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Motivation/Background

Artificially treated (with hardening structures) coastal line > 53%

Most storm inundation occurred due to wave overtopping (WOT)

Severe storm surge inundation issued in 2016 due to WOT

To meet increasing necessity of EWS (weather, storm, surge, wave,

)
No existing all mighty model encompassing tide, wave, storm, WOT,
overland flow,... (even coupling of models)
Appropriate numerical treating is required for mathematical singularity
solutions occurred in front of upright (steep slope) dikes

(wetting-drying schemes cannot be applied )
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Methods

Simulation of storm wave overtop inundations on coastal infrastructures is

difficult but EurOtop can empirically provide overtopping volumes, Q

Evaluating Q and assigning for artificial dikes (levees)

Incorporating EurOtop into ADCIRC+SWAN

EurOtop functions are fully embedded in a coupled tide+wave+surge,

ADCIRC+SWAN (as ver 53)

Real-time storm surge + WOT forecasting system

EWS of WOT in 2018
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Results and discussion

= Hindcasting 2016 WOT inundation

= Comparison wrt videos and flood mark survey

= Limitations of EurOtop and further researches
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Concluding remarks

v WOT functions are embedded completely in ADCIRC v53

v’ Additional computational time is ~ 3% compared to ADCIRC+SWAN
even 0.1 sec of At for Marine city, Busan simulation
—> EWS of WOT can be successfully applied in other cases

v' EWS can be done at least 1 d earlier > enough to make dynamic EAP

v’ Further study on sensitivity of surface reduction factor should be done,
considering real-situation
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Marine city inundation due to wave overtopping

=" Marine city flooding in 2016
v" Induced by wave overtopping during typhoon Chaba passing

v’ Videos taken by cable news, SNS(Twitter, Facebook ...), YouTube
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Marine city inundation videos

= Marine city flooding due to wave overtopping in 2016

SBS |

B NEWS
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EurOTop overview

* Integrated various wave overtopping formula taken
- HR Wallingford, Deltares, Infram ...

- CLASH Project : experiment and Field data

Slope and vertical type structures

Probabilistic and deterministic design

Exponential (or Power) function type eq.

Effect of oblique waves, surface roughness type ...

foreshore slope 1:m

T

Coastal Dikes & Embankment Seawalls ~ Armoured Rubble Slopes & Mounds Vertical & Steep Seawalls
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Calculation of WOT flow rates and conveying to landward
= Calculate wave overtopping volume for upright/steep slope dikes
regardless of composite types, irregular surface canopy conditions



All procedures automatically performed

\
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EurOtop

Wave Overtopping of Sea Defences
and Related Structures:

$m-10<2

Assessment Manual

Breaking
wave

August 2007

Wave
condition

‘ADCIRC + SWAN
Simulation result
(¢, Hs, Tp, Dir)

very time step

Positive freeboard

Non
Breaking
wave

Determine Eq. q

Wave
overtopping
condition

Structure type
BARTYPE,EQTYPE,
Slope, Composite height,
Wave overtopping reduce
factor

Weir formula

Zero freeboard | Negative FB |

Wave
condition

$m-10<2 $m-1,0=2

Non Breaking
wave

Breaking
wave

Eq. 5.9
q _ 0.067 N < exi (74 o R, )
g} tana e R Tt ¥a Y e T
o

9 Hio

Eq. 5.9 (Maximum) Eq. 5.11
2 :02-exp(—2 JHL) L :10‘-exp(— R
mo " ¥ioYp g-12, ¥ro¥pe Huno (033 +0.0222- 4,

Eq. 5.14a
) q =0.0537-§, 10
0 ERLE

13

P82 9 +EA 29y 97y

At
Eanl-Nal'iu:)lnlal ﬁvefll-ny CN Mc H ET

rical Modeling of Coastal Hydro



Grid file (Fort.14)

Internal barrier type(24) segment

101 24 = Number of paring node for weir (land boundary 4)

NBVV IBCONN BARINHT BARINCFSB BARINCFSP BARTYPE EQTYPE BSLOPE BARHT BARCF
4434 2130 2.8 1.0 1.0 1 1 1 0 1.0
4432 2252 2.8 1.0 1.0 1 1 1 0 0.3
4431 2253 2.8 1.0 1.0 3 2 2 0 0.3
4430 2251 2.8 1.0 1.0 3 2 2 0 0.3

Original barrier boundary setup element

NBVV : node numbers on normal flow boundary
IBCONN : back face node paired with the front face node
BARINHT : internal barrier height

BARINCEFSB : coefficient of free surface subcritical flow at internal barrier node

