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Abstract 
Fennovoima is constructing a new nuclear power plant on a greenfield site in Northern Finland. Various 

evaluations for site-specific hazards are needed to ensure sufficient plant design basis values, proper design 

solutions and to provide input for the PRA model. 

This paper presents the general process used in identifying the relevant site-specific external hazards. The 

applicable legislative requirements, guides and standards regarding external hazards and external event PRA 

shall be identified. Based on these, an initial comprehensive list of events should be compiled. 

The initial list shall be filtered to exclude irrelevant events. Events can be screened out if the probability is very 

low or if the consequences are only mild. Events with similar consequences should be combined. Events can be 

grouped in several ways, and in this paper the risks are categorized into events related to air, water bodies, 

ground and human behaviour. In addition, the simultaneously occurring combinations of events should be 

identified. 

The paper also summarizes some hazard studies already performed and required in the future in Fennovoima's 

project. A comprehensive study is ongoing related to earthquake risks. The study aims at identifying all relevant 

seismic sources and taking into account various expert opinions in seismic modelling. Also frazil ice and anchor 

ice studies are being performed to eliminate the risk of cooling water intake blockage due to ice. In addition, 

some other study areas are mentioned. 
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1  INTRODUCTION 

Fennovoima is planning to construct a nuclear power plant (FH-1) in a greenfield site in 

Pyhäjoki, Hanhikivi in Northern Finland. The positive political decision (Decision-in-Principle) 

related to the plant project was received in 2010, and the site was selected in 2012. The next step 

in the project is the submittal of the construction license application to the Ministry of 

Employment and Economy (MEE) by June 2015. Together with the application, also the design-

phase PRA shall be submitted to the Finnish Radiation and Nuclear Safety Authority (STUK). 

Fennovoima's plant options include Toshiba's EU-ABWR (1600 MW electric output) and 

Rosatom's AES-2006 (1200 MW). Direct negotiations are ongoing with both plant suppliers and 

the selection will be made during the year 2013. 

This paper discusses the process used in creating a list of relevant events requiring further 

studies. The aim is to identify the hazards to be modelled as initiating events in the PRA model.  

In Section 2, some applicable guides and standards are presented. Section 3 presents the process 

for identifying and screening events. Section 4 discusses some specific studies related to the 

Hanhikivi site, specifically related to earthquakes and frazil ice. Section 5 presents a summary 

and conclusions. 

2  GUIDES AND STANDARDS 

2.1  Finnish YVL guides 

External hazards have been discussed in the Finnish regulatory guides (YVL guides). Guide A.2 

(site selection) mentions some events that shall be taken into account in site selection. Guide A.7 

(PRA) requires that also relevant external events shall be included in the PRA model. However, 

the guide does not explicitly mention the events to be included. Guide B.7 (internal an external 

threats) gives quite a comprehensive list on external events to be considered in the plant design. It 

also states that the adequacy of the design basis values related to earthquakes and other external 

events shall be demonstrated by using PRA. 

The YVL guides also state that when possible, a hazard curve shall be evaluated. This requires 

that the event strength can be measured by using a scale, and that there is a measured time series 

available. Occurrence times longer than the observation period can be evaluated by fitting an 

extreme distribution and using extrapolation. The hazard curve uncertainties shall be assessed by 

evaluating hazard curves also for locations surrounding the site. 

The anticipated changes in event occurrences and strengths due to climate change shall be 

assessed and taken into account. For example, the climate change causes the mean sea water level 

to rise, but on the other hand, land upheaval causes the mean level to lower. 

Also the dependencies between different events shall be considered. 

2.2  International guides and standards 

There are several guides and standards related to external event PRA and external events in 

general: 

 NRC. NUREG/CR-230. PRA procedures guide.
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 IAEA. NS-G-1.5. External events excluding earthquakes in the design of nuclear power

plants.

 IAEA. NS-R-3. Site evaluation for nuclear installations.

 IAEA. NS-G-3.1. External human induced events in site evaluation for nuclear power

plants.

 IAEA. SSG-3. Development and application of level 1 probabilistic safety assessment for

nuclear power plants.

 IAEA. SSG-18. Meteorological and hydrological hazards in site evaluation for nuclear

installations.

 IAEA. SSG-21. Volcanic hazards in site evaluation for nuclear installations.

 ASME. ASME/ANS RA-S-2008. Standard for level 1 / large early release frequency

probabilistic risk assessment for nuclear power plant applications.

 NEA. NEA/CSNI/R(2009)4. Probabilistic safety analysis (PSA) of other external events

than earthquake.

