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1 INTRODUCTION

The survey ship “the Anwesha" carried out cruise 3 from the first of January until the
thirteenth of January. It was not possible to measure the bottomlevel in respect to PWD
because there are no reference stations in this area. The survey ship “the Anwesha”
measured only the waterdepth during cruise 3. If the waterlevel in respect to PWD is
known, the bottomlevel in respect to PWD can be calculated. This report describes:
» the long term waterlevel measurements at seven locations:
* and the analysis of four waterlevel sensors, which are used to calculate the
bottomheight in respect to PWD at the location of cruise 3.
The locations of the four sensors, mes1, mes2, mes4 and se, are given in figure 1.
The data of the bottomheight at the location of cruise 3 will used to setup a
hydrodynamical model of the MES area (Meghna Estuary Study area).
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Figure 1: location map.



2 THE MEASUREMENTS OF THE WATERLEVEL SENSORS

After every two hours a measurement with a duration of ten minutes and a frequency of
2 Hz was carried out by the sensors. Because we are only interested in the tidal
waterlevel variation, the average over that ten minutes measurement has been
calculated. This value has been corrected for the air pressure, because the sensor
registers the pressure above it and that includes the air pressure. Two different air
pressure stations have been used, the Feni regulator and the Nijhum Dwip station. The
results of the measurements are given in annex 6. The Nijhum Dwip station has been
used for the air pressure correction at sensor Mes1, Mes2 and Se. The Feni regulator
has been used for sensor Mes4. After this analysis the waterlevel above the sensor is
known for every two hours. The results are given in figure 2.
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Figure 2: waterlevel above the sensor.

Figure 2 represents the waterlevel above the sensor at the location of the sensor. For
further analysis it is necessary to know the waterlevel at the location of the sensor in
respect to the reference level PWD. Because the sensor height in respect to PWD is not
known or not accurate enough, an interpolation has been used. Some data were
available of some reference stations in the neighbourhood. The reference stations are
represented by a dot in figure 1. The waterlevels have been measured in respect to
Chart datum at the location of the reference stations. To compare the waterlevels of the
reference stations with the waterlevels of the sensors, the waterlevels have been
converted to PWD datum. The correction factors to convert the waterlevels from Chart
datum to PWD datum are given in annex 1. The waterlevels at the location of the
reference stations are all converted to PWD. After that the average was calculated over
a three day period, 9-11 January. This value is the mean sea level during spring-tide in
respect to PWD. In figure 3 the waterlevel above sensor mes1 is given and the
waterlevel in respect to PWD is given for the reference station Dashmina. The two
straight lines represent the mean sea level during spring-tide. The mean sea level of
Dashmina is given in respect to PWD. The mean sea level of sensor mes1 is a mean
sea level above sensor mes1.
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Figure 3: waterlevel above sensor mes1 and the waterlevel at Dashmina in respect to PWD.

By using the values of the mean sea level during spring-tide of the four reference
stations, the value of the mean sea level in respect to PWD at the location of the
sensors could be predicted. The mean sea level of the four reference stations during
spring-tide are given in table 1.

Reference stations
Mean sea level during spring tide (cm, PWD)
Chandpur 161.00
Khal no. 10 84.1
Sandwip 122.97
Dashmina 122.35

Table 1. mean sea level at the reference stations (9-11 January).

Between those four reference station a mean sea level plane has been interpolated by
using a Kriging interpolation method. This method is distance weighted method. That
means that a reference station far away from a point is less important to predict the
value of that point than a reference station in the direct environment of that point. It was
also possible with the Kriging interpolation method to search datapoints in an ellipse and
not in a circle. This results in a pattern similar with the pattern of the tidal waves. The
choice for a ellipse search radius has been made because the tidal waves approach
from one direction, namely from the South. The result of the Kriging anisotropy
interpolation is given in figure 4, assuming a mean sea level far in the sea (South) of 46
cm. Now it is possible to read down the mean sea level in respect to PWD at the
location of the four sensors. Those values are also given in figure 4.
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Due to this interpolation the mean sea level at the location of the four sensors is known
in respect to PWD. The mean sea level above the sensor was already calculated, see
figure 3. This has been done for all the four sensors and the results are given in table 2.
Table 2 contains also the results of the interpolation, this is the mean sea level at the
location of the sensor in respect to PWD. The fourth column represents the correction
value to calculate the waterlevels from waterlevels above the sensor to waterlevels in
respect to PWD at the location of the sensor.