BARINCFSP : coefficient of free surface supercritical flow at internal barrie

Added structure type

BARTYPE: Vertical wall=1, Simple sloped barrier=3
EQTYPE: Deterministic eq=1, Probabilistic eq=2 , Default=1
BSLOPE: Slope

BARHT: Composite height (m)

BARCF: Wave overtopping reduction factor
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Control file (Fort.15)

1 I NOLICAT - OPTION TO CONSIDER TIME DERIVATIVE OF CONV ACC TERMS
3 I NWP - Number of nodal attributes.
primitive_weighting_in_continuity_equation

mannings_n_at_sea_floor

wave_refraction_in_swan

1 I NCOR - VARIABLE CORIOLIS IN SPACE OPTION PARAMETER

1 I NTIP - TIDAL POTENTIAL OPTION PARAMETER
3191 { NWS - WIND STRESS AND BAROMETRIC PRESSURE OPTION PARAMETER
1 INRAMP-RAMPRUNCTION OPTION T

9.81 ! G - ACCELERATION DUE TO GRAVITY - DETERMINES UNITS

-3 ! TAUO - WEIGHTING FACTOR IN GWCE

0.1 I DT - TIME STEP (IN SECONDS)

0.0 ! STATIM - STARTING SIMULATION TIME IN DAYS

0.0 ! REFTIME - REFERENCE TIME (IN DAYS) FOR NODAL FACTORS AND EQUILIBRIUM ARGS

20161002 00 1 0.7 600

10.375 ! RNDAY - TOTAL LENGTH OF SIMULATION (IN DAYS)
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. .
Source code (wot.f)
57 C reduction factor considered duese to incident wave angle (vertical dike)
S8 W _o=0.D0 ! mean gverboppsd volums m3/s/m
99 WBE=0.D0 ! wave breaking parameter (IRIBARREN NUMBER)
100 S0=0.D0 ! barrier slope (e.g. slope=1:2 then input 2)
101 W_H=0.D0 !' impulsivensess parameter h¥*
102 VALID WO=0.DC ! wyaliditiy index of EurOtop Egns application condition
103 R C=0.DC ! freehoard distance (crest level - gwl) stilling water leve
104 IN WAVE AZ=0.D0 ! initial wave incident angle
105 DENG A=0.D0
106 DANG B=0.DC
107 DEP CHE=[.D0 ! depth check for divergence problem in wet-dry area DEP
108 BAR ANGLE=BAR ANGLE1
109 C WOT is defined in fort..S5 (0: no computation, _: wave overtopping)
110 . needed next variables in fort.14
111 [HC. BARTYPE: barrier (structure) type: VERTICAL WALL=!, SIMPLE SLOPED BARRIER="
112 - Incompleteness: (COMPOSITE VERTICAT WALL=:, COMPOSTIE SLOPE BARRIER=4)
113 Hc EQTYPE: Type of computation; Deterministic EQ = | OR Probabilistic EQ = 2, default =
114 C. SLOPE: Slope of the sloped dike (only wvalid for BARTYPE = )
115 . BARCF: Friction coeff of barrier such as reduction factor of tetra-peod
116 C {only valid for sloped dike)
117 . READ INPUT.FE modified
118 . WAVE H3 significant wave height (HS)
119 . WAVE A3 mean wave DIReciton (DIR); NORTH=0 degree clockwise ==» only adcirc coupling
120 . WAVE T3 mean wave periods (TMO1)
121 . NMNBEZ: seaward barrier node number
122 C. ETAZ: SURFACE ELEVEATION
123 . DP: water depth(fort.>14}
124 . QNZ2: normal flux through barrier
125
12¢

A
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ADCIRC+SWAN+WOT compile (v53.00)

-rw-r--r-- 1 jung83kr team 7458 Mar 20 15:02
drwxr-xr-x 2 jung83kr team
[jung83kr@oceansystem® work]$ cd ./src

./src: No such file or directory

91 Mar 20 15:02

[jung83kr@oceansystemd® work]$ 11

-bash: cd:
total 188
-rw-r--r--
-rw-r--r--
-rWXr-Xr-x
-TWXr-Xr-x
-FWXr-Xr-x
-TW-r--r--
-TW-r--r--
-rwW-r--r--
-TW-r--r--
-rwW-r--r--
drwxr-xr-x

[jung83kr@oceansystemd@ work]$ make clean

i &
1
1
1
it
x
1
1
i &
1

2

makefile:19:
makefile:31:
makefile:32:

cmplrflags.mk:256:

makefile:
makefile:
makefile:
makefile:
makefile:
makefile:

rm -f ../swan/*.f

38:
40:
41:
42:
43:
44

jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team

(INFO) Guessing the type of platform ADCIRC will run on...

