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Executive summary

In this report a quantitative assessment of the impact of the implementation of FAP on
the main river system is made. The assessment is limited to the hydraulic and
morphological impact. Whether or not a certain development is acceptable or even
preferable from environmental or socio-economic point of view is not studied here.

The assessment is done on the basis of the present knowledge of the main river system
of Bangladesh as laid down in two FAP 24 reports, notably Study Report 1 (Selection
of Study Topics Phase 2) and Study Report 3 (Morphological Studies Phase 1), and on
the results of the hydraulic simulations carried out by FAP 25, in particular Annex 2 of
the Main Report (Analysis of country-wide protection schemes).

The assessment was done in some subsequent stages. Firstly the results presented in
FAP 25 were analysed as far as changes in discharges in the main rivers were concerned.
Then the so-called Lane’s balance was applied to assess the ultimate conditions in the
main rivers. Next the intermediate conditions were assessed in a qualitative way.
Finally the impact on the distributaries was estimated, together with the possible feedback
on the main rivers.

The results demonstrate that the initial increase in stages in some rivers (in particular the
Padma, Jamuna and Ganges Rivers) will in due time probably change to a reduction in
stages. Rough estimate indicate degradation and lowering of stages of more than 0.6 m,
for most of the main rivers apart from the Upper and Lower Meghna Rivers. This
degradation will only materialize fully after 50 to 100 years or more. An important
finding of the present assessment is that the assessment for the distributaries cannot be
fully done in a deterministic way. The development of the distributaries is at least partly
determined by phenomena which are varying in time, hence the period and sequence of
implementation of the various projects may be important. The present assessment
supports the selection of study topics as proposed by FAP 24 and underlines the need to
improve the understanding of the behaviour of off-takes.

Finally it is remarked that the present assessment is a very preliminary one only. It
should be followed by more detailed assessments in due time, in which also the sequence
of projects and possible adaptations should be studied as part of the development of a
well-balanced FAP.

Impact Assessment Phase | Executive Summary
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Notation
Meaning

Channel width

Chezy’s roughness parameter

Bed material size

Median Particle diameter

Acceleration due to gravity

Average water depth

River slope

Valley slope

Number of parallel channels of a braided river
Length of river reach

Coefficient in simplified sediment transport formula

Power of velocity in simplified sediment transport equation
Sinuosity, power of particle diameter in simplified sediment

transport equation

River discharge

Bank full discharge

Hydraulic radius

Sediment transport

Total sediment transport per unit width
Bed load per unit width

Time coordinate

Flow velocity

Sediment transport integrated over the year
Longitudinal coordinate

Bed level

Correction for variability of the discharges in a river
Density of water

Relative Density

Porosity

Ripple factor

Effective dimensionless shear stress

bank-full
original situation (present state)
changed value (after FAP implementation)

(n¥)
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1 Introduction

1.1 Rationale

In the Terms of Reference of FAP 24 it is stated that in phase 1 of the project "a
preliminary assessment of the morphological characteristics of the rivers, their
shifting characteristics and expected response in qualitative terms as different
components of the FAP are implemented" has to be made. In the present report
this qualitative assessment is presented.

1.2 Phase 2 activities

In the Terms of Reference an indication is given of "the Possible studies that the
Consultants may be requested to undertake" for phase 2 and one of the items
mentioned specifically there is "a quantitative assessment and evaluation of river
response with respect to implementation of various FAP projects". Since the
awarding of the contract and in particular during the Workshop on Alluvial Rivers
that was held in Dhaka last November, it has become clear that most probably the
phase 2 activities related to the impact assessment will be transferred to a new
project. Hence the present report could be the only report dealing with impact
assessment to be published by FAP 24.

1.3  Relation to other phase 1 activities

Under phase 1 of FAP 24 an assessment of the morphological characteristics of
the main river system in Bangladesh was made (see Study Report 1 "Selection of
Phase 2 study topics"). Furthermore a more extensive analysis of existing data
on the morphological characteristics of the main rivers and the distributaries is
provided in Study Report 3("Morphological Studies Phase 1"). Here it is
assumed that the reader is familiar with the relevant parts of the contents of these
reports.

1.4  Approach

The approach taken here is to accept the results of the analysis by FAP 25 as far
as the impact of FAP on hydraulic conditions is concerned. Hence Annex 2 of
the FAP 25 Flood Hydrology Study is used here as a basis.

