe. The floor is made of plasticate. The ionizing radiation 

sources and fissile materials in flammable packages are stored in a flame-proof safe. No 

influence of fire on ionizing radiation sources and fissile materials is possible. 

Calculation results 
No radiation effect on personnel or population. 

Accident No.9 

Initial event 

Fall of the crane gripping device onto the storage pool. 

Question 
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What will happen if ELSE THAN expected event occurs during transport process 

operations, namely rupture of cable of the crane gripping device? 

Evolution of the accident 
Gripping device of the crane fell from the height of 0.5 m onto the bridging of the storage 

pool during conduction of transport technologic operations. The steel bridging of the pool 

eliminates the possibility of impact of such a load on the stored SFA. 

Calculation results 
No radiation effect on personnel or population. 

Accident No.10 

Initial event 

Leak of the storage pool. 

Question  

What will happen if ELSE THAN expected event occurs during transport process 

operations, namely corrosion of the materials of the pool plating or rupture of the pipeline of 

water discharge from the pool? 

Evolution of the accident 
Corrosion of structural elements of the metallic shell of the pool or partial/full destruction of 

∅30 water discharge pipeline may cause the leak. Radioactive waters start leaking to the 

neighboring room at the mark of -4.6m through the break and the cracks in concrete blocks of 

the pool, which leads to contamination of the surfaces. The leak of water from the pool is 

detected by the dose sensors and level transmitter of the pool water level. Part of the water 

drained to the special sewage system, part remained on the floor surface. Gamma dose rate rises 

in the room. The personnel may be affected during liquidation of the accident and in case of 

presence in the room.  

Final situation 
We assume that 50 liters of radioactive liquid remains on the floor surface. 

Initial data for calculation  
Maximum values of activities for a given class of radioactive waste were taken in the 

assessment of radiation consequences of the accidents connected with radioactive waste. The 

Main radionuclide is 137
Сs. Therefore, taking into account its volatility, we assumed that it was 

the only radionuclide in the release. Therefore the activity of the water in the storage pool was 

determined by 137Cs (maximum assessment). Specific activity of the solution is 4.0·105 kBq/kg. 

Calculation results 
Maximum dose rate from the leaked water may amount 0.5 µGy/h. The total exposure dose 

of the personnel will not exceed 0.0025 mSv. No radiation effect on the population will be 

present. 
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Accident No.11 

Initial event 

Blackout of the whole building 117. 

Question  

What will happen if there will be NO direct power supply, i.e. failure of the electricity 

supply of building 117? 

Evolution of the accident 
All the ventilators of the exhaust system of the facility will be switched off as a result of a 

blackout. The sealed valves of ventilation machinery V-1 are opened manually, all the slide 

valves at the filter station are opened. The rarefaction in the protective cells will be kept up using 

the draught of the pumps of the ventilation gallery of NIIAR ventilation center (∼50% of 

nominal rarefaction). When the accident is detected all radiation-hazardous works are stopped 

until the causes of the accident are eliminated. 

Calculation results 
No radiation effect on personnel or population. 

Accident No.12 

Initial event 

Fall of a SFA of VVER-1000 (VVER-440, RBMK-1000, RBMK-1500, BN-600, BN-350, 

VK-50, BOR-60, SM-3 and oth. or a case with 70 fuel elements) onto the protective cell table or 

into the cell well. 

Question  

What will happen if ELSE THAN expected event occurs during transport process 

operations, namely fall of the SFA on the table of the protective cell as a result of a cable 

rupture? 

What will happen if there will be MORE radionuclides in the filters of the purification 

system as a result of SFA fall? 

Evolution of the accident 
SFA fell on the protective cell table or into the cell well due to a rupture of the cable. As a 

result of the fall the fuel elements are unsealed, fission products accumulated under the cladding 

are released into the protective cell. The contaminated air is exhausted to the filters of the 

purification system of the facility and then further to 1 category of the institute ventilation center. 

Final situation 
All the fuel elements of SFA of VVER-1000 are unsealed. The temperature of the fuel does 

not exceed 300 0
С. Gaseous fission products from the gas cavities of the fuel elements were 

released into the protective cell. The contaminated air is exhausted to the filters of the 

purification system of the facility and then further to 1 category of the institute ventilation center. 
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Initial data for calculation  
Kr85 is formed as a result of fission of the nuclear fuel, therefore it is localized in the fuel. 

While the assembly is still inside the reactor, Kr85 is partially transported into the gas cavity 

between the fuel and fuel element cladding due to diffusion processes. According to the data of 

experimental research of VVER-assemblies, the portion of activity of Kr85 in the gas cavity of 

the fuel elements does not exceed 4.5 % of the overall activity [11, 12]. The portion of activity of 

Kr85 in the gas cavity of the fuel elements increases with the rise of fuel burn-up. The 

temperature at which the irradiated assemblies are stored (300 0С) is substantially lower than its 

temperature inside the reactor (1000-1500 0
С), therefore diffusion of Kr85 from the fuel into the 

gas cavities during the storage of the assemblies is insignificant. Fuel fissile product release was 

computed using the methods introduced in [13]. 

It was assumed for the calculation of the radiation consequences of the accident that all the 

fuel elements in a fuel assembly lose airtightness, when the assembly is damaged, and all Kr85 

accumulated in the gas cavities beneath the claddings is released to the atmosphere of the 

affected room. It was conservatively assumed that the part of the activity of Kr85 in the cavities 

beneath the fuel element claddings was not 4.5%, but 10 %. Such an assumption was made to 

take into account the following factors: 

• FRD can receive assemblies with burn-up higher than in those received currently; 

• An assembly which was stored for 20 and more years since it was unloaded from 

the reactor can be involved in an accident.  

Kr85 is not released into the atmosphere form the fuel itself, as the fuel temperature does not 

rise significantly during the accident. Similar values of krypton release were obtained as a result 

of calculation of the release of its stable atoms in the process of irradiation and storage using the 

equations form [9]. All the fuel elements of SFA of VVER-1000 are unsealed (maximum 

assessment). All 85Kr accumulated under the fuel element cladding will be released. Total 

activity of 85Kr will not exceed 2·1013 Bq. 

Calculation results 
Total activity of 85Kr released to the high stack will amount 2·1013 Bq. 

Accident No.13 

Initial event 

Leak of medium-active liquid radioactive waste (LRW) from the pipelines of LRW 

collector tanks (V=2x6 m3). 

Question  

What will happen if ELSE THAN expected event occurs, namely loss of leaktightness of the 

equipment for temporary storage of LRAW? 
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Evolution of the accident 
The system of temporary storage of medium-active liquid radioactive waste was unsealed 

due to corrosion of pipeline walls or collector tanks. The room of LRW collectors was flooded. 

Part of the water drained to the special sewage system, part remained on the floor surface. The 

leak of is detected by the leak detection sensors. The personnel may be affected only during the 

works on liquidation of the accident. 

Final situation 
We assume that 50 liters of radioactive liquid remains on the floor surface. 

Initial data for calculation  
Maximum values of activities for a given class of radioactive waste were taken in the 

assessment of radiation consequences of the accidents connected with radioactive waste. The 

Main radionuclide is 137
Сs. Therefore, taking into account its volatility, we assumed that it was 

the only radionuclide in the release. We suppose that the activity of the LRW is determined by 
137Cs to make a maximum assessment. Specific activity of the solution is 1.0·106 kBq/kg. The 

total duration of liquidation works will not exceed 5 hours. 

Calculation results 
Maximum dose rate from the leaked water may amount 1 mGy/h. The total exposure dose 

of the personnel will not exceed 5 mSv. Around 6.0·1012 Bq of activity will be drained to special 

sewage system. No radiation effect on the population will be present.  

Accident No.14 

Initial event 

Inflammation of a vehicle with radioactive waste at the transport entry. 

Question  

What will happen if OTHER than expected event occurs during loading of a container with 

SRAW into the vehicle, namely inflammation of a vehicle and SRAW? 

What will happen if PART OF the SRAW packages will be burnt? 

Evolution of the accident 
A vehicle and medium radioactive waste were inflamed during loading operations due to a 

technical reason. Some of the radioactive waste burned down before the fire was extinguished. 4 

packages were fully burnt as a result of inflammation of packages with medium-active solid 

waste (10% of the total amount of the waste). The fire was extinguished by the maintaining 

personnel in 10 minutes. Part of the released radionuclides will be taken by the exhaust 

ventilation. 

Final situation 
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4 packages were fully burnt down. The surfaces of the room and the equipment were 

contaminated. Part of the activity through the aerosol filters was exhausted to the first category 

of the ventilation center and further to the high stack.  

Initial data for calculation  
Maximum values of activities for a given class of radioactive waste were taken in the 

assessment of radiation consequences of the accidents connected with radioactive waste. The 

Main radionuclide is 137
Сs. Therefore, taking into account its volatility, we assumed that it was 

the only radionuclide in the release. We suppose that the activity of the waste is determined by 
137Cs to make a maximum assessment. Specific activity of the waste is 106 kBq/kg. The weight 

of the burnt down waste is 40 kg.  10% of the activity from the burnt down packages (4·109 Bq) 

will be released to the room. The surfaces of the room and the equipment will be contaminated. 

Part of the released radionuclides will be taken by the exhaust ventilation. The design 

effectiveness of aerosol filters is 99.9%.  

Calculation results 
Results of calculation of volumetric activity of the radionuclides in the affected room 

(transport entry) are given in table 7.4. 

Table 7.4. Volumetric activity of the radionuclides in the affected room in case of an 
accident No.14 

Time from the 
start of the 

accident, sec 

Volumetric activity of the aerosols, 
Bq/m3 

Surface contamination, Bq/m2 

150 6.2Е+5 3.6E+6 

300 7.1Е+5 9.7E+6 

450 7.2Е+5 1.6E+7 

600 7.3Е+5 2.3E+7 

720 1.6Е+5 2.5E+7 

900 1.6Е+4 2.6E+7 

1200 7.4Е+2 2.6E+7 

1800 4.1Е+2 2.6E+7 

The values of allowable average annual volumetric activity of alpha-emitting and trans-

uranium nuclides for the group A personnel will be significantly exceeded for a short period of 

time in the affected room (DOApers). In 1000 seconds the volumetric activity of aerosols will 

drop below the allowable value. Surface activity of the deposited aerosols will be about an order 

of magnitude higher than the allowable limit of contamination of work surfaces of periodically 

admissible rooms (10000 part/(cm2
хmin) – NRB-99 (see annex 1)) and deactivation of the 
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surfaces will be required. However, doses received in process of deactivation of the surfaces will 

be rather low. 

Activity of 137Cs in the release will amount 3Е+5 Bq. This value is substantially lower than 

that of allowable release (5.846E+09 Bq/year). 

Accident No.15 

Initial event 

Unsealing of a fuel element at the heater. 

Question  

What will happen OTHER than expected event occurs during an experiment with heating of 

a fuel element, namely unsealing of the fuel element? 

Evolution of the accident 
A fuel element was unsealed during an experiment with heating of VVER-1000 fuel 

element. Gaseous fission products from the fuel element gas cavity were released into the 

protective cell. The contaminated air is exhausted to the filters of the purification system of the 

facility and then further to 1 category of the institute ventilation center. 

Final situation 
A fuel element of SFA of VVER-1000 is unsealed. The fuel temperature does not exceed 

300 0
С. Gaseous fission products from the fuel element gas cavity were released into the 

protective cell. The contaminated air is exhausted to the filters of the purification system of the 

facility and then further to 1 category of the institute ventilation center. 

Initial data for calculation  
Kr85 is formed as a result of fission of the nuclear fuel, therefore it is localized in the fuel. 

While the assembly is still inside the reactor, Kr85 is partially transported into the gas cavity 

between the fuel and fuel element cladding due to diffusion processes. According to the data of 

experimental research of VVER-assemblies, the portion of activity of Kr85 in the gas cavity of 

the fuel elements does not exceed 4.5 % of the overall activity [11, 12]. The portion of activity of 

Kr85 in the gas cavity of the fuel elements increases with the rise of fuel burn-up. The 

temperature at which the irradiated assemblies are stored (300 0С) is substantially lower than its 

temperature inside the reactor (1000-1500 0
С), therefore diffusion of Kr85 from the fuel into the 

gas cavities during the storage of the assemblies is insignificant. It was assumed for the 

calculation of the radiation consequences of the accident that all the fuel elements in a fuel 

assembly lose airtightness, when the assembly is damaged, and all Kr85 accumulated in the gas 

cavities beneath the claddings is released to the atmosphere of the affected room. It was 

conservatively assumed that the part of the activity of Kr85 in the cavities beneath the fuel 
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element claddings was not 4.5%, but 10 %. Such an assumption was made to take into account 

the following factors: 

• FRD can receive assemblies with burn-up higher than in those received currently; 

• An assembly which was stored for 20 and more years since it was unloaded from 

the reactor can be involved in an accident.  

Kr85 is not released into the atmosphere form the fuel itself, as the fuel temperature does not 

rise significantly during the accident. Fuel fissile product release was computed using the 

methods introduced in [13]. 

A fuel element of SFA of VVER-1000 is unsealed (maximum assessment). All 85Kr 

accumulated under the fuel element cladding will be released. Total activity of 85Kr will not 

exceed 2·1013 Bq. 

Calculation results 
Total activity of 85Kr released to the high stack will amount 2·1013 Bq. This value is lower 

than that of the reference level of ING release through the high stack of the institute (47500 

GBq/day). 

Accident No.16 

Initial event 

Fall of a KT-340 container onto storage pool from the height of 0.5 m. 

Question  

What will happen if OTHER than expected event occurs during transport process 

operations, namely irregular work and a cable rupture? 

Evolution of the accident 
During the transport technologic work, a cable was ruptured and a KT-340 container fell 

from onto the bridging of the storage pool. The container broke through the bridging and 

deformed and partially broke the fuel elements inside three SFA stored in the pool. Gaseous 

fission products from the gas cavities of the damaged fuel elements will be released into the 

water and than further into the room and exhaust ventilation. 

Final situation 
Fuel elements of three SFA of VVER-1000 were unsealed. Gaseous fission products from 

under the cladding of these fuel elements were released into the transport hall. The contaminated 

air is exhausted to the filters of the purification system of the facility and then further to 1 

category of the institute ventilation center. 

Initial data for calculation  
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Kr85 is formed as a result of fission of the nuclear fuel, therefore it is localized in the fuel. 

While the assembly is still inside the reactor, Kr85 is partially transported into the gas cavity 

between the fuel and fuel element cladding due to diffusion processes. According to the data of 

experimental research of VVER-assemblies, the portion of activity of Kr85 in the gas cavity of 

the fuel elements does not exceed 4.5 % of the overall activity [11, 12]. The portion of activity of 

Kr85 in the gas cavity of the fuel elements increases with the rise of fuel burn-up. The 

temperature at which the irradiated assemblies are stored (300 0С) is substantially lower than its 

temperature inside the reactor (1000-1500 0
С), therefore diffusion of Kr85 from the fuel into the 

gas cavities during the storage of the assemblies is insignificant. It was assumed for the 

calculation of the radiation consequences of the accident that all the fuel elements in a fuel 

assembly lose airtightness, when the assembly is damaged, and all Kr85 accumulated in the gas 

cavities beneath the claddings is released to the atmosphere of the affected room. It was 

conservatively assumed that the part of the activity of Kr85 in the cavities beneath the fuel 

element claddings was not 4.5%, but 10 %. Such an assumption was made to take into account 

the following factors: 

• FRD can receive assemblies with burn-up higher than in those received currently; 

• An assembly which was stored for 20 and more years since it was unloaded from 

the reactor can be involved in an accident.  

Kr85 is not released into the atmosphere form the fuel itself, as the fuel temperature does not 

rise significantly during the accident. Fuel fissile product release was computed using the 

methods introduced in [13]. 