(INFO) Name is x86_64-unknown-linux-gnu, Machine is x86_64, Vendor is unknown, and 0S is linux-gnu.
(INFO) The root directory for the build is /st2/jung83kr/ADCIRC/ADCIRC 53 WOT_v5

(INFO) Corresponding machine found in cmplrflags.mk.

(INFO) The compiler variable in cmplrflags.mk is set to intel-WOT.

2847
6620
50875
44593
34511
5266
5266
3291
13025
7458
91

Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar

makefile.pc
WOT_test

actualflags.txt
adcirc_Xdmf.f
cmplrflags.mk
config.guess

makefile
makefile_adcirc_dp.pc
makefile _adcirc_sp.pc
makefile_adcprep.pc
makefile.non_pc
makefile.pc

WOT_test

(INFO) The following compilers have been selected...

(INFO) The Fortran compiler for adcprep is set to ifort.

(INFO) The serial Fortran compiler is set to ifort.
(INFO) The parallel Fortran compiler is set to mpif90.
(INFO) The C compiler is set to icc.

rm -f odir*/*.0 odir*/*.mod sizes.o

../swan/*_ for

[jung83kr@oceansystemd® work]$ 11

total 188
-rw-r--r-
-rw-r--r-
- FWXTr-Xr-
-FWXr-Xr-
- FWXr-Xr-
-rW-r--r-
-rw-r--r-
-rw-r--r-
-Tw-r--r-
-rw-r--r-
drwxr-xr-

X
X
X

X

1
1
it
x
1
1
it
k
1
1

2

jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team
jung83kr team

2847
6620
50875
44593
34511
5266
5266
3291
13025
7458
91

[jung83kr@oceansystemd work]$ []

../swan/* .90

Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar

20

15

36

actualflags.txt
adcirc_Xdmf.f
cmplrflags.mk
config.guess

makefile
makefile_adcirc_dp.pc
makefile _adcirc_sp.pc
makefile_adcprep.pc
makefile.non_pc
makefile.pc

WOT_test

17

seiy o +59% 298 @rd

%‘n:l-ltallk:x“\al ﬁve-rsr'lllt-y CN Mc H ET

wmercal Modeling of Coastal Hydrodynamics and Emironmental Transport



Real-time tide, wave, storm surge forecasting
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Tide simulation and verification
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Calculated tidal amplitudes (m)

Calculated tidal phase (degree)
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Automatic storm data fetching

» Fetching Typhoon parameters and automatic input file creation
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Automatic input file preparation

Start ( ; 1 G \ c 1r S$CHOUR tputformat
f Database ; Y
Aduisery 4 | Sleep time HTTP Sleep time
> \ Tide {77 min) KMA, ITWC {27 min)
Haot start data £
. 4|:|ut data anal\rsi\s\\ Database
No Typhoon forecast? f Advisory # |
\\ Region? ||| Surge height |
\\ | Wave height |
k Wave period
s s p—— \ Wind speed
H H H Yes i -
H ADCIRC i | ¥ -
. (e .f | P e
! Only tide Iy MNaodal ! Input data geaeratiof
L (77 Day) “—— Factor ~~""" Forecast
H Typhoon i renew i Region
1
H forecast 7 : | | L
R YN [y S ————— !
S ADCIRC
~ Tide
\\\\ Typhoon
¥, ~,
/ Database .f; o ™ : sy
Tide ..
| Hot start data ,.// \““\
Wind speed Ss.. <_IF(Typhoon(lat} > 25° N} Hext
Prassure S H“\\ advisory
~,
~,
\\\
~ Yes
¥
ADBIRC+SWAN
N Tidha,
T','phoon‘s\
Wind wave S -
~,
. .. Skip :
M > $
> ° Ne}ti’ismestep 5
Ewery six hours ;
Parallel Sirulations 5
Yes -
¥ ~, -

2D SWAN Spectrum
‘Water Surface Elevation

I

XBeach
Laselist. it
Filelist. txt
Tide.txt
Depth.tat

New_Depth.txt

Database f
\ Hydrodynamic |I

Data analysis
¥Beach Result Data Reading(NetCDF)

Sediment transport MNew_Depth.txt file generation

l E = ——partmesh”) ;
Post f / —prepall”) ;
FigureGen, Gnuplot i ti npi E ile ~/ w2 -np $PROC
Web ;
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Automatic storm surge modeling

Start
{ Database ; Y
Aduisery 4 | Sleep time HTTP Sleep time
Tide {?7 min) KMA, ITWC {27 min)

Hot start data

M

X
e
RN
4|:|ut data anal\rsi\s\\

/" Database I,;\ e
'III Tide

Hot start data
Wind speed
Pressure

Ewery six hours
Parallel Simulatio

Typhoon forecast?
Region?

