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1. Introduction

The objective of the Compartmentalization Pilot Project (CPP) FAP 20 is "...10 establish
appropriate water management systems for the development of protected areas so that
criteria and principles for design, implementation and operation can be made available
for the Action Plan. The integrated water management is the controlled quantitative and
qualitative usage of water, including early, late and deep flooding, rainfall and ground
water in agriculture, fisheries, transport, sanitation and for domestic and industrial
purposes. Through controlled flooding and controlled drainage, the compartmentalization
concept can be realised.

Controlled flooding and drainage, meaning that, while some of the area will be protected
against undue flooding by means of embankments, facilities will be created to control the
flow water entering into or flowing out of the area, in accordance with requirement of
the local or regional water management policies.

Compartmentalization, meaning that some of the area or region is sub-divided into
smaller water management units, each having own policies and facilities for water
management.

In order to test the concept, FAP 20 selected three different areas namely Tangail,
Sirajganj and Jamalpur. Mathematical models are, now a days used as planning tool and
for that purpose a model of the Sirajganj Compartment has been developed in order to
assess the impact of controlled flooding and drainage on the compartment area.

1.1 MIKEI1 Model

MIKE!l, a commercially available software package which contains a number of process
modules developed by the Danish Hydraulic Institute (DHI) is used by the Surface Water
Modelling Centre of the Water Resources Planning Organization (WARPO) and is taken

as standard software for unsteady flow simulation in Bangladesh.

MIKE!1 hydrodynamic moudlues is an implicit, finite difference model for the
computation of unsteady flows in rivers and estuaries.

MIKE!1 hydro-dynamic module applied with dynamic wave description solves vertically
integrated equations of conservation of continuity and momentum (Saint Venant eqautions)
based on the following assumptions:-

* water is incompressible

* bottom slope is small

* wave lengths are large compared to water depth.
* flow is sub-critical

Model can be applied to assess engineering interventaion. The accuracy mainly depends
upon quality of data. In this stage, maximum deviation can be +- 15 cm.
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2. Related Modelling Activities
In North West Region the following modelling activities have been identified:
North West Regional Study (FAP-2) model

FAP-2 has completed the modelling study for the whole North West Region. The
CPP Sirajganj compartment falls within their planning unit no 8. Fig. 2.1 shows
the North West Regional Study planning units. The NWR Model includes the
Ichamati, Bangali, BRE Breach and Karotoya rivers. The BRE breach
information and the relevent part of the Ichamati river cross-sections data were
collected from the NWRS model and have been used in the Sirajgan] model.

Flood Management Modelling FAP 25

The Flood Management Modelling started from October 1992. In their study, the
MIKE11 model will be

integrated with a Digital Elevation Model (DEM) in order to assess and display
the flooding depth, duration and spreading. FAP 25 selected Tangail as their
pilot project.

Surface Water Modelling Centre (SWMC)

In the SWMC, four regional studies are complete. The North West Regional
Model includes the Sirajganj area. Although it is a regional model but in terms of
BRE breach impact analysis and regional developement, relevent information is
received from SWMC.
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3.0 Concept of the Project

The compartmentalization concept can be achieved through controlled flooding and
controlled drainage. The Fig. 3.1 shows the concept of compartmentalization.

3.1 Controlled Flooding and Drainage

The principles of controlled flooding is to allow natural flooding of floodplain land to
occur without causing damage to crops, fisheries, infrastructure and urban land. Within
flood protection compartments, intake regulators and drainage sluices will manage the
control of the timing, depth and duration of the flooding on the land during the rainy
season within limits that ensure secure growing conditions for the major agriculture and
fisheries. Controlled flooding will be effected by opening and closing of the regulators
and sluices in embankements at critical periods of the agricultural and fisheries
calenders.
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level
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When excessive monsoon rainfall over a compartment coincides with high river stages, it
is not possible to evacuate excess floodwater through embankment drainage sluices for a
number of days or even weeks. Extensive damage might be caused to the

crops. Gradual release of these excess water from one compartment or sub-compartment
to another is termed as controlled drainage.