All fuel elements of three SFA-1000 were unsealed (maximum assessment). All 85Kr 

accumulated under the fuel element cladding will be released. Total activity of 85Kr will amount 

6·1013 Bq. 

Calculation results 
Total activity of 85Kr released to the high stack will amount 6·1013 Bq. This value is 

somewhat higher than that of the reference level of ING release through the high stack of the 

institute (47500 GBq/day), but is substantially lower than that of allowable release. 

Accident No.17 

Initial event 

Overfilling of LRW collector tanks. 

Question  

What will happen if there will be MORE liquid in the LRAW collector tanks due to their 

overfilling? 
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Evolution of the accident 
The LRW collectors were overfilled due to a personnel error. Part of the radioactive liquid 

drained to the special sewage system, part remained on the floor surface. The leak of is detected 

by the leak detection sensors. The personnel may be affected only during the works on 

liquidation of the accident. 

Final situation 
We assume that 50 liters of radioactive liquid remains on the floor surface. 

Initial data for calculation  
Maximum values of activities for a given class of radioactive waste were taken in the 

assessment of radiation consequences of the accidents connected with radioactive waste. The 

Main radionuclide is 137
Сs. Therefore, taking into account its volatility, we assumed that it was 

the only radionuclide in the release. We suppose that the activity of LRW is determined by 137Cs 

to make a maximum assessment. Specific activity of the solution is 1.0·106 kBq/kg. The total 

duration of liquidation works will not exceed 5 hours.  

Calculation results 
Maximum dose rate from the leaked water may amount 1 mGy/h. The total exposure dose 

of the personnel will not exceed 5 mSv. Around 6.0·1012 Bq of activity will be drained to special 

sewage system. No radiation effect on the population will be present.  

Accident No.18 

Initial event 

Destruction of the roof of the building due to an external impact. 

Question  

What will happen if ELSE THAN expected event occurs as a result of an external impact, 

namely destruction of the roof of the building containing the storage pool? 

Evolution of the accident 
The roof of the building was destroyed due to an external impact. The roof plates fell into 

the storage pool, broke through the SP bridging, damaged and partially destroyed 10 SFA of 

VVER-1000 stored in the storage pool. Gaseous fission products from the fuel element gas 

cavities were released into the environment. 

Question  

What will happen if ELSE THAN expected event occurs, namely unsealing of the fuel 

elements of SFA? 

Final situation 
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Gaseous fission products from the gas cavities of ten SFA will be released to the water and 

then directly into the environment through the building. SSCR in the storage pool is impossible 

due to the low number of SFA in the pool and large distances between them. 

Initial data for calculation  
Kr85 is formed as a result of fission of the nuclear fuel, therefore it is localized in the fuel. 

While the assembly is still inside the reactor, Kr85 is partially transported into the gas cavity 

between the fuel and fuel element cladding due to diffusion processes. According to the data of 

experimental research of VVER-assemblies, the portion of activity of Kr85 in the gas cavity of 

the fuel elements does not exceed 4.5 % of the overall activity [11, 12]. The portion of activity of 

Kr85 in the gas cavity of the fuel elements increases with the rise of fuel burn-up. The 

temperature at which the irradiated assemblies are stored (300 0С) is substantially lower than its 

temperature inside the reactor (1000-1500 0
С), therefore diffusion of Kr85 from the fuel into the 

gas cavities during the storage of the assemblies is insignificant. It was assumed for the 

calculation of the radiation consequences of the accident that all the fuel elements in a fuel 

assembly lose airtightness, when the assembly is damaged, and all Kr85 accumulated in the gas 

cavities beneath the claddings is released to the atmosphere of the affected room. It was 

conservatively assumed that the part of the activity of Kr85 in the cavities beneath the fuel 

element claddings was not 4.5%, but 10 %. Such an assumption was made to take into account 

the following factors: 

• FRD can receive assemblies with burn-up higher than in those received currently; 

• An assembly which was stored for 20 and more years since it was unloaded from 

the reactor can be involved in an accident.  

Kr85 is not released into the atmosphere form the fuel itself, as the fuel temperature does not 

rise significantly during the accident. Fuel fissile product release was computed using the 

methods introduced in [13]. 

All fuel elements of 10 SFA-1000 were unsealed (maximum assessment). All 85Kr 

accumulated under the fuel element cladding will be released. Total activity of 85Kr will amount 

2·1014 Bq.  

Calculation results 
Total activity of 85Kr released to the high stack will amount 2·1014 Bq. This value is 5 times 

higher than that of reference level of short-term increased ING release through the high stack of 

the institute, but is substantially lower than that of allowable release. 

Accident No.19 

Initial event 

Major leak of storage pool as a result of an external impact. 
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Question  

What will happen if ELSE THAN expected event occurs as a result of an external impact, 

namely a leak from the storage pool? 

Evolution of the accident 
A major leak from the storage pool was formed as a result of an external impact, such as, for 

example, an earthquake. Radioactive water flooded the rooms at the mark of -4.6 (filter station, 

LRW collector tanks room). The pool was emptied as its refilling was not possible. 

Final situation 
The rooms at the mark of -4.6 were contaminated. Uncontrolled heating of the FA has 

started. The fuel temperature in the fuel elements does not exceed 300 0
С. The fuel element 

claddings are not destroyed.  

Initial data for calculation  
The fuel elements will not become unsealed as the temperature of the fuel and the claddings 

will not exceed 300 0
С. Thus, there will be no additional release of radioactive fission products 

from the fuel elements. The radiation situation at the building will be affected by the radioactive 

water from the storage pool. Maximum values of activities for a given class of radioactive waste 

were taken in the assessment of radiation consequences of the accidents connected with 

radioactive waste. The Main radionuclide is 137
Сs. Therefore, taking into account its volatility, 

we assumed that it was the only radionuclide in the release. 

We suppose that the activity of the pool water is determined by 137Cs to make a maximum 

assessment. Specific activity of the solution is 4.0·105 Bq/kg. The total duration of liquidation 

works will not exceed 5 hours. The total duration of works on liquidation of the accident 

consequences may exceed 100 hours. 

SSCR in the storage pool is impossible. 

Calculation results 
The gamma-radiation dose rate in the rooms flooded by radioactive waters will not rise by 

more than 0.5 µGy/h. The doses received in liquidation of the consequences of the accident in 

these rooms will amount 0.05 mSv. No radiation effect on the population will be present. 

Accident No.20 

Initial event 

Fall of the bridge crane onto the storage pool as a result of an external impact. 

Question  
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What will happen if ELSE THAN expected event occurs as a result of an external impact, 

namely the walls of the building containing the storage pool will be damaged and the bridge 

crane will fall? 

Evolution of the accident 
An external impact damages the walls of the building, which leads to fall of the bridge 

crane. One end of the bridge crane crashes onto storage pool bridging. The bridging is broken 

and the fuel elements stored in the pool are partially destroyed. Radioactive fission products 

from the gas cavities of the damaged fuel elements will be released into the environment. 

Question  

What will happen if ELSE THAN expected event occurs, namely all 10 fuel elements will 

be damaged? 

Final situation 
Radioactive fission products from the gas cavities of the damaged fuel elements of 10 SFA 

will be released into the water and to the environment. SSCR in the storage pool of building 117 

is impossible due to the low number of SFA in the pool and large distances between them. 

Initial data for calculation  
It was assumed for the calculation of the radiation consequences of the accident that all the 

fuel elements in a fuel assembly lose airtightness, when the assembly is damaged, and all Kr85 

accumulated in the gas cavities beneath the claddings is released to the atmosphere of the 

affected room. It was conservatively assumed that the part of the activity of Kr85 in the cavities 

beneath the fuel element claddings was not 4.5%, but 10 %. Such an assumption was made to 

take into account the following factors: 

• FRD can receive assemblies with burn-up higher than in those received currently; 

• An assembly which was stored for 20 and more years since it was unloaded from 

the reactor can be involved in an accident. 

Kr85 is not released into the atmosphere form the fuel itself, as the fuel temperature does not 

rise significantly during the accident. Fuel fissile product release was computed using the 

methods introduced in [13]. 

All fuel elements of 10 SFA-1000 were unsealed (maximum assessment). All 85Kr 

accumulated under the fuel element cladding will be released. Total activity of 85Kr will amount 

2·1014 Bq.  

Calculation results 
Total activity of 85Kr released to the high stack will amount 2·1014 Bq. This value is 5 times 

higher than that of reference level of short-term increased ING release through the high stack of 

the institute, but is substantially lower than that of allowable release. 



7.3. Final table «If other than...?» 
Tablе 7.5 lists question of the method «if other than…?», initial events and scenarios, safety measures and results of preliminary analysis of 

accident consequences. 

Table 7.5. List of possible initial events, and the scenarios of emergency situations in conduction of transport technological operations 
and in storage of nuclear-hazardous materials at building 117 

It. Emergency Situation Initial events, scenario Accident consequences Safety measures 

Storage of radioactive substances and transport operations 

1.  A case with SFA of VVER-

1000 (VVER-440, RBMK-1000, 

RBMK-1500, BN-600 or a case 

with 70 fuel elements) fell into the 

storage pool as a result of a cable 

rupture. 

Initial event: 

• rupture of a cable as 

result of its aging and 

wear; 

• personnel error. 

The case containing SFA falls 

to the bottom of the storage 

pool, breaks the pool shell and 

leads to unsealing of the pool. 

The water leaks to the 

neighboring rooms at the mark 

of –4,6 m, the surface of the 

room is contaminated.  

Contamination of the rooms. 

Radiation influence on the 

personnel is possible only during 

the works on liquidation of the 

accident (Leaking of the water into 

the rooms of constant personnel 

admission is not possible).  

The bottom of the storage 

pool entry well has been 

strengthened with a stainless steel 

plate. 

2.  KT-340 container with SFA of 

VVER-1000 (VVER-440, RBMK-

Initial event: 

• rupture of a cable as 

No radiation consequences 

connected with release of 

Conclusion of [IPPE nuclear 

safety department No.96-012 
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It. Emergency Situation Initial events, scenario Accident consequences Safety measures 

1000, RBMK-1500, BN-600 or a 

case with 70 fuel elements) fell 

form the height of 0.5 m in the 

transport hall as a result of a cable 

rupture. 

result of its aging and 

wear; 

• personnel error. 

Turning over of the container. 

aerosols/gases or personnel 

exposure as a result of the fall. 

approved on 20.02.1996.] KT-340 

container is taken for assessment 

of maximum load on the floor. 

Transport of FA of commercial or 

research reactors may be done 

using other containers (VK-50, 

GK-03, B-100) that are lighter 

than KT-340. 

3.  KT-340 container with SFA of 

VVER-1000 (VVER-440, RBMK-

1000, RBMK-1500, BN-600 or a 

cassette with 70 fuel elements) fell 

form the height of 5.5 m at the 

transport entry as a result of a cable 

rupture. 

Initial event: 

• rupture of a cable as 

result of its aging and 

wear; 

• personnel error. 

Turning over of the container. 

No radiation consequences 

connected with release of 

aerosols/gases or personnel 

exposure. 

-»- 

4.  A case with fuel element 

fragments 1.5 m long fell into the 

box of inter-cell transporter. 

Initial event: 

• personnel error. 

Spilling of less than 10 grams 

of fuel to the conveyer box. 

External exposure of the 

personnel during observation of the 

conveyer box. 

The case with fuel elements 

is extracted remote controls. 
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It. Emergency Situation Initial events, scenario Accident consequences Safety measures 

5.  A package of low- or medium-

active SRW was broken during 

sorting and certification. 

Initial event: 

• personnel error. 

Spilling of the contents of a 

single SRW package (up to 

0.04 m3) in the transport hall. 

Increase of volumetric activity 

of aerosols, contamination of the 

transport hall surfaces. 

 

6. . A container with low- or 

medium-active SRW fell from the 

height of 3.5÷5.5 m during its 

loading to a vehicle. 

Initial event: 

• personnel error. 

Destruction of packages 

containing SRW, spilling of 

their contents at the transport 

entry. 

Increase of volumetric activity 

of aerosols, contamination of the 

transport entry surfaces. 

The container for low-

/medium-active SRW contains 

35÷40 packages.  

7. . An inflammation of low- or 

medium-active SRW occurred in 

the transport hall/sanitary lock. 

Initial event: 

• personnel error. 

Destruction of up to 

40х0,04=1,6 m3 of solid 

radioactive waste. 

Increase of volumetric activity 

of aerosols, and the level 

contamination of the transport hall 

surfaces. 

 

8. . Electric wiring was short-

circuited in the storage room of IRS 

and FM. 

Initial event: 

• personnel error. 

Plasticate is inflamed due to the 

damage of power supply cables 

No radiation consequences 

connected with release of 

aerosols/gases or personnel 

exposure. 

The room is a storage of 

class 1 and is equipped with a 

rack with four positions 

(2000х750 mm), and a safe. The 

floor is made of plasticate. 
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It. Emergency Situation Initial events, scenario Accident consequences Safety measures 

Ionizing radiation sources and 

fissile materials that are in 

flammable packages are stored in 

flame-proof safe. 

Failures of technological equipment 

9.  Gripping device of a crane fell 

onto the SP. 

Initial event: 

• rupture of a cable as 

result of its aging and 

wear; 

• personnel error. 

The fall impacts the bridging of 

the storage pool. Fall of the 

gripping device directly into the 

storage pool is impossible. 

 The mass of the crane 

gripping device ∼750 кг. The 

thickness of steel pool bridging is 

2х8 mm. 

10.  Loss of water from the SP 

occurred. 

Initial event: 

• corrosion of the 

materials of the cooling 

circuit, 

• rupture of the pipe of 

the cooling circuit; 

• personnel error 

Contamination of the rooms.  According to conclusion of 

IPPE nuclear safety department 

No. 90-034 nuclear safety will be 

ensured in case of lowering of the 

water level in the pool. 
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It. Emergency Situation Initial events, scenario Accident consequences Safety measures 

The water leaks to the 

neighboring rooms at the mark 

of –4,6 m, (the filter station, 

LRW collector tanks etc). The 

leak will be detected by 

monitoring devices. Emptying 

of the pool will be prevented. 

11.  Power supply of building 117 

was interrupted. 

Initial event: 

• external impact; 

• personnel error 

Switching off of all the 

ventilation machinery. The 

sealed valves of ventilation 

machinery V-1 are opened 

manually, all the slide valves at 

the filter station are opened. 

The rarefaction in the 

protective cells will be kept up 

using the draught of the pumps 

of the ventilation gallery of 

NIIAR ventilation center 

No radiation consequences. The containers in the 

transport hall, FA and fuel 

elements carried by the cranes 

will not fall as all of the cranes are 

equipped with stoppers. 
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It. Emergency Situation Initial events, scenario Accident consequences Safety measures 

(∼50% of nominal rarefaction). 

When the accident is detected 

all radiation-hazardous works 

are stopped until the causes of 

the accident are eliminated.  

12.  SFA of VVER-1000 (VVER-

440, RBMK-1000, RBMK-1500, 

BN-600, BN-350, VK-50, BOR-60, 

SM-3 and oth. or a case with 70 

fuel elements) fell onto the table of 

a protective cell or into the well of 

the cell. 

Initial event: 

• external impact; 

• personnel error 

The fuel elements are unsealed, 

the fission products 

accumulated under the cladding 

into the protective cell. The 

contaminated air is taken to the 

filters of the purification system 

of the facility and then further 

to the first category of the 

institute ventilation center. 

Contamination of the cell and its 

surfaces with fission products. 

The FA is hoisted using 

remote control. 

13.  Medium-active LRW leaked 

from the pipelines or LRW 

collector tanks (V=2x6 m3). 

