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1.1

1.2

INTRODUCTION

Content of Annex 2

The present Annex 2 is the third volume of the Main Report of the Flood Hydrology
Study, one of the subcomponents of component 25 of the Bangladesh Flood Action
Plan (FAP 25), Flood Modelling and Management.

The first two volumes were issued in June 1992 and contain the main results of the
Flood Hydrology Study (FHS), including a detailed assessment and analysis of
existing hydrological data for the major rivers, a validation of the General
Model(GM) for the period 1965-89, frequency analysis of model results with the aim
of producing required design statistics and development of a methodology to be
applied by the regional FAPs for establishing hydrological design criteria for the
regional rivers.

The present volume contains the results of an preliminary analysis of the effects of
alternative flood protection scenarios on water levels and flow distributions along the
major rivers. The analysis is based on a series of runs with the FAP 25-GM, a
dedicated version of the General Model, for the period 1985-89 and one long term
simulation for 1965-89. The annex comprises the present introductory chapter and
Chapter 2 describing the alternative country-wide protection scenarios being
considered including the model setup and its limitations as well as a description of the
physical structures and the way they are modelled. The model results are detailed in
Chapter 3 while Chapter 4 presents the derived hydrological design criteria for one
of the most likely (in the short to medium term) future protection scenario based on
simulation for the period 1965-89. Finally, Chapter 5 addresses continued activities
under the FHS.

Tables and figures are numbered continuously within each chapter and are placed
after the text.

Preparation of Simulation Programme

The simulation programme described in Chapter 2 has been prepared on the basis of
discussions with the Flood Plan Coordination Organization(FPCO), FAP 1 and the
regional FAPs. It was presented in volume 1. Subsequent discussions with FPCO and
members of the Panel of Experts have resulted in some minor changes of the
programme.

In early August 1992 the preliminary results were discussed with FPCO. It was
agreed to undertake a long term simulation (1965-89) for the socalled scenario 3 for
establishing hydrological design criteria along the major rivers for one of the most
likely future protection scenarios.

At the November 1992 review meeting of the FHS with FPCO and the Panel of



Experts, the effects of various embankment setback distances along the Jamuna left
bank as well as of the proposed Jamuna Bridge were discussed. Subsequently, the
FHS has carried out a sensitivity analysis ( for 1985-89) for these purposes the results
of which are included in this final Annex 2 of the FHS.



2.1

2.2

2.3

ALTERNATIVE COUNTRY-WIDE PROTECTION SCENARIOS

The Simulation Programme

As stated earlier the simulation programme has been established on the basis of
discussions with team leaders of FAP 1-6, findings from their reports and discussions
with FPCO. Each of these FAPs has considered various options (embankments) for
flood protection. The various combinations of these options are called scenarios. The
total number of options identified does not allow a systematic checking of all the
different combinations. A total of six scenarios has been formulated which allows to
assess the impact from various stages of a phased development up to the "full
protection scenario” with embankments along all the major rivers and the most
important tributaries and distributaries.

The simulation programme appears from Table 2.1. Scenario 1 represents the existing
situation (simulation period 1965-89) and the scenarios 2-7 various combinations of
options (simulation period 1985-89). Scenario 8 is the long term simulation (1965-89)
for the same physical situation as scenario 3, i.e. the existing situation plus a Jamuna
Left Embankment from the offtake of the Old Brahmaputra down to the Dhaleswari
offtake and thereafter along the left banks of the Dhaleswari and Kaliganga till the
Dhaleswari-Kaliganga junction at Kalatia. It also includes the Jamuna Bridge (width
4608 m) at chainage 170.75 km along the Jamuna.

The sensitivity analyses for various embankment setback distances (1, 2 and 5 km)
in the Jamuna left bank have been based on scenario 3 combination of options.
Separate analysis for the proposed Jamuna Bridge (width 4608 m) at chainage 170.75
km in the Jamuna has been based on the existing combination of options, i.e. scenario
1.

Model Setup

The FAP 25-GM model schematization is shown on Figure 2.1, the location of model
cross sections on Figure 2.2 and the cross section chainages for the major rivers in
Table 2.2. Further details are provided in Appendix 8 (see volume 2 of the Main
Report).

Physical Description

A description of the physical features of the various flood control options is given in
the following. The description is supported by a number of figures, i.e Figures 2.3
a)-h) providing plan views of the different scenarios and Figures 2.4 a)-y) showing
cross section bathymetry and assumed location of embankments.