3.2 Compartmentalization
The concept of the compartmentalization concept as defined in the Inception report

A compartment is an area in which effective water management particularly
through semi-controlled flooding and controlled drainage, is made possible
through structural and institutional arrangement. Comaprimentalization is linked
ro area development with sound water management as the main agent. A
compartment will be sub-divided into sub-compartments and operational water
management units.

The BRE is supposed to give flood protection from Brahmaputra river flooding but in
some years it breachs and causes severe damage to crops and infra-structures. Along the
Ichamati river, a proposed embankment can prevent flooding from Ichamati river. The
peripheral structures will be used to control the floods and drainage. The
watermanagement will be developed taking manageable unit.
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4.0 Description of Sirajganj Compartment

The Sirajgan;j area is located in the north west region of Bangladesh and situated on the
right bank of the Brahmaputra river. The compartment has a total area of 12057 ha. Its
location and its principal features and extent are shown in Fig. 4.1.

The compartment is bordered in the east by the worlds great river the Brahmaputra but
project boundaries follows Brahmaputra Right Embankemnet (BRE) between Banglabazar
in the north and Sirajganj town in the south. The southern boundaries follows new Bogra
road. The Ichamati river forms the western boundary. The northern boundary follows part
of the southern bank of Ichamati khal and from Bagbati ghat, the boundaries follow the
Ichamati branch.

Table 4.1 Sub-compartment area (based on areal photos and recent GPS Survey and the
Area computed by GIS).

Sub- Gross Net Homestead Water
Compartment Area Cultivable bodies
No (ha.) Area (ha) (ha) (ha)
(1) (2) (3) (4) (&)
1 873 750 101 22
z 797 709 83 5
3 1061 893 160 3
4 1371 1132 223 16
5 2012 1656 294 62
6 1455 1196 238 21
7 1283 1071 169 43
8 2319 1981 259 79
9 386 191 685 10
Total 12057 9579 2212 2606
% ot Total 79.5 18.3 2.2

Column 3 = Column 2 - Homestead - Waterbodies
4.1 Topography and Soils

The area slopes from north-east towards south-west. The land levels vary between 10.9 m
to 14.5 m PWD. The low lying area is observed in the mid of the compartment
connecting Par Simla to Pangashi. The characteristic topographical feature of the area is
its flatness. As a consequences of the low gradients, the rivers and drainage channels
within the project area are generally heavily meandered and braided.

Based on the findings of a 1976 report (DSS, 1976 (revised)) five soils associations are
found in the project area. Soils

are mainly silty loam to silty clay loam along the Brahmaputra but soils inside the
compartments are fine sandy loam, silt loam and silty clay are found.
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4.2 Climate

There are two main seasons, separated by transition season. The monsoon starts from
July/August until September and show typical monsoon chracteristics of heavy rain and
very high humidity. The post monsoon season (October - November) is sunny and relative
cool, with only occasional scattered showers.

4.3 River System

The project area is bounded, and effectively defined, by the Jamuna (Brahmaputra)
embankment to the east and the western boundary is bounded by the Ichamati river. The
major channels observed in the project area are Baniajan khal, Doibhanga khal,
Bagdumur khal and Jhinaigati khal. Most of these channels lost their conveyance due to
construction of the BRE which closes most of the channel mouth.

4.4 Floodplain flow

Floodplain plays an important role in terms of tranport of weater. Most of the floodplain
flow occurs during the BRE breach. As most of the channels lost their conveyance,
spilling took place and the floodplain act as an channel to carry water. But in case of
normal flooding i.e. the rainfall-runoff flow, water logging take place. The detailed flow
pattern shows in the Fig. 5.1.

4.5 BRE Breach

The BRE is one of first FCD projects in Bangladesh. The Brahmaputra originates from
the northern slopes of the Himalyas in Tibet. The BRE has been orginally built at a
length of approx. 200 km from Hurasagar to Kamarjani between 1957 and 1968. The
progressive retirement of the BRE demonstrates by the severity of the natural bank
erosion of the Brahmaputra river. It is clearly shown that the most serious flooding
problems occur along the Brahmaputra due to breaches in the BRE. Along the entire
BRE. the Kazipur reach is one of the most unstable sections, It is reported that there are
frequent breaches and embankemnt retirements in this section and because the land slopes
away from the embankment, the breaches cause severe damage. The BRE breach either
from the north or inside the project influences hydraulic regimes tremendously. The Fig.
4.2 shows the location of the BRE Breach and embankment retirement within the
Sirajganj compartment.
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5. Sirajganj Compartment Model Development
5.1 Schematization of the Hydraulic System
The development of the CPP Sirajganj compartment Model has the primary objectives:

i) to test the compartmentalization concept, controlled flooding and controlled
drainage.

ii) to assess the effectiveness of drainage and flood control measures; and
1i1) to develope the water management system.

