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BATHYMETRIC SURVEY
IN THE COASTAL AREA OF BANGLADESH -
A CHALLENGING EXPERIENCE FOR THE SURVEYOR.

By Commander Sheikh Firoz Ahmed

(BANGLADESH NAVY)
~ Z
% Abstract

Hydrography in the coastal waters of Bangladesh has never been an easy task for
surveyors. Being situated in the deltaic region, the area is very dynamic. Siltation,
shifting of channels, emergence of new islands and low tide elevations, etc. are
very common phenomena. Apart from a few common deltaic conditions experi-
enced elsewhere, there are a number of local conditions which are peculiar to this
area only. The coastal water is exceptionally laden with sediments coming from
upstream and therefore, turbidity is extremely high and degrades the performance
of survey equipment. The Monsoon in the region causes extra rainfall and seaso-
nal cyclones add another dimension to the complexity of the area. Salinity is not
homogeneous and sea temperature through the water column varies from place to
place. The professionalism, prudence and dedication of the Bangladesh Navy
surveyors are key factors for successful hydrographic survey operations in the
area.

l‘Résumé

L’hydrographie dans les eaux cétiéres du Bangladesh n’a jamais été une tache
aisée pour les hydrographes. Située dans une région deltaique, la zone est trés
dynamique. L’envasement, les chenaux mobiles, I'apparition de nouveaux ilots et
hauts-fonds découvrants, etc. sont des phénoménes trés courants. Hormis
guelques conditions deltaiques expérimentées ailleurs, un certain nombre de con-
ditions locales sont spécifiques a cette zone uniquement. Les eaux cétiéeres sont
exceptionnellement chargées en sédiments venant de I'amont et par conséquent,
la turbidité est extrémement élevée et nuit au bon fonctionnement des équipe-
ments hydrographiques. La mousson dans la région provoque des précipitations
supplémentaires et les cyclones saisonniers ajoutent une dimension supplémen-
taire a la complexité de la zone. La salinité n’est pas homogéne et la température
de la mer dans la colonne d’eau varie d’'un endroit a I'autre. Le professionnalisme,
la prudence et le dévouement des hydrographes de la marine du Bangladesh sont
autant de facteurs clés de la réussite des opérations de levés hydrographiques
dans la zone.
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“ Resumen

La hidrografia en las aguas costeras de Bangladesh no ha sido nunca una tarea
facil para los hidrégrafos. Al estar situada en una region deltaica, la zona es muy
dinamica. La sedimentacion, el desplazamiento de los canales, la aparicion de
nuevas islas y las elevaciones de las mareas bajas etc. son fenbmenos muy
comunes. Aparte de algunas condiciones comunes del delta que se experimentan
en otros lugares, hay una serie de condiciones locales que son peculiares de esta
zona solamente. Las aguas costeras estan excepcionalmente cargadas de sedi-
mentos que vienen de aguas arriba y, por tanto, la turbidez es extremadamente
elevada y degrada el funcionamiento del equipo hidrografico. El monzén en la
region es la causa de lluvias adicionales y los ciclones estacionales afiaden otra
dimensién a la complejidad de la zona. La salinidad no es homogénea y la tempe-
ratura del mar de la columna de agua varia de un lugar a otro. El profesionalismo,
la prudencia y la dedicacion de los hidrografos de la Marina de Bangladesh son
factores clave para el éxito de las operaciones hidrogréficas en la zona.
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1. Introduction

The Bangladesh coast is located on the most
active part of the Ganges Delta. The area is
very shallow and a number of rivers and
channels are situated along the coast. These
rivers and channels carry huge amounts of
water from upstream and flow into the Bay of
Bengal throughout the year. The estuarine
environment along the coast is different from
other parts of the world. The water is excep-
tionally laden with sediment - mostly from the
Himalayas. Annually, almost 2.4 billion tons
(Coleman, 1968) of sediments are deposited in
the Bay of Bengal. This deposition over the
years has resulted in the Bay of Bengal being
one of the most dynamic environments of world
oceans.

