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ABSTRACT

SuraMadu bridge as one of the bridge on Madura hasteategic
function. Due to the rapid population growth on dvea, the
people require a strategic and cheap electricity ifidlustrial
development especially in the region of Surabayad siadura.
The purpose of measuring the depth of the seafmor ocean
currents on strait of Madura is to know the contoluthe seabed
and the speed of ocean currents around the masttheof
SuraMadu bridge of Madura. To measure the depta séabed
and the ocean currents at a various points froraM8adu Bridge
are required to predict the characteristics ofabean. The results
showed the depth of the waters and the speed ahangrents in
the research area around the SuraMadu bridge rdnges12
meters up to 15 meters with sea current velocityween 0.3 m
/s? up to 1.6 m /s2. The research method usedtdke study
method. This research is conducted covering agtfitlocation
survey. Furthermore, bathymetry data analysis ammtessing
bathymetry data analysis are performed.

KEY WORDS:. Bathymetry, Pillars - SuraMadu Bridge,
Madura Strait

1.0INTRODUCTON

As the largest archipelagic country in the worlte indonesian

seas store energy sources of both renewable arsivable
energy as well as abundant non-renewable energw &ted
renewable energy from the sea that has not beehintnsively
in Indonesia is the energy of ocean currents arehroovave
energy. Both of these energies coupled with coiblerenergy
differences in surface sea surface temperaturesealdled and sea
breeze are believed to meet the considerable erdgmand in

Indonesia.

Given the area of Indonesia which consists of miatands
with many narrow straits, the sea energy prospéotsbe
developed into electricity is the energy of oceamrents. In
addition, Indonesia is a meeting place of oceareats caused by
the dominant tidal constituent of M2 in the Indi@cean with a
period of about 12 hours and the highest K1 tidaistant in the
Pacific Ocean with a period of approximately 24 isod2 is the
tidal constant due to the motion of the moon arothml earth,
whereas K1 is the tidal constant due to the moaontstal
inclination as it travels around the earth.

Ocean currents are one of the potential sourcesn&wable
energy to be developed in Indonesia because ashipalago, in
Indonesia there are many straits that have a sairsgong sea
currents that can be converted into electrical gghénrough the
mechanism of changes in kinetic energy movemenbagan
currents into Electrical energy at the time of acearrents drives
the turbine rotor to rotate the generator. In additto the
potential of the Strait, Indonesia also has maigges under it is
very potential also for the pairs of turbine cutseconsidering the
current under the Bridge is quite heavy, because:

1. Easy and cheap in mounting techniques (can behatiacn
the wall pole bridge).

2. The flow of the current will be accelerated due the
Bridge's columns that can be utilized as Duct tcebmate
the flow.

3. To meet the electricity needs along the Bridge

4. The source of ocean currents will always be thear-yound
and environmentally friendly
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The advantage of using ocean currents energy &ldition to

environmentally friendly as well as ocean curresmgrgy has a
large density energy compared to wind energy. Thisecause
the density of sea water is 830 times the air dgnso with the

same capacity the turbine ocean current size wilinoch smaller
than the wind turbine.

East Java also has a Bridge that currently hastétes as the
longest bridge in Indonesia namely SuraMadu Briddpe energy
potential of the sea currents under the Bridgeaigd enough to
be utilized as one of the electricity sources ie threa of
Jembatan. In the framework of the activity of stislyo develop
the potential of ocean currents as one of renewaisegy source.

The research team of LHI - BPPT has conducted dystu
through a survey of potential depth of the seafland ocean
currents around the SuraMadu bridge area. The iexpets of
marine turbine turbine prototype prototype stashfrpower scale
5 kw as well as by doing various variations of toebrotor
configuration to know the performance in producihigh
operational efficiency so as to produce the optinmower output
possible by reducing the level of losses althougtact we cannot
eliminate the element losses 100% because of itt®fr on the
mechanical transmission system components andslazsehe
transmission cable system or electrical comporiargeneral.

For that LHI - BPPT will conduct activity of studyf ocean
current energy potential if turbine operated unBedge, Team
of LHI - BPPT researcher will carry out prototypeperiment
process of marine turbine under pole of SuraMaddghkr of
madura side.

20METHODOLOGY

The methodology used in the seafloor depth survey ecean
currents in the area of samurban bridge SuraMatkicfi madura
is the measurement at the location is carried qutubing
equipment and methods are quite simple Equipmesd irclude:
GPS, Flow meter and underwater camera (underwaiare€a).
Current measurements are carried out using a smatlmounted
GPS and Echo sounder. The data can be: CurrertdityelDepth,
time and coordinates.

