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Preface

Geomorphologically Sylhet basin is unique in nature, located in the North Eastern hydrologic
zone of Bangladesh. Six out of seven Haor districts are located in this zone, they are: Sylhet,
Sunamganj, Maulvibazar, Habiganj, Netrokona and Kishoreganj. Geo-morphological settings
of this region attracts the rivers from the east and west side of the Sylhet basin to enter into it.

The river morphology of the region is very complex.

The CEGIS has developed a conceptual model to explain the evolution of rivers in the
subsiding Sylhet Basin (Haor areas) using scanty of relevant data. VValidation of this model was

not done earlier due to certain constraints of time and financial resources.

The primary objective of this study is the validation of the existing CEGIS Conceptual Model.
Other objectives include understanding of the inherent morphological process of the river
system of the Haor areas and to assess the applicability of the validated model with the

enhanced knowledge on prevailing physical process of the rivers.

Under this study, the conceptual model has been examined using both conventional way as
well as through model outputs. Two HECRAS 5.0.3 models were developed, one for the Surma
and the other one for the Kushiyara river.

The Mid Term report on “Model Validation on Hydro-morphological process of the River
System in the Subsiding Sylhet Haor Basin” was submitted to the DBHWD on 22 January
2017. The 2" Technical Committee meeting was held on the report on 1 march 2017. The
comments/suggestions received from the members of the Technical Committee (TC) and the
decisions of the said TC meeting were reviewed carefully and incorporated in the (draft) Final
Report. The (draft) Final Report was submitted on 1% June, 2017.

A workshop was held on 6th June, 2017 to disseminate and discuss the (draft) Final Report
with stakeholders and various experts. Dr. Zafar Ahmed Khan, Senior Secretary, Ministry of
Water Resources (MoWR) was the Chief Guest. Mr. Majibur Rahman, Director General,
Department of Haor and Wetlands Development chaired the workshop and Md. Humayun
Kabir, Additional Secretary, Ministry of Water Resources moderated the open discussion. The

(draft) Final Report was recommended for approval.
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The 1st meeting of the Steering Committee, chaired by Dr. Zafar Ahmed Khan, Senior
Secretary, Ministry of Water Resources (MoWR) was held on 20" June, 2017. The Steering
Committee approved the (draft) Final Report. The decisions and recommendations of the

workshop and Steering Committee have been incorporated in the Final Report.

The Final Report has 3 volumes stitched together, namely:
Volume 1: Main Report
Appendix 1: Feedback from the Stakeholders
Volume 2: Appendix 2: Bank Line Survey Report of the Surma and Kushiyara Rivers
Volume 3: Appendix 3: Analysis of Sediment and Bed Material Samples of the Surma
and Kushiyara Rivers

We acknowledge with great appreciation Ministry of Water Resources, GoB, and the DBHWD
for initiating the project and giving opportunities to M/s Prosoil Foundation Consultant to carry

out the research project.

The team deeply acknowledge the co-operation and guidance of the Technical Committee of
the project. The team also acknowledge the ‘Department of Bangladesh Haor and Wetlands
Development’ for providing logistic supports and helping the team to prepare the Report. We
acknowledge the Bangladesh Water Development Board (BWDB) for providing relevant data.
We acknowledge the support and co-operation received from the Center for Environmental
and Geographic Information Services (CEGIS). We acknowledge the Water Resources

Planning Organization (WARPO) for allowing us to use their library.

Satellite images were collected from Internet website of the United States Geological Survey
(USGS). We also deeply acknowledge their support. We thank M/s Globe Survey Company

who helped us in carrying out field measurements and surveys.

We are grateful to Mr. Anisul Islam Mahmud, Hon’bl Minister, Ministry of Water Resources,
Mr. Muhammad Nazrul Islam, Bir Protik, Hon’bl State Minister, Ministry of Water Resources
and Dr. Zafar Ahmed Khan, Senior Secretary, Ministry of Water Resources for their kind
support and approval of the project. We are thankful to Mr. Majibur Rahman, Director General,
Department of Bangladesh Haor and Wetlands Development and Mrs. Afroza Moazzam,
former Director General, Department of Bangladesh Haor and Wetlands Development for their
active support and co-operation. We appreciate the co-operation of Mr. Md. Nazmul Ahsan,
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Project Director and Md. Nurul Amin, Director (Admin and Finance), of the Department of
Bangladesh Haor and Wetlands Development. We also thank the local people, particularly of
the Northeast Region who in various ways helped the study team in conducting the field

measurements and survey works.
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Final Report

The Final Report on “Model Validation on Hydro-morphological Process of the River System
in the Subsiding Sylhet Haor Basin”, submitted in June, 2017 contains the following volumes:

Volume 1: Main Report
Appendix 1: Feedback from the Stakeholders

Volume 2: Appendix 2: Bank Line Survey Report of the Surma and the

Kushiyara Rivers

Volume 3: Appendix 3: Analysis of Sediment and Bed Material Samples of the

Surma and the Kushiyara Rivers
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Glossary of Terms

In sedimentary geology and fluvial geomorphology, avulsion is the rapid
abandonment of a river channel and the formation of a new river channel.

The Bankfull level is the height of water in a natural channel at its
maximum height before flooding. If the water level exceeds the bankfull
limit, then a flood will occur.

A basin or catchment basin is an extent or an area of land where all
surface water from rain, melting snow, or ice converges to a single point
at a lower elevation, usually the exit of the basin, where the waters join
another body of water, such as a river, lake, reservoir, estuary, wetland,
sea, Or ocean.

Calibration is the process of finding a relationship between two quantities
that are unknown. When the measurable quantities are not given a
particular value for the amount considered or found a standard for the
quantity.

Model developed by the CEGIS on morphological behavior
(qualitatively) of the rivers of the North Eastern zone under different
scenarios.

A conceptual model is a model made of the composition of concepts,
which are used to help people know, understand, or simulate a subject the
model represents.

A depression is a landform sunken or depressed below the surrounding
area.

A distributary is a stream that branches off and flows away from a main
stream channel

A flood is an overflow of water that submerges land which is usually dry.
Flooding may occur as an overflow of water from water bodies, such as a
river, lake, or ocean, in which the water overtops or breaks levees,
resulting in some of that water escaping its usual boundaries, or it may
occur due to an accumulation of rainwater on saturated ground in an
aerial flood.
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Haors are bowl-shaped depressions of considerable aerial extent lying
between natural levees of the rivers or high lands of the northeast region
of Bangladesh. In most cases, haors have been formed as a result of
peripheral faulting leading to the depression of the haor area. In the wet
seasons, the haors are full of water, but during the dry seasons, these are
dried up except for the beels.

Hydro-dynamics a branch of physics that deals with the motion of fluids
and the forces acting on solid bodies immersed in fluids and in motion
relative to them—compare hydrostatics.

A Hydrodynamic Model is a tool able to describe or represent in some
way the motion of water.

Hydro-morphology is the study of water forms. Water as with any fluid
under the influence of forces like gravity takes on the shape of its
container.

A Mathematical Model is a description of a system using mathematical
concepts and language.

The terms Morphology are used to describe the shapes of river channels
and how they change in shape and direction over time.

Subsidence is the motion of Earth's surface as it shifts downward relative
to a datum such as sea-level.

In hydrological and fluvial landforms, the thalweg is a line drawn to join
the lowest points along the entire length of a stream bed or valley in its
downward slope, defining its deepest channel.

A tributary or affluent is a stream or river that flows into a larger stream
or river main stem (or parent) river or a lake. A tributary does not flow
directly into a sea or ocean.

Validation of models is conducted during the development of a
simulation model with the ultimate goal of producing an accurate and
credible model. Simulation models are approximate imitations of real-
world systems and they never exactly imitate the real-world system. Due
to that, a model is validated to the degree needed for the models intended
purpose or application.
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Abbreviations and Acronyms

Bangladesh Water Development Board

Center for Environment and Geographic Information Services
Development Project Proforma

Geographic Information System

Government of Bangladesh

Global Positioning System

hectare

Computer program that models the hydraulics of water flow through natural
rivers and other channels (developed by the U.S. Army Corps of Engineers)

Institute of Water Modelling

Kilometer

One-dimensional modelling system of DHI Water & Environment
Two-dimensional modelling system of DHI Water & Environment
Modelling Software of DHI for Groundwater Flow Simulation
Ministry of Water Resources

Master Plan Organization

National Water Management Plan

Project Director

Project Steering Committee

Proforma for Study/Survey Proposal

Request for Proposal

Terms of Reference

United States Geological Survey

Water Resources Planning Organization
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Executive Summary

The general study area is the Sylhet basin, located in the north-east hydrological zone of
Bangladesh. The region is a tectonically active area and the rate of subsidence in this area is
much higher than the deltaic-plains elsewhere in the country. It is reported that in the Sylhet

Basin, tectonic subsidence has been active since the Miocene.

The CEGIS has developed a conceptual model to explain the evolution of rivers in the
subsiding Sylhet Basin (Haor areas). Validation of this model was not done before. The
concept is quoted below:

Quote

e The bankfull discharge of the channel in concern varies in the downstream direction.
At the upstream, it is high and close to annual average flood discharge. This implies
that in most days in a year, the river flow is confined within the bank. On the other
hand, the bankfull discharge at the downstream is much less and the overbank flow
occurs for several months during the monsoon.

e Decrease in the bankfull discharge at the downstream, however, indicates a decrease in
channel dimensions i.e. the width and depth. This might be the reason why the width
of the river decreases while it enters into the Sylhet Basin as observed from the satellite
images

e After several years/decades (at time t,) as the river will be able to raise its levee and
reach regime condition, the flood level will be close to the bank level, i.e. bankfull
discharge will be the same along the whole river stretch. The channel dimensions will
be nearly the same at the upstream and downstream and no sedimentation would be

expected during monsoon.

Unquote

The main objective of the study is to know the inherent morphological process of the river
system in the Haor areas. The Specific objective of the study is to “validate the existing

V-1:xxiv



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

conceptual Model of the CEGIS”. The detailed objectives and scope of studies have been
given in section 1.3 and 1.4 respectively.

The methodology of the study was described both in the Inception Report and Mid Term
Report and was approved by the Technical Committee and the DBHWD. The methodology
includes literature review; collection of primary and secondary data; bankline survey; analysis
of primary and secondary data; setting up a hydrodynamic model; calibration and validation
of the model and preparation of reports. The same methodology has been followed in the

preparation of the Final Report.

Different publications, reports, documents, policies, plans, acts etc. have been reviewed by the
research team in order to understand the complex characteristics of the morphological process
of the North Eastern Region. The details have been given in Chapter 4. Some of the notable

documents are:

e Different Numerical Models
e Morphology of the Haor areas (CEGIS, 2011)

e Inland Navigation and Integrated Water Resources Management (Sarker, et al, 2014)

It was beyond the scope of the TOR to measure/determine the subsidence of the Sylhet Basin.
But the literature review strongly suggests/confirms that the Sylhet Basin is subsiding at the

rate of 2-4 mm/year.

The Surma and the Kushiyara rivers have been studied for the validation of the CEGIS Model.
A reach of 150 km each for both the rivers starting from Kanaighat for the Surma and Sheola
for the Kushiyara have been considered.

e The study has been conducted based on data from primary as well as secondary sources.
Primary data of both the Surma and the Kushiyara rivers were collected.

e Routine measurements of discharge (monthly, at one fixed section for each of the
Surma and the Kushiyara rivers) were made.

e Routine measurements of sediment concentration (monthly, at one fixed section for

the Surma and the Kushiyara each) were made.

V-1:xxv



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

e Measurements of cross-sections (in 9 stations for the Surma and the Kushiyara each)
were made.

e Sediment concentration measurements (3 sets of measurements, in 9 stations for the
Surma and the Kushiyara each) were made.

e Bank line survey of both the Surma and the Kushiyara rivers have been conducted (for
150 km of each river).

e Secondary data on water level, discharge, velocity and cross-section of both the Surma
and the Kushiyara rivers have been collected from the BWDB.

e Satellite images have been collected from the United States Geological Survey (USGS)

(downloaded from internet).

A thorough review of the manuals of different numerical models were carried out. Two most
commonly used one dimensional modelling software are HEC-RAS and MIKE 11. The other
widely used models are Delft3D and Delft3D FM. On evaluation of the applicability of the
models for this study, HEC-RAS 5.0.3 has been selected on the following major
considerations, that:

e Itis user friendly, requiring data on water level, discharge, and cross-section only.

e HEC-RAS is available for download for free of cost. Other models such as MIKE 11,
Delft3D etc. are licensed software and quite expensive. The project study does not have
any provision for purchase of such license. It may be noted that it was also mentioned
in the Inception Report that HEC-RAS model would be used in the study.

Due to non-availability and discontinuity of data of the Barak river at Amalshid (bifurcation
point of the Barak to form the Surma and the Kushiyara, (Fig: 6.5) two different models have
been set up for two rivers, namely the Surma and the Kushiyara. The water level, velocity,
discharge and cross section data have been processed and were used for calibrating and
validating of the numerical model namely HEC-RAS 5.0.3.

Model for the Surma: The model has been calibrated using data of 2013 and validated with
data of 2014. The river schematic setup of the Surma has been established (Fig. 8.2) starting
from station Kanaighat to Sunamganj (BWDB station SW 266 to SW 269). BWDB cross-
sections (of February-March 2013) for RMS 38 to RMS 10 (total 28 cross-sections) were used

to setup the model geometry of the Surma river. For the Surma river model, Kanaighat (SW
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266) has been taken as the upstream discharge station and the discharge hydrograph of this
station (of 2013) has been considered as the Upstream Boundary Condition. Stage hydrograph
(water level) of 2013 of Sunamganj (SW 269) has been used as the Downstream Boundary

Condition for the Surma river.

Model for the Kushiyara: The model has been calibrated with data of 2011 and validated
using data of 2012. The river schematic setup of the Kushiyara River has been done from
station Sheola to Markuli (BWDB station SW 173 to SW 270) (Fig. 8.3). The cross-section
geometry setup of the Kushiyara river was done for RMKUS12 to RMKUS1 and RMBIB9 to
RMBIBL1 (total 21 cross sections of March-April 2010). The discharge hydrograph (of 2011)
of station Sheola (SW 173) has been used as Upstream Boundary Condition of the Kushiyara
river. The stage hydrograph (water level) of 2011 of Markuli (SW 270) has been used as
Downstream Boundary Condition for the Kushiyara river.

The theoretical explanations and analysis of the CEGIS hypotheses have been given in chapter-
5. It may be mentioned that these hypotheses were also discussed in the MID Term Report.
The following hypotheses have been extracted from the above mentioned conceptual model.
(1) Hypothesis 1: The bankfull water level of the channel in concern varies in the
downstream direction. At the upstream, it is high and close to annul average flood
discharge.
(2) Hypothesis 2: Decrease in the bankfull water level at the downstream, however,
indicates a decrease in channel dimensions i.e. the width and depth.
(3) Hypothesis 3: The shallow depth caused to increase the high gradient during the dry
season and thus increase the dry season water level at the upstream.
(4) Hypothesis 4: After several years/decades (at time t,) as the river will be able to raise
its levee and reach regime condition, the flood level will be close to the bank level, i.e.
bank full water level will be the same along the whole river stretch.
(5) Hypothesis 5: At regime condition the channel dimensions will rearly be the same both
at the upstream and downstream and no sedimentation would be expected during

monsoon.

