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Main regulation requirements

1. Accident Analyses for Nuclear Power Plants, Safety Report 

series (SRS-23)
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Main regulation requirements

2. Deterministic Safety Analysis for Nuclear Power Plants. 

Specific Safety Guide(SSG-2)
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Main regulation requirements

Technological Aspects of Nuclear Safety are validated by 

Deterministic Safety Analysis (DSA). 

It has a lot of aspects meeting the variety of regulatory 

requirements to NPP safety:

- monitoring the reactivity; 

- integrity of physical barriers; maintaining the refrigerated 

geometry of the fuel;

- operation of safety systems;

- yield of radioactivity, doses, etc.
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Main regulation requirements

Compliance with Russian approach:

Requirements to the content of the 

safety analysis report for nuclear 

power plants with VVER reactor. 

NP-006-98 

(PNAE G-1-036-95). 

Approved by RF Gosatomnadzor Decree 

05.03.95 No. 7. Effective 08.01.95. 

Revised No. 1 Approved by RF 

Gosatomnadzor Decree 15.01.96 No. 1. 

Effective 01.05.96. With the modifications ¹ 

1 dated 01.06.1996. With the 

modifications dated 20.12.2005

CHAPTER 15

ACCIDENTS ANALYSIS

Safety assessment of the NPP should 

include the analysis of reaction of systems 

and structures of the NPP on possible 

initiating events that should be conducted 

to determine the sequence of events 

(scenarios) and the conditions of its 

passage taking into account the dependent 

and independent failures and systems and 

components damages or human errors 

that aggravate the situation. 

Such an analysis should be an integral 

part of the safety assessment of NPP.
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Main regulation requirements

Compliance with Russian approach: defense on depth concept.

NPP safety is ensured by consistent implementation of defense in depth 

concept, based on the use of physical barriers system on the way of 

spread of ionizing radiation and radioactive materials into the 

environment and the system of technical and organizational measures for 

barrier protection and the preservation of its effectiveness, as well as 

personnel protection, population and environment.
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Main regulation requirements

Feedbacks are the unique singularity of nuclear reactors. 

Main requirement for reactivity effects and self-defense of 
the reactor:

1. Reactivity coefficients for fuel temperature and for specific 
coolant value must be non-positive at all possible critical 
conditions an operating range of parameters (Russia NPP 
Nuclear Safety requirements, NP-082-07).  

2. Internal self-defense of the reactor must be validate in 
SAR (Russia requirement for VVER SAR, NP-006-98).

3. Conservative values for the reactivity feedback coefficients 
(IAEA recommendations, SSG-2 guide).
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Main regulation requirements

Codes categories (IAEA, SRS-23):

1. Reactor physics codes;

2. Fuel behavior codes;

3. Thermo-hydraulic codes, including system codes, subchannel codes, 

porous media codes and computational fluid dynamics (CFD) codes;

4. Containment analysis codes, possibly also with features for the 

transport of radioactive materials;

5. Atmospheric dispersion and dose codes;

6. Structural analysis codes.
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Couple calculations 

Table 3. Options for combination of a computer code 

and input data (SSG-2)
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Couple calculations

KORSAR/GP calculation scheme for VVER
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Couple calculations

Main advantages of  KORSAR/GP application:

1. Flexible topology for substantiation of new system 

configurations.

2. Incorporated programming language DLC for different 

algorithms and scenarios modeling in input data. 

3. Many high quality developers and users.
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Couple calculations

TRAP-KS calculation scheme for VVER
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Couple calculations

Main advantages of  TRAP-KS application:

1. Fast tool for large volume of DBA analyses

2. Reduction of user effect by implementing frozen 

nodalization

3. Long term and large experience.

4. Many high quality developers and users.
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Couple calculations

3D-kinetic calculations by KARTA module (integrated with 

KORSAR/GP and with TRAP/KS):

1. 3D physical constants library includes to coupling 

calculation  a lot of important effects: burn-up distribution, 

CR efficiency, core poisoning and xenon oscillations, decay 

heat distribution, etc. 

2. Feedback parameters in 3D neutron kinetic model

calculates for each space element of the core. 
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Couple calculations

Core calculation scheme with boundary conditions
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Reactivity accident analysis

1. Control rod Ejection

Fast local reactivity insertion with short-time power spike

2. Space xenon oscillations 

Long time process with physical and thermo-hydraulic 

feedbacks interference 

3. Main steam line break (V1000CT-2, task 2), 

Asymmetrical decrease of inlet coolant temperature in 

emergency loop, conservative scenario

4. Boron regulation failure

Asymmetrical perturbation of space power distribution by 

control rod groups moving
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Control rod ejection

Typical task with one control rod ejection (channel 112) 

during 0,1 s from the core bottom at the beginning of 

nuclear fuel cycle (1 eff. day, Rostov-1 NPP unit) 

Initial condition: 

- stationary xenon poisoning; 

- regulation control rod group location is on the bottom 

of the core; 

- physical characteristics correction is not provided
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Control rod ejection

Relative power 

distribution at

maximum of

power moment

Color 

corresponds to 

power
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Control rod ejection

Relative power
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Control rod ejection

Maximal fuel temperature
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Control rod ejection

Reactivity
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Space xenon oscillations

Experiment object: Rostov-1 NPP unit, 80 eff. day

Small negative reactivity insertion (boron acid) led to 

power decreasing (from 100% to 95%). 

This process induced space oscillations of xenon 

concentration. During 4 hours power decreased to 50%.

Then power value was stabilized and held at 50% level 

by boron acid regulator (during 30 hours).
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Space xenon oscillations

Relative power
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Space xenon oscillations

Axial offset
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Space xenon oscillations

Experiment object: Rostov-1 NPP unit, 30 eff. day

Xenon oscillations were induced by regulation CR 

group displacement from 81,2% to 60% of core height 

during 50 min. 

After 4 hours regulation CR group rose to 80% of core 

height during 16 min. 

Stable power level 72% was provided by boron acid 

regulator.
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Space xenon oscillations
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Main steam line break 
(V1000CT-2, task 2)

International cross-verification task V1000CT-2 

consists of main steam line break calculation results 

comparing

Kozlodui-6 NPP unit, VVER-1000 reactor 

Conservative assumptions:  

• shutdown failure of main circulation pump at 

emergency loop;

• two control rod jam-up at core periphery from the side 

of emergency loop (channels 117 and 140);

• SCRAM efficiency is decreased to 3.5%
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Main steam line break 
(V1000CT-2, task 2)

Relative Power
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Boron regulation failure

Relative Power 

Boron Acid 

Concentration

Initial event is failure of blow-makeup system: inlet of 
pure coolant (boron acid concentration = 0 ) to the core
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Boron regulation failure

1. Control Rod 

Group Position 

2. Maximal Fuel 

Temperature 

3. Axial Offset
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Conclusion

Technological aspects of Nuclear safety which are 

taking into account during VVER’s projects safety 

assessment:

1. Each transient has its own specific behavior and must to be 

analyzed for necessary initial condition choice.

2. Conservative scenarios corresponds to unwanted physical 

characteristics, that is why feedback parameters correction 

must be provided. 

3. Physical properties of VVER reactors accepts only self-

defense dynamic processes in all possible situations.  

4. Code validation has based on comparing procedures of 

calculation results with experimental results and cross-

verification with other codes.
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