The boat engine is switched off within a certameiso that
the Boat will move / drift due to the current. Iddition to the
movement of the boat, the data will be peer autmalst to the
computer in accordance with predetermined timervale After
that the boat will be run again towards the coat#a in the set
for re-measurement (boat engine in turn off). Tinisasurement
activity is done repeatedly so that it will be aliie valid
measurement data. From the results of this datatltan be
compared with numerical data results for the véililaprocess to
the accuracy of the data.

Direct measurements of sea depth/bathimetry degth and
the velocity of sea currents generated during tleasurement
take place, using:

1. Using GPS Fish Finder tool, GPS Pocket, Depth Hgsh
and Flow meter

2. Collecting / measuring data periodically:
e The depth of the ocean floor
«  Direction of current and velocity of ocean currents

surface and ocean waves
« Direct data collection is stored into the compurereal
time
3. Data analysis
4. Discussion and Reporting

Figure 1: Measurement of sea floor depth and skeite

The potential of marine resources in Indonesianisr@ous,
covering the potential of biological and non-bidtzd resources.
The marine resources have not been maximally esgl@and
exploited other than oil and gas in the non-biatagiresource
sector. Similarly, the marine biodiversity secttire exploration
and exploitation of marine fish and the like regsiwisdom in
addition to advanced technology but not damagetivedonment.
To support the exploration and exploitation of marresources,
can be used underwater acoustic technology. Thimtdogy is
widely known as acoustic technology that is notteisg by using
GPS Fish Finder, GPS Pocket, Senter Depth andrturreter on
navigation technology can be synchronized withube of Radar
for the detection of objects on the surface ofwiater.

Measurement of sea depth depth can be done by G#R®)
Fish Finder, GPS Pocket, Depth Flashlight while sneag
ocean currents using current meters, where thehdeptthe
seabed can be calculated from the time differenewvden
sending and receiving the voice pulse. With consitilen of the
Sonar Side-Scan system at present, the measureohetite
seafloor depth can be carried out in conjunctiothvea Bed
Mapping and identification of the types of sedinaentlayers
below the seabed.

The velocity of ocean currents depends greatlyheneiarth's
position on the moon and the sun. At the time ef plsition of
the full moon or the moon dies, the current veloeitll be high
while at the time of the half month, the currentoegy is very
small. This is very influential on the output povgemerated.

In general, the current velocity in the Madura Btia
relatively small compared to the Straits in Eastadonesia. This
is because the position of the Straits that gmithat the flow of
ocean currents obstructed by land and winding.Kérthe Straits
in Eastern Indonesia, the movement of currents fitoenfree sea
was directly into the Strait. Because through tlagrow gap
between 2 (two) islands, the current velocity Wil accelerated
again.

2.1. Data Collection Position
Before the position data collection is carried ofitstly the
positioning is carried out. Determination of pasiti is to

*+ Visual observations of ocean currents behavior on getermine the position of the ship at the time @fasuring the
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depth of the waters so that the ship does not cauhef the path
that has been determined. This positioning usintellge
navigation system, namely GPS (Global Positionipgt&n). The
data generated by this tool is digital and candm ®© a computer
device.

Figure 2: Determination of measurement positions

2.2. Depth Data Collection
Data retrieval in this bathymetry mapping uses lpglrpatterns,
namely: patterns where the sounding direction ipemicular
and tends to align with the longitude Or in accoa with
parallel sounding patterns.

The actual depth or corrected data is made in a fdaimat
that corresponds to the data input specificationtred map
depiction software. Corrected data is then transferto the
drawing software, this stage includes: editing, sthimg, text
addition, gridding and plotting. The end resulthit stage is the
bathymetric chart.

Figure 3: Measurement data collection.

3.0RESULT OF ACTIVITY

Madura Strait is located between Madura Island Fand Island.
Geographically connect the Java Sea in the northarhof the
island of Madura. The topography of these watergeiserally
decreased to the southwest, shallow in the soutparnof the
strait (the island of Java), and very deep in thrthern part of the
strait (the side of the island of Madura). The Hepft the waters
of the Madura Strait increasingly heading towatdseastern side
of the depth is growing.

The waters of the Strait of Madura are marine vgatbat
have varying bathymetry conditions. In general, gwmithern
waters of the Madura Strait of the island of Javquite shallow

with an average depth ranging from 0.5 to 1 metatue to the
sidement of mud whereas for the waters of the eanttpart
Madura Strait side of the island of Madura is ieficed by the
depth of the Java sea where the depth ranges Betié¢o 14
meters.

