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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 >

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

SUWAT

Tide/Storm Surge . .
‘ The tide is given by the water surface level on open boundaries.
Wave 5 Y P

Fully coupled flood simulation model for the compound flood:

N = Ntide T Nstorm surge = Ntide T Pq/gpw

{ P, : pressure depression by typhoon }

Sea Level M

The wave is calculated by the wave action balance equation.

Mean sea level

(Booij et al., 1999)

9] 0 S
—~N+—CN+—CN+_—C;N+_-CgN =—
gt T ax X oy byl T g e T og e =3
The storm surge is calculated by the depth integrated nonlinear shallow water equations. (Kim et al., 2008)

1) equation of conservation of mass (2D)

an+aM+aN_0
ot odx dy

2) equation of conservation of momentum (2D)
oM 9 M? +6(MN)+ LU 1d6P+1(x x4 B4 A 62M+62M
ot " ox\d ) Toay\d ) T9% " axpTSTbx h

6N+6(NM)+6 N? L Ry 1d6P ( YR+ A 62N+62N
ot Tax\a ) Tay\a ) t9%5,= 7 fs =Ty TIy) T A 2




02 Methodology Fully coupled flood simulation model for the compound flood:
SUWAT-IFORM

Surge Overflow & ‘

Wave Overtopping / Runup
#

The surge overflow is calculated by the weir formula.

3 g : gravity acceleration
Y Qoverflow = 0.54- |g- |_dC| d.: overflow depth at the crest

Mean sea level

The volume of wave overtopping and runup is calculated by the Formula of wave overtopping and runup (IFORM).
(Yuhi et al., 2020, 2022)

1) Wave overtopping formula 2) Wave runup formula
3 34
C|Tl <Rmax>E {1 Rc/<Rmax>§} R29, = Hp [299 —2.73 EXp(—O.57 tan:B /\/ HO/LO)]
q t 1 = / TT /
overtopping HO HO Ho

Riax = 1.54 Ry, Ryy,  :runup exceeded by 2% L, : offshore wavelenght

Ripax :maximum runup H, : offshore significant wave height
of the incident waves
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02 Methodology Fully coupled flood simulation model for the compound flood:

SUWAT-IFORM
Surge Overflow & WSE
e - Wok
Wave Overtopping / Runup ‘A‘) Surge Overflow only TR & <0
__________________________ = e« Typhoon landfall

S e SSL h|gh enOUgh than
"N top
* No waves

¢ B) Wave Ove rtOppi NS (a) Steady surge overflow without waves
* Typhoon is located far

Mean sea level

e = qs T Veqw away
v, =1 (for:_c < 0) * Swell etc. Re (R > 0)
mo  SSL still lower

Ve = 1.0 = Rc/H, (for 0 < R¢/Hmo = 1.0) Wl N )AL WsE
R Vi

Ye=10 (for LO<+ = ) Transient
moO

R, = seawall freeboard Processes

; ; b) Wave overtopping/runu
H,., = wave height in front of the seawall (b) pping P
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02 Methodology Fully coupled flood simulation model for the compound flood:

SUWAT-IFORM
Surge Overflow &
Wave Overtopping / Runup ‘ Ho T /N AL\ $va;5< )
__________________________ - *C) Overtopping + Overflow

'« Typhoon is closer
A~ oSS near top
*D) Surge Overflow

Mean sea level

(0 < Rg/Hpo < 1.0)

° Typhoon landfall (c) Combined surge overflow and wave overtopping
e SSL higher enough than top
Ac = ds T Veqw * Overtoppingignorable #J .~ \_/| B —

) i IRC (R, < 0)

=1 RC<0
Yt = fOTH =
Ye =1.0—R./H, (for 0 < R./H,,o < 1.0)
R
Ye =0 (for 1.0 < T - ) Transient
mo (1.0 < R,/H )

Rc = seawall fFG_EbOE_le prOCGSSGS (d) Surge overflow with waves
H,,, = wave height in front of the seawall

-8-



02 Methodology Fully coupled flood simulation model for the compound flood:
SuWAT-IFORM-SWMM (Storm Water Management Model)

Manhole - The rainfall runoff is calculated by

Overflow the non-linear reservoir equation.
Precipitation Evaporation
Rainfall-Runoff H ﬂ

Sea Level N\ D l
d B ———> Runoff
Mean sealevel il @020 R
"""""""""""" — d;