Yes
ADCIRC ¥
Only tide Input data generation
— (77 Day) +«—— Factor Faorecast
Typhoon Region
forecast 7 I___-------.l.-_--_----|
E ADCIRC
i
1
1
1

Yes
¥

ADCIRC+SWAN
Tide
Typhoon
Wind wave

A\

- .
 IF{Hs >=Hy) >——No

ns
Yes
¥
2D SWAN Spectrum
‘Water Surface Elevation

I

XBeach
Laselist. it
Filelist. txt
Tide.txt
Depth.tat

Database f

Sediment transport

'

Data analysis
¥Beach Result Data Reading(NetCDF)
MNew_Depth.txt file generation

\ Hydrodynamic |I

Post
FigureGen, Gnuplot
Web

Database

f Advisory #

{ Surge height
1 Wave height
k Wave period
\ Wind speed

Pressure

1
1
1

Tide o Attt
Typhoon 1
1

Skip

Next Timestep

New_Depth.txt
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arly warning simulation modeling for ROI
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| T
Storm wave inundation records

Maemi (TY0314) Chaba(TY1618)
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Typhoon tracks and characteristics

<«— #28:10/04 18h

«— #26: 10/04 06h

<— Advisory #25:
10/04 00h:(UTC)

Typhoon path

26

Typhoon Chaba (Ilgme)
Typhoon (JMA scale)

Typhoon Chaba at peak intensity on October 3,
observed from the International Space Station
|Formed September 24, 2016
Dissipated October 7, 2016
(Extratropical after October 5)

Latitude (degree)

' Highest winds 10-minute sustained:
215 km/h (130 mph)
1-minute sustained:
270 km/h (165 mph)
Lowest pressure 905 hPa (mbar); 26.72

inHg
' Fatalities 7
Damage $18.3 million (2016 USD) )0
Areas affected South Korea, Japan
Part of the 2016 Pacific typhoon season
en.wikipedia.org I
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Patching grids to base storm surge model

v" Based on NWP-116k grid
v' Applied fine bathymetry data, GTOPO30 & KorBathy30s

v # of Nodes 144 079 dt O 1 sec, 5|mulat|on 35 days (took ~ 2 h by 180 cores)




Gridding for marine city modeling

= Overland grids by using topography data
v" LiDAR by National Geographic Information Institute & DEM of 1:1000

v’ Local government data of Haeundae-gu Office in 2012

P82 9 +EA 29y 97y
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Wave overtopping modeling

v" Based on NWP-116k grid

v" Applied fine bathymetry data, GTOPO30 & KorBathy30s

v" ADCIRC+SWAN and considering dynamic asymmetric wind for Typhoon Chaba
(Peak Pc: 905 hPa, MWS: 60 m/s)

v # of Nodes : 132,657, dt : 0.1 sec, simulation: 10.75 days, (took ~ 6 h by 120 cores)

50'N .
Minimum dx : 5 m
45'N 1
1
-1
40'N B
35.158'N 11
1
35'N B
30'N 35.156'N
25°'N
* 1
35.154'N Sizsgunay
20'N - 30|
> i
15'N 3 ) ST K X
129 14°F 129.142°E 129.144°E 129.146'E 129.148°F 129.15°E
NP Contour : depth
5Ny
Bty ol +E48 2dy #ry
' S 29 il CNMCHET
110E 115°E  120E  125E  130°E 140°E  145°E ansan National Univerity

sumerical Modeing of Coastal Hydrodynamics and Emironmental Transport



Marine city wave overtopping simulation

Wave overtopping

= Dimension of barrier (10/05 02:00 ~ 10/05 04:30)
v Parapet crest: 4.42 m, Max. WSE : 0.94 m, Max. significant wave height: 3:555m
T A i
1 1
: 4.0 Barrier_Height :
: T a0 — wsE :
: g M seesees Hs :
1z 20 :
_______ ) i
______ :% 1.0 [eeerorinane® :
1 /\/\/\\/\ :
L 2.5h :
1 10/03 18:00 10/04 06:00 10/04 18:00 10/05 06:00 10/05 18:00 :
: Time (2016/month/day hour:minute in UTC) 1

N N N SN N RN SN NN SN SN SN SN SN SN RSN SN NN NN SN NN SN SN SN N SN S SN S
rrrrrrr

Simulated results

H W. L1440

M S L(H)0649

7 24

1.0m*/eas

seiy o +59% 298 @rd

Kunn::aﬁf“ul ﬁve;lt-y c N Mc H ET

and Emironmental Transport
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Analysis of incoming wave characteristics and WOT

