Tsunami Risk Assessment of Nuclear
Power Plants in Taiwan

Dr.-Ing. Min-Ching Chiou

Sinotech Engineering Services, LTD., Taipei , Taiwan R.O.C

Sep 24, 2013




Outline

= Verification of Tsunami Model

= Workflow of Tsunami Simulation
= Far-field Tsunami Simulations

= Near-field Tsunami Simulations
= ECW 3D simulations




SEC-HY21
Verification of Tsunami Model




Verification of Tsunami model

O Follow the “Model Evaluation Standards” of NOAA(National
Oceanic and Atmospheric Administration) " STANDARDS,
CRITERIA, AND PROCEDURES FOR NOAA EVALUATION OF
TSUNAMI NUMERICAL MODELS 4 -

1. Analytical Benchmarking
AB-1: Single wave on a simple beach
a. Solitary wave evolution and runup
b. N-wave runup
c. Boundary value problem
d. Initial value problem
AB-2: Solitary wave on composite beach
AB-3: Subaerial landslide on simple beach
2. Laboratory Benchmarking
LB-1: Solitary wave on a simple beach
LB-2: Solitary wave on a composite beach
LB-3: Solitary wave on a conical island
LB-4: Tsunami runup onto a complex three-dimensionabeach; Monai Valley
LB-5: Tsunami generation and runup due to three-dimasional landslide
3. Field Benchmarking

FB-1: Okushiri Island
FB-2: Rat Islands tsunami Used in verification of SEC-HY 21
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Verification of Tsunami model

Okushiri Island Runup (SEC-HY21)
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Workflow of Tsunami Simulation




Workflow of Tsunami Simulation

Far-field tsunami
numerical model build

Far-field tsunami
propagation simulations
(22 Tsunami Sources)

Decide the
most
hazardous
tsunami
source

Near-field tsunami
numerical model build
and runup simulations

ECW 3D Tsunami
Simulations




Far-field Tsunami Simulations




Possible damaging tsunami sources near Taiwan are
determined by the National Science Council in 2011

@ Fault parameters
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L & W : fault length and width Fault parameters (cont.)
Mw : moment magnitude of earthquake P R
D : S“p anbunt L(km)  W(km) Mw D(m)  Strike Dip Fault plane Fault plane

center center

Strike : strike direction
e
Dip: dip angle [FengehunT | 26 6] 683] 115] 30| 60|  1o06660] 201970
: [Fengehun? |16 16| 6a1] 07/1] 30| 60|  1o0.35[ 200060

Rake angle of each sourceis 90 degree [Fengchun3 | 211 211 664 093] 34| 60 1208180] 218800




Numerical Model Tsunami sourees

Initial Froo-Surface Elevation

Latitude (N)
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Tsunami propagation animation : T02

Frame 1:7=0 min
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Nuclear Power Plant no. 3

Offshore water depth Offshore water depth Offshore water depth
No. 20m 50m 100m
Max Water Surface(m)  Max Water Surface(m)  Max Water Surface(m)

0.87 0.67 0.42
4.06 2.70 1.09
:> 2.93 171 0.65
1.40 1.06 0.51
0.08 0.06 0.06
0.19 0.15 0.11

0.19 0.14 0.08

121 0.77 0.49
0.24 0.17 0.09

0.74 0.52 0.24

0.43 0.23 0.14
0.33 0.20 0.11
0.17 0.15 0.12
0.04 0.03 0.03
0.01 0.01 0.01
(01072 0.02 (01072
0.27 0.20 0.13

0.79 0.50 0.29
152 1.38 0.91

0.01 0.01 0.01

0.03 0.03 (04074
(01074 0.02 (01074




Near-field Tsunami Simulations
-Nuclear Power Plant no.3 for example




Near-field Tsunami Simulations

M L ocation of Nuclear Power Plant 3 in Taiwan e
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W Use unstructured mesh, cell size follows the standards
recommended by U.S. Nuclear Regulatory Commission.




Near-field Tsunami Simulations

B Parameters for Elastic Fault Plane Modd : TO2

Epicenter | Epicenter
(Latitude) |(Longitude) | (degree)| Depth

trench_segment-2_NonAsperity (340. 7619 135.97 | 50.00 |4.94375( 20.42875 120.205 n

trench_segment-2_Asperity 340.7619( 20 21.14951 119.936

Asperity

Non-Asperity




Near-field Tsunami Simulations

> Numerical Parameters
> Sea water level

B Highwater Level : +1.801m (HWOST + Return period 200 years Storm surge
deviation)

W Low water Level : -0.572m (LWOST)

