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 The requirements for design of transformers, switchgear, and distribution systems to 

consider the following range of overvoltages for short circuit currents: Umax = 105-

110% nominal. (KTA 3705) 

Another similarity to the IEEE standards is the method of confirming component withstand 

capability via the performance of voltage surge tests according to IEC standard IEC 61000-4-5. 

Figure B-4: Application of KTA standards related to electric power system design 

 

 



 

 

Table B-2: Observations from KTA standards reviews 

KTA standard 
Edition 

reviewed 
Reference section Under-voltage/over-voltage issues considered: Recommendation 

KTA 3701 

(Electric Power 

Connection) 

6/1999 

4.2 (4) Basic Requirements 

5.2 (1) Basic Requirements 

Notes a requirement that equipment must be 

designed for the allowed tolerances in voltage, 

current, or frequency both in static and dynamic 

ranges – but does not identify what these ranges 

are. Design values are presumed to be plant and 

design specific 

Consider clarifying 

the presumed ranges 

of tolerances in 

voltage, current, 

frequency to match 

likely component 

operating limits. 

4.11. Initiation and Termination 

of Emergency Power Operation 

Refers to standards KTA 3702 and KTA 3501 for 

initiation and termination criteria. The termination 

of emergency power operation depends on 

consideration of a specific situation. The standards 

deliberately give no recommended considerations 

and leave this up to specific plant operating 

organisations. 

A review of both 

KTA 3702 and KTA 

3501 does not find 

clear criteria for 

termination of 

emergency power 

operation. KTA 3701 

should probably be 

amended to provide 

such values. 

C 1.2 (2) Connections between 

Station Service Facility or 

Offsite Power Supply and 

Emergency Power Supply 

 

Requires that the design be such that scenarios 

involving overvoltage, or short-circuit to ground, 

etc. should not result in any common cause failure 

in the emergency power system. German KTA 

practice is to not provide specific implementation 

details. These details are typically provided in 

DIN, IEC, and VDE regulations such as: VDE 

0100, 0101, 0432, 0446, and 0141. 

Consider adding 

clearer identification 

of acceptable norms 

and standards that 

provide 

implementation 

details for 

overvoltage 

protection other than 

from lightning. 
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KTA 

standard 

Edition 

reviewed 
Reference section Under-voltage/over-voltage issues considered: Recommendation 

KTA 3702 

(Diesel 

Generator 

Power 

Supply) 

6/2000 

3.11.2 (3)Initiation and 

Termination of Emergency Power 

Operation 

Requires initiation when the electric power 

system voltage is less than allowed in plant design 

but no lower than 80%. 

Clarify actions if a 

momentary or 

sustained overvoltage 

condition is present. 

3.11.2 (4)Initiation and 

Termination of Emergency 

Power Operation 

Requires initiation when the electric power 

system frequency is less than allowed in plant 

design but no lower than 47.2Hz. 

None. 

Table 3.2 Dynamic Tolerances 

Item 3.1 uses 120% voltage limit for diesel 

generator transient operations. The presumption is 

that this value takes into consideration voltage 

drops across transformers. 

Confirm this 120% 

voltage limitation 

assumption is 

consistent with onsite 

loads such as: UPS and 

inverter units. 

Item 3.2 uses 85% voltage limit for lower diesel 

generator transient limits 
None. 

KTA 3501 

(Reactor 

Protection 

System and 

Monitoring 

Equipment) 

6/1985 

4.2.1 a) Failure-Inducing Events 

within the Reactor Protection 

Systems 

Contains a general requirement that the RPS 

design consider external faults such as those 

caused by open circuits, shorts to ground, changes 

in voltage…. 

None. 

4.7 (6) Separation of the Reactor 

Protection System from Other 

Systems 

Reactor Protection Systems is required to be 

decoupled from over-voltages. The decoupling 

elements shall be designed for an AC or DC 

voltage of 220V. Plant specific voltage tolerances 

shall be considered. This is accomplished via 

Zener diode clamping circuits and fusing. 

Protection against voltages >120%  is provided by 

the inverters. KTA 3703, table 4-1 provides for 

inverters being shut down for conditions >115%   

None. 
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KTA standard Edition 

reviewed 
Reference section Under-voltage/over-voltage issues considered: 

Recommendation 

KTA 3501 

(Reactor 

Protection System 

and Monitoring 

Equipment) 

6/1985 
5.5.4 (3) Individual 

Drive Controls 

Requires that coupling elements such as interposing 

relays – shall function within the limits of the input 

and output voltages. The individual coupling elements 

are not designed to be fail-safe. The requirement is to 

ensure the operation of the coupling elements and that 

the coupling elements are adapted to the operating 

voltage of the reactor protection system and its 

actuators. 