Initial event: 

• material corrosion 

Flooding of the room of LRW 

collector tanks. No other rooms 

Contamination of the surfaces 

of the LRW collector room. The 

personnel may be affected only in 

conduction of works on liquidation 

The design of the pipelines 

(wall thickness, material, the 

means of laying the pipes, the 

welding and the bend radiuses) 
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It. Emergency Situation Initial events, scenario Accident consequences Safety measures 

are flooded. The accident is 

detected by the system of 

detection of leaks of pump 

gland . 

of the accident (there are no rooms 

of constant personnel admission 

near the pool).   

and the condition that they do not 

work under pressure minimize the 

possibility of the leak. 

14.  A vehicle loaded with SRW 

inflamed at the transport entry. 

Initial event: 

• vehicle fault; 

• personnel error 

Inflammation of low-/medium-

active SRW (total volume of 

the waste up to 1.6 m3).  

Contamination of the rooms of 

transport entry and transport hall. 

 

15.  A fuel element loses 

airtightness during an experiment 

connected with its heating. 

Initial event: 

• personnel error. 

The fuel element is unsealed as 

a result of heating, which is 

accompanied with release of 

fission products into the cell 

(heating up to 300 0
С) 

Contamination of the cell and 

its surfaces with fission products. 

Thermal tests of the fuel 

elements are carried out in the K-

7 cell. The air is purified at with 

the filtering system. 

Personnel errors 

16.  KT-340 container fell onto the 

SP from the height of 0.5 м. 

Initial event: 

• personnel error. 

Deformation and partial 

Contamination of the transport 

hall and nearby rooms. Increased 

release of ING into the ventilation 

Transport of containers over 

the storage pool are prohibited. 
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It. Emergency Situation Initial events, scenario Accident consequences Safety measures 

unsealing of the fuel elements 

stored in the storage pool. 

system. 

17.  Overflowing of the LRW 

collector tanks occured. 

Initial event: 

• personnel error 

Uncontrolled discharge of 

water into special sewage 

system.  

Contamination of the surfaces 

of LRW collector room. 

LRW collectors are equipped 

with local level transmitters. 

There is no alarm on tank 

overfilling. Cutting-off devices 

controlling the discharges to the 

tanks are located in different parts 

of the building, thus making 

simultaneous control and 

monitoring impossible. 

External impacts of natural and man-caused origin. 

18.  The roof of the building was 

destroyed. 

Initial event: 

• external impact. 

Destruction of storage pool 

bridging, damage and partial 

destruction of fuel elements 

stored in the storage pool. 

Contamination of the territory 

surrounding building 117 

 

19.  Significant loss of water from 

the storage pool. 

Initial event: 

• external impact. 

The water leaks to the 

Contamination of the rooms. 

Uncontrolled heating of FA. The 

fuel element cladding is not 
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It. Emergency Situation Initial events, scenario Accident consequences Safety measures 

neighboring rooms at the mark 

of –4,6 m, (the filter station, 

LRW collector tanks etc). 

Emptying of the pool.  

destroyed. Кeff.<0,95 

20.  Damage of the walls of the 

building containing the storage 

pool. 

Initial event: 

• external impact. 

The cranes falls due to the 

damage inflicted on the walls. 

One end of the bridge crane 

crashes onto the pool bridging. 

the bridging is broken and the 

fuel elements stored in the pool 

are partially destroyed. 

Contamination of the territory 

surrounding building 117 

 

Terrorist attacks may lead to any of the mentioned initial events. Sabotage is improbable due to the system of multi-level protection from 

unauthorized access organized at the site, therefore such situations wont be considered. 
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7.4. Emergency situations and possible risks associated with repair and 
alignment works 

Although the accidents are usually take place during normal operation, for instance, cable 

rupture, some of the most serious accidents have occurred during or as a result of abnormal 

operations to which repair and alignment works can be referred. Repair and alignment works are 

carried out in accordance with annually updated “List of FRD planned and preventive works”. 

To hold repair works at FRD process lines all the fuel is removed to safe storage facilities. 

Complete “List of FRD planned and preventive works” is rather huge document of 100 

pages, thus it is not expedient to list it herein. The most significant items of planned and 

preventive repair and maintenance works and overhaul of FRD process equipment are shown in 

Table 7.6. 

Table 7.6. Schedule of planned and preventive repairs, routine repairs and overhaul of 
FRD process equipment 

№ Equipment 

 

Repair type 

Maintenance and planned 

and preventive repairs 

Routine repairs Overhaul 

1. Cooling pond quarterly *2 * 

2. Reloading pool quarterly * * 

3. Ion exchange filter tank quarterly * * 

4. Special sewerage system 

pipelines 

annually * * 

5. Special ventilation air conduct annually * * 

6. Montejus neutralizer 

V=6.3 m3. 

quarterly * * 

7. Special ventilation fan annually annually * 

8. Bridge crane 50/12.5 t quarterly * * 

9. Protective chamber with 

internals (equipment) 

quarterly * * 

10. Protective chamber K-2 with 

internals (equipment) 

quarterly * * 

11. Protective chamber K-3 with 

internals (equipment) 

quarterly * * 

12. Protective chamber K-4 with quarterly * * 

                                                 
2 If necessary and there are defects accumulated 
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№ Equipment 

 

Repair type 

Maintenance and planned 

and preventive repairs 

Routine repairs Overhaul 

internals (equipment) 

13. Protective chamber K-5 with 

internals (equipment) 

quarterly * * 

14. Protective chamberK-6 with 

internals (equipment) 

quarterly * * 

15. Protective chamber K-7 with 

internals (equipment) 

quarterly * * 

16. Manipulator wash-up chamber quarterly * * 

17. Manipulator M-22 quarterly annually * 

18. Manipulator M-22 quarterly annually * 

19. Vacuum pumps VVN annually annually * 

20. Interchamber transporter quarterly * * 

21. Drain montejus V=1m3 annually * * 

22. Distillate filling tank V=2 m3 annually * * 

23. Heat exchanger V=132 l annually * * 

24. Filtrating cell for 4 filters annually * * 

25. Filter container quarterly annually * 

26. Low-level waste container quarterly annually * 

27. Reloading container quarterly annually * 

28. Container KT-340 quarterly annually * 

29. Metal-processing machine annually * * 

30. Ion exchange filter annually * * 

31. Thermal valve annually annually * 

32. Manipulator trolley annually annually * 

33. Exhaust hood quarterly * * 

FRD planned and preventive repairs and maintenance works and overhaul are carried out in 

accordance with operational documentation for equipment [List of  FRD planned preventive 

works]. To conduct repair works at FRD process lines all the fuel is removed to safe storage 

facilities. 

In the light of emergency situations reviewed in the report repair and alignment works can 

be divided into four categories: 
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• during research conducted in radiation protective chambers; 

• during SNF transportation; 

• during SNF storage in cooling pool; 

• during RadW management 

Let us consider possible emergency situations and risks associated with repair works in 

accordance with the classification above: 

1. Any repair and alignment works in radiation protective chambers or chamber operator 

rooms are conducted when the materials subject to research are removed. Thus repair works 

conducted in the chambers cannot result in emergency situation with radiation consequences 

subject to the analysis in this report. Errors or violations occurred during repair works in the 

operator rooms (for instance, welding works) cannot affect SNF and lead to emergency situation 

with radiation consequences as radioactive substances are stored in heavy-weight concrete 

chambers with wall thickness of 1 m (or 1.4 m) (except chamber K-5; samples in sealed 

ampoules are stored in the box of operator room during research. To carry out repair works the 

ampoules are removed from the box). 

2. FRD SNF is transported in the protective containers, which are certified for structural 

integrity in case of 9 m drop. Any violations during repair works near loaded container (in 

principle no restrictions are placed but such practice is not the case) cannot result in failure of 

container integrity and SNF therein. The crane used for container transportation has relevant 

blockage to prevent container drop even if no current is supplied. Container repair works are 

carried out when SNF is removed. 

3. SNF transportation in the containers over cooling pool is prohibited in FRD. Repair and 

alignment works over cooling pool are not conducted. External impact may result in piping 

disintegration under violation of repair works program for cooling pool system. Elimination of 

such emergency will be done in short time period and will not bring pool water level down 

significantly. Spectrum of initiating event with cooling pool leakage is analyzed in the report. 

4. Operations, which may result in package disintegration, are of concern during RadW 

management. From the prospective of possible external impact emergency situations when low 

or medium level solid radioactive waste is inflamed are possible. Spectrum of emergency 

situations involving SRW inflammability issues is analyzed in the report. Repair or alignment 

works related to possible SRW inflammability are not conducted in FRD. 

Thus, considering the above said one may draw the conclusion that repair and alignment 

works in FRD do not affect the safety of major process operations and no additional risks are 

involved. 
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8. SELECTION OF THE SCENARIOS FOR DETAILED RISK 
ASSESSMENT. 

Preliminary analysis of the hazard sources and risk factors during transport process and 

experimental works at FRD was given in the previous section. Table 8.1 lists the hazards and the 

initial events which may lead to emergency situations which were not included in the analysis, 

and explains why were not they included. 

Table 8.1. Events not included in the analysis 

Hazard description Why was not analyzed 
Mechanical damage of the 
safety important elements 
and systems of elements 
caused by a terrorist attack 

Sabotage is improbable due to the system of multi-level protection 
from unauthorized access organized at the site, therefore such 
situations wont be considered 

Tornado Maximum presuure of wind – 2.4 kPa (0.3 kPa), which corresponds 
to the normative value of the wind pressure according to [SN&P of 
2.01.07-85 (Sanitary norms and rules)], therefore tornadoes wont be 
considered 

Hurricane No hurricanes or typhoons were observed in the region, so they 
wont be considered 

Maximum snow pressure Maximum pressure of snow - 4,85 kPa (1,5 kPa), which corresponds 
to the normative value of snow weight per 1 m2 according to [SN&P 
of 2.01.07-85 (Sanitary norms and rules)], therefore such impacts 
wont be considered 

Air blast waves Wont be considered due to very low possibility 
Past incidents (see 
paragraph 2.3) 

Were not included in the analysis as the design and instructions 
were modified to eliminate the possibility of reoccurrence of such 
events in future. Therefore the assumed consequences and the 
probability of such events is low enough to consider them 
unimportant from the point of view of safety. 

Repair and alignment works  Do not affect the safety of major process operations and no 

additional risks are involved (see paragraph 5.4) 

 

A list of initial events and scenarios of possible emergency situations was drawn up on the 

basis of the preliminary risk assessment and the qualitative assessment of the radiation 

consequences of the considered emergency situations was also carried out. The results of 

assessment of the radiation consequences are given in table 8.2. 

Table 8.2. Radiation consequences of the emergency situations 

Accide
nt 

number 

Release to the 
environment 

Discharge to spec. 

sewage system 

Rise of the dose 
rate in the 

rooms, µGy/h 

Doses taken 
by the 

personnel 
mSv 

Notes 

Act, Bq Comp. Act, Bq Comp. 

1 - - 1.4·107 137Cs 0.5 0.0025 No limits 
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Accide
nt 

number 

Release to the 
environment 

Discharge to spec. 

sewage system 

Rise of the dose 
rate in the 

rooms, µGy/h 

Doses taken 
by the 

personnel 
mSv 

Notes 

Act, Bq Comp. Act, Bq Comp. 

exceeded  

2 - - - - - - No 
consequences 

(NC) 

3 - - - - - - NC 

4 - - - - - - NC 

5 1·104 137Cs - - 500 0.5 Exceeding of 
Аv 

6 1·105 137Cs - - 3700 4 ÷ 

7 7·105 137Cs - - - - ÷ 

8 - - - - - - NC 

9  - - - - - - NC 

10 - - - - 0.5 0.0025 NC 

11 - - - - - - NC 

12 2·1013 85Kr - - - - NC 

13 - - 6.0·101
2 

137Cs 1000 5 Exceeding of 
P 

14 3·105 137Cs - - - - Exceeding of 
Аv 

15 2·1013 85Kr - - - - NC 

16 6·1013 85Kr - - - - NC 

17 - - 6.0·101
2 

137Cs 1000 5 Exceeding of 
Р 

18 2·1014 85Kr - - - - NC 

19 - - - - 0.5 0.05 NC 

20 2·1014 85Kr - - - - NC 

Note: Av – limit of aerosol concentration; Р – limit of dose rate. 

On the basis of the table of the conducted analysis, we can state that most of the initial 

events will not lead to a radiation accident. The limit values of radiation parameters set by the 

normative documents will not be exceeded. 

The most significant scenarios were chosen for detailed investigation. The significance of 

the scenarios for in-depth investigation was determined on the basis of the severity of the 

consequences and assessment of the probability of the initial events of the emergency situations. 

The severity of the consequences was determined in correspondence with the INES [14] scale 
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using three criteria – the extent of personnel exposure, extent of population exposure and the 

conditions of the protective barriers. Possible personnel exposure levels are substantially lower 

than the levels established in [15], i.e. lower than the recording level (insignificant level of 

exposure) and are lower than the maximum allowed exposure doses for the personnel according 

to NRB-99. There is no possibility of exceeding the control and administrative levels of 

personnel exposure and the quotas for the releases of radioactive substances , therefore the 

exposure of the personnel may be considered insignificant and corresponding to level (0) of 

INES scale. If we speak of the affects outside the boundaries of the site: Table 6.2 «Radiation 

consequences of the emergency situations» shows that there are releases into the environment for 

accidents 5,6,7,12,14,15,16,18,20. Document [14, p. 26] states that releases when exposure dose 

of critical group of population is tenth fractions of mSv correspond to Level 3. Doses caused by 

FRD emergency releases behind controlled area do not exceed 2·10-4 mSv. Thus, off-site impact 

is estimated as below Level 3 and only the impact at the site (Level 0, see below) and the impact 

to defense-in-depth should be considered [14, p. 24]. Impact on the echeloned protection: 

• Situation 5 — break of a package with SRW [14, p 48, section v-1.3.], level 0 as there 

are no violations of permissions for discharge.  

• Situation 6 – [14, p 49, section v-1.7.1] — level 0. 

• Situation 7 – [14, p 50, section v-1.9] — level 1 (drawbacks in the safety culture and 

safety procedures). 

• Situation 12 – [14, pp 49-50, section v-1.7.2] — level 1 (events not expected over the 

time of operation of the installation). 

• Situation 14 – [14, p 50, section v-1.9] — level 1 (drawbacks in the safety culture and 

safety procedures). 

• Situation 15 – [14, p 49, section v-1.6, p  68, example 17] — level 0 as there are no 

failures in the ventilation system expected. 

• Situation 16 – [14, pp 49-50, section v-1.7.2] — level 1 (mechanical damage causing 

the fuel rod to lose its integrity). 

• Situations 18,19,20 – [14, p 49, section v-1.10, 51] — level 1. 

For other situations the level according to INES scale for the principle of the echeloned 

protection is 0, with the exception of situation 10. 

Situation 10 — [14, p 53, section v-1.12.2] —situation where the conditions drift  

significantly from the limits and conditions of safe operation, considerable rize of temperature or 

drop of water in the storage pool is classified as Level 1. Drying of the fuel elements may be 

considered situation of level 2. Significant drying of the fuel elements leading to their heating is 
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obviously  event 3. As the possibility of fuel element drying and fuel heating is virtually zero for 

situation 10, than deterioration of the echeloned protection should be considered as 

corresponding to level 1 of the INES scale. 

Generalized expert assessments of this work are given in table 8.3. 

