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1 Bed material sampling
1.1 Introduction

The River Survey Project (RSP) was initiated on 9 June 1992. The project is being executed by the
Water Resources Planning Organization (WARPO) under the Ministry of Water resources. Funding
for the project is provided by the European Commission. The consultants for the project are from the
DELFT-DHI joint venture in association with Osiris, Hydroland, and Approtech. The project is
supervised by a Project Management Unit with participation by FPCO, a Project Advisor, and a
Resident Project Advisor.

The objective of the project is to provide detailed and accurate field data to FAP projects. as well as
to provide base data for any other planning, impact evaluation, and design activities within national
water resources and river engineering activities.

This study report describes the analysis of bed material sampling of the Ganges. Old Brahmaputra,
and Jamuna Rivers. The study was executed and reported by Maminul Haque Sarker: much of the data
analysis was performed by Mr. Krishna Chandra Dey.

1.2  Background

The characteristics of the bed materials are important in studying the morphological processes of a
river. For example to study the planform development, bank erosion, scour holes development.
formation and movement of bars etc. it is required to know the characteristics of the bed material.
Moreover, the characteristic sizes of bed material are used for roughness and sediment predictors.

Two bed material sampling campaigns were conducted by RSP, one on the Ganges River on 6 August
1994, and one on the Old Brahmaputra River from 10 to 19 August 1994. During the Ganges River
project, 33 bed material samples were collected. The sampling campaign in the Ganges River started
approximately 12 km downstream of the Hardinge Bridge and ended near the confluence with the
Jamuna River. The bed material sampling campaign in the Old Brahmaputra River covered the entire
reach between the off-take of the river and the confluence with the Upper Meghna River. In addition,
a number of bed material samples were collected from the Ganges. Jamuna, Padma, Arial Khan, and
Dhaleswari Rivers during routine gauging and study surveys. However, the present study analyzes the
samples from the Ganges, Old Brahmaputra, and Jamuna Rivers only.

In addition to the present bed material sampling and analysis a number of previous studies were
performed on these rivers. The results of such previous studies have been compared with the present
findings.

1.3  Objectives and scope of the study

RSP collected bed materials samples from different environment of the river bed. When collecting and
analysing bed material samples, it is important to consider the purposes and the location of the
collection. In this study, the main purposes are to determine the characteristics. grain sizes. gradation,
and grain sorting processes that are relevant for morphological studies such as roughness and sediment
transport prediction and modelling. In general, the total sediment transport volume is divided into two
categories, bed material transport and wash load transport. For sand bed rivers. the two categories are
demarcated at a sediment size of 0.063 mm. The sediment predictors are used to predict the bed
material transport. After determining the purposes of collection, a definition of environment and the
sampling location is needed. The term "environment” is used here to describe the flow intensity and
areas of river bank erosion or river bed deposition in a river system.

River Survey Project FAP24 I
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The sediments that pass through the main rivers of Bangladesh have grain sizes of fine sand to silt and
clay. The average ratio of sand to silt is approximately 1:2 in the Ganges and Jamuna Rivers (see RSP
Study Report 19, 1995). In the river bed samples, however, the ratio of sand to silt depends on the
position and hydraulic environment of the river bed during the bed material sampling. Moreover, the
characteristic sizes of the bed materials also vary from point to point.

Simons et al. (1977) suggested that the bed material samples for sediment transport predictors should
be collected from an abandoned part of a channel if the water is flowing in the river. This criterion
probably does not apply to rivers in Bangladesh, because the percentage of silt fraction in an average
transport volume is quite high. The abandoned part of a channel will facilitate deposition of silt on
the river bed. Thus silt will dominate the constituents of the bed samples. The energy required to
transport silt, however, is very small. Thus the transport of silt is not relevant for coarse sediment
predictors.

The analyses of bed material samples from different rivers are presented in individual chapters. The
analyses are presented in sequential order.

The extent of analysis of the bed material samples depends on the sampling procedure. In the Ganges
River. for example. the bed material samples were collected along with the position and water depth
of the samples. In the Old Brahmaputra River, however, only the positions of the samples were
recorded: the water depths of the samples were not measured. Bed material samples collected during
routine gauging provided data on the water depth and position of the samples, as well as the flow
velocity of that vertical. In addition, planform data such as SPOT images and bathymetric surveys play
an important role in assessing the environment of the samples with respect to the channel shape and
channel planform.

The collection of the bed material samples in the Ganges River covered a certain stretch of the river
from a few kilometres upstream of the Hardinge Bridge to near the confluence with the Jamuna River.
In the case of the Old Brahmaputra River the collection of bed material samples covered the whole
stretch of the river from the off-take of the river to the confluence with the Meghna River. The bed
material sample analysis of the Ganges and Old Brahmaputra River are presented in Chapters 2 and
3. Most of the bed material samples from the Jamuna River were collected during routine gauging in
Bahadurabad and Sirajganj. Since these samples were collected during routine gauging, data on the
flow velocity and the water depth of the samples were available. A number of bathymetric surveys
carried out at Bahadurabad created an opportunity to identify the position of the samples with respect
to channel features. Therefore, the extent of bed material sample analysis on the Jamuna River differs
from the analysis on the Ganges and Old Brahmaputra Rivers. The results of the Jamuna River bed
material sample analysis are presented in Chapter 4. The discussion, conclusions and recommendations
are presented in Chapters 5, 6 and 7 respectively.

River Survey Project FAP24
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2 Bed material sampling in Ganges River
2.1 Introduction

A bed material sampling campaign was conducted by FAP 24 on the Ganges River on 6 A ugust, 1994,
In addition, a number of bed material samples were collected during routine gauging and study survevs
in 1993 and 1994. All the bed material samples collected during bed material sampling campaign
(6/8/1994) and routine gauging and study surveys up to October 1994 have been analysed.

River bed grain size determination is routinely done in morphological studies and in river behaviour
modelling. The grain size variation in a transverse direction and grain sorting in a downstream
direction were studied. Sections 2.2 and 2.3 discuss methods of previous bed material sampling and
methods of present bed material sampling respectively and the analysis presented in sections 2.4.

2.2 Previous sampling

In large surveys of the rivers of Bangladesh to improve inland navigation NEDECO (1963-1967)
collected bed material samples from most of the rivers of Bangladesh. Ten bed material samples were
collected from the Ganges River, the result of which is presented in Figure 2.1. In an other project
NEDECO (1983) describes the results of analyses of 180 bed material samples collected from August
to December 1970. That project also collected and analyzed 5 bed material samples in April 1982. The
D;, found in these previous studies is shown in Table 2.1.