Mean sea level
sensor (MSL)
MSL above sensor (cm) | MSL in respect to PWD (cm) | Correction (cm)
MES1 317.97 97 -220.97
MES2 220.64 102 -118.64
SE 537.10 74 -463.10
MES4 379.85 121 -258.85

Table 2: the mean sea level above the sensor and in respect to PWD at the location of the
Sensors.

After this analysis the waterlevel at the locations of the four sensor is known for every
two hours in respect to PWD. The results are given in figure 5.
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Figure &: the waterlevels at the locations of the four sensors in respect to PWD.




3 THE PREDICTION OF THE WATERLEVELS AT THE LOCATION OF THE SURVEY
AREA

Because the survey ship “the Anwesha” measured every second the waterdepth in the
survey area, it was necessary to calculate the waterlevel at the location of the four
sensors for every second. By fitting a polynomial function through the curve of the
waterlevels in respect to PWD, the waterlevel could be calculated for every second. The
polynomial coefficients and the results of the fits are given in annex 2.

After doing this the waterlevel in respect to PWD at the location of the four sensors is
known for every second. A program has been written to calculate the waterlevel in
respect to PWD at the location of the ship at a particular time. This was done by using
an interpolation method between the four waterlevel sensors. An inverse distance
interpolation has been used. That means that a sensor far away from the ship is less
important than a sensor in the direct environment of the ship,see annex 3. For example
the ship was at one time (2-1-97, 14.32.05) at one place (654735.78 E, 448734.34 N).
The program calculates the waterlevel in respect to PWD at the location of the four
sensors at that time by using the polynomial coefficients. The value of the waterlevel at
the location of the ship at that time was calculated by using the interpolation method
between the values of the waterlevels at the location of the four sensors. After one
second the ship is on another place and the waterlevels at the location of the four
sensors have been calculated and interpolated again.

Annex 3 gives a illustration of the waterlevel at the location of the sensors and the
predicted waterlevel at the location of the ship. Two files are analysed, one in the South
and one in the North of the survey area of cruise 3. The first graph represents the
location of the ship in the South and the four sensors. The second graph represents the
distance from the ship to the four sensors changing in time. The third graph represents
the waterlevel at the location of the four sensors and the waterlevel at the location of the
ship, varying in time. The last three graphs in annex 3 represent the analysis of the file
located in the North of the study area. Obvious is that, when the distance from ship to
sensor is small, the waterlevel at the location of the ship is nearly the same as the
waterlevel at the location of the sensor. This means that a sensor close to the ship is
more important than a sensor far away.

Figure 6 gives a illustration of the measured waterlevel at Khal no. 10 and the predicted
waterlevel at Khal no. 10 by using the inverse distance interpolation method between
the sensors. The predicted waterlevel at Khal no. 10 is given at the time of the
measurements. This graph gives a illustration of the accuracy of the interpolation

method. The mean inaccuracy of the interpolation method is 13 cm over three days with
a standard deviation of 42 cm.
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Prediction of the waterlevel at Khal no. 10
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Figure 6: The measured and the predicted waterlevel at Khal no. 10

4 THE CALCULATION OF THE BOTTOMHEIGHT AND THE INTERPOLATION OF
THE RESULTS

Because the waterdepth was measured by the “Anwesha” and the waterlevel in respect
to PWD has been calculated, it is easy to calculate the bottomheight in respect to PWD.
Subtract the waterdepth from the waterlevel in respect to PWD and the bottomheight in
respect to PWD is remaining. This has been done for all the measurements carried out
by the survey ship “the Anwesha". The measurements are carried out in lines from East
to West or from West to East. The bottomheight between the lines has been calculated
by using a kriging interpolation method in the program surfer. A gridsize of 1000 meter
has been used. A map with the results from the interpolation is given in annex 4. The
map includes also the bathymetry measurements of cruise 4, 5, 6, 7, 11, 12 and 13.