None. 

KTA 3503 

(Type Testing of 

Electrical 

Modules) 

11/2005 

5.4 Electromagnetic 

Compatibility 

Refers to IEC standard IEC 61000-6-2 for scope of 

EMC Qualification of radio frequency type emissions, 

and IEC 61000-6-4 for prevention of radio frequency 

emissions, but contains no clear requirements for 

voltage surge test qualifications. There are no specific 

requirements for voltage surge immunity except for 

“informative Appendix B” reference to IEC 61000-4-5 

voltage surge testing. 

Consider the need 

for voltage surge 

immunity tests, 

beyond those 

required by DIN 

EN 61000-6-2 

(IEC 61000-6-2). 

5.7.4 d) Constant Humid 

Heat (Qualification 

Test) 

Requires varying the power supply voltages between 

Umin and Umax after every 6 hours of testing. It is not 

within the scope of type testing to confirm the 

suitability of electrical modules for a specific 

application. The purpose of the type testing is to 

confirm whether electrical modules comply with the 

specification requirements. 

There is a need 

somewhere to 

clarify 

requirements for 

Umin and Umax to 

be used in 

qualification tests. 
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KTA standard 
Edition 

reviewed 
Reference section Under-voltage/over-voltage issues considered:  Recommendation 

KTA 3503 

(Type Testing of 

Electrical 

Modules) 

11/2005 

5.7.6 c) Cyclic Dry Heat 

(Long-term 

Qualification Test) 

Requires varying the power supply voltages between 

Umin and Umax after every 24 hours of testing. It is not 

within the scope of type testing to confirm the 

suitability of electrical modules for a specific 

application. The purpose of the type testing is to 

confirm whether electrical modules comply with the 

specification requirements. 

There is a need 

somewhere to 

clarify 

requirements for 

Umin and Umax to 

be used in 

qualification tests. 

KTA 3504 

(Electrical Drive 

Mechanisms) 

11/2006 

3.2.1 Failure Initiating 

Events in Electric Drive 

Mechanisms of the 

Safety System 

Contains a general requirement that the electrical 

drive mechanism design consider external faults such 

as those caused by short circuits, shorts to ground, 

voltage or frequency changes, mechanical failures… 

None. 

5.6 Design of the Drive 

Motor 

Contains a general requirement to be capable of 

starting a motor at lowest possible voltage Umin. 
None. 

5.6 b) Reduction of 

motor torque during 

starting transients. 

Contains a design assumption that the lowest voltage 

at motor starting should be Umin = 80% nominal, and 

Umin = 90% nominal if the power source is a DC/AC 

converter unit designed per KTA 3704. 

None. 

KTA 3504 

(Electrical Drive 

Mechanisms) 

11/2006 
5.7 (1), (2)  Electric 

Power Supply 

Contains a general requirement that a motor starter be 

connected such that voltage drops to motor terminals 

will never be below: Umin The requirement reference 

KTA 3702 Section 3.11.2 for starting with diesel 

power sources. 

None. 
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KTA 

standard 

Edition 

reviewed 
Reference section Under-voltage/over-voltage issues considered: 

Recommendation 

KTA 3504 

(Electrical 

Drive 

Mechanisms) 

11/2006 

6.3 Electro-technical Design 
Contains general requirements for long term 

values for Umin and Umax 
None. 

6.3 (3) Impermissible Switching 

overvoltage provisions. 

Contains general requirements to provide 

“circuitry measures” to limit switching over-

voltages caused by devices such as solenoids de-

energising. 

None. 

6.4 Electric Power Supply 

Contains a general requirement for the motor 

starter to be capable of starting a motor at the 

lowest possible voltage Umin. 

None. 

6.7 (3) ak) Technical 

Documentation 

Contains a general requirement to describe the 

protective circuitry for the limitation of over-

voltages. 

None. 

Table 6-1 Example Permissible 

Voltage Changes 

Contains example ranges of permissible voltages 

to motor starters powered by batteries, diesels, and 

DC/AC converters. The ranges are: Umin = 80% 

nominal to Umax = 122% nominal, thus implying 

no need to consider impacts of voltages outside of 

this range except to presume inability to operate. 

 

7.3 Electric Power Supply  

Contains a general requirement for the motor 

starter to be capable of starting a motor at the 

lowest possible voltage Umin. 

None. 

10.3.1(2) a), b) Physical Tests 

Contains a general requirement to determine 

minimum start-up torque at Umin and maximum 

torque at Umax 

None. 