Based on tidal data released by Hydro-Oceanograplilye
Indonesian Naval Forces. The tidal waters of thelda Strait
are mixed but biased to the double daily (MixedeTRrevailing
Semidiural). The Madura Strait Waterway is chosen tlae
criterion to be mapped because there is a SuraMaiige
whereby synergies with the development of renewallergy
from ocean current power plants. Prior to testimgtgiype of
ocean current power plant in the area of SuraMaitlgé, first
mapping of potential locations to be installed taced in the
power plant turbine of ocean currents. Mappingwiagers of the
Madura Strait from the east side starting fromRioée no. 56 and
Pole no. 57 with varying distances ranging fromni to 2.5 km
from the lips of SuraMadu Bridge and performingahemetry
mapping between Pole no. 56 and Pole no. 57.

At the time of measuring the depth of the seabeds#dawater
state is quite flat. This can be seen from the oreasent data.
Display data measurement data depth of the seadlobe seen
directly through the laptop so that it can contiteé status of
ocean velocity and bottom depth of the seabed gatbby the
GPS Fish Finder and Flashlight Depth as below:
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Figure 4: Location of measurement at position Lat position

S07°10.6471' 'Longitude E112°47.2749' up to Latitude
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Figure 5: Location of measurement at position Latt position
S07°10.6471' 'Longitude E112°47.2749' up
S07°10.6408LongitudeE112°47.2954"'

to Latitude

Figure 6: Location of measurement at position Lt position

S07°10.6471' 'Longitude E112°47.2749' up to Latitude
S07°10.6408LongitudeE112°47.2954"'
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Figure 7: Location of measurement at position Latt

S07°10.6085' Longitude E112°47.1729p to Latitude
S07°10.6019 ongitudeE112°47.1269'

4 ™
PONTON
W 2 .

g

<

-~

Q,

[

A ——7
\_ Mileage (m) J

Figure 8: Location of measurement at position Laltt
S07°10.6085' Longitude E112°47.1729p to Latitude
S07°10.6019 ongitudeE112°47.1269'
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Figure 9: Location of measurement at position Lat
S07°10.6085' Longitude E112°47.1729p to Latitude
S07°10.6019 ongitudeE112°47.1269'
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Figure 10: The measurement data of ocean currdotitye at
Latitude S07°10.6493Longitude E112°47.1484" up thatitude
S07°10.6439 0ongitudeE112°47.1742'
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Figure 11: Data measurement of depth of ocean #bvdmatitude
S07°10.6493' Longitude E112°47.1484" up to Latitude
S07°10.6439 0ongitudeE112°47.1742"
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Figure 12: Location of measurement at position tude
S07°10.6493' Longitude E112°47.1484' up to Latitude
S07°10.6435ongitudeE112°47.174'

FiyTo | FindBusinesses | Drectons |

Fly to .., 94043

=
v Places Add Content
» VIO paths
» VB Tracks
= @& pontonl-hanyut(b)
® 1@ Trackpoints
® VIE paths
@ V@ Tracks
= @ & pontonl-hanyut
0=

v Layers
& W = Primary Database
@ ¥ P Borders and Labels
Y@ Places
@ ¥ % Photos
B Roads
@ ] 30 Buildings
® @@ Ocean age/ci20 . Coogle
@ [ £% Weather
= e Gall

Figure 15: Location of measurement at position tude
S07°10.6402"' Longitude E112°47.1774' up to Latitude
S07°10.644 7 ongitudeE112°46.8037".

4 PONTON I Table 1. Average depth data for the seafloor
Position | Average DepthAh )
7°10'38.31"S
Pontoon 11247'13.33" E 12.25m
O 7°10'37.21"S
Anchor 1 1124716 45" E 12.18 m
7°10'39.54"S
Anchor 2 1124716 .39" E 12.09m
L Mileage (m) Y, 7°10'36.73"S
Anchor 3 11247'10.53" E 12.17 m
Figure 13: Location of measurement at position tLee Anchor 4 7°10'39.28"S 1255m
S07°10.6402' Longitude E112°47.1774' up to Latitude 112°4710.27" E

S07°10.644 7 ongitudeE112°46.8037"
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Figure 14: Location of measurement at position tude
S07°10.6402' Longitude E112°47.1774' up to Latitude
S07°10.644.ongitudeE112°46.8037"

Table 2: Average depth data for the seafloor

Position 11 Average DepthAh )