5 LONG TERM WATERLEVELMEASUREMENTS

Six waterlevel sensors carried out measurements at seven locations from December
1996 until February 1997. One sensor, sensor Mes4, measured from December 1996
until April 1997. The values from the measurements are corrected for the varying air
pressure. The air pressure station at Nijhum Dwip has been used for the correction at
the location of sensor Mes1, Mes2, Mes3 and Se. For the sensors Mes4, Mes5 and
Mes6 the air pressure station at the Feni regulator has been used for the correction. The
results are given in annex 5. Annex 5 includes also a map with the location of the six
sensors. Sensor Mes3 was located at the location of Mes3 until January 1997. And was
replaced to the location of SE at 1/1/97.

Obvious is that the tidal range at the location of sensor Mes1 and Mes2 is much lower
than the tidal range at the location of sensor Mes4 and Mes5.



ANNEX 1

The correction factors to calibrate the waterlevels from Chart datum to PWD:

Reference stations
Chart datum (CD) PWD Correction factor
meter below benchmark meter below
benchmark
Chandpur 5.81 6.06 +0.25
Khal no. 10 6.48 5.14 -1.35
Sandwip 6.93 5.22 -1.71
Dashmina given in PWD




ANNEX 2

The fitting of the polynomial function.

1-1-97
4,00 —
- Legend
X MEst
® MES2
2.00 — A sE
O MeES4
] = Polynomial fit
0.00 —
—2'00||i|]|||]I[j
0 4 8 12 16 20 24
2-1-97
400 —
2.00 —
=] \
0.00 —




3-1-97

4.00
T

2.00 —

0.80: —

-2.00

4.00 —

2.00 —

0.00 —

-2.00 I [ i

Or@X

Legend

MES1
MES2
SE

MES4

Polynomial fit




2.00 —

0.00 —

-2.00

6-1-97

2.00 —

0.00 —

-2.00

6-1-97

Or X

Legend

MES1

MES2

SE

MES4
Polynomial fit




)

4.00

2.00

0.00

-2.00

4.00

2.00

0.00

-2.00

7-1-97
—

I | | l I | | | | | T |
0 4 8 12 16 20 24
8-1-97

or X

Legend

MES1
MES2
SE

MES4

Polynomial fit




6.00
_‘

400 —

2.00 —

0.00 —

-2.00

9-1-97

6.00 —

400 — °

200! —

0.00 —

-2.00

Or @X

Legend

MES1

MES2

SE

MES4
Polynomial fit

QB



11-1-97

6.00 —
] Legend
X  Mest
4.00 — 7 ® MES2
A SE
n < MES4
200 — Polynomial fit
0.00 —
-2.00 —
-4.00 I I I l I l T [ ] I I—I
0 4 8 12 16 20 24
12-1-97
6.00 —‘
400 —
2.00 —
0.00 —
T R I B O BN L




13-1-97
400—‘
Legend
i X  MEst
® MES2
2.00 — A SE
& MES4
Polynomial fit
0.00 —
B T L L I L BN

SV



Polynomial function:

