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Ol Background
Compound flooding at Kansai Airport by wave overtopping and reverse flow
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< Heavy flooding at Kansai Airport, Japan (2018) > < Typhoon Jebi-induced flood cause >

* Typhoon Jebi-induced heavy flood occurred at Kansai Airport in 2018.

* The cause of flood is assumed to be wave overtopping(a) and sewer reverse flow(b).
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O 1 Background

Flood characteristics in coastal urban areas
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< Concept of compound flood in coastal areas >
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Flood in the coastal urban area
due to multiple physical processes.
- In ocean
* Tide
* Storm surge
* Wave
- Along shoreline
* Surge overflow
* Wave overtopping/runup
- In inland
* Rainfall-runoff

* Sewer reverse flow



02 Methodology

Development of fully coupled flood simulation model for compound flood
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02 Methodology Fully coupled flood simulation model for the compound flood:

SUWAT

Tide/Storm Surge
Wave
=

AWy Thetide is given by the water surface level on open bounda
_ _ _ _ 6 T‘Q”
{ 0 :pressure depression by typhoc}r

Sealevel ™ Thewaveis calculated by the wave action balance equatior
(Booijet al., 1999)
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Thestorm surgeis calculated by the depth integrated nonlinear shallow water equatidgfim €t al. 2008)
1) equation of conservation of mass (2D)
'T— 10 T0O
o T Tw
2) equation of conservation of momentum (2D)
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02 Methodology Fully coupled flood simulation model for the compound flood:
SUWAT-IFORM

Surge Overflow & .
Wave Overtopping / Runup
- Thesurge overflowis calculated by the weir formula.

QX gravity acceleration J
t

’ T ¢ | Q { :
Y n ¢ Qfél | Q : overflow depth at the cre

Mean sea level

The volume ofvave overtoppingandrunupis calculated by the Formula of wave overtopping and runup (IFOFR
(Yuhiet al.,2020, 2022)

1) Wave overtopping formula 2) Waverunup formula
, oy o\ v oY\ Yo O cdqow ¢ Abm YOAITT/OT)
0|3
n 0 P 0 0
Y . maximum runup 'O : offshore significant wave heigh
Y P® TY p Y p :runup exceeded by 2%( :offshore wavelenght
of the incident waves
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02 Methodology Fully coupled flood simulation model for the compound flood:

SUWAT-IFORM

Surge Overflow & " WSE
Wave Overtopping / Runup TAA) Surge Overflow only Tk (<0
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N\ top
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02 Methodology Fully coupled flood simulation model for the compound flood:

SUWAT-IFORM
Wavggggrgjarizgvy I(-'%unup . Ho J NS Y >

AC) Overtopping + Overflo
A Typhoon is closer
A~ -ASSL near top
/D) Surge Overflow e 1
A Typhoon lanthll (c) Combined surge overflow and wave overtopping
A SSL higher enough thantop
n n rn A Overtopping ignorablel N\ A\~ Ve

!Y """"
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— Y .
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Y = seawall freeboard Processes
‘O = wave height in front of the seawall

Mean sea level

(1.0 < R,/H,,0)
(d) Surge overflow with waves
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02 Methodology Fully coupled flood simulation model for the compound flood:
SuWAT-IFORM-SWMM (Storm Water Management Model)

Manhole TH Therainfall runoffis calculated by
Overflow the nonlinear reservoir equation.

Precipitation Evaporation
RainfalFRunoff H ﬂ
Sea Level Y > — g
Id = ———> Runoff
_____ Mean sea level i i e
# ds
Reverse Flow ﬂ
Infiltration - o
Thereverse flowis calculated by 1) Surface depth per unit of time | *2 Precipitation rate
_ , J Q: surface evaporation rat
the shallow water equation. rQ . s "Q infiltration rate
1o Q2 0 A : runoff rate
1) Conservation of mass (1D) L
o1 0 2) the volume of runoff by Manning equation
— =TI 8 W -
rofl o f pe iyl s

2) Conservation of momentum (1D)

' 0

rI "O [ .Y . h dr | d ’ "
O T0) "Qg—. "Q6Y ™ - nydraulic radius Q : surface depth
T o7 (S f W

Y : average slope of the surface ¢y : width of surface
O :runoffarea(=o Q Q) Q : storage depth




