IJAEA ANSN / ISSC - REGIONAL WORKSHOP ON
“Volcanic, Seismic, and Tsunami Hazard Assessment Related
to NPP Siting Activities and Requirements”

Jakarta, Indonesia, 13-17 June 2011

“Collection and interpretation of
seismological data — Seismological

Database”

(Ramon Secanell, GEOTER)
INTERNATIONAL SEISMIC SAFETY CENTRE, NSNI/IAEA

International Atomic Energy Agency

Lecture XX




Safety Requirements:

“establish the requirements that must be
met to ensure safety”

NS-R-3




Safety Requirements (NS-R-3)
Specific requirements for earthquakes

. Seismological, geological and geotechnical
conditions shall be evaluated.

. Information shall be collected (prehistorical,
historical, instrumental, etc.).

. Seismotectonic model shall be performed to
determine the seismic hazard.

. Seismic hazard assessment shall be done
taking into account seismotectonic model and
site conditions. Uncertainty analysis shall be
done.
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Safety Requirements (NS-R-3)
Specific requirements for surface faulting

5. Potential surface faulting shall be assessed.

6. A fault is capable if:
a) Evidence of past movements

D) Structural relationship with known capable faults
able to produce movement at or near the surface

Cc) Maximum magnitude is sufficiently large to
produce movement at or near the surface.

/. Surface faulting is an exclusion criterion.




Safety Guide:

“recommend actions, conditions or
procedures for meeting safety
requirements’”

SSG-9




Safety Guide (SSG-9)
INDEX

General recommendations.

Necessary information:
and seismological database (GIS). |3

Seismotectonic model: definition and characterization of
seismic sources.

Ground motion analysis : parameters and ground motion

Probabilistic seismic hazard assessment.
Deterministic seismic hazard assessment.
Potential for fault displacement : probabilistic approach

Design ground motion ( levels and definition: response
spectra and time histories).
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1. General recommendations

a)
b)

C)
d)
€)

f)
g)

As established by Safety Requirements

Definition of the site region (independently of national
borders, etc.)

Size of the region: depending on the seismotectonic
environment

Multidisciplinary Team (geologists, seismologists,
historians, etc.)

Objective: To reduce uncertainties generating new data if
necessary.

Treatment of aleatory and epistemic uncertainties

The uncertainties that can not be reduced does not permit
reduce the hazard below a certain threshold value (0.1
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2. Necessary Information and Investigation.

a) Generation of a geological, geophysical, geotechnical
and seismological database.

D) 4 spatial scales:
a) Regional (300 km)
D) Near regional (25 km)
c) Site vicinity (5 km)
d) Site area (1 km)
c) Data compiled in a GIS (Example in next presentation)
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Example of the importance of size region. Case of Mexico
Earthquake, 1985:

Accélération cmis/s
170 "
170 -

10s

e A2
a2

Accélération om/s/s
170

Accélération cm/s/s Accélération cm/sis
170 4 170

Tranfer fonction o o

10s N-§

3+ o taon. de liareert murpeniee e e da e rerataps ot pr—

220
(approximatif)

Niveau de la mer

7 «~——————— 379 km (approximatif) —

400 km (approximatif)




Safety Guide (SSG-9)

Example of scales
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2. Geological, geophysical and geotechnical
database

a) Regional investigation.

a) Size depending on the characteristics: potential tsunami,
subduction, etc. Typically radius of 300 km.

General geodynamic settings. The most important:
capable faults.

Data provided by published and unpublished sources.
Presentation: maps or cross-sections.
Map Scale: 1:500.000

Generation of new data If it is necessary
(paleoseismicity)
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2. Geological, geophysical and geotechnical
database

D) Near regional investigation.

1. Generation of a more detailed database and definition of

seismotectonic characteristics: fault movement, activity rates,
segmentation, etc.

Specific studies should be included: stratigraphy, structural
geology and tectonic history.

Use of GPS measurements, photo satellite, geophysical
Investigations, gravimetry,etc.

