Storm surge disaster of Typhoon 9918 at New Moji District
with a distributed runoff model

Naoki Okada, Susumu Ogawa
Rissho University
1700 Magechi, Kumagaya, Saitama, 360-0194 Japan
E-mail: 031w00089@ris.ac.jp

KEYWORDS: wave over topping, joint distribution, weir formula, distributed runoff model.

ABSTRACT: Typhoon 9918 brought wave over topping damage at New Moji District, Kita-kyushu,
Fukuoka in 1999. Then the over topping rate was estimated from the tide observation and the ponding
state was reproduced with a distributed runoff model. At the south New Moji District, some seawalls
collapsed by wave forces in the typhoon invasion. First, the frequency distribution was produced with the
joint distribution of wave heights and periods, and the over topping rate was estimated with a weir
formula. A two-dimensional unsteady flow model was constructed and the over topping damage was
simulated from input data: precipitation, the over topping rate, and a DEM. From the simulation results,
over topping rate at collapsed seawalls was 59 times as much as the original at most. Therefore, the
seawall collapse might cause the over topping damage at New Moji District at least. A time series of the
ponding state was reproduced with the simulation.

1. Introduction

Typhoon 9918, on September 24th, 1999, brought damage in various regions in Japan. Its damage
increased in Kyushu district because typhoon invaded and high tide occurred at the same time. However
the details of the actual flood situation are still unclear because typhoon invasion was from daybreak to
early morning, and there is few witness. The over topping rate estimation by the tide observation and
submerged situation by a distributed runoff model were reproduced for wave over topping damage at
New Moji District, Kita-kyushu, Fukuoka caused by typhoon 9918. The individual wave frequency
distribution was estimated by a joint distribution of wave heights and periods, and the over topping rate
was estimated by a weir formula. A distributed runoff model was constructed on the assumption that the
seawater behavior was two-dimensional flow without a vertical direction velocity change. Flooding
simulation was done with DEM, which was made from aerial photos, and an estimated overflow rate.

2. Analysis method

2.1 Objective area

New Moji District, Kita-kyushu, Fukuoka (Total area 1,806,000m?) was the objective area. The New
Moji District was landfilled as an industrial site and faced the Sea of Suo. There are the 1st New Moji
coastal revetment (814 m length), which was constructed in the north side and the 2nd New Moji coastal
revetment (1,171 m length), which was constructed in the south side at the eastern end of the reclaimed
land. At the time of typhoon invasion, a wave washed from the eastern edge and wave over topping
damage occurred. In addition, the superstructure collapse occurred at five parts of the 1st New Moji
coastal revetment  (59.9 m length) and at five parts of the 2nd New Moji coastal revetment (96.1 m). In
a collapse part, more wave over topping occurred than non-collapse part, and the damage was increased.
The New Moji District was indicated in Fig. 1. The coastal revetment was divided every 200 m from the
northern end as 0 to 200-m section, 200 to 400-m section, 400 to 600-m section, 600 to 800-m section,
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Fig.1 New Moji district Fig.2 Tide level fluctuation

800 to 1000-m section, 1000 to 1200-m section, 1200 to 1400-m section, 1600 to 1800-m section and
1800 to 1985-m section. In addition, the ground height, the tide level and the water level were
standardized by the chart datum level (CDL) of New Moji District. The CDL of New Moji District was
lower 2.14m than the mean Tokyo Bay tidal level.

2.2 Typhoon summary

Typhoon 9918 occurred at the eastern sea of Taiwan on September 19th, 1999, and it became strong as
it moved to the northward. North Kumamoto was hit at 6:00 a.m. on 24th. Afterward Yamaguchi and
Hokkaido were hit, and typhoon invaded in each place. Typhoon brought a total of 36 deceased or
missing people, 1,077 injured people and 23,218 flood damages across the country starting with 13
deceased people in Shiranui, Kumamoto. The course and the power of this typhoon resembled typhoon
9119 (the Apple typhoon) that occurred in 1991, but because the former invaded at the time of high tide,
the damage increased in Kyushu region.

2.3 Data used
Sea phenomena data

The tide level data, which were observed by Kita-kyushu Port Authority, were used for calculating over
topping rate. The average wave heighty and the average wave periodT , which were required for this
simulation, were calculated by Saito (2003) from the equivalent deepwater wave height Hy* and the
representative deepwater wave period T. The tide level data were indicated in Fig. 2, and the average
wave height g and the average wave periodT were shown in Table 1. Although the observation data
were hourly values, the tide level data were calculated as minute values.

Topographic data

In simulation, the DEM by Saito (2003) was used as topographic data. The DEM was made by stereo
matching for two pieces of aerial photos (photographed on April 27, 1999), which were published by
Geographical Survey Institute and the ground control point was given by the field surveying result [1].
The spatial resolution of DEM was 10 m.