Brahmaputra Right Embankment (BRE)

In the existing situation (scenario 1) as well as for the future scenarios a watertight
BRE has been assumed along its present alignment. It starts from Kaunia and ends
at Hurasagar. The embankment has setback distances from nil to about 1km at various
locations. Upstream of the Teesta outfall the present embankment of the Kurigram
project is included. Similarly, downstream of Hurasagar the existing embankment of
the Pabna IRD projects, also extending up along the Ganges left bank, is modelled.

Jamuna Left Embankment (North)

In the existing situation (scenario 1), the FAP 25-GM includes the existing Food for
Work (FFW) embankments west of Chatal river. Excluding a few gaps here & there,
the left bank upto Dhaleswari offtake near Porabari appears fully dyked. The
alignment corresponds to the recommendations of FAP 3 and FAP 3.1. During high
river stage a considerable flow enters the left bank flood plains as overbank spill or
through the said gaps. In the FAP 25-GM this situation is modelled through inclusion
of a distributary channel (Jamuna-FP) in the Jamuna left bank flood plain. This
channel has its offtake in the Jamuna downstream of Old Brahmaputra at chainage
100.5 km and it joins the Dhaleswari approximately 20 km upstream of its confluence
with the Lakhya. The channel is linked with the Jamuna through three artificial
channels and with the Dhaleswari upstream of the Kaliganga bifurcation through one
artificial channel.

For the future scenarios a full Jamuna Left Embankment is modelled by cutting off
these artificial channels. There is no flow in the Jamuna-FP channel. The distance
between embankments on the two banks varies from 10-20 km under present and
future scenarios, except at Jamuna Bridge location where it is less than 5 km (Figure
2.3¢c).

Jamuna Left Embankment (South) - Western Alignment;

At present, there is no continuous embankment except some piecemeal works upto
Harirampur. In the existing situation (scenario 1) the FAP 25-GM morphological
cross sections extend to the highest point along the left bank, which is also considered
to represent the alignment for the future protection scenarios, except for a few km
downstream of the Dhaleswari offtake, see Figure 2.3 f).

Ganges Left Embankment.

At present, there are embankments along the Ganges left bank from Rajshahi upto
Pabna embankment. In all scenarios the existing alignment is considered as solid, see
Figure 2.3 b).

There are no embankments along the Ganges from the Indo-Bangladesh border to
Rajshahi. Along this stretch the FAP 25-GM uses simplified artifical cross section in
the existing as well as the future scenarios.



Ganges Right Embankment,

Today, there are high grounds and FFW embankments along the Ganges right bank
down to the right bank of the Padma. These existing embankments are represented
in FAP 25-GM, scenario 1.

However, for the future protection scenarios 4-6 new embankments are assumed at
a few locations resulting in lesser river width. These new locations are based upon
the nearby sections with a view to obtaining smooth width transitions along the entire
length of the river.

Padma Left Embankment,

At present, there are no continuous embankments along the Padma left bank. In the
existing situation (scenario 1), the morphological cross sections extend to the highest
point on the bank from Harirampur upto the confluence with the Meghna, see Figure
2.3 e). This is also the case for the future protection scenario 5.

Padma Right Embankment.

FFW embankments exist along the Padma right bank upto the offtake of the upper
Arial Khan. Also, a number of spill channels exist along this stretch. During high
flood large flood flows escape through the spill channels and flood plains into the
Arial Khan system. In the FAP 25-GM this spill is represented by an artificial
distributary channel approximately 20 km upstream of the upper Arial Khan offtake.

In the future protection scenario 5, see Figure 2.3 e), the Padma Right Embankment
is considered watertight and the artificial distributary channel is cut off. The upper
Arial Khan and the Arial Khan offtakes remain open. Width of the Padma is the same
as in the existing situation and varies from 9 to 17 km.

Old Brahmaputra Embankments.

In the existing situation embankments exist at places along the right bank and,
together with the existing railway line, prevent flood flow from entering into the
North-Central region. There are no embankments along the left bank of Old
Brahmaputra. Along the Lakhya embankments exist near its offtake and close to the
outlet to the Dhaleswari, where the Dhaka-Narayanganj-Demra project is located
along the right bank.

