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ABSTRACT

The flight test of N219 Amphibious aircraft will be targeted in 2023/2024 and it
needs a seaplane dock. One of the potential locations for the seaplane dock is
Panjang Island at Seribu Islands. This study aims to know the characteristic of
hydrodynamic and wave conditions and to determine whether Panjang Island is
suitable for the seaplane dock. This study uses a modeling method with MIKE 21
Flexible mesh (FM) Hydrodynamic-Spectral wave (HD-SW) module and MIKE 21
Boussinesq Wave (BW) module. The needed data are the bathymetry data were
obtained from the Indonesian Navy Hydrographic and Oceanographic Center
(Pushidrosal), tidal data, wave and wind data. The validation result between
hydrodynamic modeling and Tidal model driver (TMD) is 92%. Current velocity
has a range of 0.018-0.199 m/s during the west monsoon and 0.02-0.193 m/s
during the east monsoon. The 50-year return period modeling resulted the
maximum wave height between 1.139 to 1.474 m. Furthermore, the significant
wave height has the range of 0.679 to 0.741 with a period of 13.45 seconds. In
general, the current and wave conditions in Panjang Island are suitable for the
construction of the seaplane dock, except that the dominant wave heights are still
above the requirements.
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INTRODUCTION

Indonesia's geographic condition is an
archipelago stretching 81,000 km long. It
demands the development of fast transportation
modes that can connect small islands and the
existence of outer islands on the border of
Indonesia effectively.

Based on Republic Indonesia's law no. 1 of
2009 concerning aviation, article 1 states that
aviation is a unified system consisting of the use
of airspace, aircraft, airports, air transportation,
flight navigation, safety and security, the
environment and other supporting facilities [1].
Development in small islands must be carried out
in a sustainable manner with an approach that
prioritizes ecological balance, economy and
conservation so that it is hoped that there will be
an acceleration of economic growth and
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problems of income distribution [2]. As stated in
Law Number 1 of 2009 and Regulation of the
Minister of Transportation Number 9 of 2016 that
for connecting remote areas, underdeveloped
areas, areas that have not been served by other
modes of transportation and to encourage
regional growth and development in order to
achieve stability, defense and security, and state
security, it is necessary to organize pioneering air
transportation [1], [3].

The recent transportation to connect small
islands, border water security, and post-aid
natural disasters are by wusing ships or
helicopters. Furthermore, the Agency for the
Assessment and Application of Technology
(BPPT) conducted research about designed
headquarter ships to support the security of the
outer islands for the sake of the sovereignty of the
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Republic of Indonesia, through rotational
transportation of security officers/TNI [4].

Another idea for such transportation was the
development of an amphibious aircraft. The
Amphibious Aircraft Development Plan (N219A)
is in line with the 2020-2024 National Medium
Term Development Plan [5] and the 2015-2035
National Industrial Development Master Plan [6].
In 2023/2024, Indonesia will target to produce
amphibious aircraft. The N219 Amphibious
Aircraft is a development of the N219 aircraft
which was designed as a multi-functional
amphibious aircraft. Multi-function in this case
can be used as a passenger and cargo aircraft,
for military purposes, even as a disaster relief
aircraft.

The seaplane dock is an important part of
amphibious aircraft development, especially
during the flight test phase. Therefore, we need a
study related to the criteria and alternative
locations for the construction seaplane dock of
the N219 Amphibious aircraft. It needs specific
conditions in the wave, current condition,
bathymetry, and wind condition for their
operational safety. Therefore, it requires
hydrodynamic and waves modeling as structural
design considerations.

Hydrodynamic modeling at the planned
seaplane dock construction site is needed as
input in planning and design. One of the potential
alternative areas for a seaplane dock is Panjang
Island — Seribu Islands. Therefore, this study and
modeling were carried out based on existing
secondary data. These secondary data were
obtained and generated from competent
institutions and valid models.