Previous study Year of sampling No. of ;1

samples (mm)
————

R eSS

Surveys of inland water and ports NEDECO, 1967 1963-1967 10 0.01-0.20
Ganges-Kobadak project, NEDECO, 1983 1970 180 0.12
1982 5 0.18
Table 2.1: Findings of Dy, of the Ganges River by different studies

The results of the 1967 survey show that the variation of Dy, ranges from 0.01 mm to 0.20 mm. The
results also show that samples from the Ganges River fit into two distinct groups, one finer than the
other (5 samples were taken for each group), see Figure 2.1. The average D., difters considerably
when samples from 1970 are compared with samples from 1982 (NEDECO. 1983). The 1982 samples
were biased by the sample size, and thus are not representative of the Ganges River. There are no
other known bed material studies for the Ganges River.

2.3  Present set-up of bed material sampling

Ditferent aspects of bed material sampling methods used by RSP are discussed below:

Bed material samples

In the Ganges River, three bed samples were collected from 26 to 28 September 1993 during routine

gauging. On 6 August 1994 sampling began 12 km downstream of the Hardinge Bridge and ended
near the contluence of the Jamuna River (Figure 2.2). A total of 33 samples were collected in 11

River Survey Project FAP24 3
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cross-sections of the river. The position and depth of water were noted during the sampling. At each
cross-section, three samples were collected, two samples were collected near the right and left bank
and one in the middle of the river (Table 2.2). During surveys on 2 August 1994 and 19 October 1994
a total of 14 bed samples were collected. These samples were collected on the Ganges River between
Hardinge Bridge and 8.50 km upstream. A total of 50 samples were collected by RSP from September
1993 through October 1994,

Hydraulic environment

A water level hydrograph for July to November 1994 (during the sampling period) is shown in Figure
2.3. It is based on FAP 24 water level gauge data at Hardinge Bridge. This figure shows that bed
material sampling on 2 and 6 August 1994 was done during the rising limb of the hydrograph, and
sampling on 19 October 1994 was done during the falling limb of the hydrograph. Discharge measured
on | August 1994 near the Hardinge Bridge was 26,000 m’/s. The discharge on 6 August 1994 was
approximately 30,000 m*/s. The discharge during the bed material sampling is shown in Table 2.3.

In addition to the hydrological data, a SPOT image from March 1994 and a bathymetric survey of
October 1994 were utilized to assess the morphological condition of the river during the bed material
sampling.

River Survey Project FAP24 4
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Bed material samples, their locations and characteristic sizes, Ganges River

Table 2.2
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Instruments

The sample locations were determined using a Differential Global Positioning System (DGPS). Both
USBM 54 and Van Veen grab samplers were used to collect the samples (Table 2.3).

Discharge No. of Instrument Status
(m/s) samples
26/9/93 43,000 3 Van Veen Routine gauging
2/8/94 26,000 7 USBM 54 Study survey
6/8/94 30,000 33 USBM 54 Sampling campaign
19/10/94 8,000 7 Van Veen Study survey
Tahle 2.3 ; Instrument used in bed material sampling

The grain size analysis was performed in the RSP sediment laboratory. The characteristic grain sizes
were determined by sieve analysis when D,;>0.063 mm. When D ,<0.063 mm, both sieves and
Andreasen tubes were used to determine the grin size distribution. The standard sieve size used in the
RSP sediment laboratory for sediment size analysis was series 2.

2.4  Analysis
2.4.1 General

Sediments in a river are classified as either bed material load or wash load. Bed material is the sand
fraction and usually has a diameter larger than 0.063 mm. This material is transported in the form of
bed load and suspended load. Bed material load makes an important contribution to forming and
shaping the channel. In contrast, wash load is the silt and clay fraction that has a diameter smaller than
0.063 mm. Itis transported as suspended load which generally has a constant concentration at different
depths. The wash load helps develop the floodplain, estuaries, and deltas. In addition, the wash load
probably alters the channel morphology by forming relatively high resistant banks and over time it
helps forming the floodplain.

During the analysis, an attempt was made to locate the environment of the river bed from where these
sand and silt samples were collected. The grain size distribution of the samples, variation of grain
sizes in transverse and in downstream direction are analysed.

2.4.2 Location of the samples: The sand and silt fraction

The sample locations on traced Spot images from March 1994 are shown in Figure 2.2 and the
characteristic sizes, geometric standard deviations, and percentages of silt are shown in Table 2.2.
This table also identifies the sample position in the river section including the chainage of each
section. A number of samples (marked with an asterix) contained 40 to 99.8 % silt. The fine samples
are either from the left or the right bank (Figures 2.5 to 2.8). The D, and the geometric standard
deviation of all of the samples are plotted against a logarithmic scale of the silt percentage (Figure 2.9
and 2. 10 respectively). Figure 2.9 shows that the Dy, decreases as the silt content increases. The silt
content has little influence on the geometric standard deviation if the silt content is less than 40 %.
The geometric standard deviation varies from 1.25 to 1.75 which indicates a rather uniform grain size
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distribution. However, samples with more than 40 % silt show a distinct increase in the geometric
standard deviation (Figure 2.10) from 1.6 to 3 indicating a wide grain size distribution. In total, 10
samples were found that contain more than 40 % silt and clay. The average silt percentage for these
10 samples was approximately 75 %, see Table 2.4,

No. of Percent by weight Dis Dy Dy, Standard
samples (mm) (mm) (mm) deviation
Silt Sand
50 19.56 80.44 0.084 0.123 0.182 1.47
40 5.77 94.23 0.10 0.144 0.206 1.43
10 74.72 25.28 0.019 0.03 0.084 2.13
Table 2.4: Average silt contents, grain sizes, and standard deviation of 50 samples

Nine of the ten samples with a high percentage of silt were close to the banks (Figures 2.5 to 2.8).
Of these samples, D-4 was not only close to the bank, but was also on the leeward side of a point bar.
Sample G-33 was on the leeward side of a bar where the possibility for prevailing slack water is high.
It is noted here that not all of the near bank samples did contain a high percentage of silt. The plan-
form, bed topography, and velocity distribution probably determines the grain size and percentage of
silt in a sample. While Spot images of the lean period can provide a good view of the river, they
might not be representative of the channel during the sampling period (i.e., in the monsoon).

Three bed material sampling sections were selected (Figure 2.11) and the corresponding cross-sections
from bathymetric survey are shown with the sampling position in Figure 2.8. In October 1994, RSP
did a bathymetric survey covering the 16 locations on the Ganges River where samples were taken
(Figure 2.11). At one sampling section there was no fine bed material sample; this section is not
included in the figure. In between the time of sampling (2 to 6 August 1994) and the bathymetric
survey (October 1994), the topography of the channel bed may have changed; this survey, however,
could still provide an estimate of the sampling position in the river.

