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WATER TOWER

Introduction

TRIGA

(Training, Research and Isotope Production from General Atomic)

• October 10th 1964 250 KW

S 1971 1000 KW

S April 1996 2000 KW

3 days/ 2 weeks



#

Technical Data
Thermal Power
Fuel Element
Fuel Element in the Core
Moderator
Coolant
Reflector
Control rod
Maximum Neutron Flux

© CT(A-I)
© E-8
© E-15
© E-23
© Pneumatic
© Lazy Susan

: 2000 KW
: U -235 (38,55 & 99 gram) per element
: 107 elements

: H2O & ZrH
: Light Wate

: Graphite &
: B4C, 5 rod

: 5 , l 8 x I013

: 2 ,57x I013

: 3 ,40x I013

: 2 ,56x I013

: 2 ,46x I013

: 8 ,34x I013

H2O

n/cm2.sec.
n/cm2.sec.
n/cm2.sec.
n/cm2.sec.
n/cm2.sec.
n/cm2.sec.

ALUMINIUM
CASING

RADIAL
BEAM - PORT

GRAPHITE
REFLECTOR

REACTOR
CORE

RADIAL •
BEAM - PORT

BORAL

GRAPHITE •

STANDARD
CONCRETE

THERMAL COLUMN DOOR

HEAVY CONCRETE

•• GRAPHITE THERMAL
COLUMN

TANGENTIAL
BEAM - PORT

STEEL SHADOW
SHIELD

SHIELDING TANK

ALUMINIUM TANK

••• GRAPHITE

RADIAL PIERCING
BEAM - PORT

POLYETHYLENE

ALUMINIUM CASING

TH6RMALIZING COLUMN

POOL IRRADIATION FACILITY

HORIZONTAL SECTION REACTOR TRIGA-MARK II



LZ E I
1

STANDARD CONCRETE

REACTOR VESSEL
ALUMINIUM TA^K

CHiMNEY

REACTOR CORE

ALUMINIUM CASING

BORAL

TERMINAL COLUMN
DOOR ON TRACK
(HEAVY CONCRETE)

TERMINAL COLUMN
DOOR PLUG

GRAPHITE TERMINAL
COLUMN

ALUMINIUM CASING

POLYETHYLENE

GRAPHITE REPLECTOR

LEAD

VERTICAL SECTION REACTOR TRIGA-MARK II

m Reaktor TR'GA 2000 3;
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Seismicity

I. Earthquake Catalogue:

® Arthur Witchman (0000 - 1857)

@ Meteorological and Geophysics Agency
(1800-2003)

@ International Seismological Center
(1900-2003)

@ National Earthquake Information Center
(NEIC)USGS(I97O-2OO3)

® JISNET-Japan (1994 -2003)

Seismicity

2. Magnitude & Intensity Conversion;

® Intensity -» MMI Braze (1979)

® Ekstrom & Dziewonski (1998)

Ms= log A + 1.66 log A + 2.0

Ms= 1.3 3mb - 1.98
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Seismicity

3. Earthquake relocation (MGA - data):

@ Modified Joint Hypocenter Determination

dt,, d\ dt,, 5A, dt,,
- O , =(/, -to)-To =T?~£-dAj ^--^-dq>} +^dZj +dtj +dSJ

8AjJ dXj J d^ dcp dz '

n

s, A - o,
n

^icos6i

n

(=i

nOt =0,
„

/=i
s, = 0

Seismicity

4. Earthquake relocation (MGA - data):

(^ Double Difference Method

+—^Az +—-At \-\ -J-Ax
dx dy dz dt J I dx dy dz dt



Double Difference Method

Station k Station I

depth

even j

S E I S M I C I T Y

Site Location
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Site Condition

> Nuclear Site

> Vs = 1050 m/s

> Rock

Seismic Source Zone

Parameter:

<$> Earthquake Historical

<f> Earthquake distribution

<#> Maximum & Minimum Magnitude

<#• b-value, Gutenberg- Richter

<t> Activity rate

•#• Earthquake depth

<t> Tectonic setting

#> Earthquake Source (Fault/Subduction)

<t> Diffuse Seismicity

13



Earthquake Source Model

BANDUNG.
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Earthquake Source Model

d> =
+ Hbol - W sin for d, > H,

otherwise

r- Hypocenter

Closest Distance

~"jfr Hypocenter

Seismogenic Depth

Vertical Fault

I Joyner Bo ore Distance

2.Rupture Distance

3.Seismogenic Distance

4.Hypocenter Distance

15



Magnitude recurrence model

log [n(M)] = a - bM \

= bln\0\

(> M) =
exp[-p(M - Mmin )] - exp[-/3(Mmax - M

min
l-exp[-/](Mmax-Mmin)]

10
(M-M . )y mm

b-value

O

4 «fc-^
3 ^ ^

2

0
4

WEST JAVA

T-Wiiinim
^m§—mmm^ y = -0.8258X H

6 8

Magnitude

t- 7.3684

* % ^
10

b-value for West lava = 0.83
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Focal Mechanism

Parameter:

^ Event Earthquake

•> Mw = Magnitude Moment

+ Strike, Slip, Dip - Rake

^ Earthquake Depth

Calculation & Plotting:

^ Centroid Moment Tensor (CMT)

-> Focmec

F O C A L M E C H A N I S M

• Site Location

•••A
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Rupture Length

L = 10(0.59Mmax-2.44)

| / l / = 10(0.32Mmax-1.0l)

Mmax = 5.08 + 1.16L
Tmax = (l 000/s//p rate) io(5-46fa82*W)