KTA 3504 

(Electrical 

Drive 

Mechanisms) 

11/2006 

Table 10-1 LOCA Qualification 

tests for open-loop actuators 

These are general requirements for LOCA 

Qualification Tests. They note usage of  Umin = 

80% nominal to Umax = 110% nominal, and a final 

test of the “coil” of Umax = 200% nominal 

None. 

Table 11-1 LOCA Qualification 

tests for solenoid operated valves 

These are general requirements for LOCA 

Qualification Tests. The ranges are: Umin = 80% 

nominal to Umax = 122% nominal, and a final test 

of Umax = 200% nominal. 

None. 
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KTA 

standard 

Edition 

reviewed 
Reference section Under-voltage/over-voltage issues considered: Recommendation 

KTA 3703 

(Batteries and 

AC-DC 

Converters) 

6/1999 

4.3 Circuit Design of Battery 

Facilities 

Contains a requirement that the circuit design 

shall contain provisions for overvoltage protection 

- consistent with requirements of KTA 3701 

Section 4.2 (4) to ensure electrical conditions of 

power loads are fulfilled even under unfavourable 

ambient conditions and accident related loading. 

None. 

4.4.2 Determination of Current 

Requirements 

Contains a requirement for considering (during 

transients) that a battery is loaded by power loads 

of connected train and neighbouring train. 

None. 

4.4.5 b) c) Limit Values 

Contains general requirements that upper dynamic 

limit values shall be specified as a function of the 

short-time overvoltage permissible…and that 

motor starting transient not cause rectifier shut-

off, but that  rectifier circuits may be temporarily 

shut-off to prevent over-voltages. 

None. 

KTA 3703 

(Batteries and 

AC-DC 

Converters) 

6/1999 

Table 4-1 Limit Values for the 

Design of Rectifier Units 

Contains requirements to consider a range of 

dynamic AC supply voltages of: Umin = 80% 

nominal to Umax = 115% nominal. When upper 

voltage limit Umax is reached, the charger unit is 

shut off until less than Umax. The presumption is 

that this value takes into consideration voltage 

drops across transformers. 

None. 

4.7.3 (5), (6) Protection 

Equipment 

Contains requirements for overvoltage protection 

on the DC side of a rectifier circuits to prevent 

single failures from propagating. 

None. 
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KTA 

standard 

Edition 

reviewed 
Reference section Under-voltage/over-voltage issues considered: 

Recommendation 

KTA 3704 

(DC-AC 

Converters) 

6/1999 

4.5.2 (2) a)Design of Rotating 

Converter (e.g. Motor-

Generator Set) 

The nominal apparent power of the generator, its 

reactance and voltage control shall be specified such that 

even in the case of dynamic load changes the output 

voltage remains within the allowable dynamic limit 

values in accordance with item No. 2.1 of Table 4-1 

None. 

Table 4-1 (item 2.1) Limiting 

Values for Design of the 

Converter Unit  

Contains general requirements for converter operation. 

The ranges are: Umin = 85% nominal to Umax = 120% 

nominal 

None. 

KTA 3705 

(Switchgear, 

Transformers 

and 

Distribution 

Networks) 

11/2006 

3.1 (1) a), c)General 

Requirements  

Contains general requirements that static and dynamic 

limit voltage and frequencies of power loads shall not be 

exceeded and that protective devices shall be provided 

to maintain limits. 

None. 

Table 3-1 Diesel Emergency 

Supply 

Notes limiting value for isolated plant unit running on 

diesels: Umin = 70% nominal to Umax = 110% nominal 
None. 

Table 3-2 Converting or 

Inverting Emergency Power 

Supply 

Notes limiting value for running on Converting or 

Inverting Emergency Power Supply: Umin = 80% 

nominal to Umax = 110% nominal 

None. 

3.2 Protection and Selectivity 
Contains general requirements for location of short-

circuit protection 
None. 

3.4 (4), (5), (6) b) Voltage 

Drop, Voltage Dip, Voltage 

Increase 

Contains general requirement to determine the 

maximum and minimum voltages during static and 

dynamic operating modes. 

Consider a single 

failure in main 

generator voltage 

regulation. 

3.4 (8) Overvoltage protection 

Contains general requirements for overvoltage 

protection due to over-voltages from lightning surges 

and switching transients. 

Consider a single 

failure in main 

generator voltage 

regulation. 