The positions of samples D-4 through D-10 on the cross-section profile which was based on the
bathymetric survey are shown in Figure 2.12. The samples D-4 and D-10 had high silt contents.
Figure 2.5 suggests that the position of sample D-4 was on the leeward side of a point bar. This is
probably why this sample contained a high percentage of silt. Sample D-10 was probably sampled near
the eroding bank because it contained a high silt percentage (Figure 2.12). Sample G-1 contained 99.8
% silt and was sampled on the outer bend at a relatively shallow depth (3.6 m) (Figures 2.6 and 2.12).
Considering the flow regime during the sampling, it is possible that sample G-1 did not come from
the river bed but from the immobile sloping part of a silty bank. This may also be true for sample G-9
which contained 90.9 % silt (Figure 2.12). The reason why sample G-7 contained 51.7 % silt cannot
be explained in the same way. The sample depth for G-7 was up to 7.20 m below the actual water
depth. Neither bank erosion nor prevailing slack water were noticed during sampling (Figures 2.6 and
2.12).

The October 1994 RSP bathymetric survey did not extend beyond the location of sample G-9. The
aforementioned explanation is thought to be responsible for the high silt content of the other five
samples.

As mentioned earlier, flow through the Ganges River during bed material sampling on 2 and 6 August
1994 was on a rising limb. The average tlow velocity was approximately 1.5 m/s. Non-cohesive fine
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grained materials cannot sustain such high velocities on the active flow bed except in special river
environments. The course material in the river bed near the eroding bank (basal location) is deposited
as bed material, and the fine material is transported as wash load. On the other hand, fine grained
materials are deposited in the river bed in an area with very low flow velocities, for example on the
leeward side of the bar where there is slack water.

It appears that three different temporary environments are present in a river bed. The first is the area
near the eroding banks; the second is the area of silt deposition where slack water prevails; and the
third is the active river bed where there is active transport of bed material. The characteristic grain
sizes and silt percentages from the three environments were different. The samples with the ten highest
silt percentages could only be from the first two environments or the river bank itself. For the
application of sediment transport or roughness prediction, only the samples from the active river bed
environment (i.e., the samples containing less than 40 % silt) are relevant. Hence only these samples
were analyzed further.

2.4.3 Grain size variation (coarse sediment)

The grain size varies in the channel in both the transverse direction and along the river. The variation
has been examined with results as follows:

Variation with depth

The relation between grain size and water depth is shown in Figure 2.13. The water depth is a relative
factor, changing with the discharge. For this reason the bed material samples collected on 6 August,
1993 are only shown in this figure. Though the plotted data are scattered, the graph shows a trend of
coarser materials at higher depths. This trend may not exist for all depths. A few of the Ganges’
channel stretches are much deeper than 10 m. The deepest part may even be up to 40 m during the
monsoon. It is not expected that grains at those river depths are proportionately coarser.

Variation in the transverse direction

In a given section, the bed material size varies widely, see Figure 2.4. The grain size variation in the
transverse direction may be the result of the primary flow distribution and secondary or helical flow
in the bend. The transverse variation of grain size is chiefly due to secondary flow induced by the bed
topography (Peters, 1978; Parker, 1991). However, the variation of grain size in secondary flow cells
cannot be examined using the present bed material data. The grain size variation in a meander bend
is mainly due to the helical flow which transports the bed and suspended sediments in different
directions. Figure 2.14 shows a meander bend grain size sorting model (Parker, 1991). The Dy, of
the samples (whose cross-section positions are marked) and the inverse radius of curvature of the river
bend are plotted against the chainage (Figure 2.15). The positive radius of curvature indicates the left
bank convex bend, and a negative value indicates the right bank convex bend. For negative 1/R value.
"L’ represents the outer bend samples. For positive 1/R values 'R” represents outer bend samples.
Most of the mid-channel samples (marked 'M") were coarse. It 1s observed that there is no relation
between the concave or convex bend samples and grain size. The sample positions were probably not
in a position on the bend where grain sorting could be found. Moreover, the bends in the Ganges
River are formed by more complex processes than merely meandering.

Variation in the downstream direction
Following Hack (1957), Leopold et al. (1964) described the exponential decrease of grain size along

rivers (after the head waters) that is due mainly to abrasion and to a less extent due to selective
transport. The general form of this type of empirical equation is:
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(Dsp) = (D), e P (2.1)
where,
(Dy), = characteristic grain size at a distance x (mm),
(Dsy)y = Characteristic grain size at the origin (mm),
X = Distance from the origin in a downstream direction (km),
¢ = a coefficient (km™)

The average characteristic grain sizes D¢, D5, and Dy, of coarse sediment for each section are plotted
against the chainage (Figure 2.16). Though the average grain sizes of the sections vary, there is a
clear trend of finer grain sizes in a downstream direction. The exponential regression line of
characteristic grain size (following the equation 2.1) was straight because the sampling stretch of the
Ganges is at the downstream end of the river (Figure 2.12). The 8 value of the regression equation
was 0.0018 km™ for Ds,. The regression line shows that at the upstream end of sampled stretch the
Dy, was 0.155 mm; at the downstream end it was 0.132 mm within a 92 km stretch of the river. Grain
sizes become more fine in a downstream direction at a rate of approximately 0.025 mm per 100 km.

The downstream variation of grain sizes and geometric standard deviation for the Jamuna River was
studied by RPT et al. (1987) during the Jamuna Bridge Study, see Figure 2.15. This study found a
downstream fining rate of 0.04 mm per 100 km for the Jamuna River, which is higher than the
downstream fining rate of the Ganges River.

2.4.4 Grain size distribution

The typical grain size distribution curves for the bed material of the Ganges River are shown in Figure
2.17. Variation of Dy, ranges from 0.8 to 0.20 mm. The fine sand grains of the Ganges are almost
uniform in distribution. Dimensionless grain sizes (D/Dy) are plotted against percent finer of the forty
samples in Figure 2.14. Figure 2.18 also shows the range of variation of other characteristic sizes of
the samples for a single value of Dy, (the function of the geometric standard deviation of the samples).
The average geometric standard deviation of the forty samples is 1.43 (Table 2.4). The average
geometric standard deviation of the bed material samples of the Jamuna River is 1.40 (RPT et al.,
1987), which is quite similar to the geometric standard deviation found by present analysis for the
Ganges River.
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3 Bed material sampling in Old Brahmaputra River
3.1 Introduction

Bed material samples were collected on the Old Brahmaputra River from 10 to 19 August, 1994. The
sampling started at the confluence with the Upper Meghna River and ended at the off-take of the Old
Brahmaputra River from the Jamuna River. A total of 129 bed material samples were collected.
Analysis of these samples was done mainly on the basis of the findings on the Ganges River described
in the previous chapter. Unlike the Ganges River, the Old Brahmaputra River is a left bank
distributary of the Jamuna River. The discharge and sediment transport through the river were
dependent on opening the off-take on the Jamuna River. Moreover, the discharge through the river
was not the same on all the stretches of the river because of the presence of distributaries. The
distributaries downstream from Toke divert the main flow of the river through the Lakhya River. The
average water surface slope and planform of the river also vary from reach to reach. During the
analysis of the river bed material all of the above issues were considered.