N(Mmax)= VT =10(fl-6M-«)
/ 'max

Attenuation

Seismic Source Zone

••• Shallow crustal Earthquake

• Subduction

• Diffuse Seismicity

18



Shallow crustal Earthquake

Campbell & Bozorgnia, 2003

ln(YH) = C1+f1(M) + C4ln7f2(M,rseis,S) +

f3(F) + f4(S) + f5(Hw,F,M,rseis) + s

> Sadigh (1997)

> Campbell (1997)

> Boore, Joyner & Fumal (1997)

> Abrahamson & Silva (1997)

> Spudigh(l997)

Subduction

Young, et.al., 1997

ln(Y) = 0.2418+1.414M + C1+C2(10-M)3

C3ln(rrup+1.7818e°-554M) + 0.00607h

+ 0.3846ZT

# Atkinson & Boore (1997)
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Attenuation Curve

COMPLETE
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Attenuation Curve
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Attenuation Curve

M W = 5.4 FAULT
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Attenuation Curve
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Attenuation Curve

MW = 6 SUBDUCTION

O0-

I

AS

• I *20 1<K»

Distance <km)

Maximum Earthquake
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Maximum Earthquake

SUSDUC

!A

T«O\»
RL
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West Java Subduction

•
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Probability

P[Y]= IJp(Y\$,r)f$(s)fR(r)dsdr

Pp(lnY,T) = l-e^RtotT^

Software:

*** EQRISK (Me Guire, S 976)

Subduction

YOUNG AS

0.10 0,20 0.30 0.40 O.SO 0.60

PERIOD (sec)

0.70 0.80 0.S0

27
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0.3EW641
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' 0JI1S»2

«ISS3S3

0 08417S

«.0475«2

0.019104

0 01C76Z

0.00S772

0.OOM42

<J

0,53$

O.55S

0.567

0 573

0S59

0.59S

0.S99

0.«02

0.605
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0.S3S

063S

0.$36

063S

0.636

! Vertical
^ 0,104341

. 0.17241

0.44222

0.26S93S

0 253642

0.199182

0 557821

0.10956

0.0S1W

• 0,0*6574

0.026714

0 013204

0.00748S

0.004244

C.OO26S1

a
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0646

0646

0.«46

064S
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India Australia Subduction

Young
0

0,075
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0.074SS3
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Effect of Subduction Mechanism

T

000

010

0 20

030

0 40

050

060

0 70

080

030

1.00

100
0.0197

00344

0 0549

0 0590

0 0439

0.029*

0 0188

0.0164

0.0151

0,0115

00109

200
0.0601

0 1142

01661

0 1795

01475

0,0868

0 0630

0 0540

0046<

0 0350

0 0263

SHA for Subduction
Mw=5.5

300
01153

0,1945

0.228*

05402

' 0.1959

• 0.1682

! 0.1382

I 0,1162

', 0.103C

: 0.0*71

0,0717

. 500

01669

• 0 2497

i 0.3693

j 0.3147

1 02716

'• 0,2316

• 01366

0.1698

01371

0 106$

0 0042

1000

0.2451 •

03869 1

0SS77 •

0.4701 '

0.43SS

0,3112 I

na:i
0,2103

0.1»21

Q.:«a

01505

2500

0 2742

04811

07237

0 5737

04923

0.4033

0 302S

0.2528

0.2320

0.1749

0.1667

5000
0.2987

0,5008

0.7958

0.6779

0 5256

0.4083

0 3405

0.2871

02355

0.2019

3.1876

Young I
(1977) |

10000
0 3890

IS092

0 9015

0 7396

3 8481

0.5044

C.4375

0 3517

0,2931

0.2461

0.2204

T : SA(g)
0 : 0I I4287

0.07S 0.17111

0.1 0.208981

0,2 0 265703

0.3 0.249132

0.4 023311

0.5 0.220205

0,75 0157144

1 0.116W7

1.5 0.071713

2 0.048096

3 : 0022288

Abrahamson 1
&Siiva(1977)|

T

2

1.25

0.769231

0.5

0.3125

0.2

0.126582

0.1

0,076923

0.05

0

SA(g)
0.044869

0,061013

0,098174

0 12)142

0,158233

0.17984

0.217914

8.2S6319

0^69779

0.285913

0.30090*

0.117482
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Effect of Subduction Mechanism

Subduction NLT

Natural Period (s)

Effect of Fault Mechanism

T - Horizontal
0.00

0.10

0.20

0 30

0.40

0 50

0.60

0 70

0.80

0.90

1.00

100
0.0638

01785

01394

0-1195

01094

0.0993

0.0877

0.0771

0.0617

0.0507

0.0297

Sh
for

200
0.0952

0 2184

0.1881

0 1590

0.1435

0.1283

0.1076

0.0942

0 0783

0.0685

0 0646

lAHo
Fault

300
0.1260

0.2354

0.2209

0.193S

0.1820

0,1611

0.1489

0.1319

0.1090

0.1006

0.0853

rizontal
Mw=5.4

500
0 1709

0.2939

0.3435

0.2712

0.2131

0.1816

0.1588

0 1486

0 1072

0 0782

0.0563

1000
0.2108

0.4583

0.5216

0.4077

0.3373

0 2748

0.2510

0 24O5

0.1821

0.1397

0.0993

|

2500
0.3045

0.7270

0.7932

0.6271

0.5003

0 4321

0.4053

0 3658

0 2769

0.2124

0.1526

5000
0,3305

0.S076

0.8691

0.767t

0.6538

0.5467

0.4544

0 4009

0.3034

0.2328

0.1735

10000
0.4842

0.9903

1.0502

0.9082

0.8170

0 7137

0 5912

0.5047

0.4069

0.3541

0.2403
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Effect of Fault Mechanism

T - Horizontal
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Effect of Fault Mechanism
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Effect of Fault Mechanism

Fault - Horizontal
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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

«> 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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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

# Isoseismal.

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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