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1. Introduction

Survey Report 5, Dry Season 1992/1993 has been prepared in response to the
Consultancy Contract of May 22, 1992, River Survey Project FAP 24, ALA/90/04.

The Survey Report serves as final documentation and presentation of all dry season
measurements apart from bathymetric surveys, obtained by the River Survey Project
between October 1992 and May 1993. Most of the data have previously been presented
in the following reports:

0 River Survey Project, FAP 24
1° Interim Report, Volume II
Annexures on survey work
February 1993

0 River Survey Project, FAP 24
2° Quarterly Progress Report
December 1992 - February 1993

o River Survey Project, FAP 24
3° Quarterly Progress Report
March - May 1993

The present survey report comprises routine gaugings and special measurements. Several
of the sediment transport calculations and the special measurements have not previously
been published. Apart from the measurement results, only simple analyses and
comparisons are presented.

The 1° Interim Report, covering the period October to December 1992, comprises the
same type of analyses and comparisons, wherefore this period and these data are omitted
from the present report.

Survey Report 5 serves as a basis for elaborate studies of the hydrology and morphology
in the main river systems of Bangladesh. For this reason file names and sample numbers
are presented everywhere.

Survey Report 5, Phase | Introduction Page-1.1
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2. Summary and conclusion

2 General information

The River Survey Project performs routine gaugings, bathymetric surveys and
special measurements in the main river systems of Bangladesh.

The routine gaugings comprise:

transect discharge and current measurement
point current measurement

suspended sediment measurement

bed load sediment transport measurement
river bed material sampling.

o 0 Qo O

In the reporting period special measurements comprised comparative discharge
measurements.

In the future special measurements will be done to support the study programme
issued by the River Survey Project, i.e. Study Report 1, September 1993. The
various special measurements may lead to alterations of the routine gauging
programme.

In the dry season from October 1992 to May 1993 the following sites have been
surveyed by the routine gauging programme and the special measurement
programme:

0 Routine gaugings:

- Bahadurabad, 14 to 16 January 1993
- Bahadurabad, 13 to 15 February 1993
- Bahadurabad, 13 to 15 March 1993

0 Special measurements:

- Comparative discharge measurement, Bahadurabad, 6 to 11
January 1993

- Comparative tidal discharge measurements, Hospital Ghat, Khulna
April 9, 1993

- Comparative tidal discharge measurements, Bhairab Bazar, 26 to
28 April 1993

Survey Report 5, Phase 1 Summary and conclusion Page-2.1
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2.2 Summary of measurements

2.2.1 Routine gauging programme

Transect discharge and current measurements

The number of transects, the water-level and the average main channel
discharge of all transects is listed in Table 2.1 for each routine gauging.

Location and date of Number Water- Average
transect survey of level discharge
transects
m PWD m*/s

Bahadurabad, left main 3 14.03 4105
channel, January 14, 1993
Bahadurabad, right main 5 14.30 1280
channel, 15 to 16 January
1993
Bahadurabad, right main 4 13.99 926
channel, February 13, 1993
Bahadurabad, left main 2 13.66 3348
channel, February 15, 1993
Bahadurabad, right main 2 14.64 1106
channel, March 13, 1993 :
Bahadurabad, left main 5 13.88° 3609°
channel, 15 to 16 March,
1993

* Minor river stage variations.

Table 2.1 Current velocity range and discharge for all routine transect

surveys performed from October 1992 to May 1993.

% A more detailed description of cross-sections, water-levels and individual
transects as well as estimates of the measurement uncertainty is found in
Chapter 6.

Survey Report 5, Phase [ Summary and conclusion Page-2.2
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Point current measurements

The number of verticals applied to each cross-section and the total main
channel discharge based on all S4 point current measurements and the
average bathymetric cross-section is listed in Table 2.2 for each routine

gauging.
Location and date of Number Water- Average
manual S4 current profiling of level discharge
verticals
m PWD m¥/s
Bahadurabad, left main 7 14.03 3733
channel, January 14, 1993 -
Bahadurabad, right main 6 14.30 1197
channel, 15 to 16 January
1993
Bahadurabad, right main s |3 13.99 967
channel, February 13, 1993 & [ 74 )
Bahadurabad, left main 8 13.66 3343
channel, February 15, 1993 ‘ EY
Bahadurabad, right main 5 14.64 1194
channel, March 13, 1993 '
Bahadurabad, left main 9/, 13.88 3201
channel, March 15, 1993 -
Table 2.2 Main channel discharges based on manual S4 current

profilings performed from October 1992 to May 1993.

# A more detailed description of average cross-sections and individual
verticals as well as estimates of the measurement uncertainty is found in
Chapter 6.

Survey Report 5, Phase | Summary and conclusion Page-2.3
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Suspended sediment measurement

The number of verticals applied to each cross-section, the suspended
sediment concentration range and the total suspended sediment transport
based on all point current and sediment measurements and an average
bathymetry is listed in Table 2.3 for each routine gauging.

Location and date of Number | Concentra- Average
manual current and sediment of tion range | suspended
profiling verticals sediment
transport
L mg/1 kg/s
Bahadurabad, left main 7 60 - 227 438
channel, January 14, 1993
Bahadurabad, right main 6 83 - 233 159
channel, 15 to 16 January
1993
Bahadurabad, right main 5 49 - 237 108
channel, February 13, 1993
Bahadurabad, left main 8 29 - 283 419
channel, February 15, 1993
Bahadurabad, right main 5 52 - 115 79
channel, March 13, 1993
Bahadurabad, left main 9 30 - 632 343
channel, March 15, 1993

Table 2.3 Suspended sediment concentration range and transport for
all routine manual current and suspended sediment
profilings performed from October 1992 to May 1993.

A description of cross-sections, estimates of measurement uncertainty and

plots of suspended sediment profiles are found in Chapter 6 and Annexure
3.

Andreasen settling tube determination of grain size distribution from the
lowest sampling level in each vertical have been performed. The sectional
average value u(Ds) and the standard deviation o(Ds,) of the mean grain
diameter Ds, in each routine gauging cross-section is listed in Table 2.4.

Survey Report 5, Phase 1 Summary and conclusion Page-2.4
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Location and date of manual | Suspended sediment

current and sediment grain size analysis
profiling

F’-(DSU) U(Dﬁu)

mm mm

Bahadurabad, left main - -
channel, January 14, 1993
Bahadurabad, right main 0.043 0.015
channel, 15 to 16 January
1993
Bahadurabad, right main 0.046 0.023
channel, February 13, 1993
Bahadurabad, left main 0.046 0.018
channel, 15 to 16 February
1993
Bahadurabad, right main 0.038 0.019
channel, March 13, 1993 i
Bahadurabad, left main 0.044 0.026
channel, March 15, 1993

Table 2.4 Sectional average and standard deviation of D, based on
suspended sediment profilings performed from October
1992 to May 1993.

Grain size distribution curves and summary tables of Ds, D55, D5, and Dy,
are found in Annexure 4.

Survey Repont 5, Phase | Summary and conclusion Page-2.5
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Bed load measurement

No propagating bed-forms were detected and therefore only Helley-Smith
trap samplings were carried out in order to assess the bed load transport.

The number of Helley-Smith samples from each cross-section, the
sectional average bed load transport range and the estimated total main
channel bed load transport is listed in Table 2.5 for each routine gauging.

Location and date of Number Bed load Bed load
Helley-Smith sampling of transport transport
Helley- range
Smith
samples g/m/s kg/s
Bahadurabad, left main 6 0.55-33 4.3
channel, January 14, 1993
Bahadurabad, right main 3 0.66 - 41 2.8
channel, 15 to 16 January
1993
Bahadurabad, right main 15 0.08 - 23 1.2
channel, February 13, 1993
Bahadurabad, left main 20 0.01 - 41 5.0
channel, February 15, 1993
Bahadurabad, right main 10 0.26 - 44 1.8
channel, March 13, 1993
Bahadurabad, left main 5 0.02-0.9 0.4
channel, March 15, 1993

Table 2.5 Range of bed load transport rates and bed load transport
based on all Helley-Smith samples obtained by routine
gaugings between October 1992 and May 1993.

A description of cross-sections and individual samples is found in Chapter
6 and Annexure 5. The Helley-Smith samples exhibit a large scatter.

Survey Report 5, Phase [ Summary and conclusion Page-2.6
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Grain size distribution analysis have been performed for each Helley-Smith
sample. The sectional average value p(Ds) and the standard deviation
o(Ds,) of the Dy, mean grain diameter in each routine gauging Cross-
section 1s listed in Table 2.6.

Location and date of Helley-
Smith bed load sample

Bed load sediment
grain size analysis

#(Dsp) 0(Ds0)
mm mm

Bahadurabad, left main 0.316 0.047
channel, January 14, 1993
Bahadurabad, right main 0.282 0.007
channel, 15 to 16 January
1993
Bahadurabad, right main 0.228 0.041
channel, February 13, 1993
Bahadurabad, left main 0.251 0.067
channel, February 16, 1993
Bahadurabad, right main 0.237 0.05
channel, March 13, 1993
Bahadurabad, left main 0.195 0.06

channel, March 15, 1993

Table 2.6

Sectional average and standard deviation of Ds, based on

Helley-Smith samples obtained from October 1992 to May

1993,

Grain size distribution curves and summary tables of Ds;, Dy, and Dgs are
found in Annexure 5.

Survey Report 5, Phase |
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Bed material sampline

Grain size distribution analysis have been performed for each bed material
sample. The sectional average value u(Ds,) and the standard deviation
0(Dso) of the mean grain diameter Dy, in each routine gauging cross-
section is listed in Table 2.7.

Location and date of Bed material grain
Van Veen grab bed material | size analysis
samples
p(Dso) a(Dso)
mm mm
= T
Bahadurabad, left main - -
channel, January 14, 1993
Bahadurabad, right main - .
channel, 15 to 16 January
1993
Bahadurabad, right main 0.166 0.0025
channel, February 13, 1993
Bahadurabad, left main 0.156 0.095
channel, 15 to 16 February
1993
Bahadurabad, right main 0.059 0.061
channel, March 13, 1993
Bahadurabad, left main 0.168 0.102
channel, March 15, 1993

Table 2.7 Sectional average and standard deviation of Dy, based on
bed material samples obtained by routine gaugings between
October 1992 and May 1993.

A description of cross-sections, individual samples, grain size distributions
and summary tables of D, D5, D5, and Dy, is found in Chapter 6 and
Annexure 6. The bed material samples exhibit a large sectional scatter.

Survey Report 5, Phase 1 Summary and conclusion Page-2.8
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2.2.2 Special measurement programme

To assess the quality and compatibility of discharge data obtained by the
Bangladesh Water Development Board (BWDB) and the River Survey
Project, comparative discharge measurements have been performed at
three locations:

0 Bahadurabad
0 Hospital Ghat, Khulna
0 Bhairab Bazar

The velocity range and the average main channel discharge based on
manual current profilings obtained by BWDB are compared to transect
current measurements obtained by the River Survey Project in Table 2.8.

Location and date | Manual current Transect current
of comparative profiling measurement
discharge survey ] ] ]
Velocity | Discharge | Velocity Average

range range discharge

m/s m¥/s m/s m’/s
Zigabari channel - 2150 0-1.2 2021
in the standard
BWDB cross-
section, January
11, 1993
Zigabari, Assan- | 0-1.08 | 4257 0-1.5" | 3899
khari and Baha-
durabad channels
in the standard
BWDB cross-
section, January
11, 1993
Hospital Ghat, not yet not yet 0-1.9 see tidal
April 9, 1993 available | available graph
Bhairab Bazar, 27 | not yet not yet see tidal
to 28 April 1993 available | available graph

Confluence 800 m downstream, exclusive discharge between the river banks and the
end points of the survey line.

Table 2.8 Current velocity range and discharge based on manual

profilings and transect measurements.

Survey Report 5, Phase 1
Dry Season 1992/1993
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A more detailed description of cross-sections, individual transects, manual
profilings and calculation procedures is found in Chapter 7. The tidal
discharge variation measured by the River Survey Project at Hospital Ghat
and Bhairab Bazar is plotted in Figures 2.1 and 2.2.
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Figure 2.1  Tidal discharge variation at Hospital Ghat, Khulna,
Gorai off-take, April 9, 1993.
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Figure 2.2 Tidal discharge variation at Bhairab Bazar, Upper Meghna
river, 27 to 28 April 1993.
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2.3 Conclusions and recommendations
Water-level gauging

Continuous water-level measurements provide a better basis for discharge
uncertainty analyses than staff gauge observations. Staff gauge observations carry
an uncertainty in the order of one cm irrespective of the datum. According to the
low mniver stage Bahadurabad rating curve this uncertainty translates into a
discharge uncertainty of 29 m%/s.

The dynamic morphological environment renders it difficult to maintain
continuous high quality water-level series. Consequently water-level data should
always be looked upon with due skepticism.

Velocity and discharge measurement

Generally very little directional variation has been measured within the verticals
by the S4 current meter. Some directional variation within the verticals has been
measured by the ADCP current meter. This is probably due to the instantaneous
nature of ADCP current measurements, whereby temporal variations are dutifully
registered.

Standard deviations of the discharge in the range 1 to 4 of per cent of the average
discharge, have been measured by the moving boat method using the ADCP/EMF
current meter. These differences also reflect temporal variations in the flow due
to eddies and flood waves. A continuous water-level recording with a relative
precision in the order of mm may provide further insight into these variations.

The discharge uncertainty by manual S4 profilings is estimated within the range
1 to 12 percent of the average discharge.

Total discharges obtained by the moving boat method (ADCP/EMF current
meters) and by manual profiling (S4 or Ott current meter) are compared in Table
2.10. The S4 current measurements were performed by the River Survey Project
while the Ott current measurements were performed by BWDB. Generally a good
agreement between the moving boat method and the manual profilings is
observed, though unbiased discrepancies up to 11 per cent occur.

Survey Report 5, Phase | Summary and conclusion Page-2.11
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Location and date of survey ADCP/EMF S4 Ott
discharge discharge discharge
m>/s m?/s m¥/s
Bahadurabad, left channel, 4105 3733 -
January 14, 1993
Bahadurabad, right channel, 1280 1197 -
15 to 16 January 1993
Bahadurabad, right channel, 926 967 -
February 13, 1993
Bahadurabad, left channel, 3348 3343 -
February 15, 1993
Bahadurabad, right channel, 1106 1194 -
March 13, 1993
Bahadurabad, left channel, 15 3609 3201 -
to 16 March 1993
Zigabari channel Bahadurabad, | 2021 - 2150
January 11, 1993
BWDB gauging cross-section 3889° - 4257
Bahadurabad, January 11, 1993
* Discharge in the navigable part of a downstream confluent cross-section.

Table 2.10  Comparison of dry season discharges.

Bed load sediment measurement

The bed load transport rates measured by Helley-Smith trap samples exhibit a
large scatter. In most instances more samples are needed to obtain reliable
estimates of average transport rates. Nevertheless the estimated bed load transport
never exceeds 3 per cent of the total sediment transport.