Key river characteristics are briefly discussed in Chapter 3.2 followed by a discussion of bed material
sampling (Chapter 3.3) and data analysis and results (Chapter 3.4).

3.2 River characteristics

Approximately 200 years ago, the main flow of the Jamuna River passed through the present course
of the Old Brahmaputra River. At present, the Old Brahmaputra is a left bank distributary of the
Jamuna River. The off-take of the river is approximately 10 km upstream from Bahadurabad. This
off-take is not stable and changes when the left bank anabranch of the Jamuna River change in
importance (RSP Study Report 3, 1994). Figure 3.1 shows the opening of the river off-take in
September, 1994. At present the Jinjaram River, which is a left tributary of the Jamuna River, is the
main source of dry season flow. When the off-take of the Jamuna River is closed, the main source
of Old Brahmaputra flow is spilling water from the Jamuna River.

The mean annual flow gradually decreased from 1964 to 1991. The reduction was approximately 30
% during this period (RSP Study Report 3, 1994). The mean annual peak flow at Mymensingh was
approximately 3,100 m*/s; during 1988 the peak flow was approximately 4800 m*/s (BCEOM et al.,
1993).

The river length between the off-take of the Jamuna River and the confluence with the Upper Meghna
River was approximately 215 km. There were several small left bank distributaries. One of the main
distributaries, Jhenai River, takes off approximately at chainage 38 km downstream from the off-take.
This river flood water drained approximately 25 % of the Old Brahmaputra River flow during the
1988 flood (BCEOM et al., 1993). The outflowing discharge of the other small distributaries, such
as the Banar River or Bariara River, is not known. Another main distributary of the river is the
Lakhya River. Near Toke, the river bifurcates and main flow diverts through the Lakhya River. The
remaining 45 km of the Old Brahmaputra River carries a small fraction of the total discharge and
discharges into the Upper Meghna River downstream of Bhairab Bazar.

The slope of the river varies in the downstream direction from 8.4 cm/km near Jamalpur to 5.8
cm/km near Toke (BCEOM et al., 1993). The river meanders and has sinuous point bars. However,
upstream from the Jhenai River off-take there is active shifting in the channel bends (BCEOM et al.,
1993).
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3.3 Bed material sampling

Several bed material samples were collected by NEDECO (1967). The results of their analysis are
presented in Table 3.1. There is no other information regarding the previous Old Brahmaputra River
bed material samples.

Date of sample Grain size of bed material averaged over width
collection
D¢ (mm) D;s (mm) Dy, (mm) Dy, (mm)
20-02-1967 - 0.102 0.162 0.358
26-10-1967 0.079 0.109 0.144 0.307
Table 3.1 Grain size of Old Brahmaputra River bed materials (NEDECO, 1967)

RSP sampled bed materials of the river. The sampling procedures, instruments used. and the hydraulic
environment during the field work are presented below.

RSP bed material sampling

As mentioned earlier, 129 bed material samples were collected from the Old Brahmaputra River. The
sampling began on 10 August 1994 at the confluence of the Meghna River, downstream of Bhairab
Bazar, and ended on 19 August 1994 at the off-take of the river. Three bed material samples were
collected on each section of the river, one from the middle of a cross-section and the other two from
near the left and right banks, see Figures 3.3 to 3.10. The section interval was approximately 5 km.
The date, sample position, and grain size characteristics are presented in Table 3.2. Unlike the bed
material sampling in the Ganges River, the water depth at the location of the samples was not
measured.

Instruments
All of the samples were collected using a USBM 54 bed material sampler. A Global Positioning

System (GPS) was used to determine the sample locations. The accuracy of the GPS is about + 100
m. The procedure of the grain size analysis is the same as mentioned in Chapter 2.
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Characteristics of the bed materials of the Old Brahmaputra River

Table 3.2.a:
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Hydraulic environment

The average peak flow in the Jamuna River was approximately 67,000 m*/s over the last 25 years.
The 1994 hydrologic year was a dry year and the maximum discharge was only approximately 40.000
m’/s (Figure 3.11). In the Jamuna River, the discharge increased from 28,000 to 37,000 m*/s during
the sampling period, while in the Old Brahmaputra River, the discharge varied from 400 to 700 m/s
(Figure 3.12).

Flow in the Old Brahmaputra was estimated using 1993 discharge rating curves and water levels at
Mymensingh during the period of survey. The average flow during the sampling period was
approximately one-sixth of the average peak flow of the Old Brahmaputra River. The flow width
during the sampling period varied from 100 to 350 m depending on the stage and location. The
bankfull river width varied from 200 to 500 m (BCEOM et al., 1993). The flow width of the river
was approximately 60 % of its bankfull width during the sampling period, because the bankfull
discharge is much higher than 700 m’/s.

Availability of maps

The locations of the samples were measured by GPS and were traced on 1990 SPOT images, except
for the reach from 175 to 215 km, where no SPOT image was available. The Old Brahmaputra River
is a stable meandering river. However, it is likely that there were still changes in point bars and shifts
in meandering bends from 1990 to 1994 (Figure 3.3). Unlike the Ganges River, it was difficult to
locate the samples with respect to channel features such as thalwegs, bars, or banks.

3.4 Data analysis and results

The grain size distribution of the samples was determined in the RSP sediment laboratory. To
determine characteristics of the bed material and the spatial variation of grain sizes, the following
analyses were done:

. location of the bed material samples with respect to the planform of the river,
. relating to the water level slope, chainage and planform of the river,

. characteristics of the bed materials, and

. variation of grain size in downstream direction.

