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Purpose. Investigation of the storm surge in Korsakov in the southern part of the Sakhalin Island on
November 15, 2019 and comparison of the results of its numerical simulation with the data of in situ
measurements constitute the aim of the article.

Methods and Results. In situ measurements of the storm surge in Korsakov (the Sakhalin region) were
performed and the data on the flooded area dimensions were collected. A storm period on
the Sakhalin Island is almost the annual event in an autumn-winter season. The severe storm that
happened in the southern Sakhalin region on November 15, 2019 led to flooding of the port territory
in Korsakov. Due to the NAMI-DANCE computational complex, the storm surge was numerically
simulated within the framework of the system of shallow water equations in the spherical coordinates
on the rotating Earth with the regard for the friction force and the atmospheric effect. The calculations
included the data on temporal and spatial distribution of the wind speed at the altitude 10 m taken
from the Climate Forecast System Reanalysis database. The data on the atmospheric pressure were
not applied in simulations since the atmosphere pressure gradient at the area under study was small.
The simulation was carried out in the course of three days. The simulations showed that in 20 hours
after the wind forcing had started, the water level in the port increased up to its maximum values, and
did not fall the whole day. The water level maximum heights were concentrated in the southwestern
part of the Aniva Bay. At that the calculated current speeds reached 2 m/s. During the storm,
at the wind speed up to 15 m/s, the storm surge height in the Korsakov port area constituted 1.7 m,
whereas the width of the flooded zone was up to 200 m. These results are confirmed well by
the in situ measurement data.

Conclusions. The simulation values of the power characteristics for the above-mentioned storm are
represented in the paper. The Froude number square reaches 0.03 in the Korsakov city port area, and
spatial distribution of the wave strength moment is up to 1 m*/s2. Field measurements and eyewitness
reports confirm the evidence of a powerful impact of a storm surge upon the port constructions.
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Introduction

Storm surges are quite common at the Sakhalin coast, especially in its southern
part [1-4]. The stormy period on Sakhalin is observed almost every year in
the autumn-winter period. Severe storms often cause damage in the port of
Korsakov. For instance, during the strongest surges in the south of the island in
November 1990 and 1995, ships were thrown aground, hit the piers, drowned,
a significant amount of cargo was washed into the sea or was spoiled by sea water.
On 2 October 2015, as a result of a strong storm in the sea and a large surge wave,
the territory of Korsakov seaport and VVokzalnaya station was flooded. The water
level there reached 1 m. The territory in the area of Yuzhny Mol (South Mole) was
also flooded, the roads at the entrance to the Prigorodnoye port and on
the Korsakov — Novikovo section were washed out. The most recent case of
flooding occurred on 3 December 2019, when the Korsakov commercial port was
affected by an intense storm and water flows flooded the territory of the enterprise
and washed away into the sea several containers (Korsakov port was flooded again
//SakhalinInfo:[website].2019.URL :https://sakhalin.info/search/181472?text=Korsa
kovsky+commercial+port (Accessed: 09.07.2020)).

Here we are going to discuss the storm surge on 15 November 2019, when
the cargo port in Korsakov was flooded and most of its territory was covered with
water. According to eyewitnesses, at first the water left, and then came ashore.
The vessels left the port in advance. During the next day the port did not carry out
any unloading and loading operations, and intense waves were observed in its
water area (Korsakov port went under water // Korsakov: [website]. 2019. URL.:
https://korsakov.sakh.com/news/korsakov/180441 (Accessed: 09.07.2020)).

The storms of such power occur in Korsakov several times a year and, as
a rule, do not cause significant damage to infrastructure and property.

According to meteorological data from the web resource https://world-
weather.ru, on 14 November, 2019, in the morning a strong southern and
southeastern wind blew at a speed of 10-12 m/s, then in the afternoon the wind
changed direction to the western; On November 15, without changing its direction,
it increased to almost 17 m/s.

We organized a study of the flooding zone and measured the runup heights and
the width of this zone in the coastal area of Korsakov. Numerical simulation of
storm surges was carried out within the framework of the shallow water equations
using the NAMI-DANCE computational complex. The results of calculating
the storm surge power characteristics are also presented.

The study of the flooding zone

The storm surge on 15 November 2019 flooded the port area of Korsakov in
the south of the Sakhalin region (Fig. 1), the flooding zone boundary is shown
in Fig. 2. According to the measurement results, the width of the flooded zone from
the water edge reached 200 m.

During the study we carried out the measurements of the height which
the water reached relative to sea level (the runup height), and the water level in
some flooded points (Fig. 3). Note that the maximum runup height reached 1.7 m
above the sea level. A significant part of the coastal area was flooded. Since
the residential quarters of Korsakov are located on a hill, the water was unable
to penetrate into them for a considerable distance.
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F i g. 2. Zone flooded due to the storm surge on 15.11.2019 (white line marks the GPS-track of
the runup boundary)
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Fig. 3. Measurement of the runup height resulted from the storm surge in the port of Korsakov

Storm surge numerical modeling
Storm surges are caused by long waves, therefore they are usually modeled
using shallow water equations. The literature on the calculation of storm surges is
quite voluminous, and here we are to mention only a few works where storm
surges were simulated in the seas surrounding Russia [5-8].
In our calculations we used the NAMI-DANCE_P computational complex
[9, 10] based on solving a system of nonlinear shallow water equations in spherical
coordinates, with regard to the Earth’s rotation, friction force and atmospheric
effect:
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Here n is a water surface displacement; t is time; M and N are the components

of water discharge along the longitude A and latitude 6; f is the Coriolis parameter
(f = 2Q sinB and Q is the Earth rotation frequency); R is the radius of the Earth;
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D =h(x, y) + n is a total depth of the basin, h(x, y) is a bottom relief; g is a gravity
acceleration; p,, is air density; p, is water density; U, and V, are the wind

velocity components (usually measured at 10 m height from the water surface);
Cpis a drag coefficient (in the calculation was taken as equal to 2 - 107°);
n is the bottom roughness coefficient (the so-called Manning parameter). We took
n=0.015m s, which is typical for the natural bottom (sand, small pebbles).