Generally the Ds, mean grain diameter of bed load material exceeds the Dy, as
measured in bed material samples. This is probably caused by loss of the finest
bed load fraction in the Helley-Smith wire mesh bag.

Survey Report 5, Phase |
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Tidal discharge variations

Based on the comparative tidal discharge measurements at Hospital Ghat south of
Khulna and at Bhairab Bazar, Chapter 7, it is recommended that tidal discharge
measurements must be concluded within a fraction of the tidal period to be of any
value. A maximum discharge variation of 70 m*/s/minute by an average tidal
discharge amplitude of 3350 m*/s has been observed at Hospital Ghat.

Survey Report 5, Phase | Summary and conclusion Page-2.13
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W

3. Description of survey areas

The River Survey Project performs routine gaugings and special measurements. The
routine gaugings and surveys take place at eleven different sites in the Bangladeshi main
rivers according to Figure 3.1. Almost all gauging areas are characterized by rapid
planform changes in a braided river environment. Some of the routine gauging sites are

tidally affected also.

Special measurements are located to facilitate the particular phenomena to be studied.
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Figure 3.1  River Survey Project routine gauging sites in Bangladesh.

The present dry season report comprises gaugings and measurements from three different

sites:

o Bahadurabad
o Hospital Ghat, Khulna
o Bhairab Bazar
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Figure 3.2 Planform of the Jamuna river in the vicinity of Bahadurabad, March 1992.
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3.2  Hospital Ghat special measurement site

The Hospital Ghat cross-section is situated in the Rupsha river, a bifurcation of the Gorai
off-take, at Khulna. The River Survey Project has no information on the stability of the
cross-section and only a rough planform sketch is available, see Figure 3.3.

The BWDB operates a staff gauge in Khulna. The water-level is observed daily every 3
hour from 06:00 to 18:00. The water-level as well as the current is strongly influenced
by tidal variations.
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Figure 3.3  Sketch of the Rupsha river in the vicinity of Hospital Ghat at Khulna.
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3.3  Bhairab Bazar special measurement site

The Bhairab Bazar cross-section in the Upper Meghna river is artificially fixed by
substantial river training works, both up- and downstream of the Bhairab Bazar railway
bridge. Currently a low char is extending to a point 200 m upstream of the railway
bridge.

The BWDB performs routine gaugings in a cross-section approximately 50 m upstream
of the railway bridge, see Figure 3.4.

The BWDB operates a staff gauges in Bhairab Bazar. The water-level is observed daily
every 3 hour from 06:00 to 18:00. The water-level as well as the current is strongly
influenced by tidal variations.
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Figure 3.4  Planform of the Upper Meghna river in the vicinity of Bhairab Bazar,

December 1988.
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4, Summary of survey equipment and procedures

The survey equipment, the survey procedures and the quality assurance constitute the
framework for all data obtained by the River Survey Project. Each of these subjects are
addressed in the succeeding sections.

4.1

Survey vessels and equipment

The River Survey Project FAP 24 operates three survey vessels:

o}

o2 'i'iuLJlﬂf 1' NJ

i “F—-"’-“ LU *\‘\\

Ms. DHA, a former police patrol boat, built for shallow waters, see
Figure 4.1. The boat has been modified for advanced survey work in
Bangladesh. Ms. DHA has the following main dimensions:

- Length over all 20.25 m
- Breadth over all 4.70 m
- Draft .15 m

Ms. DHC, a newly built catamaran survey vessel, see Figure 4.1. The
vessel has the following main dimensions:

- Length over all 8.70 m
- Breadth over all 6.30 m
- Draft 0.45 m

A 12 feet aluminium craft with two 25 hp outboard engines, see Figure
4.1.

Figure 4.1  The fleet of survey vessels on River Survey Project FAP 24

moored at Narayanganj. Ms. DHA is lying behind Ms. DHC and
the alu. craft.
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Each of the survey vessels are able to perform specialized survey operations
comprising bathymetric survey, point current measurement, integrated current
measurement, suspended sediment measurement, bed load sediment transport
measurement and river bed sediment sampling. Table 4.1 below states the
capability and instrumentation aboard each of the survey vessels.

River Survey Project FAP-24

Equipment DHA DHC | Alu.cr.

DGPS Positioning system:

Trimble 4000, 9 channel X

Trimble Navtrac, 6 channel X X
Bathymetric survey:

Elac Laz 4420 (echo sounding) X

Simrad EA 300 P (echo-sounding) X X
Point current measurement:

Ott meter (mechanical) X

S4 InterOcean  (electromagnetic) X X X

Integrated current measurement:

300 Khz ADCP (vertical) X
EMF (horizontal) X
Float tracking (horizontal) X X X
Suspended sediment measurement:
Pump bottle sampling X X X
Depth integ. susp. sediment sampler X
MEX 3 Turbidity recorder X
Bed load sediment transport measurement:
Helley-Smith trap sampler X X X
Sand-dune tracking by echo-sounding X X X
River bed sediment sampling:
Van Veen grab X X X
US BM-54 X X
Side scan sonar:
EG & G Model 260 X
Communication:
VHF radios X X X
Walkie talkies X X X
Table 4.1 Capabilities and instrumentation aboard the three river survey

project vessels; DHA, DHC and the alu boat, August 1993,

The equipment in Table 4.1 cannot be seen independently of one another. Very
often one type of equipment is supported by another. In particular this is the case
for the positioning system, which is the corner stone of all measurements in the
dynamic braided rivers of Bangladesh.
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A few remarks need to be attached to the equipment listed in Table 4.1 to have
a background for understanding measurement results and problems encountered
during operation. The equipment for discharge measurements, suspended sediment
measurements, bed load measurements and river bed material sampling is briefly
presented in the following sections.

4.1.1 Current measurement

Current measurements are performed as moving boat measurements with
the 300 Khz ADCP current meter and/or the EMF current meter or as
stationary point current measurements with the electromagnetic S4 current
meter.

ADCP and EMF measurements

The acoustic doppler current profiler (ADCP), listed under integrated
current measurement in Table 4.1, is able to provide a two dimensional
vertical current profile. The measuring principle is based on the doppler
shift of acoustic waves reflected from particles in the water column.

The ADCP transducers are mounted in a well midships of the DHA
vessel, 0.85 m below the surface by normal lading conditions. Hereby the
300 kHz ADCP system is able to measure current profiles in the depth
range from 2.7 m below the surface to approximately 1.5 m above the
river bed (the 300 kHz ADCP does not cover the last 6 per cent plus 1 bin
size (0.5 m) of the water column). For this reason ADCP measurements
have to be preceded by a survey for a suitable cross-section.

Under fixed river bed conditions the ADCP operates independently of the
positioning system.

The electromagnetic EMF current meter, listed under integrated current
measurements, provides discrete current measurements from a preset
deployment level, while the survey vessel is progressing. The EMF sensor
is mounted 0.5 m below the surface in the bow of the DHA vessel, see
Figure 4.2. The EMF current meter is supported by the DGPS positioning

system.
/,/: N
/ — e A,
/ T = "D\
/ . \I \ \
( .
/ L ] \\
)]
2 /]
.\‘ ; J ) /
% (A //
Survey Report 5, Phase | Summary of survey equipment and procedures Page 4.3

Dry Season 1992/1993



LA

River Survey Project FAP-24

Figure 4.2 The EMF sensor mounted at the bow of Ms. DHA (upper
left). The S4 current meter, the suspended sediment
sampler and the MEX 3 turbidity meter mounted on a fish-
type carrier (lower right). The turbidity meter is mounted
on the right side of the carrier, while the suction hose of
the suspended sediment pump is mounted at the same level
but to the left. The spherical S4 current meter and the
suspended sediment pump is seen above the carrier.
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4.1.4 River bed material sampling

River bed material samples are obtained either by the Van Veen grab or
the US BM-54 sediment sampler. The Van Veen grab sampler, Figure
4.4, is only applicable in relatively low flow conditions while the US BM-
54 sampler is generally applicable.

The US BM-54 sampler, Figure 4.4, consists of a tow fish with a coil
spring powered bucket mounted inside. Upon contact with the river bed
the bucket snap-shots a bed material sample.

Figure 4.4  Principle sketch of the Van Veen grab and the US BM-54
bed material sampler.
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S4 current meter

The S4 current meter is an integrated instrument which provides point
current and direction measurements as well as pressure, temperature and
conductivity data. The precise depth is obtained from the pressure cell.
The S4 current meter, the suction nozzle for the suspended sediment
sampler and the MEX 3 turbidity sensor have all been installed on and
above a winch operated carrier, see Figure 4.2.

The deployment wire, the suction hose and the various electrical interfaces
have been integrated into a so-called umbilical. To avoid vibrations, which
would disturb measurements, a faring has been mounted on the umbilical.

Point current measurements presupposes stationary anchoring of the survey
vessel.

4.1.2 Suspended sediment measurement

Suspended sediment samples "pump bottle samples" are obtained through
the suction nozzle mounted on the left side of. the fish-type carrier
displayed in Figure 4.2. The mixture of suspended sediment and water is
pumped aboard the survey vessel for sampling. Precise depth measurement
is provided by the pressure cell in the S4 current meter.

4.1.3 Bed load sediment transport measurement

Bed load sediment transport is measured directly by the Helley-Smith trap
sampler depicted in Figure 4.3. The bed load transport is collected in a
250 um wire mesh bag mounted just behind the sampler mouth.

Bed load sediment transport measurements presupposes stationary
anchoring of the survey vessel.

Figure 4.3  The Helley-Smith bed load trap sampler.
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4.2  Survey procedures

Two types of gauging programmes have been performed by the River Survey

Project:
0 The special measurement programime
0 The routine gauging programme

Survey procedures for the special measurement programme are specifically
outlined prior to each special survey.

Survey procedures for the routine gauging programme are defined by the
reference method and the recommended method as described in the Test Gauging
Report, 31 October 1993. The basic difference between the two methods is the
procedure for discharge measurements. The reference method follows the area-
velocity concept, while the recommended method follows the moving boat
concept.

Application of the survey equipment described in the preceding sections in the
routine gauging programme is governed by the survey procedures. The survey
procedures guide the surveyors with respect to the following items:

0 Determination of transect lines

0 Positioning of verticals for current and sediment measurements

0 Number of measurements in a vertical

0 Sampling time

0 Number and amount of sediment samples
4.2.1 Determination of transect lines
Depending on the connection of the braided river channels, transects are
distributed to ensure a complete coverage of all channels carrying
discharge. To minimize the number of cross-sections, confluent river
channels are preferred.
The measurement limitations of the ADCP equipment described in Section
4.1.1 is the primary criterion for the localization of transects and survey
lines.
In general a transect is arranged as a straight line at right angle to the
main current direction in the deepest and most homogeneous cross-section
available.
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4.2.2 Positioning of verticals. number of measurements
and sampling time

A river cross-section is classified into main channels, smaller channels and
shallows. The practical definition of main channels, smaller channels and
shallows reads:

0 Main channels are defined to be 500 m to 2 km wide (geometric
width), maximum depths ranging from 5 m to 25 m, exceptionally
amounting to 30 m or even more in intensive scouring holes.

0 Smaller channels are defined as having widths ranging from 100 m
to 500 m and maximum depths ranging from 3 m to 10 m.
0 Shallows are those zones without well defined channels as

described above, but where depths are less than 3 m at the moment
of the gauging

As an illustration of these classifications, main channels, minor channels
and shallows are indicated in Figure 4.5.

FAP 24 — CLASSIFICATION OF MEASUREMENT CROSS SECTIONS

T

MAIN  CHANNEL BARS OR SHALLOWI(S) SMALL CHANNEL SHALLOW(S) |
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- four verticals

- three-point method for each vertical

- 100 second integration lime for each velocity sampling,
with record of sampling for cach 50 second interval

- maximum distance between verticals 100 m

- six-point method for each vertical

- 100 second integration time for each velocity sampling,
with record of sampling for each 50 second interval * -

- minimum distance between verticals 200 m and at least three
verticals

- three-point measurements for each vertical, if the depth is
less than 1 m the one-point method is undertaken

- 100 second integration time for each velocity sampling,
with record of sampling for each 50 second interval

Figure 4.5  Principal classification of a cross-section with indications of
main channels, smaller channels, shallows and the
accompanying measurement requirements.

Survey Report 5, Phase [ Summary of survey equipment and procedures Page 4.8
Dry Season 1992/1993



o

River Survey Project FAP-24

The spacing of verticals, the number of point current measurements, the
number of point sediment samples and the sampling time within main
channels, smaller channels and shallows shall comply with the following
requirements:

0 Measurement in main channels

- maximum distance between verticals 100 m

- six-point method for each vertical

- 100 second integration time for each velocity sampling,
with record of sampling for each 50 second interval

0 Measurement in smaller channels

- four verticals

- three-point method for each vertical

- 100 second integration time for each velocity sampling,
with record of sampling for each 50 second interval

0 Measurement in shallows

- minimum distance between verticals 200 m and at least
three verticals

- three-point measurements for each vertical, if the depth is
less than 1 m the one-point method is undertaken

- 100 second integration time for each velocity sampling,
with record of sampling for each 50 second interval

With D denoting total depth the six-point measurements are obtained in the
following depths:

- as close to the surface as possible

- 02D

- 0.4D

- 0.6 D

- 0.8D

- as close to the river bed as possible

The three-point measurements are obtained in the following depths:
i - 0.2D

- 0.6 D

- 0.8D

One-point measurements are obtained 0.6 D below the surface.
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4.2.3 Number and amount of sediment samples

The suspended sediment samples are obtained during 100 second of
continuous pumping from the above mentioned depths. Small fractions of
the suspension are collected in a 0.5 1 bottle. For this reason the samples
are termed pump bottle samples.

The Grain size distribution of the suspended sediment is based on a 25 1
sample obtained by the suction hose from the lowest sampling level and
regardless of the sampling time.

Two Helley-Smith trap samples are obtained from each vertical. In general
the trap sampler is deployed for two minutes. In case the trap sampler is
completely full of sediment by recovery, a smaller deployment period is
attempted.
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4.3  Quality assurance

The primary quality assurance is performed aboard the survey vessels according
to the current version of the Vessel Survey Quality Plan, 31 May 1993. This plan
describes:

Final calibration

Checklist for each type of survey

Standardized file format and naming conventions
Data logging

Basic statistic quality check

Back-up procedures

Survey log

Instrument log

Instrument service

©C 00O CO0CO0 OO0

During measurements it relies on the judgment of the surveyor in charge whether
a measurement, a transect or a bathymetric survey line is accepted or not.
Nevertheless measurements are always accompanied by the surveyors log book
describing circumstances and peculiarities.

Owing to the amount and intensity of ADCP data and bathymetric measurements,
part of the quality assurance has to be performed by the post processing at the
main office. This pertains in particular to visual removal of spikes.
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5. QOutline of survev data

During the present dry season Survey Report, covering the period from October 1992 to
May 1993 the following routine gaugings were performed;

0 Bahadurabad, 14 to 16 January 1993
0 Bahadurabad, 13 to 15 February 1993
0 Bahadurabad, 13 to 15 March 1993

and the following special measurements:

0 Comparative discharge measurements, Bahadurabad, January 1993
0 Comparative tidal discharge measurements, Hospital Ghat, Khulna, April 9, 1993
o Comparative tidal discharge measurements, Bhairab Bazar, 26 to 28 April 1993

The final quality assured River Survey Project data are reported in standardized tables
found in Annexure 1 "Routine gauging inventory October 1992 to May 1993" and
Annexure 2 "Special measurement inventory October 1992 to May 1993". The tables
contain file names and sample numbers, and serve as a catalog for more elaborate
analyses than the ones presented in the present Survey Report.