Reverse Flow

<——

Infiltration ~ ~N

The reverse flow is calculated by 1) Surface depth per unit of time | { ® Precipitation rate
e : surface evaporation rate

the shallow water equation. od _ ., _ o Y f :infiltration rate -
ot q q : runoff rate
1) Conservation of mass (1D) N J
0A 6Q 2) the volume of runoff by Manning equation
=0 1.49 573
at ax Qrunoff = Sl/ZR / A

2) Conservation of momentum (1D) n

S :average slope of the surface W : width of surface

_|_ _ A) + gA— + gAS- = 0 x - Nydraulic radius d :surface depth
ot (Q /A +g 0x gaor o A, : runoff area (= W (d — dy)) d : 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

Qtotal = qurge overflow + Qwave overtopping + Qreverse

Inland

{R infall- ff | Qreverse

jnainfall-runoit _, - sewer flow model [F|ood mode|]

| model ,

Ve = - l % ————— qurge oveflow
Ocean Shoreline Qwave overtopping
s TmEmEEEEEEEEEmEEEmEE—— N\ s mEmEEEEEEEm—_— ~

Tide ——>  Storm Surge model |—> [ Surge overflow model
!

R

Wave model —>\ Wave overtopping model
S e e e e e e / A D T e —— ,
I  Wave transformation model /

Reduction factor by wave direction



02 Methodology
Wave transformation model for estimating breaking point

Breaking point

* Breaking point changes every moment

N breaker depth . due to waves and sea level variations.
H,. :offshore wave height

L, :offsh length : :
o :oOfishore wavelengt ¢ Offshore location for wave properties can
tanf: bottome slope from shoreline

‘ to breaking point not be fixed during simulation.
(1/100 < tan® < 1/10)
Breaker depth formula (vase et.al, 2016) * At every time step, H, on a grid is used to
hy [ (ln{(HO/LO)/a2}>2] calculate h,
[T apg +aexp|— . .
o 3 * If h, >the water depth on a grid, move
ay = 30.2470 — 27.3440 exp[_{‘“(zz-:::(‘)’;“"e)}z] toward the offshore grid. Then, repeat

It.

— _ ¢In(29.3880tanb)-
a; = —9.9467 + 8.9213 exp[—{ — 14]

a, = 0.0302 — 0.0023 exp[_{ln(zsi?;(?gstane)}z] * If h, <the water depth on a grid, the

a3 = 6.1291 — 3.5001 exp[—{T e L] water depth = f,

-13-



02 Methodology

Reduction of overtopping by incident wave directions

Influence factor for wave runup

Yrunup = 1-0.0022|B|

Yrunup = 0.824

(for 0° < |B| <80°)

(for |B] = 80°)

Wave runup formula
Ry, = H,[2.99 — 2.73 exp(—0.57 tan B /v/Ho/Lo)] X Vrunup

Wave overtopping formula

Rinax = 1.54 Hy [2.99 — 2.73 exp(—0.57 tan 8 /\/Hy /Lo)] X Vrunup
> Rinax = 1.54 Ryg, = 1.54 Yrunup R2o

E !
Oover = €| (%) (1 - (2)/ ()| for 0, < Ry
Qover = 0 (for Rpyax< R.)
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* Definition of wave attack angle
EurOtop (2018)

 H, : offshore wave height
L, : offshore wavelength
tanf : front slope of seawall
Ry, : runup exceeded by 2%
of the incident waves
with applying reduction factor
Riax  :Maximum runup
with applying reduction factor
R, : freeboard height
Qover : overtopping discharge




02 Methodology
Seawall collapse due to wave-induced pressure

Wave Overtopping / Runup
q

P

I seawal e

height

Seawall collapse is caused by damage to seawall
due to wave-induced pressure. S S — ~
< Collapse section at Kansai Airport >

Covering s

Allowable pressure and overtopping discharge

Fo = 10,828 Qover_a Concrete three-side wrapping 0.05
where, Top surface paving - 0.02
Pq : allowable pressure ; No backfill construction '
Qover q : allowable overtopping discharge (m /S/m)_ls_ No top surface paving less than 0.005




02 Methodology

Seawall collapse due to wave-induced pressure

Wave Overtopping / Runup

W seawal
¢ height=0

Seawall collapse is caused by damage to seawall
due to wave-induced pressure.