V-1:xxvii



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

Validation of the CEGIS conceptual Model were tried using both conventional way of data
analysis as well as from model output (simulated values). Details have been presented in
Chapter 9.
Both the models (Surma and Kushiyara) have been fine-tuned and simulated to predict the
future scenarios with 20% increase of discharge (Scenario-1) as well as 20% decrease of
discharge (Scenario-2) at the upstream. The details have been given in Chapter 10.
The bankline survey report, containing survey data and maps have been plotted and presented
in Volume 2. Analysis of sediment and bed material samples have been presented in Volume
3.
The major findings of the study are as follows:
1. The analysis confirms the acceptability of Hypothesis 1 for both the Surma and the
Kushiyara rivers.
2. The Hypothesis 2 could not be (conclusively)established/validated.
For both the Surma and the Kushiyara rivers it may be concluded that, the bankfull
water levels at the downstream decrease, consequently there are changes in channel
dimension, the change of both the area and the top width shows a scattered pattern and
the change of average depth shows a decreasing trend towards downstream direction.
(see 9.2.1;9.2.2)
3. (i) From conventional analysis, Hypotheses 3 may be considered established/validated
for both the Surma and the Kushiyara rivers.
(if) From Model output, it may be stated that the Hypothesis 3 may be considered as
established/validated for the Kushiyara but not for the Surma. (details in Sec 9.3.1 and
9.3.2)
4. Hypotheses 4 and 5 relate to the hypothetical ‘Regime Condition’ of the river.
The analysis clearly demonstrates that the Surma and the Kushiyara rivers are not in
‘Regime  Condition’. So the hypothesis could not be confirmed/validated through
the model output. But since the ‘Regime Condition’ is a theoretical condition of a river,
the validity of these two hypotheses (4 and 5) can be accepted on Theoretical

explanation basis (details given in See 5.6).
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Under Scenario 1, when Peak discharge increases (20%) at upstream, there are increase
in simulated cross sections, discharges and water levels at downstream. Consequently,
new areas are flooded and in other places flood depth increase.

Under Scenario 2, when Peak discharge decreases (20%) at upstream, there are
decrease in cross sections, discharge and water levels at downstream. Consequently,
flood reduction is observed.

Concluding Remarks

1.

Through the validation of the CEGIS conceptual Model the study has contributed
towards enhancement of knowledge on hydro morphological process of the two major
rivers of the Haor areas which will be of great benefit for the planners and the
Government for implementation of the development plans in the Haor areas.

This HEC-RAS 5.0.3 model may be further updated to predict the changes in sediment
deposition, erosion, discharge and water level in the downstream of the Surma and the
Kushiyara rivers.

A study may be taken up to couple the two HEC-RAS Models developed under this
study.

A study may be taken up to develop a general model to simulate and predict the
morphological behavior of the rivers of the Haor region.

Finer resolution satellite images should be collected for understanding of the shifting
of the rivers.

Some permanent sediment and bed material collection stations should be established
both on the rivers Surma and Kushiyara.

A routine program of bathymetric survey for the two rivers may be taken up. The survey

should be carried out in 4 seasons (namely, Pre monsoon, Monsoon, Post monsoon and
Dry).

The Executive summary of the Final Report has been given in Bengali below:
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Executive Summary (in Bengali)

ICEIGRIG R N 2|

SN ST JATFIO TG ([N (Sylhet basin) SIS, TM ALATHR BGI-
N FRGANGBIA W2BTAF (north-east hydrological zone) NBYE | GONGH NI
A (AF 4 WPATO ST (tectonically active) | & TN2BTAT G-IVICNS (subsidence)
AT (T NI (IR TNGI) B (GIT NP ([N | L1 FAT =T 16
RTNT TOIfed SRINNN WAV (Miocene) I3 (29.09-¢. 0 fXfEwN 3857 ¥
(AT HAF|

SIS AL ([N (18T W) TAPTYCRA [[RITS I 0T SRSz a5
(CEGIS) ZCITOR JH6 LIINNS NCGH (conceptual model) NIV FA| [FF
N(GADT WOl ARSI AHIHI (Validation) TSI 41 AN | fNTF 4r3enoa
Sngfe (M = |

. “...... WA TRt ARAACZF W (bank full discharge), VA NIHR AT [RGB
fIFON R0 =T AT TATIF LT (upstream) I TN (@ 438 A6 517G I
AR FPIYIPMR| & (AT QIR A (F, (SHTIT L) IQACIS AT K STUAR
TR 2RIR, O TFEI NNW2R FNRE A | WA MF TR [NHI=6e=
(downstream) AT AIMTZ NN (NS FW AMF 43 I (LN q BT
PIUP NS Fel QIHTT I =0T ACF |

o  WRIF fNNIBTET (downstream) Y WA AN W FCN T8N, NAIK AFSF
PN AISTMH2 N FI LR TR A & STSIo1 FCN [N | G @S
AR T TN HF I 8TF A JH6 IRY =@ M| {76
STICOA20 RfITOS (satellite image) (AT AT |

o IR IZ I AE YN 7RI OIF ATG/ O FIOLF (levee) - G86 FACO HN =T
e AT RS SIET (regime condition) T SN INTF AN B (flood level)
O NSO FIYIMR W WA TS TRITO2 FfTAl AJMIS (bank full
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discharge) TN (32 ST ATF | AT DB ALG2 (SATIT W & fAF126a)
P2 AP 32 I CAITH (monsoon) (TN AT TN ST 41 1T N1

4 STURHIR o1 G 261, 8T JeATFIF TATNIRS WSRO NIRRT A%
(morphological process) F™N(F N WGHN Il JINHE JNHE ST =4
fST2E25T ANS RN NMGAGT WHO) AZNIITST IH12 FT| TR (BT
ST ] IS AR (scope) TATEPCN CTFH 9.9 8 5.8 ¢ (M AR

SRFHIOT FH @S (methodology) WW TG 8 fIs-Brf fRremt cran AR,
TN AF(G PN B (technical committee) IS LA ST & TEATo N GHIN
WENGT FOF WA ATE|  FANROCS T ASGS; ©f (T AFHA
FTAGAT (literature review), ATNH/CAAF (primary) BATE AT, TN ST
(ATF BTG (secondary data) STLX, NANOI GAIY (bank line survey), 521G BATS
fRCAF, RG-GrININF WO (hydro dynamic model) BTN, VUG IIMIN
(calibration) 8 ®ZTST/AZVCAINTST T2 (validation) A3 TG 2= |

PTG 8 HOTE fRTHNG AT CFT TARERS FHAGS WP T (AT
MR G- BT AUPTAIRA GG (AMRE & AT STON @S (morphological
process) LA A0 RFCT AT, THFT0, [ToNG, Trery NS, Af7sg,
RN ZONM A F MR TF M [ZZT 8 S (v =R
OISR SIHATIS FIF0 GHNG 2T

. EICEICICIS YRR RYACE

. NACHIEANS ™S W =S8 AT (RS2 a5, 209Y)

o 3G (WO IG 2fTIAET SO [T WNGITNDB (TIFF S
I, 2058)

S0 @FTAT WINNNE Wrar [T F1 G ST FNOR NSve 2 | 53

SIPTRT AHTATGAI (M1 I (T FCETB (@ ISR 2-8 N2 f¥s 2F v 2|
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VTG QZO)/ AZATAI5TS] A6 (validation) G FTCHT SITNT & FHRTRT VRIS STRHI
BT 3| Bo¥ VA2 12 WItad S¢o fBsfNe o (length) ST PRGNS
WBGS 2| SIANE CH0a N2 916 8 FHIRI NRK CHCG FISAT (ATF 4 I
©F T

M¥2S (MfAF BTG (primary data) I3 NI ST T(O AL9Y3S SATT

(secondary data) fSfGT® SRFIT AfFEIeTe =71

o SIANI 8 FRRAI TG TR CHFLA2 FoN VAl AATZ (discharge) AN FAT =T
(AT GO W fof8re) |

o AW 8 FHARI TOF TR CFLEa2 Fo~ AT Y (sediment concentration)
AN F1 =

o AW 8 FMIRI GO VA CFE2 S0 I TA-(TF (cross-section)
AR 1 =

o  TOYRITS2 AT TNCTA (sediment concentration) AT F1 =T (SN, 56
CHA)

o  GoTNRITO2 (IG (NG (bed material) TN T 2T (2 A4, 56 =)

o  OOT TANIT GAIZ TRROIT QA (bank line survey) BT T S¢o fFsfie e
A GO O G F1 =7

o IREATHN NN THIN @G (S @) IS AN O (water level), NATZ
(discharge), (391 (valocity) IS T (TPF* (cross section) BATSTYR YR FAT
=T

. ZOIFAD 20O 26PANGIS (USGS) AT STGEIRE B GIONCeG H1 = |

. Rfon Norfiena o e SIoeng SEma s =1

YIS F{T I2eT 970 I WA (one dimensional) TG X6 HGC-RAS

433 MIKE 11. ST 924 I92® N0G 267 Delft 3D A% Delft 3D FM
JIREF SATIINST YATTN (*1TF HEC-RAS 5-03 NGB & ST FICG
IIZNEA G (V15w a1 =1 @ A6 Gora Ao [ym™ [{aea
Q[N FdT R
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o  W(GAM IITAFIN AT (user-friendly) | d VTG Gy B NN O, ST
] T (TR TG 2T

o (GHAMD RN TIENTEANG HF IIZF FAT T THAIMIF MIKE 11 T
Delft 3D RO (LT STPOSTE ARSI G =Y A9 I (@ [
IZA| A STAH AF(F NGIAR AR FIIT G (TN AZ (N2 | TNy
(T ZNCT FRTACES STy T XOARA (T ST FIOG HEC-RAS NG
R[] <A1 AA|

o SIANI 8 FHRARI VA IATHE VAT 20O WNART NP FITN 6 N AR | I
TGS FFOT 8 NIRRT BATS 1 AFIF FICY TIN 8 FRRT 1 767
T 76 AT NG TN Fh1 ICAR | VAT AN e, (39, 1= 432 T
TR SATSTNZ [[RTAFYT & AT FCI ©F HEC-RAS 5.03 VTG FIFETI*
RYCIGIACRICE] O] I9RI9 P AR

AN NRIF TG

NCGATG 2059 A GATS AT SN FAT IACR A2 2058 ANA BTG T
WON/AZACIET 612 F AR SANE (FUNCF T (schematic setup)
FIAIRA6 A JANNG TS [T00 (J9ME @G G SW 266 XS SW 269) |
NG5 [GETNEF CTO™H (geometric setup) NN A2MG @ITER GHN RMS 38
ZCG RMS 10 (CNTG 2b{0) T3 (%1 720 (AR | I TS (TF¥ STIZ A9S ({16
2039 FAF (FIPAMR-NE WA ARV FI | TN NG FIVRA6 (SW 266) (F
THNFE (upstream) AR O RAMNI 55 FAT ZCACR A2 & CHHNTHI 2059 AN
AT ARG ATH (discharge hydrograph) NN IGGTA FIGH (upstream boundary
condition) TR S5 B AR | STNINNEG COHTAT (SW 269) 050 STAF AT e
FRGATHF (stage hydrograph) TIOVSRIN GGl HFGHN (down stream boundary
condition) fRSITI 5117 1T (IR
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NCGEATG 205 A BTG FATT FHTI* FAT AACR 7S 2052 A GATS T
WHS]/ RTINS 12 T AR | FHRIRIF (FNGF (IO (schematic setup)
(ST 20O NPT LS [0S (1918 (@6 CTH ;SW 173 Z0S SW 270) | NGB
fGOTNRF CToRT™ NN AT AN SHIN ([QTGF GBI RMKUS 12 (O
RMKUS 1 43¢ RMBIB 9 X0® RMBIB 1 (N6 250) &5 (TF* 31970 WR| 4
T3 (TFTYR 1918 ([AM6 2050 AR N6-Af3 STNCT ARV F0I | FHRET
WG (I8 (SW 173) (P BATE TR (upstream boundary) ORI RT3 /1
AR A9 AR CONNT 205 S AR RRGATHCP (discharge  hydrograph)
SIEIN GG FFGH (upstream boundary condition) I T FAT (IR
WEHE GO (SW 270) 0% AT AN O ARGATH(S (stage hydrograph)
TG~ IMOWTA FGH ((downstream boundary condition) FESITI 51 4T IR

1A NGHATOF ©Ifgds I 8 AT I3 NCGAMG ZIRCATASIT (hypothesis) STIZ
S ¢ G (7 IR GBIy 2 RCATASTT STY= NG-Bry f[Feoms I
AR | FTRG2.95 NCGATG (A0F NIV S ¢fS R0 Sr2ae w41 (AT

) TRCATBIAY: AR 2R[RMET W VR [Neea s [foraes =91 B aw
AT 9 N (@, T AT NG I AN IR |

() XRCATCARTA-2: T ea M (downstream) Qfﬁﬁ)f AR NN FAIJ AT
TR WHS N TS WO 0| L THIF 2 8 rolgel FN I

(©)  RIRCATOIT-©: TR FFY TOITOIF FIACT BF (NN VAl OCeT BIeT (gradient)
gf% AT HCeT NRIF GATIT ST (upstream area) RIIEERVGERD ﬂlr'a? AR

(8)  ZR[MANTA-8: IR Jo¥ AT YN VAl OIF AG/SIF FHIF BF FATO 56N =
J3g VA RS SRBIT (regime condition) WTS, SN IV NN S (flood level)
IR TN FIQHING T WY TAS NRIT02 AR SRTZ S W 53
N |
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(C&)  RIRCATCARTA-¢: DA % WIFT (regime condition) NS RIS CRIGE
LT & FNHISTH) TR WP IB2 AT ACH 78 I G (@I e T
iR IR

IG5 NGATOT WFOAZICISTS! T2 ¢ (validation) &G{eT® (conventional)
TGS RTATY 8 NG 58 BATS (model generated output) [RTATT SO H@©R IR
P AR | 47 RB1RS {7 G » 9 1 2R

GO V(TR SPFONF NGO F AR (TN OR[GO T¥IAG (scenario) (RATCNT
A TR GATIT LT (upstream) AATZ 0% (@ (FHAB-3) JI2 AR 0% FIN
(ST (PHG-2) TN VRIS A7 AOR [F Z(J O  [RCATEI ST Yo g Iof 1 FAT1
AR

FRreI Tt TG SAGN-2 @ (N AICR | ATO G TS & NNbG J N
A G

AT 8 (IC-(NGIATE (sediment and bed material) YT SR IGIERE faromba
SO N-0 g (M =ACR

4 SRR A4 [Re{e o =4

O) SN 8 BRI SO VA G2 IIRCANTC S AR5

(R)  TRAMAGA-2 I WFe/AZITel JAUEen Rve T T Toy
TRIF CHCA2 (AT T (T VRIS [ VRI6TEAI M )T 2-_2T N SN =T 472
FAXFIOTS VA WAL (dimension) ATISN TT | VR TS (TN CHFaHe
(arca) J9¢ 2F [FERY LHDICE (scattered pattern) SREI5F® (AR ©(F TG
OO AT (trend) VAR (NRIETA HTF [FROT FN; (CTFHH 5.2.5, .2.2)

(OF) ARG [RTATY AGS I TRCAFTH-© O VR CHLE2 A=Y (97T |

(9Y) WO WMGEE I AL FHRIRI Ty AZNCT9T; (58 STI
T G V| (RS CT £.9.5 8 5.9.2);

V-1: XXXV



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin

(8)

(&)