In the future scenarios 5 and 6, see Figure 2.3 e)-f), FAP 25-GM cuts off all flood
plains along the Old Brahmaputra and the Lakhya. The distance between the
embankments along the Old Brahmaputra varies between 2 km to 5 km while along
the lakhya, it is approximately 2 km.

Dhaleswari Left Embankment

At present there are no embankments along the Dhaleswari left bank and the observed



spill between the Dhaleswari left bank and the Jamuna left bank flood plains is
modelled through an artificial link channel. The FAP 25-GM morphological cross
sections are not extended into the flood plains and stop at the highest point in the
existing as well as the future situation..

In the future scenarios 2-6 the Dhaleswari Left Embankment is thus modelled merely
by cutting off the artificial spill channel.

Dhaleswari Right Embankment

In the existing situation the right bank has large flood plains and the morphological
cross sections are extended into these flood plains.

In the future scenario 5, see Figure 2.3 e), the Dhaleswari Right Embankment cuts

off these flood plains. The FAP 25-GM assumes a typical width of 4 to 6 km along
the Dhaleswari and 2 km along the Kaligonga between the embankments.

Upper Meghna Left Embankment
In the existing situation, there are FFW embankments at a few locations. In the future

when Gumti Phase II comes up, a continuous embankment is expected along the
Upper Meghna left bank.

In the FAP 25-GM the morphological cross sections extend up to the highest point
in the existing as well as the future scenarios.

Upper Meghna Right Embankment

At present there are no embankments along the Upper Meghna right bank. In the FAP
25-GM the morphological cross sections are extended into the flood plains.

For the future scenario 5, an embankment has been assumed which starts from
Bhairab Bazar and proceeds to the outfall of Upper Meghna, see Figure 2.3 e). The
distance between the left and right embankments is typically 10 to 15 km.

Lower Meghna Left Embankment.

Today embankments exist from the Meghna-Dhonagoda to Chandpur Irrigation
projects with a break above Chandpur. All scenario runs assume continuous
embankment, see Figure 2.3 e).

Lower Meghna Right Embankment

Today no embankments exist along the right bank. All scenarios are identical and
assume no embankments even for the future scenarios.



2.4

Limitation in Model Setup and Results.

The results described in the following chapter should be considered as indicative only
and may be refined as more detailed information becomes available on actual location
of future embankments and structures. Though it is believed that confidence can be
placed in the absolute levels, the real strenghth of the analysis is in the relative
comparison of various scenarios.

While some of the general model limitations have been described in volume 1 the
following may be added in the case of analysis of various flood protection scenarios:

- the regional FAPs are yet to prepare the exact layout of the proposed
embankments alongwith proper setback distance and their geographical
reference;

- the FAP 25-GM model cross sections are actually surveyed sections,
eventually extended with a width-elevation curve of the flood plain (obtained
from the MPO 1 km grid). In the former case, the location of the embankment
has been taken at the highest point in the model cross section (as in the
existing situation). Where flood plains are included in the model the location
has been decided according to an assumed width between right and left bank
embankments;

- no redigitization of flood plain topography has been carried out after flood
plains have been cut off by placing embankments on the flood plain;

- in absence of any definite proposals for improvement of offtakes of
distributaries existing bathymetry has been assumed and no regulating
structures are included in the scenarios.

It has been argued that an additional limitation of the FAP 25-GM is that it is a fixed
bed model not taking into account morphological changes that may be induced by
proposed flood protection schemes and the proposed Jamuna Bridge. However, it
takes a relatively long time span for such changes to develop as shown by indicative
morphological simulations carried out recently by SWMC and FAP 1 for the Jamuna.
The design flood may nevertheless occur 'the day after tomorrow’ and design water
levels should, therefore, meet at least the levels derived from the fixed bed model
simulations, which represent the current situation. Where induced morphological
developments may lead, in the long term, to accretion, some margin must be added
to design water levels, but no advantage can be taken of potential long term river bed
degradation.

