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Introduction
! Based on the detailed analyses the following extreme meteorological conditions 

were included into the non-seismic external event PSA for the Slovak nuclear 
power plants:
! extreme wind, 
! tornado, 
! extreme snow, 
! extreme rain, 
! extremely high and extremely low air temperature, 
! icing and 
! lightning. 

! External events in the form of extreme weather conditions can occur as single 
events or as combinations of two or more external events. 

! The potentially combined events are two or more external events having a 
conditional probability of simultaneous occurrence, e.g., strong winds occurring 
at the same time with icing. 
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The electrical grid

! The 400 kV overhead power line is used to export electricity to 
the grid during plant operation and to supply self consumption.

! Given loss of 400 kV line due to external reason the 
turbogenerators (TG) reduce power to the level of self 
consumption. 

! Reactor trip occurs given loss of the 400 kV line due to internal 
reason. Then, the self consumption of the plant is supplied from 
the reserve transformer which is fed from the 110 kV overhead 
power line from the electrical grid.

! Given simultaneous loss of both 400 kV and 110 kV lines the 
diesel generators (DG) are being started to supply the 6 kV 
busbars.
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The overhead lines in the self 
consumption of the plant

5



RELKO Ltd. 
Engineering & Consulting Services 

Ice loads of the overhead power lines
! The ice load can damage the overhead power lines and cause 

partial or total loss of offsite power of the plant. 
! There are different forms of ice loads of the overhead power 

lines:
! Atmospheric icing
! Glaze due to freezing rain
! Wet snow
! Soft and hard rime due to incloud icing
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Ice accretion due to freezing rain
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 Conductor with ice formed in an incloud 
icing process

8



RELKO Ltd. 
Engineering & Consulting Services 

Ice observations and measurements
!  Field ice data can be obtained through the following activities:

! Direct measurements of icing thickness or weight of ice 
samples, taken from observation installations or line 
conductors. Ice samples fallen on the ground from 
conductors can be used, if consideration is given to the 
shape of initial accretion on conductors.

! Measurements by devices that simulate ice accretion on 
conductors. Some devices currently used in a few countries 
consist of simple tube or cable assemblies installed near 
ground level for ease of observations.

! Estimation of icing using conductor tension or vertical 
component of weight at the insulator attachment point.

! Estimation of icing based on measurements of the conductor 
tension and sag.
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Ice observations and measurements
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! Ice loading data are important not only to establish load criteria for design of 
supports but can also be useful in the planning stages of transmission networks 
and route selection of a specific line.

!  So far other ice load information is not available, measurements lasting for at 
least 30 years of field observation are necessary to establish a reliable database. 

! The observation of extreme ice loads on existing overhead lines provides 
important information.

! Meteorological models can be used as well to obtain basic information on ice 
loadings to be expected. The bases for such meteorological models are formed 
by the temperature, humidity, precipitation rate and wind direction to be 
expected.
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Ice observations and measurements
! SHMI is performing measurement of icing creation on the conductor with length 

of 1 m and diameter of 30 mm. The thickness of the icing is being measured 
(mm), then the weight is calculated from it.

! For the purpose of the PSA the measurement for the time period 1996 – 2017 
was taken into account.
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Data of the maximal icing in mm on the 
conductor

12



RELKO Ltd. 
Engineering & Consulting Services 

Data of the maximal icing load in g/m on the conductor
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Ice observations and measurements
! The observed data were available in mm of icing thickness on the conductor. 

However, the load of the ice on the conductor should be known in g/m for 
evaluation the impact of extreme loads.

! Therefore, it was necessary to calculate the weight of icing from the available 
measurement information on the 1 m long conductor with the diameter of 30 mm.
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Icing on the conductor
! An example is provided for illustration the weight calculation from the thickness 

of the icing. The icing is shown on the conductor, where:
 
a – thickness of icing [mm]
r1 – radius of the conductor [mm]
r2 – radius of the conductor with icing [mm]
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Icing on the conductor
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Icing on the conductor
! The diameter of the line is 30 mm, the radius is r1 = 15 mm. Thickness of the 

icing is 33 mm. Such icing was recorded during the winter season 2000 - 2001.
!  The thickness of the icing is the sum of two a values:
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Icing on the conductor
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Icing on the conductor

19



RELKO Ltd. 
Engineering & Consulting Services 

Icing on the conductor
! The hazard curves of icing with different confidence levels are constructed.
! The Gumbel distribution was used to construct the curves.

20



RELKO Ltd. 
Engineering & Consulting Services 

Hazard curves  for icing
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Hazard curves  for icing
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Return period for different confidence 
levels depending on the icing load
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Icing on the conductor
! There are 9 icing areas: I0, I1, I2, I3, I5, I8, I12, I18 and IK. 
! The allowed weight of icing on the line (with 30 mm diameter conductor of the 

line) in the given icing area is specified by the number at the symbol I, e.g., 1 kg/
m in area I1, 2 kg/m in area I2 and so on. 

! The exception is the area I0, where the allowed weight is 0.5 kg/m. 
! In the icing area IK the allowed weight of icing is 18 kg/m.
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Map of icing areas in Slovakia
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Fragility curves of 400 kV lines
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Fragility curves of 400 kV lines
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COMBINATIONS OF ICING AND OTHER 
EXTERNAL EVENTS
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! The following combinations of icing and non-seismic external natural events 
were identified for the plant sites:
! icing - extreme wind,
! icing - extreme snow,
! icing - extremely low air temperature, and
! icing - extreme wind - extreme snow.
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COMBINATIONS OF ICING AND OTHER 
EXTERNAL EVENTS
! A combination of events is assumed relevant only if the simultaneous occurrence 

of the events is dependent. 
! Given that two rare events occur independently, the combined occurrence is so 

improbable that the combination can be considered insignificant.
! The qualitative and quantitative assessment is performed for the identified 

relevant combinations of two events. 
! If after a qualitative assessment a combination is still considered relevant, the 

frequency of the event combination is calculated by using the frequencies of 
occurrence of the single events. 

! These frequencies are estimated using the extreme value theory from the hazard 
curves and input data of the events for at least 30 years. 

! The event with a lower frequency is assumed to be occurred and the conditional 
probability for the other event to occur is estimated.
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COMBINATIONS OF ICING AND OTHER 
EXTERNAL EVENTS

! The frequency of combination with two events is calculated by multiplication of 
the lower single event frequency and the conditional probability of the other 
event.

!  The frequency of combination with three events is calculated by multiplication of 
the lowest single event frequency and the conditional probabilities for the other 
events.

!  The frequency is determined from the hazard curves of the site. The conditional 
probability of event occurrence is calculated for example according to the 
occurrence in the different months of the calendar year.
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COMBINATIONS OF ICING AND OTHER 
EXTERNAL EVENTS
! Example  for combination frequency calculation:

- icing - extreme wind = 1.35E-4 x 0.5 = 6.75E-5 /y 
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Conclusions
! After selection of extreme meteorological events applicable for the plant sites the 

hazard analysis was performed. The hazard is shown in the form of hazard 
curves. 

! The following tasks will be performed in the next step for icing and its 
combinations within the PSA of extreme meteorological events:
! fragility analyses of the overhead lines, effected structures and components,
! analysis of the plant response,
! implementation of icing and its combinations into the PSA model, and
! quantification of the risk due to icing and its combinations and interpretation 

of the results.
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           Thank you for your attention ! 
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