Table 8.3. Qualitative analysis of the probability and severity of the consequences of the 
scenarios 

Number 
of the 

emergen
cy 

situation 

Personnel 
exposure 

Population 
exposure 

Deterioration 
of the 
echeloned 
protection 

INES 
scale 
level 

Probability 
of the initial 
event 

Significance of 
the scenario 

1 Minor (0) Minor (0) None (0) 0 Low Insignificant 
2 Minor (0) Minor (0) None (0) 0 Low Insignificant 
3 Minor (0) Minor (0) None (0) 0 Low Insignificant 
4 Minor (0) Minor (0) None (0) 0 Low Insignificant 
5 Minor (0) Minor (0) None (0) 0 Low Insignificant 
6 Minor (0) Minor (0) None (0) 0 Low Insignificant 
7 Minor (0) Minor (0) Probable (1) 1 Low Insignificant 
8 Minor (0) Minor (0) None (0) 0 Low Insignificant 
9 Minor (0) Minor (0) None (0) 0 Low Insignificant 
10 Minor (0) Minor (0) Probable (1) 1 Medium Important  
11 Minor (0) Minor (0) None (0) 0 Low Insignificant 
12 Minor (0) Minor (0) Probable (1) 1 Low Insignificant 
13 Minor (0) Minor (0) None (0) 0 Medium Insignificant 
14 Minor (0) Minor (0) Probable (1) 1 Low Insignificant 
15 Minor (0) Minor (0) None (0) 0 Low Insignificant 
16 Minor (0) Minor (0) Probable (1) 1 Low Insignificant 
17 Minor (0) Minor (0) None (0) 0 Medium  Insignificant 
18 Minor (0) Minor (0) Probable (1) 1 Very Low Insignificant 
19 Minor (0) Minor (0) Probable (1) 1 Very Low Insignificant 
20 Minor (0) Minor (0) Probable (1) 1 Very Low Insignificant 

* The number in brackets is the severity level according to the INES scale. 

The column showing the maximum level according to the INES scale is assessed on the 

assumption that emergency situations affected by the factors from two or three columns 

(personnel exposure, population exposure, deterioration of the echeloned protection) is always 

assessed at the highest of the reached levels [14]. 

The analysis that was carried out shows that emergency situation No.10 may be qualified as 

an emergency situation with a medium probability and corresponding to the level one of the 

INES scale according to two criteria. Situations 13 and 17 also have medium probability of the 

initial event and have zero level of the INES scale. Situation 17 is in some way included in 

situation 10, consequently it was excluded from the situations chosen for in-depth analysis.  

Situation 10 was chosen for detailed risk assessment due to the following 
additional reasons: 
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• several causes of the situation are possible: failure of the hoisting machinery (fall of the 

container — loss of leaktightness of the pool), corrosion of the construction materials, 

rupture of the cooling circuit pipeline; 

• the situation is connected with technical equipment (storage pool), which contains the 

maximum amount of radioactive substances at FRD; 

• several systems of process and radiation monitoring will (or would be ) engaged in 

detection of this situation; 

• radiation consequences will depend on the moment of situation initiation and operation 

of the monitoring systems; 

• wide spectrum of radiation consequences: increase of gamma-radiation dose rate over 

the storage pool; increase of the gamma-radiation dose rate in the room; increase of 

concentration of radionuclides in the air in the rooms; contamination of room surfaces. 

In the end situation 10 was selected for detailed risk assessment. 
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9. METHOD OF DETAILED RISK ANALYSIS 

9.1. SUMMARY OF THE METHOD 
«Event tree» in combination with quantitative risk assessment method was chosen to be 

used as detailed risk analysis method. The method may be used as it corresponds to the following 

requirements: 

• the method is scientifically substantiated and corresponds to the examined system; 

• the results presented by the method allow easy understanding of the critical elements of 

the system and traces the ways of risk reduction; 

• the method is verifiable and repeatable; 

• the method is recommended for use at the stage of operation of the facility. 

This method is a combined one and corresponds to the group of hazard assessment methods 

that are based on studying of the correspondence of the operating conditions of a facility or a 

project to the active requirements of industrial safety, taking into account the quantitative risk 

assessment. The method is directed at taking into account the cause and effect relations between 

the conditions of the elements of the facility. These relations bring the facility to a system of 

states and events, which may include the critical ones. The «Event tree» method requires less 

efforts than the method of a «Failure tree» and can be applied to analysis of projects or 

modernization of complex technical systems and productions, which include FRD NIIAR. 

The «Event tree» analysis is a process when the examination is started from the initial event. 

Then the chains of subsequent events are viewed (intermediate events), which are caused by the 

initial event and lead to the accident. The initial event and the subsequent intermediate events in 

fact describe the possible ways of incident evolution (scenarios).  

The “Event tree” is represented as a table of conditions and a dichotomic tree. 

The conditions table includes the list of initial events, intermediate events, final condition 

and the probability of the events. Dichotomic tree is a connected non-cyclic graph, where the initial 

and intermediate events are distinguished and the conditional probability of the events is stated. 

Quantitative risk assessment is an expert risk assessment of conditional probabilities of the initial and 

intermediate events, assessment of the probability of each of the scenarios and rating of each of the 

scenarios according to the chosen scale (INES). The final result is a representation of the selected 

scenarios in the risk matrix and selection of the priority of the required correcting actions. 





10. INPUT INFORMATION FOR QUANTITATIVE RISK 
ASSESSMENT 

10.1. features of the construction of storage pool, SYSTEM of LRW collection and 
monitoring system 

Storage Pool 

Storage pool of FRD NIIAR is designed for temporary storage of SFA and fuel elements of the 

commercial reactors (VVER-440, VVER-1000, RBMK, BN-350, BN-600 and oth.), that are researched at 

FRD. The storage pool is filled with distilled water for removal of residual heat generation from the spent 

SFA and fuel elements. The temperature of water in the pool is kept lower than 45 0
С. 

 

Fig. 10.1. Storage pool: 1 – reloading device, 2 – case with a stored SFA, 3 – cassette with fuel 

elements, 4 -  case for storing of SFA  

The Storage Pool (figure 10.1) with a capacity of ~200 m3 has a rectangular form (the lower mark -

3.1, the upper +4.8) and has a biological protection made of 2 m thick heavy concrete. The coating of the 

pool and the ion exchange filter installation are made of stainless steel. An entry well for reloading the 

SFA and fuel elements to and from the storage pool neighbors the pool. The storage pool has a slit 

bridging for placing of SFA and cases with fuel elements into the required sockets of the storage pool. 

The upper level of water in the pool is at the mark of +4.34 m of building 117. A system of discharge 

of excess water to the special sewer system is present. The lower level of the water in the storage pool is 

at the mark of +4.15 m. If the water level drops below this mark, a warning signal is generated. If the 

water level drops down to the mark of +4.14 m or lower, an alarm is activated. Active part of SFA and 

fuel elements is at the level lower than the mark of +1 m. Distilled water is added to the pool when 

required. 

The storage pool has a system of water cooling and purification (see figure 10.2). The systems may 

work both at the same time or separately. System of water cooling is engaged when the water temperature 

rises over 45 0
С. The water of industrial water supply is used as a cooling medium in the heat exchangers. 

The pool water is purified when required using the ion-exchange filters. Electric pumps are used for 

implementing of water circulation through the systems of water cooling and purification. The water for 
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cooling and purification is taken at the level of +3.6 m mark, and discharged back to the pool at the level 

of – 3.1 m mark. The pressure in the cooling water circuit is kept higher than in the pool circuit to exclude 

the possibility of leak of radioactive water into the cooling system water and then into the industrial water 

supply circuit. 

 



Fig. 10.2. Diagram of a system of water cooling and purification of the storage pool 
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Collectors (Tanks) of Liquid Radioactive Waste 

Collectors of liquid radioactive waste (LRW) are designed for collection and temporary 

storage of liquid deactivating and technological solutions, that flow from boxes, protective cells, 

sanitary locks and other rooms via the pipelines of drain special sewer system. 

Two collector tanks are located in a room at the mark of –8.5 m of building 117. Horizontal 

cylinder tanks, with a volume of 6.3 m3 each, have 8 mm thick stainless steel walls. The tanks 

have the systems of intake and drainage of LRW, system of compressed air supply for mixing of 

the solution prior to drainage, system for making rarefaction in the tanks for pumping of the 

LRW from the tanks to the common special sewer system of the site. System of taking samples 

from the tanks allows researching of the physical, chemical and radiation properties of the 

solution. 

A technical water supply line is connected to the tanks for washing of their internal surfaces. 

LRW collectors are equipped with systems of solution level control and tank pressure 

control. 

Systems of monitoring and alarm of the storage pool and the LRW collection system 

Storage pool is equipped with systems of water level and temperature monitoring. The 

lower water level in the pool is at the level of +4.15 m mark. Drop of water level below this 

mark will lead to activation of a warning signal (sound and light signal). If the water level in the 

pool is at the level of +4.14 m mark or lower, than the emergency alarm is activated (light 

indicator – «Pool – minimum emergency level» at the control panel). 

Pressure meters measure the pressure in the circuit of the cooling water of the pool cooling 

system. If the pressure in the industrial water pipeline drops to 4.5 kgf/cm2 the electric pumps are 

swithched off and a light indicator «P<4.5 cooling water pipeline» lights on the control pipeline. 

Radiation situation in the building is monitored by an automated radiation monitoring 

system KRB «Oreshnik», which provides: 

• Uninterrupted 24-hour measurements of gamma-radiation dose rate, equivalent neutron 

dose rate over the storage pool; α-, β-aerosol activity of the air in the rooms; 

• Monitoring of gas, α-, β-aerosol activity of the releases through the ventilation system 

of building 117; 

• Presentation of the results of measurements and processing on the screens of computers 

of central controller and workstations; 

• Saving of the obtained information in the databases on ES KRB NIIAR servers and in 

the local database on the central computer of the system.  
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Gamma-detectors monitoring the gamma-background are installed along the perimeter of 

the transport hall. An ASKRO sensor of the Institute site is located in 100 m from the building. 

The volumetric activity of the aerosols in the air of working rooms is determined by 

radiometric measurements of the air samples taken on aerosol filters and, in parallel, by the KRB 

«Oreshnik» system. 

Gamma-radiation registration modules installed on the walls of protective cells and the 

rooms of the 2 zone are used for detection of SSCR. The blocks have light indicators that show 

the level of the radiation dose rate: green – normal radiation situation; yellow – warning 

threshold exceeded; red – emergency threshold exceeded. 

In case of leak of water to a blind area of the room of ion-exchange filters, sound alarm is 

activated at the control panel and a light indicator – «Water in the blind area of IEF». 

LRW collectors are equipped with systems for monitoring of the solution level, temperature, 

pressure in the tanks and рН-meters. Level meters record the lower and the upper level of water 

in the tanks with light indication (a red light at the control panel). If the upper level is reached, 

sound alarm is activated - «Upper level in the tank». 

All the monitoring systems have triple backup. The monitoring instruments undergo 

planned state verification. 

RM service personnel examine the rooms and measures the dose characteristics in them. 

During the heating season (October-April) all the considered systems are constantly 

controlled by the on-duty personnel. In the summer period at night (20.00 to 07.00) and on the 

weekends (Friday, 20.00 – Monday, 07.00) there is no on-duty personnel in the building. In these 

periods the radiation situation in the building is controlled nearly solely by the ASKRO system 

sensors along the perimeter of the site. These sensors may record the rise of gamma-radiation 

dose rate caused by a drop of the water level in the pool. 

10.2. Protective measures and equipment 
SSC RF NIIAR site and building 117 are guarded 24-hours a day by militarized guards. 

Unauthorized access to the building is practically impossible. Transport entry is closed and 

sealed. The transport gates are opened only in the presence of the guards on a written indication 

of the Head of Department. 

The rooms with the equipment of the mentioned systems have limited access. Entrance to 

these rooms for carrying out of the works is allowed only with permits under the control of RM 

service representatives. The works in the rooms are done according to the research programs 

taking into account the labor safety instructions. The personnel uses special protective clothes 
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(aprons, oversleeves, goggles, «petals,» gloves, shoe covers etc) when carrying out maintenance 

of the equipment with radioactive water and work on deactivation of the room surfaces. 

Radiation-hazardous works are carried out according to assignment-passes and under 

control of dosimetry personnel. 

Those rooms, where leaks of radioactive water are possible, are equipped with traps of 

drainage special sewer system. 

Nuclear safety at FRD is ensured by observance of technical measures and requirements to 

nuclear fuel storage and to equipment treating the nuclear fuel in accordance with the basic 

normative documents, determining the nuclear safety requirements at nuclear hazardous facilities 

and also by carrying out of the following organizational safety measures: 

• storage and temporary storage of the nuclear fuel is allowed only at the specially 

designed locations; 

• transport over the stored nuclear fuel in the storage pool is prohibited; 

• the nuclear fuel is transported between the cells and the storage pool along the set routes; 

• technical devices that prevent uncontrolled and unauthorized movement of the nuclear 

fuel in the storage pool in the off hours; 

• the configuration of FA, fuel elements, packages on the shelves in the storage and in the 

cases of the storage pool was chosen and substantiated so the Keff does not exceed 0.95; 

• storage pool has the following safety assurance systems: 

� water cooling; 

� water purification; 

� technological monitoring of water level and temperature; 

� radiation monitoring; 

� ventilation; 

� filling and feeding water to the pool; 

� device preventing pool overfilling; 

• special plates protecting the coating from breaks in case of a case fall are laid at the bottom, 

at the receiving mechanism of the storage pool; 

• a device is envisaged for extraction of water from the cases in the pool to the special sewer 

system without mixing it with the water of the pool; 

• the design of the cranes and other hoisting machinery for treating of the nuclear fuel 

prevents the fall of nuclear fuel in case of loss of power supply; 

• the gripping devices and the hooks of the hoisting machinery are equipped with lock 

mechanisms that block spontaneous unhooking in case of a personnel error; 
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• bridge crane of capacity 50/12,5 tons, used for transport and technological operations with 

the nuclear fuel in the building and at the storage pool is operated according to the 

Gostehnadzor rules; 

• drainages of the special sewer system are equipped with gravitation filters of safe 

configuration. 

10.3. list of hazards in operation of the storage pool and the lrw collection 
system 

Irradiated fuel assembly storage pool is one of the main hazards at FRD. The quantity of 

SFA and the design of the pool prevent initiation of SSCR, but the bridging of the pool, which is 

not strong enough, makes damage of fuel elements possible in case of a fall of equipment or 

construction elements. There is a possibility of loss of leaktightness of the pool as a result of, for 

example, an earthquake with a power of more than the maximum design-basis value. Radioactive 

water from the pool will contaminate the rooms, where there may be personnel. Drying of the 

pool leads to increase of the dose rate in the pool hall and the neighboring rooms. Worsening of 

the cooling conditions of SFA leads to increase of the temperature of the fuel inside them. 

However, in general, the assemblies researched at FRD have long periods of storage, so the 

heating of the fuel will not lead to increase of fission products release to the environment. Even 

total loss of water from the pool will not lead to heating of SFA above the temperatures when the 

gaseous fission products are released out of the fuel. Assessments show that the temperature of 

the fuel in the researched assemblies will not exceed 300 0С. 

The following hazard sources can be mentioned at FRD if we take the storage pool and the 

LRW collection system: 

• Nuclear materials and radioactive substances contained in SFA and the storage pool; 

• Rooms that are located lower than the water level in the storage pool: rooms at the mark 

of –4,6 m. (including control rooms) and at the mark of  –8,5м. (room of LRW collector 

tanks); 

• Absence of a system of leak detection from the pipelines and collectors of LRW; 

• Presence of pipelines of water cooling and purification systems in the storage pool. Loss 

of leaktightness of the pipelines may lead to leakage of large amounts of radioactive 

water; 

• Absence of an automated system of replenishing the water losses in the pool; 

• Presence of control and sealing devices that may lose leaktightness; 

• Possibility of radioactive water backflow to the industrial rooms of the building in case 

of overflowing of the LRW collector tanks; 
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• Absence of traps of drainage special sewer system in several rooms; 

• Large periods of time when the equipment and the rooms of the systems of water 

cooling and purification of the SP and the LRW collection system are left without 

personnel control. 