Y = ag+a X+a,X’+...a,X"
Y: water level
X: time

a: polynomial coefficient

MES1

MES2 MES4 ISE
coefficient coefficient coefficient coefficient
Day 1-1-97 1-1-97 1-1-97 1-1-97
Number of coefficients 9 g 9 g
(C?c)mh’icient number (a,) d 1.6112000004 ad 1.7410800000 0-2.1352900000 g 1.658270000d
1-0.0594958000 1-0.773177000d 1 3.0939000000 1-1.3506400000
2 0.199079000( 2 0.5976320000 4-1.3850200000 4 1.174150000d
3-0.076698000( 3-0.1620220000 3 0.4674360000 3-0.3775030000
4 0.009892880( 4 0.019535300d 4-0.0866511000 4 0.0574817004
§-0.000508105( §-0.001168970( g 0.008409530( §-0.0047169700
g 0.000005795Q 6 0.0000341452 §-0.0004332870 g 0.0002161770
7 0.0000003112 7]-0.0000003893 7 0.0000112751 7-0.0000052380
§-0.0000000074 §-0.0000001168 g 0.0000000525
Number of datapoints (N) 12 14 13 12
R’ 0,9981 0,9854 0,994( 0,9884
Day 2-1-97 [2-1-97 2-1-97 2-1-97
Number of coefficients g 8 9 9
ICoefficient number d 1.581600000d (-0.1084430000 (-0.5315300000Q ( 0.0748531000
1-0.4110670000 1 0.7576720000 1-0.0949150000 1 0.8019300004
2 0.4094380000 24 0.0254417000 4 0.2034880000 4-0.309228000d
3-0.1205220004 3-0.0446640000 3 0.043011500d 3 0.118427000(
4 0.014896100d 4 0.0063329300 4-0.0208858000 4-0.0262155000
§-0.000892828d 5-0.0003686490 § 0.0023299700 § 0.002902350(
§ 0.0000258057 § 0.0000097074 §-0.0001149310 §-0.000165313d
7-0.0000002889 7-0.0000000949 7 0.0000025881 7 0.0000046738§
8-0.0000000211 §-0.0000000521
Number of datapoints (N) 12 12 12 12
R’ 0,9974 0,9867] 0,9983 0,999(
Day 3-1-97 3-1-97 3-1-97 3-1-97
Number of coefficients e 9 g g
Coefficient number Qg 0.8517460000 (0 0.627279000(4 g 1.3245900000 4-0.064552900(
1| 0.500472000Q 1 0.6487140000 1-2.432750000( 1 0.5826320004
4-0.165292000( 2-0.2987970000 4 1.135420000( 3-0.2773050000
3 0.050916700d 3 0.092642000( 3-0.1994450000 3 0.1154300000
4.0.0110097004 4-0.0162698000 4 0.0217741000 4-0.023179200(
§ 0.0012305800 5 0.0015216900 §-0.0018586104Q §0.0022787400
§-0.0000702871 §-0.0000757634 g 0.0001095204Q §-0.000115530(Q
71 0.0000019744 7 0.0000019013 7-0.0000035204 71 0.0000029204
§-0.0000000217 8-0.0000000184 g 0.0000000454 §-0.0000000292
Number of datapoints (N) 12 12 13 14
R’ 0,9984 0,998 0,5983 0,9997




VL

Day 4-1-97 4-1-97 4-1-97 4-1-97

Number of coefficients 9 g g 8

ICoefficient number 0 0.368755000(4 Q 0.8383180000 0 0.4240150000 0 0.2936420000
1| 0.819623000d 1-0.0978015000 1 1.1625600000 1-0.2170150000
4-0.4303640000 2 0.053130400d 2-1.2182200000 2 0.0358843000
3 0.1409160004 3 0.0067433900 3 0.383501000d0 3 0.035251700d
4-0.0247146000 4-0.0032871800 4-0.0511208000 4-0.0087997800
g 0.0023000600 § 0.000332382( § 0.003296160d § 0.000760005(
§-0.000114978( §-0.0000133160 §-0.0001020080 §-0.0000281691
7 0.0000029281 7 0.0000001893 71 0.0000012175 7 0.0000003815
8-0.0000000299

Number of datapoints (N) 12 12 12 13

R’ 0,9987 0,9959 0,9872 0,999(0

Day 5-1-97 5-1-97 15-1-97 5-1-97

Number of coefficients 9 9 g g

ICoefficient number d 0.8102360000 g 1.2656800000 ( 0.9693240000 (] 0.6102560000
1]-0.2295040000 1]-0.7408880000 1 1.5434700000 1-0.3617620000
4 0.0505826000 4 0.257022000( 4-1.250130000d 2-0.079602600(
3 0.0213443000 3-0.0332842000 3 0.2646110000 3 0.065134100(0
4-0.0056221500Q 4 0.0030865100 4-0.0184363000 4-0.009236780(
§ 0.000446520(0 §-0.0003296270 §-0.000172025( § 0.000403031(
§-0.0000129144 6 0.0000248692 g 0.0000762644 g 0.00000555545
7] 0.0000000203 7-0.00000091684 7-0.0000032245 7-0.0000008024
8 0.0000000033 g 0.0000000124 § 0.000000043d g 0.0000000144