03 Results
Modeling Pipe lines in the sewer system




O 1 Background
Boundary conditions for flooding

- SUWAT
, Boundary Condition (IFORM) * Surge
Wave overtopping/runup
&Surge overflow dary Condition (SWMM) - Wave
” Manbhole overflow ] ° 0.4 secfor surge
4 N/ * 600 sec for wave
"77 q Flood Area - IFORM -> flooding area (SuUWAT)
’ y‘ r‘ /(AL S S S * Surge overflow
44’ ”Il’l,”””l * Wave overtopping
Y4 /(S S S S S .
, (L L L { L /L L/ <— Flood calculation One way
/ LLLLLLLS L LS by SUWAT * 0.4 sec for IFORM
[/ S S S .
ST 7777777 T 7777 - SWMM -> flooding area (SUWAT)
(LS II * Overflow from manhole

Runoff
One way
10 sec in S WMM

<«— discharge ‘:V
Outfall () :

—reverse flow

[ Sea surface level ]
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02 Methodology

Framework of fully coupled flood simulation model for compound flood
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02 Methodology
Wave transformation model for estimating breaking point

Breaking point

* Breaking point changes every moment

:breakerdepth due to waves and sea level variations.

"0 8 : offshorewave height
U :offshorewavelength .

5 ¢4 bottome slope fronshoreline Offshore location for wave properties can

V to breaking point not be fixed during simulation.
(1/100<0 (3£<1/10)
Breaker depth formula (vaseet.al., 2016 ) * At every time step, H, on a grid is used to
o 1 10000 &) calculate h,
o © A o|p - .
* If h, >the water depth on a grid, move

H oRTYTWT ATDD 88 toward the offshore grid. Then, repeat

0 WBT @ XUBo ¢ PRaz B 88 It.

G  T@ro T astn AP 88 * If h, < the water depth on a grid, the

8 water depth = h,

® P C wpod TR D S
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02 Methodology
Reduction of overtopping by incident wave directions

* Definition of wave attack angle

Influence factor for wave runup EurOtop(2018)
A p A&t q (for @ [ | 80°)
g T G T (for | 80°)
Wave runup formula
Y OcRw A @b YO A 17,/ OT0 Iz
. N X O — O . offshore wave height
_ 0 . offshore wavelength
Wave overtopping formula 0 M& T :front slope of seawall
‘ ) P — Y b : runup exceeded by 2%
Y P® TO & w ¢& A @bmd O A I7,//OT0 iz of the incident waves
oY PR TY p PV T 7 Y p B with applying reduction factor
Y . maximum runup
N ’ - with applying reduction factor
0 6 oo(—) {p (—)7(—)} 0T 2NI nY XK Y : freeboard height
0 n (for'Y  >KY) .U . overtopping discharge
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02 Methodology
Seawall collapse due to wave-induced pressure

Wave Overtopping / Runup
q

0

I seawall e

height

Seawall collapsés caused by damage to seawall

due to waveinduced pressure. — —— — —
< Collapse section at Kansai Airport >
Allowable pressure and overtopping discharge

~
€

3 — Covering v
L pHCW Concrete threeside wrapping 0.05
where, Top surface paving -

U : allowable pressure No backfill construction 0.02

U : allowable overtopping discharge (/i/a )15 No top surface paving less than 0.005




02 Methodology
Seawall collapse due to wave-induced pressure

Wave Overtopping / Runup

q -
0

HHH - seawal

¢ height=0

)
(
)

Seawall collapsés caused by damage to seawall
due to waveinduced pressure.

Allowable pressure and overtopping discharge

5 ~ 7, OVE Y
L pMWCW ' ' .0
where, Top surface paving - 55
v : a::owal;:e pressure . i No backfill construction '
V] . allowable overtopping dischargé (/i/a)
. o top surface paving ess than




02 Methodology
Numerical experiments — Study area: Kansai Airport, Japan

O Observation station for Wind and Sea Surface Level Seawallstatus

——f \West side
A 6.6 m height
A 1,357 m lengt
A Vertical slope

at the West side |[fREE St e ), A 4.5 m height
e OVE e RS A 5,060 m lengt
A Vertical slope

Collapse
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02 Methodology

Numerical experiments — Geophysical regions for simulation
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_ . L ! L !
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* The simulation area is consisted of seven domains downscaled from 7 km to 10 m grid size.
* Kansai Airport is in the 7th domain with the 10 m grid size.