Results of the analyses are presented below:

3.4.1 Location of the bed material samples

Bed material sample positions on the 1990 planform of the river are shown in Figure 3.3 to 3.10. The
bed material samples were collected in closed intervals as the river narrows. The sample points are
sometimes outside the flow water, because of (i) the relatively higher stage at the time of the sampling
(in August), (ii) the limited accuracy of GPS, and (iii) the planform changes between 1990 and 1994.
Because SPOT images were not available in the downstream stretch of the river, the last 24 sample
locations are not shown. The bed material samples which contain more than 40 % silt and clay are
marked with thick circles in that figure. The samples with comparatively high silt contents were
located downstream of Toke, where the river bifurcates and the main flow diverts through the Lakhya
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River. Here, 24 of 30 bed material samples contained more than 40 % silt and clay. This suggests that
this reach was a deposition environment at the time of survey. The remaining 99 bed material samples
were collected upstream from Toke. Only 14 of these samples had more than 40 % percent silt and
clay. However, it was not possible to find the location of those samples due to lack of planform data:
it is not known whether they were collected from the lee side of a bar or where slack water prevails.

3.4.2 Relating the bed material sizes with the slope and planform of the river

The chainage starts at the off-take from the Jamuna River. Instead of following the river course, the
present chainage is the result of a cumulative addition of straight distances between two consecutive
bed material sampling sections. The Jamuna River is not stable and causes erosion and deposition,
resulting in yearly shifts of the chainage. The Old Brahmaputra River is a mainly meandering river.
In the upstream part, a 25 km long stretch has large point bars with chute channels at the meandering
bends. In this part of the river, several channels exist and its planform indicates that it is a braided
river. The rest of the river can be considered as a single thread meandering river. The average slope
of the upstream stretches is higher than for the rest of the river, see Table 3.3.

Location Length of river Slope Sinuosity
reach (km) (cm/km)
Offtake-Jamalpur 48 8.4 1.20
Jamalpur-Mymensingh 62 7.4 1.24
Mymensingh- Toke 70 5.8 1.30
Table 3.3 Slope and sinuosity of the Old Brahmaputra River (BCEOM et al., 1993)

The median grain size along the chainage in the downstream direction is shown in Figure 3.13. The
planform and the slope of the river stretches are also indicated. There was a random variation in the
median grain size Dy, in the downstream direction. The median grain size Dy, ranged from 0.005 to
0.4 mm. The grain size 38 km upstream of the Jhenai River Off-take was somewhat uniform, varying
from 0.05 to 0.2 mm. Downstream from this point, the median grain size varied in a periodic manner.
Downstream of Toke, the bed materials were finer. No relation between the grain size Dy, and the
planform and the slope of the river has been observed.

3.4.3 Characteristics of the bed materials

The typical grain size distribution curves for a few samples of the Old Brahmaputra River is shown
in Figure 3.14. The minimum Dy, found from the present analysis is 0.005 mm, and the maximum
D, is 0.356 mm. The range of variation of the bed material sizes is approximately seventy folds. The
size of the Old Brahmaputra River bed material varies widely. The sample percentages of silt and clay
influenced the characteristic Dy, sizes (Figure 3.15). On the other hand, the geometric standard
deviations were quite uniform in sandy samples and varied from 1.4 to 2. Beyond this range, the
geometric standard deviation was random and the highest value was approximately 9.

As mentioned earlier it was not possible to locate samples relative to channel features. Like it was the
case for the Ganges River, those Old Brahmaputra River samples that contained less than 40 % silt
and clay can be considered as representative for sediment predictors. The average grain size
characteristics of the samples are presented in Table 3.4.
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Sample type No. of Avg. weight percent Dy Dy Dy Geometric
sample (mm) (mm) (mm) standard
Silt & clay sand deviation
All 129 28.80 71.20 0.08 0.14 0.25 2.05
<40 % silt and clay 91 6.40 93.60 0.1 0.18 0.31 1.8
>40 % silt and clay 38 82.5 17.50 0.01 0.03 0.08 2.9
Table 3.4 Average characteristics grain sizes of the bed material samples

The average D, of the bed material samples with less than 40 % silt and clay was 0.18 mm, which
1s coarser than that of the Ganges River. The average geometric standard deviation was approximately
1.8. The samples were less uniformly distributed than those from the Ganges River.

3.4.4 Grain size variation in a downstream direction

The average D, Dy, and Dy, of a cross-section has been plotted against the chainage in a downstream
direction (Figure 3.17). Only the samples containing less than 40 % silt and clay were selected, so
that the variation of grain size (of the sand fraction) in the downstream direction could be examined.
There was a trend of coarsening in the downstream direction, which was an unexpected result. Figure
3.18 is the five-point moving average Dj, plotted in the downstream direction. The five-point average
was used to lessen the uncertainties of collecting representative bed samples. The moving average
shows that in the uppermost 100 km of the river, the grain size was not highly variable. However.
after Mymensingh, the grains gradually coarsen from 0.15 to 0.25 mm. They then gradually return
to the original size of the upstream part of the river (near the 150 km chainage). This pattern of grain
size variation cannot be fully explained, and this issue demands more attention, considering aspects
such as the sub soil, the aggradation trend associated with tectonic movement, and based on a repeated
sampling during the lean season.

The average bed material grain size in the Jamuna River at Bahadurabad was approximately 0.20 mm.
The off-take of the Old Brahmaputra is about 10 km upstream from Bahadurabad. However. the
average Dy, in the upstream most 40 km of the river was less than 0.14 mm. This indicates two
possible processes: (1) the size of sediments that enter through the off-take of Brahmaputra River is
controlled by opening of the off-take, (2) the bed material of the Jinjaram River has a significant
influence on the bed material size of the Old Brahmaputra River. The contribution of the J injaram
River discharge and sediment transport probably becomes significant in a dry year such as 1994
because of less spilling over the off-take.
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. Bed material sampling in Jamuna River
4.1 Introduction

RSP collected a number of bed material samples in the Jamuna River during routine gauging surveys
from February to November 1993. After this time, bed material samples were no longer collected
during the routine gauging surveys. The collection of bed material samples were concentrated mainly
at Bahadurabad and Sirajganj. During the collection of the bed material samples, the water depth at
the sampling location and the depth averaged flow velocity of the verticals near these sampling
locations were measured. In addition, three bathymetric surveys were conducted at Bahadurabad
during the sampling period. These surveys provided more insight about the sorting processes of bed
material in the river system.

In addition to routine gauging surveys a number of bed material samples were collected during a
special RSP survey to determine the mineralogical and physical properties of river sediments, and
different other special surveys also included collection of a few bed material samples. The procedure
of collecting bed materials during routine gauging are partly different from that of study surveys. For
example, when the bed material samples were collected for analysis of physical properties, depth and
velocity were not measured. In different study surveys, however, bed material samples were collected
for different purposes. Thus the data collected during sampling were dependent on the purpose of the
survey. Because the bed material data collection was always the same during the routine gauging in
1993, only these data were analyzed.