Number of datapoints (N) 12 12 12 13

R* 0,9963 0,9967 0,9927 0,9979

Day 6-1-97 6-1-97 6-1-97 6-1-97

Number of coefficients 8 g 9 g

Coefficient number (0 0.815832000(0 g 1.1320800000 Q 2.755420000( g 0.4641380000
1 0.103624000d 1 0.030045900( 1-0.0804404000 1| 0.6208650000
4-0.2830620000 2-0.306643000( 4-0.262396000d 4-0.7663550000
3 0.1125000004 3 0.114040000d0 3-0.0348832000 3 0.236520000d4
4-0.016648200(0 4-0.015821000d 4 0.0260213000 4-0.030434700(0
§ 0.0011395504 5 0.0010254500 §-0.00362960040 5 0.001891630(
§-0.000036648§ 6-0.0000314082 g 0.000220055(4 §-0.0000564047
7 0.0000004491 71 0.0000003674 7-0.000006235( 7] 0.000000648(

8 0.0000000677
Number of datapoints (N) 12 12 12 12
R’ 0,9984 0,9978 0,9940 0,9987




Day

7-1-97 7-1-97 7-1-97 7-1-97
Number of coefficients 9 g g 9
ICoefficient number d 0.6587210000 0 1.1352700000 a 5.0023600000 g 1.3180400000
1 0.974785000( 1 0.4599310000 1-3.1438000004Q 1-0.3489320000
4-0.828365000( 24-0.5518820000 4 1.7143100004Q 24-0.1830930000
3 0.2230860000 3 0.1470960000 3-0.6107380000 3 0.034724600(0
4-0.028039800( 4-0.0153008000 4 0.110522000d0 4 0.0057279500
§ 0.0016970900 § 0.0006211820 §-0.0104076000 §-0.0015600700
§-0.0000501347 §-0.0000000749 § 0.0005234350 g 0.000121921d
71 0.0000005919 7-0.0000006174 7-0.0000133803 7-0.0000040689
8-0.0000000005 g 0.0000000114 g 0.0000001369 g 0.0000000501
Number of datapoints (N) 12 12 12 12
R™ 0,9924 0,9941 0,9964 0,9972
Day 8-1-97 8-1-97 8-1-97 8-1-97
Number of coefficients g g 9 9
ICoefficient number ad 0.763132000(0 @ 0.7058210004 g 7.4487400000 { 1.181650000(Q
1| 1.3486100000 1| 1.763900000d 1-7.1644900000 1 0.820106000(
3-1.041140000(0 4-1.2728800000 4 4.3339600000 4-0.846542000(
3 0.258683000d 3 0.3088490000 3-1.3564300000 3 0.1752180000
4-0.0287583000 4-0.0346477000 4 0.2189040004 4-0.0097961000
§ 0.001591340(¢ § 0.0020171900Q §-0.0191806000 §-0.000507685(
g-0.0000432742 §-0.000062405(0 g 0.0009265060 g 0.0000758444
71 0.000000486( 7 0.0000009704 7-0.0000232601 7-0.0000028722
8-0.0000000009 g-0.0000000061 8 0.0000002374 8 0.00000003645
Number of datapoints (N) 12 12 1 12
R’ 0,9964 0,9960Q 0,9971 0,9965
Day 9-1-97 9-1-97 9-1-97 9-1-97
Number of coefficients g g g 9
Coefficient number { 0.808465000Q 0 0.459658000( d 4.1495800004 0-1.7788200000
1 1.965120000d0 1 2.933740000( 1-0.0404816004 1 7.454530000d
2-1.3968300000 2-1.8820700000 2 0.218245000( 2-4.165480000Q
3 0.3331230004 3 0.437343000d 3-0.2039570004 3 0.9246530000
4-0.037797700(0 4-0.0499904000 4 0.039527200( 4-0.1043170000
§ 0.002356080( § 0.0032019800 §-0.003124340( § 0.0066522200
§-0.0000861134 §-0.0001209450 g 0.0001105520 §-0.000247786(
7 0.0000018207 7 0.0000026054 7-0.0000014534 7 0.0000051414
8-0.00000001784 §-0.00000002513 8-0.0000000464
Number of datapoints (N) 12 13 14 12
R’ 0,9945 0,9954 0,9774 0,9994




