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Outlines 

1.Seism icity context

2.Regulatory context

3.How and which uncertainties are treated (m argins) ?

4.Determ inistic  and probabilistic: com plem entarity 
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M etropolitan French Territory: a m oderate  and quite diffuse seism icity

DEPTH (km )

NUCLEAR PLANT

Instrum ental seism icity

Historical seism icity

Difficult to link seism ic event and active fault
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Seism ic Hazard Assessm ent and French nuclear regulation

in the 1970’s : -beginning of the French Nuclear research program  
-and first NPP for energy production built since 1975

first regulation devoted to the SHA: « French Safety Rule» 1981

revision of the RFS 81 since 1997 m otivated by the im provm ent in 

Characterizing active faults

Estim ating the m agnitude of historical events

Predicting the strong m otion using the num erus data recorded inEurope

Accounting for the Site effects 
(M exico 1985, Lom a-Prieta1989, Northridge 1994, Kobe 1995 …)

new safety rule, nam ed RFS 2001-01  adopted in 2001
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M ain steps of the Safety Rule (RFS 2001-01): determ inistic approach

Define source zones, or faults
Define the « Reference» event (s) (RE)
Define the energy (M agnitude), and the location 
of these events (Distance, depth)

Step 1

(Location, M agnitude)R.E. Uncertainties

“Safety M argins”Step 2

« M .H.P.E.» (~ SL1) : RE shifted close to the site

Increase the M .H.P.E. M agnitude (+0.5) to define the 
« S.S.E. » -Safe Shutdown EQ (~SL2)
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M ain steps of the Safety Rule (RFS 2001-01)

Step 3
Define the site geology 
(rock ?  Soil ?)
Geometry  (topography, basin,1D, 2D, 3D ?) 

Step 4 RFS 2001

RFS 2001

Paleoseismological study 

Compute the mean response spectra (SSE, paleoevent)
Using an attenuation relationship, or SPECIFIC STUDY

Consider a Minimal Level of 0,1g RFS 2001

Step 5
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Origin of the uncertainties associated to :

• the data, 

• the knowledge state 

• and the chosen m ethodology
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Characterizing the source zones : case of a high deform ation context

change in 
topography
and drainage
across fault

San Andreas fault

offset stream
from: http://www.gps.caltech.edu/~sieh/researchfrom: Shelton

geologic map
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Characterizing the source zones -case of France - a low deform ation 
context with high erosion rate

Determ inistic Zonation
(IRSN)
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Searching the « Reference Events»: defined as the m ost aggressive for the site 
(Intensity) when shifted near the site

In the Site zone, (Im ax = VII) Events shifted under the site

Historical seism icity 
and 
zonation

! Data / knowledge
Uncertainties

Selecting M .H.P.E. = f (Intensity, zonation boundaries) 
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Characterizing the « Reference Events»: from  intensity data to m agnitude/depth

!
DEPTH (Km )

Kaiserstuhl 1926 (M agnitude-Depth),  Io = VIIHistorical seism icity
SIRENE (1000 y) 

> 5000 EQ
> 80 000 Observations

Instrum ental seism icity
LDG (35 y) 

� 20 000 EQ

INTENSITY M AGNITUDE

DEPTH 
(Sponheuer)

258 isoseism al radius 
(I=VIII to III M SK)
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Predicting the seism ic m otion: m ean accelaration response spectrum

( ) ),()log()()()(log ficRRfbMfafPSA +−⋅+⋅= + σ
Source W ave Propagation Site Not retained

(RFS)
• coefficients a, b and c, from   0.25  to 34 Hz

•based on a 965 horizontal data :
-« European» data [Am braseys et al., 2000], 
-and 16%  of USA (M >6) data

•data classified following a on Vs (30m ) criterion,

a) Vs > 800 m /s (rock)

b) 300 < Vs < 800 m /s (soil)

Attenuation relationship (Berge-Thierry et al, 2003)

•If site with Vs < 300m /s : NOT APPLICABLE
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Searching of possible paleoevents
Mw=7.4
Taïwan 2000

Current deform ation, 
surface rupture

Inverse fault

Courthézon, FRANCE
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Seism ic m otion com putation (RFS 2001-01)

ZONATION M .H.P.E. , (M ,d) S.S.E., (M , d)

Response spectra com putation for SM S / paleoEQ σ

300 < Vs < 800 m /s VS > 800 m /s
Vs < 300 m /s or particular

Site effects

SSE / paleoEQ spectra
(specific study)

SM S / paleoEQ spectra

+
Other seism ic m otion param aters : duration, accelerogram s, A/V, CAV…

Compare SMS/Paleo to Minimal 0.1g Level
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Safety m argins versus uncertainties

• shifting reference events near the site (M .H.P.E.)

zonation boundaries dependant 

(strongly) heterogenousfrom  a site to another

•M .H.P.E. to S.S.E. (M ag =+ 0.5) :

hom ogeneousm argin for all sites,

this m argin  <  σ

•m inim al level (0.1 g at PGA (34 Hz)

!

!
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The « binary» determ inistic approach
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probabilistic approaches using logic trees

Spectre d’aléa uniforme moyen
(UHS période de retour 104)

Spectre déterministe
SMS 

Spectre d’aléa uniforme moyen
(UHS période de retour 104)

Spectre déterministe
SMS 

Deterministic 
response 
spectra (SSE)

Uniform hazard
spectra UHS over 
104

•com bining credible hypothesis, 

• propagating uncertainties:

Clément C., Bonilla L.F., Scotti O., Baize S. (2004). 
site-specific probabilistic seismic hazard study for the tricastin nuclear power plant, 
FRANCE. XXXIX General assembly of ESC- Potsdam, Germany, 2004. 

• Com paring determ inistic SHA to probability     
levels

• A good tool helping decision in the fram ework of 
safety