Two main types of survey files are presented in Annexures 1 and 2; profile and transect
survey files. A profile survey file contains measurements and information from a vertical
situated at a specific position in the river. A transect survey file contains measurements
from a cross-section characterized by a survey line.

The profile survey file comprises:

0 Date, time and position
0 S4 current measurements, north velocity, east velocity, direction and position
o S4 depth, pressure, temperature, conductivity and turbidity

The transect survey file comprises:

0 Date, time and survey line

0 ADCP and EMF current measurements, north velocity, east velocity, direction
and position

0 ADCP backscatter record

0 Echo-sounding depth, time and position

Another type of data is found in the section termed sediment transport gauging in
Annexures 1 and 2. With reference to the sample numbers, grain size distribution curves
and tables of Dy, Dy5, Dsp, Dgs and Dy, for suspended sediment samples, bed load
sediment samples and bed material samples are available on hard copy format.
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6. Routine gauging results

The River Survey Project has conducted routine gauging surveys in the areas described
in Chapter 3 according to the procedures outlined in Chapter 4. The routine gaugings
comprise discharge, suspended sediment transport, bed load sediment transport
measurements and sediment sampling. Owing to the planform instability of the
Bangladeshi rivers these informations are preceded by a description of the cross-sections
from which they were obtained. Each gauging site visited during the period from January
to May 1993 are described chronologically.

All information presented have been subjected to standard data processing and visual
quality assurance. On this basis measurements have either been accepted or discarded.

The Survey Data Report serves as a presentation of measurements and only simple
analyses and standard data processings are performed. To facilitate more elaborate

analyses a complete list of file names and sample identification numbers is found in
Annexure 1.

6.1  Bahadurabad gauging site, 14 to 16 January 1993

6.1.1 Cross-sections and survey lines

The precise BTM position of survey profiles and a typical transect survey
line in the left and the right main channel of the Jamuna River at
Bahadurabad and Fulchari, are displayed in Figures 6.1 and 6.2. The
precise position of all transects are found in the transect files.

777500 T T ; ;
1 * Profile Posjtioning : : !
q o Traneect 1 i 1
4 V for Verticol nost I | 1
1 S for Sediment Somple noe. : : :
THIODH S e e v e i e P ——— T m——— (e )
E 1 1 1 1
s 1 I 1 1
* ' ' | :
= i 1
iR/B 1 1 ] 1 L/B
776500 + f———-— === B et L dem e Lo
1 wn Pov2 ! V4 vs ! v8 N7
= 3 e 1 N h e —
n i ] ki) I ]
g i ssm I S4m 5:':" SB1A  S3BA s 985A
- 1 1 1
e i—— o  — —
E i i 1 :
i i
] i 1 i 1
] 1 I 1 1
-l 1 I ] 1 ]
778500 == - -- === ) Aty === ---- o e
= - 1 1 1 1
3 1 I 1 1
E 1 I i 1
= 1 I 1 1
5 1 i I 1
nm TTTrr7r77TTrT i TTTTTTTTT i rTrr7rrvrroTrT % T T T T T 7T 7T T7T1TT i Trrrrrrrrtr
470000 470200 470400 4708600 470800 471000

Easting In mater

Figure 6.1  BTM positions of survey profiles and transect B31E1T02 in
the left channel, Jamuna River, Bahadurabad, Jan 14, 1993,
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Figure 6.2  BTM positions of survey profiles and transect B31F1T02 in
the right channel, Jamuna River, Bahadurabad, 15 to 16
Jan, 1993.

Though the end points of each main channel transect are identical it is not
possible to retrieve the ideal survey line exactly during each transect
measurement. Consequently the transect bathymetries exercise small
variations with respect to length and area. The length and area of each
transect is listed in Tables 6.1 and 6.2. From the tables a maximum
variation of 3 and 2 per cent relative to the average area is observed.
Based on Tables 6.1 and 6.2 average cross-sections for discharge
calculations are established.

Date and time Area Length | Transect
m?2 m (filename)

14/01/93 5676 1401 B31EITO1

08:56:03 to 09:05:11

14/01/93 5516 1347 B31E1T02

09:08:54 to 09:15:36

14/01/93 5383 1357 B31EIT04

17:45:30 to 17:53:06

Table 6.1 Transect measurements in the left main channel at
Bahadurabad Ghat, Jamuna River, 14 January 1993.

Survey Report 5, Phase | Routine gauging results Page 6.2
Dry Season 1992/1993 '



River Survey Project FAP-24

Date and time Area Length | Transect
m? m (filename)

15/01/93 1783 345 B31F1T02

13:22:47 to 13:26:11

15/01/93 1799 348 B31F1TO3

13:30:30 to 13:34:27

15/01/93 1756 346 B31F1TO04

13:42:40 to 13:46:29

16/01/93 1800 360 B31G1TO04

14:22:59 to 14:26:52

16/01/93 1817 345 B31G1TO5

14:30:05 to 14:33:20

Table 6.2 Transect measurements in the right main channel at

Fulchari, Jamuna River, 15 to 16 January 1993.

The automatic water level recorders in Bahadurabad and Gabgachi were
not yet in operation. Instead staff gauge observations from Bahadurabad
and Fulchari, 14 to 16 January 1993, are presented in Figure 6.3. No
variation of the water-level was observed throughout the routine gauging.

Staff gauge observations
14 fo 16 January 1993

Water—lavel (o PWD)

P g

L—«-— Bahadurabad - ©@- Fulchari ‘ﬂ

Figure 6.3  Water-level observations from the staff gauges in
Bahadurabad and Fulchari, 14 to 16 January 1993.
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6.1.2 Current velocities and discharge

ADCP and EMF measurements (recommended method)

All together 3 transects were surveyed in the left main channel at
Bahadurabad and 5 transects in the right main channel at Fulchari on the
14 and 15 January 1993.

As an example a fraction of the velocity profiles from transect B31EIT02
in the left channel and from transect B31F1T02 in the right channel are
displayed in Figures 6.4 and 6.5. The length of the current vectors
represent the magnitude of the local horizontal current. The current
direction is indicated relative to North. The individual current vector is
plotted at its vertical position in the cross-section, which is bound by the
indicated river bed contour. As long as it is kept in mind that all velocity
vectors represent horizontal velocities this mixed projection should cause
no confusion.

Current velocities from 0 m/s to 1.2 m/s were measured in the left main
channel on the 14 January 1993. Nearly no directional variation is
observed within the verticals.

Current velocities from 0 m/s to 1.1 m/s were measured in the right main
channel on the 15 and 16 January 1993. Some directional variation is
observed within the verticals.
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Figure 6.4  Current vectors from transect B31EIT02 in the left main
channel of the Jamuna River, 14 January 1993.
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Figure 6.5  Current vectors from transect B31FITO02 in the right main
channel of the Jamuna River, 15 January 1993.

Based on the calculation method described in 1° Interim Report, Volume
II, Annexure 1, the total transect discharges have been calculated. Tables
6.3 and 6.4 list the total discharge in the left and right main channel as
well as the water-level according to the staff gauges at Bahadurabad and

Fulchari.

Date and time Discharge” | Water-level | Transect
m¥/s m PWD™ | (filename)

14/01/93 4292 14.03 B31EITO1
08:56:03 to 09:05:11
14/01/93 3981 14.03 B31E1T02
09:08:54 to 09:15:36
14/01/93 4041 14.03 B31EITO4
17:45:30 to 17:53:06

= By the DISHTRANS programme

e Staff gauge zero 12.96 m PWD, according to Report on Transfer of Bench-mark

Levels across Jamuna River at Bahadurabad, October 1993,

Table 6.3 Discharge and water-level in the left main channel at
Bahadurabad Ghat, Jamuna River, 14 January 1993.
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Date and time Discharge” | Water-Level | Transect
m’/s m PWD"™ | (filename)

15/01/1993 1264 14.30 B31FITO2

13:22:47 to 13:26:11

15/01/1993 1280 14.30 B31FITO3

13:30:30 to 13:34:27

15/01/1993 1273 14.30 B31F1T04

13:42:40 to 13:46:29

16/01/1993 1247 14.30 B31G1TO4

14:22:59 to 14:26:52

16/01/1993 1336 14.30 B31GI1TOS

14:30:05 to 14:33:20

* By the DISHTRANS programme

s Staff gauge zero 13.19 m PWD, according to Report on Transfer of Bench-mark

Levels across Jamuna River at Bahadurabad, October 1993 and displacement of
gauge zero January 11, 1993, 11:00 hour.

Table 6.4 Discharge and water-level in the right main channel at
Fulchari, Jamuna River, 15 to 16 January 1993.

The uncertainty of individual.: ADCP current measurements consists of a
long-term bias error and a short term random error. The dominant random
error depends on acoustic frequency, depth cell length, acoustic pulse rate,
acoustic beam angle and measurement interval. With the specific settings
of the 300 kHz ADCP operated by the River Survey Project, a velocity
measurement uncertainty of approximately 10 cm/s must be expected
according to manufacturer information; ref. RD Instruments, product
information.

The uncertainty on individual EMF (E-type 40 mm diam.) current
measurements is 10 cm/s.

Despite the inflexibility of the water-level, discharge variations of 311
m*/s and 89 m"/s are observed in Table 6.3 and 6.4 respectively. These
variations could be taken as a rough estimate of the measurement

- uncertainty. On the other hand the discharge is affected by flood waves
and large scale eddies.

Based on the average discharge and the standard deviation, the discharge
uncertainty 1s assessed to 4 and 3 per cent in the left and right channel
respectively.,
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Manual S4-profilings (reference method)

All manual S4 current measurements in the left and right main channel at
Bahadurabad Ghat obtained during 14 to 16 January 1993 are listed in
Tables 6.5 and 6.6 respectively. All velocities should be increased by 6
per cent according to the Test Gauging Report, 31 October 1993. As an
illustration of the figures the velocity profiles are plotted in Figures 6.6
and 6.7 in a similar way as the transects current vectors.

Vertical 1 Vertical 2 Vertical 3 Vertical 4 |
(Total depth = 3.60 m ]| |[Total depth = 7.40m)| | Total depth = 7.30 m]| | Total depih = 7.40 m
Depth Velocity Depth Velocity Depth || Velocity Depth Velocity
[m] [m/s] [m] [m/s] [m] [m/s] [m] [m/s]
0.50 0.39 0.50 0.99 0.50 1.12 0.50 1.08
2.03 0.39 2.1 0.92 1.94 1.04 1.93 0.99
2.56 0.38 2.90 0.87 3.06 1.01 3.04 0.94
3.09 0.26 4.44 0.76 433 0.97 4.39 0.85
5.95 0.65 5.80 0.76 5.99 0.73
6.66 0.51 6.50 0.52 6.58 0.61
Vertical 5 Vertical 6 Vertical 7
Total depth = 7.40m Total depth = 4.90m Total depth = 6.80 m
Depth Velocity Depth Velocity Depth Velocity
@] T3] Im] [mVs] m )| [ms]
0.50 1.01 0.50 0.63 0.50 0.21
1.95 0.85 1.899 0.49 1.92 0.14
295 0.85 280 0.47 4.00 0.21
4.52 0.77 3.85 0.41 5.37 0.11
5.82 0.60 6.11 0.06
7.22 0.31

Table 6.5 S4 current measurements from verticals 1 to 7 in the left
main channel of the Jamuna River, 14 January 1993.

Vertical 1 Vertical 2 Vertical 3 Vertical 4
[Total depth = 5.00m )| |[Total depth = 550 m)| [Totel depih = 6.30 m]| [Total depth = 5.80 m
Depth Velocity Depth ][ Velocity Depth Velocity Depth Velocity
[m] [m/s] [m] [m/s] [m] [m/s] [m] [m/s]
0.50 0.58 0.50 0.64 0.50 0.86 0.50 0.83
2.07 0.52 2.00 0.64 2.00 0.74 2.04 0.69
2.95 0.50 3.25 0.59 253 0.73 2.46 0.71
4.55 0.38 4.45 0.47 3.72 0.65 3.76 0.63
5.30 0.40 5.04 0.52 4.86 0.54
5.47 0.46
Vertical 5 Vertical 6
[Totaldepth = 5.70 m || |[Total depth = 5.30 m]
Depth Velocity Depth J[ Velocity
[m] [m/s] [m] [m/s]
0.50 0.83 0.50 0.38
1.99 0.79 2.05 0.69
2.83 0.75 2.49 0.69
3.47 0.69 3.20 0.64
4,54 0.60 4.31 0.58
5.31 0.45

Table 6.6 S4 current measurements from verticals 1 to 6 in the right
main channel of the Jamuna River, 15 to 16 January 1993.
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Figure 6.6  Plot of S4 current velocities from verticals 1 to 7 in the left
channel at Bahadurabad, Jamuna River, January 14, 1993.

Figure 6.7  Plot of S4 current velocities from verticals 1 to 6 in the

right channel at Fulchari, Jamuna River, 15 to 16 January
1993.
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Current velocities from 0.06 m/s to 1.19 m/s were measured in the left
main channel on the 14 January 1993. Nearly no directional variation is
observed within the verticals.

Current velocities from 0.40 m/s to 0.99 m/s were measured in the right
main channel on the 15 and 16 January 1993. Nearly no directional
variation is observed within the verticals.

Based on the velocity-area method described in ISO 749-1979 the total
discharge in the cross-section has been calculated. Table 6.7 lists the
discharge in the left and right main channel based on the average
bathymetric cross-section.

Location and date S4 Discharge” | Bathymetry
m®/s (filenames)
Left main channel, 3733 B3I1EITO1, 02
Bahadurabad, January & 04
14, 1993
Right main channel, 1197 B31FITO02, 03,
Fulchari, 15 to 16 04, B31GI1TO02,
January 1993 04 & 05.
- By the DISHPROF programme. The discharge has been corrected according to the Test Gauging Report, 31

October 1993 (+6 %).
Table 6.7 Discharges based on manual S4 current profilings.

The measurement uncertainty of the S4 electromagnetic current meter is
normally within 1 cm/s.

The best estimate of the S4 discharge uncertainty is probably provided by
a comparison with the ADCP/EMF transects described above. A
discrepancy of 9 per cent in the left main channel and 6 per cent in the
right main channel is found by comparing average discharges. Assuming
that the S4 and the transect discharge uncertainties are independent and
normal distributed, the total S4 discharge uncertainty is assessed to 10 and
7 percent in the left and right main channel, respectively.
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6.1.3 Suspended sediment transport

All suspended sediment concentration samples from the left and right main
channel at Bahadurabad and Fulchari obtained during 14 to 16 January
1993 are listed in Table 6.8 and 6.9 respectively. The corresponding plots
of suspended sediment profiles are found in Annexure 3.