11. QUALITATIVE RISK ANALYSIS 

During the preliminary analysis of the risk of leak of the storage pool at FRD, it was found that 

corrosion of the materials of the metal pool coating or partial/full rupture of the ∅37 mm pipeline may 

cause leaks. As a result, the radioactive water from the rupture or through the slits in the concrete block 

work of the pool leaks to the rooms neighboring the storage pool at the mark of –4,6 м, and contaminates 

the surfaces of the rooms. Part of the radioactive liquid drains to special sewer system and part is left on 

the floor surface. Gamma-radiation dose rate in the rooms is increased. The personnel may be affected 

during conduction of works on liquidation of the accident or if they were present in these rooms.  

More detailed analysis of the initial events that may lead to a leak of water from the storage pool 

showed that other causes connected with personnel errors and equipment failures may be examined along 

the mentioned ones (welding defects, aging of the gaskets of the flange connections etc). External 

impacts, such as an earthquake over the MDBE, may also lead to a leak of water from the storage pool. 

Than the leak is the most likely in the systems of water purification and cooling of the storage pool.  

11.1. Structure of emergency situations analysis 
Emergency situation 10 with a leak of the storage pool was selected for more detailed analysis at the 

stage of preliminary risk assessment. We will divide this scenario into six subscenarios dependent on the 

initial event that leads to the emergency situation – leak form the storage pool. As it was mentioned 

above, the following initial events may lead to this emergency situation: rupture of the pipeline or not 

closing of the valves due to personnel error, corrosion of construction materials of the metal plating or a 

welding defect caused by equipment failure, rupture of the pipeline as a result of an earthquake. The 

outline of the emergency situations analysis is given in figure 11.1. 

The diagram of emergency situations analysis is given in figure 11.1. The whole chain of the tree of 

initial events of the emergency situations is given in section 11.3 
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Figure 11.1 – Diagram of analysis of the emergency situations with a leak from the storage 

pool 
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11.2. Assessment of the probability of the emergency situations 

The results of assessment of a probability (frequency) of the initial events and failures of 

control and protection systems (protective actions), which may lead to a leak from the storage 

pool are given in table 11.2. Quantitative values of the reliability of the equipment of the systems 

of water cooling and purification of the storage pool are based on the data for similar systems 

given in literature and expert assessments. In assessment of the probability of a failure of a 

protection system, the time the equipment was left without the control of the personnel was taken 

into account. This factor was the most important in comparison with the failures of control and 

protection systems, which have backup. Operation of the equipment, protection systems and 

monitoring systems is done according to the requirements to the equipment of nuclear radiation-

hazardous facilities. It was taken into account in assessment of the probability of a failure of 

protection systems that the equipment may be left inactive from 20.00 on Friday to 7.00 - 8.00 

Monday and from 20.00 to 7.00 – on other working days.  

Probability of initial events 

Accidental closing of three or more valves of the system of water cooling and/or 

purification after conduction of a technological operation which includes draining of water to 

special sewer system under the condition of absence of personnel for a long period of time (up to 

60 hours) is the initial event of the emergency situation No.1 (the numbers of the emergency 

situations are given in table 11.2). In this case a large amount of water may be damped into the 

special sewer system, and this may lead to overfilling of LRW collector tanks and spilling of 

radioactive water in the rooms of the building. The probability of such an event is low, but it is 

still possible, as there are no signals indicating whether the valve is closed or not at the control 

room. We assume that such an event may happen once over the time of operation of the facility. 

The results of the assessment performed by VNIPIIET, showed that minimum guaranteed service 

life of the buildings of SSC RF NIIAR is 50 years (see [16, 17]). That means that the probability 

of the selected event is assumed to be equal to 0.02 year-1. We assume that the event cannot be 

repeated due to introduction of a number of protective measures and modernization of the system 

hardware. 

The initial event of the emergency situation No.2 is accidental damage inflicted on the 

pipeline by the personnel, which leads to guillotine rupture of a pipeline of a system of water 

cooling and purification. In this case the personnel responses immediately, preventing the heavy 

leak of water from the pool and rooms contamination. 

Just as in the previous case, the initial event is assumed to happen once per service life of 

the facility and its probability is taken as 0.02 year-1. 
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The probability of the initial event of emergency situation No.3, which is caused by a leak 

of the storage pool, is taken at the value of 8.8·10-4 year-1 according to the research data of the 

work [18, section 11.3, page 173]. It needs to be indicated, that corrosion rate of stainless steel 

1Х18Н9Т at room temperature and water pH ranging from 5 to 11 equals (25÷90)·10-12 mm/sec 

[19], which may decrease the thickness of storage pool plating by not more than 0.003 mm per 

year. 

The probability of the initial event of emergency situation No.4, which involves a leak from 

the pipelines of the system of water cooling and purification of the storage pool, caused by 

defects of welding, bends and pipeline materials, will be calculated using the method and values 

of failure flow from the work [20]. 

The parameter of the failure flow «leak» («rupture») of the pool pipeline was calculated 

taking into account the length of the pipelines, number of bends and welds using the following:  

W  = λ  = λ пр × L+ λ г × nг +λсвш × nсвш  , 

where  λ пр , λ г , λ свш – specific failure intensities of pipeline length, bends and welds of 

the pipeline correspondingly; 

L  - length of the pipline;  

n г  - number of bends; 

n свш  - number of pipeline welds. 

The pipeline failure (leaks and ruptures) parameter, calculated using the data given in table 

11.1, equals approximately 1.17⋅10-7 1/hour (1.3⋅10-3 1/year). 

Table 11.1 – initial data for calculating the probability of pipeline rupture 

Item 

 

Pipeline Specific intensity of the leaks [20, section 3.5, table 
9, page 44] 

Length, 
m 

Number of 
bends 

Number of 
welds 

1 m of a pipeline, λ 

пр, 1/hour 
1 bend, 

λг,  
1/ hour 

In a weld cross-
section, λ свш,  

1/ hour 

1 40 15 30 3⋅10-10 1⋅10-9 3⋅10-9 

The probability of the initial event of the accident No.5 with a leak of water from the 

storage pool caused by damage of the seals (gaskets) of the flange connections of the system of 

pool water cooling and purification is taken at the level of 0.06 year-1 (conservative expert 

assessment). Over the period of operation of the FRD storage pool equipment (17 years) there 

were no cases of leaks due to unsealing of the flange connections. 

The probability of the initial event of the emergency situation No.6 with a leak of water 

from the storage pool caused by the rupture of a pipeline of water cooling and purification 
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system due to an external cause, such as an earthquake of maximum calculated magnitude, is 

taken at the value of 1·10-4 year-1according to the data of work [18, section 11.3, page 173]. 

Probability of protection systems failures 

Calculation research using the data of work [18, 20] show that the monitoring hardware 

used at FRD has high reliability values (the probability of monitoring system failures does not 

exceed 0.01 year-1). However, due to specific character of work at FRD, there are periods of time 

when the storage pool equipment is left uncontrolled. Taking this factor into account increases 

the possibility of a protection system failure to the value of 0.2 year-1 for emergency situations 

No. 1, 3, 4, 5. For the emergency situation No.6 the probability of protection systems failure was 

taken equal to 0.1 due to the possibility of their damage by the earthquake. The results of the 

analysis of the probability of the initial events and protection system failures are given in table 

11.2. 

Table 11.2.The results of the analysis of the probability of the initial events and failures of 
monitoring and protection systems 

Initial Event Abnormality, damage. (Leak 
flow rate, m3/hour, 

Maximum leak time) 

Probability 
(Frequency)

, year-1 

Protection System (detects 
the deviation or damage) 

Probability of 
a Protection 

System 
Failure, year-1 

Personnel 
Error 

Not closing of the valves in 
the systems of water cooling 

and purification of the SP 

(1 m3/hour, 60 hours) 

0.02 [16,17] System of monitoring of 
pool water level. 

Inspection of the rooms of 
SP systems. 

Dose rate monitoring in the 
building and outside it 

0.2 [expert 
assessment] 

Pipeline rupture 

(25 m3/hour, 0.5 hours) 

0.02 [16,17] Leak localization equipment  

Qualified personnel 

0.01 [expert 
assessment] 

Equipment 
Failures 

Pool leak (Material 
corrosion etc) 

(0.5 m3/hour, 60 hours) 

8.8·10-4 

[18, section 
11.3, page 

173] 

Monitoring of the water 
mode in the SP. 

 System of monitoring of 
pool water level. 

Inspection of the rooms of 
SP systems. 

Dose rate monitoring in the 
building and outside it 

0.2 [expert 
assessment] 
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Initial Event Abnormality, damage. (Leak 
flow rate, m3/hour, 

Maximum leak time) 

Probability 
(Frequency)

, year-1 

Protection System (detects 
the deviation or damage) 

Probability of 
a Protection 

System 
Failure, year-1 

Leak of the pipelines of the 
systems of pool water 

cooling and purification 
(Welding defects, defects of 

bends and materials) 

(0.5 m3/hour, 60 hours) 

1.3·10-3 [20, 
section 3.5, 

table 9, 
page 44] 

Inspection of the equipment 
of the protective systems. 

System of monitoring of 
pool water level. 

Inspection of the rooms of 
SP systems. 

Dose rate monitoring in the 
building and outside it 

0.2 [expert 
assessment] 

Unsealing of the gaskets of 
the systems of water cooling 

and purification 

(0.5 m3/hour, 60 hours) 

0.06 [expert 
assessment] 

Inspection of the equipment 
of the protective systems. 

System of monitoring of 
pool water level. 

Inspection of the rooms of 
SP systems. 

Dose rate monitoring in the 
building and outside it 

0.2 [expert 
assessment] 

External 
impacts 

(earthquake) 

Pipeline rupture 

(25 m3/hour, 2 hours) 

10-4 

[18, section 
11.3, page 

173] 

System of monitoring of 
pool water level. 

Dose rate monitoring in the 
building and outside it 

Leak localization equipment 

0.1 [expert 
assessment] 

 

11.3. tree of emergency situations with leaks from the storage pool 
The tree of emergency situations of the storage pool is given in figure 11.2. The tree was 

constructed on the basis of analysis of emergency situations and probability assessment. It is 

represented as a condition table and dichotomic trees.  
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Figure 11.2. Event trees of emergency situations with leaks from the storage pool 

Initial Event Intermediate Event Final 

Condition 

Probability 

of a condition Element 1 

Personnel error: 

not closing of 

the valves in the 

purification system 

I1 

Protection system failure 

(initial event not detected) 

Leak 

of the 

storage 

pool 

 

Pi1 

                                     Yes (P2=0,2) 

       Yes (P1=0,02) 
                                     No (0,8) 
I1 
       No (0,98) 

 
ES 

IS 

RS 

 
0,004 

0,016 

0,98 

Personnel error: 

Pipeline rupture I2 

Protection system failure 

(initial event not detected) 

Leak of 

the storage 

pool 

 

Pi2 

                                    Yes (P2=0,01) 

       Yes (P1=0,02) 

                                      No (0,99) 
I2 
       No (0,98) 

ES 

 

IS 

RS 

0,0002 

 

0,0198 

0,98 

Equipment failure: 

material corrosion I3 

Protection system failure 

(initial event not detected) 

Leak of 

the storage 

pool 

 

Pi3 

                                          Yes (P2=0,2) 

      Yes (P1=0,00088) 
                                           No (0,8) 
I3 
       No (0,99912) 

 
ES 

IS 

RS 

 
0,000176 

0,000704 

0,99912 

Equipment failure: 

welding defect I4 

Protection system failure 

(initial event not detected) 

Leak of 

the storage 

pool 

 

Pi4 
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                                  Yes (P2=0,2) 

    Yes (P1=0,001) 
                                  No (0,8) 
I4 
       No (0,999) 

 
ES 

IS 

RS 

 
0,0002 

0,0008 

0,999 

Equipment failure: 

loss of 

leaktoghtness of 

the gaskets I5 

Protection system failure 

(initial event not detected) 

Leak of 

the storage 

pool 

 

Pi5 

                                  Yes (P2=0,2) 

      Yes (P1=0,06) 

                                  No (0,8) 
I5 
          No (0,94) 

ES 

IS 

RS 

0,012 

0,048 

0,94 

External impacts 

(MDBE): pipeline 

rupture I6 

Protection system failure 

(initial event not detected) 

Leak of 

the storage 

pool 

 

Pi6 

                                  Yes (P1=0,1) 

      Yes (P1=0,0001) 

I6                               No (0,9) 

 
       No(0,9999) 

ES 

 

IS 

 

RS 

0,00001 

 

0,00009 

 

0,9999 

ES — emergency situation 

IS — irregular situation 

RS — regular situation 

11.4. Radiation consequences of the emergency situations 
Maximum number of operations with irradiated assemblies and maximum load of the 

cooling pond were supposed while conducting risk investigations at the object considered. 

Special calculated investigations of nuclear and radiation safety have been authorized and carried 

out for this operating mode. Conservative assumptions have been accepted while estimating 

radiation consequences of emergency situations - fuel assemblies with the greatest reactor 

exposure, the greatest LRW activity, the greatest yield of faulty SFA FP in emergency situations 

etc. In case of transition to investigations of another fuel, substantiation of nuclear and radiation 

safety will be carried out and these investigations are to be authorized. To the first 

approximation, risk level is unlikely to increase. 
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The following variant of emergency situation evolution is assumed in assessment of the 

radiation consequences: 

• A leak from the storage pool was formed as a result of an initial event. Leak flow rate 

g(t) m3/sec. 

• The duration of the leak is T seconds (maximum duration 60 hours – 2160000 sec). 

• The amount of leaked water is G = g * T m3 (maximum amount of water that may leak 

form the storage pool is 195 m3). 

• If G<VLRW (VLRW –the capacity of LRW collectors), then the surface contaminated by 

radioactive water will not exceed the surface of the equipment room of the system of 

cooling and purification (Sr1 = 30 m2); 

• If G> VLRW, then the additional contaminated surface (surface of other rooms 

contaminated by the water leaked out of the room) will be about Sd = (G - VLRW)/v 

(where v is the amount of water that will be left on the room surface due to some 

roughness, borders etc v~2 l/m2). In case of a major leak the surface will equal SМ (SМ is 

the maximum possible contaminated surface. In our case it corresponds to ~500 m2). 

• Excess of this water will leak to the rooms at the lowest mark of the building. The 

amount of this water will be G0 = G - VLRW – SM*v.; 

Radiation consequences will be the sum of the exposure doses of the personnel that will 

carry out the deactivation of the surfaces of the rooms. Exposure dose in the transport hall may 

increase in case of a large drop of water in the pool. In this case, carrying out of the works will 

lead to higher dose loads. There is no possibility of leak of water outside the facility without 

treatment. There may be no need for extra finances as the facility has the required equipment for 

leak liquidation. 

The results of the calculations of the radiation consequences of the emergency situations are 

given in table 11.3. Expert estimate (premises surface desactivation time estimate based on 

experience of conducting of similar operation) of collective dose costs for elimination of 

emergency situations with water leak from a cooling pond with regard to maximum size of the 

contaminated land is given in Table 11.3. For the studied emergency situations, there may be 

possible minor exposure of the personnel during carrying out of the liquidation of the accident 

consequences (deactivation of room surfaces). There may be an increase of the gamma-radiation 

dose rates in the transport hall in case of a major leak. In this case, the personnel may be exposed 

when carrying out emergency water feeding to the pool. Practically, active removal of poured 

water excludes formation of radioactive aerosols over contaminated surface. Operations on 

desactivaion of premises surface are performed using respiratory protection. The release of 
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radioactive substances to the environment is practically impossible, so there would be no 

population exposure.  