Allowable pressure and overtopping discharge
F, = 10,828 Qover_a

where,
P, : allowable pressure

Qover q : allowable overtopping discharge (m3/s/m)
-16-

Top surface paving -
No backfill construction

0.02

o top surface paving

less than 0.005




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

O Observation station for Wind and Sea Surface Level Seawall status

== \West side
* 6.6 mheight
1,357 mlength
e Vertical slope

at the West side i == " N 4.5 m height
o e R | Lu - ' 5,060 m length
Vertical slope

Collapse

i section
>(, Wave overtc?ppln& " Seawall collapse section
at the East side ™ -




02 Methodology

Numerical experiments — Geophysical regions for simulation

50 100 150 200 100 150 200 250
_ . L ! L !

.| D04

50 100 150 200 250 300 350 400 450 500 550 600 650 700

* 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

3




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 >

m

3.0

2.5

2.0

1.5

1.0

0.5

0.0
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< Maximum Hs >

3




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
22 / l ‘\/T\\ 100
(RN
1 //,,// \&% =
0 N S P e i Sl
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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O3 Results O Wind / Sga Sgrface Leve

Reproducing typhoon Jebi — Wind/Pressure

West side s

— 50 . N R oo, i
& -- observed wind speed i EES | O [
E 40 observed wind direction i NV\\IIV§ =} sramasat
o) — wind speed A\ O N
@ 301 wind direction VRN SQ;N%
& 200 i X TS— |SEo
T o o~ E £
R e R TINE S

O S S N . .

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 —Rs a : : :
5 970 Ko7 * Maximum depression at @ point

I +: No b .
@ 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
o—eo—astronomicarl tiage Py
-<-observation JI\
1 '5 Anh/ fidA //- \
— omy uae o\
E hiAA Loy l \
N tde+Surg / )\
F>) 1 'O /{) ° L‘\r\
L i .
(¢b] O
o 0.5 a N
O o/ B o
— O, 4 T .007% \
> O™ o) S0P
» OO S Q {
© RO 2o, I
(¢)) N o NCoo¢oo 7
n ~ o‘u\—/ywy@’
-0.5 =2
-1.0
15 18 21 00 03 06 09

2022/09/03 (UTC)

2022/09/04 (UTC)

O Wind / Sea Surface Level
i o — <

—

Ve
ﬁf_’ﬁ .
West side e Laams -
FRE Al O NN
NEeric Press

* 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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03 Results

Peak surge + Peak Hs + Seawall height

6.6m

4.5m

* West side

* 6.6 m height

* 1,357 m length
* \Vertical slope

e Eastside
e 4.5m height

5,060 m length
* \Vertical slope
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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 >



03 Results
Comparison of peak flood depth by individual VS compound flood

€ 20 * Summation of individual
£ 1.5 I flood calculation cases:
210 ) b M |l L IL Case 3 (wave overtopping)
e 2 ' ]
I EEREFEDE R B B :
o i
L 0.0- I] i Case 4 (seawall collapse)
. 1 2 3 4 5 o6 7 8 9 10 11 12 13 14 +
£E 15
=~ 10 - Case 5b (sewer reverse flow)
© : 7
S ,
1 0.5 i
LR — = / E Fully coupled d
S ok | r ﬁ ully couple -compoun
2 10 | flood calculation case:
L

i 2 3 4 5 6 7 8 9 10 11 12 13 14 Case 10
Field survey points
Measured height
B Case 3+4+5b: Summation of individual flood calculation ¢ Simple summation of [
B Case 10: Fully coupled compound flood calculation
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overestimated flood depth.
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03 Results

Comparison of peak flood depth by individual VS compound flood

Case 3:

”iz.o
1.5
1.0

0.5

i

Case 5b:
Sewer reyerse flow

100 200 300 400 500 600 700

600

500

400

300

200

100

Case 3+4+5b: Simple summation of
individual fléod

100 200 300 400 500 600 700
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03 Results

Comparison of peak flood depth by individual VS compound flood

600 ; ; m 2.0 600 2.0
Case 3+4+5b: Simple summation of Case 10: Fully coupled
500 indiyvidual flood 500 compound flood
/ 15 /’ 1.5
400 400
300 -1.0 300 -1.0
200 200
0.5 0.5
100 100
0.0 0.0
100 200 300 400 500 600 700 100 200 300 400 500 600 700

* The simple summation of individual floods resulted in an overestimation of flood depth in the low-
lying areas while underestimating it in higher area.