4.2.1 d) Transformer Design 

Criteria 

Contains requirements to consider the following range 

of over-voltages for short circuit currents: Umax = 105-

110% nominal 

Re-evaluate if this 

range sufficient 

given experience. 
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KTA 

standard 

Edition 

reviewed 
Reference section Under-voltage/over-voltage issues considered: Recommendation 

KTA 2206 

(Lightning 

Protection) 

6/2000 

4.3.6 (1) Voltage Surge 

Protection Devices 

Contains a general requirement that if I&C 

equipment supply voltage limit could be 

exceeded, the I&C equipment shall be equipped 

with surge protection devices such as: spark gaps, 

Zener Diodes, varistors, or a combination of such 

components. It also notes the possible necessity of 

installing a system of graduated voltage surge 

protection devices. 

None. 

5.3 Testing of Permissible 

Voltages 

References IEC 61000-4-5 as an acceptable means 

for conducting surge tests. 

Evaluate if the ranges 

of surges produced in 

this standard test is 

sufficient given 

experience. 
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B.3 IEC standards for nuclear power plant electric power systems 

The International Electro-technical Commission maintains a large body of internationally 

accepted standards which in many cases originated as national standards in individual member 

countries and have been converted over to IEC standards. Given the large volume of such standards, 

only three example IEC standards could be selected for evaluation with regards to requirements for 

voltage withstand capability. These are: 

 IEC 60071-1 Insulation Co-ordination 

 IEC 61000-4-5 Electromagnetic Compatibility - Voltage Surge Immunity Testing 

 IEC 61225 Instrumentation and Controls Important to Safety Requirements for 

Electrical Supplies 

IEC 60071-1 was utilised in the design of the Forsmark NPP and the upgrade with lead to the 

2006 event. IEC 61000-4-5 is a voltage surge test which is referenced by IEEE, the German KTA, and 

other IEC standards as an acceptable method to confirm over voltage withstand capability. IEC 61225 

provides guidance on the general design requirements for safety related I&C electrical supplies. While 

this list of standards is not comprehensive, it also identified roughly the same assumed normal 

operating range of Umin = 80% nominal to Umax = 125% nominal. 
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Table B-3: Observations from IEC standards reviews 

IEC 

standard 

Edition 

reviewed 
Reference section Under-voltage/over-voltage issues considered: Recommendation 

60071-1 12/1993  

This is a general standard for coordinating the 

power withstand voltage of insulated cables and 

major components. It does not provide guidance 

for determining recommended maximum 

operating voltages for lower voltage equipment 

such as inverters, battery chargers, UPS units. 

None. 

61000-4-5 4/2001 

5. Test Levels 

Defines “test levels” as either:  

Level 1 = 0.5kV 

Level 2 = 1.0kV 

Level 3 = 2.0kV 

Level 4 = 4.0kV 

Level x = Special to be identified 

None. 

6.1 Combination Wave 

Generator 

Contains general requirements for a standard 

voltage surge for a 1.2 μsec rise time/ 50 μsec 

half-width pulse to represent an “open circuit” 

surge and an 8 μsec rise time/ 20 μsec half-width 

pulse to represent a “short circuit” surge. The 

choice of the specific pulse shapes and duration is 

identical to IEEE Std. C62.41.2 

None. 

61225 12/2005 

Informative Annex A.2.2 

Notes that Battery Chargers be designed to 

function for dynamic AC power input range from 

Umin = 80% nominal to Umax = 120% nominal 

Consider higher 

overvoltage range 

based upon experience. 

Informative Annex A.3.1 

Notes that DC/DC converters should be designed 

to function for dynamic DC power input range 

from Umin = 80% nominal to Umax = 125% nominal 

Consider higher 

overvoltage range 

based upon experience. 
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Appendix C 

OSKARSHAMN NPP CASE STUDY 

The case study material is made available by OKG AB, the owner and operator of the 

Oskarshamn NPP. The profiles are not approved as requirements and prerequisites for analyses. 

Further analyses and reviews are planned and going on. It should be noted that the profiles are specific 

for the Oskarshamm units and their connection to the grid. 

C.1 Disturbance profiles 

Various events in the power system may cause transient disturbances. Based on power system 

operator statistics of disturbances in the power system possible events can be stated. Failure statistics 

of the devices gives a failure rate of various faults at the devices. One though has to consider the 

uncertainty when using operator and failure statistics. With the background of statistics and experience 

a number of events have been selected for simulations. 