Table 11.3. Assessment of doses received in liquidation of the consequences of emergency 
situations with leaks from the storage pool 

Item Characteristics of the 
Accident 

Volume of 
Spilled 

Water, m3 

Contaminate
d Surface, 

m2 

Duration of 
Works, 
hours 

Dose Rate, 
mGy/hour 

Collective 
personnel 
exposure 

dose, 
person·mSv 

1 Not closing of the 
valves in SP systems 

60*)  500 

50**) 

50 

20 

0.0005 

0.005 

0.025 

0.1 

1***) 

2 Pipeline rupture as a 
result of personnel 

error 

2.5 25 5 0.0005 0.0025 

3 Material Corrosion 30 500 

50 

50 

20 

0.0005 

0.0025 

0.075 

4 Welding defect 30 500 

50 

50 

20 

0.0005 

0.0025 

0.075 

5 Loss of leaktightness 
of the gaskets of 

systems of 
purification and 

cooling 

30 500 

50 

50 

20 

0.0005 

0.0025 

0.075 

6 Pipeline rupture as a 
result of an 
earthquake 

50*)  500 

50 

50 

20 

0.0005 

0.004 

0.025 

0.08 

1***) 

Note: *) – increase of dose rate in the transport hall;  **)surface of the area of the rooms at 

the lowest mark in the building, where the contaminated water leaks; ***) collective dose of the 

personnel carrying out the works on emergency water feeding to the pool. 

11.5. Quantitative risk assessment 
Table 11.4 gives generalized risk assessments of the studied situations. Radiation 

consequences of the emergency situations present no threat for personnel and population. 

According to these parameters, the consequences correspond to the zero level of the INES [14] 

scale. The factor of water level drop in the pool may present some threat. The water level in the 

pool may drop below the allowable level in nearly all the emergency situations, except scenario 

No.2. This gives the reason to classify the scenarios No.1,3-6 as mode with drifts from the limits 

and conditions of safe operation due organizational discrepancies (time when the equipment is 
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left uncontrolled), there may be deterioration of the thresholds of echeloned protection of the 

storage pool, i.e. considerable rise of temperature or drop of water in the storage pool. If we use 

this factor then the situations correspond to the first level of the INES scale. Thus the situations 

No. 1,3-6 are of level 1 severity, and the situation No. 2 is level 0 severity. 

Table 11.4. Generalized results of assessment of risk of the selected scenarios 

Item Sequence of the 
accident (Scenario 

of the accident) 

What can fail? Probability 
(Frequency)

, year-1 

Conseq
uences 

INES 
scale 

Risk 
matrix 
area 

Note 

1 Not closing of the 
valve. 60 m3 of 

water leaked from 
the SP. Minor 

exposure of the 
personnel during 

deactivation 

Systems of 
water level 
monitoring, 

dose rate 
monitoring, 

rooms 
inspection  

Р1 = 0.01. 

Р2 = 0.2 

Р = Р1*Р2 

Р = 0.002 

D= 

1.125 
mSv 

Level 1 С  Deviation 
from the 
allowed 

operation 
mode 

2 Rupture of a 
pipeline due to a 

personnel error. 2.5 
m3 leaked. 

Minor exposure of 
the personnel 

Leak 
localization 
equipment, 
Qualified 
personnel 

Р1 = 0.01. 

Р2 = 0.01 

Р = Р1*Р2 

Р = 0.0001 

D= 

0.0025 
mSv 

Level 0 Negligibl
y small 

risk 

- 

3 Material corrosion 

30 m3 leaked. 

Minor exposure of 
the personnel 

Systems of 
water level 
monitoring, 

dose rate 
monitoring, 

rooms 
inspection  

Р1 = 0.001. 

Р2 = 0.2 

Р = Р1*Р2 

Р = 0.0002 

D= 

0.075 
mSv 

Level 1 Negligibl
y small 

risk 

See 1 

4 Welding defect 

30 m3 leaked. 

Minor exposure of 
the personnel 

Systems of 
water level 
monitoring, 

dose rate 
monitoring, 
rooms and 
equipment 
inspection 

Р1 = 0.001. 

Р2 = 0.2 

Р = Р1*Р2 

Р = 0.0002 

D= 

0.075 
mSv 

Level 1 Negligibl
y small 

risk 

÷ 

5 Loss of 
leaktightness of the 

gaskets of the 
systems of cooling 

and purification 

30 m3 leaked. 

Minor exposure of 
the personnel 

Systems of 
water level 
monitoring, 

dose rate 
monitoring, 
rooms and 
equipment 
inspection 

Р1 = 0.01. 

Р2 = 0.2 

Р = Р1*Р2 

Р = 0.002 

D=0.07
5 mSv 

Level 1 B ÷ 

6 Rupture of a Systems of Р1 = 0.0001. D= Level 1 Negligibl ÷ 
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Item Sequence of the 
accident (Scenario 

of the accident) 

What can fail? Probability 
(Frequency)

, year-1 

Conseq
uences 

INES 
scale 

Risk 
matrix 
area 

Note 

pipeline caused by 
an earthquake  

50 m3 leaked. 

Minor exposure of 
the personnel 

water level 
monitoring, leak 

localization 
equipment. 

Р2 = 0.1 

Р = Р1*Р2 

Р = 0.00001 

1.1 
mSv 

y small 
risk 

 

11.6. Risk matrix 

Risk matrix constructed by a workgroup of risk analysis at FRD NIIAR is shown in figure 

11.3. The matrix was constructed on the basis of analysis of the most significant emergency 

situations at FRD. Analysis of the matrix shows that the facility has a high level of safety. Of all 

the examined scenarios, scenarios No.5 and No.1 are in the risk corridor and require correction 

actions (B, С area). 

The risk matrix built shows highlighted ranges (categories) where 

• А – detailed risk assessment is necessary, urgent safety measures are required to lower 

the level of the risk (for example, correction actions within 3 months); 

• В – detailed risk analysis is advisable, safety measures are required (for example, 

correction actions within 12 months); 

• С – risk analysis and safety measures are recommended (for example, correction actions 

within 24 months). 

Various actions, including both technical (equipment modernization, modernization of the 

technological processes etc) and organizational (development of plans and programs, preparation 

of regulations and guidelines, instructions etc) measures, are considered correction actions. 

The area limited by the thick line determines the corridor of risks, where planning and 

implementation of corresponding measures is required. The area below the thick line represents 

negligible risks, where additional safety measures do not guarantee reduction of risk. The area 

above the thick line represents the area of unacceptably high risks, where immediate safety 

measures or facility shutdown are required. 
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Figure 11.3. Risk matrix (action priority matrix). 

The numbers over the columns represent the number of emergency situation according to 

table 11.4 
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11.7. SENSITIVITY ANALYSIS 

Sensitivity determines the measure of influence of the assumptions used in the models and 

the initial data used in the model on the potentially significant results of safety analysis. The 

goal of this analysis is studying the influence of the assumptions used in the models and the 

initial data used in the model on the potentially significant results of probability safety analysis. 

There are two basic types of sensitivity analysis used: analyses of the initial data and the model. 

Analysis of the sensitivity of the initial data studies the influence of changes in initial data (for 

example, frequency of initial situations, components of failure intensities, probabilities of operator 

errors etc) on probabilistic safety parameters [21,pp 72-74]. Here we consider the sensitivity 

analysis of the initial data. In the work given below, P1  is the probability of the initial event, P2 – 

probability of the protection system failure Р = Р1*Р2. The probability of faultless functioning of 

the system is Рс=1-P1·P2. If the value of Рс does not satisfy the operator from the point of view of 

safety, then either the probability of the initial event Р1н or the probability of protection system 

Р2н failure may be lowered. But lowering what probability will bring most benefit? To answer 

this question, the new value of the faultless functioning of the system is calculated. If we lower 

Р1н — Р1с=1- Р1н· Р2; and if we lower Р2н — Р2с=1- Р1· Р2н. If Р1с > Р2с, then it is advisable to 

invest in lowering the probability of the initial event. If Р2с > Р1с, then lowering the probability of 

the protection system failure will be a better investment. If Р2с = Р1с lowering both parameters is 

equal. 

Table 11.5. Analysis of initial data sensitivity 

Item Accident sequence 
(accident scenario) 

What can fail? Probability  
(frequency),  

year-1 

lowering the 
probability 

value 

New Рс value 

1 Not closing of the 
valve. 60 m3 leaked 
from the SP. Minor 

exposure of the 
personnel during 

deactivation works 

Systems of 
water level 
monitoring, 

dose rate 
monitoring, 

room inspection  

Р1= 0.02. 

Р2 = 0.2 

Р= 0.004 

Рс= 0.996 

Р1н=0.01 

 

Р2н=0.19 

 

Р1с=0,998 

 

Р2с=0,9962 

 

Р1с>Р2с 

2 Rupture of a pipeline 
due to personnel 

error. 2.5 m3 leaked. 

Minor personnel 
exposure 

Leak 
localization 
equipment, 
qualified 
personnel 

Р1 = 0.02. 

Р2 = 0.01 

Р = 0.0002 

Рс= 0.9998 

Р1н=0.019 

 

Р2н=0.009 

 

Р1с=0,99981 

 

Р2с=0,99982 

 

Р2с>Р1с 

3 Material corrosion 

30 m3 leaked. 

System of water 
monitoring, 
water level 

Р1 = 0.00088. 

Р2 = 0.2 

Р1н=0.00087 

 

Р1с=0,999826 
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Item Accident sequence 
(accident scenario) 

What can fail? Probability  
(frequency),  

year-1 

lowering the 
probability 

value 

New Рс value 

Minor personnel 
exposure 

monitoring, 
dose rate 

monitoring, 
room inspection 

Р = 0.000176 

Рс= 0.999824 

Р2н=0.19999 

 

Р2с=0,999824 

 

Р1с>Р2с 

4 Welding defect 

30 m3 leaked. 

Minor personnel 
exposure 

System of water 
monitoring, 
water level 
monitoring, 

dose rate 
monitoring, 

equipment and 
room inspection 

Р1 = 0.001. 

Р2 = 0.2 

Р = 0.0002 

Рс= 0.9998 

Р1н=0.0009 

 

Р2н=0.1999 

 

Р1с=0,99982 

 

Р2с=0,9998001 

 

Р1с>Р2с 

5 Unsealing of the 
gaskets of the water 

cooling and 
purification system 

30 m3 leaked. 

Minor personnel 
exposure 

System of water 
monitoring, 
water level 
monitoring, 

dose rate 
monitoring, 

equipment and 
room inspection  

Р1 = 0.06. 

Р2 = 0.2 

Р = 0.012 

Рс= 0.988 

Р1н=0.05 

 

Р2н=0.19 

 

Р1с=0,99 

 

Р2с=0,9886 

 

Р1с>Р2с 

6 Rupture of a pipeline 
due to an earthquake 

50 m3 leaked. 

Minor personnel 
exposure 

Leak 
localization 
equipment, 
qualified 
personnel 

Р1 = 0.0001. 

Р2 = 0.1 

Р = 0.00001 

Рс= 0.99999 

Р1н=0.00009 

 

Р2н=0.09999 

 

Р1с=0,999991 

 

Р2с=0,999990001 

 

Р1с>Р2с 

The table shows that in case of lowering the probability by the same value it brings more 

benefit for all emergency events except event 2 to invest in safety of the main systems of pool 

support and in increasing the safety of protection systems. 

Sensitivity analyses look at the assumptions. The sensitivity analysis is intended to 

demonstrate that the risk level assigned to the facility is robust, and possible changes in the 

operations at the facility or the way the accidents are being modeled will not significantly change 

the facility’s risk level [22]. Thus let us check the following assumptions: 

1. Is there any likelihood that the number of operations will be higher next year? 

2. Would this change the facility’s risk level? 

3. Might the consequences of the accident be higher next year? 

4. If the facility being analyzed were a spent fuel examining facility, is it possible that over the 

next few years that testing might begin on a new type fuel or the average fuel assembly being 
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tested is expected to have more reactor exposure, expressed in megawatt days per metric ton of 

uranium? 

5. Would the risk level change significantly if these changes occurred? 

1. Maximum number of operations with irradiated assemblies and maximum load of cooling 

pool was assumed for risk assessment at the facility in question. Special calculations of nuclear 

and radiation safety were conducted for this work mode, which were subject to authorization (it 

is said in the report). 

2. Thus, the report considers maximum number of operations which should not be exceeded. 

Therefore risk level remains unchanged. 

3. While estimating radiation consequences of emergency situations the following conservative 

assumptions were taken into account: 

• fuel assemblies with the largest reactor exposure; 

• LRW highest activity; 

• highest release caused by fissile products of damaged FA under emergency situations 

and etc. 

• Thus accident consequences cannot be more severe next year. 

4. Prior to the study of the other fuel type nuclear and radiation safety assessment will be 

conducted, and authorization will be obtained to hold these studies. 

5. As first approximation one may say that for this particular case risk level will not increase 

significantly. 

Summarizing the above mentioned the analysis may be considered as enough reliable due to 

the fact that event frequency for the accidents is based on current test frequency and 

characteristics of modern fuel assemblies are tested; and there are no reasons to believe that test 

frequency or spent fuel assemblies characteristics will be changed in the nearest future. 

11.8. Data Uncertainty Analysis 
When quantitatively modeling accident scenarios using point values for parameters as 

opposed to distributed values in this work, and the risks associated with the operation are 

significant, it is important to determine if using other values for parameters, such as failure rate 

data, would significantly change the risk level for the accident scenario being evaluated [22]. 

The uncertainty analysis typically considers other sources of data. One should investigate 

whether the use of other values for failure affects risk level at the facility in question: 

• Cooling pool leakage caused by open valve (personnel error): 0.015 [21, p. 195, Table 

5.4]. 
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• Cooling pool leakage caused by piping rupture (personnel error): the level is not 

changed (IBRAE expert assessment). 

• Cooling pool leakage caused by metal corrosion: 0.03 [23]. 

• Cooling pool leakage caused by pipe welding seam defect: the level is not changed as 

(this defect depends on piping length, number of bends and welding seams. For FRD 

these data means certain values thus it is not expedient to use other value of failure 

frequency caused by welding seam defect). 

• Cooling pool leakage caused by loss of flange sealing integrity (IBRAE expert 

assessment). 

• Cooling pool leakage caused by piping rupture resulted from earthquake: 0.01 (design 

basis earthquake) [18, p. 162]. 

If only pool level monitoring system, leakage localization systems, dose rate monitoring 

systems are used as protection system in the building and outside then the probability of risk 

thereof is 4.5·10-6·1/8760=0.051 (1/g) [18, p. 272, Annex 3]. However as inspection of premises 

done by personnel as well as skilled personnel are referred to protective means then failure 

probability increases due to the time period when personnel may be out and the equipment may 

be out of monitoring. So protection system failure probability, except scenario 6, remains 

unchanged according to expert assessments. 

Table 11.6. Data incorrectness analysis (other values of emergency frequency). 

Item Sequence of the 
accident (Scenario 

of the accident) 

What can fail? Probability 
(Frequency)

, year-1 

Conseq
uences 

INES 
scale 

Risk matrix 
area 

1 Not closing of the 
valve. 60 m3 of 

water leaked from 
the SP. Minor 

exposure of the 
personnel during 

deactivation 

Systems of 
water level 
monitoring, 

dose rate 
monitoring, 

rooms 
inspection  

Р1 = 0.01. 

Р2 = 0.2 

Р = Р1*Р2 

Р = 0.002 

D= 

1.125 
mSv 

Level 1 С  

2 Rupture of a 
pipeline due to a 

personnel error. 2.5 
m3 leaked. 

Minor exposure of 
the personnel 

Leak 
localization 
equipment, 
Qualified 
personnel 

Р1 = 0.01. 

Р2 = 0.01 

Р = Р1*Р2 

Р = 0.0001 

D= 

0.0025 
mSv 

Level 0 Negligibly 
small risk 

3 Material corrosion 

30 m3 leaked. 

Minor exposure of 
the personnel 

Systems of 
water level 
monitoring, 

dose rate 
monitoring, 

Р1 = 0.001. 