Table.1 Average wave height and average wave period in each section

Average | Average Average | Average

Section Time wave wave Section Time wave wave
height(m) | _period(s) height(m) | period(s)

500 133 517 500 112 517

.00 162 575 500 138 575

7.00 169 675 7.00 162 675

0200 m 800 156 RCE el BT 137 675
9.00 110 595 900 094 595

1000 056 350 1000 047 350

5.00 130 517 500 109 517

500 158 575 500 154 575

7.00 181 575 700 156 575

2007400 m 800 153 575|200 500 131 675
9.00 107 525 900 090 525

1000 053 350 1000 046 350

500 126 517 500 10 517

500 154 575 600 126 575

7.00 178 575 700 149 575

00600 m 500 152 15 | OO0 M50 128 575
9.00 104 525 900 086 525

1000 051 350 1000 04 350

500 121 517 500 101 517

500 147 575 500 125 575

7.00 173 575 700 147 575

600-600 m 800 146 675|000 500 126 675
9.00 100 525 900 084 525

1000 050 350 1000 04 350

500 114 517 500 098 517

600 140 575 600 122 575

7.00 164 575 700 148 575

B0 m 550 159 R e WY 124 675
9.00 095 525 900 083 525

1000 047 350 1000 04 350

2.4 Joint distribution of wave heights and periods

A joint distribution of wave heights and periods by Longuet-Higgins was used to reproduce the ocean
wave situation at the time of a typhoon invasion. It was derived theoretically on the assumption that the
spectrum width was narrow in a random wave pattern of the Gauss process, and it was applied to the
ocean wave [2]. A joint distribution of wave heights and periods p(5,7) was given by Eq. 1.
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where { is the dimensionless wave height by the average wave height H , o is a spectrum width, T
is the dimensionless wave period by the average wave periodT . Using this equation, a wave appearance
frequency distribution was obtained from each wave height and period.

2.5 Over topping rate estimation

An over topping rate was obtained with the weir formula on the assumption that calculated individual
waves were a sinusoidal curve. A full width weir formula was used for non-collapse parts, and a
rectangle weir formula was used for collapse parts. A flow rate equation is expressed as Eq. 2.

Q=CBh* ©)

where Q is an overflow rate (ms), C is an overflow coefficient, B is a weir width (m), his an overflow
depth (m). An over topping rate per unit of the width was obtained as B = 1 m. A full width weir and a
rectangle weir had different overflow coefficient. An overflow coefficient C; of a full width weir could
be obtained by Eq. 3 [3].

C, =1785+ [0'0(;?95 + 0.237\:\1/}(1+ £) ©)

if W < 1m, €= 0. if W>1m, £=0.55(W-1).

where C; is an overflow coefficient of a full width weir, Wis a weir height (m), € is a correction term.



An overflow coefficient C; of a rectangle weir could be obtained by Eq. 4 [4].

ifO<hlL < 0.1, Cy= 1.642(L)°*%.

if0.1<hL < 04, C,=1.552 + 0.083(/L). @
if0.4<hL < (15-19), Cy= 1444 +0.352(hL).

if (1.5-1.9) < hiL, Cy= 1.785 + 0.237(h/\W).

where C; is an overflow coefficient of a rectangle weir, L is a weir length (m). An over topping rate per
wavelength was obtained by each 0.01-second interval between t; and t, and summed up the over
topping rate each section. t; is time when a wave height exceeds the coastal revetment height, while t; is
time when the wave height becomes lower than the coastal revetment height. The collapse occurred time
is unknown, but the calculation was done on the assumption that the collapse occurred at 7:00 a.m.
because the ocean wave showed the most intense and there was witness testimony in the reclaimed land.

2.6 Construction of a two-dimensional unsteady flow model

Flooding simulation of the seawater, which flooded in the reclaimed land, was done with DEM, which
was made by aerial photos, and an overflow rate, which was obtained by a weir equation. The flooding
water depth was several meters at most. Thus the change of vertical direction flow velocity was small.
Even if the flow was a laminar flow, there was no hydraulics problem. Therefore a two-dimensional
unsteady flow model was employed as a model to express the flooding water behavior. An equation of
water continuity is shown as Eq. 5. Dynamic equations of x and y directions are shown as Egs. 6 and 7

[5].
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where hy, is a water depth (m), u is an x-direction velocity component (m/s), v is a y-direction velocity
component (m/s), H is an elevation (m), n is the Manning roughness coefficient. Finite differences were
applied to these partial differential equations with staggered grid. A scalar such as a water depth or a
pressure was given the grid center, and the direction velocity component was arranged between the water
depths of the next grid. This method easily expressed that the velocity, which was a perpendicular to the
surrounding walls, was 0. The grid width was assumed 10 m to adjust DEM resolution, and the time step
was assumed 0.1 second.