 SKI. SKI report 02:27. Guidance for external events analysis.

There are also standards related specifically to seismic hazards: 

 IAEA Safety guide. NS-G-1.6. Seismic design and qualification for nuclear power plants.

 IAEA Safety guide. NS-G-2.13. Evaluation of seismic safety for existing nuclear

installations.

 IAEA Specific safety guide. SSG-9. Seismic hazards in site evaluation for nuclear

installations.

3  EVENT IDENTIFICATION AND SCREENING 

3.1  The process description 

The process used in identifying the relevant external events to be modelled in the PRA is 

presented in Figure 1. 

Figure 1. The process for identifying the relevant events to be modelled in the PRA. 
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The initial event identification should create as comprehensive a list as possible, because also 

very rare events with serious consequences can have a significant contribution on the total risk of 

a nuclear power plant. 

Events with a low probability should be screened out. A general screening frequency used in 

many PRA models is 1·10
-8

 /a. These events have only a very small contribution to the total plant 

risk regardless of the event consequences.  

Events that can only cause small consequences or only have a low potential should be screened 

out. For some events, the maximum potential can be determined quite accurately. The events 

included in the PRA model shall exceed the design basis of the plant or a part of the plant or the 

design basis of the national grid, and they shall lead to significant consequences resulting in 

reactor scram and plant shutdown. 

Certain events require specific conditions or site characteristics (e.g. landslides require steep 

slopes). Events that cannot occur on the site should be excluded. 

Certain events are included in another event. For example, the initiating event related to high sea 

water level includes all different factors affecting the sea level (wind, seiche, tide, etc.). 

After screening out the irrelevant events, the remaining events should be analysed more carefully. 

These analyses probably lead to screening out of additional events. The remaining initiating 

events will be considered as external initiating events in the PRA model. 

3.2  Event screening 

The initial comprehensive list of possible events to be considered when designing and 

constructing a nuclear power plant is presented in Table 1. This list is applicable to any site in 

any part of the world. 

Table 1. Initial comprehensive list of site-specific events. 
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The initial list of events can be screened by using the screening criteria presented in Figure 1. 

Some events can be excluded by more than one criterion. 

Events that are generally known to have a very low probability near the Hanhikivi site include 

e.g.: meteorites, surface faulting, tunnel collapses, tsunami, airplane crash, falling satellites or

rockets and ship collision. 

Events that cannot cause significant consequences include e.g: air pressure, any animals, drought, 

fog, frost, hail, ground fires, ground frost, ground water level changes, fish and other sea life, 

sediment transfer and transportation accidents. 

Events that are irrelevant to the Hanhikivi site include e.g.: dust and sand storms, avalanches, 

land slides, volcanoes, dam failures, dangerous substance leaks and explosions and industrial 

accidents. 

Some events are included in other events. For example, the effects of seiche and waves are 

included in the high sea water level event. The final list of events requiring further analyses is 

presented in Table 2. These events require further studies to determine the relevant events to be 

modelled in the PRA. More detailed studies probably lead to screening out of additional events.  

Table 2. Screened list of events requiring further studies. 

3.3  Event combinations 

In addition to single events, combined events occurring simultaneously shall be identified. The 

identification of combined events should be concentrated on events that are dependent of each 

other and cause together more serious consequences than a single event.  

Most of the events can be assumed independent of each other (e.g. earthquake and strong wind or 

algae and lightning). In this case, the probability of extreme events occurring simultaneously is 

extremely small and can be screened out from the PRA model. 

An important aspect in identifying the event combinations is the evaluation of event probabilities 

during different times of the year. The monthly frequencies of different events should be 

assessed.  

The relevant combinations of initiating events shall be systematically identified after the single 

events have been identified and their frequencies assessed. Strong wind is a relevant event 
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because a storm resulting in loss of offsite power is a relatively general event and it could occur 

simultaneously with many other events (snow storm, algae, frazil ice, high sea water level). 

4  EVENT STUDIES 

4.1  Studies in different project phases 

External hazard studies have been started at an early phase in Fennovoima's plant project. The 

figure 2 illustrates some important milestones during which hazard studies are required. In the 

beginning, quite general evaluations are performed, but later the level of detail should increase. 

Figure 2. Important phases in a nuclear power plant project requiring external 

hazard studies. 

Already for the Decision-in-Principle application (related to the political decision), a general 

description of relevant events is required to assure that the selected sites are suitable.  