Final Report: Volume 1

AN 8 8 ¢ VA ©OIfgF B[S WIF (theoretical regime condition)
STARFS | G TR R (A(F NS oo I T (T SJAN1 8 FRRr
3RS SRIZ 44T WA | G FICY VOGS SWMOG24G T 4 76 DRI
J7 WZel AR5 TH12 F41 78I 0| 58 (Tzg XS ==z R
JF0 OfgF WIF, WO (W ¢.Y 4 ARG OIfgd I ST
IRCATCATT 8 & ¢ SRTI9W;

TIAG-Y: T TR BIRIBTA (upstream) ST AR 20% I AT ©F =4,
WG ST BTG RO (M1 TF (T, NRIBTTYRI P TR, 1R 8 AN
O Iz AT | FAXPROTO o Fod JoFI AMRO (I I8 NI AP
ERNER| EER GRS TRl

(Y)  TPINB-2 | I TR BERIR6TET (upstream) STITEE AR 20% FCN TMH, ©F XA
fRIAETSTYRT TP TN, QR & AT e ToJIH J1ST ANK | TeTapfore
I AT FN A
G
Sl OS2 45T qF 4N NIGTAT SOl AZATITO 612 g7 NN S8
JAFIE 76 AN VA G NIFAGRIA AT TN FS W A%
AR T VTN V8T JATHI BRACN A0S AP AN AR GNNKANY
8 AP AV JIPH GNP (I |
2 ARATHN AN THIN (@G TRGEAG 366 NSl I ATITG |
8T JABIF Al STY(RA {IERIRP BATG AR (collection of continuous data)
SRV CRIE
Ol AN 8 RN TRITS IR0 A AT (sediment) & (C-CNCOKIT NI

LR ORI ZIN SI*TF |

V-1:XXXVi



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin

81

eq

V)

ql

4

&l

Final Report: Volume 1

X ﬁﬂﬁ?waﬂ%ﬂ (RUATNIGF Gary (bathymetric survey) FAFT A2
WNF | G Py 85 N2 WAl w7, I, -2 8 »%
CASICN ST FAT WINTF |

TR SfSHNY AFISN STNF TN WRIR ACH ST (O (finer
resolution) SSTCGEIR0 RIS HL AR FAT ARHTFH |

8T JAFIRK AT VIFAGFINT WHIT @RI 8 ofwe A
(prediction) FAR TG JF6 LRV WGHA ATINT G JH6 ST
FILFN &2 F1 (IS AN

8T I VATY(ZA NTFAGBIA TR FIGE G JF6 PG A=Y
41 (0O AE|

A2 ST FOGE STNY ANS FfO NGATE HATF AT A0 JB0 ST
PPN A2 T (JCO AL

HEC-RAS 5.03 N(GG ST BFS 8 ZENINN (update) FAT LFH (TN 4
NG BT SR @ FHRRET SR A ON1, 7 oS, o[% 8 N o
O ARTTSN ST=TH TSGR S9N LK FT 7|

V-1:xXxxvii



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

1 Introduction

1.1 Background

The hydro-meteorology of Haor area is quite different from other parts of the country. The
northeast region is a tectonically active area and the rate of subsidence in this area is much
higher than the deltaic plains elsewhere in the country (PSP, 2015). It is reported that in the
Sylhet Basin, tectonic subsidence has been active since the Miocene with a mean rate of 2-4
mm/yr (Johnson and Alam, 1991; Worm et al., 1998). The geological, hydrological and
geographical settings generate a unique hydro-ecological environment in this region.

There exists a knowledge gap in scientific explanation of evolution/morphological process of
the rivers of the Sylhet basin. Any intervention/investment for water resources management
without sound understanding of the morphological process may become counterproductive,
unsustainable and may cause adverse impacts on the environment and ecosystem. It may be
noted that, considering the need for enhancement of scientific knowledge on river
morphology, the 53-member National Council of Science and Technology (NCST), headed by
the Hon’ble Prime Minister took a decision in its 7th meeting that the DBHWD will take up
this project. Accordingly, the 26-member Executive Committee of the National Council of
Science and Technology (ECNCST), headed by the Hon’ble Minister, Ministry of Science and
Technology in its 22nd meeting (held on 29th October, 2014) took a decision for the
implementation of this research project on priority basis.

The Center for Environmental and Geographic Information Services (CEGIS) has developed
a conceptual model to explain the evolution of rivers in the subsiding Sylhet Basin (Haor
areas). Validation of this model was not done. This study is intended for validation of the
existing CEGIS model for understanding and explaining the morphological process of the
rivers of the Sylhet basin. The validated model will be of great benefit for the planner and the
Government for implementation of the development plans in the Haor areas. Moreover, the
capacity and strength of the DBHWD will also be enhanced.
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The developed numerical model can be used efficiently for further morphological studies of
the rivers of the Haor Basin. Prediction of different scenarios considering changes of discharge
due to climate change or other factors can also be made through minor modification or

adjustments of the numerical model.
1.2 Study Area

The general study area is the Sylhet basin, located in the north-east hydrological zone of
Bangladesh (Figure 1.1).
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Figure 1-1 General Study area the North East Hydrological Region of Bangladesh

It is a very large basin covering about 10,000 km? area in the Sylhet, Sunamganj, Maulvibazar,
Habiganj, Netrokona and Kishoreganj districts. Although located about 300 km away from the
bay, it is reported that lowest elevation of the Sylhet basin at its northern boundary is very
close to Mean Sea Level (PSP, 2015). The lowest/ depressed areas of the north-east
hydrological zone of Bangladesh are known as Haors. The rivers of this zone have formed

several flood basins within the large subsiding Sylhet basin, which are commonly known as
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Haor and the Sylhet basin itself is known as Haor basin. There are 373 Haors in this basin
(DBHWD, 2012).

The Surma and the Kushiyara rivers have been studied for the validation of the CEGIS Model.

A reach of 150 km each for both the rivers starting from Kanaighat for the Surma and Shaola

for the Kushiyara have been considered.

1.3 Objectives

The objectives of the study as laid down in the approved Proforma for Study Proposal (PSP),

2015 are quoted below:

Quote

Main objective is to know the inherent morphological process of the river system in the

Haor areas in order to manage the river more efficiently.” Specific objectives of the study

are to:

1.

Enhance the knowledge on hydro-morphological behavior of the Surma and Kushiyara
rivers in the Sylhet basin.

Validate the existing conceptual model of CEGIS; and

Assess the applicability of the validated model with the enhanced knowledge on
prevailing physical processes of the rivers.

Unquote

1.4 Scope of Works

The Scope of Works of the study as laid down in the TOR are quoted below:

Quote

1.

Review the literatures on evolution process of rivers on especially on the north-eastern
part of Bangladesh.

Routine measurement of discharge and sediment concentration in the Kushiyara and
Surma River at fixed sections which will cover one hydrologic cycle.

Measurement of velocity, discharge, bed material and sediment concentration along the

two rivers during monsoon, post-monsoon and dry period.
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4. Bank line survey in both rivers which is 150 km in each river.

5. Secondary data collection, such as water level, discharge, cross sections and
bathymetry data.

6. Analyze the primary and secondary data for further elaborating and validating the
existing conceptual model for the evolution of the rivers in Haor areas.

7. Assess the applicability of the validated model with the enhanced knowledge on
prevailing physical processes of the rivers.

Unquote
1.5 Constrains and Limitations

No attempt has been made to validate or measure the subsidence of Sylhet Basin, as it is beyond
the scope of TOR. However, the available literature study confirmed the subsidence (of the
order 2-4 mm/yr) of the Sylhet Basin. The major constrains and limitations as was also

mentioned in the Inception Report (March, 2016) are:
Quote

1. Due to the limitation of time and financial resources, most of the study will be carried
out by using data of secondary sources.

2. Primary data of stage, discharge and sediments will be collected for only one year

3. The model developed under this study will assess the validity of the conceptual model
developed by the CEGIS in a qualitative way.

4. Satellite images of finer resolution are required to understand the avulsion and
branching processes of the river. But budget does not include the cost of the images.

5. In the approved PSP (2015), the study period was shown as 24 months (July, 2015-
June 2017). But the works of consultants started with a lag of 5 months (December,
2015). So, the Consultants had to complete the works within the specified time period.

Unquote
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2 Methodology

The general approach and methodology of the study was described in the Inception Report and
was approved by the technical committee and the DBHWD. The methodology discussed in the
mid-term report is almost the same as that of the Inception Report, with slight modifications

and adjustments.

2.1 Literature Review

As a logical approach, the team have started the work with the literature review of the
morphological process of the North Eastern Region. Various publications, documents and
reports have been reviewed by the team in order to understand the complex characteristics of
the morphological process of the North Eastern Region. Brief description of the literatures

reviewed is given in Chapter 4. Preliminarily, the following documents have been reviewed:

o Different Numerical Models

e Master Plan of Haor Area, 2012

e Morphology of the Haor Areas, 2011

¢ Inland Navigation and Integrated Water Resources Management, 2014

e National Water Management Plan, 2004

e Northeast Regional Water Management Project (FAP 6), 1994

e Mathematical Modelling Study to Assess Upazila Wise Surface Water and
Groundwater Resources and Changes in Groundwater Level Due to Withdrawal of
Groundwater at the Pilot Areas (Package-1)

o Mathematical Modelling & Topographic Survey for Integrated Water Resources

Management of Chalan Beel Area Including Beel Halti Development Project

V-1:5



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

2.2 Collection of Primary Data

Primary data of both the Surma and Kushiyara rivers have been collected. Primary data include

the following:

Routine measurement of Discharge
Routine measurement of Sediment Concentration

1

2

3. Measurement of Cross-sections

4. Sediment Concentration measurement
5

Bank line survey

The details of the data (collected) and collection procedure have been discussed in Chapter 5.

2.3 Collection of Secondary Data

Secondary data of both the Surma and Kushiyara rivers have been collected from the BWDB

and the USGS. The data have been processed. The following data have been collected:

e Water Level
e Discharge

e Velocity

e Cross Section

o Satellite Imageries (30m x 30m resolution)
The details have been given in Chapter 5.

2.4 Bank Line Survey

Bank line survey of both the Surma and the Kushiyara rivers have been conducted. The survey
works of both the rivers were done by Total Station, GPS and Automatic Level are mapped by
ArcGIS. One hundred and fifty (150) km reach on each of the rivers has been surveyed. One
hundred and Fifty (150) sections have been selected along the reach, with a distance of 1 km
between each section. Measurements have been taken on both banks of the river at the specified

sections. The details of Bank line survey have been discussed in Chapter 5.
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2.5 Analysis of the Primary and Secondary Data

The water level, velocity, discharge and cross section data have been processed and these data
was used for calibrating and validating of the numerical model namely HEC-RAS 2D. This
model has been used to predict the change in sediment deposition, discharge and water level
in the downstream of the Surma and Kushiyara rivers and validate (qualitatively) the CEGIS

Conceptual Model.
2.6 Model Setup

The main objective of this study is to know the basic hydrodynamic and morphological process
of the rivers of the Haor basin. In order to understand the hydrodynamic processes of the Surma
and the Kushiyara, HEC-RAS Model has been used for carrying out this study. The numerical

model has been setup using the secondary data collected from the BWDB.
2.7 Model Calibration

The numerical model has been calibrated using the cross sections of the year 2013 for the
Surma river and 2008 for the Kushiyara river. From the data synthesis, it has been revealed
that the available data of the Surma are of the year 2009, 2011, 2013 and 2014 and the available
data for the Kushiyara are 2004, 2006, 2008 and 2010. There is no common year of the data

availability.
2.8 Model Validation

The numerical models have been validated using the cross sections of the year 2014 for the

Surma river and 2010 for the Kushiyara river.

The performance/accuracy/validity of the Conceptual Model has been evaluated by comparing
the predicted numerical model results with that of the field observations of the different

morphological processes in the Surma and Kushiyara Rivers.

The predicted model results have been compared with the hypothesis of the existing CEGIS

Conceptual Model for assessment of the validity of the existing model.
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2.9 Preparation of Reports

The reports which are being subsequently prepared and submitted to the DBHWD are:

1. Field Visit Reports
2. (draft) Inception Report
3. Inception Report
4, Status Reports
5. Mid Term Report
6. (draft) Final Report
7. Final Report
The following Table 2.1 shows the reports which have been submitted to the DBHWD so far.

Table 2.1: List of Submitted Reports

Name of Report Date of Submission
1. | (draft) Inception Report 15" March, 2016
2. | Inception Report 28" March, 2016
3. | Status Report - | 22" July, 2016
4. | Mid Term Report 22" January, 2017
5. | Status Report - 1 | 22" January, 2017
6. | (draft) Final Report 1% June, 2017
7. | Final Report 29th June, 2017

The (draft) Final Report will be discussed in a workshop. Incorporating the feedback from the
workshop and comments from the DBHWD, the report will be finalized and presented to the
DBHWD.
The methodology which is being adopted for conducting the study is shown in the flow chart
(Fig. 2.1).
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Figure 2-1: Flowchart of Methodology
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3 The Sylhet Basin

The Sylhet Basin (also known as Sylhet Trough) is a sub-basin of the Bengal Basin (Figure
3.1 & 3.2) situated in the North East Hydrological Zone of Bangladesh (Figure 3.3). The basin
is bounded on the north by the Shillong Massif, east and southeast by the sub-meridional
trending folded belt of Assam and Tripura as the frontal deformation zone of Indo-Burman
ranges and west by The Indian Platform. To the south and southwest it is open to the main part
of the Bengal Basin. The great Dauki Fault separates the Basin from the Shillong Massif. It is
an oval shaped trough about 130 km long and 60 km wide. The Dauki Fault with 5 km wide
fault zone forms the contact between Shillong Massif and Sylhet Basin. The evolution of Sylhet
Basin includes (i) a passive continental margin (Pre-Oligocene) to (ii) a foreland basin linked
to the Indo-Burman Ranges (Oligocene and Miolene) to (iii) a foreland basin linked to south-
directed over thrusting of Shillong Plateau (Pliocene-Holocene). The Aeromagnetic
interpretation map by Hunting (1980) indicates a gradual deepening of basement towards the
center of the basin and also reveals subsurface synclinal features and faults within the basin.
Its topography is predominantly flat with some north-south trending ridges of twenty to several
hundred meters elevation present in the north-eastern border. It is actively subsiding (Johnson
& Alam, 1991). The thickness of late Mesozoic and Cenozoic strata in the Sylhet Basin ranges
from about 13 to 17 km has been estimated by some authors (Evans 1964, Hiller & Elahi 1984).
Much of these strata are Neogene in age (Johnson and Alam 1991). The geology and
hydrocarbon potential of the Sylhet Basin have been investigated by many workers (Holtrop
& Keizer 1970, Lietz & Kabir 1982, Hiller & Elahi 1984, Khan et al. 1988, Chowdhury et al.
1987) but palynological studies are lacking.

The development of Sylhet Basin began in the Early Cretaceous epoch (ca. 127 Ma) when the
Indian plate rifted away from Antarctica (Johnson & Alam 1991). After a plate reorganization
ca. 90 Ma, the Indian plate migrated rapidly northward and collided with Asia between ca. 55
and 40 Ma (Curray et al. 1983, Molnar 1984). The basin has been characterized by deltaic

sedimentation since The Oligocene epoch.
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Figure 3-1 The Bengal Basin (Source: Banglapedia, 2003)
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Figure 3-3: Hydrological regions of Bangladesh (Source: NWMP, 2004)

Today, the onshore part of the Bengal Basin is the site of the world's largest delta (about 60
000 km2) formed by rivers (Ganges, Brahmaputra/Jamuna, Padma, Meghna) that drain a large
portion of the Himalayas (Johnson & Alam 1991). This subaerial delta feeds the world's largest
submarine fan (Bengal Fan), which extends more than 3 000 km south into the Bay of Bengal
(Curray & Moore 1974). The Bengal Basin gradually is being encroached on by the Indo-
Burman ranges, a ~ 230-km-wide, active orogeny belt associated with eastward subduction of
The Indian plate below Myanmar (Burma) (Brunnschweiler 1966, LeDain et al. 1984,
Sengupta et al. 1990). In The Early Miocene, as the collision between the Indian and the

Eurasian plates continued, there were further major phases of uplift in the Himalayas.