Regarding the morphological changes, which result again in changes of discharges
and stages, a distinction is made between the ultimate effects and the intermediate
effects. The ultimate effects relate to a new equilibrium condition and they will
be approached after a long time only. Preliminary estimates on the basis of a 1-
dimensional morphological model investigation under the Jamuna Bridge Study
(see RPT et al, 1990) indicate that bed degradation and aggradation for the main
rivers in Bangladesh due to local changes in the system have a time scale in the
order of 50 to 100 years. Changes in plan-form probably have a time scale in the
scale of several centuries. This means that only after a fairly long period a new
equilibrium will have established. Inrermediate effects are related to the transition
between the present conditions and the new equilibrium. Hence these are of more

Impact Assessment Phase [ Introduction Page-1.1
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interest for the coming decades. Ultimate conditions can be determined using
Lane’s balance (see Annexure 2), in combination with estimates of changes in
width and plan-form (number of channels and sinuosity). Intermediate conditions
are usually assessed using 1-dimensional morphological models, but here, only
some qualitative considerations are given.

Because of the complexity of the system (several bifurcations and confluences),
the estimate for the future equilibrium conditions is done in some steps. First
estimates are made of the impact of the hydraulic changes on the ultimate slopes
of the main rivers using an improved Lane’s balance and (in a second step) the
consequences for the water and sediment distribution at the main offtakes are
assessed. Then also the possible effects on the distributaries are estimated. In
first instance the analysis is limited to the ultimate effects, but subsequently also
the intermediate effects are indicated. The assessment is completed with a
discussion of some elements that can not easily be included in even a qualitative
assessment : changes in width and plan-form. Also the possible impact in relation
to natural developments are reviewed in the discussion.

1.5  Accuracy of assessment

It should be stressed here that the qualitative assessment made in this report is
indeed only a very first estimate to assess the impact of FAP on the river system.
This is so for a number of reasons. First of all the understanding regarding the
river system, the interaction between the different reaches and the importance of
overland flow is still very meagre. This limits the possibilities for making
predictions.

Another and even more serious drawback is that more future "equilibrium”
conditions may be possible. In that case, the one that will finally materialize
depends fully on the intermediate conditions. This can be illustrated by
considering the role of the distributaries in the system. If during the intermediate
conditions the stages near bifurcations are for some decades larger than they used
to be and if at the same time less sediment is entering (e.g. due to a favourable
local plan-form), the dying of the distributaries (which was observed in Study
Report 1) may be reversed to a distributary increasing in importance again. The
same holds for human interference; owing to the implementation of remedial
measures, it is possible that the system develops in a slightly different direction.
This should be taken into account when evaluating the present assessment of FAP.

Impact Assessment Phase | Introduction Page-1.2
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2 Frame-work for analysis

2.1 Systems approach

In line with the approach adopted in Study Report 1, here the main river system
of Bangladesh is considered as a progress-response system. A process-response
system consists of a cascade system, in which water and sediment are cascading
downstream and a number of morphological systems. Here these morphological
systems are river reaches. These reaches are mutually connected at bifurcation
and/or confluences may be split up in more reaches if there is a substantial
change in flows, yearly sediment transport or particle diameters. The morphology
(the "form" of rivers, hence the river characteristics) of river reaches is
determined by the flows they carry, the yearly volume of sediment transport and
its size characteristics and conditions (clayey outcrops, previous plan-form and
channel conditions, if the river is still adjusting to new conditions).

2.2 Application of Lane’s balance for ultimate conditions

The approach adopted here for the qualitative assessment of the ultimate
conditions by the application of Lane’s balance. This balance, proposed by Lane
(1955), is applicable for the ultimate equilibrium conditions in a river. In an
adapted form (see Klaassen, 1994 and Annexure 2) for a system with one channel
this balance reads :

n-3

VDPB ™ :: a,Q

ls
wiy

(2.1)

w

i

where V = yearly sediment transport, D = particle size, B = width of river, Qg
= coefficient related to the deviation of the discharges in the river from the
average discharge conditions, Q = average discharges in the river, and i = slope
of the river. The coefficients p and n are representative for the sensitivity of the
sediment transport for changes in the velocity and the particle size respectively,
where it is assumed that :

where s = sediment transport per unit width and u = average flow velocity. The
values of p and n officially still have to be assessed for the various rivers in
Bangladesh. It was demonstrated in e.g. Klaassen et al (1988), that the Engelund-
Hansen sediment transport predictor holds with some minor adjustments for the
Jamuna River. For the time being it is assumed that for all the main rivers in
Bangladesh this predictor gives a fair estimate. Hence, as is demonstrated in
Annexure 1, p = 1 and n = 5. The value of m, is not relevant when
comparisons between equilibrium conditions are made.