In the following analysis, the general tendencies in the grain sizes of the bed material are investigated,
as well as the spatial variation of the grain sizes as a function of the flow velocities. In addition, some
assumptions made in the analysis for the Ganges River are verified; one example is to regard the
samples with more than 40 % silt and clay as a fine sample, and to define the environment of the
location of those samples as a depositioning environment.

The set-up of the previous and present bed material sampling is discussed in Sections 4.2 and 4.3,
respectively. The analysis and results are presented in Section 4.4.

4.2 Previous bed material sampling

During the survey of inland waterways and ports (1963-67), about 15 bed material samples from the
Jamuna River were collected and analyzed (NEDECO, 1967). From the grain size distributions, Dy,
was determined; the value ranges from 0.05 to 0.33 mm. No further details were reported. During
the appraisal study for the Jamuna Multipurpose Bridge (RPT et al. 1987), an inventory was prepared
of existing soil sample data from Chilmari to Aricha for the period of 1965 to 1977. This inventory
and the result of the analysis were also summarised in RSP Study Report 3 (1994). Average
characteristic grain sizes and geometric standard deviations of those samples are presented in Table
4.1.

Location D,, (mm) Dy, (mm) Dy, (mm) Geometric std.
deviation
Chilmari 0.157 0.231 0.306 1.40
Sirajgan) 0.106 0.188 0.250
Nagarbari 0.109 0.169 0.225 1.44
Table 4.1 Average characteristic grain sizes of the bed material of the Jamuna River collected from 1965 1o 1977
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The information in Table 4.1 is based on data presented by RPT et al. (1987); bed material data
collected by NEDECO (1967) are not included. The table shows a gradual downstream fining of the
bed material in the Jamuna River and an almost constant geometric standard deviation.

In addition to the aforementioned bed material samples, the Brahmaputra Right Embankment Project
collected 95 bed material samples from a test area downstream of Sirajganj in July and November
1990. The mean diameter was 0.15 mm, and the geometric standard deviation was 2.8. In comparison
with the previous data Dy, is smaller and the geometric standard deviation is larger. The reason for
this variation is probably that a number of fine samples were included in the analysis. No further
information on the analysis is available.

4.3  Present bed material sampling
4.3.1 Bed material samples

A total of 138 bed material samples were collected during routine gauging surveys from the Jamuna
River: 104 from Bahadurabad and 34 from Sirajganj (Tables 4.2 and 4.3). These samples were
collected in 1993. No bed material samples were collected during routine gauging surveys after
November 1993,

4.3.1 Sampling procedure

The present analysis of the bed material samples in the Jamuna River was based exclusively on the
bed material samples collected during routine gauging surveys. During these surveys, the discharge
and sediment transport in a cross-section of the river were measured. The discharge was measured by
the Acoustic Doppler Current Profiler (ADCP) and Electromagnetic Flow Meter (EMF) using a
moving boat method. During discharge measurement, the shape of the river bed cross-section was
measured using an echosounder mounted on the survey vessel. The sediment gauging was performed
in a number of verticals on the cross-section where stationary ADCP and S4 flow velocity profiles
were recorded. Bed material samples were often collected near the verticals of sediment gauging.

4.3.2 Sampling locations

RSP routine gauging surveys were concentrated at Bahadurabad and Sirajganj on the Jamuna River
(Figure 4.1). The routine gauging survey transects were usually selected on the basis of suitability for
navigation to cover the maximum part of a channel section. Therefore, the position of these transects
changed with the season depending on the suitability of the discharge measurement. The positions of
the transects from which the bed material samples were collected are shown on the 1993 tracing of
SPOT images (Figures 4.2 and 4.3). In each transect, between 6 and 14 samples were taken in the
main channels. In the smaller channels, 3 to 6 samples were taken. Sometimes 2 samples in the same
vertical were collected to see the consistency of the sampler and to obtain an impression about the
variation of the grain sizes within a very short variation of space and time. For each vertical. the
Easting and Northing were determined to fix the location.

4.3.3 Instruments

All the Jamuna River samples were collected by the Van Veen grab sampler. The position of the bed
material in a channel section was measured by the Differential Global Positioning System (DGPS).
The depths at which the bed material samples were collected were measured by echosounder relative
to the actual water level. The reading of a nearby water level gauge was used to determine the river
bed elevation at the sampling location in m+PWD.

The analyses of the grain sizes of the bed materials were performed in the RSP sediment laboratory
by the same procedure as described in previous chapters.
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4.4 Data analysis and results

The data analysis mainly concentrated on locating the bed material samples, the characteristics of the
bed materials, and relating the grain sorting to the flow velocity, the water depth, the planform, and
in the downstream direction. Results of the analysis are presented below:

4.4.1 Location of the samples

The transect locations from which the samples were collected are shown in the 1993 SPOT image
tracing (Figures 4.2 and 4.3). The sites on the Jamuna River were spread across stretches of a few
kilometres up and downstream of two locations. Samples were collected during routine measurements
and could be located in the corresponding cross-sections with depth average flow velocity (Figures 4.4
to 4.20). The transect depth average velocity (Figures 4.4 to 4.20) was not necessarily the same as
the vertical flow velocity from which the bed material samples were collected because of time and
space lags between the transect measurements and the measurement at the verticals. Therefore, the
flow velocity measured during vertical profiling was used to compare bed material sizes with the depth
average flow velocity.

RSP performed three bathymetric surveys in the left channel of the Jamuna River at Bahadurabad from
June to November 1993. The location of bed material samples collected on 20 August 1993 are shown
on the August-September 1993 bathymetric survey, and the location of bed material samples collected
on 31 October 1993 are shown on the bathymetric survey of November 1993 (Figures 4.21 and 4.22).
It appeared that the bed material samples collected at the head and both side of bars were coarser than
other samples collected during the same routine gauging survey. This may have been due to the fact
that coarser bed materials more likely occur at the front part of a bar in a braided river (Parker 1991).

4.4.2 Characteristic grain sizes

Samples from the Jamuna River contained little silt in comparison with the other rivers. Of the 104
samples from Bahadurabad, only six had more than 40 percent silt and clay; of the 34 samples from
Sirajganj, only three had more than 40 percent silt and clay (Table 4.4). This was probably due to the
fact that routine gauging transects were usually selected in active flow sections of the river.