7°10'35.40"S

Pontoon 11246'57 92" E 13.05m
7°10'34.24"S

Anchor 1 11247'00.99" E 12.75m
7°10'36.72"S

Anchor 2 112°47'00.96" E 13.05m
7°10'33.68"S

Anchor 3 11246'54.99" E 1247 m
7°10'36.55"S

Anchor 4 11246'54.92" E 13.37m
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Table 4: Average depth data of ocean floor and sea velocity
speed between Pole 56 to Pole 57

. A A Current
Boat Position Depth Depth Velocit
(m) (ft) (ft) v
(m/s?)
10 37.¢ 11.5 1.47¢
11 38.4 11.7 1.15
12 39.C 11.¢€ 1.1%
13 39.5 12 1.15
14 39.3 12 1.1
15 38.9 11.8 1.1
16 39.1 11.9 1.1
17 3¢ 11.¢€ 1.1
Figure 16: Location of east side of pile betweetePmw. 56 and 18 38 116 1.1
Pole No. 57 SuraMadu bridge on the side of Madura 18 38.5 113 11
20 38.1 11.6 1.1
21 38.3 11.7 1.1
22 38.2 11.€ 1.1
Madura:Straitilindonesia 23 38.7 11.8 11
g ? 24 38.¢ 11.€ 1.1
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Figure 17: Map of SuraMadu bridge

Table 3: Average depth data of ocean floor and sea velocity
speed between Pole 56 to Pole 57

A A
Boat Position Depth Depth \? urrent )

(m) (ft) (ft) elocity Figure 18: The measurement data of sea currentthandepth of
(m/s?) the seabed between Pole no. 56 and Pole No. 57M&dta

1 37.F 11.2 0.8 Bridge

15 36.8 11.2 0.925

2 37.C 11.2 1.666"

2.5 35.9 10.9 0.8667

3 36.3 11.1 0.95

3.5 36.¢ 11.2 1.32¢ e

4 36.2 11 1.4375

4.5 3€ 11 1.9¢

5 36 11 1.017045

5.5 35.4 10.8 1.8

6 35.6 10.8 1.425

6.5 35.7 10.9 1.8

7 3€ 11 1.47¢

7.5 35.4 10.8 1.8

8 36.2 11 1.45

9 37.0 113 1475 Figure 19: Measurement of ocean velocity and sedhdédepth

between Pole 56 to Pole 57.
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4.0 DISCUSSION

To obtain energy from a watershed area (strait mgdhat has a

small ocean velocity, it is necessary to locate aime turbine

placed in an appropriate and strategic positioe,lélyout of this
ocean current turbine placement can affect themapti potential
of ocean currents.

Measuring the velocity of sea currents and the ldeptthe
seafloor is a first step that will result in a cluston of the proper
placement of marine turbine.

Here are some things that can be conveyed as asdiso of the

results of sea velocity measurements and deptthefseabed

ranging from outside the Pole of 53 to 57 Pole hetiveen Pole

56 to Pole 57 are as follows:

1. With the consideration that the depth of the seadredind
the east side SuraMadu bridge is quite flat andomteep,
on SuraMadu Bridge is very possible to install meri
turbine as one of the contributors in meeting tleetacity
needs in the area of the bridge other than othaerces of
electricity

2. In addition to the SuraMadu bridge pillars there atill
many other locations that can be installed pro®typbine,
especially the area outside the SuraMadu bridge aidhe
Madura side starting from outside the SuraMadudwridrea
53 to the SuraMadu bridge pole in parallel at edeach
Pole of the Bridge so that the total electricitgttttan be
produced will be able to meet the electricity neeifs
SuraMadu Bridge area.

3. Need further study on placement of position / diogc of
placement of the most optimal turbine in absorbingan
currents energy

4. In Table 3 and Table 4 shows quantitatively that tdyout
of the ocean current turbine greatly affects thguasition of
kinetic potential of ocean currents.

5.0 CONCLUSION

1. Based on coastal morphology condition and seabeal @ir
research area, it can be concluded the selectitotation of
current turbine placement at location around Palé6 to
Pole no. 57 SuraMadu bridges are quite eligibleabse of
the relatively sloping morphology with a depth oL@ to 12
meters, and still through a strong enough curBatween
O05uptoldm/s

2. By realizing the utilization of ocean current efagty
source at SuraMadu Bridge, it is expected that Hasta
could become a pioneer in the utilization of rengea
energy source from ocean currents for other regions

3. Potential sources of ocean currents energy in SadaM

Bridge allows to be a source of substitution endogyfossil
energy sources, so that:

« Participate in efforts to reduce the impact of glob

pollution

¢ Reduce the consumption of domestic BBM energy in

Indonesia.
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