Simulations of events in the power system and the three units of Oskarshamn NPP show a 

similarity of the voltage profiles of the units. Hence the same transient profile can be used for all three 

units. The simulations treats a limited number of cases, in reality the possible number of transient 

profiles that the plant can experience are much higher. Instead a limited number of synthetic 

Disturbance Profiles have been determined with the background of simulations and calculations. The 

profiles are chosen so the most extreme and difficult profiles due to faults on the grid or failure to 

operate of one component in the fault clearing system are being covered. Hence profiles generated 

from faults in the NPP generator step-up protection are not covered. However, any specific 

susceptibility of each safety related equipment must be checked to be covered by the selected profiles. 

It should also be noted that faults originating from the generator side of the unit transformer are not 

included. 

All Disturbance Profiles consists of a Voltage Profile and a Frequency Profile. In some cases 

the voltage or the frequency is almost constant and is not shown. Voltage Profile 1 to 9 represents 

voltage on the generator terminal while Voltage Profile 11 to 13 represents the voltage on the busbar 

in the NPP substation (the 400/130 kV substation Simpevarp where Oskarshamn 1, 2, and 3 are 

connected to 4 outgoing 400 kV transmission lines and 4 outgoing 130 kV sub transmission lines). 

The power plant should, amongst others, be designed to withstand voltage and frequency 

variations originating from: 

 Normal operation 

 Load rejection 

 Start of larger units (motors) 

 Shunt faults in the power system with correct fault clearance 

 Shunt faults in the power system with operation of breaker failure protection 
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 Busbar fault with failure of operation of busbar protection system 

 Busbar fault in adjacent substation with failure of operation of busbar protection system 

 Line fault near the remote substation with failure of teleprotection channel 

 Wide area disturbances 

 Power system restoration 

These transients and variations are detailed below. 

C.2 Load rejection 

Load rejection occurs if the breaker disconnects the power plant from the transmission system. 

The inadvertent operation can be initiated from failures in the operating mechanism of the breaker or 

unwanted trip signal from the control system. 

C.2.1 Disturbance Profile 1 

Disturbance Profile 1 (see Fig. C-1) can be caused by an inadvertent breaker operation on the 

high voltage side of the generator step-up transformer during operation with full production in 

automatic voltage regulator (AVR) control mode. This event leads to an operation of the plant either in 

a successful house load operation (islanding) mode or a fast stop (scram). A scram implies tripping of 

the generator and field breaker after which the auxiliary power system voltage decays with a time 

constant of 5 to 10 seconds. Performed simulations show for Oskarshamn 1, 2 and 3 with static 

excitation systems, that the generator voltage does not exceed 120% of the rated voltage during house 

load operation with correct operation of the AVR. The decay back to normal operating voltage has 

been chosen with the background of recordings from the commissioning of the excitation system of 

Oskarshamn 1 and 2 and performed simulations. 

Figure C-1: Voltage Profile 1 (representing load rejection in AVR control mode) Voltage Profile 1
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C.2.2 Disturbance Profile 2 

Disturbance Profile 2 can be caused by an inadvertent breaker operation at the high voltage 

side of the step-up transformer during operation with full production in field current regulator (FCR) 

control mode. During Geomagnetic Induced Currents (GIC) the control mode of the generator is 

switched from AVR to FCR according to the operating instruction of Oskarshamn 3. Some internal 

faults of the AVR cause an automatic transition to FCR mode. The voltage drop across the sub-

transient reactance decreases to zero faster than a period. The no-load characteristic of turbo-

generators is measured during workshop tests up to some 130% of rated voltage. The no-load 

characteristic has been extrapolated to full excitation current. The time constant depends on the ceiling 

factor of the excitation system and the setting of parameters in the FCR. 

Figure C-2: Voltage Profile 2 (representing load rejection in FCR control mode) Voltage Profile 2
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C.3 Shunt faults 

A shunt fault is a short circuit between phase and earth or between phases. The most common 

cause of shunt faults in the transmission system (130-400 kV) is lightning strike at or close to a 

transmission line. 

C.3.1 Disturbance Profile 3 

A three-phase fault on the busbar in the NPP substation is cleared within 100 ms when the 

busbar protection and circuit breaker operates correctly. The voltage close to the fault location 

becomes zero and the currents normally increase and can be several times higher than the rated 

current. The voltage during the fault depends on the short-circuit reactance of the generator step-up 

transformer and the sub-transient reactance of the generator. Correct fault clearance operation has a 

fault clearance time of 100 milliseconds. This profile assumes a correct tripping to house load 

operation. The frequency is almost constant and equal to nominal system frequency (50 Hz). 
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Figure C-3: Voltage Profile 3 (representing three-phase faults on the busbar in the NPP 

substation assuming correct operation of the busbar protection system and circuit breakers) Voltage Profile 3
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C.3.2 Disturbance Profile 4 