Consequently, a large volume of clastic sediments was supplied to and began progressively to
fill the Basin (Imam & Shaw 1985). Sylhet Basin is characterized by a large, closed, negative

gravity anomaly (as low as 84 milligals), with minimal topography (elevations of about 5 to
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20 m) and numerous lakes and swamps, and is actively subsiding (Johnson & Alam 1991). On
the basis of seismic data, the Sylhet Basin cumulatively comprises an approximately 17 km
thick (Hiller & Elahi 1984) sedimentary column from Post - Eocene Sylhet Limestone to
Recent clastics. Sylhet Basin was structurally evolved by the contemporaneous interference of
two major tectonic movements, i.e. the emerging of the Shillong Massif in the north and the
west prograding mobile Indo-Burman Fold Belt (Hiller & Elahi 1984). The northern and
eastern parts of the basin are far more complicated than the southern and western portions. The
relief and complexicity increases towards the east (Haque 1982). The anticlines are commonly
faulted and many produce gas (Johnson & Alam 1991). Structural relief between paired
anticlinal crests and adjacent synclinal troughs may be as much as 7 000 m (Hiller & Elahi
1984), and the synclines have acted as major late Neogene and Quaternary depocenters. The
folds decrease in amplitude westward, and are not present west of about 91° (Lietz & Kabir
1982), where the Sylhet trough merges with the main part of the Bengal Basin. The SG (Early
Miocene - Quaternary) is a diachronous unit consisting of a succession of alternating shales,
sandstone, siltstones and sandy shales with occasional thin conglomerates, indicative of
repetitive deposition from pro-delta, delta front, and paralic facies with intermittent, wholly
marine facies (Holtrop & Keizer 1970). The group is divided into the Bhuban and the Bokabil

Formations, based on differences in their gross lithologies (Mathur & Evans 1964).
3.1 Regional Physiographic Setting

The Sylhet basin has been characterized by deltaic sedimentation since The Oligocene epoch.
Today, the onshore part of the Bengal Basin is the site of the world's largest delta (about 60000
km?) formed by rivers (Ganges, Brahmaputra/Jamuna, Padma, Meghna) that drain a large
portion of the Himalayas (Johnson & Alam 1991). This subaerial delta feeds the world's largest
submarine fan (Bengal Fan), which extends more than 3 000 km south into the Bay of Bengal
(Curray & Moore 1974). Physiographic Map of Bangladesh is shown in Figure 3.4. The brief
physiography of the Sylhet basin is described below.

3.1.1 Old Brahmaputra Floodplain

The Old Brahmaputra floodplain stretching from the southwestern corner of the Garo Hills
along the eastern rim of the Madhupur Tract down to the Meghna exhibits a gentle morphology

composed of broad ridges and depressions.
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Figure 3-4 Physiography of Bangladesh (Source: Banglapedia, 2003
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3.1.2 Jamuna (Young Brahmaputra) Floodplain

Due to the uplift of the two large Pleistocene blocks of Barind and Madhupur, the zone of
subsidence between those turned to a rift valley and became the new course of the Brahmaputra
and came to be known as the great Jamuna. Both the left and right banks of the river are
included in this sub-region. The Brahmaputra-Jamuna floodplain can again be subdivided into
the Bangali-Karatoya floodplain, Jamuna-Dhaleshwari floodplain.

3.1.3 Haor Basin

A large, gentle depressional feature is bounded by the Old Brahmaputra floodplain in the west,
the Meghalaya Plateau's foothills in the north, Sylhet High Plain in the east and Old Meghna
Estuarine floodplain on the south. Its greatest length, both East-West and North-South, is just
over 113 km. Numerous lakes (Beels), large swamps and Haors cover this saucer-shaped area
of about 10,000 km?. The sinking of this large area into its present saucer-shape seems to be
intimately connected with the uplift of Madhupur Tract.

3.1.4 Surma-Kushiyara Floodplain

It comprises the floodplain of rivers draining from the eastern border towards the Sylhet Basin
(Haor Basin). Some small hill and piedmont areas near Sylhet are included within the
boundaries. Elsewhere, the relief generally is smooth, comprising broad ridges and basins, but
it is locally irregular alongside river channels. The soils are mainly heavy silts on the ridges
and clays in the basins. This area is subject to flash floods in the pre-monsoon, monsoon and
post-monsoon seasons, so the extent and depth of flooding can vary greatly within a few days

(Banglapedia, 2003). Normal flooding is mainly shallow on the ridges and deep in the basins.

3.1.5 Meghna Floodplain

It is divided into four sub-regions:

a. Middle Meghna Floodplain: The main channel of the Meghna upstream from its
junction with the Dhaleshwari and Ganges as far as Bhairab Bazar is known as the
middle Meghna.

b. Lower Meghna Floodplain: It extends southward from the junction of the Meghna and
Ganges; the sediments on the left bank of the lower Meghna comprise mixed alluvium

from the Ganges, Jamuna and Meghna.
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c. Old Meghna Estuarine Floodplain: The landscape in this extensive unit is quite
different from that on river and tidal floodplains. The relief is almost level, with little
difference in elevation between ridges and basins. Natural rivers and streams are far
apart in the southern part and drainage is provided by a network of man-made canals
(khal).

d. Young Meghna Estuarine Floodplain: This sub-unit occupies almost the level land
within and adjoining the Meghna estuary. It includes both island and mainland areas.
New deposition and erosion are constantly taking place on the margins, continuously
altering the shape of the land areas. Seasonal flooding is mainly shallow, but fluctuates

tidally, and is caused mainly by rainwater or non-saline river water.

3.1.6 Northern and Eastern Piedmont Plains

It is the generally sloping piedmont plains bordering with the northern and eastern hills. The
whole area is subject to flash floods during the rainy season. On the higher parts, flooding is
mainly intermittent and shallow; but it is moderately deep or deep in the basin. The sub-region
covers most or parts of the upazilas of Nalitabari (Sherpur), Tahirpur, Bishwamvarpur,
Dowarabazar, Companiganj (Sylhet), Gowainghat, Madhabpur, Habiganj Sadar, Chunarughat,
Sreemangal, Kamalganj and Kulaura.

3.1.7 Northern and Eastern Hills

Hilly areas of Bangladesh comprise two main kinds of topography:

a. Low Hill Ranges: The comparatively low hill ranges occur between and outside the
high hill ranges. They are mainly formed over unconsolidated sandstone and shale.
Their summits generally are <300m above MSL. Most areas are strongly dissected,
with short steep slopes, but there are some areas with rolling to early-level relief (eg in
the best tea-growing areas of Sylhet region).

b. High Hill or Mountain Ranges: This sub-unit comprise an almost parallel ridge
running approximately north-south and with summits reaching 300-1000 m. They have

very steep slopes - generally >40%, often 100% and are subject to landslide erosion.
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3.2 Hydrological Setting

3.2.1 Rivers

The North East Hydrological Region (Figure 3.3) consists of Sunamganj, Sylhet, Maulvibazar,
Habiganj, Netrakona and parts of Sherpur, Mymensingh, Kishoreganj and Brahmanbaria.
There are eighty-seven rivers including 20 transboundary rivers in this region. The Indian
Barak River reaches the border with Bangladesh at Amalshid in Sylhet district and bifurcates
to form the steep and highly flashy rivers the Surma and the Kushiyara. The Surma and
Kushiyara Rivers ultimately meet and flow as the Kalni River and falls into the Meghna. There
are many other rivers in the basin which also ultimately fall into the Meghna. The river system
is known as Surma-Meghna River System. The principal catchments which drain from India

into the regions are:

e Meghalaya Hills which from the northern boundary of Bangladesh and drain 13,466
km? of steep mountains along the southern face of Shillong Plateau.

e The Barak River basin which drains 25,263 km? in the states of Assam, Manipur and
Mizoram

e Tripura Hills which drain an area of 6845 km? from the state of Tripura.

Total surface water supplies to the region excluding the Old Brahmaputra River are 173 km?.
Of this, 40% originates as rainfall over the region and 60% as rainfall over Indian catchments.
An estimated 95% of the total surface water supply runs off during the period between May 1
and November 30. During this period tributary streams draining the Meghalaya and Tripura
catchments are characterized by very flashy floods which rise to a peak in a day and recede in
a day or two (FAP-6, 1994). These floods carry sediment loads are often accompanied by
channel instability and erosion and can have a disastrous effect on the regions agriculture and
infrastructure. However, even the main lowland rivers such as the Surma-Baulai, Kushiyara-
Kalini and Meghna Rivers can display a very rapid rise and fall in water levels during flood
times. The monsoon rise typically peaks between August and October. Almost 60% of the
region principally, the Sylhet Depression, Sylhet Lowlands and Meghalaya Lowlands, may be
inundated to a depth of 1m or more during the peak of the monsoon (FAP-6, 1994).
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3.2.1.1 The Surma-Meghna River System

Surma-Meghna River System (Figure 3.5) is one of the four major river systems of
Bangladesh. The other three are Ganges-Padma River System, Brahmaputra-Jamuna River
System, and Chittagong Region River System. It is the longest river (669 km) system in the
country. It also drains one of the world's heaviest rainfall areas (eg about 1,000 cm at
Cherapunji, Meghalaya, India). East of Brahmaputra-Jamuna River System is Surma-Meghna
River System. Surma originates in the hills of Shillong and Meghalaya of India.

The main source is Barak River, which has a considerable catchment in the ridge and valley
terrain of Naga-Manipur hills bordering Myanmar. Barak-Meghna has a length of 950 km of
which 340 km lies within Bangladesh. On reaching the border with Bangladesh at Amalshid
in Sylhet district, Barak bifurcates to form flashy rivers the Surma and the Kushiyara.

3.2.1.2 The Surma

Surma flows west and then southwest to Sylhet town. From there it flows northwest and west
to Sunamganj town. Then it maintains a course southwest and then south to Markuli to meet
Kushiyara. The joint course flows upto Bhairab Bazar as the Kalni. Flowing north of the Sylhet
basin, Surma receives tributaries from Khasi and Jaintia Hills of Shillong Plateau. East to west
they are Lubha, Hari, Goyain Gang, Piyain, Bogapani, Jadukata, Shomeshwari, Kangsa and
Mogra. Surma bifurcates south of Mohanganj soon after it receives Kangsa and further south
the Mogra. The western channel is known as Dhanu in its upper course, Boulai in the middle
and Ghorautra lower down. It joins Kalni near Bhairab Bazar of Kishoreganj district and the
name Meghna is given to the course from this confluence to the Bay of Bengal. Meghna
receives Old Brahmaputra on its right-bank at Bhairab Bazar and on the way to the Bay it

carries the water of Padma from Chandpur.

3.2.1.3 The Kushiyara

Kushiyara receives left bank tributaries from Tripura Hills, the principal ones being Manu,
north of Maulvi Bazar town and bifurcates into northern channel, the Bibiyana and a southern
one, which resumes the original name, Barak. Bibiyana changes its name to Kalni lower down
its course and joins Surma near Ajmiriganj. Barak receives Gopla and Khowai from Tripura
Hills and falls into Surma at Madna. Unlike Surma, the tributaries of Kushiyara are less violent
although prone to producing flash floods in part due to lesser elevations and rainfall of Tripura
Hills.
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Figure 3-5 The Surma-Meghna River System (Source: Banglapedia, 2003)
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Between Surma and Kushiyara, there lies a complex basin area comprised of depressions
(Haors). Most of the Surma system falls in the Haor basin, where the line of drainage is not
clear or well defined. In the piedmont tract from Durgapur to Jaintiapur, the network of streams
and channels overflows in the rainy season and creates vast sheets of water which connect the

Haors with the rivers.

3.2.1.4 The Meghna

Meghna has two distinct parts. Upper Meghna from Bhairab Bazar to Shaitnol is comparatively
a small river. Lower Meghna below Shaitnot is one of the largest rivers in the world, because
it is the mouth of Ganges-Padma and Brahmaputra-Jamuna rivers. It is a tidal reach carrying
almost the entire fluvial discharge of Ganges, Brahmaputra and Upper Meghna river. The net
discharge through this river varies from 10,000 cumec in the dry season to 160,000 cumec in
the wet season. A little above the confluence, the Meghna has a railway bridge-'Bhairab
Bridge'-and a road bridge-'Bangladesh-UK-Friendship Bridge' over it. The width of the river
there is three quarters of a kilometre.

Several small channels branch out from Meghna, meander through the low land bordering the
marginal Tippera Surface, fed by a number of hill streams and rejoin the main river
downstream. The most important of these offshoots is Titas, which takes off south of Chatalpar
and after meandering through two long-bends, extending over 240 km rejoins the Meghna
through two channels in Nabinagar upazila. It receives the Howrah hill stream near Akhaura.
Brahmanbaria and Akhaura are both on the banks of this river. Other offshoots of the Meghna
are Pagli, Katalia, Dhanagoda, Matlab and Udhamdi. Meghna and these offshoots receive the
waters of a number of streams from Tripura Hills including Gumti, Howrah, Kagni, Senai Buri,
Hari, Mangal, Kakri, Pagli, Kurulia, Balujuri, Sonaichhari, Handachhora, Jangalia and
Durduria. All of these are liable to flash floods, but Gumti, Kakri and Howrah are the major
ones. They have silted their beds to the extent that they now flow above the mean level of the
land when overflowing. Embankments have been built to contain them. Every other year one
or the other of these streams overflow and cause considerable damage to crops, livestock and
houses.

The tectonic evolution indicates that the Meghna-Old Brahmaputra drainage post-dates the
Ganges drainage when the main channel of the Ganges was the sole drainage beside Calcutta.

As a consequence, the delta of the old Brahmaputra-Meghna river system covers a very small
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area compared to the Ganges delta. Addition of the water of the Padma in recent years has not
been able to make any significant contribution in enlarging the delta. The present deltaic
Meghna, being the combination of Padma and Meghna, is the largest river of Bangladesh.
From the beginning of the delta small islands create two main channels. The larger eastern
channel and the smaller western channel measured five to eight kilometres and about two
kilometres in width respectively. Near Muladi, Shafipur is an offshoot from the western bank.

Further south, Meghna divides into three channels, which are, from west to east, llsha,
Shahbazpur and Bamni. The llsha channel, 5-6.5 km wide, separates Bhola from the Barisal
mainland. The Shahbazpur channel, 5-8 km wide, flows between Bhola and Ramgati-Hatiya
islands. The Bamni, which used to flow between the islands of Ramgati, and Char Lakkhi and
Noakhali mainland forming the main outlet of the Meghna, does not seem to exist now. The
estuary of Meghna may be considered to be llsha and Shahbazpur, which together have a width

of 32 km at the sea front.