Р2 = 0.2 

Р = Р1*Р2 

D= 

0.075 
mSv 

Level 1 C 
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Item Sequence of the 
accident (Scenario 

of the accident) 

What can fail? Probability 
(Frequency)

, year-1 

Conseq
uences 

INES 
scale 

Risk matrix 
area 

rooms 
inspection  

Р = 0.0002 

4 Welding defect 

30 m3 leaked. 

Minor exposure of 
the personnel 

Systems of 
water level 
monitoring, 

dose rate 
monitoring, 
rooms and 
equipment 
inspection 

Р1 = 0.001. 

Р2 = 0.2 

Р = Р1*Р2 

Р = 0.0002 

D= 

0.075 
mSv 

Level 1 Negligibly 
small risk 

5 Loss of 
leaktightness of the 

gaskets of the 
systems of cooling 

and purification 

30 m3 leaked. 

Minor exposure of 
the personnel 

Systems of 
water level 
monitoring, 

dose rate 
monitoring, 
rooms and 
equipment 
inspection 

Р1 = 0.01. 

Р2 = 0.2 

Р = Р1*Р2 

Р = 0.002 

D=0.07
5 mSv 

Level 1 B 

6 Rupture of a 
pipeline caused by 

an earthquake  

50 m3 leaked. 

Minor exposure of 
the personnel 

Systems of 
water level 

monitoring, leak 
localization 
equipment. 

Р1 = 0.0001. 

Р2 = 0.1 

Р = Р1*Р2 

Р = 0.00001 

D= 

1.1 
mSv 

Level 1 Negligibly 
small risk 
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Figure 3.4. Risk matrix comparison of initial risk levels (black columns) and risk levels 

obtained during data incorrectness analysis (red columns) 

Thus Table 11.6 and risk matrix (Fig. 11.4) demonstrate that risk level for all scenarios will 

change insignificantly for other failure values except scenario 3. It has been brought from 

negligibly low risk area to zone C and requires corrective actions to be made within two years. 

 

11.9. Safety analysis. choice of correction measures 

The carried out analysis demonstrated that the risks of emergency situations connected with 

leak of water from the pool are minor ones. The personnel exposure will amount around several 

microsieverts, there are no effects for the population. The possibility of partial loss of water from 

the storage pool is the biggest threat as a result of personnel error or equipment failure presents 

the highest threat as it may lead to worsening of the echeloned protection. As a result, gamma-
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radiation dose rate may rise in the transport hall is increased and this leads to additional exposure 

of the personnel. Thus the modernization of protective measures should first of all consider 

technical equipment and organizational measures that reduce the possibility of storage pool 

emptying. 

The following technical measures aimed at modernization of support systems of building 

117 storage pool were proposed as a result of an analysis: 

• feed water to the storage pool downflow the systems of water cooling and purification 

of the SP using a special drain device that prevents backflow. This should eliminate the 

possibility of water leaks from the pool below the mark of +3.6 m, thus limiting the 

volume of the leak by 10 m3, which should not lead to substantial worsening of the 

protection barriers. The existing water supply line should be properly sealed (correction 

measures for scenario 5); 

• organize a system of collection and detection of the leaks from the storage pool 

(correction measures for scenario 5); 

• develop a system of emergency feeding of the storage pool (correction measures for 

scenario 5); 

• the main proposed organizational measure is eliminating the period of time when the 

equipment is left uncontrolled (correction measure for scenario 1). 

• All correction measures are first of all directed at raising the safety assurance of the 

main systems of pool support, i.e. decreasing the probability of the initial event, in 

accordance with the initial data sensitivity analysis. 

These measures will allow not only to reduce the possibility of pool emptying, but also 

reduce the severity of the accidents connected with loss of integrity of the SP and the pipeline. In 

this case the severity of the accidents connected with loss of integrity of the SP and the pipeline 

will be rated at the level of 0, i.e. the level that is not significant for safety. In these cases the 

possibility of significant loss of water from the pool and the possibility of overfilling of LRW 

collector tanks is excluded. Generalized risk assessment results for the selected scenarios after 

the planned correction measures would be realized are listed in table 11.7. 

Table 11.7. Generalized results of risk assessment for the selected scenarios after the 
planned correction measures would be realized 

№ 
пп 

Accident sequence 
(accident scenario) 

What can fail? Probability  
(frequency),  
year-1 

Conseq
uences 

INES 
Scale 

Risk matrix Field 

1 Not closing of the 
valve. 60 m3 leaked 
from the SP. Minor 

Systems of 
water level 
monitoring, 

Р1 = 0.02. 
Р2 = 0.01 
Р = Р1*Р2 

D= 
0.0025 
mSv 

Level 0 Negligible risk 
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№ 
пп 

Accident sequence 
(accident scenario) 

What can fail? Probability  
(frequency),  
year-1 

Conseq
uences 

INES 
Scale 

Risk matrix Field 

exposure of the 
personnel during 
deactivation works 

dose rate 
monitoring, 
room inspection  

Р = 0.0002 

2 Rupture of a 
pipeline due to 
personnel error. 
2.5 m3 leaked. 
Minor personnel 
exposure 

Leak 
localization 
equipment, 
qualified 
personnel 

Р1 = 0.02. 
Р2 = 0.01 
Р = Р1*Р2 

Р = 0.0002 

D= 
0.0025 
mSv 

Level 0 Negligible risk 

3 Material corrosion 
30 m3 leaked. 
Minor personnel 
exposure 

System of water 
monitoring, 
water level 
monitoring, 
dose rate 
monitoring, 
room inspection 

Р1 = 0.00088. 
Р2 = 0.01 
Р = Р1*Р2 

Р = 0.000088 

D= 
0.0025 
mSv 

Level 1 Negligible risk 

4 Welding defect 
30 m3 leaked. 
Minor personnel 
exposure 

System of water 
monitoring, 
water level 
monitoring, 
dose rate 
monitoring, 
equipment and 
room inspection 

Р1 = 0.001. 
Р2 = 0.01 
Р = Р1*Р2 

Р = 0.0001 

D= 
0.0025 
mSv 

Level 1 Negligible risk 

5 Unsealing of the 
gaskets of the 
water cooling and 
purification system 
30 m3 leaked. 
Minor personnel 
exposure 

System of water 
monitoring, 
water level 
monitoring, 
dose rate 
monitoring, 
equipment and 
room inspection  

Р1 = 0.06. 
Р2 = 0.01 
Р = Р1*Р2 

Р = 0.006 

D= 
0.0025 
mSv 

Level 0 Negligible risk 

6 Rupture of a 
pipeline due to an 
earthquake 
50 m3 leaked. 
Minor personnel 
exposure 

Leak 
localization 
equipment, 
qualified 
personnel 

Р1 = 0.0001. 
Р2 = 0.1 
Р = Р1*Р2 

Р = 0.00001 

D= 
1.1 
mSv 

Level 1 Negligible risk 

Figure 11.5 shows the risk matrix with the planned correction actions taken into account. 

This matrix shows that in case of implementation of these measures, the level of safety at FRD 

will rise to the level of acceptable risk.  
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Figure 11.5. Risk matrix after the realization of recommended technical and 

organizational protection measures at modernization of pool support systems 
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CONCLUSION 

According to the Plan of management the project executes the following works: 

1. Analysis of hazard sources in operation of a radiation-hazardous facility, Fuel Research 

Department of SSC RF NIIAR, has been carried out. To do this, technological processes and 

equipment operation during transport, storage and research operations with irradiated nuclear 

fuel have been analyzed. It was demonstrated that in normal operation mode the facility virtually 

cannot affect the personnel and the environment. 

2. Past incidents over the period of facility operation have been analyzed. It was demonstrated 

that equipment failures and personnel errors were the initial events for these incidents. These 

situations did not lead to personnel or population exposure over the set limits and did not affect 

the echeloned protection. Their impact corresponds to level 0 of the INES scale. 

3. Methodology of analysis of emergency situations and their consequences for radiation-

hazardous facilities has been developed using the example of FRD. Initial data for analysis of the 

consequences of emergency situations have been prepared. 

4. An approach of choosing the emergency situations for substantiation of the facility safety 

has been suggested. A list of emergency situations has been prepared. A preliminary analysis of 

the radiation consequences of these emergency situations has been carried out. It was 

demonstrated that the level of impact on personnel and population of these emergency situations 

corresponds to level 0 of the INES scale, while the level of deterioration of the echeloned 

protection caused by some of these emergency situations corresponds to level 1 due to 

organizational discrepancies. 

5. Qualitative analysis of the radiation consequences, deterioration of the echeloned 

protection, and probability has been carried out for the emergency situations. This analysis was 

used for selection of an emergency situation for qualitative risk assessment. 

6. Quantitative assessments of probability (frequency) and radiation consequences have been 

performed for the selected emergency situations at FRD. The significance of each of the 

scenarios was determined using the risk matrix. Correction measures have been suggested to 

lower the probability of these events and the level of consequences and the terms of their 

realization were determined. Carrying out of the correction measures of technical and 

organizational character will allow to lower the risk to an acceptable level. 
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ANNEX 1. LIST OF NORMATIVE, TECHNICAL AND REPORT 
DOCUMENTATION of FRD 

 

LAWS OF THE RUSSIAN FEDERATION, NORMATIVE AND LEGAL  ACTS OF 

THE PRESIDENT OF RUSSIAN FEDERATION AND DECISIONS O F THE 

GOVERNMENT OF RUSSIAN FEDERATION IN THE FIEL OF USE  ON NUCLEAR 

POWER AND ENSURING OF THE RADIATION SAFETY IN TREAT MENT OF 

RADIOACTIVE SUBSTANCES. 

� Federal law «On the use of atomic energy». 

� Federal law «On Radiation Safety of Population». 

� Federal law «On Environmental Protection». 

� Federal law «On financing of extremely radiation and nuclear hazardous industrial 

enterprises and facilities». 

� Federal law «On Protection of Population and Territories against Natural and Man-

induced Emergencies». 

� Federal law «On state secret». 

� Federal law «On Ecological Expertise». 

� Federal law «On licensing of special activities». 

� Federal law «On organizations’ administrative responsibility for breach of the legislation 

in the field of the use of atomic energy». 

� Federal law «On industrial and consumption waste». 

� Federal law «On Sanitary and Epidemiological Well-being of Population». 

� Federal law «On Fundamentals Of Labor Protection in the Russian Federation». 

� Federal law «On Compulsory Social Insurance against Accidents». 

� Federal law «On Fire Safety». 

� Decree of the President of the Russian Federation «On federal executive authorities 

authorized to implement state regulating of safety in the field of use of nuclear power». 

� Decree of the President of the Russian Federation «About first-priority measures on 

modernization of the system of accounting and safekeeping of nuclear materials». 

� Decree of the Government of the Russian Federation «On approval of inventory of places 

and facilities of mining, transport, processing, use, collection, storage and disposal of 

radioactive substances and ionizing radiation sources on the territory of the Russian 

Federation». 
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� Decree of the Government of the Russian Federation «On approval of Provisions about 

admittance of the facilities using nuclear power by citizens of the Russian Federation». 

� Decree of the Government of the Russian Federation «On approval of the Rules of 

physical protection of nuclear materials, nuclear installations and nuclear material storage 

facilities». 

� Decree of the Government of the Russian Federation «On approval of the List of 

positions of personnel on the facilities using nuclear power which should receive permits 

from the Federal Inspection of Nuclear and Radiation Safety of Russia for the right of 

working in the field of use of nuclear power». 

QUALITY ASSURANCE 

� List of legal and normative documents on quality of products (by 01.11.97). 

� Program of quality assurance of fuel element and FA research in the hot cells. 

� Radiation protection cells of building 117. Program of quality assurance in operation. 

� Manufacture of refabricated experimental samples and refabricated fuel elements. 

Program of quality assurance and quality control. 

PROVISIONS AND RULES 

� Provisions on FSUE SSC RF NIIAR. 

� Provisions for NIIAR personnel concerning organization of works with alterations No. 1 

and No. 2. 

� Basic branch nuclear safety rules in use, storage and transport of nuclear hazardous 

fissile materials (PBYa-06-00-96). 

� Basic regulations on provision of safety of facilities of nuclear fuel cycle (OPB 

OYaTTs) PP-016-2000. 

� Branch rules PBYa-06-10-99. 

� Methodical guidance on nuclear safety in processing, storing and transport of Nuclear 

Fissile Materials (NFM) for NIIAR departments. 

� Safety rules PNAE-14-029-91. 

� Provisions on ensuring of nuclear safety at NIIAR. 

� Provisions about scientific department for research of fuel elements and FA. 

� Radiation safety standards НРБ-99 and basic sanitary rules of work with radioactive 

substances OSPORB-99. 

� Collection, processing and storing of liquid radioactive waste. Safety requirements. NP-

019-2000. 

� Collection, processing, storing and conditioning of solid radioactive waste. Safety 
requirements. NP -020-2000. 
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� Treatment of gaseous radioactive waste. Safety requirements. NP-021-2000. 

� Provisions on self-protection of radiation sources, stores of radioactive substances and 

radioactive waste at FSUE «SSC RF NIIAR». 

� Safety rules in operation of electric equipment. 

� Provisions on responsibilities and rights of the administrative and technical personnel on 

provision of safe work at NIIAR. 

� Provisions on investigation and accounting of accidents in operation. 

� Provisions on commission on prevention and liquidation of consequences of emergency 

situations and changes in organizational structure of FSUE «SSC RF NIIAR». 

� Provisions on production control of observance of the requirements of industrial safety at 

SSC RF NIIAR. 

� Regulations of monitoring of radioactive substance release at FSUE «SSC RF NIIAR». 

� Regulations of dosimetry control of external occupational gamma-exposure of NIIAR 

personnel. 

� Regulations of control volumetric activity of aerosols of radioactive substances in the air 

of work rooms of NIIAR. 

� Provisions on organization and procedure of conduction of experimental work with 

reactors, hot cells and benches of NIIAR. 

� Provisions on the procedure of receipt of Gosatomnadzor permit for the right of working 

in the field of use of nuclear power by personnel of nuclear fuel cycle at  FSUE «SSC RF 

NIIAR» (according to RD-05-17-2001). 

� Safety rules in work with tools and accessories. 

� Provisions on the procedure of drafting and approving the rules and instructions on 

protection of labour. 

� Provisions on organization of repair of mechanical and technological equipment. 

� Nuclear safety rules in storing and transporting of nuclear hazardous fissile materials 

PBYa-06-09-90. 

� Rules of operating the customer electric equipment. 

� Rules for construction and safe operation of pressurized vessels. 

� Rules of installation of electric equipment. 

� Rules for construction and safe operation of load-lifting cranes. 

� Rules for construction and safe operation of elevators. 

� Rules of operating the electricity-consuming equipment and customer heat systems and 

safety rules in operation of heat-consuming equipment and customer heat systems. 

� Rules for construction and safe operation of steam-hot water pipelines. 
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� Provisions on outage of equipment for centralized repairing and putting it back to 

operation. 

� Separating list on operation of systems and communications of building 117. 

� Decision on boundary and operating responsibility of engineering 

communications(external systems). 

� Separating list on maintenance of electric equipment of building 117. 

� Act on differentiation on operating responsibility between electric and heat plant and 

FRD. 

� Provisions on organization of safe operation of electric equipment in the departments of 

SSC. 

� Provisions on object system of prevention and liquidation of emergency situations 

NIIAR. 

� Provisions on object commission of prevention and liquidation of emergency situations 

NIIAR. 

� Provisions on operation of external systems of special sewers, special ventilation and 

technological pipelines at NIIAR. 

� Provisions on organization of collection, accounting and presentation of operation 

information about emergency situations, accidents and incidents at SSC RF NIIAR. 

� Provisions on fuel element, FA and nuclear reactor core elements research laboratory 

(23010). 

� Provisions on research laboratory of methods of research of spent fuel of reactor 

installations (23020). 

� Provisions on electronics research laboratory (23030). 