Disturbance Profile 4 (Fig. C-4) can be caused by close-up three-phase faults on an outgoing 

transmission line assuming correct operation of the line protection and the line circuit breaker. The 

voltage during the fault depends on the short-circuit reactance of the generator step-up transformer and 

the sub-transient reactance of the generator. The power plant is not disconnected from the grid. After 

fault clearance the voltage remains low, due to the voltage drop across the transient reactance of the 

generator, when the transient rotor swing is decelerated. The frequency is almost constant and equal to 

nominal system frequency (50 Hz). 
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Figure C-4: Voltage Profile 4 (representing close-up three-phase faults on one outgoing 

transmission line from the NPP substation assuming correct operation of the line protection and 

line circuit breaker) Voltage Profile 4
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C.3.3 Disturbance Profile 5 

Disturbance Profile 5 (Fig. C-5) can be caused by close-up three-phase faults on an outgoing 

transmission line from the NPP substation. The line protection system operates correctly but the line 

circuit breaker fails to interrupt the fault current and the Breaker Failure Protection (BFP) trips the 

adjacent circuit breakers. The fault clearance time includes the operate time of the line protection, 

delay of the BFP, and current interrupting time for the adjacent circuit breakers. The total fault 

clearance time is 250 milliseconds. The voltage during the fault depends on the short-circuit reactance 

of the generator step-up transformer and the sub-transient reactance and transient reactance of the 

generator. The power plant is not disconnected from the grid. After fault clearance the voltage remains 

low, due to the voltage drop across the transient reactance of the generator, when the transient rotor 

swing is decelerated. This is a standard case from grid code of NORDEL (Organisation for the Nordic 

Transmission System Operators). The frequency is almost constant and equal to nominal system 

frequency (50 Hz). 
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Figure C-5: Voltage Profile 5 (representing close-up three-phase faults on an outgoing 

transmission line assuming failure to operate the line circuit breaker - the NORDEL Voltage 

Profile) 

 
C.3.4 Disturbance Profile 6 

A three-phase fault occurs at the remote end of an outgoing transmission line or on the busbar 

in the substation at the remote end of the line. A long fault clearance time characterise this profile. In 

the case of a line fault the long fault clearance time originates from failure of the relay protection to 

communication with the protection of the substation busbar (interconnecting the power plant and the 

transmission system) in the case of line fault. In the case of a busbar fault the busbar protection is 

assumed to fail. The line protection of the power plant substation busbar is backup protection and the 

second distance step detects the fault and trip the line breaker. The total fault clearance time include 

trip signal from step two of the line protection and current interrupting time of the line breaker. The 

voltage during the fault depends on the short-circuit reactance of the generator step-up transformer, the 

sub-transient reactance and transient reactance of the generator and the line impedance. The power 

plant is not disconnected from the grid. After fault clearance the voltage remains low, due to the 

voltage drop across the transient reactance of the generator, when the transient rotor swing is 

decelerated. The frequency is almost constant and equal to nominal system frequency (50 Hz). 

 

 

Voltage Profile 5 (Nordel)
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Figure C-6: Voltage Profile 6 (representing three-phase faults at remote end of outgoing 

transmission line accompanied by failure to operate of teleprotection channel or three-phase 

faults on busbar in the remote substation accompanied by failure to operate of busbar 

protection system) Voltage Profile 6
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C.3.5 Disturbance Profile 7 

A three-phase short circuit occurs at the substation busbar interconnecting the power plant and 

the transmission system. This profile considers failure of operation of the busbar protection. The under 

impedance protection is backup protection for this event and initiates a trip signal for the breaker of 

the high voltage side of the generator step-up transformer. The fault clearance time is 500 ms and 

includes the trip time of the under impedance step that reach the busbar and current interruption time 

of the breaker. The voltage during the fault depends on the short-circuit reactance of the generator 

step-up transformer and the sub-transient reactance and transient reactance of the generator. After fault 

clearance the power plant is disconnected from the grid but operating in house load operation. The 

frequency is almost constant and equal to nominal system frequency (50 Hz). 
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Figure C-7: Voltage Profile 7 (representing three-phase faults on busbar in NPP substation 

accompanied by failure to operate of busbar protection system) Voltage Profile 7
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C.3.6 Disturbance Profile 8 

A two-phase fault occurs on an outgoing transmission line from the NPP substation. The relay 

protection system operates correct but the line breaker fails to interrupt the current. The BFP detects 

the failure of operation and initiates trip signals to the adjacent circuit breakers, which clear the fault. 