In terms of the model schematization, the last objective basically differs from first two.
In water management project, the flow follows distinct routes through a canal system.
Flow can therefore be described very well in a one-dimensional flow. Moreover, the
importance of channel follows from the irrigation demands and supplies. However, these
same channels may be relatively irrelevant in studing flood control problems. During the
monsoon, when most of the area is inundated by half a meter depth in an average year,
the channels contribute relatively little to the exchange of water masses between two ares.
Most of the flow takes place as over land flow through the paddy fields at very low
velocities. Since compartmentalization mainly aims at to flood water management, the
present schematization is sufficient upto the second objective and could be used for
providing the boundary data for sub-compartment level model.

Also another important diffrence between 1), ii), and iii) is the structural interventations
which influences a wider area during the tlood season than the dry period. So the
schematization included an area larger than the project area to avoid the structural
influence on the boundaries.

The schematization addresses the distinct features of the compartmentalization concept i.e
combination of channel and the floodplain flow and retention. So the channel flow and
floodplain flow are based on the actual linkage and interaction between channel and
floodplain. The flooding and draining pattern are shown in Fig. 5.1. Considering the
above points, two different types of model schematization are used depending on whether
it is predominantly a spilling or a drainage area. In spilling areas, natural levees are
formed along the rivers by sedimentation due to the sudden reduction in the flow velocity
of the entering water. In predominant drainage areas, these levees are not present. The
principle difference between the two situations is shown in Fig. 5.2. In a typical drainage
area, it is reasonable to assume that the water level is the same in the river and on the
floodplain.
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Drainage Spilling
Fig. 5.2 Classification for Floodplain and River based on Drainage and Spilling

Hence floodplain storage can thus directly be included in the modelled river cross-section,
and only one model h-point is required to describe the water level over the whole area. In
a typical spilling area, the water levels in river and floodplain might differ due to the
presence of a levee. In case of only over land flow, a channel is introduced to represent
the flow. The schematization is shown in Fig. 5.3.

The existing structures (bridges and culverts) are taken into schematization if significantly
contribute to the general tlow pattern.

The same schematization is used to raise the "with project’ situation with some
modification. The BRE breach is taken into account by introducing a channel. The cross-
section and boundary condition is collected from NWRS.

5.2 Selection of Channels in the Schematization

A schematization of the model is shown in Figure 5.3. The Sirajganj model
schematization is comprised of 25 channels connected at 26 nodes (a node is the meeting
point of two or more channels). These channels form the basis of the hydraulic
connections. The selection of the channels mainly

depends on the following criteria :

- the importance of the channel in terms of flooding.



3

FAP 20 SIRAJGANI CPP INTERIM REPORT; ANNEX 2 : MATHEMATICAL MODELLING Page 17 of

- the importance of the channel in terms of drainage.

The most important channels that have been included are : Baniajan, Doibhanga,
Jhinaigati, Bagdumur, Katakhali khal. Apart from the Ichamati river, Khal and Branch,
there are number of floodplain flow channels connecting the rivers. The floodplain
channels are named by Ch. The rivers included in the model are shown in Table 5.1.

