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Abstract – Electrical system of NPP performs the two main functions: (1) power output of the main 
generators to the external grid and (2) auxiliary supplies of the NPP, that includes also normal and 
emergency supply of the systems important for nuclear safety. Correct function of   the both areas 
contributes to the stabile and safe operation of NPP. Energoprojekt Praha, today one of divisions of 
ÚJV Řež, is the main elaborator of Chapter 8 “Electrical systems” in Safety Reports of NPP Temelín, 
Dukovany and Mochovce in Czech Republic and Slovak Republic. This paper describes basic 
approach and method used in safety analyses of electrical systems. The paper is focused on the 
analyses of power system stability, sizing of emergency sources, coordination of safety and non-
safety electrical systems, separation and independence of redundant important systems.  
 
 
Introduction 
Energoprojekt Praha, that 2 years ago became one of divisions of Nuclear Research Institute Řež 
near Prague, continues to be a traditional author of design documents, analyses and safety reports 
for nuclear power plants (NPP) in Czech Republic and Slovak Republic. This paper deals with those 
part of safety assessments reports (SAR), that concerns electrical systems. 

Safety reports have been elaborated for all NPPs built in former Czechoslovakia. The structure and 
functions of electrical systems were depicted mainly by description and several general electrical 
diagrams, There were also some references to the design a and operational documents. 

In the half of 90th of the last century was established a significant step ahead in quality of SAR and in 
the way of SAR elaboration. For the preliminary safety report (PSAR) of NPP Temelin was used at 
first time the structure according to US NRS Regulatory Guide 1.70. In accordance with RG 1.70 the 
Section 8 of PSAR “Electrical systems” contained: 

• Descriptions with explanation of structure, (safety) functions of electrical systems and 
important data about electrical equipment. 

• Analyses demonstrating compliance with general design criteria. These analyses check 
correct design, sizing and mutual coordination of electrical systems and ability to perform 
required (safety) functions.  

This principal synopsis and scope of SAR, section 8 “Electrical systems”, created by Energoprojekt 
Praha, was later with minor modifications used also for final (preoperational) safety reports (FSAR) of 
NPP Mochovce, Unit 1 and 2, for FSAR of NPP Temelin Unit 1 and 2. At present is according to this 
synopsis elaborated revision of NPP Dukovany FSAR after 20 years under operation. 

 

Structure of SAR, Section Electrical Systems 
Section 8 “Electrical systems” is divided into three main chapters. 

8.1 Introduction 
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8.2 Offsite Power System. Into this chapter belong issues of electrical energy production in main 
generators and the link to the offsite transmission grid. 

8.3 Onsite Power Systems. This chapter deals with AC and DC auxiliary system (normal and 
safety related).  

Further are outlined main analyses of electrical systems that are included in chapters of Section 8 of 
SAR. 
 
 
Chapter 8.1. List of important consumers and checkup of their power supply  
RG 1.70 requires identifying of safety loads with specification of safety function and the type of power 
supply (AC, DC). This requirement is met in the following manner: 

Large consumers important to safety are listed in power balances of electrical sources, including main 
electric data and operating modes (chapter 8.3). In the chapter 8.1 there are documented results of 
checkup, whether all of important loads are correctly connected and spread among various systems 
of assured supply. Analysis is based on the topical consumer list, which shall include requirements to 
the power supply, co called “importance group”. Importance group collects the two principal 
requirements (1) relation to the nuclear safety (classification BS, SSB, SNB that provides generally 
the safety function) and (2) allowed time of power supply interruption. Consumer list is taken from 
design documents for PSAR and from as built documents and data provided by NPP operator for 
FSAR. The checkup is performed for individual safety system (BS) and safety related systems (SSB). 
There is reviewed, if consumers are supplied from correct electrical safety train (SZN) and from the 
source with appropriate category (e.g. supplied by battery or by DG set). 

According to the experience from above mentioned SAR is the gross majority of consumers 
connected correctly. However, there is usually certain number of strange consumers that seem to be 
supplied incorrectly. There is necessary to analyze their safety function in detail. Common result is 
that these are some maintenance or auxiliary tools, not fulfilling the safety function of the system. 

The overall results of this analysis are:  

• Confirmation that safety important loads are supplied from systems, switchboard and sources 
of appropriate category 

• Confirmation of independent power supply of consumers that belong to different safety trains 
(divisions, SZN). 

• Forming the base for calculation checks of grids and power sources (see chapter 8.3), mainly 
collection and verification of data about power supply requirements.   

Chapter 8.2 (Offsite system) 
Our NPPs are mostly connected into transmission grid 400kV and power distribution grids 110kV. 
Operation and function of these grids represent very interesting and technically demanding area for 
large number of engineers, experts from research institutes, universities, grid operators and power 
plants.  

From this reason it is necessary during elaboration and periodical revisions of SAR take a care to 
focus analyses in the chapter 8.2 to prove that the grid is stabile and well-sized source for NPP and 
NPP is flexible consumer with ability to cope with various disturbances and fauts in the grid. Analyses 
demonstrating that NPP is the excellent power source operating according to rules of the transmission 
grid operator and analyses of the operation of grid itself are of the second rank and they should be 
minimized.  

In the chapter 8.2 there are usually documented results of following analyses: 
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1. Analysis of transmission capacity of 400kV lines that link a switchyard 400kV, into which is NPP 
connected, with the grid. Analysis is based on calculation of grid steady-state operation in 
various modes, including faults and maintenance till the rank N-2.  