B Average water Level : +0.000m

» Boundary condition

B Non-reflective boundary

» Bed roughness

B Seaarea

1. Water depth >20m : n=0.0

2. Water depth from 1 to 10m : n = 0.028~0.012
B Landarea:

n=0.045

» Computational time interval
B CFL(Courant-Friedrichs-Lewy) = 0.5

> |n|t|a| tsunami WavefOrm HWOST : mean High Water level Of Spring Tide

LWOST : mean High Water level Of Spring Tide
m Okada method (1985) i Pe




O Tsunami propagation : TO3, H.W.L.(+1.801m

T=18008




Near-field Tsunami Simulations

O Tsunami propagation & Runup Animation

T = 1700~5000 see

-




O Tsunami simulation result : max. runup

Nuclear +* .
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L ws
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Select TO3 to run
ECW 3D simulation




d Max. Runup and Rundown

Max, Run-up Max, Run-dowmn
Tsunami : TO3; H.W.L (+1.801m) Tsunami: TO3; L.W.L (-0.572m)

Obseyvation point

~

L +6.68mJ >

V;-3.62m

1000 2000 3000 4000 1000 2000 3000 4000 5000 6000 7000
FR5 8 (sec) 5 8 (sec)
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ECW 3D simulations
-Maanshan Nuclear Power Plant for example
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Control Equation 3-D Navier-Stokes Equations

10 gat=ate=nlele [ RNG (Renormalized Group Model)
. K o Ot ot o Numericall Model
MESHSIES Pume 0.25mx0.25mx0.25m ffor 31D Simumlation

Cells number : 300 millions
Input Simulation result of 2D simulation
INIEIRYELC A E.L. = -0.69m

Roughness of
structure

Fr?)e surface VOF method
rocess

L VELIERCINEIEN GMRES Solver
Numerical Model of ECW

1 mm




d ECW Tsunami ssmulation

Free surface elevation

0 0714 21 28 35 42 49 36 63 7
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ECW 3D simulations(Max. Run-down

® The lowest water level in pump pit of ECW house 11825 m,
which is higher than the min. water level -8.585 nfior pumping.

® The pumping capability of ECW will not be affected by

tsunami run-down.

B RIE K & #2-1. 825m

£ i
velocity mag nﬂuﬁ‘g .
| .".

[ easa . \

4.103
| 3.077
2.0351
1.026
0.000

Pump: 13,000 gpm

Min. pumping water level: -8.585m




Near-field Tsunami Simulations
-Chin Shan Nuclear Power Plant




Near-field Tsunami Simulations

> Numerical Parameters
> Sea water level

B Highwater Level : +1.925m (HWOST + Return period 200 years Storm surge
deviation)

W L ow water Level : -0.785m (LWOST)

B Average water Level : +0.000m

» Boundary condition

B Non-reflective boundary

» Bed roughness

B Seaarea

1. Water depth >20m : n=0.0

2. Water depth from 1 to 10m : n = 0.028~0.012
B Landarea:

n=0.045

» Computational time interval
B CFL(Courant-Friedrichs-Lewy) = 0.5

> |n|t|a| tsunami WavefOrm HWOST : mean High Water level Of Spring Tide

LWOST : mean High Water level Of Spring Tide
m Okada method (1985) i Pe




Near-field Tsunami Simulations
O Tsunami propagation : T20, H.W.L.(+1.925m)

]
L

Frame 31:T=300.0000 s




Near-field Tsunami Simulations

O Max. Runup : T20, H.W.L.(+1.925m)

Tsunami-proof Gate

ECW Pump House




Near-field Tsunami Simulations

d Max. Runup : T20, H.W.L.(+1.925m)

|ntake of ECW
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ECW 3D simulations(Max. Run-up

ECW house

Outlet of circulating

cooling water
1] 500 1,000 1,500 2,000 2,500 3‘(;DC
2178 Time [s]
velocity magnitude \ . -

velocity magnitude

e

e . :JLZ |
& A
s I,
AMAA A
B AW AA
0 500 1,000 111610?51 2,000 2,500 3,00C
Tsunami-proof gate Major electricity facilities

Floor elevation=11.2m |

ECW house




Near-fleld Tsunami Simulations
d Max. Rundown: T20, L.W.L.(-0.785m)

Water Surface Elev. Water Surface Elev.

i

50% 1,000 1,500 2,000 2,500 3,00C 1 000 1,500 2 000 2,500 3,00C
06 Time [s] 1.14m  Time [s]

Vel. [m/s]
o
3]

vy

\‘V/\J\

500 1,000 1,500 2,000 2,500 3,00C 500 1,000 1,500 2,000 2 500
Time [s] Time [s]

Intake of ECW Pump House




ECW 3D simulations(Max. Run-down I

® The lowest water level is -2.18 m during tsunami mrdown, which is
lower than the min. pumping water level -1.67m.

Min. pumping water level: -1.67m

velocity magnitude
1.667 v |

1.333

] 1.000
0.667 B

—

p—

—— HY- 217K I FT KL R

Flow- 303K FIR K SRR h -
Flow DSBS KR E AR KR ® The pumping

capability will be
| e affected by tsunami
oo fEnmkRB S o :
S 5 T rundown in 93
e seconds.