Vertical 1 Vertical 2 Vertcal 3 Vertical 4
Total depth = 3.60m - Total depth = 7.40 m Total 3epﬁ =7.30m Tolal depth = 7.40m
Depth Concentration Depth )} Concentration Depth ) Concentration Depth ) Concenuation
] [mg] ] [mgT] 7] [man] m] [mg/]
2.00 92.94 210 98.53 2.00 129.66 1.90 112.41
2,60 89.04 290 110.53 3.05 128.05 3.00 118.06
3.10 97.37 445 175.00 4.32 123.94 4.40 122.48
5.92 165.43 5.70 144.93 5.90 140.00
6.56 227.38 6.50 156.00 6.70 157.82
Vertical 5 Vertical 6 Vertical 7
Total depth = 7.40m Total depth = 4.90 m Tolal depth = 6.80 m
Depth Concentration Depth | Concentration Depth Concentralion
@) [moT] @ @ Tm] @
200 B4.72 1.89 80.56 2.00 60.00
295 86.90 29 88.72 4.00 65.79
4.52 103.68 3.87 110.28 6.70 26336.00
5.85 137.50
7.28 131.58
Table 6.8 Suspended sediment concentrations from verticals 1 to 7 in
the left main channel of the Jamuna River, 14 January
Vertical 1 Vertical 2 Vertical 3 Vertical 4
otal depth = 5,00 m mm Total depth = 6.30 m otal depth = 5.80 m
Depth Concentration Depth Concentration Depth Concentration Depth Concentration
{m] [mg/] [m] [mg/] [m] [mg/] m) [mol]
2.06 83.44 2.00 103.03 2.00 111.56 2.00 123.08
2.95 90.12 3.30 131.03 2.55 116.90 2.50 162.82
4.55 99.36 4.40 140.12 3.72 122.67 3.60 173.97
5.32 168.49 4.99 152.56 4.90 217.72
Vertical 5§ Vertical 6
Total depth = 5.70 m Tolal depth = 5,30 m
Depth Concentration Depth )| Concentration
Tm] Tmall] @ Tmal]
2.00 194.37 2.00 127.59
283 172.66 2.50 131.08
3.47 211.69 a.18 145.00
453 118.25 4.25 164.20
5.31 232.68 4.39 162.82

Table 6.9 Suspended sediment concentrations from verticals 1 to 6 in
the right main channel of the Jamuna River, 15 to 16
January 1993.
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Suspended sediment concentrations from 60 mg/l to 227 mg/l were
measured in the left main channel on the on the 14 January 1993. The
very large concentration measured by the river bed in vertical 7 should be
considered erroneous by comparison to characteristic values given in River
Engineering, November 1978. The value is probably a result of brief
contact between the river bed and the suction hose.

Suspended sediment concentrations from 83 mg/l to 233 mg/l were
measured in the right main channel on the 15 and 16 January 1993,

Using the velocity-area method multiplied by the local suspended sediment
concentration, the suspended sediment transport across the gauging cross-
sections has been calculated in Table 6.10.

Location and date Suspended | Bathymetry
sediment (filenames)
transport”

kg/s

Left main channel, 438 B31EITOI,

Bahadurabad, January 02 & 04

14, 1993

Right main channel, 159 B31F1T02,

Fulchari, 15 to 16 03, 04,

January 1993 B31G1T04

& 05
* By the DISHPROF programme

Table 6.10  Suspended sediment transport at Bahadurabad Ghat, Jamuna
River, 14 to 16 January 1993.

The uncertainty of the suspended sediment transport is estimated analogous
to the uncertainty of the S4 discharge mentioned in Section 6.1.1 and not
considering the uncertainty of the suspended sediment concentration; 10
and 7 per cent in the left and right channel respectively.

Andreasen settling tube determination of grain size distribution from the
lowest sampling level in each vertical have been performed. The sectional
average value u(Dsg) and the standard deviation o(Ds;) of the mean grain
diameter Dy, in each routine gauging cross-section is listed in Table 6.11.
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A summary table of D, D;s, Dy, and Dy, in the right channel is found in
Annexure 4. Judging by the sectional standard deviation the samples
exhibit a 35 per cent scatter in the right channel. The grain size analysis
procedure adopted during this period was later changed.

Location and date of manual | Suspended sediment

current and sediment grain size analysis
profiling

#(Dsp) 0(Ds)

mm mm

Bahadurabad, left main - -
channel, January 14, 1993

Fulchari, right main 0.043 0.015
channel, 15 to 16 January
1993

Table 6.11  Sectional average and standard deviation of Dy, mean grain
diameter based on suspended sediment profilings.
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6.1.4 Bed load sediment transport

No propagating bed-forms were detected and therefore only Helley-Smith
trap samplings were carried out in order to assess the bed load transport.
All measurement results from the left and right main channel at
Bahadurabad and Fulchari are listed in Tables 6.12 and 6.13. Most of the
samples are missing because the Helley-Smith trap sampler was only
available on the DHA survey vessel. The samples show a large scatter
though there is a certain similarity within the verticals in the left main

channel.
Vertical & Samples Bed load sediment
transport
g/m/s
Vertical 2, sample 3 & 4 | 2.3 2.14
Vertical 3, sample 1 & 2 | 17.32 32.89
Vertical 5, sample 5 & 6 | 0.55 0.66

Table 6.12  Helley-Smith bed load sampling in the left
main channel at Bahadurabad Ghat, Jamuna River,
14 January 1993.

Vertical and Samples Bed load sediment
(filename) transport
g/m/s
Vertical 3, sample 8 & 9 | 0.66 41.01
Vertical 5, sample 7 1.1 -

Table 6.13  Helley-Smith bed load sampling in the right
main channel at Fulchari, Jamuna River,
15 to 16 January 1993.

The total bed load transport has been estimated by multiplying the average
transport rates from Tables 6.12 and 6.13 by the distance between the
samples, see Figures 6.1 and 6.2, and taking due consideration to the local
current direction. Hereby a bed load transport of 4.3 and 2.8 kg/s is
estimated in the left and the right main channel, respectively.
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Grain size distribution analysis have been performed for each Helley-Smith
sample. The sectional average values u(Djy,) and the sectional standard
deviations o(Ds,) of the Dy, mean grain diameter are listed in Table 6.14.

Location and date of Helley-
Smith bed load sample

Bed load sediment
grain size analysis

channel, 15 to 16 January
1993

©(Dsp) a(Ds,)
mm mm
Bahadurabad, left main 0.316 0.047
channel, January 14, 1993
Bahadurabad, right main 0.282 0.007

Table 6.14  Sectional average and standard deviation of Ds, mean grain

diameter based on Helley-Smith bed load samples.

Grain size distribution curves and summary tables of D;;, Dy, and Dy are
found in Annexure 5. Judging by the sectional standard deviations the
samples exhibit a 15 and 3 per cent scatter in the left and the right main

channel, respectively.
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6.2 Bahadurabad gauging site, 13 to 15 February 1993

6.2.1 Cross-sections and survev lines

The precise BTM position of survey profiles and a typical transect survey
line in the right and the left main channel of the Jamuna River at Fulchari
and Bahadurabad, are displayed in Figures 6.8 and 6.9. The precise
position of all transects are found in the transect files.

Though the end points of each main channel transect are identical it is not
possible to retrieve the ideal survey line exactly during each transect
measurement. Consequently the transect bathymetries exercise small
variations with respect to length and area. The length and area of each
transect is listed in Tables 6.15 and 6.16. From the tables a maximum
variation of 1 per cent relative to the average area is observed. Based on
Tables 6.15 and 6.16 average cross-sections for discharge calculations are

established.
Location : Jamuna River (Right Channel)
Date of Survey : 13/02/93
778800 : : T
*  Proflle Positionlg : !
Transect I | :
Y for V.
778050 S lgrr Sﬁ:'luolnr’s‘mk: nos. : :
I I
S N— A S H—
L/B
! : s Y/
778750 i ! V4 !
y | | .
i I j
T IIBI00 Fmmmm e e mmmm e V2 T SIA
£ | | !
R/B :
i 778650 / | i |
I ] 1
I ] 1
| ] 1
778800 F- === === ——— e PR S i R s e e i
1 I 1
1 I |
1 1 1
778550 1 1 ]
] i i
1 1 1
! 1 ]
nml‘l'l!'llIil'llllll'l:llllll]ll;'l""fllll
464300 454400 464500 464600 454700
Easting In mater

Figure 6.8  BTM positions of survey profiles and transect B32D1T02
in the right main channel, Jamuna River, Fulchari,
February 13, 1993.
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Location : Jamuna River (Left Channel)
Date of Survey : 15/02/93
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Figure 6.9  BTM positions of survey profiles and transect B32F1T02 in
the left main channel, Jamuna River, Bahadurabad Ghat,
15 February, 1993.

Date and time Area Length | Transect
m? m (filename)

13/02/93 1509 335 B32D1T02

09:29:48 to 09:33:24

13/02/93 1524 335 B32DITO03

09:35:57 to 09:40:20

13/02/93 1525 337 B32DI1T04

18:00:56 to 18:05:09

13/02/93 1519 337 B32DITOS

18:07:38 to 18:11:47

Table 6.15  Transect measurements in the right main channel at
Fulchari, Jamuna River, 13 February 1993.
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Date and time Area Length | Transect
m? m (filename)
15/02/93 4752 1150 B32F1TOl
10:01:34 to 10:09:47
15/02/93 4793 1170 B32F1T02
10:13:58 to 10:23:25

Table 6.16  Transect measurements in the
Bahadurabad, Jamuna River, 15 February 1993.

left main channel at

The automatic water level recorders in Bahadurabad and Gabgachi were
not yet in operation. Instead staff gauge observations from Bahadurabad
and Fulchari, 13 to 15 February 1993, are presented in Figure 6.10. The
variation of the water-level throughout the routine gauging was within 5

cm.

Staff gauge observations

Water—level (m PWD)

13 to 15 February 1993

Tirne (hour)

—*— Bahadurabad 3 Fulchari

Figure 6.10 Water-level observations from the staff gauges in Fulchari

and Bahadurabad, 13 to 15 February 1993.
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6.2.2 Current velocities and discharee

ADCP and EMF measurements (recommended method)

All together 4 transects were surveyed in the right main channel at
Fulchar and 2 transects in the left main channel at Bahadurabad on the 13
and 15 February 1993.

As an example a fraction of the velocity profiles from transect B32D1T02
in the right channel and from transect B32F1T02 in the left channel are
displayed in Figures 6.11 and 6.12. The length of the current vectors
represent the magnitude of the local horizontal current. The current
direction is indicated relative to North. The individual current vector is
plotted at its vertical position in the cross-section, which is bound by the
indicated river bed contour. As long as it is kept in mind that all velocity
vectors represent horizontal velocities this mixed projection should cause
no confusion.

Current velocities from 0 m/s to 0.9 m/s were measured in the right main
channel on the 13 February 1993. Nearly no directional variation is
observed within the verticals.

Current velocities from 0 m/s to 0.9 m/s were measured in the left main
channel on the 15 February 1993. Some directional variation is observed
within the verticals.,

LimsEsiai sf g f i@ % % § 3 % § §f f f % ff: & @ & § :i @ :i EfiE

Figure 6.11  Current vectors from transect B32D1TO02 in the right main
channel of the Jamuna River, 13 February 1993.

Survey Report 5, Phase | Routine gauging results Page 6.18
Dry Season 1992/1993



L5

River Survey Projest FAP-24

1a |
SN TR S S | | A T T T Y.
s Sy e, g, L - B | i . B 1P, T i (ORI A RS
[ iy [ L 4] % Wil vy vy L\ bR
\
b

\ | |
! ! \ll ‘ i Pl \‘..w“\' Lok &y 5
IR TR SN ge
T R v RN g
% ”H\\\\\.\\\\ \J
ey ) El,.%\l\m-/ﬂ !

o VPV
MA,&M:WM

Figure 6.12  Current vectors from transect B32F1T02 in the left main
channel of the Jamuna River, 15 February 1993.

Based on the calculation method described in 1° Interim Report, Volume
II, Annexure I, the total transect discharges have been calculated. Tables
6.17 and 6.18 list the total discharge in the right and the left main channel
as well as the water-level according to the River Survey Project staff
gauges at Fulchari and Bahadurabad.

Date and time Discharge” | Water-level | Transect
m?/s m PWD™ | (filename)

13/02/93 956 13.98 B32D1T02

09:29:48 to 09:33:24

13/02/93 898 13.98 B32D1TO03

09:35:57 to 09:40:20

13/02/93 915 13.99 B32D1T04

18:00:56 to 18:05:09

13/02/93 935 13.99 B32DI1TO05

18:07:38 to 18:11:47

= By the DISHTRANS programme

Staff gauge zero 13.19 m PWD, according to Report on Transfer of Bench-mark
Levels across Jamuna River at Bahadurabad, October 1993 and displacement of
gauge zero January 11, 1993, 11:00 hour.

Table 6.17  Discharge and water-level in the right main channel at
Fulchari, Jamuna River, 13 February 1993.
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Date and time Discharge™ | Water-level | Transect
m*/s m PWD™ | (filename)

15/02/93 3331 13.66 B32F1TOl
10:01:34 to 10:09:47
15/02/93 3364 13.66 B32F1TO02
10:13:58 to 10:23:25

¥ By the DISHTRANS programme

%% Staff gauge zero 12.96 m PWD, according to Report on Transfer of Bench-mark

Levels across Jamuna River at Bahadurabad, October 1993,
Table 6.18  Discharge and water-level in the left main channel at
Bahadurabad, Jamuna River, 15 February 1993.

The uncertainty of individual ADCP current measurements consists of a
long-term bias error and a short term random error. The dominant random
error depends on acoustic frequency, depth cell length, acoustic pulse rate,
acoustic beam angle and measurement interval. With the specific settings
of the 300 kHz ADCP operated by the River Survey Project, a velocity
measurement uncertainty of approximately 10 cm/s must be expected
according to manufacturer information; ref. RD Instruments, product
information.

The uncertainty on individual EMF (E-type 40 mm diam.) current
measurements is 10 cm/s.

Discharge variations of 58 m*/s and 33 m*/s are observed in Table 6.3 and
6.4 respectively. The discharge is affected by flood waves and large scale
eddies. Based on the average discharge and the standard deviation, the
discharge uncertainty is assessed to 3 and 1 per cent in the right and left
channel respectively.
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Manual S4-profilines (reference method)

All manual S4 current measurements in the left and right main channel at
Bahadurabad and Fulchari obtained on 13 and 15 February 1993 are listed
in Tables 6.19 and 6.20 respectively. All velocities should be increased by
6 per cent according to the Test Gauging Report, 31 October 1993. As an
illustration the velocity profiles are depicted in Figures 6.13 and 6.14 in
a similar way as the transect current vectors.