[t is stressed that the results provided in the following chapter are increases in water
levels as compared to the existing situation. The existing situation (scenario 1)
includes the Brahmaputra Right Embankment along its present alignment and assumes
the embankment to be fully sealed ( i.e. no breaches or overtopping). The simulated
increases in water levels are thus result of a combination of proposed flood protection
schemes (embankments along the rivers) and the Jamuna Bridge, cf. Table 2.1.
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3.1

MODEL RESULTS
Results of Scenarios 2-6

The results from running the FAP 25-GM for protection scenarios 2-6 for the period
1985-89 are presented in the following. The discussion is supported by a number of
tables and figures including:

- Tables 3.1-3.3 presenting maximum changes in peak water levels for 1986,
1987 and 1988 floods respectively. These three years cover the range from
low flood(1986) to extreme flood(1988);

- Tables 3.4a) - 3.4b) giving the distribution of maximum peak discharges and
velocities during 1988 flood for the existing situation (base or scenario 1),
scenario 3 and scenario 5;

- Table 3.5 providing the isolated effect of the proposed Jamuna Bridge on peak
water levels for 1986, 1987 and 1988;

- Tables 3.6a) - ¢) presenting maximum changes in peak water levels for 1986,
1987 and 1988 floods compared to scenario 3 for different set back distances
on the left bank of Jamuna;

- Figures 3.1-3.5 showing peak water level profiles for each of the five
scenarios along Jamuna-Dhaleswari-Meghna, Jamuna-Padma-Meghna and
Ganges-Padma-Meghna;

- Figures 3.6-3.10 showing the sub-seasonal distribution of water level
differences as compared to the existing situation for each of the five scenarios
for selected locations.

The Jamuna

a. Bahadurabad

Water level increases are very similar for all scenarios and less than 10 cm. For the
1988 flood the increase in peak water level will be around 10 cm. Backwater effects
from the Jamuna Bridge do not extend upstream to Bahadurabad, see Table 3.5 and
compare scenario 2 and 3.

b. Kazipur

At Kazipur backwater effects from the Jamuna Bridge are observed. In the case of
the 1988 flood the increase in peak water level without the bridge (scenarios 2 and
4) is around 50 cm . The bridge will cause an additional rise in water level of 15 cm.
The effects of the bridge reduce with low to medium floods and are from a few cms
up to 10 cm. It appears from Table 3.5 that the effect of the bridge in isolation,
without any new embankments in Jamuna preventing spill to Jamuna left bank flood
plain, is less than 10 cm even in 1988.



& Serajganj

Simulated water level increases in the Jamuna reach a maximum at Serajganj though
they show a similar pattern as at Kazipur. Without the bridge, water level increases
are generally less than 20 ¢cm though it reaches a maximum of 55 ¢m for the 1988
flood. With the bridge in place increases are typically 20-30 cm but reach around 85
cm in 1988. The effect of the bridge in isolation, see Table 3.5 is less and would not
exceed 21 cm.

d. Porabari

Porabari is downstream of the Jamuna Bridge and there are no effects from the
bridge. For the 1988 flood the change in peak water level is around 55 cm for
scenarios 2-4. The Jamuna Left Embankment (South) and especially the Dhaleswari
Right Embankment are both felt at Porabari (scenarios 5-6) causing an additional rise
for the 1988 flood of 15 cm with both embankments in place and of Scm without the
Dhaleswari Right Embankment.

E. Mathura

At Mathura, the increase in peak water level for the 1988 flood is approximately 40
cm for all scenarios except scenario 5 where the increase is a further 10 cm because
of the combined effect of the Padma Left Embankment and the increased flow in the
Jamuna due to the Dhaleswari confinement.

The Ganges

Generally, the effects along the Ganges are much less than in the Jamuna, mainly
because the Ganges to a large extent is already embanked. For all scenarios water
level increases are typically less than 10 cm. However, in the downstream part
(Mahendrapur) the combination of increased backwater effects from the Jamuna and
a Ganges Right embankment will cause an increase in 1988 flood levels of little more
than 15 cm, each of the two factors being of equal importance.

The Padma

For scenarios 2-4 and 6 water level increases in the Padma are typically in the order
of 5-15 cm but reach approximately 20 cm for the 1988 flood. Embanking the Padma
(scenario 5) will cause an additional water level increase of 10-15 cm, increasing in
the downstream direction.

The Meghna

For all scenarios water levels in the upper Meghna decrease though less than 10 cm.
The only exception is for scenario 5 during the 1988 flood, where peak water levels
are increased with a few centimeters. The observed decrease in water levels is mainly
caused by the Jamuna Left Embankment (N), which prevents the spilling of the
Jamuna into the North Central region and the subsequent drainage from here to the
Dhaleswari and the upper Meghna. The decreases in water levels are identical for
scenarios 2-4.
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