The response of a river system to changes in e.g. the flow rates in the river,
supposing that all the other factors remain the same, can be determined with
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NP

Lane’s balance. As is shown in Annexure 2, it holds that for a change of Q, to
Q, the slope of the river changes according to :

3y _ G

s | 2.3
i, "o (2.3)

If also the width of the river may change, e.g. according to a regime relation (B
:: Q%%), then the above Equation (2.3) transforms to :

Ay, -(&)nz_ﬁ (2.4)
1, Q,

This implies in most cases a less serious increase of the ultimate slope of the
river, as (for n > 3) the power of Equation (2.4) is less than that of Equation
(2.3). Similar relations can be derived for the diversion of water, e.g. for the
case a distributary is starting to take more water than before. Lane’s balance is
used here to make a quantitative assessment of the impact of FAP.

Although the application of Lane’s balance has some limitations, it is felt that the
results will be fair when applied to the main rivers. For the distributaries it holds
however that they are much more dependent on the intermediate conditions (see
hereafter) and on the water and sediment distribution at the offtakes (see Section
3.4).

2.3 Intermediate changes

Intermediate changes are changes that occur in the period of transition (until a
new equilibrium has established). These changes relate to (i) changes in bed
levels and (ii) changes in width and plan-form. As outlined in Section 1.4, these
changes have usually different time scales. Hence it may be allowable to assume
that during at least the first decades of the transition period the plan-form
characteristics of the rivers are not adjusting too much. Hence the application of
a 1-dimensional approach may be acceptable for this first period. In this stage
the application of such a model does not seem warranted within the present
analysis, because as is indicated in the previous chapter the more quantitative
assessment of the FAP impact will probably be done within the frame-work of a
separate project. Hence here a more qualitative approach is used.

The approach taken here is that the results of the analysis by FAP 25 (as laid
down in FAP 25 (1993)) are accepted and on that basis the effect on the bed
levels and on the discharge and sediment distribution at the bifurcations are
assessed. The possible consequences for the development of the distributaries is
outlined and in a second step the possible impact on the main rivers is indicated.
The possible consequences for the final equilibrium are indicated subsequently
together with the effect on the equilibrium stages, discharges and bed levels.

Impact Assessment Phase [ Frame-work for Analysis Page-2.2
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In doing this it will be found that the present system may develop in different
directions, depending on the intermediate conditions. Hence it will be found that
it is impossible to indicate beyond any doubt the future state of the river system.
For more details on these aspects see Section 5.4 and the discussions in
Chapter 6.

2.4  Natural changes, effect of other developments and FAP impact

As is outlined in Study Report 1, there are strong indications that the main river
system of Bangladesh is still in an adjustment stage as a response to (1) the major
change in course of the Brahmaputra River some 200 years ago and possibly (2)
recent tectonic movements. Hence the possible impact of FAP will materialize in
combination with future adjustments of the river system.

As far as the different river reaches are concerned, the adjustment as a response
to natural changes can be summarized as follows :

0 The Jamuna River upstream of Sirajganj is still widening and possibly
moving in Western direction.

0 The plan-form of the Jamuna River South of Sirajganj is still widening and
possibly still becoming more braided (increasing braiding index = average
number of parallel channels).

o The Padma River near Mawa appears to be constricted (due to clay out-
crops ?) and is possibly adjusting its width very slowly. In due time
(many centuries ?) its width may become comparable to the Jamuna River
(widening from the present 3 km as a minimum to 15 km 7, with a
related increase in slope (see Lane’s balance and Annexure 1).

0 The Upper Meghna River is in a process of adjustment from a braided
river to a meandering one.

0 Both the Old Brahmaputra and Dhaleswari River seem to loose
importance. It could be that in due time (and without human interference)
these distributaries are "dying".