Verucal 1 Vertical 2 Vertical 3 Verucal 4
Total depth = 4.80 m otal depth = 5.00 m Total depth = 5.00 m Tolal depth = 5.50 m
Depth Velocity Depth Velocity Depth Velocity Depth Velocity
[m] [m/s] [m] {rm/s] [m] [m/s] [m] [m/s]
1.45 0.49 1.00 0.76 1.06 0.75 1.24 0.57
1.96 0.53 2.00 0.79 1.50 0.81 1.80 0.58
3.02 0.55 3.08 0.68 2.21 0.76 2.76 0.57
4.14 0.44 4.05 0.58 3.29 0.66 3.59 0.43
4.50 0.52 4.14 0.54
4.77 0.52
Vertical 5

Total depth = 4.60 m
Depth Velocity

[m] [m/s]
1,00 0.70
2.00 0.64
3.00 0.59
4.00 0.49
4.50 0.46

Table 6.19  S4 current measurements from verticals 1 to 5 in the right
main channel of the Jamuna River, 13 February 1993.

Vertical 1 Vertical 2 Vertical 3 Verucal 4
(Total depth = 5.00m ]| [Total depth = 5.50m Total depth = 7.10 m Total depth = 7.10 m
Depth Velocity Depth Velocity Depth Velocity Depth Velocity
[m] [m/s] [m] [m/s] [m] [m/s] [m] [m/s]
0.50 0.57 0.99 0.83 0.50 1.05 1.00 1.07
2.00 0.51 1.12 0.80 1.40 1.00 1.43 1.05
3.00 0.48 220 0.76 2.80 ) 091 2.83 1.06
4.00 0.42 3.29 0.71 4.20 0.77 4.28 1.02
4.30 0.40 441 0.57 5.66 0.70 5.70 0.95
4.99 0.50 6.60 0.56 6.45 0.86
Vertical 5 Vertical 6 Vertical 7 Vertical 8
Total depth =7.40m m Total depth = 2.60 m Total depth = 5.90 m
Depth Velocity Depth Velocity Depth Velocity Depth Velocity
[m] [mis [m] [ms] [m] ] [m] [mis]
1.25 0.89 1.00 0.79 0.50 0.40 1.02 0.20
278 0.94 220 0.82 1.50 0.43 232 0.22
4.28 0.82 3.30 0.78 2.25 0.24 3.54 0.18
5.61 0.67 4.40 0.68 4.74 0.17
6.53 0.54 4.96 0.60 5.03 0.14

Table 6.20  S4 current measurements from verticals 1 to 8 in the left
main channel of the Jamuna River, 15 February 1993.
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Plot of S4 current velocities from verticals 1 to S in the
right main channel at Fulchari, Jamuna River, February 13,

1993.

Figure 6.13

Figure 6.14  Plot of S4 current velocities from verticals 1 to 8 in the left
main channel at Bahadurabad, Jamuna River, February 15,

1993.
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Current velocities from 0.46 m/s to 0.86 m/s were measured in the right
main channel on the 13 February 1993. Nearly no directional variation is
observed within the verticals.

Current velocities from 0.15 m/s to 1.13 m/s were measured in the left
main channel on the 15 February 1993. Nearly no directional variation is
observed within the verticals.

Based on the velocity-area method described in ISO 749-1979 the total
discharge in the cross-section has been calculated. Table 6.21 lists the
discharge in the left and right main channel based on the average
bathymetric cross-section.

Location and date S4 Discharge” Bathymetry
m’/s (filename)
Right main channel, 967 B32D1TO02, 03
Fulchari, February 13, ,04 & 05
1993
Left main channel, 3343 B31FITO2 &
Bahadurabad, February 03
15, 1993
* By the DISHPROF programme. The discharge has been corrected according to the

Test Gauging Report, 31 October 1993 (+6 %).
Table 6.21  Discharges based on manual S4 current profilings.

The measurement uncertainty of the S4 electromagnetic current meter is
normally within 1 cm/s of the current speed.

The best estimate of the S4 discharge uncertainty is probably provided by
a comparison with the ADCP/EMF transects described above. A
discrepancy of 4 per cent in the right main channel and O per cent in the
left main channel is found by comparing average discharges. Assuming
that the S4 and the transect discharge uncertainties are independent and
normal distributed, the total S4 discharge uncertainty is assessed to 5 and
1 per cent in the right and left main channel, respectively.
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6.2.3 Suspended sediment transport

All suspended sediment concentration samples from the left and right main
channel at Bahadurabad Ghat obtained during 13 and 15 February 1993 are
listed in Tables 6.22 and 6.23 respectively. The corresponding plots of
suspended sediment profiles are found in Annexure 3.

Verucal 1 Vertical 2 Vertical 3 Vertical 4
Total depth = 4.80 m Total depth = 5.00 m Total depth = 5.00 m Total depth = 5,50 m
Depth Concentration Depth |} Concentration Depth Concentation Depth ][ Concentration
Im] [man] Im] [mg/] m] [mg/i] [m] [mg/1]
1.45 48.61 1.00 71.14 1.00 135.40 1.52 97.33
1.95 55.68 2.00 87.34 2.00 158.23 221 98.16
3.02 62.34 3.00 93.88 3.00 201.50 3.30 116.56
4.01 63.41 4.00 106.58 4.00 228.79 4.10 118.12
428 75.95 4.50 121.21 4.50 238.62
Vertical 5
epth = 4,60 m
Depth Concentration
@] [mol] |
1.00 71.23
1.80 75.00
278 81.69
3.68 B84.00

Table 6.22  Suspended sediment concentrations from verticals 1 to 5 in
the right main channel of the Jamuna River, Fulchari
February 13, 1993.

Vertical 1 Vertical 2 Vertical 3 Vertical 4
fTotal dephh = 5.00m Total depth = 5.50 m Total depth = 7.10 m Total depth = 7.10 m
Depth Concentration Depth | Concentration Depth Concentration Depth || Concenuation
[m] moll__| [m] [me__] Im] [mol] @ [mg/]
0.50 83.33 0.99 123.08 1.40 65.79 1.00 137.50
3.00 82.14 1.12 133.77 277 136.23 143 115.86
4.00 107.25 2.20 180.81 423 152.15 283 115.92
4.30 120.83 329 186.90 5.60 156.30 428 150.00
4.41 220.73 .30 170.74 5.70 158.06
499 282.67 8.45 189.87
Vertical 5 Vertical 6 Veitical 7 Vertical 8
[Total depth = 7.40 m Total depth = 5.30 m Total depth = 2.60 m ol depth = 5.9 |
Depth Concentration Depth ][ Concentration Depth Concentration Depth concentration
{m] [mal__) Tm] Tmo/] | [m] Tmo/l] m) Tmo/)
1.40 59.52 1.00 47.68 0.50 59.54 ’ 1.00 29.11
2.80 69.68 220 80.85 1.50 78.48 2.36 4211
420 106.59 3.30 89.47 225 103.38 3.54 45.00
5.64 106.29 4.40 109.20 474 60.53
6.50 139.24 498 137.97 5.03 81.21

Table 6.23  Suspended sediment measurements from verticals 1 to 8 in
the left main channel of the Jamuna River, Bahadurabad
February 15, 1993.

Survey Report 5, Phase | Routine gauging results Page 6.24
Dry Season 1992/1993



N Sy I

River Survey Project FAP-24

Suspended sediment concentrations from 49 mg/l to 237 mg/l were
measured in the right main channel on the on the 13 February 1993.

Suspended sediment concentrations from 29 mg/l to 283 mg/l were
measured in the left main channel on the 15 February 1993.

Using the velocity-area method multiplied by the local suspended sediment
concentration, the suspended sediment transport across the average
bathymetric cross-sections has been calculated in Table 6.24.

Location and date Suspended sedi- | Bathymetry

ment transport’ (filename)
kg/s

Right main channel, 108 B32DITO2,

Fulchari, February 13, 03, 04 & 05

1993

Left main channel, 419 B32F1TOl

Bahadurabad, February & 02

15, 1993

b By the DISHPROF programme.

Table 6.24  Suspended sediment transport in the Jamuna river.

The uncertainty of the suspended sediment transport is estimated analogous
to the uncertainty of the S4 discharge mentioned in Section 6.2.1 and not
considering the uncertainty of the suspended sediment concentration; 5 and
1 per cent in the left and right channel respectively.

Andreasen settling tube determination of grain size distribution from the
lowest sampling level in each vertical have been performed. The sectional
average value u(Ds) and the standard deviation o(Ds) of the mean grain
diameter Dj, in each routine gauging cross-section is listed in Table 6.25.

Grain size distribution curves and summary tables of D, D35, Dso and Dy,
are found in Annexure 4. Judging by the sectional standard deviation the
samples exhibit a 50 and 39 per cent scatter in the right and left channel,
respectively. '
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Location and date of manual
current and sediment

Suspended sediment
grain size analysis

profiling
#(Dsg) 0(Dsp)
mm mm
Bahadurabad, right main 0.046 0.023
channel, February 13, 1993
Bahadurabad, left main 0.046 0.018

channel, 15 to 16 February
1993

Table 6.25

Sectional average and standard deviation of Ds, mean grain
diameter based on suspended sediment profilings.
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6.2.4 Bed load sediment transport

No propagating bed-forms were detected and therefore only Helley-Smith
trap samplings were carried out in order to assess the bed load transport.
All measurement results from the right and the left main channel at
Fulchari and Bahadurabad are listed in Tables 6.26 and 6.27.

Vertical & Samples Bed load sediment transport
g/m/s
Vertical 1, sample 6, 7 & | 0.08 0.55 0.27
8
Vertical 2, sample 26, 2.81 3.63 0.24
27, 28
Vertical 3, sample 23, 24 | 5.19 0.49 1.48
& 25
Vertical 4, sample 21, 22 | 7.35 23.32
Vertical 5, sample 10, 0.24 0.98 0.07 11.1
11, 12 & 13

Table 6.26  Helley-Smith bed load sampling in the right main channel
at Fulchari, Jamuna River, 13 February 1993,

The samples show a large scatter and exceptionally transport rates within
the same vertical vary with a factor of 10 to 50. More samples or longer
deployment intervals are probably the only way to obtain reliable average
transport rates.

The total bed load transport has been estimated by multiplying the average
transport rates from Tables 6.26 and 6.27 by the distance between the
samples, see Figures 6.8 and 6.9, and taking due consideration to the local
current direction. Hereby a bed load transport of 1.2 and 5.0 kg/s is
estimated in the right and the left main channel, respectively.
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Vertical and Samples
(filename)

Bed load sediment
transport
g/m/s

Vertical 1, samples 70,

0.01 0.03 0.02

71 & 72

Vertical 2, samples 66, 1.45 3.44 2.47
67,68

Vertical 3, samples 62, 3.86 21.01 50.0
63 & 64

Vertical 4, samples 58, 5.03 4.18 4.99
59 & 60

Vertical 5, samples 54, 1.87 1.57 41.3
55 & 56

Vertical 6, samples 50, 0.24 1.54 0.88
51 & 52

Vertical 7, samples 33 & | 0.06 0.24 -

34

Table 6.27  Helley-Smith bed load sampling in the left

main channel at Bahadurabad Ghat, Jamuna River,

15 February 1993.

Grain size distribution analysis have been performed for each Helley-Smith
sample. The sectional average value u(Ds,) and the standard deviation
o(Dsp) of the Dy, mean grain diameter in each routine gauging cross-

section is listed in Table 6.28.

Location and date of Helley-
Smith bed load sample

Bed load sediment
grain size analysis

p(Dsp) a(Dsg)
mm mm

channel, February 16, 1993

—=_‘—_‘
Bahadurabad, right main 0.228 0.041
channel, February 13, 1993
Bahadurabad, left main 0.251 0.067

Table 6.28  Sectional average and standard deviation of Ds, mean grain
diameter based on Helley-Smith samples.
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Grain size distribution curves and summary tables of Dy, Dy, and Dys are
found in Annexure 5. Judging by the sectional standard deviation the
samples exhibit a 50 and 39 per cent scatter in the right and left channel,
respectively.

Bed material sampling

River bed sediment samples were obtained by the Van Veen grab sampler.
Grain size distribution analysis have been performed for each bed material
sample. The sectional average value u(Ds,) and the standard deviation
0(Dso) of the mean grain diameter Dy, in each routine gauging cross-
section is listed in Table 6.29.

Location and date of Bed material grain

Van Veen grab sample size analysis
w(Dso) 0(Dso)

mm mm

Bahadurabad, right main 0.166 0.0025

channel, February 13, 1993

Bahadurabad, left main 0.156 0.095

channel, 15 to 16 February

1993

Table 6.29  Sectional average and standard deviation of Ds, mean grain
diameter based on bed material samples.

Grain size distribution curves and summary tables of D4, Ds5, Dso and Dy
are found in Annexure 6. Judging by the sectional standard deviations the
samples exhibit a 2 and 61 per cent scatter in the right and left main
channel.
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6.3  Bahadurabad gauging site, 13 to 16 March 1993

6.3.1 Cross-sections and survey lines

The precise BTM position of survey profiles and a typical transect survey
line in the right and the left main channel of the Jamuna River at Fulchari
and Bahadurabad are displayed in Figures 6.15 and 6.16. The precise
position of all transects are found in the transect files.

Though the end points of each main channel transect are identical it is not
possible to retrieve the ideal survey line exactly during each transect
measurement. Consequently the transect bathymetry exercises small
variations with respect to length and area. The length and area of each
transect is listed in Tables 6.30 and 6.31. From the tables a maximum
variation of 6 and 10 per cent relative to the average area is observed.
Based on Tables 6.30 and 6.31 average cross-sections for discharge
calculations are established.

Location : Jamuna River (Right Channel)
Date of Survey : 13/03/93
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] 0 B e | | '
1 or imen mple nds. 1 1 I
m 1 " | I 1 ] I-/B
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779500 == ———— | S —— | v  IIEpE s i i b i e s
E I I | } I 1
b | ] | 1 | 1
] 1 I 1 | 1 1
7 | 1 | 1 1
5 - 1 | 1 | 1 |
E E ] 1 1 1 | 1
- 1 1 ] 1 ] 1
E G I [ —— b= 1 1 ] I
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Figure 6.15 BTM positions of survey profiles and transect B33D1T01
in the right main channel, Jamuna River, Fulchari, March
13, 1993,
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Location : Jamuna River (Left Channel)
Date of Survey : 15/03/93
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Figure 6.16 BTM positions of survey profiles and transect B33F1TOI in
the left main channel, Jamuna River, Bahadurabad, March

15, 1993.

Date and time Area Length | Transect
m? m (filename)

15/03/93 4272 1219 B33F1TO01
08:15:17 to -
15/03/93 4711 1362 B33F1T02
- - 08:40:15
16/03/93 4485 1290 B33G1T04
11:13:28 to 11:21:50
16/03/93 4650 1332 B33G1TOS5
- - 11:34:48
16/03/93 4538 1319 B33G1T06
14:38:47 TO 14:47:19

Table 6.30

Transect measurements

in

the left main channel at

Bahadurabad, Jamuna River, 15 and 16 March 1993.