* This might be because the non-linear impact of 2D flood spreading on the surface has been disregarded
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03 Results
Flood pattern by cases (compound flood, wave overtopping, and reverse flow)

600 m 2 0 o 20180904.0000 Time : (UTC)
20180904.0000 Time : (UTC) o
500 300
1 5 o Case 3:“:; 20180904.0000 Time : (UTC)
400 Wave overtopping
300 1.0 200

Seawall collapse

200 20180904.0000 Time : (UTC) o 1gowggo 300 400 500 600 700
100 10
Calse 5b r
100 200 300 400 500 600 700 Sewer reverse flow 0

0.
100 200 300 400 500 600 700

[ 0 S 0315655 avaeom i o
2023 Sep 20 20:51:00 | Junbeom Jo, Kumamoto U, Japan
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*Results: individual components

Cases1to5




03 Rresuits Ci)ﬁWmd / Sea Surface Level
% r —~ : 45,

Overtopping discharge: fixed VS flexible point methods

10 (x107) West side e e
" |(a) Case1|: fixed breaking|point (45 m) ® East side nos)
0.8 m West side
—~ O-6
£
® 0.4
Q- (] L] L] [ ]
2 5 . . * The breaking point, in case (a), was fixed as
> 0.
0.0 Ll 45 m from the seawall.
202 04 06 08 10 12 ] _ _
5 (x07) * |n case (b), the breaking point was estimated
2 1,0 . : .
© " |(b) Case2: flexible breaking point m East side flexibly by the wave transformation model.
£ 0.8 m West side
o o . . .
S 0.6 * The estimated breaking point (flexible case)
g 04 was closer than 45 m (fixed case).
0.2 * Lower wave by flexible breaking point affects
0.0 the decrease of wave overtopping amount.
02 10 12

2018-09-04 (UTC) .



03 Resuits Ci)ﬁWmd / Sea Surface Level
| r= = i w sy
§

Accumulated volume considering reduction factor TRRE

(x10%) West side =i e

100

3
s 80
o
5—5 60 * Accumulated overtopping
2]
S5 volume was reduced by the
©
£ 40 effect of oblique waves.
S
£ * 31.1 % of reduction occurred
g 20 .
g along the east side.

0 b—a \ * 46.8 % of reduction occurred

02 04 06 08 10 12 .

2018-09-04 (UTC) along the west side.
East side West side
x-x Case?2: without reduction factor x-x Case2: without reduction factor

e—o Cased: considring reduction factor e Case3: considring reduction factor
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03 Results

Accumulated volume considering reduction factor

(x109)

100
& D — M R |— N K — X — o
£ ¥
(0] 80 /
o
(4]
g 60
©
B
T 40
>
€
g 20
<

O R
02 04 06 08 10 12
2018-09-04 (UTC)
East side West side
»-x Case?2: without reduction factor x-x Case?2: without reduction factor

e—o Case3: considring reduction factor e—e Case3: considring reduction factor

* The reduction in wave overtopping
discharge due to the reduction
factor is attributed to the broad
directional distribution of waves at

I

—» \Wave direction

600

550

500 -

450

400

350

300

250

200 A

150 4 *

100

50

|

* % % % %X X X %

* % % % %X % X kX x

* % %% % % % % %X %X x % X%

| | | I
50 100 150 200 250 300 350 400 450 500 550 600 650 700

1 1 L 1
X K ¥ K K K A& x x X

K K K K g * <+ x x

LI

the seawall front. (T 55250550511 e s e 20180904.030000 Time : (UTC)
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03 Results

Reverse flow through manholes depending on the installation of flap gates

s O - B

£

€10

£E

20

2 T2 04 06 08 10 12
(x103)

> 4 — D

S 0 m Case 5a: q | 0

> m Case 5b: q 7

o 30 7 15

S "y

S 20 ) 10

o= ‘ ---- Case 5a: Q

o 10 | —=Caseb5b: @ | 5

CTJ I —_—_————— e — — 1 — — —

2 | il

) 0 0)

o 02 04 06 08 10 12

2018-09-04 (UTC)
< Time series of flood discharge through manholes >
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Accumulated volume, Q (m3)

Case 5a: Flap gates prevent
seawater backflow, allowing only
rainfall-induced reverse flow.