The coastal area of Bangladesh has many no-
table physical characteristics such as the mon-
soon season, exceptionally high turbidity in the
water, large tidal range along with strong tidal
streams, tropical revolving storms, etc. The
Monsoon causes heavy rainfall in the upstream
from June to September each year with runoff
into the Bay carrying large amounts of sedi-
ment. As the number and capacity of channels
vary, there are inhomogeneous mélange of
saline and fresh water along the coast. Spatial
variation of salinity and temperature is promi-
nent in the area. Various other characteristics
that affect hydrographic surveying also differ
from place to place.

Hydrographic surveying in the coastal waters of
Bangladesh has never been an easy task for

Figure 1: The coastal area of
Bangladesh (Google Earth).

NOVEMBER 2016

surveyors. Due to the unusual characteristics
of the coast, most of the hydrographic equip-
ment does not function to their optimum capac-
ity. Sometimes, the degradation of perfor-
mance is so prominent that the surveyors need
extra time and effort to manage the survey
work. Apart from the equipment performance,
the prudence and professionalism of surveyors
are critical factors to ensure the efficient pro-
gress of any survey work.

2. Description of the Coast

The extent of the coastal belt of Bangladesh is
almost 710 km in an east-west and north-south
direction (Golam Mahabub Sarwar, 2005). The
coastline which runs in the north-south direc-
tion is relatively stable. However, the east-west
coastline is highly dynamic. Hundreds of small
islands and Low Tide Elevations (LTE) are
situated along this coast. The area is very shal-
low and mostly inaccessible to medium and
deep draft vessels. Most of the rivers which
form the Ganges Delta fall into the Bay of
Bengal through this area.

These rivers carry large amounts of sediment
from upstream and deposit the sediment in the
Bay. The result of this deposition is the rapid
formation of new islands, LTE and shifting navi-
gational channels. Two of the major sea ports
of Bangladesh - Mongla and Payra are situated
in this most dynamic part of the coast. These
sea ports and their approaches require continu-
ous survey to keep them accessible to sea
going vessels.
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3. Characteristics of the Coast

The coast of Bangladesh has a number of
unique physical characteristics and phenome-
non that makes the hydrographic surveying
task highly challenging. Some of these are
described below: (Figure 1 shows the main ge-
ographical features)

3.1 Tide

Accurate measurement of tidal levels is critical
for all hydrographic survey tasks. Tides along
the Bangladesh coast are mainly semi-diurnal
with small diurnal inequality. Tidal range can
reach more than 7m near the Sandwip chan-
nel, whereas, it is only 2-3 m on the western
side near Hiran Point (BIWTA, 2015). The tide
is significantly affected by local conditions such
as the geomorphology, configuration and orien-
tation of the coast, upstream flow of rivers,
number of openings along the coast etc. As the
coastal area is gently shelving and tidal range
is high, tide gauges are needed to measure the
tide. The offshore tidal range is larger than the
onshore range in the central part of the coast
which is a deviation from the normal phenome-
non. The incoming tidal waters from the south
are obstructed by the land features during
flooding and the sea level rises very quickly.
Time of rise and fall of tides also differs consid-
erably in this region. For any hydrographic sur-
vey, much time is dedicated to collecting and
analysing tidal measurements to ensure relia-
ble tidal data.

3.2 Tidal Streams

Tidal streams in the coastal area of Bangla-
desh are very strong. In some areas it can
reach up to 5.5 knots (BN, 2015), which makes
the surveyor’s task very difficult. Strong tidal
streams affect the speed of advance of survey
motor boats and it is extremely difficult for the
boat coxswain to steer the boat on the planned
lines. The strong tidal streams also adversely
affect the deployment and recovery of various
equipment like Side Scan Sonar (SSS),
Current Profiler, auto Tide Gauge, etc. Chan-
nels having multiple openings to the sea have
peculiar tidal stream characteristics. In many
channels, the direction of the tidal stream can
be opposite within the same channel during the
same tidal conditions.
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3.3 Salinity

Salinity along the coast varies with strong gra-
dients. There is fresh water influx into the sea
from upstream. This mixing of fresh water var-
ies with the number of channels present in the
area as well as with the season of the year.
During the monsoon, fresh water influx is con-
siderably more than the dry season. Saline wa-
ter of the sea is heavier than that of fresh water
and hence it remains closer to the seabed.
Fresh water coming from upstream remains
above the saline water. This results in an inho-
mogeneous mixing of water layers around the
coast. The surface salinity in the open part of
the Bay oscillates from 32 to 34.5 ppt and in
the coastal area it varies from 10 to 25 ppt. At
the river mouths, the salinity decreases to 5 ppt
or even less. Along the coast, salinity increases
up to 15 to 20 ppt in winter (Firoz, 2007). If the
surveyor is not careful, the error budget will
increase and this creates difficulties in meeting
the survey standard specified in S-44 (IHO,
2008) in terms of depth uncertainty.