The Gumti falls into Meghna near Daudkandi. Another tributary from Tippera Surface is
Dakatia. The main source of this river was Kakrai, but the Little Feni cuts back and captured
this upper portion. Dakatia now has its source in Chauddagram khal (canal), which connects it
with Little Feni. Dakatia sends out a channel southward, which forms the Noakhali khal. The
main channel meanders westward to Shakherhat, from where the old course goes south to join
Meghna at Raipur, and the new and stronger channel passes through Chandpur khal to join
west of Chandpur town. For three-fourths of the year tidal currents feed the Dakatia from
Meghna. Little Feni follows a very tortuous course southward, and falls into Meghna estuary,
southeast of Companiganj and a few kilometres from Big Feni estuary. Little Feni is a tidal
river; in the rainy season its flow is around 15,000 cusecs. (Banglapedia, 2003). Table 3.1

shows the tributaries, distributaries and branches of the Surma-Meghna River system.
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Table 3.1 Tributaries, Distributaries and Branches of Surma-Meghna River System

River Tributary Distributary Branch
Lubha, Pabijuri-Kusi Gang-
Kuséfr'] S?Ehiggsqlgr’a—w)\lo a Bhabna-Bashia-Bahia
g " Gang, Botor Khal, Piyain
Surma Khasimara, Jalukhali i X
(Chalti), Piyain (Sylhet- (Sunamganj-Netrakona),
Sunamganyj), Jadukata- Old Surma
Rakti
Lubha Amri Khal X X
gzt;:éulréufgfa: Khepa, Nokla-Sundrakasi Kapna, Koris X
Lain, Naya Gang i
Sari Gowain | (Jaintiapur), Jaflong-Dauki, L(Bﬁm.g, PorakKhaI X
Kapna Khaiya, Bekra
Piyain (Sylhet- Dhala, Jalia Chara X X
Sunamganj) (Bholaganj), Chela
Jadukata-Raki X Patnai Paikartala, Baulai X
(Balua)
Botor Khal X Dauka X
Piyain
(Sunamganj- Kaldahar-Kanyakul X X
Netrakona)
Amri Khal X Nokla-Sundrakasi X
Nokla- X Lain X
Sundrakasi =
Kapna Bekra, Pora Khal-Khaiya X X
Naya Gang
(Jaintiapur) Bar Gang X X
i Koris Khepa X
Jalia Chara Umivam x X
(Bholaganj) wmiyam
Patnai Paikartala, Surma,
Baulai (Balua) | Someswari (Dharmapasha), Kaldahar-Kanyakul X
Bhogai Kangsho
Kaldahar- Dolta « «
Kanyakul S
Bhogai I . .
Kangsho Malijhi, Ghagtia, Netai X X

V-1:23




Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

River Tributary Distributary Branch
Malijhi Moharoshi X X
Ghagtia Satar Khali X X

Netali X Satar Khali Bedori Khal

Dasadia, Longon Bolvodra, i
I(\(IJegher;? Titas (Narsingdi Sadar- N/A DthIEIS(’) da
PP Bancharampur), Kalni phanagoda

Longon .

Bolvodra Kasti X X
Titas (Narsingdi

Sadar- Arsi-Nalia X X
Bancharampur)

Titas Buri, Bijni, Lahar, Sonai Dasadia X

Sonai X Kasti X
Meghna Dakatia, Gumti X X
(Lower)

Kalni Kamarkhali X X

. . Bijna-
Kushiyara Juri, Naljur, Manu, Isdhar Sonai-Bordal Guinggajuri,
Khal-Barbhanga e
Bibiana
Naliur Bhabna-Bashia-Bahia " «
! Gang, Kamarkhal

Manu Dhalai (Maulvibazar) X X

Bijna- .

Guinggajuri Korangi, Lungla X X

(Note: Underlined rivers do not have any tributary, distributary or branch.) Source: DBHWD,
2016

3.2.2 Climate

The North East Hydrological Region (Figure 3.3) has a typical tropical monsoon climate
characterized by the twice-yearly reversal of air movement over the region. For about four
months in winter (December through March) air flows to the region from northeast, while for
about four months in summer (June through September) it flows to the region from the
southwest. These airflows or winds are called monsoons; that of winter called the northeast

monsoon while that of summer is called the southwest monsoon. A reversal of the monsoons
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takes about two months, the first occurring in spring (April-May) when the change of wind
direction is from northeast to southwest via northwest, and the second occurring in autumn
(October-November) when the change is from southwest to northeast via southeast. These

periods of changing wind direction are called the spring and autumn reversals.

The southwest monsoon (June — September) brings moist air into the region from the Bay of
Bengal. Rainfall in this season is abundant and it is often referred to as "the monsoon", meaning
the rainy season. Typically, the rainfall in this season increases, northeastwards across the
region and reaches a maximum on the southward-facing slopes of the Shillong Plateau in
Meghalaya; Cherrapunji, on these slopes, is well known as the wettest place on Earth., its mean

annual rainfall being over 12000 mm (Haor Information System, IWM).

Across the Northeast Region rainfall during the southwest monsoon (June — September) ranges
from around 1500 mm in the southwest to around 4100 mm in the northeast at the border with
Meghalaya. The northeast monsoon (December — March) brings dry air into the region from
China and rainfall in this season ranges from around 80 mm in the southwest to around 220
mm in the northeast. The spring reversal is characterised by increasing rainfall ranging from
around 490 mm in the southwest to around 1290 mm in the northeast. The autumn reversal is
characterised by decreasing sporadic rainfall ranging from around 170 mm in the southwest to

around 320 mm in the northeast (Haor Information System, IWM).
3.3 Subsidence of Sylhet Basin

The Bengal delta occupies most of the Bengal basin and is slowly subsiding as a result of
isostatic adjustment of the crust due to rise of the Himalayas and dewatering of the Proto-
Bengal Fan sediments which is now buried under thick Mio-Pliocene deltaic sediments. The
rate of subsidence of the Bengal Basin and the Ganges-Brahmaputra delta varies with time and
place and is influenced by the plate motion and sediment supply in the basin from the rising
Himalayas (Banglapedia, 2003). Within the Bengal basin itself, elevated Pleistocene
sediments, notably the Madhupur terrace and Barind tracts, serve as topographic barriers that
influence river migration and sediment dispersal (Goodbred et al., 2003; Pickering et al., 2013).
This partitioning of Bengal basin and its underlying tectonic controls support varying rates of

subsidence across the Ganges- Brahmaputra-Meghna delta, from millennialscale rates of 1-3
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mm/yr in the southern regions to 4 mm/yr or more in the northeast Sylhet basin (Goodbred and
Kuehl, 2000a; Hanebuth et al., 2013). As in the southern Bengal Basin, the pattern of closely
juxtaposed stable and subsiding areas is recognized in the Sylhet region as well. The
northwestern and southern (Comilla Terrace) corners of the Sylhet Basin support incised
stream channels that indicate relative uplift in the late Holocene (Morgan and Mclntire, 1959;
Coates et al., 1988; Coates, 1990) and demonstrate the complexity of tectonic motion
throughout the Bengal Basin. In the Sylhet Basin, tectonic subsidence has been active since
the Miocene due to overthrusting of the Shillong Massif, with a mean Plio-Pleistocene rate of
1.2 mm/yr (Johnson and Alam, 1991; Worm et al., 1998).

Analysis of different sediment rates in the Sylhet Basin suggest that the Brahmaputra
periodically switched its flow between that region and the gap between the Madhupur and
Barind tracts (Goodbred & Kuehl, 2000). Lack of evidence for rapid sedimentation in the
Sylhet Basin between about 9,000-7,500 years BP (Before Present, datum 1% January, 1950)
and between 6,000-5,000 years BP suggests that the Brahmaputra followed its western course
during those periods. Continued subsidence at 2-4mm/year in the center of the Sylhet basin
means that the base of the Holocene deposits in this depression could be 30-60m below its
level at the time of last glacial maximum. Since the lowest parts of the Sylhet basin are <6m
above present sea level, that would make Holocene sediments approximately 150-180m thick.
The sediments become thinner towards the margins of the Sylhet Basin: the buried Pleistocene
surface was encountered in boreholes at ca (Centiare, 1m?) 30m on the western margin and ca
50m on the eastern margin of the basin (Goodbred & Kuehl, 2000).
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4 Literature Review

Various publications, documents and reports have been reviewed by the team in order to
develop the classification system of wetlands of Bangladesh. These literatures help to better
understand the diversified and complex characteristics of the wetlands of Bangladesh. Brief
description of the literatures reviewed is given in the following sections. The sections may

be considered as the excerpts of the respective documents.

4.1 Different Numerical Models

411 MIKE 11 Model

MIKE 11 is a river modeling package dealing with flooding, navigation, water quality,
forecasting, sediment transport, a combination of these or other aspects of river
engineering. It is one-dimensional river modeling software. MIKE 11 is a licensed
software. MIKE 11 has a GIS interface and can handle unsteady flows. Cost of MIKE 11

is high but it comes with very good technical support. Some of its benefits are given below:

* MIKE 11 is one of the world’s most well proven and widely applied 1D river
modelling packages

« MIKE 11 is the preferred choice for professional river engineers when reliability,
versatility, productivity and quality are keywords

« It is a powerful river modelling toolbox with more features than any other river
modelling package

* MIKE 11 is the software product, which made the MIKE brand name synonymous
with top quality modelling software from DHI and it remains one of the most widely
used MIKE by DHI products

Typical examples of hydrodynamic river and reservoir applications are:

* Modeling of highly regulated canal systems

» Complex multiple reservoir and canal operations

» Dam break studies

* Flood assessment and mapping

« Sediment transport and long term assessment of morphology changes

« Salinity intrusion in rivers and estuaries
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« Wetland restoration studies
» Ecology and water quality assessments in rivers and wetlands

» Integrated flood modelling

4.1.2 Delft3D Model

Delft3D is a three-dimensional modeling suite to investigate hydrodynamics, sediment
transport and morphology and water quality for fluvial, estuarine and coastal environments.
Delft3D is Open Source Software. The source code of Delft3D 4.01 Suite can be

downloaded. But the compiled Delft3D is a Licensed Software.
The hydrodynamic modules of Delft3D are,
*D-Flow

This programme simulates non-steady flows in relatively shallow water. It incorporates the
effects of tides, winds, air pressure, density differences, waves, turbulence and drying and
flooding with the integrated heat and mass transport solver. The output of the programme
is used in all the other programmes in Delft3D suite. D-Flow is the standard programme
and covers curvilinear and rectilinear grids, full 2D hydrostatic flow, advection-diffusion
module for salinity, temperature and substances, density driven flows, float tracking,
meteorological influences, on-line visualization and wave-current interaction. The D-Flow
includes 3D flow and turbulence modeling, spherical grids, domain decomposition
(connect multiple grids; refinement in both horizontal and vertical direction allowed),

structures and horizontal large eddy simulations.
*D-Wave

This computes the non-steady propagation of short-crested waves over an uneven bottom,
considering wind action, energy dissipation due to bottom friction, wave breaking,
refraction shoaling and directional spreading. The programme is based on the spectral
model SWAN. This model is a development of the Delft University of Technology, which
is a close partner of Deltares in a number of research fields. For many decades, both

institutes have been prominent in the field of wave modeling.
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4.1.3 Delft3D FM Model

The Delft3D Flexible Mesh Suite (Delft3D FM) is the successor of the structured Delft3D
4.01 Suite. The key component of Delft3D FM is the D-Flow Flexible Mesh (D-Flow FM)
engine for hydrodynamic simulations on unstructured grids in 1D-2D-3D. D-Flow FM is
the successor of Delft3D-FLOW and SOBEK-FLOW. Delft 3D FM is a Licensed Software.

*D-Flow Flexible Mesh:

Like Delft3D-FLOW, D-Flow FM is capable of handling curvilinear grids that provide very
good performance in terms of computational speed and accuracy. In addition to this, the
grid may also consist of triangles, quads, pentagons and hexagons. This provides optimal
modelling flexibility and ease in setting up new model grids or modifying existing ones, or
locally increasing resolution. 1D- and 2D grids can be combined, either connecting adjacent
grids or a 1D grid overlying a 2D grid. Both Cartesian and spherical coordinate systems are
supported. This facilitates tidal computations on the globe with tide generating forces, thus
without imposing open boundary conditions. The grid generation tool RGFGRID includes

new grid generation algorithms for the construction of orthogonal unstructured grids.

Flow Solver D-Flow FM implements a finite volume solver on a staggered unstructured
grid. The higher-order advection treatment and near-momentum conservation make the
solver very suitable for supercritical flows, bores and dam breaks. The handling of wetting-
and-drying makes it suitable for flooding computations. The continuity equation is solved
implicitly for all points in a single combined system. Optionally, non-linear iteration can
be applied for very accurate flooding results. Furthermore, Coriolis Delft3D Flexible Mesh
-Eastern Scheldt (Scaloost), Delft3D Flexible Mesh - 3D interactive modelling - Western
Scheldt forcing, horizontal eddy viscosity, tide generating forces and meteorological
forcings were added, making the system suitable for tidal, estuarine or river computations.
For three-dimensional modelling, three turbulence models are available: algebraic, k-
epsilon and k-tau. Vertical transport can be solved both explicitly and implicitly. First
sigma layers were implemented, with the anti-creep option based upon the Delft3DFLOW
algorithm. Fixed z-layers are also available, and z- and sigma-layers can be combined in
one single model domain, but this is still ongoing research. Temperature modelling is
supported either using the composite heat flux model or the excess heat flux model, which
can both be driven by space-and-time varying meteorological datasets. Time integration is

done explicitly for part of the advection term, and the resulting dynamic time-step
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limitation is automatically set based on the Courant criterium. The possible performance
penalty can often be remedied by refining and coarsening the computational grid at the

right locations.

Parallelization D-Flow FM models can be run as parallel computations on distributed-
memory high-performance computing clusters. The parallel version is based on the familiar
MPI standard, and partitioning of the model domain can be done automatically by the
(included) METIS-partitioner, and/or defined by the user. Parallel computing is functional
both on Windows and Linux. On Linux the PETSc matrix solver library can be coupled,
and this is the preferred way for good performance. On single machines with multi-core
processors speedup can also be achieved by D-Flow FM’s built-in Open MP-

multithreading option, which is the default setting.
*D-Wave:

D-Waves computes the non-steady propagation of short-crested waves over an uneven
bottom, considering wind action, energy dissipation due to bottom friction, wave breaking,
refraction (due to bottom topography, water levels and flow fields), shoaling and directional
spreading. The module is based on the spectral model SWAN. This model is a development

of the Delft University of Technology.
*D-Real Time Control:

Real time control often saves money in the construction, alteration and management of the
water system infrastructure. The D-Real Time Control module shows to what extent the
Delft3D Flexible Mesh - Makassar - Indonesia existing infrastructure can be used in a better
way. It allows to simulate complex real-time control of all hydraulic structures in reservoirs
and estuaries, river and canal systems. This module allows the system to react optimally to
actual water levels, discharges and (forecasted) rainfall, by controlling gates, weirs, sluices
and pumps. The D-Real Time Control module, using the open source RTC-Tools engine,
can be coupled for controlling of hydraulic structures with various triggering mechanisms,

also for parallel models if needed.
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414 CCHE 2D Model

The CCHE2D model is a two-dimensional depth-averaged, unsteady, flow and sediment
transport model. The CCHE2D model is available as a Free Software to the researchers and

engineers that sign Beta-Testing Agreement with the NCCHE.
Flow Model

« The model strictly enforces the mass conservation within the computational domain
through the user of control volume approach. This property is of fundamental
importance in achieving reliable and accurate results.

« Wetting and drying of the domain as the nodes are submerged under high flows and
exposed during low flows. This feature is particularly important during unsteady flows.
The wet and dry nodes are distinguished based on the critical depth specified by the
user. During the simulation process any node having flow depth less than the critical
depth is considered dry.