The tidal type in the waters of Seribu Islands
is mixed mainly diurnal [7]. Another study
analyzed tidal conditions on Kelapa Dua Island,
Seribu Islands, where it was found that tides can
affect conditions of salinity, temperature, and
current velocity [8].

The current velocity has been modeled using
MIKE 21 HD SW around Tidung lIsland, Seribu
Islands during the transitional season (March-
May) [9]. This modeling produces a current
velocity of 0.0341-0.277 m/s. [10] conducted
hydrodynamic modelling around Pari Island using
the baroclinic 3-dimensional numerical model of
the Hamburg Shelf Ocean Model (HAMSOM).
The driving force used in the HAMSOM model is
the tidal force [10] - [13]. Hydrodynamic modeling
in the Seribu Islands was also carried out by [14]
around Semak Daun Lagoon using MIKE 21 with
the results that the current velocity around the
area is influenced by tides. Based on research
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conducted by [15], the ocean waves in Pari Island
are classified as the smooth sea with the range of
significant wave height is 0.16 to 0.51 m and it
has the wave period range of 2 to 4 seconds.

The characteristics of wind and its
relationship to erosion in the Seribu Islands have
been examined by [16]. During the east
monsoon, the wind conditions in Seribu Islands
are persistent north-westward. Meanwhile, during
the west monsoon, there are extreme conditions
for wind speed. The hydrodynamic conditions in
Jakarta Bay due to the influence of reclamation
have been researched by [17]. The results of
these studies indicate that the reclamation does
not affect the surface current velocity.

Meanwhile, the Government of Indonesia has
issued the Director-General of Civil Aviation
Regulation No. SKEP/227/VIII / 2010 concerning
Manual of Standard CASR Part 139 Vol llI
Seaplane Water base [18]. This regulation is one
of the guidelines for choosing a seaplane dock
location [18]. Another reference that can be used
is Advisory Circular AC No: 150/595-1B Subiject:
Seaplane Bases, 8/31/2018 [19].

Based on [19], several things need to be
considered in selecting the location of the water
operating area for the seaplane dock, including
current direction, current speed, water depth,
wave direction, wave height, wind direction, and
wind speed.

Panjang Island is one of the islands in the
Seribu Islands of DKI Jakarta Province. The
length island is about 1.7 km and less than 0.25
km wide. The hydrodynamic (HD), spectral wave
(SW), and Boussinesq Wave (BW) condition
around the Panjang Island will be carried out in
this study using MIKE 21 software [20]. Figure 1
shows the location and coverage of this study
area.

Figure 1. The domain of hydrodynamic
modeling [21].
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This hydrodynamic modeling aims to obtain
the current and wave condition around Panjang
Island, Seribu Islands. While BW modeling aims
to determine the conditions of maximum wave
height and significant wave height during the 50-
year return period by using the MIKE 21 software
module MIKE 21 BW in the Seribu Islands for
consideration of seaplane development based on
N219A. The results of this modeling can be used
to determine whether Panjang Island is suitable
for the seaplane dock.

DATA AND METHODS

This research is conducted in the Laboratory
for Harbour Infrastructure and Coastal Dynamics
Technology (BTIPDP), BPPT.

The simulations used hydrodynamic and
spectral wave (HD - SW) module and BW module
of MIKE 21 software [20]. The flexible mesh is
applied in the modeling domain by the amount of
generated meshes of 8,174 mesh with a domain
area of 31 x 27 km.

Meanwhile, the BW modeling uses a grid
domain with a grid size of 5 m x 5 m with a total
grid of 1,001 x 801.