Map Scale: 1:50.000
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2. Geological, geophysical and geotechnical
database
C) Site vicinity investigations.
1. Map Scale: 1:5.000

2. Investigations include geomorphological and geological
mapping, geophysical investigations, profiling boreholes,
trenching

Geological map and cross-sections, characterization of
the faults located in the area and identification of
potential hazards (landslide, karstic, subsidence) should
be performed.
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2. Geological, geophysical and geotechnical
database

d) Site area investigations.
1. Map Scale: 1:500

2. Primary objective: identify potential for permanent
displacement (fault capability, subsidence, karstic,
liguefaction, collapse, etc.) and provide dynamic
properties of soil (Vs as example) needed In site
response analysis.

Investigations should be performed using field and
laboratory techniques (boreholes, test excavations,
Youngs modulus, Poisson ratio, shear modulus, density,
hydrogeological investigations, etc.)
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2. Seismological database

a) The catalogue should be compiled containing pre-historical
(paleoseismicity and archaeological information), historical
and instrumental data.

D) Information of historical earthquakes:
Date, time and duration.
Location of the epicentre (latitude and longitude)
Focal depth
Estimation of the magnitude and methodology used to calculate it.

Maximum, epicentral and punctual intensities (soil conditions if it is
possible).

Isoseismal contours.
Intensity at the site.

LY IAEA
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2. Seismological database

D) Information of historical earthquakes :
8. Estimation of the uncertainty.
9. Quality of the data
10. Determination of foreshocks and aftershocks

c) Information of instrumental data:

Date, time of origin and duration.

Location of the epicentre (latitude and longitude)
Focal depth

All magnitude determinations.

Determination of foreshocks and aftershocks

Focal mechanism, stress drop, seismic moment, etc.
Macroseismic details.
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2. Seismological database

c) Information of instrumental data:
8. Estimation of the uncertainties
9. Directivity and duration of the rupture
10. Records (broad band seismometers and strong motion
accelerographs)
d) After the compilation of the catalogue:
1. Estimation of the completeness periods.
2. Removal of aftershocks and foreshocks

Collection of strong motion in order to fit a ground motion
attenuation relationship.
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2. Seismological database

e) Local seismic network:

1. Local micro-earthquake network preferably linked to a regional
network.

2. Strong motion accelerograph should be installed permanently.
3. Maintenance program of the local seismic network.
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Complete catalogue:

Intensity-magnitude relation
(Levret et al. 1996)

M =044 1o+ 1.48 logio R +0.48
Transformation of magnitude:

Ms=0.09+0.93*ML (Ambraseys et al.

100R)

J.\'J\'JU}

Mw=0.8*ML-0.06 (Drouet 2006)
Mw=0.67+0.56*M_..+0.046*M . "2
(Grunthal et Wahlstrom, 2003)