3.4 Water Column Temperature

Temperature profile of the water column in the
coastal area of Bangladesh is not homogene-
ous. Due to the influx of fresh water and the
number of channels, the spatial variation of
temperature is quite prominent and their dis-
charge rate varies from place to place. This
creates an inhomogeneous mixing of fresh wa-
ter in the coastal area. The surveyor has to be
very careful to ensure proper calibration of the
Sensors.

3.5 Turbidity

The coastal water of Bangladesh is heavily lad-
en with suspended sediment. The cloudiness
of this water especially during the monsoon is
so high that it is impossible to see through it
even for few centimeters. This extremely high
turbidity degrades equipment performance. In
many cases, the attenuation is so high, that
sound energy is mostly absorbed and the
equipment cannot perform as designed.

3.6 Monsoon Season

The Bay of Bengal is much affected by the
monsoon with heavy rain fall experienced
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throughout the region. The runoff of water
mostly drains into the Bay of Bengal through
various river systems of Bangladesh. During
the monsoon, turbidity around the Bangladesh
coast increases and salinity decreases remark-
ably. The sea remains quite rough during mon-
soon which increases the risk for smaller ves-
sels operating in the area. Survey vessels can-
not operate during the monsoon season due to
safety concerns of the survey motor boats and
crew fatigue. This factor shortens survey oper-
ations time in the Bay of Bengal. The ideal sur-
vey season around the Bangladesh coast is
during post-monsoon from November to March
only.

3.7 Shallow and Indented Coast

The coastal area of Bangladesh is very shallow
and indented in nature. Many of the inshore
areas are inaccessible by survey vessel due to
the presence of low tide elevation areas and
shallow patches. Hence, the main survey ves-
sel has to remain at anchor and send her boats
for survey work to distant places. Variable and
unpredictable sea conditions often make it very
difficult to manage those boats and the pro-
gress of work is hampered. This also places
the survey boats and teams at risk when re-
turning to the mother ships.

3.8 Shifting Channels

Out of the three major sea ports of Bangla-
desh, Mongla and Payra ports are situated well
inside the coast. So, any vessel coming to
these ports need to traverse a long distance
through inland waters. These navigational
channels are highly dynamic and change al-
most every year. Surveyors remain very active
throughout the year to keep these channels
safe for navigators.

3.9 Cyclone

During the pre and post monsoon period, tropi-
cal revolving storms (cyclones) are common in
the Bay of Bengal. Every year a number of
these cyclones hit the coast of Bangladesh of-
ten resulting in changes to the bathymetry of
the coastal area with new islands and low tide
elevation areas. South Talpatti was one such
island that emerged after the cyclone of 1970
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only to disappear due to the cyclone of 1985
(ITLOS, 2013). This island located at the mouth
of the Hariabhanga River near the India-
Bangladesh border area, had an area of
2,500 m? in 1974 as per the satellite data
released by USA. In the coastal area of Ban-
gladesh, there are many such islands and low
tide elevation areas which are created due to
the devastating effect of cyclones that have
occurred in the past. To identify these changes,
frequent updating of the nautical charts is
essential.

3.10 Presence of Fishing Fleets

The coastal area of Bangladesh is very rich for
some species of fish. The vast majority of the
coastal population lives on fishing. Apart from
the licensed fishing fleet there are many con-
ventional/traditional fishing activities all around
the coast. Fishermen lay bamboo, different
types of net and other gear in the sea which
cause significant problems for navigation in the
area. This fishing gear can also hamper survey
operations in the area as many of the portable
fixed and towed surveying instruments cannot
be used for safety concerns.

3.11 Inaccessibility to the Coastal Area for
Coastlining Activities

The coastal area of Bangladesh especially on
the western side is mostly inaccessible. Shore-
line and landform also change very rapidly in
these places. The low gradient of the coast
makes the intertidal zone quite large. In some
places, there are marine growths as well as
mangroves. It is almost impossible to walk
along the coast. As a result, coastlining during
hydrographic survey is a daunting task.