As atmospheric forcing (Fig. 4), we used the data on the temporal and spatial
wind velocity distribution at 10 m height, taken from the Climate Forecast System
Reanalysis (CFSR) database (https:/climatedataguide.ucar.edu/ climate-data /
climate-forecast-system-reanalysis-cfsr; https://data.nodc.noaa.gov/cgi-
bin/iso?id=gov.noaa.ncdc:C00765). It should be noted that the data on atmospheric
pressure were not used in the calculations, since the atmospheric pressure gradient
in the water area under study was small.

fri 115 0:00 UTC]

2019-11
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F i g. 4. Wind spatial distribution at the 10 m altitude during the period 14.11.2019-16.11.2019
(from left to right) based on the CFSR data

30-second Global Ocean Bathymetry (GEBCO30 Digital Atlas) was used for
the simulations with the addition of more accurate coastal bathymetry of Aniva
Bay, which was obtained from various sources. The Aniva Bay water area
bathymetry was set with a step of about 150 m. In order to calculate the wave
runup, the embedded bathymetry of Korsakov area with a step of about 20 m was
used. The calculated area is shown in Fig. 5. In the northern part of Aniva Bay, on
the land, the boundary conditions of total reflection were set (vertical wall at 5 m
depth). In the area of Korsakov, conditions that provided the wave rolling were set.
In the southern part of the bay, the conditions for the free departure of waves from
the water area were set.

The modeling was carried out for a period of three days. After 20 hours,
the water level in the port rose by about 1.7 m, the water began to subside only
a day later. The water level rose most strongly in the southwestern part of Aniva
Bay (Fig. 5). The calculated current velocities reached 2 m/s, which pose
a significant danger to ships and coastal infrastructure. The analysis of distribution
of water level variations over the entire modeling time (72 h) shows that
the maximum water level elevations are concentrated in the northwestern part of
Aniva Bay (Fig. 6).
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F i g. 5. Distribution of water surface displacements during the storm on November 15, 2019: in
3 (left) and 9 (right) hrs from its beginning. The lower figure shows the calculated mareogram for
the port of Korsakov
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Fig. 6. Spatial distribution of the water level elevation maximums for 72 hrs of simulation

The impact of the storm surge on the shore was modeled using nested grids
only for the Korsakov area. The resulting distribution of storm surge heights along
the coast is shown in Fig. 7. The maximum surge height is 1.7 m, which is in good
agreement with the field survey results. The width of the floodplain is 200 m from
the shoreline and covers the port area.
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F ig. 7. Distribution of surge heights along the coast. Rectangle marks the part where measurements
were performed

It is of interest to calculate the impact of a storm surge on the simplest element
of the port infrastructure — small-diameter round mounting support. When flowing
around a vertical obstacle of small diameter, the hydrodynamic pressure can be
expressed by the formula

Fy=pudDS, 4)

where p,, is a sea water density; D is total water depth; S is a cross-section area
(towards the wave propagation direction).

A structure in a viscous flux is also affected by the drag force, which is
approximated by the formula

Fy =2 puCol’s. ®)

where C, is a drag coefficient; u is a velocity of current in the computational point

with no regard to the structure.

From the ratio of two components of the forces affecting a single obstacle of
small diameter, as can be seen from (4) and (5), we find the so-called
“hydrodynamic parameter” [11]:

Fq u? 2
h
proportional to the Froude number
Fr=—"_ )
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The Froude number calculation demonstrates the ratio of the forces of impact
on structures.

All the parameters listed above are integrated into the NAMI-DANCE software
package. The results of calculating the squared Froude number for the Aniva Bay
during the storm surge are shown in Fig. 8. They show that when the wave moves
from the west, the port area and the adjacent territory of Korsakov will be subject to
a very significant impact.
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Fig. 8. Maximum values of the Froude number square for the storm on 15.11.2019 (arrows show its
highest values on the coast of Korsakov city)

In [12], it is proposed to use the following characteristic, called the moment, to
distinguish zones of force impact of waves on port facilities:

Mo = Du?. (8)

The calculated values of the moment (8) for the storm that took place on
15 November 2019 are given in Fig. 9. The spatial distribution of this characteristic
is also evidence of the significant storm surge force impact on port structures.

Fig. 9. Values of the moment (m%s?) for the storm on 15.11.2019 (arrows show the highest values
on the coast of Korsakov city)
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Conclusion

On the basis of field measurements, an analysis of the consequences of storm
surge that took place in the Korsakov area in the south of the Sakhalin on
15 November 2019 was carried out. Numerical modeling of this event was carried
out within the framework of nonlinear shallow water equations using the NAMI-
DANCE computational complex. Storm conditions were modeled using the data on
wind temporal and spatial distribution at 10 m height from the Climate Forecast
System Reanalysis (CFSR) database. It was revealed that at wind velocity of up to
15 m/s the storm surge height in the area of the Korsakov port was 1.7 m, the width
of the flooding zone reached 200 m, which is fully consistent with the research
results.
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