S

C o E F |G| H | J K L h h o P Q R 5 T|U % W X Y L | AA AB AC AD
1 |SOURCE AN MOIS JOUR HH MH SEC LONGDECI ERLON LATDECI ERLAT PROFINS MLLDG ERML ML MD ERMD MS MB RMS1 HBPHAS HUMREG AZIMU GAX PAX MHOMO Ms Mw(D) B
2 5R 555 1 18 0 0 000 5.2667 0.0] 50.0000 0.0 1] na 0o |00 00 00 0000 00 1] 1] oo 0o 4o 540 490 4.00
ﬂSIR 1142 1 76 0] 000 0.8333 0.0 494833 0.0 1] na 0o |00 00 00 0000 00 1] 1] oo 0o 4o 420 410 I 3.30 II
4 |SIR 1223 1 M| 70 000 5.3500 0.0 509333 0.0 1] n.ao 00 0000 00 0000 00 ] ] 0o oo oan 5.50 3.30 4.30
3 |ER 1241 a 23200 0 000 -0.3667 0.0 431833 0.0 1] n.o 00 0000 00 0000 00 0 0 0o oo oa 4.60 4.50 380
G |ipsn 1336 10 18/ 22 0 000 7.5500 0.0 475167 0.0 1] n.o 00 0000 00 0000 00 0 0 0o oo oa 5.20 G.20 4.50
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Example of catalogue:
Historical period
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— ]
Mame: Umbria Marche [aftershock] Country: Italy Flinn-E ngdahl region: Central Italy Earthquake 1D: 291
v -MM-00 HH:MM:SS Earthquake name Co Latitude Lo Dates 1337-10-08 Time: 232400
WID station name co de df dr 5 PGA Latitude: 43.019M Longitude: 12.838E Horizontal error: Qkrn Depth: Thrn Yertical error: 1km CRUSTZ.0
km  km o km mss = BMS:  unknown Humber of stations reporting earthquake:  unknown
000523 Mocera umbra IT 13 1L 13 A* t.ioio 1c Log MO [Nm): 1737 Mw: 558 Reference: Harvard University
0o007&3 Borgo-Cerreto Torre IT 23 18 15 A% 1.8227 4 Mg 520 s.d. Ms:  unknown Mumber of stations:  unknown Reference:  Imperial College of Science, Technology and Medicine
000587 Monte Fiedni IT 24 22 22 A% 0.2438
DoogEl Assisi-stallone IT 24 21 22 A% 1.5256 S qh: 53 s.d. mb:  unknown Mumber of stations:  unknown Reference:  Intemational Seismological Center
000535 Bewagna IT 25 23 24 B* 0.5200 E
000593 Castelnuovo-Assisi IT 25 21 22 C* D.951% & ML: 54 s.d. ML:  unknown Mumber of stations:  unknown Reference:  Amato, A, Azzara, ., Chiarabba, C., Cimini, G., Cocco, M., di Bona, M., Margheriti, L. et al. [1998)
000801 Matelica IT 27 24 24 B¥ 0.4588 1 _ A i ) ) o
00003 Cascia IT 35 31 32 A% 0.2858 Epicentral intensity:  VIl+ [MCS)] Reference: Istituto M azionale di Geofizica [1997]
000611 Gubbio-Fiana IT 41 38 39 C* 0.3310 3 . . . . .
oonels Rietl . IT &6 61 610 0.2435 2 P ayis rend: 207 P axiz plunge: GG
000855 EBorgo-Ottomila 2 IT 126 122 122 C* 0.08&7 4
1597-0%-2& 09:40:30 Umbria Marche IT 42.021M 1z. = - R e
oo0s9z Colfiorito IT B B 5 B¥ 2.0448 1 U &z ek 49 [Raz=lpluno=s e 00pE21 «
000534 Mocera Umbra IT 11 1 3 A% 5.4331 33 o o i 00gE30.
00065 Assisi-Stallone IT 21 14 15 a+ 1.s3s5 1 Shike: 143 Dip: 23 Rake: 73
000600 Castelnuowo-Assisi IT 22 17 18 C* 1.6003 13 15'F i