HD-SW modeling uses tidal data in each
modeling boundary domain obtained from the
Tide Model Driver (TMD) at intervals of one hour
time [22]. The wind speed, wind direction,
significant wave height, wave period, and wave
direction data could be downloaded in the
European Center for Medium-Range Weather
Forecast (ECMWF) for 11 years (2009 - 2020)
with a time interval of 3 hours and a resolution of
0.5°x0.5° [23] and bathymetry data obtained from
Indonesian Navy Hydrographic and
Oceanographic Center [24], The General
Bathymetric Chart of the Oceans (GEBCO) [25]
and BatNas [26] Figure 2. HD-SW modeling
during the west monsoon has a modeling period
from 5 December 2019 to 5 March 2020. Besides
in the east monsoon, it has a time from 1 June
2020 to 1 September 2020.

The results of HD-SW modeling are used to
know variations in current and wave conditions
during a certain period (west & east monsoon).
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Figure 2. Bathymetry domain for hydrodynamic
modeling and focused on Panjang Island.

BW modeling aims to obtain the maximum
wave height and significant wave height
conditions for the 50-year return period around
Panjang Island. BW modeling was carried out for
15 minutes to obtain a stable condition for wave
height around Panjang Island. Besides, the BW
modeling includes bed resistance conditions with
values ranging from 10 - 32 m*3/s depending on
the bathymetry.

The input scenarios used in BW modeling
are as follows:

1. The dfsu file bathymetry domain modeling
based on bathymetry and shoreline data that
have been obtained from GEBCO and
digitization of google earth.

2. The dfs2 files bathymetry around Panjang
Island with a grid of 5 m and a grid number of
1,001 x 801, see Figure 3.

3. The dfs2 file of manning data around Panjang
Island with a 5 m grid. It used to have values
of 32, 20, 10, and 6 m*®/s see Figure 4

4. The dfs2 porosity file around Panjang Island
with a 5 m grid, see Figure 5.

5. The dfs2 sponge files around Panjang Island
with a 5 m grid.

Wave input data in BW modeling is
generated from wave tools in MIKE 21 Toolbox
and resulted in the internal generation of the
wave. It is calculated from significant wave height
and significant wave periods at the 50-year return
period. It has a value of 2.77 m and 13.45 s.
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Figure 3. Bathymetry domain of BW modeling
around Panjang Island.

Manning

(Grid spacing 5 meter)
$ %% 8 8 3 %

8

-
gnuohou
OO O SR S e
-

ERNEEEERET

undefined Valuel

0

] 200 400 0 800 1000
(Grid spacing § meter) [

H Porosity

600 Porosty ({1
B Avove 198
) 1mo.-ns
TR
= 0 180144
,; 0eue
£ 120134
- o 104434
g 90194
g 0 T
2 6074
s a8 4
b 10 48
S 2w 15 38
00 18
Al 00
1% I Below 18

o Undednied Valie|

pul] 400 600 00 1000

Figure 4. Manning map around Panjang Island.
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Figure 5. Porosity map around Panjang Island.
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Figure 6. lllustration of determining the angle of
incidence of waves at random wave generation
input.

BW modeling is carried out using internal
input wave generation with random wave type
and angle of incidence (Opgy) 170° Figure 6,
and using the equation:

Opw = —Oymer + Aopy + 270 1)
with:
O : angle of incidence of BW
Ouer :angle of the origin
QAori . the difference between the north and

the y-axis angle

The BW modeling aims to determine the
conditions of maximum wave height and
significant wave height during the 50-year return
period. The result of this BW modeling is used as
consideration for designing building structures
according to the defined/planned lifetime.

The results of hydrodynamic modeling will
be validated against tidal data from Tidal Model
Driver (TMD) using the normalization root mean
squared (NRMSD) formula, as follows:

RMSD = \/ZZ:K’CL;_ X2,)? 2)
RMSD
NRMSD = ———— 3)

Ymax — Ymin
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RESULTS AND DISCUSSION
Hydrodynamic Modelling

The surface elevation results from
hydrodynamic modeling were validated using the
tidal model of TMD and its NRMSD value of 92%.
The results of hydrodynamic modeling show that
the maximum surface elevation is 0.496 m and a
minimum of -0.524 from mean sea level (MSL) (in
the west monsoon) and a maximum of 0.506 m
and a minimum of -0.474 from MSL (at east
monsoon) at the location of the seaplane dock
development plan. Figure 7 and Figure 8 show
the velocity and direction of currents around
Panjang Island waters during the west and east
monsoons. Current velocity at the planned
seaplane dock construction site in both the west
and east monsoons is relatively slow (<0.19 m/s).