Location Sample No. of Percent by Dy Dy, Dgy Geometric
type samples weight (mm) | (mm) | (mm) standard
deviation
Silt Sand
Bahadurabad | All 104 73 92.7 | 0.122 | 0.187 | 0.277 1.55
<40 % silt 98 3.1 96.9 | 0.129 | 0.196 | 0.291 1.52
>40 % silt 6 76.4 | 23.6 | 0.016 | 0.035 | 0.054 1.95
Sirajgan) All 34 73 92.7 | 0.117 | 0.179 | 0.269 1.57
<40 % silt 31 33 96.7 | 0.125 | 0.189 | 0.285 1.55
>40 % silt 3 49.0 | 51.0 | 0.034 065 0.105 .97
Table 4.4 Characteristic grain sizes of bed material samples from the Jamuna River
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The characteristic grain sizes of bed materials taken from the two locations on the Jamuna River are
shown in Table 4.4. The median grain sizes Dy, (<40 % silt and clay) found from the present analysis
is very close to what was found by the Jamuna Bridge Study (RPT et al. 1987) at Sirajganj, while the
geometric standard deviation is slightly higher. Unfortunately, there were no previous bed material
samples from Bahadurabad with which to compare the results.

The downstream fining rate of the bed samples (<40 % silt and clay) is 0.01 mm per 100 km, which
is much less than found by the Jamuna Bridge Study, 0.04 mm per 100 km. To determine the
downstream fining rate RPT et al. (1987) used the sampling locations Chilmari, Sirajganj and
Nagarbari, while the present results are based on the average Dy, at Bahadurabad and Sirajganj. The
deviation is probably due to measuring uncertainties and both studies choosing only a few locations.

The relation between the geometric standard deviation and D, along with silt and clay percentages.
is presented in Figures 4.23 to 4.26. The variation of Dy, and the percentages of silt shows the
tendency that a silt content above 10 % implies a Dy, below 0.1 mm. The demarcation with respect
to geometric standard deviation is 10 % of the silt content (as compared with 40 % in the other
rivers).

4.4.3 Relating D, to velocity and depth

The relation between Dy, and the flow velocity and depth of the samples is shown in Figures 4.27 and
4.30. Apparently there was no relation between the median grain sizes and the flow velocity and the
depth of the sampling location. If the routinely-measured samples collected in February and March,
1993, are analysed separately, the median grain size shows an increasing relation with the flow
velocity (Figure 4.31). Although it was difficult to determine a relation between the two, it was
indicated that a type of grain sorting occurred due to mobile armouring or sediment erosion and
deposition processes in the river bed. During the lean season, enough time was available to adjust the
bed material to the flow field.

4.4.4 Relation between the flow velocity and silt and clay percentages

Some samples of the Ganges and Old Brahmaputra Rivers were found to contain more than 40 percent
silt and clay. These high percentages are attributed to the depositioning environment in the river bed.
The relation between the velocity and the silt and clay percentages of the Jamuna River are shown in
Figure 4.32 for the Bahadurabad and Sirajganj locations. It is interesting to note that only when the
flow velocity range fell below 0.4 m/s did the samples contain more than 40 percent silt and clay.
However, some samples contained much less silt and clay in the low flow velocity ranges. This
suggests that high percentages of silt and clay were possible only at low velocity ranges, but that the
silt content probably depended also on other aspects, such as the upstream supply of silt and clay.

4.4.5 Relation to erosion of the river bed

Peters (1994) indicated that coarser grains were likely to occur in bed load in eroding river beds due
to selective transport. An attempt was made to examine the influence of erosion on material size. On
20 August 1993 one transect with an eroding and deposition bed was selected and a number of samples
was collected. The eroding area extended from 2000 to 2600 m, and the deposition area from 1400
to 2000 m, see Figure 4.33. The changes of the river bed were detected by comparing with the routine
gauging transect of 9 September 1993, measured almost at the same alignment. The average Dy, of
the eroding bed material was 0.17 mm, but the average Dy, of the four samples around the eroding

(a0
o
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bed was 0.22 mm (Figure 4.33), indicating that the bed material at the eroding bed was not coarser
than the bed material from the other location.

4.4.6 Seasonal variation of average grain sizes

The characteristics of bed materials were primarily determined by the geology of the upstream basin,
characteristics of the upstream tributaries, and the river itself. During the monsoon, the contribution
of the different tributaries may create a time lag in the grain size variation, while during the lean
period the river bed itself was probably the main source of bed material.

Samples collected from February to November 1993 in six routine gauging surveys were used to
examine the seasonal variation. Helley-Smith samples were used for bed load transport measurements.
The average size of Helley-Smith samples is generally a bit coarser than the bed material samples. The
six surveys produced an inadequate number of samples to demonstrate the relation, so the average Dy,
of the Helley-Smith samples in a transect was used to fill in gaps (Figure 4.34 and 4.35). It was clear
that the average median grain size varied from measurement to measurement, but no particular
seasonal variation trend was observed from this analysis.

4.4.7 Skewness of the grain size distribution
Skewness is an indicator of the size distribution, expressing whether the distribution is normal, or

skewed in the positive or negative direction. The skewness of a grain size distribution can be
expressed as :

(Dgy~Dsy) ~(Dsy-D ) (4.1)
(D907D10)

Skewness =

Where Dy, Dy, and D, are the characteristics grain sizes.

When determining the skewness, Dy, and D, were used instead of Dy, and D, as these characteristic
sizes were the only ones available in the RSP data base (PSD24). Probably because of this
substitution, the value of skewness did not vary significantly.

The relation between skewness and Dy, of the samples from Bahadurabad and Sirajganj are shown in
Figure 4.36. The skewness variation shows a periodic oscillation, and both places had the same peak
Dy, values. The RSP sediment laboratory used the standard mesh *2-series’ for grain size analysis. The
standard sieve openings are 2 mm, 1 mm, 0.5 mm, 0.25 mm, 0.125 mm, and 0.063 mm.
Characteristic grain sizes were estimated from linear interpolation of the logarithm of the sieve
openings, and from the percentages of grain that passed through or were retained by the sieve. The
sand fractions of most Bangladeshi rivers vary from 0.063 to 0.40 mm, and only the 0.25 mm and
0.125 mm sieves fell within this range. hereby, the estimated characteristic grain sizes were biased,
and this probably accounts for the periodic skewness variation of the median grain size.

The analysis showed that the standard sieve used in the RSP laboratory was not suitable for
determining the skewness of grain distribution for fine uniformly distributed sands like those found
in the main rivers of Bangladesh. More densely spaced standard sieves could eliminate the
inconsistency of the standard "2 series’ sieve.
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5 Discussion
5.1 General

Although a river is characterised by its average grain size and gradation of the bed materials, it was
observed from the analysis that within a river, the characteristics of the bed material vary widely. The
percentage of silt and clay in a sample, the median grain size (Dy;), and the geometric standard
deviation of the bed material sample, differs from one sample to the other within the variation of space
and time. The significance of the processes of these types of variation and comparison of the
characteristics of the bed material between the different rivers are discussed in this chapter.