00053& Bewagna IT 23 2z 232 B*™ Q.777% ke in: - K
000754 Borgo-Cerreto Torre IT 2% 24 25 A% 1.08:23 L Sl S DinE Hakes EY
000598 Monte Fiegni IT 27 23 232 A* 0.32z21% 1 o
000602 Matelica IT 27 21 21 B* 1.1232 Mechanism: i NODE24 «
000504 Cascia IT 27 27 237 A* 0D.Zleé2
00051z Gubbio-Fiana IT 285 27 320 C* 0.3382 17
000515 Pietralunga IT 55 44 46 A% 0.5534 4
000514 Rieti IT &7 &6 &7 D 0.1842 1
000517 Peglio IT 73 &9 &3 A% 0.86589 4
000518 Pennabilli IT 100 30 92 A% 0.14832
000556 Borgo-Ottomila 2 IT 128 128 128 C* 0.0745 1 i
1997-10-03 08:55:22 Umbria Marche (aftershock) IT 42.033N 12.4 Reference: Harvard University
ooogze Colfiorito-Casermette IT 5 - - A% 1.7350 g
000776 Colfiorito ] o IT 7 - - B l.2115 %
333?%3 :gg::: ng::—m scontini ﬂ 13 - - 2: g-g;gg E 1897-10-06 23:24:00 Umbria harche (aftershock) (IT) b, =5 53 b =5 20 N
000771 Mocera Umbra-Salmata T 13 _ % n.ma01 E Colfiorite (IT) B* d_=¥km d, =10km d.=-km d=-km EID:291 $10:221 Wi0-62E
000753 Gubbio-Fiana IT - - C¥ 0.4887 2 . P T T T T T
1397-10-04 16:13:33 Umbria Marche [after‘shockj IT 4z.533n  1z.d Referencer  Amato, A Azzara, R, Chiarabba, €. M
000sz3 Colfiorito-Casermette - A% 0.2113 Cimini, G.. Cocea, M. di Bana, M.,
000514 MWocera Umbra-giscontini IT 22 - - A* 0.2070 I argheriti, L., et al. [1938) o~
000830 MWocera Umbra z IT - - A% 0,215z £
1997-10-0& 23:24:00 Umbria Marche (after‘shockj IT 42.019%N 12. £
000551 Co'lﬁor"lto —-Casermette IT L -  A¥ 2.1572 2 Motes:
1
000649 Mocera Umbr‘a Eiscontini IT 10 - - A% 3.7317 1]
000523 Mocera Umbra IT 11 - - A¥ 4.7337 1C
000624 Mocera Umbra-sSalmata IT 15 - - C¥ 1.8434
000525 Castelnuovo-Assisi IT z0 - - ¥ 1.0480 T T T T T T
000670 Assisi-stallone IT 20 - - A% 1.8429  j 1k W]
000520 Bewagna IT 21 - - EB¥ 0.4844 4
000627 Morcia IT 32 - - B¥ 0.313% 1 -
000530 Gubbio-Fiana IT 328 - - C¥ 0.724% 4 R |
000521 Gubbio IT 42 - - A¥ 0.273¢ 1 =
000831 Rieti IT &5 - - D0 0.lesz 1 A
1997-10-07 05:09:57 Umbria Marche (after‘shockj IT 42.025N 12. 4Lk i
000825 Colfiorito-Casermette IT - - A¥ 0.2033 g T g T g g = f ! f f f f
000816 MWocera Umbra-Biscaontini IT lD - - A% 0D.7224 2.05E32 0.089& 0.01&2 2.6069 1.50 8. 84 0.z22
Nnn7asd Suhhdin-Piana TT 249 - - CF N 1147 n_1sds n _nNn7d>» n_nnid 1 T2da n_nn c1 27 n_nn D 5 1D 15 20 25 30
Number of recol 1 T T T T T T oU|
NCD
) kiko | stwindae. Fig 7,289 KB  MATLAE figure fils 03, - i]
23 lechftp (Dtest, dat 6 KB Peliculade CD de wi... 07,
23 logmein é]uigetfolder_winSZ.dll 7KEB Extension dela apli... 03 -1r ) ) ) ) ) ) b
|3 mapbasic? Erwaveform 62 KB Microsoft Office Acc... 03, 0 5 10 15 0 25 0
|5) mapobijects Time (g)
[P maviaramar b
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Example of strong motion database:

Mame: Colficito Code: CLF  Country:  [|taly Station 1D:
Metwork: S5M [SOGIN] national strong-mation netwark, of [kaly

Latitude: 43.037M Longitude: 12941E Altitude: unknown

Installed: 15991-05-16 Removed: unknown CRUSTZ.0

Building type:  freefield Building structure: EMEL transformer houze

Building length: unknown Building width:  unknown Building height: urknawn
Building foundation: unlknown
Ingtrument location: ground level, accelerometer shelter Instrument depth:  unknown

221

fichiers

J (Crustal structure model from,C

L[]

<]

Caractére Faragraphe

Eurocode 8 class: B° Reference: Servizio Sismico Mazionale, Ufficio Sistemi di Monitoraggio (1997) File
V¥s30: unknown
onoaraphy I e Latitude: 43.037N Longitude; 12.921E Elevation: 448m Crust code: M5 Crust name: extended crust, 0.5 km seds.
D T = - | T —_—] — — — — — T T
Address:  unknown ' |
|
&l . | :
! |
Operator:  Servizio Sizmico M azionale [S5N), Ufficio Sistemi di i
tanitoraggio -10F 1 L‘ B
! |
18k I B
Reference: Servizio Sismico Mazionale, Ufficio Sistemi di Monitoraggio = ! |
(19597 = |
= -20F B
= hl
=1} '
fm} | |
Notes: instrument: SMA-1 S/N: 25F ' 7
079, EMEL/ENEA 5ite classificatio h | |
ard so0ils (v¥s » &o00mssec—- old so0il: P '
leistocene, Fliocene
. J Aok !_ |_ _
- -
(ki) . B
B — v, (ki) ! | 4
- 3 |
p (gricrm) . |
40 T I [ I 1 I I I
0 1 2 3 4 & 5 7 g g
1927-10-06 23:24:00 Umbria Marche (aftershock) IT 43.019N 12.838E 7 & W ¥ (km/s) and p (gr.-fcma)
000&51 Colfiorito-Casermette IT L - - 2.1572 3.5188 i) B
1] Colfiorito IT 7 - Z g 11, 1 ) o
000643 Nocera Umbra-giscontini IT 10 - 3.7317 1l.1226 1 22.9364 . E L]
000623 MWocera Umbra IT 11 - - A% 4,7937 15.887¢  2.4624 0.8190 35,5915 10.51 &.05  3.99 3 =
UuueZ4 NOCEFA Umbra-salmata LI1s - - L% L.H444 B,594Ll8  U./Bd8 UllZed  ZL.bZ4l bLHE O AUL300 1.3y
000625 Castelnuovo-Assisi IT 20 - - C* 1.0460 6.7385 0.761% 0.1194 26.5223 7.20 24.41 2.02 § Ak _
000670 Assisi-sStallane IT 20 - - A% 1.8429 7.5399 0.4979 0.1381 14,2353  3.59 £.76  1.30 2 | | | | | |
ooo&z0 Bewagna IT 21 - - B 0.4544 4.5344 0.5612 0.0456 16.7305 9.62 28,59 0.36 14 0 5 10 15 20 25 a0
000627 Norcia IT 33 - - B® 0.3135  1.1069 0.1000 0.0065 3.7426 0.02 24.83 0.0l §
0006320 Gubbio-Fiana IT 38 - - C% 0.7245  4,9913  1.1278 0.0665 24.4623  &.48 31.17  0.94 12 : : : : : :
ooo0&zl Gubbio IT 42 - - A* 0.3736 1.4382 0.0561  0.0111 2.2435 0.45 1&8.73 0.a7 = 1+ DU
000631 Rieti IT & - - D 0.1682 1.4480 0.2996 0.0052 6.9266 0.00 5&.08  0.00 23
1997-10-07 05:09:57 Umbria Marche (aftershock) IT 43.025W 12.8G65E 3 4.55 4.30 4.5 4.7 O o
oo05zs Colfiorito-Casermette IT 3 - - A* 0.503% 2.3237 0.1860 0.0563 C.7810 E.72 S.62 0.33 3 Lo
000816 Wocera Umbra-giscontini IT 10 - - A% 0.722z4  2.0553 0.0896 0.0162 2.6083 1.50 &.84¢ 0.23 [
nnnTed cnkhkhin-Piana TT a9 - - CE N 1142 n 1545 n nraz» n nnid 1 7Frdq n nn c1 22 n nn b=




Completeness
analysis

1) Year histogram

Mumber of erathquakes
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“fear histogram
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3. Regional seismotectonic model
a) Introduction:

1.

2.

Link between geological, geophysical and geotechnical
database and seismological database.

Identification of seismogenic structures: faults or systems
of faults and zones of diffuse seismicity.

Evaluation and characterization of seismic sources and its
uncertainty (Characteristic model, Poissonian model).

nic QFY\IP uncer :Jln v shou e consi WAl
E t t t h Id h Ta I=) rl rl
PIQLUI 11\ 1IN 1 LCAI .y IVIVIGOI UL Iu VV LI

Alternative models should be used.

Before fitting the magnitude-frequency distributions the
catalogue should be treated in order to:
Selection of a homogeneous magnitude for all catalogue.
|dentification of main shocks and removal of aftershocks
Regional completeness analysis
Estimation of the uncertainties
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3. Regional seismotectonic model

a) Introduction:

6. Magnitude of the catalogue should be the same as the
magnitude of the attenuation relationship used (Mw
preferred due to the non saturation).

The magnitude-frequency should identify the parameters
describing the seismic exceedance rate in function of
magnitude and the maximum magnitude for each source
(Typically, b-value, a-value and Mmax).

8. Uncertainty in seismic parameters should be considered.

9. Attention to the definition of Mmax (key parameter for long
return periods).

10. Use of paleoseismicity in order to:
a) ldentification of seismogenic structures

b) Improvement of the completeness (large events, high magnitudes)
@7 IAE A Definition of Mmax

%
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3. Regional seismotectonic model
D) Seismogenic structures:

|dentification and characterization:

Consideration of seismogenic sources able to produce a
ground motion in the site (in the frequency range of interest).