The voltage during the fault depends on the short-circuit reactance of the generator step-up 

transformer and the sub-transient reactance and transient reactance of the generator. One of the line-

line voltages at the high voltage side of the step-up transformer goes to zero. The voltage decrease of 

the two other line-line voltages but does not reach zero. Fault clearance time include trip of the line 

protection system, the BFP and the current interrupting time for the adjacent breakers. The power 

plant is not disconnected from the grid. After fault clearance the voltage remains low, due to the 

voltage drop across the transient reactance of the generator, when the transient rotor swing is 

decelerated. The frequency is almost constant and equal to nominal system frequency (50 Hz). 

 



NEA/CSNI/R(2009)10 

163 

Figure C-8: Voltage Profile 8 (representing close-up two-phase faults on outgoing transmission 

line accompanied by failure to operate line circuit breaker) Voltage Profile 8 (Two-phase faults)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

-0.5 0.0 0.5 1.0 1.5 2.0 2.5

Time [s]

V
o

lt
a

g
e

 [
p

u
]

Phase L1 Phase L2 Phase L3

 
C.3.7 Disturbance Profile 9 

This profile represents single-phase faults on an outgoing transmission line from the NPP 

substation. The relay protection system operates correct but the line breaker fails to interrupt the 

current. The BFP detects the failure of operation and initiates trip signals to the adjacent circuit 

breakers, which clear the fault. The voltage during the fault depends on the short-circuit reactance of 

the generator step-up transformer and the sub-transient reactance and transient reactance of the 

generator. One of the phase voltages at the high voltage side of the generator step-up transformer goes 

to zero. The voltage decrease of the two other line-line voltages does not reach zero. The fault 

clearance time includes trip of the line protection system, the trip time of the BFP and the current 

interrupting time of the adjacent breakers. The power plant is not disconnected from the grid. After 

fault clearance the voltage remains low, due to the voltage drop across the transient reactance of the 

generator, when the transient rotor swing is decelerated. The frequency is almost constant and equal to 

nominal system frequency (50 Hz). 
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Figure C-9: Voltage Profile 9 (representing close-up single-phase faults on outgoing transmission 

line accompanied by failure to operate line circuit breaker) Voltage Profile 9 (Single-phase faults)
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C.4 Wide area disturbances 

Wide area disturbances strikes entire or large parts of a power system. The event is 

exceptional and is generally caused by a degradation of the capability of generate and transfer power. 

C.4.1 Disturbance Profile 10 

The spinning reserve in the NORDEL system is dimensioned for withstanding a shedding of 

the largest power generating plant in operation. Radial connected plants with surplus of generated 

power that is expected to be disconnected from the grid more frequently than every third year are also 

included in the dimensioning. The instantaneous backup for loss of generation is dimensioned for a 

lowest frequency of 49 Hz and a recovery to at least 49.5 Hz within 30 seconds. The grid frequency 

usually reaches its minimum within 10 s after the loss of generation, which has been registered at 

several disconnections of larger power plants. Avoiding severe impacts from a large loss of generation 

can be achieved by employing Automatic Load Shedding (ALS), Emergency Power Control (EPC) i.e. 

HVDC power transfers from other synchronous areas and starts of gas turbines. A larger loss of 

generation than the dimensioned causes a larger frequency drop. The grid code specifies an under-

frequency limit of 47.5 Hz when the power plant should be instantaneous disconnected from the grid. 

The profile is mathematically developed for a frequency minimum at 47.5 Hz that occurs 5 to 10 

seconds after the loss of generation is initiated and a recovery to 49.5 Hz in accordance with the 

NORDEL operating conditions regarding frequency control. The voltage on the busbar in the NPP 

substation is almost constant and equal to the voltage during normal operation. 
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Figure C-10: Frequency Profile 10 (representing loss of several power plants) Frequency Profile 10
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C.4.2 Disturbance Profile 11 

Voltage collapse is a wide area disturbance that seldom occurs in the south of Sweden. In 

modern time two disturbances have been experienced, in 1983 and 2003. The voltage (Fig. C-11a) and 

frequency (Fig. C-11b) profiles have not been based on an analysis of an exact course of events, since 

experiences from the operation of the system showed that the event originates from several events and 

failures unlikely to occur. The profiles are mainly developed on the base of the recordings of the wide 

area disturbance in Sweden 1983 and the condition that the power plant is interconnected in a part of 

the power system with a large lack of generation. This leads to rapid frequency decay and stored 

energy in the rotating part of the plant is quickly fed into the power grid. The large load current causes 

a large voltage drop in the sub-transient and transient reactance of the plant. The maximum rate of 

change of frequency reached 4 Hz per second. The maximum rate of change of voltage varied in the 

interval of 10%- 20% per second. The voltage and frequency profile have been chosen on the basis of 

these characteristics. Intended for auxiliary power system studies the characteristics represents a good 

approximation of a fast voltage collapse. The voltage profile relates the NPP substation voltage. 
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Figure C-11a: Voltage Profile 11 (voltage collapse in wide area disturbance) 
Voltage Profile 11
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Figure C-11b: Frequency Profile 11 (frequency collapse in wide area disturbance) 
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C.4.3 Disturbance Profile 12 