4. Overall Effect on Hydrographic Survey
Operations

The characteristics of the Bangladesh coast
described above significantly affects hydro-
graphic surveying operations. Hydrographic
sensors do not function as designed, the pro-
gress of survey work is affected by the inferior
quality of data acquired using various equip-
ment. Frequent re-survey/check surveys need
to be undertaken given the changes that occur
within short spans of time.
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4.1 Equipment Performance

Various physical and environmental factors
previously described affect the performance of
hydrographic equipment while deployed in the
coastal area of Bangladesh. The sensors most-
ly affected are:

4.1.1 Single Beam Echo Sounder (SBES)

SBES is widely used for bathymetric data
collection during hydrographic surveys. SBES
transducers can either be fixed on the ship’s
hull or have a portable installation on boats/
survey crafts. In the coastal area of Bangla-
desh, a portable transducer installation is wide-
ly used on survey motor boats as the area is
generally shallow. Performance of these echo
sounders to provide depth information depends
on many factors such as turbidity, tidal stream,
water turbulence, bottom configuration, prevail-
ing environmental condition, etc. Surveyors
need to be cautious to understand the situation
and to calibrate the echo sounder.

Sometimes, it is difficult to determine the actual
bottom due to the presence of a column of soft
mud near the sea bed. A dual frequency echo
sounder helps in this situation to determine the
actual bottom. Again, high turbidity in the water

Sea Bed
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degrades the quality of data. During ebb tide,
turbidity is higher as suspended sediments
come from upstream. During the 3"/4™ hour of
ebb tide when the tidal stream is stronger, the
performance of the echo sounder is adversely
affected. Sometimes the surveyor is forced to
stop the data acquisition and wait for a more
favourable condition.

Figure 2 shows two echograms taken from
a SBES profile near Sandwip Island where tur-
bidity was very high and the tidal stream was
very strong. The first echogram indicates the
presence of noise which needs to be cleaned
during processing. The second echogram indi-
cates that bottom was lost and the echo sound-
er was unable to provide a depth reading.
These are common phenomenon experienced.

Figure 3 shows two echograms indicating
the effects of turbidity. The first echogram was
taken in Meghna Estuary where the sea bottom
was composed of soft mud. The image of the
sea bottom is almost 2m wide. So, it is very
difficult to find the actual bottom. In this echo-
gram there is considerable noise due to the
presence of high turbidity. The second echo-
gram was taken in the Cox’s Bazar area where
the water is clean. The clean image of the

Figure 2: SBES echograms near Sandwip Island
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Figure 3: SBES echograms showing the effects of turbidity

echogram also confirms that there was no
turbidity in the area.
4.1.2 Multi-Beam Echo Sounder (MBES)

Today, MBES technology is extensively used in
hydrographic survey operations. MBES gives
detailed information of the seabed and many
hydrographic offices prefer to wuse this
equipment at least for some important places
of their waters such as port and harbour areas,
their approaches, etc. Performance of this
equipment in the coastal area of Bangladesh is
highly affected by the local conditions. Due to
the inhomogeneous mixing of fresh and salt
waters, the sound velocity profile is unusual
which impacts the calibration and performance
of this equipment significantly. Again, due to
turbidity, optimum swath coverage is not
always attainable as the beams are concentrat-

Raw data

Data after cleaning

ed towards the centre. The quality of collected
data is often poor and requires extensive
cleaning during processing. Like SBES, MBES
also provides improved performance during
flooding when turbidity is comparatively less in
the area.

Figure 4 shows MBES data collected from
Chittagong Port anchorage area at a depth of
9m during ebb tide in the month of April when
the upstream discharge was quite high. Due to
the presence of high turbidity and an unusual
salinity profile, the raw data has significant
noise. Even after extensive cleaning, the image
of the wreck is not smooth. In the plan view, it
is evident that beams are also concentrated
towards the centre and swath coverage is 12m
only. As per the equipment specification, the

Plan view and swath coverage

Figure 4: MBES data collected from Chittagong Port anchorage area
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In comparison to the data shown in Figure 4,
Figure 5 shows MBES data collected near
Cox’s Bazar at a depth of 9m during flooding in
the month of February when the upstream dis-
charge was less. During this time, turbidity was

Raw data

Data after cleaning
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less in the area. The raw data has less noise
and the image of the wreck is quite smooth
after cleaning. Here the swath coverage is al-
most 46m which is far better than the previous
case.