N

Current
Speed (m/s)

B Avove 0.17

| 014-017
= 0.11.0.14

008-0.11
Bl oos5-008
B coz-00s

| Below 0.02

Figure 7. Current speed (m/s) and direction
(degN) around the seaplane dock location plan
at western monsoon.
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Figure 8. Current speed (m/s) and direction
(degN) around the seaplane dock location plan

In the west monsoon, the dominant current
is westward directionally. Meanwhile, at the east
monsoon, it is westward and southward
directionally. The dominant current velocity is
between 0.02 - 0.05 m/s.
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Figure 9 is an example of a snapshot of the
hydrodynamic modeling results in the west
monsoon. This figure shows the condition of
surface elevation, current velocity, and its
direction in the west monsoon. In the spring
conditions, the difference of the highest and
lowest current velocities is quite large (0.018-
0.199 m/s), on the other hand, when the tides are
low in the neap condition (0.008-0.144 m/s). The
condition of the water level when it comes to high
tide varies between -0.105 to 0.105 m and has a
maximum current speed of 0.65 m/s. At maximum
high tide conditions, the surface elevation ranges
from 0.49 m - 0.504 m and has a maximum
current speed of 0.28 m/s. The water level when
it comes to low tide is between 0.264 - 0.320 m
and has a maximum current speed of 0.21 m/s
with a dominant speed of 0.06 - 0.15 m/s. During
maximum low tide, the surface elevation ranges
from -0.6 to 0.1 m. The current direction at
maximum low tide is dominantly eastward with a
current speed of <0.1 m/s.
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Figure 9. Snapshot of current velocity and
surface elevation around Panjang Island during
the west monsoon and its extract point.

Figure 10 shows the surface elevation
conditions during the eastern monsoon. The
current velocity is generally influenced by tides.
During the spring condition, the current velocity is
higher than in the neap condition. Its value has a
range of 0.02 to 0.193 m/s, while the neap
condition is 0.008 to 0.146 m/s. In the conditions
leading to high tide, the water level has a range
of -0.12 to 0.09 m and has a maximum current
speed of 1.12 m/s with a dominant speed of <0.24
m/s. At maximum tide conditions, the surface
elevation ranges from 0.501 to 0.522 m and has
a dominant current velocity to the south with a
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dominant current velocity <0.08 m/s with a
maximum speed of 0.3 m/s. The surface
elevation value when it comes to the low tide
ranges from -0.48 to 0.08 m and has an eastward
current velocity with a dominant speed <0.1 m/s
and a maximum current velocity of 0.65 m/s. At
the time of lowest tide, the surface elevation
ranges from -0.48 to 0.08 m and has a current
velocity dominantly northward with a current
velocity <0.08 m/s, and a maximum current speed
of 0.44 m/s which is in the northern part of the
domain.
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Figure 10. Snapshot of current velocity and
surface elevation around Panjang Island during
the east monsoon.

Based on bathymetry data, the water depth
at the planned seaplane dock construction is less
than 1.5 m from MSL. According to [18] and [27],
the depth of the water measured at low water
levels in the water runway should not be less than
1.8 m (6 ft.), dredging work may be needed.

Based on the hydrodynamic modeling, we
know that the change of water level is 1.02 m (at
west monsoon) and 0.98 m (at east monsoon).
Generally, if the change in water levels exceeds
18 inches, it will be necessary to utilize floating
structures or moderately inclined beaching
accommodations to facilitate the handling of
seaplanes at the shoreline or waterfront. Where
water-level variations are more than 6 feet,
special or extended developments to
accommodate seaplanes must be made [27].

