United Nations
Educational, Scientific
and Cultural Organization

&

International Atomic
Energy Agency

The Abdus Salam
International Centre for Theoretical Physics

FEN

N

-

N u\*"\g"
\o®

| —

H4.SMR/1645-21

"2nd Workshop on Earthquake Engineering for Nuclear
Facilities: Uncertainties in Seismic Hazard"

14 - 25 February 2005

Seismic Hazard Analysis
"TRIGA 2000"
Nuclear Site Bandung Indonesia

R. Parithusta

Meteorological & Geophysical Agency
Jakarta, Indonesia

Strada Costiera | |, 34014 Trieste, Italy - Tel. +39 040 2240 |1 I; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



IAEA/ICTP Workshop on
Earthquake Engineering for Nuclear Facilities — Uncertainties
In Seismic Hazard Assessment

Seismic Hazard Analysis
"TRIGA 2000"
Nuclear Site Bandung Indonesia

~ Trieste, Italy, 14 — 25 February 2005
Unit 32 - Rizkita Parithusta

Content

@ |AEA (International Atomic Energy Agency)’
Evaluation of Seismic Hazards for Nuclear Power
Plants Safety Standards Series No. NS-G-3.3 2002, Date
of Issue: 21 March 2003

Site Condition
Geology

Seismic Source Zone

© © © ©

Seismicity Evaluation base on earthquake historical,
geology and etc.

Attenuation function

Probability

© ©




REACTOR ROOM

.

.

.




SEISM
A %

o

IC MAP OF INDONESIA

TR
¢

INVENTORY BUILDING
LOUNDRY . ANIMAL CAGE
SOLID WASTE . CHEMISTRY STORAGE

SABUGA ITB

GREEN HOUSE

CAUBRATION
BUILDING

CAMPUS ITB




WATER TOWER

e

Introduction

TRIGA

(Training, Research and Isotope Production from General Atomic)
v October 10t 1964 250 KW
v' 1971 1000 KW

v April 1996 2000 KW

3 days/ 2 weeks




Technical Data

# Thermal Power : 2000 KW
# Fuel Element : U =235 (38, 55 & 99 gram) per element
% Fuel Element in the Core : |07 elements
# Moderator :H,O0&ZH
% Coolant : Light Water
% Reflector : Graphite & H,0O
# Control rod :B4C, 5 rod
# Maximum Neutron Flux :
® CT(A-D) : 5,18 x 10'3 n/fcm?.sec.
® E-8 :2,57 x 10'3 n/cm?2.sec.
® E-I5 13,40 x 10'3 n/cm?.sec.
® E-23 12,56 x 10'3 n/em?2.sec.
® Pneumatic :2,46 x 10'3 n/cm?.sec.
® Lazy Susan : 8,34 x 10!3 n/cm?.sec.
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Seismicity

|. Earthquake Catalogue:

Arthur Witchman (0000 — 1857)

Meteorological and Geophysics Agency
(1800 — 2003)

International Seismological Center
(1900 — 2003)

National Earthquake Information Center
(NEIC) USGS (1970 — 2003)

@ @ @ @@

JISNET — Japan (1994 — 2003)

Seismicity

2. Magnitude & Intensity Conversion:

@ Intensity > MMI Braze (1979)

(® Ekstrom & Dziewonski (1998)
M=log A+ |.66log A+ 2.0
‘M= 1.33m,—1.98
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Seismicity

3. Earthquake relocation (MGA - data):

® Modified Joint Hypocenter Determination

o, OA, o OA, o, ;
__V_Af_dﬂ +7 ﬁdgpj +—dz,+dt +dS,

—6A,.j oA aA, 0p, &,

(0-0), =, -1)-1,

iSiDi :O,iSi cos 0, :O,iSi sin @, :O,Zn:Si =0
i=1 i=1 i=1 i=1

Seismicity

4. Earthquake relocation (MGA - data):

(® Double Difference Method
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Site Condition

> Nuclear Site
> Vs = 1050 m/s

> Rock

Seismic Source Zone

Parameter:

&

Earthquake Historical
Earthquake distribution
Maximum & Minimum Magnitude
b-value, Gutenberg- Richter
Activity rate

Earthquake depth

Tectonic setting

Earthquake Source (Fault/Subduction)

® @® & @ @ e @ e

Diffuse Seismicity

13



Earthquake Source Model
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Earthquake Source Model

= —;-[Hmp +H,, -W sin(}/)] for d, > H,
H, otherwise

di=— Hypocenter

Closest Distance

1 Site Vertical Fault

Seismogenic Depth

DoD
BERB

| Joyner Bo ore Distance
2.Rupture Distance
3.Seismogenic Distance

4.Hypocenter Distance
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Magnitude recurrence model

log [n(M)]:a—bMI

B=0bIn10

N(=M) = anp[‘,B(M_Mmin )] —exp[=B(M max =M min )]
) 1—exp[—B(M max = Mpmin )]

b= _loglo °
(AI_A4nﬂn)
b-value
WEST JAVA

=5 _

o ;. y =-0.8258x + 7.3684
8.