5.2 The presence of silt and clay in the samples

For a sand bed river, a grain size of 0.063 m is considered the demarcation point between bed
material transport and wash load transport. Simon et al. (1977) suggested that when choosing a bed
material size, sediment finer than D, could be considered the dividing size between wash load and
bed load. According to Simon, if the demarcation line is 0.063 m, then a bed material sample that
contains up to 10 percent silt could be considered representative for sediment predictors. During the
present analysis, samples having less than 40 % silt and clay are considered as relevant for
morphological studies, and for sediment and roughness predictors. This can be justified by the
following rationale:

Analysis of the bed materials of the Ganges River showed that three types of river bed environments
are apparent (Chapter 2). In an active river bed, generally the bed material is coarser, and samples
are expected to contain less than 40 % percent of silt and clay. The analysis of the Jamuna River
supports this observation, as it was found that fine bed material samples (with more than 40 % silt
and clay) only occurred in a very low flow environment. As the major changes of the river occur
during its higher flow stages, the bed materials that are likely to occur at such flow condition are
probably the relevant ones for studying the river morphology. The particular aspects of the river
morphology, such as river bed roughness, adaptation of the river bed, bank erosion, and sediment
transport capacity, are related to the size and gradation of the material which is available in the active
river bed.

This does not mean that the fine bed materials (>40 % silt and clay) do not have any significance in
river morphology. However, the characteristics of the fine sediments, such as chemical and
mineralogical properties which determine the consolidation capacity of the deposited sediment, are
beyond the scope of this study.

5.3 Characteristics of grain sizes and downstream fining rate
The median grain size Dy, the geometric standard deviation, and the downstream fining rate of the

bed material samples (<40 % silt and clay) of the Ganges, Old Brahmaputra and Jamuna Rivers are
compared in Table 5.1.
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River Dy Geometric standard Downstream fining rate
(mm) deviation (mm/100 km)
Ganges 0.14 1.4 0.025
Old Brahmaputra 0.18 1.8
Jamuna Bahadurabad 0.19 1:52 0.01
Sirajganj 0.20 1.55
Table 5.1 The average Dy, geometric standard deviation and downstream fining rate of the bed material samples

(<40 % silt and clay)

The bed material samples of the Ganges River are finer and more uniformly distributed than that of
the other two rivers. On the other hand, the bed material of the Old Brahmaputra River is less
uniform. although the main source of the material of this river is the Jamuna River, indicating the
grain sorting within the river system.

The downstream fining rate of the Ganges River is 0.025 mm/100 km, which is higher than that of
the Jamuna River, 0.01 mm/100 km. This variation may be due to the mineralogical composition of
the bed materials, to selective transport processes in the river or to the inconsistencies in measuring
the bed materials. The grain size variation in the downstream direction of samples of the Old

Brahmaputra River shows a quite different character, which is unusual and needs further studies for
exploration.

5.4  Spatial variation of grain sizes

Parker (1991) studied the grain sorting processes in a gravel bed river, which involves the following
processes and effects:

. Armouring: Both static armour that impedes the transport and mobile armour that temporarily
coarsen the surface;

Beds forming structures such as dunes;

Secondary flow cells;

Sorting in meandering bends;

Sorting in braided streams, including accretion of coarser material at the bar head; and
Downstream fining due to selective sorting or abrasion.

Grain sorting that occur in meandering bends and due to secondary flow cells could not be examined

from the present bed material samples due lack of (secondary) flow data and sufficient bed material
samples in well-defined meandering bends.

This study analyzed the grain size variation in relation to the primary flow velocity for the bed
material samples of the Jamuna river. No distinct processes were observed, but still, two probable
tendencies can be observed from the analysis: The grain size increased (lean season data) with an
increase in velocity (Figure 4.31), and the variation range of Dy, narrowed with an increased velocity
(Figures 4.27 and 4.28). The first observation indicates that some sort of grain sorting process
occurred during the lean season, where the prevailing flow direction and magnitude (0-1.2 m/s) were
sustained for a long period. The second observation indicates that grains mix better during high-flow
conditions than during low-flow conditions. These findings suggest that for fine sand, a grain sorting
process is possible within certain limits. In addition, grain mixing occurred with higher ranges of
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velocity, where bedform movements extended to a considerable higher depth. These observations are
based on only a few lean season samples, and further data are needed for a verification.

In a braided river, coarser grains were likely to be found at the head of a bar (Figures 4.21 and 4.22)
No extra samples were taken at other locations on braided rivers, such as at the front and lee side ot
the bar. It would be difficult to conclude on the grain sorting processes prevailing at or on the side
of the bar. because the examples presented in Figures 4.21 and 4.22 did not show a distinct pattern.

6 Conclusions

From the analysis of the bed material samples of the Ganges, Old Brahmaputra and Jamuna Rivers,
the following conclusions were drawn:

. The bed material samples of these three rivers are almost uniformly distributed fine sand. The
average Dy, of the samples (with less than 40 % silt and clay) of the Ganges River is 0.14
mm., 0.18 mm in the Old Brahmaputra River, 0.20 mm in the Jamuna River at Bahadurabad,
and 0.19 mm at Sirajganj. The geometric standard deviation of the samples varies from 1.4
to 1.8.

o The silt and clay content in a bed material sample varies from 0 to 100 percent. A comparison
with the current velocity suggests that the presence of more than 40 % silt and clay in bed
material samples is possible only in low flow velocity areas. and that in an active river bed,
the presence of silt and clay in a sample is less than 40 %. The silty samples are likely in
depositing areas and the average Dy, of finer samples (with more than 40 % silt and clay)
depends on the characteristics of the area.

. The downstream fining rate of bed materials of the Ganges River is 0.025 mm/100 km, and
in the Jamuna River it is 0.01 mm/100 km. The difference between the two rivers is probably
due to the variation of mineralogical composition of the sediments, or to selective transport
processes in the rivers, or to inconsistencies in measurement.

e Neither distinct grain sorting processes in the transverse direction nor a seasonal variation of
the grain size were identified.

7 Recommendations

On the basis of the analysis, the following recommendations can be made for a further understanding,
especially regarding the grain sorting processes in the river system:

o The observation of increasing grain sizes with an increasing primary velocity for the lean
season data needs further elaboration with inclusion of more lean season data.

. Instead of fining in the downstream direction, the bed material samples of the Old
Brahmaputra River was showing a coarsening trend at certain stretches of the river, which
demands further investigation on the sub-soil, the river bed aggradation associated with
tectonic movements, and additional bed material sampling in that river.

o The presently used standard '2 series’ sieve is not suitable for fine, uniformly distributed sand,
like the bed materials of the main rivers of Bangladesh. Therefore, more densely spaced
standard sieves should be used for grain size analysis.
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