120 - 25.0
— H
% o /‘f— 200 —
& 80 =
() ﬂ:;
) - - 150 ©
() ® fum
2 60 0 @
& " o
5 40 o~ 002
% + Wave direction =
= 20 - 50
® Wave period(TPS)
0 - 0.0
2016-10-04 12:00 2016-10-04 18:00 2016-10-05 0:00 2016-10-05 6:00
2 i Time (2016-month-day hour in UTC
Wave direction - ( 4 )
( Wave Overtopped Volume )
Determine Eq.
'ADCIRC + SWAN Structure type
Simulation result, BARTYPE,| EQTYPE
He, Tp, Ol 3::::me reduce "
factoﬂx:veg 5.0 " " ’7 0.06
o .| —Barrier height
I condition i 4.0 —WSE 0.05
Rc>0 Rc=0
o ’g 30 e Sig. wave height (Hs) 0.04
|"°@“ivafmmfd| ‘ Zero frecboard ‘ o o Wave overtopping volume (q) £
v <
= 2.0 0.03 T
3 £
- o
= 1.0 0.02
- o 0.0 < 0.01
Brsking Gl I i 1.0 —JT 0.00
2016-10-04 12:00 2016-10-04 18:00 2016-10-05 0:00 2016-10-05 6:00
ST ey (n10”7 e 518 a5 Time (2016-month-day hour in UTC)

Eq.59
= Yty U +5%% 29 drd
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Wave overtopping and propagation of inundation

Wave dir. & periods

Depth (m)
1.0

0.9
0.8
0.7
0.6

Propagation of
overland inundation
due to WOT

0.5
0.4
0.3
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Marine city wave overtopping animation

'6 QG-  toggle time slider animation. JIEY
10/4/2015 S 5y (UTC)
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EWS of WOT in 2018 induced by typhoon Kong-rey

Latitude (°N)

45

N
o

W
-l

W
Q

25/

Typhoon Kong-rey (1825)

10 115 120 125 130
Longitude (°E)

135

3\

Pc: 985 hPa //

Vmax: 27 m/g,ﬂ

Jr&:v -
Lot

#28 H- & “f‘-%f‘***
g;., Pc: 988‘?%@5‘“ ’ Jﬂ,j
ViTAx: 25 mfsf“

o /.7 "‘,
E’@%#Zé € R
5)985 hPa ts]

Vmﬁ’x 27 m/s ;
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Based on a real-time surge forecasting

Extreme Typhoon

DY SRR
< C @ youtube.com/watchiv=PPhOjrZA xw %t @@ 0% C @ =9 98| swskunsinackr * @@
= @VouTube"™ Q e 202,10118 2019 < B

HUEE U £S5 2g A7l
Center for Numerical Modeling of Coastal

b icsand

P >l o) 0097000

B} I} LjZ0f 02 O}2IA €] T/ E 02 0 Z(ADCIRC + SWAN
+ Wave overtopping Z 1})

EfS DIEf LH&of ME LD o=

3|5 463 - 2019.9.21

o Jo 4 I

= "B

45

CNMCHET
TE7 29

EZ EFTF Lol [HE OF2IAIE| 2/ g2 of 5 0| H(ADCIRC + SWAN + Wave
overtopping Z 1) - #2

Forecasting of storm surge elevation induced by typhoon TAPAH(Using ADCIRC
C&7|

nEHE @

e MYED =8

AsTEREL

» 000/027

Racammandad faran

YouTube(www.youtube.com/user/CNMCHET)

EfE O[S LHS0l e sid D of %
Forecasting of storm surge elevation
induced by typhoon : MITAG
Update time : 2019. 10. 02. 10:00 KST

2 28 18103 600

Web page(sws.kunsan.ac.kr)
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Sleep time |
(?? min)

\ 4

No

ADCIRC

Only tide

(?? day)
Typhoon forecast?

Yes

No

| Sleep time
(?? min)

Input data analysis

factor

ADCIRC+SWAN+WOT
Tide
Typhoon
Wind wave
Wave overtopping

* Next

advisory
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Comparison of WOT wrt precedent typhoon advisories

10/ 6 112 KST

2 2007

B

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

2018.10.6 g
sedasRzey | @5 124] 258 00

1 ens vl A2 SHLEOF2] A OfIEo} 91 2{o|Ct

10/6 :12 KST > 10/6 :12 KST
| |

#30 #28 4 0.1

0.0 0.0
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