Analysis of surface faulting and fault displacement.

|dentification of seismogenic sources using: geological,
geophysical, geotechnical and seismological data.

|dentification of the geometry, segmentation, branching, focal
mechanism, etc. and its uncertainty.

ldentification of Mmax.

|dentification of a magnitude-frequency relationship
(typically characteristic or exponential) and its uncertainties

LY IAEA
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3. Regional seismotectonic model

C) Zones of diffusse seismicity:

|dentification of the diffuse zones taking into account depth of
the earthquakes, rates of earthquakes, etc.

Depth and its uncertainty are a key parameter in PSHA.

ldentification of Mmax with historical and instrumental data.,
comparison with similar regions, etc.

Determination of the magnitude-frequency relation. Attention
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Characterization of the seismic sources

=

=
™=
Q
2
p—
"
p—
=
e
vl

Total
Foisson seismicity

Characteristic earthquake

3 G v
Magnitude




Safety Guide (SSG-9)

PSHA study in Provence: example of fault treatment
Uncertainties

Propagated with logic-tree and Monte-Carlo

Seismotectonic models

Revision of the seismotectonic zonation

Consideration of a Fault model in Western Provence

Seismicity models

Gutenberg-Richter based on earthquake catalogue

Characteristic earthquake based on moment rate distribution

Objectives

=» Compare faults models with zone models

=» Include these models in the logic tree

=» Impact on the hazard assessment

=» Comparison DSHA/PSHA and return periods of deterministic
seismic motions for PSA analysis.

LY IAEA
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New Seismotectonic zonation
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Western Provence fault model for PSHA

UNCERTAINTIES

e (Geometry
— trace
— segmentation
— dip
— depth
Slip rate

, Salugjjd&F’ruverm

Single/multi
segment rupture

Recurrence model

0 5 10y

Kilométres.

Background seismicity

34
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Probabilistic logic tree

= |

Probabilistig
Logic tree

Regional zonation
[0.33]

Single segment
rupture

Fault model
+

Regional zonation
[0.66]

Multi segment
rupture

Gutenberg-Richter
(1]

Gutenberg-Richter
[0.5]

Characteristic
model
(faults)
+

Gutenberg-Richter
(zones)

[0.5]

RFS 2001.01
& catalogue Ms
[0.33]

Campbell & Bozorgnia (2003)
& catalogue Mw
[0.33]

Sabetta & Pugliese (1996)
& catalogue MLLDG
[0.33]

RFS 2001.01
& catalogue Ms

Sabetta & Pugliese (1996)
& catalogue MLLDG
[0.33]

RFS 2001.01
& catalogue Ms
[0.33]

Campbell & Bozorgnia (2003)
& catalogue Mw
[0.33]

Sabetta & Pugliese (1996)
& catalogue MLLDG
[0.33]
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Total Logic tree : Seismic hazard map 475 years

PGA (cm/s?)
475 years

B o - 100

IAEA
-> Negligible contribution of faults
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Total Logic tree : Selsmlc ha ard map 1975 years

1 1975 years
| I 181 - 190
= I 7 - 150

| I 141- 150
S I 131- 140
A I 121- 130
111- 120
= [ 101 - 110
Bl [ ]91-100
| [ 81-90
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Total Logic tree : Seismic hazard map 5000 years

; f PGA (cm/s?)
f!-é B 2 - 250
S| I 261 - 270
s | I 251 - 260
S | I 241 - 250

/) 201- 210
“ [ | 191-200

- [ 171- 180
: ] 161-170

' 1 J131-140
B[ ] 121-130
Ro9® [ 111-120
o | [ 101 - 110
| I o1 - 100

1 ]s1-00

| |71-80
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4. Evaluation of the ground motion

a) Introduction:

Ground motion hazard should preferably be evaluated using
both probabilistic and deterministic approaches.

Deterministic approaches could be used to check the
probabilistic results (reasonableness of the results)

The probabilistic results allow to evaluate deterministic results
within a probabilistic framework (annual frequency of
exceedance of deterministic SA(T) is known).

Consideration of aleatory and epistemic uncertainties.
PSHA is useful for seismic Probabilistic Safety Assessment

Attention to the software used: able to treat different
geometries of the sources, different attenuation laws,
uncertainties, etc.