« The turbulent eddy viscosity is approximated using three different approaches. The first
one is based on the depth average parabolic eddy viscosity model; the second approach
employs depth-averaged mixing length model; and the last approach is based on depth-
averaged scheme. The last two approaches are particularly suitable for re-circulation
flows and flow around hydraulic structures. The user has the option to simulate a given
case with any of the above turbulent closure scheme.

» The user can provide no-slip, total-slip, partial-slip, or log-law boundary condition at
the no-flow boundaries. The log-law approach results in an accurate prediction of shear
stresses near the hydraulic structures that are important for computing flow and
sediment transport in the vicinity of hydraulic structure.

« The model supports both steady and unsteady boundary conditions for flow with
multiple inlets and outlets. At any inlet the user can specify specific discharge, total
discharge, or discharge hydrograph boundary condition. At an outlet the model accepts
open boundary, water surface level, stage-discharge relationship, or stage hydrograph
as a boundary condition. In case of open boundary, the model uses kinematic wave
approximation to assess the water surface level at the outlet. This condition should be
applied judiciously and is useful in cases when water surface level at the outlet is not

available.
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» The model is capable of handling supercritical flow. In addition, mixed flow regime
(combination of subcritical and supercritical flow) in a channel reach can be simulated
using the CCHE2D model.

4.1.5 HEC-RAS Model

The Hydrologic Engineering Center's (CEIWR-HEC) River Analysis System (HEC-RAS)
software allows the user to perform one-dimensional steady flow, one and two-dimensional
unsteady flow calculations, sediment transport/mobile bed computations, and water

temperature/water quality modeling.
Some key aspects of HEC-RAS hydrodynamic model are given below:

» Steady Flow Water Surface Profiles: This component of the modeling system is
intended for calculating water surface profiles for steady gradually varied flow. The
system can handle a full network of channels, a dendritic system, or a single river reach.
The steady flow component is capable of modeling subcritical, supercritical, and mixed
flow regimes water surface profiles.

* One- and Two-Dimensional Unsteady Flow Simulation: This component of the HEC-
RAS modeling system is capable of simulating one-dimensional; two-dimensional; and
combined one/two-dimensional unsteady flow through a full network of open channels,
floodplains, and alluvial fans. The unsteady flow component can be used to perform
subcritical, supercritical, and mixed flow regime (subcritical, supercritical, hydraulic
jumps, and drawdowns) calculations in the unsteady flow computations module. The
hydraulic calculations for cross-sections, bridges, culverts, and other hydraulic
structures that are developed for the steady flow component can be incorporated into
the unsteady flow module. Special features of the unsteady flow component include:
extensive hydraulic structure capabilities, dam break analysis; levee breaching and
overtopping; pumping stations; navigation dam operations; pressurized pipe systems;
automated calibration features; user defined rules; and combined one and two-

dimensional unsteady flow modeling.

HEC-RAS finds particular commercial application in floodplain management and flood
insurance studies to evaluate floodway encroachments. Some of the additional uses are:
bridge and culvert design and analysis, levee studies, and channel modification studies. It
can be used for dam breach analysis; though other modeling methods are presently more

widely accepted for this purpose. Users may find numerical instability problems during
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unsteady analyses, especially in steep and/or highly dynamic rivers and streams. It is often
possible to use HEC-RAS to overcome instability issues on river problems.

In developing a steady/unsteady flow model with HEC-RAS the required data are:

. Geometric Data

. Steady Flow Data

. Unsteady Flow Data

. Quasi-Unsteady Flow Data
. Sediment Data

. Water Quality Data

Advantages: HEC-RAS is supported by the US Army Corps of Engineers and is accepted
by many government agencies and private firms. It is in the public domain and peer-
reviewed, and available to download free of charge from HEC's web site. Various private
companies are registered as official "vendors™ and offer consulting services and add on
software. Some also distribute the software in countries that are not permitted to access US
Army web sites. However, the direct download from HEC includes extensive
documentation, and scientists and engineers versed in hydraulic analysis should have little

difficulty utilizing the software.

Disadvantages: Users may find numerical instability problems during unsteady analyses,
especially in steep and/or highly dynamic rivers and streams. It is often possible to use

HEC-RAS to overcome instability issues on river problems.

4,2 Master Plan of Haor Area, 2012

“Master Plan of Haor Area” has been prepared by the Bangladesh Haor and Wetland
Development Board (BHWDB) during April 2012. The BHWDB engaged the Center for
Environmental and Geographic Information Services (CEGIS), a Public Trust under the
Ministry of Water Resources (MoWR) for preparing the Plan. It consists of total 3 volumes-
Summary Report, Main Report and Project Portfolio and 21 annexes. Seventeen sub-
sectors having potentiality for development have been considered as Development Areas

(DAs) under this Haor Master Plan. It is to be reviewed and updated every five years.
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Geological Setting:

The Sylhet Trough or Sylhet Basin is a sub-basin of the Bengal Basin and consists of 13-
20 km thick alluvial and deltaic sediments underlain by much older gneiss and grantic
rocks. The basin is bounded by the Shillong Plateau in the north, by the Indian Burmese
ranges in the east and by the Indian Shield in the west. The southern and eastern parts of
the Sylhet Trough are characterized by a series of north trending folds which have formed
as a result of deformation from the Indo-Burman ranges. The anticlines constitute the

Tripura Hills along the southern border of the region.
Hydrology of Haor:

The Haor area encompasses 373 Haors, covering an area of about 8,400 km? distributed in
the districts of Sylhet, Sunamganj, Moulvibazar, Habiganj, Netrakona, Kishoreganj and
Brahmanbaria. The region, situated just below the hilly regions of the States of Assam,
Meghalaya and Tripura of India, experiences some of the most severe hydrological events.
The annual rainfall ranges from 2,200 mm along the western boundary to 5,800 mm in its
northeast corner. The major rivers of the region are Surma, Kushiyara, Manu, Khowali,
Someswari, etc. — having catchments in the hills of India. The annual rainfall ranges from

2,200 mm along the western boundary to 5,800 mm in its northeast corner.

The avulsion of the Brahmaputra River from the east of the Madhupur Tract to the west has
a pronounced effect on the shifting characteristics of rivers like the Surma and the
Kushiyara. The depressed Sylhet Basin attracts the rivers from both east and west sides.
Presently all the rivers, the Surma, the Kushiyara, the Kangsho and the Someswari fall into
the depressed basin before they flow south to meet with the Meghna. The Surma and the
Kushiyara, the main distributaries of the Barak River, are common/border rivers between
Bangladesh and India. The Barak River divides into the Surma (northern branch) and the
Kushiyara (southern branch) at the Indo-Bangladesh border in Amalshid of Sylhet district.
In Kishoreganj district, upstream of Bhairab Bazaar, these two rivers meet to form the Kalni
River which falls into the Meghna River and ultimately flow into the Bay of Bengal. The
Sari-Gowain, the Piyain, the Jadhukata, the Jalukhali, the Baulai and the Kangsho are the
tributaries of the Surma River. The Sonai-Bordal, the Juri, the Dhalai, the Khowai, the

Sutang and the Sonai are the left bank tributaries of the Kushiyara River.
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River System:

Situated just below the hilly regions of the states of Assam, Meghalaya and Tripura of
India, the Haor area has some of the most severe hydrological conditions like extreme
rainfall and subsequent flooding. The area receives water from the catchment slopes of the
Shillong Plateau across the borders in India to the north and the Tripura Hills in India to
the southeast. The principal rivers of the area include the Surma, the Kushiyara, the Manu,
the Kalni, the Baulai, the Kangsho, the Someswari, the Jadhukata and the Khowai. Haors
are connected with the main rivers by numerous small rivers and khals. A large number of
Transboundary Rivers enter into Bangladesh in the North East region. The major parts of

the catchments of these rivers are outside the country.

Three major river systems govern in the Haor area inside Bangladesh: the Surma-Baulai,
the Kalni-Kushiyara and the Kangsa-Dhanu. The Barak River (Indian River) feeds the
Surma and the Kushiyara. Consequently, it plays an important role in the two major
systems, the Surma-Baulai and the Kalni-Kushiyara. The rivers contributing in these

systems are described below:

e Surma-Baulai System: This system carries the flow of the Surma and a large
number of transboundary rivers flowing from the north to south. The Surma, the
Baulai, the Old Surma, the Sari-Gowain, the Piyain, the Dhala, the Nawagaong, the
Jalokhali/Dhomali, the Chalti, the Jadukata, the Rakti etc. are the major rivers in this
system among which the Sari-Gowain, the Piyan, the Dhala, the Nawagaong, the
Jalokhali/Dhomali, the Chalti, the Jadukata, and the Rakti are transboundary. This
river system meets the Kalni-Kushiyara system at Bajitpur Upazila of Kishoreganj
district.

e Kalni-Kushiyara System: The Kushiyara, the Kamarkhali, the Kalni, the Sonai-
Bordal, the Juri, the Manu, the Dhalai, the Lungla, the Sutang, the Khowai, the Sonai
and the Haora are the major rivers of this system. Among these rivers the Sonai-
Bordal, the Juri, the Manu, the Dhalai, the Lungla, the Sutang, the Khowali, the Sonai,
and the Haora are transboundary. The Gungaijuri, the Titas, the Ratna etc. are rivers
which are part of this system. The Kalni-Kushiyara system meets the Surma-Baulai
system at Bajitpur Upazila of Kishoreganj district.

e Kangsa-Dhanu System: The Someswari, the Malijhi, the Chillakhali, the Bhogai
and the Nitai enter the Bangladesh border along the periphery of the Haor region.
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The Kangsa and the Dhanu are the major rivers of this system. The Saiduni-Baruni
and the Gorautra are other contributing rivers of this system. This system ultimately
drains at the Meghna River at the borders of Bajitpur and Bhairab upazilas. The
combined flow of these three systems ultimately drains through Bhairab Bazaar at

the Meghna River.

Subsidence:

The North East Region of Bangladesh has experienced some of the greatest subsidence.
Morgan and Mclntire (1959) compared elevation from ancient channel levees found in the
NE Region (near Shanir Haor) with elevations of modern levees on the Brahmaputra River
and concluded that “the Sylhet Basin had subsided 30-40 feet (10-12 m) within the last
several hundred years”. The rate of subsidence was not defined by them. A subsidence rate
of 21 mm/yr in the Surma Basin was reported in MPO (1985) and FEC (1989). This value
appears to have been arrived at by using Morgan and Mclntire’s estimate of 10 m

subsidence in 500 years, equivalent to 2 cm/yr.

FAP 6 study also collected few peat samples from the Sylhet basin estimated the age of
deposition through carbon dating. They have found that the subsidence is about 1 mm/yr,

which is much smaller than Morgan and Mclntire’s estimate.

Goodbred and Kuehl (2000) carried out a research for finding out the significance of large
sediment supply, active tectonic, and estuary on margin sequence development of late
quaternary stratigraphy and evolution of the Ganges-Brahmaputra delta. The result
indicates that the subsidence rate is about 2.5 mm per year in this basin. Goodbred and
Kuehl (2000) also found notable tectonic subsidence. They found that subsidence increases
toward the Dauki fault; which implied greater subsidence in the northern region. Maximum
subsidence rate of the Sylhet Basin including the soil compaction would be 3-5 mm/yr.

It has been found that subsidence is the dominating process in the Sylhet basin, especially
at the northern part of the basin which controls the shifting of river courses. Thus the net
subsidence during the last 200 years might be reflected on the shifting of the river courses.
A comparison between the present river courses and that of the end of the eighteenth
century shows that the rivers from both the west and the east shifted towards the north
before turning towards the south, which is possibly an indicator of net subsidence in the

north.
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River shifting:

Sediment concentration and its distribution are changing the morphology of the area. An
estimation of sediment yields and budget for the NE Region was carried out by FAP-6
study. The sediment budget shows an estimated amount of net accumulation of 8 million
ton/year. Though the rivers are very dynamic in the context of erosion-accretion process,
shifting of river course is of main concern in this area. Over the last centuries the rivers
have shifted their courses several times. The historical developments of the Surma and
Kushiyara rivers have been studied by analyzing old maps available in the archives of
CEGIS, such as Renell’s map (1776), Tassin’s map (1840), the Cadastral Survey map
compiled during (1910-1930), as well as the river network extracted from the 2010 satellite

image.

Sediment input in this basin was reduced after the avulsion of the mighty river Brahmaputra
to the Jamuna. Subsiding process has become the prevailing factor in this area. Sunamganj
Sadar is found to be the most subsiding area and all rivers developed a tendency to move
towards Sunamganj Sadar. The understanding of the processes of the channel avulsion and
subsequent prediction are useful for any intervention in the Sylhet basin for the
development of the lives and livelihoods in the area. The changes are taking place in long
time scale as well as short time scale. Even in last thirteen years the courses of Surma and
Kushiyara rivers changed northward as shown in Figure 4.1 and Figure 4.2. The bankline
changes of Surma and Kushiyara rivers in 20 years (1990-2010) are shown in Figure 4.3

and Figure 4.4 respectively.

V-1:37



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

KARIMGANJ

}
V),

| MITHAMAI

Figure 4-2 Changes of Kushiyara courses during last decade (Source: BHWDB,
2012)
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Figure 4-3 Bankline changes of the Surma River in 20 years (Source: BHWDB, 2012)
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Figure 4-4 Bankline changes of the Kushiyara River in 20 years (Source: BHWDB,
2012)

4.3 Morphology of the Haor Areas, 2011

The report titled “Morphology of the Haor areas” has been prepared by the Bangladesh
Haor and Wetland Development Board (BHWDB) during 2011. The BHWDB engaged the
Center for Environmental and Geographic Information Services (CEGIS) for preparation

of the report.

This morphological study, carried out in connection with the preparation of the “Master
Plan of Haor Area”, has addressed the geo-morphological development of the northeast
region of Bangladesh, the physical environment of which is significantly different from
other regions of the country. A first and comprehensive study on the hydro-morphological
processes of this region was carried out by FAP 6 in the 1990s. They used long historical
data on the hydro-morphology of this region from home and abroad and also conducted an
extensive data collection campaign in the 1990s. Their knowledge was the basis for the
present study. While carrying out this study, CEGIS has used historical maps, time series

satellite images, and a digital elevation model based on the topographic survey conducted
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in the 1950s. The CEGIS has also analyzed the BWDB’s time-series water level and
discharge data and the hydrographic survey charts prepared by the BIWTA. Key findings

of the study are given below:

Subsidence

Subsidence Review of the literatures suggests that the Sylhet basin is subsiding, but there
are differences in opinions on the rate of subsidence. According to different researchers the
rate of subsidence of the Sylhet basin varies from a few centimeters to one millimeter per
year. The rate of subsidence is assessed to be about 3 to 5 mm/y including the subsidence
for compaction. The rate of subsidence is high at the northern edge of the basin but it
reduces towards the south. The avulsion of the Brahmaputra River, however, had cut the
sediment supply to this subsiding basin and caused net subsidence of about one meter at
the northern edge during the last two hundred years.

Classification of Haors

There are different types of Haors in the study area. Based on the geographic location and
the depth of inundation, this study has primarily classified the Haors into three categories:
1) Haors within the Sylhet basin, 2) Haors in the simple floodplain and 3) trapped Haors.
A tentative boundary of these types of Haors is shown in Figure 4.5. The Haors in the Sylhet
basin can also be defined as flood basins within a very large subsiding basin. These Haors
can be further sub-divided into two categories: Haors at the bottom of the Sylhet basin and

Haors at the side slopes of the basin.
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Figure 4-5 Boundaries of different types of Haors

Historical Changes of the Rivers

Analysis of historical maps shows the occurrence of several avulsions of the major rivers
of the northeast region during the last 240 years. The dominant direction of these avulsions
is the north, suggesting that high subsidence rate has a pronounced impact on the avulsion
processes of the river.