Plan view and swath coverage

Figure 5: MBES data collected near Cox’s Bazar

optimum swath coverage at 9m depth should
be 90m.

4.1.3 Side Scan Sonar (SSS)

To comply with S-44 special order and order 1
(a) survey (IHO, 2008), full sea floor search is
required during bathymetric survey. SSS plays
a very important role for underwater search
and detection of wrecks, obstructions etc. The
performance of this equipment is also depen-
dent on the environmental conditions. The SSS
image is often not clear enough if the turbidity
is very high. The operating range of the equip-
ment also reduces significantly in such cases.
Moreover, due to the presence of fishing gear
all around the coastal area, it is not safe to

Edge Tech 4125 (400-900 KHz)
Range 43.8 m to Stbd

Edge Tech 4200 (300-600 KHz)
Range 57.3 m to Stbd

operate the equipment in shallow waters. To
overcome these limitations, the low upstream
discharge period is selected for SSS opera-
tions and the area is cleared before lowering a
towfish in the water.

Figure 6 shows SSS images taken at the
Chittagong outer anchorage on a known wreck
where turbidity is exceptionally high. In ideal
conditions, the definition of an image collected
using a higher frequency would be better. In
the third image, which is collected using a low-
er frequency, the wreck is more visible than in
the other two. Transmitted energy is considera-
bly absorbed by turbid water in the higher fre-
quency. For that reason, even the first image,
whilst taken from a closer distance, is not clear

Edge Tech 4200 (100-400 KHz)
Range 73.8 m to Sthd

Figure 6: SSS images taken at Chittagong outer anchorage on a known wreck

14
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enough. Sometimes, the performance of high
frequency equipment degrades so much that
the feature is not visible on the image at all.
4.1.4 Current Profiler

For most hydrographic survey tasks, a current
profiler is deployed for measuring tidal streams
to depict on nautical charts. The quality of the
collected data is influenced by the local condi-
tions and noise to signal ratio is often higher
than the normal level. It is difficult to deploy the
equipment as the tidal stream is exceptionally
strong in some places of the coast. Sometimes
the equipment is snagged by fishing operations
and lost, hence extra precaution is always
needed while deploying this equipment.

Figure 7 is a profile taken using a Sontek
Current Profiler (500 KHz) near the coast of
Bangladesh. In this image, the current velocity
and Signal to Noise ratio (SNR) is visible. Maxi-
mum profiling range of this equipment is 120m
in ideal conditions. Data less than 3dB cannot
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be used as it determines the maximum profiling
range of the equipment. It can be seen that
SNR is close to 0 dB beyond 10m-12m depth.
Again, during slack water, the cut off line for
3dB extends beyond due to the presence of
high turbidity in the water columns.

4.2. Re-survey/Check Survey

As the area is very dynamic, frequent check/re-
survey is required along the coastal area of
Bangladesh. The area is dangerous with high
risk of grounding if mariners do not use the lat-
est charts available from the Bangladesh Hy-
drographic Office. Due to the physical condi-
tions, even the main shipping channels shift
within a very short time span (see Figure 8).
The figure is an extract of INT 7426 showing
the approaches to Mongla Port. A marked
change in the bathymetry is visible in the two
images. These changes in the channel took
place within a time span of 3-4 years. A num-
ber of vessel groundings were reported in the

Figure 7: Current profile data

Figure 8: The extract of
INT 7426 shows the
approaches to Mongla
Port.

Extract of INT 7426 (Edition 2) published in 2015

Extract of INT 7426 (Edition 1) published in 2011
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This makes it challenging for the national hy-
drographic office to manage the area with lim-
ited resources. Moreover, time available for
survey operations is also limited due to the
monsoon and other local factors mentioned
before. The Bangladesh Hydrographic Office
always remains busy to plan the survey activi-
ties of the area in the most effective way to
keep it safe for mariners.
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Figure 9:

area in last few years where vessels were
found to not have the latest updated chart.