Survey Report 5, Phase |
Dry Season 1992/1993

Routine gauging results Page 6.31



River Survey Project FAP-24

)

Date and time Area Length | Transect
m?2 m (filename)

13/03/93 1273 342 B33DITO1

10:53:08 to 10:57:09

13/02/93 1553 340 B33DITO3

17:57:25 to 18:03:20

Table 6.31  Transect measurements in the right main channel at
Fulchari, Jamuna River, March 13, 1993,

The Gabgachi automatic water level recorder (AWLR) was not yet in
operation. Instead staff gauge observations from Bahadurabad and
Fulchari, 13 to 16 March 1993, are presented in Figure 6.17. The
variation of the water-level throughout the routine gauging was within 4

cm.

13 to 16 March 1993

Staff gauge observations

14.70

14,604

P T -

Water—level (m PWD)
= =
.

-
A
=k
t?

%

13.904 ..A,.‘.._

13.80- T

e I o R T (e Tyryn Y VNN VNN JUVNE: N S

— T
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Time (hour)

—#— Bahadurabad -3 Fulchari

Figure 6.17 Water-level observations from the staff gauges in Fulchari
and Bahadurabad, 13 to 16 March 1993,
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6.3.2 Current velocities and discharee

ADCP and EMF measurements (recommended method)

As an example a fraction of the velocity profiles from transect B33D1T01
in the right channel and from transect B33F1TO1 in the left channel are
displayed in Figures 6.18 and 6.19. The length of the current vectors
represent the magnitude of the local horizontal current. The current
direction is indicated relative to North. The individual current vector is
plotted at its vertical position in the cross-section, which is bound by the
indicated river bed contour. As long as it is kept in mind that all velocity
vectors represent horizontal velocities this mixed projection should cause
no confusion.

Current velocities from 0 m/s to 0.8 m/s were measured in the right main
channel on the 13 March 1993. Substantial directional variation is
observed within the verticals.

Current velocities from 0 m/s to 1.2 m/s were measured in the left main
channel on the 15 and 16 March 1993. Some directional variation is
observed within the verticals.

Based on the calculation method described in 1° Interim Report, Volume
II, Annexure 1, the total transect discharges have been calculated. Tables
6.32 and 6.33 list the total discharge in the right and the left main channel
as well as the water-level according to the BWDB staff gauges at Fulchari
and Bahadurabad.

flaseif28% T3 8 31 3§ = £ ¥ § 13 f § 3% T: f: 8§ ft i 3:: f t§ifiijin=z

Figure 6.18 Current vectors from transect B33D1TO1 in the right main
channel of the Jamuna River, Fulchari March 13, 1993,
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Figure 6.19 Current vectors from transect B33GITOS in the left main
channel of the Jamuna River, Bahadurabad February 15,

1993.

Date and time Discharge’ | Water-level | Transect
m’/s m PWD™ | (filename)

13/03/93 1101 14.64 B33DITO1
10:53:08 to 10:57:09
13/02/93 1311 14.64 B33DI1TO3
17:57:25 to 18:03:20

L By the DISHTRANS programme

2 Staff gauge zero 14.19 m PWD, according to Report on Transfer of Bench-mark

Levels across Jamuna River at Bahadurabad, October 1993 and subsequent
displacements of the gauge zero level; 11.01.1993 11:00 and 22.02.1993 10:00

Table 6.32

Fulchari, Jamuna River, 13 March 1993,

Discharge and water-level in the right main channel at
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Date and time Discharge” | Water-level
m’/s m PWD™ | (filename)

15/03/93 3445 13.88 B33F1TOl
08:15:17 to -
15/03/93 3565 13.88 B33FITO2
- - 08:40:15
16/03/93 3660 13.85 B33G1T04
11:13:28 to 11:21:50
16/03/93 3591 13.85 B33GITO5
- - 11:34:48
16/03/93 3525 13.85 B33GI1T06
14:38:47 TO 14:47:19

= By the DISHTRANS programme.

* Staff gauge zero 12.96 m PWD, according to Report on Transfer of Bench-mark

Levels across Jamuna River at Bahadurabad, October 1993.

Table 6.33  Discharge and water-level in the left main channel at
Bahadurabad, Jamuna River, 15 and 16 March 1993,

The uncertainty of individual ADCP current measurements consists of a
- long-term bias error and a short term random error. The dominant random
error depends on acoustic frequency, depth cell length, acoustic pulse rate,
acoustic beam angle and measurement interval. With the specific settings
of the 300 kHz ADCP operated by the River Survey Project, a velocity
measurement uncertainty of approximately 10 cm/s must be expected
according to manufacturer information; ref. RD Instruments, product
information.

The uncertainty on individual EMF (E-type 40 mm diam.) current
measurements is 10 cm/s.

Despite the inflexibility of the water-level, discharge variations of 10 m*/s
215 m%/s are observed in Tables 6.32 and 6.33. The discharge is affected
by river stage variation, flood waves and large scale eddies. Based on the
latest Bahadurabad rating curve (ref. Hydrological Study, June 1993) the
discharge/river stage gradient amounts to 29 m’/s/cm. Based on this
gradient and the water-level recordings, Figure 6.17, the corrected
discharge variations become 10 m?/s and 302 m*/s respectively. Based on
the average discharge and the standard deviation, the discharge uncertainty
is assessed to 1 and 3 per cent in the right and left main channel
respectively.
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Manual S4-profilings (reference method)

All manual S4 current measurements in the left and right main channel at
Bahadurabad and Fulchari obtained on 13 and 15 March 1993 are listed
in Tables 6.34 and 6.35 respectively. All velocities should be increased by
6 per cent according to the Test Gauging Report, 31 October 1993. As an
illustration the velocity profiles are depicted in Figures 6.20 and 6.21 in
a similar way as the transect current vectors.

Vertical 1 Vertical 2 Vertical J Vertical 4 Vertical 5
oIt e iBn ]| [oadahoiin] [foadoh=i®n] [Toaldephciton | [Toddsh=itn
Depth Velocity Depth Velocity Depth Velocity Depth Velocity Depth Velocity
[m] [m/s] [m] [m/s] [m] [m/s] [m] [m/s] {m] [m/s]
0.91 0.61 0.58 0.72 0.50 0.75 0.50 0.88 0.50 0.69
1.85 0.61 1.10 0.71 1.97 0.71 2.02 0.80 2.00 0.63
275 0.55 225 0.66 2.98 0.64 2.77 0.75 2.60 0.56
3.65 0.49 N 0.63 4.04 0.57 3.79 0.66 3.60 0.44
4.34 0.43 4.61 0.547 4.64 0.50 4.54 0.56 4.20 0.442

Table 6.34  S4 current measurements from verticals 1 to 5 in the right
main channel of the Jamuna River, March 13, 1993.

Vertical 1 Vertical 2 Vertical 3 Vertical 4 Vertical 5
= 3.60 m [Total depth = 4.50m )| [Tolaldepth = 5.60m ]| |Tolaldepth = 7.20m | | Total depith = 7.80m |
Depth Velocity Depth Velocity Depth Valocity Depth Velocity Depth || Velocity
m] [m/s] m] [m/s] {m] [m/s] [m] [m/s] [m] {_[mvs]
0.98 0.49 0.99 0.65 1.14 0.79 0.94 1.07 0.50 1.45
1.55 0.41 1.81 0.53 229 0.80 1.42 1.04 1.56 1.01
2.16 0.35 2.67 0.49 3.47 0.74 2.89 0.93 3.02 0.88
2.88 0.28 3.57 0.39 4.70 0.59 4.30 0.84 4.68 0.8e3
5.72 0.69 6.15 0.74
6.21 0.63 7.186 0.58
Vertical 6 Vertical 7 Vertical 8 Vertical 8
[Total depth = 7.40m || [Tomldepth =5.10m Total depth = 3.10 m Total depth = 5,50 m
Depth Velocity Depth Velocity Depth Velocity Depth Velocity
{m) [m/s) |m] |m/s) [m] |m/s) m] |m/s]
0.50 1.15 0.50 1.05 0.95 0.35 1.08 0.21
2.00 1.04 1.03 0.65 1.78 0.34 2.18 0.18
3.00 0.96 202 0.83 2.41 0.26 3.30 0.16
4.40 0.89 297 0.55 4.37 0.16
6.60 0.89 3.95 0.51
6.00 0.71 4.80 0.43
7.00 0.625

Table 6.35  S4 current measurements from verticals 1 to 9 in the left
main channel of the Jamuna River, March 15 1993.
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Figure 6.20 Plot of S4 current velocities from verticals 1 to 5 in the

right main channel at Fulchari, Jamuna River, March 13,
1993.

Figure 6.21 Plot of S4 current velocities from verticals 1 to 9 in the left

main channel at Bahadurabad, Jamuna River, March 15,
1993,
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Current velocities from 0.46 m/s to 0.93 m/s were measured in the right
main channel on the 13 March 1993. Nearly no directional variation is
observed within the verticals.

Current velocities from 0.17 m/s to 1.54 m/s were measured in the left
main channel on the 15 March 1993. Nearly no directional variation is
observed within the verticals.

Based on the velocity-area method described in ISO 749-1979 the total 1
discharge in the cross-section has been calculated. Table 6.36 lists the
discharge in the left and right main channel based on the average
bathymetric cross-section.

Location and date S4 Discharge’ Bathymetry
m’/s (filename)

—— — |
Right main channel, 1194 B33DITOl & 03
Fulchari, March 13, 1993
Left main channel, 3201 B33FI1TOl & 02
Bahadurabad, March 15,

1993
* By the DISHPROF programme. The discharge has been corrected according to the

Test Gauging Report, 31 October 1993 (+6 %).
Table 6.36  Discharges based on manual S4 current profilings.

The measurement uncertainty of the S4 electromagnetic current meter is
normally within 1 cm/s of the current speed. '

The best estimate of the S4 discharge uncertainty is probably provided by
a comparison with the ADCP/EMF transects described above. A
discrepancy of 8 per cent in the right main channel and 11 per cent in the
left main channel is found by comparing average discharges. Assuming
that the S4 and the transect discharge uncertainties are independent and
normal distributed, the total S4 discharge uncertainty is assessed to 8 and
12 percent in the right and left main channel, respectively.
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6.3.3 Suspended sediment transport

All suspended sediment concentration samples from the left and right main
channel at Bahadurabad and Fulchari obtained during 13 and 15 March
1993 are listed in Tables 6.37 and 6.38 respectively. The corresponding
plots of suspended sediment profiles are found in Annexure 3.

Date of Survey: 13 March 1993

Location : Right Channel at Fulcharl
— Vertical 1 Verlical 2 Veilical J Verlical 4 Verlical 5
Total depth = 4.60m Tolal depth = 5.70m (Towaldeph = 400 m ) [Towldepth = 4.60m ) |Towmldepth =440
Concentration Depth | Concentration Depth || Concentralion Depth ][ Concentration Depth  }f Concentration
im; i Tmal] m Tm] i mg. [m] N [mgi] Tm] [mg/l]
S
0.91 74.83 0.59 77.63 2.00 66.67 200 58.54 2.00 5224
1.85 71.90 1.10 B81.48 2.90 67.67 280 77.03 260 57.14
275 7397 224 90.79 4.00 69.88 3.80 90.07 3.60 6065
3.67 84.62 341 91.61 4.60 115.44 4.20 66.67
4.35 81.79 453 99.38

Table 6.37  Suspended sediment concentrations from verticals 1 to 5 in
the right main channel of the Jamuna River, Fulchari
March 13, 1993.

Date of survey : 15 March 1993

Location : Left Channel at Bahadurabad
Verlical 1 Verlical 2 Verlical J Verlical 4 Verlical 5
=360 m otal aem =450m otal auplﬂ =580m Total depth = 7.20 m Total depth = 7.80 m
ncentration Depth ][ Concentration }| | Depth ][ Concentration Depth ) Concenlration Depth | Concentration
m m ’TF;LT"”l“m- ) I 0 ] Tmal] Tm] [mal]
0.98 146.15 0.95 187.33 1.18 87.84 0.98 73.13 150 ° 6338
1.55 173.81 178 217.11 229 06.97 142 83.79 310 8676
218 181.58 2.68 394.59 347 132.87 2.90 102,59 470 9333
288 181.90 156 631.82 473 131,21 4.2 104.18 6.20 92.99
5.78 119.18 7.13 102.21
6.20 162.76
) Vertical § Vertcal 7 [ Veral® Verical 8
[Tolal depth = 7.40m ] [Towldeph = 5.00m | |[Toaldeph =53 Tolal depth = 5.5
m m m 0 ) ™ _J___(mal)
200 4539 1.00 34.90 1.00 69.33 1.10 30.49
3.00 68.00 2.00 57.69 1.80 87.14 2.18 43.24
4.40 78.91 3.00 49.30 244 143.48 3.30 51.19
800 sa.87 4.00 7260 438 111.25
7.00 105.08 4.80 88.72

Table 6.38  Suspended sediment concentrations from verticals 1 to 9 in
the left main channel of the Jamuna River, Bahadurabad
March 15, 1993,
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Suspended sediment concentrations from 52 mg/l to 115 mg/l were
measured in the right main channel on the on the 13 March 1993.

Suspended sediment concentrations from 30 mg/l to 632 mg/l were
measured in the left main channel on the 15 March 1993.

Using the velocity-area method multiplied by the local suspended sediment
concentration, the suspended sediment transport across the average
bathymetric cross-sections has been calculated in Table 6.39.

Location and data Suspended | Bathymetry
sediment (filename)
transport’

kg/s

Right main channel, 79 B33DITOI

Fulchari, March 13, 1993 & 02

Left main channel, 343 B33F1TO01

Bahadurabad, March 15, & 02

1993

* By the DISHPROF programme.

Table 6.39  Suspended sediment transport in the Jamuna river.

The uncertainty of the suspended sediment transport is estimated analogous
to the uncertainty of the S4 discharge mentioned in Section 6.3.1 and not
considering the uncertainty of the suspended sediment concentration; 8 and
12 per cent in the left and right channel respectively.

Andreasen settling tube determination of grain size distribution from the
lowest sampling level in each vertical have been performed. The sectional
average value u(Dso) and the standard deviation o(Dsy) of the mean grain
diameter Dy, in each routine gauging cross-section is listed in Table 6.40.

Grain size distribution curves and summary tables of D, Dss, D, and Dy,
are found in Annexure 4. Judging by the sectional standard deviations the
samples exhibit a 50 and 59 per cent scatter in the right and left channel,
respectively.
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T

Location and date of manual
current and sediment

Suspended sediment
grain size analysis

channel, March 15, 1993

profiling
©(Dsg) a(Ds)
mm mm
Bahadurabad, right main 0.038 0.019
channel, March 13, 1993
Bahadurabad, left main 0.044 0.026

Table 6.40

Sectional average and standard deviation of Dy, mean grain
diameter based on suspended sediment samples.
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6.3.4 Bed load sediment transport

No propagating bed-forms were detected and therefore only Helley-Smith
trap samplings were carried out in order to assess the bed load transport.
All measurement results from the right and the left main channel at the
Bahadurabad gauging site are listed in Tables 6.41 and 6.42. Most of the
samples from the left channel are missing because the Helley-Smith trap
sampler was only available on the DHA survey vessel. The samples show
a large scatter and more samples are needed to obtain reliable average bed
load transport rates.