Day 10-1-97 10-1-97 10-1-97 10-1-97
Number of coefficients g 9 9 g

Coefficient number g 1.8377900000 0 1.9383400004 Q 5.029710000d g 2.353310000d

1 0.5424570000 1 0.5851770000 1-2.0394800000 1| 0.3041640000

2-0.4404330000 4-0.325247000d 4 1.649510000d 2-0.3010940000

3 0.0395758000 3-0.027315100d 3-0.5802480000 3-0.038856300(

4 0.0071641800 4 0.0206152000 4 0.0875309000 4 0.0233092004

§-0.0013749600 §-0.002711180(0 §-0.0064919500 §-0.0029028100

€ 0.0000854571 g 0.0001568540 § 0.0002452000 § 0.0001586300

7 -0.000002307q 7-0.0000042797 7-0.0000043694 7-0.0000040323

g 0.0000000224 g 0.0000000450 g 0.0000000264 g 0.0000000387

Number of datapoints (N) 12 12 12 14

R* 0,9863 0,9822 0,9884 0,9936
Day 11-1-97 11-1-97 11-1-97 11-1-97
Number of coefficients g g g g

ICoefficient number d 3.186100000( g 3.2229200004 g 1.2606100000 g 3.991560000(

1|-1.886680000( 1-1.5876400000 1 4.058050000(0 1-2.4209900000

2 1.1419300004 34 0.9969280000 2-1.9155900000 2 1.509670000d

3-0.410627000( 3-0.3786490000 3 0.4913890000 3-0.551675000d

4 0.0732104004 4 0.068824900(0 4-0.0881903000 4 0.0969423000

§-0.0068174104 §-0.006427580(0 § 0.0096553600 §-0.008794180(0

§ 0.0003414400Q g 0.0003206600 §-0.0005836200 § 0.0004270620

7-0.0000087463 7-0.0000081581 7 0.0000178227 7-0.0000105835

g 0.0000000903 g 0.0000000834 8-0.0000002147 g 0.0000001054

Number of datapoints (N) 13 14 12 12

R? 0,9939 0,9844 0,9961 0,9954
Day 12-1-97 12-1-97 12-1-97 12-1-97
Number of coefficients g s g

Coefficient number 0 2.0477200004 ( 2.047720000(4 g 2.9145700000 0 2.773660000d

1| 0.465642000( 1 0.4656420004 1-2.1485900000 1-0.0824303000

-0.2067610000 24-0.206761000d 4 2.2751600000 4 0.1546250000

3-0.0185675004 3-0.0185675000 3-0.6816130000 3-0.136647000(

4 0.0094805200 4 0.0094805200 4 0.086151800d0 4 0.026336300(

§-0.0009263750 §-0.000926375(0 §-0.005295160( §-0.002080660(

§ 0.0000360924 § 0.0000360924 g 0.0001571304 § 0.0000737105

71-0.0000005021 7-0.0000005021 7-0.0000018074 7-0.0000008719

Number of datapoints (N) 14 14 12 12

R® 0,9754 0,9654 0,9815 0,9655




Day 13-1-97 13-1-97 13-1-97 13-1-97

Number of coefficients g g g 8

Coefficient number g 2.0970900000 (4 2.0970900000 (-2.5753500000 0 2.032830000d
1-0.1188310004 1-0.1188310000 1 6.3115200004 1-0.043255600(
3 0.219150000(0 2 0.2191500000 4-2.7464800004 4 0.4033160000
3-0.1156350004 3-0.1156350000 3 0.7367750000Q 3-0.2006670000
4 0.019403400( 4 0.0194034000 4-0.1248430004 4 0.0320195000
§-0.001431810(0 §-0.0014318100 §0.0122249000 §-0.0022739700
g 0.0000486081 § 0.0000486081 §-0.00066096490 g 0.0000748305
7-0.0000006219 7-0.0000006214 7 0.0000183044 7-0.0000009324

8-0.0000002024
Number of datapoints (N) 13 12 123 12
R’ 0,987 0,979¢ 0,9971 0,9880
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ANNEX 6
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