CEGIS has a good collection of historical maps. The historical maps of Rennel (1776),
Tassin (1840) and other maps based on the surveys of 1909-1930 have been used in this
study. Attempt has been made to geo-reference these maps in a common projection system.
There are errors in geo-referencing Rennel’s and Tassin’s maps, which could be several
hundred meters. Errors are less while geo-referencing the maps of the last century. Over
the last centuries the rivers have shifted their courses several times. Historical changes of
the Surma and Kushiyara rivers have been shown in Figures 4.6, 4.7, 4.8 and 4.9 based on
the old maps available in the CEGIS archives such as Renell’s map (1776), Tassin’s map
(1840), the cartographic surveys conducted from 1910 to 1930, and river network extracted
from the 2010 satellite image by CEGIS.
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Figure 4-6 Present (2010) river system of the northeast region of Bangladesh; Source: BHWDB, 2011
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V-1:45



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

901{0"5 90‘3?‘0"5 91 °0I‘CY'E

91 “3"3'0'5

92'3:70"5

JHENAIGAT!
°

SHERPUR SADAR
< enAk/A

25“({0"N

24°00"N

20 10 0 20

L e — |\

Legend
B Division HQ
®  District HQ
e Upazila HQ

ZAKIGANJ

RIVER SYSTEM 1909-30

s District Boundary

=== |nternational Boundary

~~ River System 1909-30
River System 2010

T
25°0'0"N

T
24°30'0"N

T
24°0'0°N

T
91°0'0'E

T
91°30'0"E

T
92°00°E
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V-1:46



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

Morphological processes of the rivers

The Surma and the Kushiyara are dynamic rivers. Course shifting and avulsion are common
phenomena at most of the reaches of these two rivers, especially when the rivers enter into
the Sylhet basin. The morphological processes of the rivers in the Sylhet basin generally
differ from that in its upstream. The rivers are morphologically more active in the Sylhet
basin, river bank erosion is higher, and cut-offs of bends and avulsion of the river courses
are more frequent than those outside the basin. Thus, most of the rivers in the Sylhet basin
are found to be in the process of adjustment. Immediately after avulsion, the river enters
into the Sylhet basin flowing over its side slopes which have much steeper gradient than
the upstream floodplain. Initially, the width and depth of the rivers are small and overbank
flow during the monsoon increases downstream. Furthermore, the river channel at the
downstream contributes little in transporting the monsoon flow. The river evolution process
starts with the formation of levees at the upstream. Initially, levee formation is associated
with the sediment spreading over the banks by flood spill through sheet flow. As the
formation of levees continues the difference in elevation between riverbank and flood basin
becomes very significant, which often causes the breaching of the levees (locally known as
dhalas). This breaching spreads the sediment, a major part of which is sand, on the adjacent
Haors and contributes in widening and raising the levees. After exceeding a certain
threshold limit between the elevations of the levees and basin, the river avulses to a new
course and a new process of river evolution thus starts again. The process of river evolution
takes several decades depending on several parameters, among which the contribution of

the sediment imposed on the river from upstream is significant.

The width of the Surma and Kushiyara increases as they flow downstream meeting with
the tributaries. The width reduces when it enters into the Sylhet basin, mainly due to the
large contribution of the floodplain in carrying monsoon flow. River bank erosion is
common along both the Surma and Kushiyara rivers. However, the rate of erosion is high
in the Sylhet basin. The available depth for navigation is also less in the Sylhet basin,
especially in a certain reach from where the difference in elevation between the monsoon

flood and riverbank level starts to increase.

Cut-offs and avulsions are frequent within the Sylhet basin and the frequency of the
occurrences mainly depends on the sediment input into the rivers. As the Kushiyara River

carries more sediment than the Surma River, these are more common in the Kushiyara.
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During the development of the cut-offs or avulsion, the local slopes in the reach concerned
increase significantly during dry season or pre- monsoon period and thus increase the water
level upstream. This is probably the main reason why the dry season and pre-monsoon
water levels in the Kushiyara River have been increasing since the early 1980s.

The rivers coming from the Meghalaya and Garo Hills have formed the alluvial fans while
entering the plain lands of the region. The courses of these fan-forming rivers change
frequently and the extent of the fans are increasing. Among these, the fans of the Jalukhali

and Jadukatha rivers are increasing rapidly and engulfing the wetlands drastically.
Model Development for Evolution of Rivers in the Sylhet Basin

The CEGIS has developed a Conceptual Model to describe/explain the evolution process
of the rivers of the Sylhet Basin. The bases of development of the Conceptual Model for
describing channel evolution process are historical maps, time series satellite images,
DEM, long profile of river beds, monsoon and dry season surface profile and bank line
profiles of the Surma and Kushiyara. For validating this conceptual model, CEGIS has used
a part of a previous study related to the improvement of navigation in the Kushiyara River
that was awarded by the International Union of Conservation of Nature (IUCN) to CEGIS.
[The Conceptual Model has been analyzed/described in details in Chapter 5 of this report.]

Recommendations

Any physical interventions for the development of the northeast region should be based on
sound knowledge on the Sylhet basin and the long-term responses of the system to the
intervention concerned.

The major recommendation of this report was a detailed study to improve and validate the
conceptual model for sustainable development of the Sylhet basin as the model has not

been validated due to constraints of time and resources.
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4.4 Inland Navigation and Integrated Water Resources Management, 2014

The book titled “Inland Navigation and Integrated Water Resources Management” by
Sarker, et al (2014) was First published by Academic Foundation (New Delhi, India) in
association with [UCN.

The Ecosystems for Life: A Bangladesh-India Initiative is a project led by the IUCN to
promote insights into transboundary issues across the three major river systems: The
Ganges, the Brahmaputra and the Meghna. The Convergence of inland navigation and
integrated water resources management goals is one of the five themes of the project.

The waterways between Bangladesh and north-eastern India provide an important means
of cheap transport for bulk agricultural and other goods, but they have been affected by
hydro-morphological processes and withdrawal of water which has reduced their
navigability in many regions, especially during the dry season. Ensuring sustainable
navigability through river improvement and conservation efforts is important in securing

not just environmental outcomes but also social and economic benefits.

The study was carried out with a team including morphologists, water resource engineers,
navigation specialists and sociologists from Bangladesh and India. The research focused
on the sustainability of the international navigation route between Ashuganj and Karimgan;j
in the north-eastern part of Bangladesh and India to determine what physical and policy
impediments exist, and to make recommendations on how to overcome those. Based on the
analysis of various data sets collected through field survey and other means, the study

makes a number of important recommendations for improving navigability, including:

e The importance of regular maintenance and dredging of some parts of the route
within an IWRM framework.

e Improvements to navigation aids and safety.

e Amendments to the current protocol on inland water transit (IWT) and trade.

e Ways to enhance the role of the private sector.

The main objectives of this research were identifying the causes of deterioration of rivers
and water traffic as well as identifying approaches for improving and maintaining

navigability in line with the principles of IWRM and sustainable navigation.

Most part of the study route falls in the Kushiyara and Upper Meghna rivers. A number of

literatures were reviewed and historical maps, satellite images were analyzed to understand
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the history of navigation and morphology of the study route. Discharge, water level,
hydrographic survey charts, social survey data and traffic data were analyzed to understand
the prevailing morphological processes and water traffic of the river.

Different studies reveal that there is a net subsidence in the Sylhet Basin, which is at a
higher rate at the northern part of the Basin. The estimated rate of maximum subsidence
was about a meter during the last 200 years after avulsion of the Brahmaputra River
(CEGIS, 2011). The shifting of the courses of the Kushiyara, Surma, and Someswari and
Kangsha rivers in the last 240 years followed a particular direction, towards the north,

where the rate of subsidence was maximum (Figure 4.10).

Mithamain

- Existing channels
- = = - Developing course of Surma and Kushiyara River
’ Declining course of Surma and Kushiyara

@ Thana HQ

Figure 4-10 Recent Changes in the Surma-Kushiyara River Courses

These rivers shifted their courses from an upper to a lower level-from south to the north,
while the ultimate flow direction of these rivers were north to south at the bottom of the
Sylhet Basin. The process of the development of the rivers after their courses shifted where
the topography is reverse to the direction of the flow can be described with the help of a

Conceptual Model developed by the CEGIS. This model has also been used here for better
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understanding of the river’s behavior and to identify the cause of deterioration of river

navigability.

The CEGIS Conceptual model has been discussed and analyzed in details in Chapter 5 of
the project Study “Model Validation on Hydro-morphological Process of the River System
in the Subsiding Sylhet Haor Basin”.

The navigability in the Kushiyara River has reduced for large vessels of more than two-
meter drought, the duration of navigability however, has changed over time. Analysis of
water level and satellite images suggested that channel changes at the downstream reaches
of Ajmiriganj mainly caused the deterioration of navigability. Several changes occurred in
the Kushiyara course during the last three decades, such as development of cut-offs at the
downstream of Ajmiriganj and upstream of Katkhal, and avulsion of the Kushiyara to link
with the Surma from Katkhal to the Dhaki. These processes have had a huge impact on
deterioration of navigability of the river. The Kushiyara River is heavily loaded with
sediment. It is likely that the sediment laden flow may cause frequent cut-offs or avulsion

of the river courses.

It is assumed that sea level rise would be 100 cm (IPCC, 2007 and Mote et al., 2008) and
rainfall will be increased by 20 per cent and cause 20 per cent increase of flood flow. It is
likely that the sediment will be increased due to increased precipitations (Walling and
Webb, 1996; Hovius, 1998; Zhu et al., 2008). The water levels of the Kushiyara River both
dry and monsoon season are mainly influenced by water levels at Bhairab Bazaar, which
are also heavily controlled by the water levels in the confluence of the Padma and Meghna
River at Chandpur. CEGIS (2010) shows that increase in water level at Chandpur or
upstream due to sea level rise will not be limited through back water effects; morphological
adjustment processes will also contribute to the increases in water level. The increase in
sediment and flood discharge as well as base discharge would contribute to increasing the
dynamics of the river and thus frequently cause problems in navigation through shifting or

avulsion of the river courses.

The proposed multi-purpose water resources project is at Tipaimukh on the Barak River
200 km upstream from the border between Bangladesh and India. If the dam becomes
operational only for power generation without diverting the water for irrigation, dry season
flow in the Kushsiyara River will be increased, which will help to improve the navigability

of the river.
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The Kalni-Kushiyara River Management Project (KKMRP) proposes a number of
engineering interventions for integrated water management in the Sylhet Basin. Dredging
and other interventions may bring a benefit for the navigation depending on methodology

followed during the implementation.

The Kalni-Kushiyara is an important habitat for a large variety of animals and plants.
Natural water flows without any constraint also promote biological purification processes
that contribute to cleaner water in support of life. The means of communication of a large
number of people living in the Sylhet Basin are fully dependent on navigation during the
monsoon. Ensuring navigation in the Kalni Kushiyara all-round the year will improve
access to more remote areas during post- monsoon and will inevitably generate additional
commercial activity. Production of Boro, the main crop of the area, will increase as
navigation reduces the risks of pre-monsoon flood damage. Drainage improvements in
post-monsoon period will also increase land availability for timely plantation of Boro crops.

Fish production within the channel will increase, especially during the dry season.

Inland water transport (IWT) is a competitive alternative to road and rail transport. In
particular, it offers an environment friendly alternative in terms of both energy
consumption, and noise and gas emissions. An efficiently run IWT system has

environmental and social benefits over other modes of freight transport.

An overview of the “Protocol of Inland Water Transit and Trade” between Bangladesh and
India has been discussed in the book as well as measures to improve the study route as a

sustainable one.
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4.5 National Water Management Plan, 2004

The National Water Management Plan was prepared by Water Resources Planning
Organization (WARPQO) and was approved by the Government in 2004. The Government
commenced preparation of the National Water Management Plan, with the intention of
operationalizing the directives given by the National Water Policy. The National Water
Management Plan has been prepared to respond to the challenges and paradigms, with three

central objectives consistent with Policy aims and national goals. These objectives are:

+ Rational management and wise-use of the water resources of Bangladesh

*  People’s quality of life improved by the equitable, safe and reliable access to water for
production, health and hygiene

«  Clean water in sufficient and timely quantities for multi-purpose use and preservation

of the aquatic and water dependent eco-systems

The Development Strategy, agreed in the course of Plan preparation, requires that equal
importance be given to each of the 6 national goals. The Plan is structured in a manner that the
objectives of 84 different programmes shown in 8 clusters as well as region-wise planned for
implementation in 25 years contribute individually and collectively to achieve both the overall
objectives as well as to intermediate sub-sectoral goals; The short-term (2000-05) is considered
a firm plan, the medium-term (2006-10) an indicative plan, and the long-term (2011-25) a

perspective plan. The implementation of the plan is scheduled to be updated every five years.

The NWMP has divided Bangladesh into 8 hydrological regions namely; North West, North
Central, North East, Eastern Hills, South West, South Central, South East and Rivers & Estuary
(Figure 3.4). The Report discussed issues of all the hydrological regions. However, since the

present study area is located in the NE region, issues of this region are discussed below.

Most of Bangladesh is located within the floodplains of the three great rivers, the Brahmaputra,
the Ganges and the Meghna, but only about 8% of the total catchment area lies within
Bangladesh. Flash floods resulting from transboundary rivers, local intense rainfall, impeded
drainage and drainage congestion on the Meghna are the major sources of flooding in the
Northeast Region.
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Principal water-related issues of North East Region are:

. Environmental management of Haor Basin

. Flooding and remedial action for existing Flood Control and Drainage (FCD) schemes
. Flood proofing of villages in the Haor Basin

. Erosion of Old Brahmaputra left bank

. Drainage congestion in the Kalni-Kushiyara and other rivers

. Local development of hill irrigation

An (the then) ongoing study of the Options for the Ganges Dependent Area is expected to
establish the most appropriate method of utilizing the Ganges waters secured under the Ganges
Treaty which the Government intends to implement on an urgent basis. An inter-regional study
of the potential of the Meghna river to serve the needs of the Northeast and Southeast regions
by means of a barrage and/or by river pumping is required to establish the best choices for
these regions. Most of the Northeast, Southeast and Southwest regions are dependent upon
surface water. Priority can therefore be assigned to development of surface water resources in
the Northeast and Southeast regions by utilization of Meghna waters. Options to cope with the
identified risks in the long run exist through the development of barrages on the Brahmaputra,

Ganges and Meghna rivers.

Three of the world’s largest rivers: the Ganges, the Brahmaputra and the Meghna flow through
the country on the final stages of their journey to the sea. Their common delta comprises much
of the country as a whole, and is accordingly prone to the usual deltaic problems of
geomorphologic change, seasonal erosion and accretion. Lateral flow from these, and other
rivers, is the primary cause of Bangladesh’s widespread floods; even so, flash flooding also
occurs as a result of intense rainfall driven by Nor *westers which usually strike in the North
East during the weeks prior to the monsoon. Although often the cause of damage to life,
livelihood and infrastructure, such floods also ensure hydraulic connectivity between standing
water bodies and as such are essential for the sustainability of the capture fisheries which
represent the principle protein source for most of the country’s poor. The same floods also
deposit fertile sediments, which contribute to Bangladesh’s impressive food security
achievements. Another notable feature of the national hydrology is its substantial rainfall, 70%

to 85% of which falls between June and September inclusive. It is distributed unevenly
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however, with some 1200 mm typically falling in the West, increasing to almost 6000 mm in
the East. Potential annual evapotranspiration of around 1300 mm is fairly uniform across the

country.