Vertical & Samples Bed load sediment transport
g/m/s
Vertical 1, sample 9 & 10 44? 0.27
Vertical 2, sample 7 & 8 | 6.21 6.84
Vertical 3, sample 5 & 6 | 9.61 2.5
Vertical 4, sample 3 & 4 | 5.53 1.14
Vertical 5, sample 1 & 2 | 0.26 2.08

Table 6.41  Helley-Smith bed load sampling in the right main channel
at Fulchari, Jamuna River, March 13, 1993.

Vertical and Samples Bed load sediment
(filename) transport
g/m/s
Vertical 3, samples 0.59 0.42
Vertical 7, samples 0.9 -
Vertical 8, samples 0.02 0.03

Table 6.42  Helley-Smith bed load sampling in the left main channel
at Bahadurabad Ghat, Jamuna River, March 15, 1993.

The total bed load transport has been estimated by multiplying the average
transport rates from Tables 6.41 and 6.42 by the distance between the
samples, see Figures 6.15 and 6.16, and taking due consideration to the
local current direction. Hereby a bed load transport of 1.8 and 0.4 kg/s is
estimated in the right and left main channel, respectively.

Survey Report 5, Phase | Rouline gauging results Page 6.42
Dry Season 1992/1993



ko

River Survey Project FAP-24

Grain size distribution analysis have been performed for each Helley-Smith
sample. The sectional average value u(Ds,) and the standard deviation
0(Dsg) of the Dy, mean grain diameter in each routine gauging cross-
section is listed in Table 6.43.

Location and date of Helley- | Bed load sediment
Smith bed load sample grain size analysis
#(Ds) o(Dso)
mm mm
Bahadurabad, right main 0.237 0.05
channel, March 13, 1993
Bahadurabad, left main 0.195 0.06
channel, March 15, 1993

Table 6.43  Sectional average and standard deviation of Ds, mean grain
diameter based on Helley-Smith samples.

Grain size distribution curves and summary tables of Dss, D, and Dgs are
found in Annexure 5. Judging by the sectional standard deviation the
samples exhibit a 21 and 31 per cent scatter in the right and left main
channel, respectively.

Bed material sampling

River bed sediment samples were obtained by the Van Veen grab sampler.
Grain size distribution analysis have been performed for each bed material
sample. The sectional average values u(Ds,) and the standard deviations
o(Dsg) are listed in Table 6.44,

Location and date of Bed material grain
Van Veen grab sample size analysis

#(Dso) 0(Dsp)

mm mm

Bahadurabad, right main 0.059 0.061
channel, March 13, 1993 .
Bahadurabad, left main 0.168 0.102
channel, March 15, 1993

Table 6.44  Sectional average and standard deviation of Dy, mean grain
diameter based on bed material samples.

Survey Report 5, Phase | Routine gauging results Page 6.43
Dry Season 1992/1993



s

(e

River Survey Project FAP-24

Grain size distribution curves and summary tables of D4, D5, D5, and Dg,
are found in Annexure 6. Judging by the sectional standard deviation the
samples exhibita 103 and 61 per cent scatter in the right and left channel,
respectively.

Survey Report 5, Phase | Routine gauging results Page 6.44
Dry Season 1992/1993



L. -

River Survey Project FAP-24

7. Special measurement results

The River Survey Project FAP 24 has a limited horizon compared to the time scale of
the physical phenomena in the Bangladeshi rivers. The local Bangladesh Water
Development Board (BWDB) has a much longer horizon than the River Survey Project.
Several of the analyses presented by the River Survey Project would be impossible
without BWDB data. It is therefore of great importance to make comparative
measurements in order to assess the compatibility of measurements obtained with
different technologies.

All information presented have been subjected to standard data processing and visual
quality assurance. On this basis measurements have either been accepted or discarded.

To facilitate more elaborate analyses a complete list of file names and sample
identification numbers is found in Annexure 2.

In the following sections discharge measurements obtained by BWDB are compared to
discharge measurements obtained by the River Survey Project. The BWDB is using Ott
current meters, positioning by sextant, while the River Survey Project is using the
EMF/ADCP methodology described in the 1° Interim Report.

7.1  Comparative discharge measurements Bahadurabad,
6 to 11 January 1993

Gauging cross-section

The position of the gauging sites in the Jamuna river is indicated in Figure 7.1.
The standard BWDB cross-section comprised three channels; Zigabari, Assankhari
and Bahadurabad, see Figure 7.1. The Zigabari channel by the right bank is 1100
m wide with a maximum depth of 7 m while the Assankhari and Bahadurabad
channels are shallow channels with maximum depths of 2.5 m. Only the Zigabari
channel by the right bank in the standard BWDB cross-section was suitable for the
moving boat methodology. Consequently a limited comparison was made in the
Zigabari channel.

At a confluent river section 800 m downstream of the standard BWDB cross-
section, the river provided a suitable cross-section for a complete coverage by the
moving boat methodology. Based on this downstream confluent cross-section a
total discharge comparison to the standard BWDB cross-section was made.

The navigable part of the Zigabari cross-section is 720 m wide and up to 7 m
deep, while the confluent cross-section is 440 m wide and up to 19 m deep, see
Figures 7.2 and 7.3. '
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Figure 7.1  Location map for the Bahadurabad comparative discharge gauging
cross-sections.
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Figure 7.2  The navigable part of the Zigabari channel in the standard BWDB
gauging cross-section in the Jamuna river at Bahadurabad (File:
B31BITO1).
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Figure 7.3  The confluent River Survey Project gauging cross-section
(B31BITO8) downstream of the standard BWDB cross-section in
the left main channel of the Jamuna river at Bahadurabad.

ADCP and EMF measurements executed by the River Survey Project

All together 5 transects covering the Zigabari channel and 3 transects covering the
confluent cross-section were completed on January 11, 1993,

As an example a fraction of the velocity profiles measured in the Zigabari cross-
section as transect B31BITOl and in the confluent cross-section as transect
B31BI1TO8 are displayed in Figures 7.4 and 7.5. The length of the current vectors
represent the magnitude of the local horizontal current. The current direction is
indicated relative to North. The individual current vector is plotted at its vertical
position in the cross-section, which is bound by the indicated river bed contour.
As long as it is kept in mind that all velocity vectors represent horizontal
velocities this mixed projection should cause no confusion.

Current velocities ranging from 0 m/s to 1.2 m/s were measured in the Zigabari
cross-section on January 11, 1993. Some directional variation is observed within
the verticals.

Current velocities ranging from 0 m/s to 1.5 m/s were measured in the
downstream confluent cross-section on January 11, 1993. Nearly no directional
variation is observed within the verticals.
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Based on the calculation method described in 1° Interim Report, Volume II,
Annexure I, the total transect discharges have been calculated in Tables 7.1 and

7.2.
Date and time Discharge | Transect Remarks
m?/s (filename)

11/01/93 2024° B31IBITOl | GPS positioning
11:50:25 to 11:54:41

11/01/93 1998" B31BITO3 | GPS positioning
12:20:12 to 12:28:10

11/01/93 20407 B31BITOS | GPS positioning
12:47:36 to 12:57:05

Discharge according to on-line information on the survey vessel, exclusive discharge between
the river banks and the end points of the survey line.

Table 7.1 Discharge in the Zigabari channel, part of the standard BWDB
gauging cross-section, Jamuna River, January 11, 1993,

Date and time Discharge | Transect Remarks

m’/s (filename)
11/01/93 3835° B3IBITO8 | GPS positioning
14:21:45 to 14:26:19
11/01/93 3883" B31BITO9 | GPS positioning
14:40:24 to 14:44:33
11/01/93 3948° B3IBITI0 | GPS positioning
-to -

e Discharge according to on-line information on the survey vessel, exclusive discharge between

the river banks and the end points of the survey line.

Table 7.2 Discharge in the confluent cross-section downstream of the

standard BWDB gauging cross-section, Jamuna River, January 11,
1993.

An average discharge of 2021 m*/s with a standard deviation of 1 per cent was
observed in the Zigabari channel while the average discharge in the confluent
cross-section amounted to 3889 m*/s, with a standard deviation of 1 per cent also.
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Ott current measurements executed by BWDB

Current velocities from 0 m/s to 1.08 m/s were measured on January 11, 1993
according to information supplied by BWDB.

A special calculation by the BWDB for a 641 m part of the Zigabari cross-
section, allegedly identical to the navigable part, revealed a discharge of 2150
m’/s, ref. Report on joint measurement programme.., 9 February 1993.

The total discharge in the Zigabari, Assankhari and Bahadurabad channels, see
Figure 7.1, on January 11, 1993, has been calculated to 4257 m?/s; ref. Report
on joint measurement programme.., 9 February 1993.

The total discharge in the entire standard BWDB cross-section at Bahadurabad on
January 11, 1993 has been calculated to 5480 m?/s according to information
supplied by BWDB.
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Taid Comparative tidal discharge measurements

Special problems are encountered in the lower river regions where the tidal cycle
affects the discharge. In particular rating curves are obscured if the tidal cycle is
not taken into account. The comparative tidal discharge measurement serves as
a quantification of the temporal discharge variation at Hospital Ghat and Bhairab
Bazar.

7.2.1 Hospital Ghat, Khulna, 9 April 1993

Gauging cross-section

The position of the Hospital Ghat gauging site in the Gorai off-take at
Khulna is indicated in Figure 7.4. The River Survey Project was using a
cross-section situated 100 m downstream of the standard BWDB cross-
section. The cross-section is 370 m wide and up to 12 m deep, see Figure
7.5. The water-level and the discharge are strongly affected by tidal

variations.
T
NG/
i \ @iatola

Figure 7.4 Location map for the Hospital Ghat gauging cross-section.
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Bed level in m

Figure 7.5  The Hospital Ghat gauging cross-section at Khulna.

ADCP and EMF measurements executed by the River Survey Project

All together 49 transects were surveyed between 07:00 am and 18:30 pm
on April 9, 1993, in the Hospital Ghat cross-section.

As an example a fraction of the velocity profiles measured in transect
G3491T07-0 (outflow) and G3491t31-0 (inflow) are displayed in Figures
7.6 and 7.7. The length of the current vectors represent the magnitude of
the local horizontal current. The current direction is indicated relative to
North. The individual current vector is plotted at its vertical position in the
cross-section, which is bound by the indicated river bed contour. As long
as it is kept in mind that all velocity vectors represent horizontal velocities
this mixed projection should cause no confusion.

Current velocities ranging from 0 m/s to 1.9 m/s were measured on April
9, 1993. Both the current velocities and directions appear scattered,
indicating that the ADCP/EMF equipment has been operated in the vicinity
of its particular operational limit. The operational limit of the 300 kHz
broad band ADCP is defined by the depth cell length, the ping rate, the
acoustic beam angle and the measurement interval. With the particular
operational ADCP settings employed during the Hospital Ghat
measurements a standard deviation of the random error on the velocity of
10 cm/s would be expected; ref. RD Instruments. By horizontal spatial
-averaging the influence of the random error is completely recovered.

Based on the calculation method described in 1° Interim Report, Volume
II, Annexure 1, the total transect discharges have been calculated and
plotted in Figure 7.8. A pronounced tidal variation is observed. The low
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tide outflow amounted to 2500 m*/s while the high tide inflow amounted

to 4200 m/s. The maximum temporal change of the discharge was
approximately 70 m'/s/minute.

River Survey Project FAP-24
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Figure 7.6  Current vectors (spatial average) from transect G3491T07-0

during outflow from the Gorai off-take, Hospital Ghat,
April 9, 1993.
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Figure 7.7  Current vectors (spatial average) from transect G3491t31-o0

during inflow to the Gorai off-take, Hospital Ghat, April 9,
1993,
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Figure 7.8  Tidal discharge variation at Hospital Ghat, Gorai off-take,
April 9, 1993.

Ott current measurements executed by BWDB

Not available for the December 9, 1993 edition.
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7.2.1 Bhairab Bazar. 26 to 28 April 1993

Gauging cross-section

The position of the Bhairab Bazar gauging site in the Upper Meghna river
i1s indicated in Figure 7.9. The River Survey Project was using a gauging
cross-section identical to the standard BWDB cross-section. The cross-

section is approximately 600 m wide and up to 24 m deep, see Figure
7.10. The water-level from 25 to 27 April 1993 at Bhairab Bazar is

depicted in Figure 7.11. From the figure at least two tidal components are

visible.
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Figure 7.9  Location map for the Bhairab Bazar gauging cross-section.
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Figure 7.10 The Bhairab Bazar gauging cross-section in the Upper
Meghna river.

2.55 z
- 1
. I I
. I I
- I I
] | |
] 1 I
- I ]
- |l 1
- I 1
235 F---mmmmmmm e b b
5 | ]
(=) - 1 I
= 3] 1 1
o = 1 ]
- I 1
E - |
£ ] |
A e e e T, NP J (P
® ] ! i
4 | i
£ |
=] i i
] I i
- 1 1
1.95 Fmmmmm oo b b
] | |
] I i
- I I
- I I
i i i
. i I
- )
- 25-Apr 1 28-Apr |[ 27-Apr
1;75 1 T T T T T T : T T T T T T T i T T T T T T T
0 24 48 72

Time in hour

Figure 7.11  Water-level recording from the BWDB staff gauge at
Bhairab Bazar, 25 to 27 April 1993.
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ADCP and EMF measurements executed by the River Survey Proiect

All together 26 transects were surveyed between 06:00 am April 27 and
07:00 am April 28, 1993, in the Bhairab Bazar cross-section.

As an example a fraction of the velocity profiles measured in transect
Z34RI1TO06-0 (outflow) and Z34S1T10-0 (inflow) are displayed in Figures
7.12 and 7.13. The length of the current vectors represent the magnitude
of the local horizontal current. The current direction is indicated relative
to North. The individual current vector is plotted at its vertical position in
the cross-section, which is bound by the indicated river bed contour. As
long as it is kept in mind that all velocity vectors represent horizontal
velocities this mixed projection should cause no confusion.

Current velocities ranging from 0 m/s to 0.5 m/s were measured on 27
and 28 April 1993. Both the current velocities and directions appear
scattered, indicating that the ADCP/EMF equipment has been operated in
the vicinity of its particular operational limit under the physical conditions
at Bhairab Bazar. The operational limit of the 300 kHz broad band ADCP
is defined by the depth cell length, the ping rate, the acoustic beam angle
and the measurement interval. With the particular operational ADCP
settings employed during the Bhairab Bazar measurements, a standard
deviation of the random error on the velocity of 10 cm/s would be
expected; ref. RD Instruments. By horizontal spatial averaging the
influence of the random error is reduced, though not completely.