The wide area disturbance in Koeberg (South Africa) 1998 showed that a voltage collapse 

could be slower than the voltage collapse in Sweden 1983. The course of events of the disturbance is 

not possible to predict since it originates from a number of several events and failures unlikely to 

occur. The voltage and frequency profiles are developed on the basis that the power plant is 
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interconnected in a part of the power system with a lack of generation where the voltage collapse after 

a while. The weak system is interconnected with another part of the power system. The voltage drop is 

caused by a rapid load increase and the control of tap changing transformers that cause an increase of 

power generation in another part of the system. This means an increased power transfer towards and 

within the weak network.  

The slow initial rate of change of voltage is chosen to 3% per minute while the final rate of 

change of voltage is chosen to 20% per second. The transition between the slow and fast rate of 

change of voltage occurs at 70% of nominal voltage. This value originates from a theoretical 

consideration of a radial system transferring only active power at the maximum operating point. If 

more power is transferred the voltage will decrease and the active power will decrease. Probably the 

states are changed rapidly hence the characteristic will be much like the wide area disturbance in 

Sweden 1983. The grid frequency remains stable until the transition from slow to fast rate of change of 

voltage where a rate of change of 5 Hz/second is chosen. The voltage profile relates the NPP 

substation voltage. 

Figure C-12a: Voltage Profile 12 (Koeberg, South Africa, 1998 voltage collapse) 
Voltage Profile 12
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Figure C-12b: Frequency Profile 12 (Koeberg, South Africa, 1998 frequency collapse) Frequency Profile 12

0

10

20

30

40

50

60

-5 0 5 10 15

Time [min]

F
re

q
u

e
n

c
y
 [

H
z
]

Rate of change of frequency = 5.0 Hz/s

 

C.4.4 Disturbance Profile 13 

Assume the transmission system would be experiencing a major disturbance that could lead to 

voltage collapse if not automatic or manual load shedding is applied. Today a very limited part of the 

consumers are disconnected at low voltage in the south of Sweden. On the other hand the Swedish 

transmission system operator (TSO) Svenska Kraftnät (SvK) may in the future employ EPC with 

manual load shedding on transmission lines in order to avoid a voltage collapse. The voltage may be 

stabilised at a level where the gas turbines in the south of Sweden cannot be phased to the grid. The 

phase automatics in the gas turbines normally operate in the interval between 90 and 110% of the 

nominal voltage. Generally the generator step-up transformer of the gas turbine is not equipped with 

tap changers and can therefore not be phased into the grid at lower voltages than 90% of the grid 

nominal voltage. If the transmission link voltage decreases below 70% a voltage collapse will most 

likely occur. Hence the voltage dip expects to be stabilised at 80% of nominal voltage. The voltage 

profile has been derived on the basis of recordings of disturbances in Finland and South Africa and has 

a rate of change of voltage of 5% per minute and stabilises at 80% of nominal voltage. The voltage 

profile relates the NPP substation voltage. 

Due to the load shedding in the south of Sweden a surplus of generation arise in the power 

system. The frequency may increase above the normal operation value, which is in the interval of 49.9 

and 50.1 Hz. It cannot be omitted that resolute load shedding in the south of Sweden is followed by a 

rapid shedding of generation in the synchronous operated power system. The estimated shedding of 

power may reach up to between 2000 and 4000 MW. With a power-frequency characteristic in the 

interval from 4000 to 6000 MW/Hz a frequency increase to 50.3 Hz is reasonable. This value is lower 

than the upper frequency threshold (51.0 Hz) that large thermal power plants should comply with, 

specified by the NORDEL grid code for thermal power plants. The frequency profile is designed with 

a rate of change of frequency with 0.1 Hz/minute and is initiated a certain time after the disturbance 

occurs. 
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Figure C-13a: Voltage Profile 13 (representing voltage degradation) Voltage Profile 13
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Figure C-13b: Frequency Profile 13 (representing voltage degradation) Frequency Profile 13
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