LY IAEA
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4. Evaluation of the ground motion

a) Ground motion characterization:

e Ground motion parameters: PGA, PSA, PGV, PSV, PGD,
PSD at specified damping ratios, ground motion duration,
power spectral intensity, CAV, etc.

Ground motion components: largest horizontal component,
geometric mean of two horizontal components, the vertical
component, etc.

Ground motion prediction models: GM=g(M,R,C)) + ¢, + &
GM is the median estimate of the ground motion parameter
g is the mathematical function
M is the Magnitude
R is the site-source distance.

C, corresponds to other parameters (style of faulting, hanwing-wall
effects, local site conditions, intraslab earthquakes etc.

ggm + € COrresponds to the aleatory uncertainty and component to
component uncertainty.
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4. Evaluation of the ground motion

a) Ground motion characterization:

e Magnitude, distance and other parameters should be
consistent with the characterization of seismic sources.

Validity domain of attenuation relationship should be checked
Attenuation relationship compatible with site conditions.

Main selection criteria:

— Current and well established

— Consistent with the type of earthquakes (subduction, intra-plate, etc.)
— Consistent with the general tectonic environment of the region

— Comparison with local records

Epistemic uncertainty treated with the selection of different
attenuation relationships and the use of logic tree technique.
Possibility to use intensity data (attenuation relationships in

terms of intensity)
£ Y IAEA
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4. Evaluation of the ground motion

a) Ground motion characterization:

* Invery active regions where data from ground motion caused
by identified faults is able, simulation of the fault rupture and
wave propagation path is other recommended procedure.
Parameters needed are:

— Fault geometry (length, width, depth, dip angle, etc.)
— Macro parameters: seismic moment, rupture velocity,
stress drop, etc.

Micro parameters: dislocation, stress parameters for finite
fault elements, etc.

— Shear wave velocity, Q value, etc.
* Lower bound motion filter to be used: magnitude, CAV

LY IAEA
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4. Evaluation of the ground motion
Example of CAV filter:

Spectres de réponse uniforme. PR=475 ans Spectres de réponse uniforme. PR=975 ans

—Avant filtrage CAY — Avant filtrage CAY
—Apres filtrage CAV (GTR CAV1) —— Apreés filtrage CAV (GTR CAVI)

a
€
=5
c
=
®
[
o
@
o
<
<

Accélération (cm/s?)

15

15
Période (s}

Période (s}

Spectres de réponse uniforme. PR=5000 ans Spectres de réponse uniforme. PR=10000 ans

Avant filtrage CAY ‘—Avamtfiltrage CAY
1 ——Apres filtrage CAV (GTR CAV1) ‘ —— Apres filtrage CAV (GTR CAV1)

Accélération (cm/s?)

Accélération (cm/s?)

15
Période (s)

15

Période (s)
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Loi de la RFS 2001-01, PGA et conditions de site

Attenuation relationship
In terms of PSA

Accélération {cm/s2)

Distance (km)

Attenuation relationship
In terms of intensity

Ajustement des données de qualité A, B et C aune loi de type linéaire

+ Observations Provence |
Loi linéaire
= = 'Loi linaire+sigma 4
= = 'Loi linéaire- sigma

- o 0
-
———————————— D R S e ke -
Ll -
& V'ove e w &
- *44; R i e
———————————————————————— R R e e
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5. Probabilistic seismic hazard assessment.

a) The PSHA should use all elements and parameters of
seismotectonic model.

Smallest annual exceedance frequency of interest:
Depending on project plan (typically from 10° to 10-9).

Main Steps for a PSHA

a) Evaluation of the seismotectonic model
For each zone source: magnitude-frequency distribution
parameters, Mmax, depth and its uncertainies.

Selection of attenuation relationships.
Performing seismic hazard calculation
Taking into account site response.
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Probabilistic seismic hazard assessment

d) Results of a PSHA: seismic hazard curves for different spectral
periods for fractiles 16%, 50% and 84% (also mean).

e) The uniform response spectra can be obtained from seismic
hazard curves

f)  Methodology to propagate the uncertainties:
d) Logic tree techniques.
e) Monte-Carlo simulation

g) To determine the ground motion characteristics it is useful to
perform:

a) A source deaggregation
D) A magnitude-distance deaggregation

d) Hazard integral M g
v 0= [ -—— Pl >i|M R)dM

Mo

IAEA
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PSHA calculation process
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6. Deterministic seismic hazard assessment

a) The main steps of a DSHA are:
1) Evaluation of a seismotectonic model
2) For each seismic source, evaluation of Mmax.
3) Selection of attenuation relationships.
4) Performing the hazard calculation:

1) For each seismic zone, Mmax is assumed to occur at the point of
the structure closest to the site area.