4.3. Unsuitability of Modern

Techniques

Surveying

Undertaking hydrographic surveys with tradi-
tional survey technology and methods is a
costly activity. Surveyors remain in the survey
ground day after day with their vessels and
work day and night to process the data for pro-
ducing nautical charts. Presently, there are al-
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Figure 9 shows the area representing the
main shipping route for Chittagong port on two
products — BA 859 dated 2002 and BN 40001
dated 2009. On 28 March 2010, MV St Kiril
grounded in position 21°35.4’ N, 091°44.8' E
where BA 859 chart shows a depth of 14m.
However, bathymetry in that area changed
considerably over the period and the recent
edition chart published by BN indicates lesser
depth in the same position. The vessel ground-
ed for not following the most updated national
BN chart available for the area.
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. Inconsistency in depiction between various chart products of differing HO maintenance programmes

so modern techniques like LIDAR and Satellite
Derived Bathymetry. These techniques have
the inherent advantages of collecting data with
less cost and time. However, these techniques
are not suitable for the Bangladesh coast due
to the turbid water heavily loaded with sedi-
ment.

5. Approach to the Problems

Hydrographic survey operations are not easy to
perform in the coastal area of Bangladesh.

16
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However, as a signatory of the SOLAS conven-
tion, Bangladesh is committed to providing up-
dated hydrographic information to mariners as
per the IHO’s S-44 standards (IHO, 2008). The
following aspects are always considered both
by the national hydrographic office and the sur-
veyors whilst surveying in this dynamic envi-
ronment:

e To ensure quality of the collected bathymet-
ric data, extra effort is taken when measur-
ing the sound velocity profile, tide and tidal
streams in the area. Sound velocity profiles
are collected at short distances to minimize
errors.

e Frequent check survey/re-survey is under-
taken to identify seafloor changes so that
the mariners have confidence when navi-
gating in the area.

e The whole year is not suitable for survey
operations due to various factors that prevail
in the area. To overcome this issue, in-
creased numbers of survey platforms are
being used during the suitable times of the
year. BN requires the use of five survey
ships/crafts to cover a small area of its juris-
diction.

Most of the equipment does not function to
their optimum capacity in the area. To over-
come this limitation, the highest quality equip-
ment is used. Best results are achieved by
combining the best quality equipment, sound
survey methods and the dedication, commit-
ment and experience of BN surveyors.

BN puts considerable resources into training
activities. Much of the year is dedicated to
training which ultimately improves the compe-
tence and confidence of the surveyors to en-
sure high quality survey results can be
achieved for this dynamic environment.

6. Conclusions

Being situated in a deltaic region, the coastal
area of Bangladesh is very dynamic. Siltation,
shifting channels, emergence of new islands
and low tide elevations, etc. are common phe-
nomenon in the area. In addition to common
deltaic conditions, there are many local condi-
tions which are peculiar to this area. The

17
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coastal water is exceptionally laden with sedi-
ments coming from upstream and therefore,
turbidity is extremely high. Monsoon in the
region causes extra rain fall which makes the
water characteristics for surveying more com-
plex. The seasonal cyclone adds another di-
mension to the complexity of the area. Salinity
in the area is not homogeneous and the tem-
perature profile through the water column var-
ies from place to place. It is very difficult to
quantify the changes of these two parameters
in the coastal area of Bangladesh. High turbidi-
ty degrades the performance of survey equip-
ment. Even the most sophisticated state-of-the-
art hydrographic equipment does not function
as well as expected. Measurement of tidal level
heights and tidal streams is also challenging.
The deployment and recovery of survey equip-
ment such as current profilers, automatic tide
gauges, side scan sonar, etc. is difficult and the
safety of equipment is a major concern for the
surveyors. All these factors increase the diffi-
culty to the surveyors while conducting hydro-
graphic surveys in the area.

As a signatory to the SOLAS convention,
Bangladesh is committed to provide up to date
information to mariners. Frequent re-survey/
check survey are conducted to delineate the
changes. Extra efforts are provided for measur-
ing sound velocity and temperature profile
while conducting hydrographic survey. Addi-
tional resources are used for a comparatively
small area. Extensive training activities are
conducted so that the surveyors can maintain
their competencies and perform their duties in
a difficult environment to ensure survey quality
requirements are met. Above all, the prudence,
professionalism and dedication of the survey-
ors are one of the key factors for the successful
hydrographic management of the area.
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