In general, currents at the seawater of
Panjang Island meet the requirements for
seaplane docks because their velocities are less
than 0.5 m/s. According to [18] Director General
of Civil Aviation Regulation No.
SKEP/27/VIII/2010 concerning Manual of
Standard CASR Part 139 Vol Il Seaplane Water
base, the current speed could not be more than
5.5 km/h (1.53 m/s) [18]. Based on [27], a
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recommendation for the landing and take-off
areas might be located where the currents are
less than 3 knots (1.54 m/s). Landing and take-off
operations can be conducted in water currents
over 6 knots but any taxiing operation between
the sea lane (or operating water area) and the
shoreline facilities will usually require the
assistance of a surface craft. Currents over 3
knots or 1.54 m/s usually cause some difficulty in
handling seaplanes, particularly in slow taxiing
mode while approaching piers, floating docks, or
in beaching operations like ramps.

Figures 11 and 12 show the current velocity
conditions and current direction which are
depicted on a time series graph during the west
monsoons and the east monsoons. During the
west monsoon, the current velocity has a
maximum value of >0.2 m/s. Meanwhile, during
the east monsoon, the current velocity has a
maximum value of 0.15 m/s.

Spectral Wave Modelling

Spectral wave modeling on Panjang Island
was carried out using MIKE 21 HD - SW
software. This model is a wind-generated wave.
The wind speed, wave height and period from
ECMWF are used as generating forces in
spectral wave modeling. In addition, the water
level from HD simulation is also used in the input
spectral wave modeling [28].

Figure 13 shows a snapshot of significant
wave height both at west monsoon and east
monsoon. Base on this model we know that at the
west monsoon the wave dominant from the north
direction with wave height 0.14 — 0.21 m and
maximum wave height 0.409 m. At the East
monsoon, the wave is dominant from the
northeast with wave height 0.12 - 0.18 m and
maximum wave height 0.248 m. The wave period
condition on the northern location of Panjang
Island has a range from 2.28 to 4.89 seconds in
the west monsoon and 2.89 to 4.58 seconds in
the east monsoon.

The most desirable conditions exist where
the surface of the water is moderately disturbed,
having ripples or waves approximately 3 to 6
inches in height. The average light seaplane
(3,000 pounds or less), equipped with twin floats,
can generally be operated safely in seas running
to about 15 inches measured from crest to trough,
while 18-inch seas will restrict normal safe
operations of these seaplanes. Larger float-
equipped or hull-type aircraft ranging in weight
from 3,000 to 15,000 pounds can generally be
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operated safely in seas running as high as 2 feet
measured from crest to trough [27].

Figure 13. Snapshot of spectral wave modeling
results in the west monsoon (top) and the east
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Figure 11. The time series graph of current velocity (black line) and direction
(blue arrow) in January (western monsoon).

= 0.20
~
£
= 0.15 1
"5 n f f\ |" |'I ‘q A 4 r’ r\I I
o " I\ f | [\ | | il | | | |
g oo i —N— —h—1—N
2 | \ l '.‘ I \ | i.' l p L} 1 ’ '| | W \ |l f ’L [ Y \
S o0si ") R Ra '( IL" {h -.,.\'h:’l|'.1'| ,.||, u‘}\J, 1
3 Vv \ 1{ N ;." ..-..‘,-\. ’L"“ ..4.'\!1‘ 1.--_.:- | o " 1""‘_&'-
0.00 s Pt v
00 m oo:oo oo:oo
2020.07-18 07-23 07-28

Figure 12. The time series graph of current velocity (black line) and direction
(blue arrow) in July (eastern monsoon).
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monsoon (bottom).