* Case 5b: Rising sea levels result in

seawater backflow through the
sewer system.

Rainfall-induced flood (Case 5a)
: 2.6X10% m3

Seawater-induced flood
:17.0X103 m3

Both-induced flood (Case 5b)
:19.6X10% m3



03 Results
Flood discharge by individual factor (wave overtopping and reverse flow)

600 (a) Case 3: Wave overtopping

& (107 x0) o * Flood duration
500 . 04 : 80 .
S s 5 wave overtoppin
S ama B pping
2 5 g E 03:00-10:00
300 s & S 5 . .
220 - @ Eastside |0 B o7 reverse flow
200 §§,01 -- Q,|West side 20 Zg E
100 E’ . T % 04:20 - 08:00
© 005 10 120 <
o ) 2018-09-04 (UTC) * Peak discharge
=0 ;@40 (b) Case 5b: Reverse flow o) wave overtopping
500 = — 0
15 = qo el o 06:00
400 o 30 15 &
= £ reverse flow
300 10 520 109
B - 04:30
200 . £10 5 <
: = = . . .
100 % 3 . E * Flood timing might
(b) Reverse flow m o 02 04 10 1298
100 200 300 400 500 600 700 0.0 §>:’ 2018-09-04 (UTC) < be faSter by the

< Peak flood depth > < Time series of flood discharge > flood factor.
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*Results:
partial compound flood

*Cases 6 and 7




*Results:
partial compound flood




03 Results O Wmd / Sea Surface Leve‘
: .

Flood discharge by failure & Overtopping (Case 6)

(x1077) (x103)
T 04 ‘ go ©
) ()
o oy
g €0.3 T B e e e ML (- A
2 5 2 E
o> 0.2 40 5 &
£ o Q
S E | s E e+ Seawall collapse occurred at
o — 0.1 - ————-120 :é _
3 a 5 the Ease side.
P l (&)
@) 0.0 s R 0 <ct> .
02 04 06 08 10 12 * In Case 6, the flood discharge
2018 09 04 (UTC) o
g, Ease side with seawall collapse Q, East side with seawall collapse was calculated takmg Into
m g, Ease side no seawall collapse  ---- Q, East side no seawall collapse account the seawall coIIapse.
m g, West side no seawall collapse  ---- Q, West side no seawall collapse

* Peak discharge has increased by 15.66%. * Accumulated discharge has increased by 20.29%.
g :0.39%X101m3/s per m Q) : 75.05%103m3 perm
B g :0.34x101m3/s per m ---- (:62.39%x10*m3 per m
B g :0.31x10"m?3/s per m w ---- @:17.05X10°m? per m




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
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< Field survey overview >



03 Results

Comparison of peak flood depth by full compound flood (cases 8 to 10)
2.0

0o

yverestimated
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—
o

o
&

Flood depth (m)

1 2 S 4. S5 g 6 7
Field survey points

Measured height
< Field su rvey points 1-7 > B Case 8: No considering breaking point and reduction factor
m  Case 9: Only considering breaking point
49- B Case 10: Both considering




03 Results

Comparison of peak flood depth by full compound flood (cases 8 to 10)
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< Field su rvey points 8-14 > B Case 8: No considering breaking point and reduction factor
m  Case 9: Only considering breaking point
50- m  Case 10: Both considering




03 Results
Comparison of peak flood depth by full compound flood (cases 8 to 10)
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03 Results
Comparison of peak flood depth by individual VS compound flood

€ 2.0 * Summation of individual
c 15 m flood calculation cases:

Flood dept

1.0 Wi ! h b | IL Case 3 (wave overtopping)

HINREE PSS B F .

0.0- I] i Case 4 (seawall collapse)
2 4 5 6 12 14 +

Case 5b (sewer reverse flow)

1.5

1.0 overestimated I M
0'5 | e | = —_—— - - e — — —~ o E
0.0,1=5— - h S B
0 4 ! “ Il - I m; Y, | * Fully coupled compound

-
1.0 = =

N S N S S A AP il flood calculation case:
i 2 3 4 5 6 7 8 9 10 11 12 13 14 Case 10

Field survey points

Error (obs-cal) (m)

Measured height
B Case 3+4+5b: Summation of individual flood calculation ¢ Simple summation of [
B Case 10: Fully coupled compound flood calculation
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overestimated flood depth.
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