2) For zones adjoining the site, Mmax is supposed to occur at the
closest point of the boundary.

3) For the zone where NPP is situated, Mmax is supposed to be in
the capable seismotectonic sources (in the most penalizing
point).

5) Several attenuation relationships should be used.
6) Aleatory and epistemic uncertainties should be taken into account

Vﬁ@?i& 1A ESjée response should be incorporated

v
\

N L




Sl ey W

T




Safety Guide (SSG-9)

Deterministic model: treatment of site seismic source
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/. Potential for fault displacement at the site

a) Determination of capability of the faults based in the
geological, geophysical, geotechnical and seismological
database.

D) Afaultis capable if:
a) Evidence of past movements

D) Structural relationship with known capable faults able to
produce movement at or near the surface

Cc) Maximum magnitude is sufficiently large to produce
movement at or near the surface.

c) Sufficient investigations should be made to show the
absence. If faults are known or suspectedmmmsp trenching,

, ~porehole, geodesy, geophysics, etc.
(£ ) 1AEA
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/. Potential for fault displacement at the site

d) Capable fault for new sites )
e) Capable faults for existing sites:

1.

Acquisition new data.
Deterministic approaches may give information about capability.

If deterministic approaches are not enough, a probabilistic
approach to know the exceedance rate of some level of
displacement should be done

The probabilistic fault displacement should be done using the
same criteria used in PSHA mm fault displacement hazard
curves.
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/. Potential for fault displacement at the site

Mr=n e
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8. DESIGN BASIS GROUND MOTION

a) Levels of ground motion: SL-2 (most stringent safety
requirements) and SL-1 (less severe).

SL-1 and SL-2 should be defined by means of response
spectra and time histories.

Ground motion should be calculated for free field
conditions (ground motion in bedrock conditions +
transfer function to take into account the soil layers).

Response spectra could be calculated by:

a) Using appropriate attenuation relationships taking into account the
site conditions.

b) Conducting a site response analysis

{(SY 1IAEA
)
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8. DESIGN BASIS GROUND MOTION

e) The response spectra could be found using:

a) The PSHA results mmmm) Uniform Spectra

b) Standardized spectra (Peak ground Acceleration + spectral shape
taking into account several sources)

The selected time histories should take into account:

a) The dominant magnitude-distance couples.

b) Duration of the time histories

C) Spectral shape of response spectra.

g) Methods of developing design time histories:
a) Appropriate selected and scaled recorded time histories.
b) Spectral matching methods (RSPMATCH, WES RASCAL)
C) Aurtificial time histories (SIMQKE).
{f@jﬁz A ESmulated time histories based on numerical modelling.

%
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8. DESIGN BASIS GROUND MOTION

h) Vertical ground motion should be defined using the same
process used with the horizontal components. If vertical
attenuation relationships are not available a ratio could be
used (0.5 to 1, typically 2/3).

Finally, if some isolation system exist, additional
consideration may be necessatry.
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Developing of time histories: example

100.0= 00.0 F— = T
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Original Fitted

spectra Specta

Fitted accelerogram (spectral matching)
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9. Project Management

A Project Plan should be prepared prior to the seismic hazard
assessment

A management system program should be established

Input data and output data should be specified.

The traceability and transparency of the information should be clear.
Input and output data should be accessible, usable and auditable.
The computer codes should be identiﬁed

Review reduces the probablllty of rejection of the s dy
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Software

Software to assess the completeness periods (normally internal and
non commercial codes)

Software to remove aftershocks and forechocks (normally internal and
non commercial codes)

Software to calculate frequency-magnitude parameters (commercial or
free codes: Kijko code, Weichert code, etc.)

Software for PSHA calculations (commercial or free codes: EZ-Frisk,
CRISIS, etc.)

Software for DSHA calculations (normally internal and non commercial
codes).

Software to obtain time histories (commercial or free codes:
SIMQUAKE, Wes Rascal, Rspmatch, etc.)

LY IAEA
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