o N . . s
4 6 8 10

Magnitude

b-value for West Java = 0.83




Focal Mechanism

Parameter:
< Event Earthquake
v Mw = Magnitude Moment
v  Strike, Slip, Dip - Rake
v Earthquake Depth

Calculation & Plotting:
w  Centroid Moment Tensor (CMT)

v Focmec

FOCAL MECHAN

T T T e

ISM

RGO CONAEY
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Rupture Length

[ = 10(0.59/\4,,,&)(—2.44)

W = 10(0.32/\4”7&,)(—1.01)

Mmax =5-08+1.16L
Tmax = (1 000/ slip rate) 10(5.46+O.82Mmax)

N(Mmax): IT :]()(a“meax)
max
Attenuation

Seismic Source Zone

¢ Shallow crustal Earthquake
%+ Subduction

¢ Diffuse Seismicity
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Shallow crustal Earthquake

Campbell & Bozorgnia, 2003

In(Yg) = C; +£;(M) + Cy In /£, (M, tygis,
f3 (F) + f4 (S) + fS (HW EM, I‘seis) Te

S) +

> Sadigh (1997)

Campbell (1997)

Boore, Joyner & Fumal (1997)
Abrahamson & Silva (1997)
Spudigh (1997)

vV V VYV VY

Subduction

Young, et.al., 1997

In(Y) = 0.2418+1.414M +C, +C,(10—-M)* +

C3In(r,,, +1.7818¢%>*)+0.00607h

+0.3846Z

* Atkinson & Boore (1997)
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Attenuation Curve

COMPLETE CURVE

Distance (km)

Attenuation Curve
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Distance (km)
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Attenuation Curve

MW = 5 SUBDUCTION
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Attenuation Curve

MW =54 FAULT
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Attenuation Curve

MW =55 FAULT
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Attenuation Curve
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Maximum Earthquake

SLIP RATE |
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Magnitude Distribusion 0000-2004

Cumulatif
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West Java Subduction
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Probability

PlY]= [folr 1s,)fs(s)fa(r)dsar

Py(inY,T)=1- e(‘RrofT)'

Software:

& EQRISK (Mc Guire, 1976)

Subduction

£.00 810 .28 8.30 048 430 060 L.7e Q.80 a1} 100

PERIOD (sec)
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India Australia Subduction
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Effect of Subduction Mechanism

SHA for Subduction
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Effect of Subduction Mechanism

Subduction NLT
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Effect of Fault Mechanism
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Effect of Fault Mechanism

SHA Vertical
for Fault Mw=5.4

e

i Campbell & Bozorgnia Abrahamson & Silva ‘
| (2003) (1977)
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Effect of Fault Mechanism
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Target Spectrum
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% Envelope2
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Standard deviation of spectral acceleration (o) from this study for
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Conclusions

+ A new seismic hazard assessment for West Java has been

carried out, taking into account a recently revised earthquake
catalogue and a seismotectonic zonation defined by tectonic
zonation and seismicity.

Different seismicity models of occurrence are applied to
deduce the seismicity behaviour of the West Java Teritory.
Therefore, the seismic hazard has been calculated by using a
model based on the Cornell (1968) method, later modified by
McGuire (1976), and adapted for the possibility of using the
Young (1997); Campbell & Bozorgnia (2004) attenuation law
and a truncated Gutenberg-Richter recurrence model.
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Glossary

4 Acceleration.

The rate of change of velocity of a reference point.
Commonly expressed as a fraction or percentage of the
acceleration due to gravity (g) where g = 980 cm/s2.

# Attenuation.

A decrease in seismic-signal amplitude as waves propagate
from the seismic source. Attenuation is caused by geometric
spreading of seismic-wave energy and by the absorption and
scattering of seismic energy in different earth materials
(termed anelastic attenuation). Q and kappa are attenuation
parameters used in modeling the attenuation of ground
motions
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Glossary

# Benioff zone.

A dipping planar zone of earthquakes that is produced by the
interaction of a downgoing oceanic crustal plate with a
continental plate. These earthquakes can be produced by slip
along the subduction thrust fault (sometimes referred to as the
thrust interface fault because it is the interface between the
continental plate and the oceanic plate) or by slip on faults
within the downgoing plate as a result of bending and extension
as the plate is pulled into the mantle. Slip may also initiate
between adjacent segments of downgoing plates.

Glossary

# Deterministic methods.

Refers to methods of calculating ground motions for hypothetical
earthquakes based on earthquake-source models and wave-
propagation methods that exclude random effects.

¢ Ground motion (shaking).

General term referring to the qualitative or quantitative aspects
of movement of the Earth's surface from earthquakes or
explosions. Ground motion is produced by waves that are
generated by sudden slip on a fault or sudden pressure at the
explosive source and travel through the Earth and along its
surface

# lIsoseismal.

Refering to a line on a map bounding points of equal intensity for
a particular earthquake.
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Glossary

# Recurrence interval.
The average time span between events (such as large
earthquakes, ground shaking exceeding a particular value, or
liquefaction) at a particular site.

# Seismogenic.

Capable of generating earthquakes

¢ Standard deviation.

The square root of the average of the squares of deviations
about the mean of a set of data. Standard deviation is a statistical
measure of spread or variability.
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