* The numerical experiments were carried out:
1) individual flood (i.e., wave overtopping and reverse flow)
2) compound flood by all flood factors
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02 Methodology
Numerical experiments — Flood calculation cases

Case Wave overtopping Sewer Seawall
No. Breaklng point Reduction factor reverse flow collapse

X

2 flexibl X - - .

eXIbIe Wave overtopping
3 flexible O - -
4 flexible O - O (only occur)
26! ] ] O (with Flap gate) ) Sewer reverse flow
5b O (without Flap gate)
6 flexible O - O

rtial com I

; oxible o o _ } Partial compound flood
8 fix X O O
9 flexible X O O Full compound flood
10 flexible O O O

: Individual flood cases  [_] : Compound flood cases
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*Typhoon Jebi validation: Hs, Surge, wind




03 Results

Reproducing typhoon Jebi — Maximum surge and Hs at Osaka Bay

< Maximum surge height >
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< Maximum Hs >
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03 Results
Reproducing typhoon Jebi — Wave height

Wave Height (m)

6 | Kobe wave observation
5 | ~-- obsercation 200 =
calculatiot A
4 i 150
I\
3 i
2 / l \/\\ 100
(RN
1 //,,// \&% =
0 =TT =
OO 1 2 OO 1 2 50 100 150 200 250
2018/09/03(UTC) 2018/09/04(UTC) , _
* Peak wave height at *pomt
< Comparison of calculated and observed wave height > observation: 4.72 m at 5:20

simulation :4.62 m at 4:40
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Reproducing typhoon Jebi — Wind/Pressure

@ YT observed wind speed N
= | L ey ‘NW ¢
£ 40 observed wind-direction T ERYVARS:
Lo — wind speed I\ O
@ 301 _ \ind direction VAW SQ;N%
8— 20 = ."_Jr!l*- 'rﬂl‘l:]“‘- i _/_Z—f)li Q\‘\A\ - SE Q2
o e L o B £
= A s s INCS L A £ - NNE =

O _ S S P D I e e . .

15 18 21 00 03 06 09 * Peak wind speed at @ point
= 18(1)8 observation: 46.3 m/s at 4:44
2 990 s s e e ° simulation :44.0 m/s at 4:50
o 980 % 7 . : :
5 970 Ko7 * Maximum depression at @ point

I +: o A .
@ 960 oo observation : observation: 954 hPa at 4:40
o 950 — calculatior : :
940 simulation :957 hPa at 4:25
15 8 21 00 03 06 09
2022/09/03 (UTC) 2022/09/04 (UTC) * Typhoon Jebi was well reproduced.

< Comparison of calculated and observed wind/pressure >
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03 Results
Reproducing typhoon Jebi — Sea surface level
2.0
oo nactranamicnal Hida
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=3 T |

* Peak surge height considering tidal
variation at @ point
observation: 1.42 m at 6:15
simulation :1.73 m at 6:00

* The calculated results were
validated in good agreement with
the observation.

< Comparison of calculated and observed sea surface level >
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Peak surge + Peak Hs + Seawall height

A West side

6.6 A 6.6 m height
A 1,357 m length .
A Vertical slope | l

Seawallstatus

A East side
saq A 4.5 m height __

A 5060mlength [ =

A Vertical slope | *» = |

R

o - N w » (4] (o)} ~
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*Results:
partial compound flood




03 Results
Flood discharge by failure & Overtopping (Case 6)
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03 Results
Flood discharge by Flood discharge by Reverse flow & Overtopping (Case 7)
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*Comparisons to survey




03 Results
Comparison of peak flood depth with field survey

0 Fleld survey pomts

T e —— ST T —
T

< Location of field survey points (total 14 points) >
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< Field survey overview >
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03 Results

Comparison of pea

K flood depth by individual VS compound flood

1 2 3

4 5

Measured height
B Case 3+4+5b: Summation of individual flood calculation
B Case 10: Fully coupled compound flood calculation

6 7 8 9 10 11 12 13 14
Field survey points
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