Based on the calculation method described in 1° Interim Report, Volume
II, Annexure 1, the total transect discharges have been calculated and
plotted in Figure 7.14. A pronounced tidal variation in concordance with
the water-level curve, Figure 7.11, is observed. The low tide outflow
amounted to 1400 m*/s while the high tide inflow amounted to 1900 m/s.
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Figure 7.12  Current vectors (spatial average) from transect Z34R1T06-0

during outflow from the Upper Meghna river at Bhairab

Bazar, April 27, 1993.
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Figure 7.13  Current vectors (spatial average) from transect Z34S1T10-0
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Figure 7.14 Tidal discharge variation at Bhairab Bazar, 27 to 28 April
1993,

Ott current measurements executed by BWDB

Not available for the December 9, 1993 edition.
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Annexure 1

Routine gauging inventory, October 1992 to May 1993

o g

[

DD



o bD

SNWYHOOHd A3AHNS  L'L

P'0L29.LL | 9°0880LY YOLI3LEH| S5:80:9L] 6L:BESL 109suw |
Y.i9¥9 L'6L29LL | £'9180LY | 2 £L0dI3LEE| 62:BELL| SZ:H0:LL @jioid
YES- L9 £'9929.L | 9'8900L¥ | | 80d13LEB| 62:06:91] ZLiZzZ9l @|oig
Y0985 9'ELZOLL | ETLLOLY | © S0d13LEH| SS5:80:9L| 6L:BES) @|joid
80-50 ViS5 VLS-ES B°5828.L | 2'SLS0Lv | § YOdIILEL| €2:81:5L S5:50ivL @jilo.d
+0-€0 ves vesey L'v929.LL | S'2LZ0LY | 2 €0dI3LEB| ELISHEL vEISEIZL ejjoig
20~ L0 YLiv-EY 9°2619.L | EZLY0LY | € 20d13Led| Z5:6LZL| 60:50:LL ®|ijoig
vey VZrgee VILZOLL | v LL¥OLY | ¥ 10dI31E8| ISIEFIDL| SLivE60 @jo.d
| ¥'EZTOLL | L LPOOLY 20LI3LEH| ZE£:51:60| 95:80:60 ioesumi)
6'8929.L | SOL60LY LOLI3LED]| LLiG0:60| €0:95:80] ioesumi)
sejdumg so|dweg se|dweg s2|dweg ‘ON ewmpy oy woi4
sajdwws | Juewpes Ypws eqny Wwewpeg bl s ELE] OHOAH | dOQv | BumjuoN | Bupswy [iep LUE] ewi| edA]
wonog | peywiBeju; AsjjoH | ueswospuy | pepuedsng
ONIDNVYD LHOMSNYHL ININWIQ3S DNIDNVYD 3DHYHOSIO

€6/T0/F1 : £3AIng Jo aje(q
pepeinpeyeq je puuey)) 1J97 : uonedo




DD

JNANVHDOHd A3AHNS 2L

6'6968LL gLiIover S011Die8 (T4 >>8 4 S0 0EvL pesuR|

SOLIBLL 0'SI6rer roLiDieg ¥Si82irl 85:ZZri Pesurl|

Yre-Z6 9'L0084L E'6vaver I €0d1Die8g BS:FSICL SlEEEl |0l

6080 Vie-L8 9'SY0aLL | ETrLreY € Z0d 1D 19 SZS8:ZH rri0SiEL o|yold

L0 Yo L'E9068LL rZEBYaY S 10diDiea BrZEiLl eviLZi0l 8jyoug

6'6968LL | 9'CZOVOV zoLioied 1519260 L2:SE'60| JE T

i1 oezeRiL 2'0Z9ror ¥oLid1E9 Zeigriel orerel pasuw

BZ0V6LL 6°Z2699v €01441E8 OEvEEL oeoeicy pesuwi|

6'SL68LL 6'919var ZoLidiea Z1:B2:EL LrZZE) esurl)

Vigal ] 0°6208LL O'vegvrer Z E0did 8 £s:9Lig LEETILY @Yol

Vil VIL€L STO06LL | B'SBLYOY 14 Zod 14168 ZTHBEIEL LPTTEL 8|yoid

vZLI-e9 i TY0IBLL 9'ELevor ] lodided Zriviivi 05:ELip) e|yold

se|dweg sa|dweg sa|dweg $9|dWES “ON sweN o) woiq

ssjdweg | juewipes yuwsg eqny Wawipeg pelil ¥s dN3 | OHOAH | doavy | Bunuon | Bunswz [sepA|  epy swiy edA|

wouog peiwiBa)| AajjaH uesweIpuy pepuadsng

ONIDNVYD LHOJSNVHL ANIWIO3S

ONIDNVYD 3DHVHOSIA

" €6/T0/9T ‘€6/T0/ST : A9AIng Jo (]
LeyoIny je Puuey)) Jysry : uonedo




Y0/ _

IWAYHDOHd AIAHNS 'L

€6/T0/€T : £oa1ng jo e
HEINY J' [Puuey) 343y : uorjesoy

Em 82-62 yLOL O 1-001 0°1898.LL| O'EBbYOb| 2 50dzZazeg ®ljoid
4 SC-E2 28 268-05 0'v0L82L| 0'825b9Y| € £0deazes| aL:av:zL| Zi:gp. 1L ®jljoid
rl €L-01 oyl §'0548LL) s'0l9var| g codezazes| sz:oeti| oeizeor @jljoid
(T4 -1} (14t Vel VBl-vSL VEELBLL| L'BvSEOY| # 20d1azen| 65:6v:SL| Ze0zipl ool
| 8 &9 VS Vevi 80598 SOLEVIY| 1 lodidzes| si:eo:zi| ssigziop ®Jljoid
SO0L1Q2Ze8| Lyiiigl| 2e:zogt Joasuml)
¥OLldZed| oL:sogl| vGoo:@L IEEETE
€01102EB| 02:0¥:60 £5:56:60 129sum) |
20110zed| SZ:eei60| 8¥:6z:60 12asuwy)
so|dweg sejdwog 89|dweg se|dweg s9|dweg (1eyow) (soyow]) ‘oN SN o) wosy
woyog | ewpeg Yuwg eqny Weuwipeg Xan s ElLE] OHAAH | doay | Buyuon Bupsuy |ep °nd oy edA)
pewiBajuy Aajjeny uUasweipuy | pepuedsng R
ONIDNVYD LHOdSNYHL ANIWIa3s ONIDNVD IDHYHISIA



INNVYHDOHd ASAHNS 2°L

0zg'LL €L L0L Yer VErvoy 0'ELZ9LL| O'LELOLY| L S0dideeg eliold
aL'ol $9 re-c9 Yry'vsy YSivYiy 0'9LZ9LL| 0'9LEOLY| € €0di4Zeg| 9LES:GL| 00:L0:GL |ljoidq
9i'a LS 95-v§ vor YOr-voe 0°68294L4| 0'9250LF| G 20d bd42€8| ZLiLLivL| BLIBMEZL @|ljoid
L] SE PE-€E YiE ViE-v6Z € LLE9LL| ¥ LELOLY| L l0dL4Z€8| EE:LPiLL| B80:20:L1L ejijold
8i 89-99 29¢€ Ore-olLe P'BSS9LL| L'S2ZoLy| 2 ¥0dZdZED| 9€:80:LL| 80:8Y:91 oljoid
Ll 19 09-8§ 20¢€ 20e-052 Y BYCOLL| B'BYYOLY| ¥ E0dZJ2E8| BEBEIGL| E£5:8L:G1 ofjoid
Sl E£S 250§ ¥ o¥2-002 L'E929LL| v EEQOLY| 9 c0dZ42ed| 80:80:vL| €LIlO:PL ojljoid
vi-2i Q8L 081-06S1 8'60E€9.L| 9'6080LF| 8 l0d2d2ed| €2:¥0:C1l| E0:9GILL @jijoid
c0L1J2ed| 92'€C:01| 8SG:ELIOL| Joasuwi]
loLL42ed 129suwi|
s9jdwug | seidwog | sejdwes s9|dweg s2|dweg (19pow) (epw) [oN owEN al tHoly
Wouoq | juewipeg Yyws eqny ewipes xan ¥S dWN3 | OHOAH | dogvy | Buiyuon | Bupseg (‘ep LIE] owiy edAy
peiwiBaju) As|jaH [ uesweipuy pepuadsng
ONIDNVD LHO4SNVYHL INIWIa3S ONIONVYD IDHVYHOSIA

€6/20/ST : £9a1ng jo a3e(q
pepelnpeyeq je [ouuey)) 3Jo7 : UOIJBI0]



Vo8

€6 YyoJe ¢} : Aeaing jo ajeq
d - I'ON uonels
(Isuueyd y61y) Leyo|ng Je JoAly BUNWEP : | "ON UOE207]

30V SY SWWVHDOHd ASAENS L'Z ejqe)

4 [ L S L'PZY6LL | E0LPYOY | 80d20Ee8| 282G SSivliGL 9pjoid
Z Z I S 9°L9E6LL | S'BIEYOY L S0deaces| evivviel| sz:iLEiEL ®ljoid
Z 4 i 4 6'EIVELL | v'ZLPrOY | € €0d10EEH| ¥0:02:91| L0:ZO:GL 9|ijoid
Z 2 L 4 | B'B6Y6LL | SLESYOY | ¥ 20dL0EEH| E£0:BEFL| 60:LE:EL oijolg
Z 2 I 4 6'0256LL | €26SY9P | © L0dLOEED| S0'0Z:El| £6:96:LL ®jHjolg

EOLIOEER| v0IL0:8L| GZ:ilGiLL| joesumi]

lOLIQEEH| 60:45:01| BO:ES:0L| ioesuwi)

sejdvg se|dweg sejdweg s9|dwes s2|dweg (Jeow) (s9)ew) oON ewepN o] wol4
wonoen | wewpeg yyws eqny weuwipes Xan ¥S 4W3 OHOAH | dOav | Buypon | Bunseg |[-ep ony owy| edAL
paiwiBau) Aojjen ueswelpuy | pepuedsng

ONIDNYO LHOMSNYHL LINIWIQ3S

ONIDONVYD IDHVYHISIA




€6 Yalel g1 : Aeaing jo ajeqg
1= L'ON uonels
(leuueys yea7) Peqeinpeyeq je JaAlg eunwep : | "oN uoneoso

30V SY INWVYHOOHd AIAHNS 22 eiqe)

3 2 L 9 €9629.L | L'eveosy | v 90dCdEE8| 8v.LSi9L| 2Zoi9zigL ®[ijoig
L Z Z L \4 0'¥92944L | e'E220Ly | € SOdZ4EEH| ZOELiSL| LLiLZiwl o|ljoid
L Z I 14 2'ES2OLL | S'0L00LY | 1 YOdZJEEB| LEBO:vL| BS 2521 ajyoig
i 4 L v 0°'9929.L | 9'2zloLy | 2 €0d24EE8| 96:60:21| £LS6:GLILL 8jljoig
L 4 [4 3 £ VEBZOLL | S'65L0Ly | 8 20dZ4ees| 2eiviill] eoizhiie *oig
1 4 8 4 S'S0E9LL | S L6L0LY | 8 L0dZJEET| 90:1Z:0L| §2:60:60 Qpjoig
i 1 3 S 2'2929LL | B'SvroLy | © €0dHdEe8| spizeivl| oOElsoicl @j1joiq
L 4 L S 6 h¥29LL | L'vESOLY | 9 20dideed| BSiEE:ZL| SpigolLL @|jo1g
L 4 I 1 < Y29l | B I990LY | 2 L0dL4EEB| 9vi6P:0L| 1G:v0I6O epjoid
: CcOLI4EE8| SL:0%:80] LL:LE:BO) 12asumy |
LOLIJEED| 00:00:00| £1:51:80( 319@sumi)
89)dwug sa9|dweg s3|dweg sejdweg sajdweg (4@1ow) (mew) [-oN ewen o] woiyq
wopog Wwewipes Yuws eqny Wweuwipeg 3w S 4W3 OYAAH Buiyuon | Bunses |usp LUE] euny odAL
pewibay AsjloH UesweIpuy | pepuedsng

ONIDONVYD LHOJSNYHL INIWIO3S

ONIDNYD ADHYHISIO




Annexure 2

Special measurement inventory, October 1992 to May 1993
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Annexure 3

Plots of suspended sediment profiles,
Jamuna river, January to March 1993
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Annexure 4

Grain size distribution of suspended sediment samples,
Jamuna river, January to March 1993
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Grain Size Distributiion of Suspended Sediment Sample
(Andreasens’ Tube Samples)
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Grain Size Distribution Of Suspended Sediment
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Grain Size Distribution Of Suspended Sediment
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Grain Size Distribution Of

Suspended Sediment
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Grain Size Distribution

Of Suspended Sediment
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Grain Size Distribution 0f Suspended Sediment
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Grain Size Distribution Of Suspended Sediment
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Grain Size Distribution Of Suspended Sediment
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Grain Size Distribution Of Suspended Sediment
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Annexure 5

Grain size distribution of bed load samples,
Jamuna river, January to March 1993



Grain Size Distribution Of Bed Load By Sieve Analysis

(Helley-Smith Sampling)
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13:20 14/01/93 19.500 0.00213815789 0.261 0.308 0.364 1.710
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Grain Size Distribution Of Bed Load By Sieve Analysis

(Helley-Smith Sampling)
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Grain Size Distribution Of Bed Load By Sieve Analysis

(Helley-Smith Sampiing)
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Grain Size Distribution of Bed Load By Sieve Analysis
(Helley-Smith Sampling)
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11:45 13/02/93 5.000 0.00055 0.196 0.243 0.304 1.647
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W™



DO

Grain Size Distribution of Bed Load By Sieve Analysis
(Helley-Smith Sampling)
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Grain Size Distribution of Bed Load By Sieve Analysis
(Helley-Smith Sampling)
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16:31 13/02/93 4.490 0.00049 0.203 0.265 0.328 1.749
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Grain Size Distribution of Bed load By Sieve Analysis
(Helley-Smith Sampling)
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Grain Size Distribution Of Bed Load By Sieve Analysis
(Helley-Smith Sampling)
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Grain Size Distribution of Bed Load By Sieve Analysis
(Helley-Smith Sampling)
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Grain Size Distribution of Bed Load By Sieve Analysis

‘(Helley-Smith Sampling)
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Grain Size Distribution of Bed Load By Sieve Analysis

(Helley-Smith Sampling)
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Grain Size Distribution of Bed Load By Sieve Analysis
(Helley-Smith Sampling)
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Grain Size Distribution of Bed Load By sieve Analysis
(Helley-Smith Sampling)
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Grain Size Distribution of Bed Load By Sieve Analysis
(Helley-Smith Sampling)
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Grain Size Distribution of Bed Load By Sieve Analysis
(Helley-Smith Sampiing)
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Grain Size Distribution of Bed Load By Sieve Analysis

(Helley-Smith Sampling)
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Grain Size Distribution of Bed Load By Sieve Analysis
(Helley-Smith Sampling)
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Grain Size Distribution of Bed Load By Sieve Analysis
(Helley-Smith Sampling)
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Annexure 6

Grain size distribution of bed material samples,
Jamuna river, February to March 1993




Grain Size Distribution 0Of Bed Material
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Grain Size Distribution Of Bed Material
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Grain Size Distribution Of Bed Material
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Grain Size Distribution Of Bed Material
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Grain Size Distribution Of Bed Material
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Grain Size Distribution of Bed Material
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Grain Size Distribution of Bed Material
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Grain Size Distribution of Bed Material
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