3. Analysis results

3.1 Joint distribution of wave heights and periods

Each wave height and wave period’s wave frequency in 0 to 200-m section at 7:00 a.m. was shown in
Table 2 that was obtained by a joint distribution of wave heights and periods. A vertical axis shows a
wave height (m), and a horizontal axis shows a wave period (s). The average height was 1.89 m, and the



average wave period was 6.75 s. The wave with 2.25 m in height and 7.5 s wave period was most
frequent in this one hour, and the wave number was 45. In other sections, 1.75 and 2.25 m wave were
most frequent in the 1st New Moji coastal revetment, and 1.75 m wave was most frequent in the 2nd
New Moji coastal revetment.

Table.2 Each wave height and wave period’s wave frequency in 0 to 200-m section at 7:00 a.m.

‘Wave period(s)—
| Wave height(m)
0.25 2 2 2 2
0.75 11 14 15 12
1.25 15 29 32 21
1.75 10 36 44 19
2.25 4 32 45 12
2.75

2.5 5 7.5 10 12.5 15
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Fig.3 Over flow rate in collapse section Fig.4 Over flow rate in non-collapse section

3.2 Over topping rate by the weir equation

An over flow rate in the collapse section is shown in Fig. 3 and one in the non-collapse section is
shown in Fig. 4. The collapse time is unknown, but the calculation was done on the assumption that the
collapse occurred at 7:00 a.m. because the ocean wave was the most intense at that time and there was
witness testimony in the reclaimed land. In the collapse section, an over topping rate increased at 7:00
a.m. when the collapse occurred. In particular, the over topping continually occurred during 7:00 a.m. to
8:30 am. It is understood that the damage was serious. When an over flow rate in the collapse section
and in the non-collapse section were compared, about 59 times differences were estimated at the
maximum.

3.3 Simulation execution result
A simulation execution screen is shown in Fig. 5. An over topping started from 6:30 a.m., and filling
action was in progress where an elevation was relatively low.

4. Discussion

An inlet flow into the filled land was obtained from an inlet flow from hinterland and a displacement
capacity. Because the torrential rain and high tide by typhoon occurred at the same time, the inlet flow
from hinterland exceeded a displacement capacity at 8:00 a.m. When a wave frequency distribution was
obtained with a joint distribution of wave heights and periods, it was understood that 1.75 and 2.25-m
wave were most frequent in the 1st New Maoji coastal revetment, and 1.75 m wave was most frequent in
the 2nd New Moji coastal revetment. In this time period, the over topping damage occurred in the
non-collapse section because the tide level was about 5 m. In the collapse section where the ground



height was 5.5 m, an over topping rate increased more than non-collapse section because there became a
few differences between tide level and ground height and over topping occurred even for a small wave.
Flooding simulation was done with DEM, which was made from the aerial photos, and an estimated
overflow rate. The seawater, which flooded in the reclaimed land, flowed in relatively a low place as a
canal.
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Fig.5 simulation execution screen
5. Conclusions

The over topping rate estimation by the tide observation and the submerged situation by a distributed
runoff model were reproduced for the wave over topping damage at the New Maji District, Kita-kyushu,
Fukuoka caused by Typhoon 9918. Conclusions are shown below.

1) An over topping rate was estimated by the weir equation on the basis of the wave frequency
distribution. At a collapse section, the frequency of over topping was high, and the over topping
continually occurred during 7:00 a.m. to 8:30 a.m. In addition, about 59 times differences occurred at
the maximum between the over flow rate in collapse section and in non-collapse section. Therefore,
the superstructure collapse was the greatest factor of the over topping damage in the New Moji
district.

2) Atwo-dimensional unsteadily flow model was constructed, and a flooding simulation was done with
rainfall data, DEM, which was made from aerial photos, and an estimated overflow rate as input data.
From the simulation result, it was understood that the seawater, which flooded in the reclaimed land,
flowed as a canal where an elevation was relatively low.

3) Flooding simulation was done by combination of observed sea data, aerial photos, field survey
results and two-dimensional unsteadily flow model. Various damage assessment could be done
different conditions by changing an input parameter. Therefore, this method could be applied to
make a disaster master plan.

References

[1] Keisuke Saito, 2003, Flood simulation at New Moji district by typhoon 9918, Rissho University
master’s thesis, pp. 53 — 56, 71 — 76.

[2] Longuet-Higgins, M.S., 1975, On the joint distribution of the periods and amplitudes of sea wave, J.
Geophys. Res., 80, pp2688-2694.

[3] Ishihara Tomoo and Ida Tomio, 1951, Supplemented formulas for rectangular weirs without
end-contractions, Proc. The 1stJapan National Congress for Applied Mechanics, pp. 381-384.



[4] Rao, N.S.G. and Muralidhar, D., 1963, Discharge characteristics of weirs of finite-crest width, La

Houille Blanche, No.5, pp537-545.
[5] lwasa, Y. and Inoue, K., 1981, Mathematical simulation of flood and overland flows, Proc.
International Conference on Numerical Modelling of River, Channel and Overland Flow for Water

Resources and Environment Applications, Bratislava.



	Sea phenomena data