Apart from adjustments to natural changes, also other developments may have
their effect on the behaviour of the main river system of Bangladesh. These
developments, mostly related to human interference with the river and changes
in the catchment (also as consequence of human activities) amongst others are:

0 Deforestation in the catchment (and more generally changes in land use)
that could result in more sediment production and higher flood waves.

o Embankments in the Indian parts of the catchment.

o Major water diversions.

Impact Assessment Phase | Frame-work for Analysis Page-2.3
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e

0 Sea level rise.

It is worthwhile to note that already some exploring computations regarding the
effect of such changes were done under both Jamuna Bridge Study (RPT et al,
1990) and within the frame-work of FAP 1. Although not done here, it is
possible to include the outcomes of these exploring studies in an analysis of
possible future directions in which the riverine conditions may go. In this respect
it was found that the non-linearity of the describing system of equations plays a
minor role only, hence that the effect of e.g. sea level rise for a first assessment
can simply be added to the outcome of the present analysis. This holds only for
aggradation and degradation; width and plan-form changes are much more
complex and need special attention in a later stage.

The impact of FAP implementation will be noticeable as superimposed on these
"natural” adjustments, which can only be assessed roughly as they belong to
almost unpredictable natural behaviour and to developments which can not be
foreseen. This makes it more difficult to make estimates of the real future
development and subsequent changes in stages, discharges and bed levels in the
different branches of the main river system.

Impact Assessment Phase I Frame-work for Analysis Page-2.4
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3. Main river system of Bangladesh
3.1 General

In Study Report 1 an extensive description of the river system of Bangladesh is
included. It is assumed that the reader is familiar with this description and hence
with the main river characteristics. The main river system in Bangladesh consists
of the lower reaches of the three large rivers that enter into the Bay of Bengal via
Bangladesh, notably the Brahmaputra River, the Ganges River and the Meghna
River. More specifically the following rivers are considered to belong to the
main river system in Bangladesh (see Figure 3.1) :

=1 = I = I = B > I = T = B = I =

Figure 3.1

Brahmaputra/Jamuna River,
Ganges River,

Upper Meghna River,
Padma River,

Lower Meghna River,

Old Brahmaputra River,
Dhaleswari River,

Gorai River,

Dubaldia/Arial Khan Rivers.
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Main river system in Bangladesh with key hydrological stations.
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Hereafter the main river system is divided into :

- Main rivers,
- Distributaries.

The distributaries branch off from the main rivers and hence depend for their
discharge and sediment mainly on these main rivers. Apart from that, they also
have a function for local drainage of excess rainfall in the areas adjacent to them.

The main rivers are the first five rivers of the above listing (Brahmaputra/Jamuna
River, Ganges River, Upper Meghna River, Padma River and Lower Meghna
River) and the distributaries are the remaining four (Old Brahmaputra River,
Dhaleswari River, Gorai River and the Dubaldia/Arial Khan Rivers). In line with
study Report 1 the Padma and the Lower Meghna River are considered here as
one river system. The reasoning behind this is that the Lower Meghna is
nowadays more the continuation of the Padma River rather than the lower reach
of the Upper Meghna River.

3.2  Main Rivers
The following main rivers belong to the main system in Bangladesh :

Brahmaputra/Jamuna River,
Ganges River,

Upper Meghna River,
Padma River,

Lower Meghna River,

cC O 0 0 O

In the following Table 3.1 the main characteristics of these five rivers are
summarized. Note that in particular the characteristics are given which are of
relevance for Lane’s balance. For the width B the combined width of the
channels is given for a braided system.

River ;

Q average aq v Dy B i

(m*/s) (-) (10°m*) (mm) (km) (10m/m)
Brahmaputra/Jamuna 20,400 12 206 0.23-0.15 - 0.1-0.06
River
Ganges River 10,600 1.2 195 0.12 3-5 0.05
Padma River 28,400 1.15 361 0.09 4-10 0.05
Upper Meghna 4,500 1.2 12.5 0.14 0.5 0.02
River
Lower Meghna n.a. 152 n.a. 0.09 2.5-5 0.05
River
n.a. = not available
Table 3.1 Some characteristics of the main rivers

Impact Assessment Phase I Main river system of Bangladesh Page-3.2
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