Structures are schematized with H-points immediately upstream and downstream of the
structure, and a Q-point at the location of the structure. Four existing regulators have
been included in the model.
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Table 5.1 Channels included in the model

[Channel Name Length Start at End at
Ichamati river 21.375 Boundary Boundary
Ichamati khal 11.0 Boundary Ichamati River
Ichamati Branch 19.0 Boundary Ichamat1 River
Baniajan 20.75 Boundary Ichamati River
Doibhanga 5.90 Baniajan Baniajan
Uhinaigati 8.0 Baniajan Baniajan
Bagdumur 4.5 Boundary Baniajan
Katakhali 2.4 Boundary IBaniajan
Baral 5.0 Baniajan Boundary
(Ch15 2.8 Boundary Ichamati River
ICh16 4.05 Jhinaigati Ichamati River
ICh18-20 5.756 Boundary Bagdumur
[Ch7-9 3.037 Boundary Jhinaigati
Ch3-5 2.878 Ichamati Baniajan
Branch
(Chl 0.8 Boundary Ichamati Branch
[Ch12-23 2.7180 Boundary IChl6

5.3 Model Boundaries

The Sirajganj model boundary is based on the following criteria :-
- the model should be able to predict the impact of the external areas;

- preferably, discharge boundaries should be applied upstream and water level
boundaries downstream.

- The boundaries should be selected at locations where the hydraulic conditions
are not affected by the future project condition.

The upstream boundary of the model in Ichamati river is extended upto the Dhunot.
Because discharge data are not available a time dependent water level is used. A
sensitivity analysis 1s carried out in this respect. The downstream boundaries are taken in
the Ichamati river at Nalkasengati. The upstream boundaries of the Ichamati khal and
Ichamati Branch is based on the runoff generated up of this boundary points.
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Table 5.2 Boundary Locations and Type

River Upstream Boundary Downstream Boundary
Type Name of Type Name of Station

Station

Ichamati Water level Dhunot Water Nalkasengati

river level

Ichamati Discharge Upper

Branch Catchment

Baniajan Discharge Q=0.0

Bagdumur Discharge Q=0.0

Ichamati khal | Discharge Upper
Catchment

Katakhali Discharge Q=0.0

Khal

Ch18_20 Discharge Q=0.0

Chl3_14 Discharge Q=0.0

Ch7.5 Discharge Q=0.0

There are number of internal boundaries which are either generated by the rainfall-runoff
model or assign Q=0.0. The boundaries and the type of boundary used are shown in
Table 5.2.

To simulate the BRE breach. another boundary is introduced in Jamuna (Kazipur).
5.4 Data Requirement for the Hydrodynamic Model
The following data are required for the model set-up:

- Surface water level data
- Topographic data

Surface Water

In order to have a comprehensive picture of the flooding and drainage pattern of Sirajganj
Compartment, 19 water level measuring stations were installed in May 1992. All the
gauges were connected with a fixed reference level (PWD bench mark). The 1992 year
is a dry year and hence no floodplain flow occur but only the reflection of rainfall-runoff
are observed.

In 1993, the same number of water level gauges were installed to obtain hydrographs in
both tloodplain and river. Fig. 5.4 shows the location of the measuring water level
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stations of 1992 respectively.
Topography

The prominent channels within the compartment were surveyed from November 1992
onwards and subsequently used in the model. The relevant cross-sections of Ichamati river
(northern portion) and BRE breach cross-section have been collected from Surface Water
Modelling Center (SWMC) and North West Regional Study (FAP 2). The number of
cross-sections used in different channels are shown in Table 5.3.

The inclusion of the floodplain and its proper description is important since it act both as
storage and transport (flow). The floodplains are mostly included in the model either as
extensions of channel cross-sections or given as cross-section to simulate both the storage
and transport function depending on the flow type (Section ). The floodplain data are
taken from the water development map from 1964 (scale: 8 inch to a mile; contour
interval 0.3 m). From the data, area-elevation curves for every sub-compartment and
catchment are prepared.

Table 5.3 Number of cross-sections used in the model

Name of the River No of cross- Total Length
sections

Ichamati river 10 21.835
Ichamati Branch 13 19.302
Ichamati Khal 12 11.480
Baniajan 24 20.850
Doibhanga 11 9.90
Jhinaigati 9 8.314
Bagdumur 6 4.50
Chl 13 2.0
Chl5 (Kagati Khal) 3 2.80
Chi2 23 6 2.718
Chl6 (Fulkocha Khal) 5 4.05
Ch18-20 (Gazaria khal) 7 5.756
Ch7 9 B 3.037
Ch3 5 11 2.878
Katakhali Khal 5 2.40
Baral 3 5.0
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