200 300
KRFE(RD)




Near-field Tsunami Simulations
-Kuosheng Nuclear Power Plant




Near-field Tsunami Simulations

> Numerical Parameters
> Sea water level

B Highwater Level : +2.458m (HWOST + Return period 200 years Storm surge
deviation)

W Low water Level : -0.967m (LWOST)

B Average water Level : +0.000m

» Boundary condition

B Non-reflective boundary

» Bed roughness

B Seaarea

1. Water depth >20m : n=0.0

2. Water depth from 1 to 10m : n = 0.028~0.012
B Landarea:

n=0.045

» Computational time interval
B CFL(Courant-Friedrichs-Lewy) = 0.5

> |n|t|a| tsunami WavefOrm HWOST : mean High Water level Of Spring Tide

LWOST : mean High Water level Of Spring Tide
m Okada method (1985) i Pe




 Tsunami propagation : T20, H.W.L.(+2.458m)




Near-field Tsunami Simulations
Q Max. Runup T20, H.W.L.(+2.458m)

Reservoir for ECW
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1 Max. Run-up and Run-down

Tsunami : T20; H.W.L (+2.458m)

Miax, Rum-up
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ECW 3D simulations

= Madel
» Intake ~ECW

Initial state of ECW

2000 3000 4000 5000

R (S)

= Tide conditions

» High-tide-level for the simulation
of tsunami run-up.

> Low-tide-leve for the ssmulation
of tsunami run-down.

(0 —~ 3 ) 3k

1000 2000 3000 4000 5000 6000

P FF (S)




ECW 3D simulations(Max. Run-up)

Range for 3D hydraulic simulation

® Max. water level in the ECW c 5
house is EL 4.4mwhich is 4
lower than the floor elevation
6.6m which main electricity
facilities was installed.

Water level (m)

® The pumping capability of

ECW will not be affected by
tsunami run-up.

velocity magnitude

2.000
1.667
1.333
1.000
0.667
0.333
0.000

Flow
—




ECW 3D simulations(Max. Run-down

® The lowest water level in the

ECW iS EL -168m’ WhICh iS a Range for 3D hydraulic simulation
higher than the min. .

pumping water level (EL -
1.83m).

® The pumping capability will
not be affected during
tsunami run-down.

(o 5 &

b L
velocity magnitude

M 1764
1.470
1.176
| o.882
0.588
0.294
0.000

3D simulation model of ECW




3D-hydraulic Analysis for Outlet Conduit
of CCW

0 Model : outlet conduit~turbine building (TB)
O The system is running on min. required cooling wate
(Q=9500GPM) .

O Result of analysis
O Max. run-up water elevation : EL 4.71m-

O Max. water head is EL 4.34m, simulated by 3D hydralic model,
which is lower than the lowest point (EL 8.95m) ol B.
O The pumping capability of CCW will not be affected ly tsunami

run-up.

ireefsuntacelelevation!

| Turbine building

Water level during the highest tsunami run-up




Near-field Tsunami Simulations
-Lungmen Nuclear Power Plant




Near-field Tsunami Simulations

> Numerical Parameters
> Sea water level

B Highwater Level : +2.333m (HWOST + Return period 200 years Storm surge
deviation)

W Low water Level : -0.573m (LWOST)

B Average water Level : +0.000m

» Boundary condition

B Non-reflective boundary

» Bed roughness

B Seaarea

1. Water depth >20m : n=0.0

2. Water depth from 1 to 10m : n = 0.028~0.012
B Landarea:

n=0.045

» Computational time interval
B CFL(Courant-Friedrichs-Lewy) = 0.5

> |n|t|a| tsunami WavefOrm HWOST : mean High Water level Of Spring Tide

LWOST : mean High Water level Of Spring Tide
m Okada method (1985) i Pe




Near-field Tsunami Simulations

O Tsunami propagation : T18, H.W.L.(+2.333m)




Near-field Tsunami Simulations

d Max. Runup: T18, H WL (+2 333m)




Near-field Tsunami Simulations

1 Max. Run-up and Run-down

Miax, Rum=up Max, Run-dowmn
Tsunami : T18; H.W.L (+2.333m) Tsunami : T18; L.W.L (-0.573m)

Water Surface Elve Water Surface Elve.

1000 2000 3000 4000 5000

Time(s) 1000 200G; 3000 4000 5000

06

0.5 4

0.4

0.3

0.2

]

i | B | |
o 1,000 2000 3000 4000 5000 &000 7000 &000
Time [=]

T e T
2000 3000 4000 5000 G000 7,000 &000




Reactor Building ServiceWater Pump House
(RBSWPH)

Max, Run-up

The max. water elevation in the - eunamis T2 BLWR 2 SSSm)
RBSWPH is 3.54 m, which islower

than the ground elevation of 5.0 m
and also lower than the floor
elevation of 5.3 m with nuclear
power safety-related eguipment.

The Water Pump House will not be
affected by the tsunami run-up.

1000 2000 3000 4000
Time(s)




Influences by Tsunami Run-down

The Water Pump House has a stilling Tsunﬁﬁ%lfﬁﬁiﬁim)
basin with the storage capacity of = Water Surface Eve

14,210 m? sea water which will
provide two generators for 30 minutes ﬂ

cooling requirement.

The water pump function of : ~-2.66m (]
RBSWPH will not be affected by 1000 2000000 4000 500C
the tsunami run-down. — —