Boussinesq Wave Modelling

Figure 14 shows the condition of the
instantaneous surface elevation at the 50-year
return period, where the value is obtained based
on the input of significant wave height and period
calculated from the 50-year return period. The
input of regular wave is placed on the eastern
boundary of the domain, and it propagates
westward and north-westward or 170° BW angle
due to the direction of the dominant wave comes
from the east and southeast.
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Figure 14. The surface elevation results of BW
modeling for the existing scenario around

Panjang Island with a 50 year return period.

The 50-year return period surface elevation
at the northern point of Panjang Island has a
value of 0.05 m. Based on [27], the surface
elevation value around Panjang Island is safe to
be used as a seaplane dock construction site due
to it is less than the maximum water level limit.
The surface elevation of the 50-year return period
on Panjang Island varies from -2.4 to 3.2 m. In
addition, based on BW modeling, the maximum
and significant wave height conditions around
Panjang Island for the 50-year return period
Figure 15. Based on the figure, the wave height
propagates to the west and northwest with 170°
BW angle. The value of the wave height based on
Figure 15 varies with a range of 0 to 4.4 m.

Significant and maximum wave height
around Panjang Island is extracted with extract
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points as shown in Figure 16 and Table 1, as well
as extract results as shown in Table 2. The 50-
year return wave height at the northern point of
Panjang Island has a value of 0.773 and 1.26 m
for the significant and maximum wave height
Figure 15. This value exceeds the safe limit of
wave height for the construction of a seaplane
dock. Based on [27] the maximum wave height
limit value is 2 feet or 0.6 m. Furthermore, if the
construction of the seaplane dock is planned for
the next 50 years, the condition of the wave
height must be considered.

Figure 15. Results of significant wave height
(top) and maximum wave height (bottom) of BW
modeling around Panjang Island with a 50-year

return period.

To quantitatively know the wave height
around Panjang Island, it is necessary to extract
at the focus location. Figure 16 shows the
location of the extract points from the BW
modeling results and Table 1 shows the depth
conditions at each point around Panjang Island,
where point 4 has the deepest bathymetric
conditions compared to other points, namely -
23.07 m.

4732000 672580 £73000 §73500
Figure 16. Locations and extract points for the
existing BW scenario modeling around Panjang

Island.

Table 1. The depth of locations 1 to 6.

Point UTM 48S Depth
Easting Northing (m)
1 673222 9376106 -6.20
2 672768 9376084 -9.90
3 672336 9375859 -3.90
4 671943 9375579 -23.07
5 672914 9375708 -5.34
6 673699 9376106 -6.53
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Table 2. Significant wave heights and maximum
wave heights with a 50-year return period.

Existing
Point  Maximum wave Significant
height (m) wave height (m)
1 1.139 0.679
2 1.229 0.773
3 1.474 0.741
4 0.286 0.133
5 0.248 0.135
6 2.088 1.269

Table 2 shows the comparison of the
conditions of significant wave height and
maximum wave height from BW modeling at
locations 1 - 6 around Panjang Island on the 50
year return period. Location 6 has the highest
significant wave height and maximum wave
height, namely 1.269 and 2.088 m. Meanwhile,
between points 1, 2, and 3, the highest maximum
wave height value occurs at point 3 with a wave
height of 1.474 m.

CONCLUSION

The validation result of the surface elevation
between the modeling and the tidal data from the
TMD reached more than 92%. The result of
hydrodynamic modeling shows that the change of
water level is 1.02 m (at west monsoon) and 0.98
m (at east monsoon), which exceeds a general
rule. The value of the current speed of the HD
modeling result around Panjang Island is
relatively slow (<0.19 m/s). It meets the
requirements for seaplane docks. The dominant
current is west and east directionally. Generally,
the wave height in the west monsoon is
dominantly from the north and northeast with a
dominant wave height of 0.21 m and a maximum
significant wave height of 0.409 m. This needs to
be considered because it exceeds the
requirements. In a 50-year return period, the
highest significant wave height is 1.269 m, and
the maximum wave height is 2.088 m. So, if a
seaplane dock is to be built with a design lifetime
of 50 years, it must pay attention to the wave
height.
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