2. Analysis of transient stability of turbine-set after faults in the grid. Faults, mainly short circuits in 
the grid are simulated in computer grid simulator. For various places in the grid are determined 
critical clearing times of shorts (CCT), till which the transient stability is secured. Calculated 
CCT is compared with real clearing time of shorts given by the function of main or backup 
protection and tripping time of the breaker. Besides shorts there are considered also other types 
of faults and transients. 

3. Multiple fault analyses. There are analyzed uprising possibility and effect of multiple faults that 
may cause simultaneous loss of service and backup sources of the NPP unit. There is checked 
layout and construction of overhead lines and switchyards, possible effects of crossings and 
breaking of lines and conductors, breaking and falling of high towers, effect of faults on double 
circuit lines. In these case is also checked transient stability using computer grid simulator and 
possibility to lose totally auxiliary power supply of NPP. 

4.  Probabilistic analyses of the grid and NPP power system reliability. Analyses are focused on 
the loss of service supply and backup supply of the auxiliary system. Further is calculated 
reliability of emergency power system (mainly DG sets) and probability of beyond-design 
accident Station Blackout.  

 
Fig.1:    Computer simulation of automatic bus transfer of 6kV  (NPP Mochovce)  
(U – voltage, SR – slip of a motor, IVK - current) 
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Chapter 8.3 (Onsite systems) 
Analyses and calculations in chapter 8.3 demonstrate that electrical systems fulfill their safety 
functions and that the defense in depth principle applied to the electrical sources and auxiliary 
networks is met. This principle means that in case of faults in electrical systems the auxiliary system 
proceeds directionally and gradually from service sources to backup sources and finally to 
autonomous emergency sources. 

In the chapter 8.3 there are usually documented results of following analyses: 

1. Power balances of electrical sources and switchboards set for various operational and accident 
modes. In PSAR are balances based on available design or pre-operational data, in FSAR are 
balances precised step by step according to real measured data and results from test 
performed mainly during commissioning of NPP. 

2. Checks of loading and function of service and backup sources. Steady-state voltages, currents 
and loads are calculated and/or measured; one of the goals is to verify max. and min. voltages 
in 0,4kV network supplied by transformers 6/0,4kV with no-load taps. Calculation and results of 
measured transients (e.g. starting of large motors or bus transfers) demonstrate correct function 
of bus transfer and load shedding automatons and sizing of backup sources sufficient for fast 
re-acceleration of motors after collective bus transfer on 6kV buses. Calculations of transients 
are made on computer simulators that encompass detailed models of electrical systems. These 
models are permanently updated and validated primarily according to results of test on real 
equipment.       

3. Short circuit current calculations. Maximum values are used to check thermal and 
electrodynamic withstand of main equipment in critical parts of electrical diagram. Minimum 
values are used mainly for checks of electrical protections. 

4. Analyses of electrical protections. Analyses prove essential features of the system of 
protections: discrimination, sensitivity and stability against maximum service currents. Correct 
function of protections limits effects of faults (reduced impact in faulty area, without impact in 
others areas of electrical system). Checks are focused on so called critical chains of protections 
(most difficult sequences of protective relays, circuit breakers or fuses). The basis for this type 
of analyses are measured or on computer simulator calculated currents and detailed knowledge 
of electrical diagram and its operating modes and protective instruments tripping/no-tripping 
characteristics. 

5. Analyses of function and sizing of emergency sources. These checks follow recommendations 
in IAEA guide 50-SG-D7. 

a. Analysis of DG sets includes: 

• Demonstration that DG run-up time from starting command to loading ready status 
and times of sequentional starting of loads meet safety requirements. 

• Check that DG is able to work in all design operating modes (no-load or light load 
operation, on-load operation in various abnormal or accident states of the Unit, short 
time overload capability, test including paralleling with the grid) for required time 

• Check of step loading and unloading capacity in entire load range with voltage and 
frequency kept in specified limits. The check demands to consider real electrical and 
mechanical characteristics of loads corresponding to the given NPP, characteristics 
of speed governor and exciter (voltage) control and real function of emergency load 
sequencer and associated automatons.   
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Fig.2:   An example of result of DG sequentional loading calculation (NPP Temelin). The bold lines 
are boundary load characteristics of DG set. 

 

b. Analyses of UPS systems 

• Rectifiers (battery chargers). Besides sufficient power needed for supply of loads 
and recharging of battery there is important to prove the setup of the input voltage 
quality monitoring system. This monitoring system shall not trip rectifier during 
expected transients provoked by normal and abnormal events in the grid (bus 
transfers, step loading of DG set, etc.). This tripping will cause unwanted discharge 
of batteries. 

• Analysis of inverters includes also the check of capability to supply non-sinusoidal 
consumers. These loads form frequently significant part of modern control systems. 
Similarly important is the check, if electrical protections in the grid downstream of 
inverters are fast (current limiting) and fully selective. 

• The major accent is placed on the check of battery discharging time. This check 
includes building of load versus time profiles for various operating and accident 
cases, fixing of allowed voltage ranges of loads, evaluating of consumer behavior 
during voltage changes, collecting of data about cables and discharging 
characteristics of batteries. Discharging time is determined by means of special 
computer code developed in Energoprojekt Praha. This code is carefully validated 
and results are in accordance with measurement. The code enables to simulate time 
course of discharge even for very complex load profiles. The standard checkup 
procedure of battery discharge uses reduction factors respecting minimum design 
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temperature and ageing effects. The discharge time corresponds to the instant, 
when voltage on terminals of any of loads undergoes allowed value or already the 
battery supplied full available capacity. 

 

 

Fig.3:   Computer simulation - discharging of battery with variable load profile.  
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