In 2010, Fennovoima still had two different site options (Pyhäjoki and Simo). Design basis 

values were determined for both sites based on studies related to meteorological events, 

earthquakes and sea water level. Also in site selection, the different external events were taken 

into account.  

In accordance with the construction license application, the design-phase PRA and preliminary 

safety analysis report (PSAR) shall be compiled. Frequencies for very rare events need to be 

developed to select the events to be modelled in the PRA and to determine the initiating event 

frequencies. Information is also needed to compile the PSAR chapter related to plant site. This 

chapter should give general descriptions on the site conditions, the risks related to different site-

specific events and the provisions taken to mitigate any harmful effects. 

Together with the operating license application, the final PRA and the final safety analysis report 

(FSAR) need to be submitted. In the design-phase PRA, some preliminary estimates might be 

used, and more detailed evaluations might be required for the final PRA. The same applies to 

PSAR and FSAR. 
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4.2  Earthquake studies 

Preliminary earthquake evaluations have been performed for the Hanhikivi site in 2008-2012 to 

determine the design basis earthquake and seismic design basis value for plant systems, 

structures and components. 

In 2013-2015, a new project is ongoing to reduce the uncertainties of the results obtained in the 

earlier studies. The project is illustrated in Figure 3.  

Figure 3. Description of Fennovoima's seismic study in 2013-2015. 

The study employs experts from Finnish and Swedish universities, research organisations and 

consultants. There is also a separate review group that is not involved in the actual work. The 

project is divided into consecutive phases. The results and reports of each phase are always 

reviewed before moving on to the next phase. 

The first group studies the seismotectonics and geology of the region. Seismic databases from 

Finland and Sweden are compiled and harmonised, possible seismic source zones are identified 

and various seismotectonic models are proposed. 

The second group characterizes the seismic source zones by providing the seismic parameters 

(Gutenberg-Richter equation parameters and maximum magnitudes). Also the suitable GMPE's 

describing the ground motion attenuation are provided. 

In the hazard calculations, a logic tree is used to take into account all relevant opinions by using 

branches. The branches are weighted according to their estimated probabilities. The logic tree is 

constructed by the project manager based on the suggestions of groups 1 and 2. 

Finally, group 3 calculates the results and conducts some sensitivity analyses. The results are 

reported according to the ANSI/ANS-2.29-2008 standard, including: 

 Mean and fractile hazard curves

 Uniform hazard response spectra and design earthquake response spectrum
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 Magnitude-distance deaggregation and seismic source deaggregation

 Mean magnitude and distance

4.3  Frazil ice studies 

The risk related to frazil ice is the possible clogging of the cooling water intake due to large 

amounts of ice. Actually, two different phenomena can be distinguished: frazil ice and anchor 

ice.  

Frazil ice is formed when water is cooled to the extent that it gets supercooled and ice crystals 

start to form and grow. Anchor ice, on the other hand, grows on the surfaces of objects in the 

water. 

The main target of the frazil ice studies is the determination of proper design solutions that 

minimize the intake clogging probability. These include at least recirculation of warmed cooling 

water, electric heating of the trash screen, proper trash screen dimensions (mesh size and bar 

diameters) and intake depth. Additionally, the frazil ice or anchor ice occurrence probabilities are 

estimated, if possible. 

The frazil ice studies concentrate on the blocking mechanisms, specification of favourable 

circumstances for frazil ice occurrence, physical modelling and possibility of frazil ice 

occurrence at Hanhikivi. 

4.4  Other studies 

Some other examples of site-specific hazard studies performed for the Hanhikivi site include: 

 Meteorological events: Air temperature, wind, humidity, precipitation, snow load.

Meteorological events are also studied in the Finnish nuclear research project SAFIR

(Extreme Weather subproject)

 Sea water level and sea ice effects

 Probability of an accidental airplane crash

 Processing, storage and transportation of dangerous substances

5  SUMMARY AND CONCLUSIONS 

This paper presented a list of Finnish and international guides and standards useful in evaluating 

external hazards. Also a methodology was presented to identify and screen site-specific hazards 

in a new nuclear power plant project. The screened list of relevant events for the Hanhikivi site 

requiring further studies was presented.  

Also the studies needed in different phases of a new nuclear power plant project were discussed. 

Some specific studies regarding earthquakes and frazil ice were described in detail.  

Studying the potential related to different site-specific external hazards is important because they 

might have a significant risk contribution. This impression is supported, for example, by the 

events in Fukushima. The plant has to be designed by taking properly into account local and 

regional conditions. The risk significance of each event should be specified so that most attention 

can be paid for the most relevant events. 

NEA/CSNI/R(2014)9

122