� Provisions on radiation safety team of FRD (23007). 

� Provisions on experiment preparation and conduction service of FRD (23070). 

� Provisions on FRD electromagnetic compatibility (23080). 

� Provisions on production preparation team. 

� Facility standard STP 086-273-99 . 

� Branch standard OST 95.18.-2001. Procedure of conduct of research work and 

engineering designs. Basic concepts. 

� Branch standard OST 95.526.-2001. Technical conditions. Procedures of co-ordination, 

approving and registration. 

� Facility standards on metrological provision of the works being performed and 

fulfillment of their requirements: 
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− STP 086-222-97; 

− STP 086-212-96; 

− STP 086-236-96; 

− STP 086-237-97; 

− STP 086-238-99; 

− STP 086-242-96; 

− STP 086-324-98; 

− STP 086-222-2000. 

� RD-05-17-2001. 

� RD-07-14-2001. 

� GOST 732-2001. 

� PB10-382-00. 

PROGRAMS 

� Program of training and examination of management and specialists in labor protection. 

� Program of preliminary training of NIIAR personnel in labor safetyП. “Radiation safety” 

section. 

SCHEDULES, LISTS, REGISTERS 

� Schedule of examination in nuclear safety, radiation safety and safety methods, work 

place, electric safety and instructions of personnel of services 23070, 23080, laboratories 

23010, 23020, 23030, 23040, 23007, 23008, 23009. 

� Schedule of radiation monitoring in building 117. 

� List of instructions on safety methods and radiation safety for various occupations and 

for instructions of personnel of services 23070, 23080, laboratories 23010, 23020, 23030, 

23040, 23007, 23008, 23009. 

� List of positions and occupations of personnel of services 23070, 23080, laboratories 

23010, 23020, 23030, 23040, 23007, 23008, 23009. 

� List basic acting normative documents on atomic power safety at FRD. 

INSTRUCTIONS IN SAFETY METHODS AND RADIATION SAFETY  

� Instruction on labor safety of the operator of research hot cell. 

� Instruction on first aid to affected by electric current and other accidents. 

� Instructions on conduction of high-hazardous operations. 

� Instruction on radiation safety of FRD 

� Instruction on carrying out of radiation-hazardous operations. 
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� Operating instruction of GK-03 container. 

� Instruction on assurance of nuclear safety in treatment, storing and transport of nuclear-

hazardous fissile materials and conduction of research work and engineering designs with 

nuclear fuel at FRD. 

� Instruction on collection, transport disposal of solid radioactive waste at NIIAR. 

� Instruction on collection, transport disposal of solid radioactive waste at building 117. 

� Instruction on fire safety measures in NIIAR divisions. 

� Instruction on treatment of liquid radioactive waste at NIIAR. 

� Instruction on actions of the personnel in liquidation of a radiation accident in the hot 

part of building 117. 

� Instruction on procedure of connection of new electrical equipment to the wiring. 

� Instruction on use of radioisotope fire-alarm system RUPI-1. 

� Instruction on labor protection of a maintenance man. 

� Instruction on labor protection of a plumber. 

� Instruction on labor protection of a turner-borer, milling machine operator and strapper. 

� Instruction on labor protection of a welder. 

� Instruction for engineer responsible for upkeeping of hoisting mechanical equipment at 

building 117. 

� Instruction for a person responsible for serviceable condition and safe operation of 

mechanical equipment of elevator of building 117. 

� Instruction for engineers responsible for upkeeping of hoisting mechanical equipment at 

FRD. 

� Instruction for a person responsible for serviceable condition and safe operation of 

mechanical equipment of elevator of electrical equipment of FRD. 

� Instruction on labor protection of hoisting machinery mechanic at building 117. 

� Instruction on labor protection of an electrician-adjuster of the safety equipment on 

maintenance of electric equipment of hoisting machinery of FRD. 

� Instruction on labor protection of an electrician maintaining the elevator. 

� Instruction on labor protection of a service elevator operator. 

� Instruction on package inspection. 

� Instruction on labor protection of a worker of a cradle on a hoist (tower). 

� Safety instruction for work with pneumatic tools. 

� Instruction on operation and maintenance of manipulators. 

� Instruction on maintenance of heat station and heat system of building 117. 

� Instruction on operation of water supply systems ob building 117. 
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� Instruction on operation of compressed air systems. 

� Instruction on operation of common and special ventilation of building 117. 

� Instruction on operation of internal sewer systems of building 117. 

� Instruction on operation of vacuum pump systems VVN-6 of building 117. 

� Safety instruction for a laboratory assistant of a physical laboratory. 

� Safety instruction for an operator of experimental benches and installations. 

� Safety instruction for a laboratory assistant of experimental benches and installations. 

� Handbook of safety instructions for NIIAR employees (part 1 ). 

� Instruction on labor protection in work with video terminals. 

� Safety instruction for a radar operator. 

� Safety instruction for a joiner. 

� Safety instruction for a painter. 

� Safety instruction for a viniplast tinsmith. 

� Safety instruction for a cleaner of work rooms. 

� Instruction on the use of the mark system in working with bridge cranes. 

� Safety instruction for a storekeeper. 

� Safety instruction for a transport operator. 

� Typical instruction for a meterman of safety instruments of load-lifting cranes. 

� Instruction on labor protection in work with pneumatic tools. 

� Instruction on labor protection in cleaning of the roof. 

� Instruction on relations during power supply of an on-duty dispatcher of the department 

of chief electrician of NIIAR with operational personnel of the units. 

� Instruction on withdrawal of irradiated samples from the hot cells of building 117 for 

research in transportable containers. 

DUTY REGULATIONS 

� Duty regulations of the head of experiment preparation and conduction service. 

� Duty regulations of the shift supervisor of building 117. 

� Duty regulations of an engineer of hot cells operating team service 23070. 

� Duty regulations of an engineer of the technological team of service 23070. 

� Duty regulations of a technician of service 27030   

� Duty regulations of 1 category engineer of service 23070.  

� Duty regulations of head engineer of FRD. 

� Duty regulations of head of “D” group. 
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� Typical duty regulations for a person responsible of organization and implementation of 

production control on observance of the industrial safety requirements at FSUE SSC RF 

NIIAR. 

� Duty regulations of engineer on labor protection and safety rules 

� Collected duty regulations for workers of laboratories, group “D” and instrumentation. 

� Duty regulations of a leading researcher. 

� Duty regulations of a senior researcher. 

� Duty regulations of a researcher. 

� Duty regulations of a junior researcher. 

� Duty regulations of an engineer. 

� Duty regulations of an electrician. 

� Duty regulations of a mechanic-engineer on operation and maintenance of power 

equipment. 

� Duty regulations of a mechanic on operations. 

� Duty regulations of an electrician responsible for maintaining and repairing electric 

equipment of building 117. 

� Duty regulations of on-duty mechanic of building 117. 

� Duty regulations of engineer of group indicator. 

� Duty regulations of a storekeeper. 

INSTRUCTIONS ON THE USE OF EQUIPMENT 

� Instruction on technical use of buildings and structures of FSUE “SSC RF NIIAR”. 

� Instructions on outage of equipment for maintenance and putting it back into operation at 

building 117. 

� Instruction on deactivation of cells, in-cell equipment, conveyer and tools of building 

117. 

� Instruction on procedure of loading/unloading of special waste from the building 117 to 

the building storage. 

� Instructions on working with the equipment of K-3 cell of building 117. 

� Instruction on use, deactivation and maintenance of M-22 manipulators at building 117. 

� Instruction on use of K-7 cell of building 117. 

� Instruction on use of desorbing solutions. 

� Instruction on use of lighting equipment of K-6 cell. 

� Instruction on transport technology of building 117. 

� Instruction on use of inter-cell conveyer, technical drawing 1Zh.1456.000. 

� Instruction on use of ceiling gates of cells K-1 to K-7 of building 117. 
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� Instruction on use neyutralization assembly of building 117. 

� Instruction on use of electrolyte preparation assembly for clarification of fuel elements at 

K-6 cell of building 117. 

� Instruction on use of research hot cells K-2 to K-6. 

� Instruction on use of a bridge crane of a 100 kg capacity. 

� Instruction on use of the storage pool of building 117. 

� Instruction on use of KT-340 container. 

� Technological operations in transport of fuel elements of VVER-1000 and VVER-440 

reactors between buildings 117 and 170. 

� Instruction on use of K-1 cell. 

� Semi-automatic gamma-scanner of the fuel elements. 

� Instruction on use of software of a PC-based gamma-scanner GK-3. 

LIST OF REPORT DOCUMENTS ON SAFETY AND RADIATION SA FETY STATE OF 

FRD 

List of report documents on radiation safety at FRD: 

- Report on the state of radiation safety at FRD (sent to NIIAR radiation safety 

department every quarter); 

- Annual report on the state of radiation safety at FRD (sent to NIIAR radiation safety 

department every year) 

List of report documents on nuclear safety at FRD: 

- Annual report on nuclear and radiation safety at FRD (sent to Gosatomnadzor 

of Dimitrovgrad); 

- Report «Information on nuclear and radiation safety of nuclear fuel cycle facilities,» 

по form YaTTs/3 (sent to Dimitrovgrad Gosatomnadzor twice per year). 
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ANNEX 2. PROJECT MANAGEMENT PLAN 

 

Goals of Project 

Develop and obtain information on: 

1. the hazardous materials and process(es) within a facility and a rank order of the greatest 

to least potential risk/threat, 

2. identification of the status of the safety features of Fuel Research Department of the 

Federal State Unitary Enterprise “State Scientific Center of Russian Federation – Research 

Institute of Atomic Reactors” (NIIAR), including human factors, and 

3. reasonable recommendations to manage risk and, over time, reduce risk. 

 

Continue to develop the Risk Assessment Methodology. 

 

Evaluation of the value of ISO 14001 as an environmental management tool at NIIAR and 

other MINATOM facilities . 

 

Evaluation of the value of ISO 14040 as an environmental aspects assessment tool for 

NIIAR and other MINATOM facilities.  

 

Milestones: 

 

1) Research and prepare a comprehensive survey of national safety, health and environmental 

laws and regulations and other safety standards for nuclear and radioactive materials, including 

but not limited to: 

a) safety of workers and the general public, 

b) environmental protection, 

c) worker health, and 

d) population exposure. 

 

Deliverable:  IBRAE; comprehensive survey. 

Date: 30.06.03 
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2) Review and revise Risk Assessment Methodology Document based on the exchange of 

information at the Dimitrovgrad meeting 27-30 January 2003, and edits and comments provided 

by the project team: 

a) Review and revise if necessary the basic terms and conditions in the Risk 

Assessment Methodology Document  (McSweeney/Russell & IBRAE). 

b) Review and Revise Consequence Probability Severity Matrix (Table 1) in Risk 

Assessment Methodology Document (IBRAE & McSweeney). 

c) Draft new Attachment 4 to Risk Assessment Methodology Document based on the 

national safety, health and environmental laws and regulations and other safety 

standards for nuclear and radioactive materials developed in step 1). 

d) Conduct a comprehensive review of the Risk Assessment Methodology Document 

to ensure consistent use of Basic Terms and Definitions, reduce repetition and 

thereby ensure consistency.  

e) Create a chemical hazards annex and a nuclear/radioactive materials annex. 

 

Deliverable:  IBRAE, & Russell/McSweeney; revised Risk Assessment Methodology Document. 

Date: 31.07.03 

 

3) Work Planning and Organization: 

a) Assign project team members roles and responsibilities. 

b) Develop and implement a plan for collecting information listed in the Risk 

Assessment Methodology Document under Section 2.1.1 titled Work Planning and 

Organization. 

c) Provide background material collected under 3 b) to participants so they can 

become familiar with background materials and data, and can assess data gaps. 

d) Project team members review/study of the revised Risk Assessment Methodology 

Document. 

 

Deliverables:  IBRAE & NIIAR; roles and responsibilities, background information. 

Date: 30.09.03 

 

4) a) Conduct “Accident Hazard Identification” 

a. Conduct a preliminary accident hazard identification. 

1. List of all hazards. 

2. Sources of all hazards. 
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3. Identify risk factors related to each hazard. 

b. Conduct a preliminary accident analysis. 

1. List of initiating events. 

2. List of accident scenarios. 

c. Conduct a preliminary consequence analysis to make a decision: 

1. To stop analyses based on a finding of insignificant accident hazards. 

2. To conduct more detailed accident hazards analysis and risk assessments based on 

identified accident hazards. 

 

Deliverable:  IBRAE & NIIAR; Findings of preliminary accident hazard identification, with 

supporting documentation. 

Date: 30.10.03 

 

4) b) Preparation of initial materials for quantitative risk assessment(s) for accident hazards 

identified in 4)a. 

a. Conduct an in depth accident hazard identification 

1. Comprehensive list accident hazards. 

2. Comprehensive sources of accident hazards. 

3. In depth identification of risk factors related to each accident hazard. 

b. Conduct an in depth accident hazard analysis. 

1. List of initiating events. 

2. List of probable accident scenarios. 

c. Compile a comprehensive list of radiological and, as necessary, chemical process 

hazards. 

d. Obtain process equipment and instrumentation diagrams, operating and 

maintenance procedures, employee qualification and training programs and records, and human 

factor assessments. 

e. Obtain materials of safety audits and reports on emergency response exercises that 

have been performed. 

 

Materials necessary for work:  IBRAE & NIIAR; All necessary background information to 

conduct risk assessment(s). 

Date: 30.11.03 
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5) Determination of appropriate risk assessment method(s). Assemble relevant information and 

all data for the selected process in accordance with the selected method(s). 

 

Materials necessary for work:  IBRAE & NIIAR;  Selected risk assessment method(s) and all 

relevant information to conduct the risk assessment(s). 

Date: 31.01.04 

 

6) Conduct the risk assessment(s) in accordance with the selected risk assessment methods and 

documentation procedures.  

 

Deliverable:  IBRAE & NIIAR;  Report of risk assessment(s) with documentation. 

Date: 20.02.04 

 

7) Document Findings and Recommendations 

a) Prepare detailed discussion(s) for final report. 

b) Rank order risks from greatest to least potential. 

c) Summarize status of facility-operations safety, including human factors. 

d) Draft reasonable recommendations to manage risk(s) and, over time to reduce risk(s). 

e) Prepare executive summary. 

f) Assemble and prepare final report of risk assessment. 

 

Deliverable:  IBRAE & NIIAR; Final Risk Assessment report. 

Date: 30.06.04 

 

8) Review Risk Assessment Methodology document:  

a) As necessary, clarify terms and procedures as appropriate, examine layout of report, 

etc. 

b) Prepare final working draft of Risk Assessment Methodology Document. 

 

Deliverable: IBRAE, NIIAR, Russell/McSweeney;  Risk Assessment Methodology Document. 

Date: 31.07.04 

 

9) Prepare recommendations on the potential use of the ISO 14001 standard and the risk 

assessment methodology for the Fuel Research Department, for other facilities, for NIIAR as a 

whole, and other Minatom facilities. 
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Deliverable:  IBRAE & NIIAR;  Recommendations on potential use of ISO 14001 and the risk 

assessment methodology. 

Date: 31.08.04 

 

10) Evaluate ISO 14040 for potential use of Life Cycle Analysis techniques to address other 

hazards for NIIAR and other MINATOM facilities. 

 

Deliverable:  IBRAE, NIIAR & Russell; Opinion and next steps, if any.  

Date: 31.08.04 

 

11) Prepare Final Project Report. 

 

Deliverable: IBRAE, NIIAR & Russell; Transmittal of project report to DOE, MINATOM, 

NIIAR, and IBRAE. 

Date: 30.11.04 

 

Prepared by and agreed: 

 

 

For DOE, USA: 

Bruce Russell 

 

For NIIAR, RF: 

Vyacheslav Usoltsev 

 

For IBRAE, RF: 

Alexander Shickin 

 