The benefits of the National Water Management Plan are to fulfill the objectives previously
stated. Special attention will be given to improving the water management of the Sundarbans

and the Haor Basins of the Northeast.

Among the twelve suggested Programmes for the Main Rivers, the “Meghna Barrage and
Ancillary Works” and “North East and South East Regional Surface Water Distribution
Networks” programmes are suggested with an objective to increase dry season water

availability in the NE and SE regions.

The Investment Portfolio mentioned the primary as well as the secondary or supportive
agencies assigned for each programme. The responsibility of overall coordination of
implementation of the NWMP lies with the National Water Resources Council. The WARPO
is responsible for the overview of implementation of the plan.
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4.6 Northeast Regional Water Management Project (FAP 6), 1994

The Northeast Regional Management Project (NERP) is Component 6 of the 26 studies of the
World Bank-coordinated Flood Action Plan (FAP) and one of five regional water management
studies within the FAP prepared by Flood Action Plan Co-ordination Organization (FPCO). It
IS a water resources planning exercise covering the Northeastern region of Bangladesh and is
funded by the Canadian International Development Agency.

NERP consists of two phases. Under Phase I, a Regional Water Resources Development Plan
was prepared, using a strategic planning process based on specialist studies of key areas
including existing water resources development, hydrology, ground water, river sedimentation
and morphology, agriculture, fisheries, water transport, biodiversity (wetland and upland),
human resources development, and institutions. Brief description of the physical setting and

hydrology of the region as mentioned in the report is given below:

The Northeast region has area of about 24,200 km? which is about 17.5% of the total area of
Bangladesh. The region experiences some of the most severe hydrological conditions in the
country. The region receives very large amount of water from the catchments on the slope of
the Shillong Plateau across the border in India to the north and the Tripura Hills in India to the
southeast. Run-off from these catchments discharge into a large central depression in the
region, the Haor area or Central basin which remain flooded for more than six months each

year.
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Hills

The Northeast Region

Figure 4-11 The Northeast Region (Source: FAP 6)

Principal rivers of the region include the Surma and the Kushiyara which drain the eastern side
of the region, the Kangsha which drains the western side, and the Kalni and Baulai which drain
the Central Basin. These rivers all discharge into the Meghna a short distance upstream of
Bhairab Bazar. The Old Brahmaputra River and its distributary channel, the Lakhya form the
western boundary of the region and discharge into the Meghna, downstream of Bhairab Bazar.
The downstream reach of the Old Brahmaputra below the Lakhya offtake is virtually
abandoned and only carries flow during the flood season. The main source of flow into the Old

Brahmaputra-Lakhya is spill from Jamuna-Brahmaputra just upstream of Bahadurabad.

The physical setting and hydrology have produced a unique hydraulic regime, which creates a
variety of difficulties for inhabitants. Flash floods are generated in the steep, upland catchments
adjacent to the region in India. These flash floods spill onto low-lying floodplain lands in the
region, inundating crops, damaging infrastructure by erosion and channel shifting, and often
result in substantial quantities of coarse sand being deposited on agricultural land or in drainage

channels. The main lowland rivers such as the Surma-Baulai, Kalni-Kushiyara, and Kangsha
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are currently adjusting their channel morphology in response to natural large-scale channel
changes and the effects of past engineering works; embankment construction, distributary
channel closures, and loop cutting. Many reaches on these rivers exhibit non-stationary trends
in discharge and water levels. Past morphologic developments have often caused low-lying
distributary channels in the deeply flooded Central Basin to be abandoned or obstructed,
accompanied by gradual sediment infilling and obstruction of drainage.

NERP described the future likely characteristics of the region, focusing on important trends
over the period of 1991-2015. Biophysical changes of the region would result from changes in
rainfall patterns, morphological changes in the major rivers and developments in upstream
catchments. Rainfall and flooding influences the regional morphology through their influence
on the sediment supply. The most sensitive sub regions are the Meghalaya fans in the north
and the Tripura piedmont areas in the south. The main lowland rivers such as Upper Kushiyara
(upstream of the Manu), the Upper Surma (upstream of Sylhet) and the Meghna are less
sensitive. The projection was the lower Kalni River would continue to aggrade. This would
increase the sills into Baulai River and eventually lead to a partial avulsion from the Kalni
River near Ajmiriganj towards the Baulai River. Pre-monsoon flood levels between Madna
and Sherur would increase affecting the 5000 km? of the Central Basin.

India proposed to construct a dam at Tipaimukh and a barrage as Fulerhat on the Barak River.
During operations, the project would moderate flows along the Kushiyara River and Upper
Surma River. This would decrease the monsoon flood levels and substantially increase dry

season flows. However, the system moderation would be outside the control of Bangladesh.

The cumulative effects of the foregoing (Tipaimukh Dam plus aggradation on the Kushiyara-
Kalni and Surma-Baulai) would be increased winter discharges and siltation along the Kalni
River, with pre-monsoon and post-monsoon water levels higher by as much as 1.5 m at
Markuli, but peak monsoon water levels higher by only 0.3 m. Ramifications include greater
depth and extent of monsoon flooding, retarded post-monsoon drainage, and earlier and more
severe pre-monsoon flooding of unprotected areas adjacent to the river. Major avulsions appear
to be either in progress or imminent on the Dauki-Piyain, Dhalai Gang, Jadukata and
Someswari Rivers. However, channel avulsions are inherently unpredictable and could occur

on any of the fans in the region over the Plan period. Avulsion from the Someswari down the
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Atrakhali would impact over much of the Kangsha River basin all the way down into the
Central Basin, with flood conditions reduced in one area but intensified in other areas. The
impact of the other ongoing and potential avulsions mentioned would be largely restricted to

the fan areas.

The Regional Plan proposes a water management strategy for the development of regional
water management systems through 2015. The strategy is based on three key principles: a mix
of structural and non-structural measures is required as there is a limit to what extent nature
can be controlled; development oriented stance is sought since it offers higher benefits than
defense oriented stance; the strategy should impact a large number of people as most of the
people in the region are poor. The strategy includes a portfolio of 44 specific projects for
implementation over the proposed 20 years by a variety of government, non-governmental,
and private agencies. NERP Phase Il will consist of feasibility study and implementation of
one or more of these projects.

4.7 Mathematical Modelling Study to Assess Upazila Wise Surface Water and
Groundwater Resources and Changes in Groundwater Level Due to
Withdrawal of Groundwater at the Pilot Areas (Package-1)

“Mathematical Modelling Study to Assess Upazila Wise Surface Water and Groundwater

Resources and Changes in Groundwater Level Due to Withdrawal of Groundwater at the Pilot

Areas (Package-1) has been prepared by the Bangladesh Water Development Board (BWDB)

during November 2013. The BWDB appointed Institute of Water Modelling (IWM) for

conducting the study.

The main purpose of the study was to assess the impact of climate change on the availability

of water resources in the two Pilot Areas (PA-1 and PA-2). The PA-1 includes 15 Upazilas of

the districts of Barisal, Patuakhali, Barguna, Pirojpur and Jhalokathi. The PA-2 spreads over

10 Upazilas of Chittagong district. An integrated hydrological model describing the condition

in the unsaturated and saturated zone of the subsurface together with rainfall, overland flow,
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evapotranspiration and the condition of flow in the river has been used for the study. In
addition, issues of climate change have been duly considered in the study.

Major activities of the study include cross-section survey, hydrometric data collection,
computation of water demand, model calibration and validation. Models developed under this
study are based on MIKE 11 for surface water model and MIKE-SHE for groundwater model.
Two main components of MIKE 11, such as Rainfall-Runoff and hydrodynamic module, have
been used to simulate the river flow. The hydrodynamic model takes into account schematized
rivers/channels of an area. The connectivity of the river/channel systems and influence of other
rivers/channels outside the model area were identified from the river network maps. The
external boundary conditions (inflow-discharge and outflow-water levels) are applied to the
model from observed or synthetic data. The model can be used for simulation the changes in
discharge and water level in the channel system in and around the catchment under
consideration.

Both the models have been integrated and simulated dynamically. The coupled model was
calibrated using the data for the period 2000-2005 and validated for the period 2006-2009. The
validated model was simulated for base conditions and climate change conditions. The models
have been used to simulate water resources under present and future hydrological conditions
of 2030 and 2050 due to climate change. Surface water resources at upstream and downstream
locations of the rivers Baleswer, Bishakhali, buriswar and Tetulia have been assessed for both
present and future under climate change conditions. Available surface water salinity data for
the year 2012 has also been reviewed to assess the suitability of surface water for different uses
particularly for agricultural use.

The consultant recommended localized climate change models for properly and effectively
monitoring and evaluation of the effects of climate change on the water resources of coastal
region. Comprehensive data collection is essential to address and monitor future climate

change aspects.
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4.8 Mathematical Modelling & Topographic Survey for Integrated Water
Resources Management of Chalan Beel Area Including Beel Halti

Development Project

“Mathematical Modelling & Topographic Survey for Integrated Water Resources
Management of Chalan Beel Area Including Beel Halti Development Project” has been
prepared by the Bangladesh Water Development Board (BWDB) during June 2007. The
BWDB engaged Institute of Water Modelling (IWM) for conducting the study.

The study area of the project spreads in six districts (Rajshahi, Natore, Naogaon, Bogra, Pabna
and Sirajganj). It consists of the Chalan Beel project area (Polders A, B, C and D), Barnai
Project, Baral Project, Naogaon Polder Area, Bogra Polders Il & 111, and Sirajganj Integrated
Rural Development Project (SIRDP). All the FCD schemes in the Lower Atrai Basin were
designed to provide full flood protection from outer floodwaters and minimize the internal
flooding/drainage congestion. However, lack of adequate study during planning and
implementation of these schemes resulted in poor and unsatisfactory outcome. The problems
associated with the study area are interlinked with various hydrological, hydraulic,
environmental, social and economic aspects-both of inside and outside the study area. Instead
of using conventional approaches, the use of mathematical modelling was done to analyze as

well as provide solutions to such a complex physical system.

The overall objective of the project was to provide support for Feasibility Study (FS)
Consultant (Main consultant), in formulating an integrated water resources management

(IWRM) plan of the areas concerned, with the results of surface and groundwater models.

After reviewing the available data at IWM and BWDB, the survey and primary data collection
plan was finalized. Latest hydrological and meteorological data as well as hydro-geological

and groundwater related data and information were collected from different organizations.
Flood Control and Drainage Modelling:

For flood control and drainage modelling, the one-dimensional hydrodynamic model MIKE11
was used. The study area was extracted from the existing North West Region Model (NWRM)

and detailed by including khals and floodplains and redefining connections based on the
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information and data obtained from survey works. The project model was updated
incorporating the recent (the then) hydrologic data. The project model was calibrated for 2004-
05 and validated for 2005-06. After validation, the model was used to simulate the design
hydrological events and options as suggested by the Main Consultant. The following options

were identified for the model assessment to support the Feasibility Study:

e Base condition;

e Full FCD condition;

e Flood improvement by excavating selected peripheral rivers;
e Flood diversion through the polders/projects;

e Combination of flood diversion and river dredging.

For investigating the flow pattern/propagation in the Beel Halti area, a detailed floodplain
modelling was carried out using MIKE FLOOD. MIKE FLOOD is a tool that integrates the
one-dimensional model MIKE11 and two-dimensional MIKE21 into a single, dynamically

coupled modelling system.
Groundwater model study and irrigation expansion:

The main purpose of the groundwater model study was to assess and evaluate the overall water
resources of the study area with the view to bring potential areas under irrigation coverage for
increasing agricultural production through optimum utilization of available water resources.
To assess the water resources availability in the study area, integrated MIKE11-MIKE SHE

modelling system was adopted.
Modelling Study:

The models developed under the study include surface water model and groundwater model.
Both the models have been coupled and run dynamically. The present study does not focus on

groundwater hence, only the surface water model has been discussed here.

The surface water model was developed mainly to assess the dry period availability of surface
water resources at key locations. The hydrodynamic model, developed under FCD study was
tailored for dry season requirements. The model consisted of 25 rivers and polders. The model

had 16 upstream and 2 downstream boundaries. Upstream boundaries were provided with
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discharge generated from water level using rating curve and measured water levels,
downstream boundaries were provided with measured time series water levels only. The

calibrated and validated model was applied for assessment of the surface water resources.
Management information system (MIS):

Besides the survey, data acquisition and modelling activities, an MIS was developed for the
project area. The MIS contains large volume of relevant data of the project area along with

user-friendly graphical user interface (GUI) based on GIS applications.
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5 River Response of Sylhet Basin

5.1 Theory of River Response

The response of channel pattern and longitudinal gradient to variation in selected parameters
has been discussed by Simons and Senturk (1977). In more general terms, Lane (1955) studied
the changes in river morphology in response to varying water and sediment discharge.
Similarly, Leopold and Maddock (1953), Schumm (1971) and Santos and Simons (1972)
have investigated channel response to natural and imposed changes. These studies support
the following general relationships for alluvial rivers:

a) Depth of flow d is directly proportional to water discharge Q.

d xQ; (i)
b) Channel width W is directly proportional to both water discharge Q and sediment

discharge Qs.
W xQ; (ii)
W o Qs; (iii)
c) Channel shape, expressed as width to depth W/d ratio is directly related to sediment
discharge Qs.
W/d o Qs; (iv)

d) Channel slope S is inversely proportional to water discharge Q and directly

proportional to both sediment discharge Qs and median grain size Dsqo.

S x1/Q; (v)
S «xQs; (vi)
S o¢ Dso; (vii)

e) Transport of bed material Qs is directly related to stream power 10U (10 = Bed Shear, U
= Cross-sectional Average Velocity) and concentration of fine material Cr, and

inversely related to the fall diameter of the bed material Dso.

Qs actoU; (x)

Qs o Cr; (i) or, Qg~ (T"i’)ﬂ (Simons et. al., 1975)
50

QS o 1/Dso; (xii)
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5.2 The CEGIS Conceptual Model

CEGIS (2011) has developed a conceptual model to explain the river evolution processes in
the depressed Sylhet Basin, after their avulsion (shifting to new courses).

Data availability for the development of models to describe and explain the channel evolution
process is limited. Therefore, a number of assumptions were needed to be made during the
development of the model. It is assumed that (1) the river reaches at the upstream of the Sylhet
Basin are in regime condition and (2) flood profile of the river is assumed to be parallel to the
bank line.

In most cases with natural rivers, the annual average flood is close but higher to the bankfull
level (Chang, 1979). The gradient of the topography is flatter than that of the side slope of
the Sylhet Basin, which varies 15 to 25 cm/km. However, the gradient of the bottom of the
Sylhet Basin is very flat.

Following hypotheses and its explanations have been extracted from the CEGIS Conceptual
Model.

5.3 Hypothesis 1*

“The bankfull water level of the channel in concern varies in the downstream direction.
At the upstream, it is high and close to annual average flood discharge.” (Figure 5.1 &
5.2)

5.3.1 Explanation

The hypothesis is explained in the following sections:

(*: Excerpt from the CEGIS Conceptual Model)
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Figure 5-1 Conceptual model for describing the channel evolution processes in a subsiding Basin,
showing a simplified discharge hydrograph showing bankfull water levels of different reaches of the
river at time t1 (Source: CEGIS 2011)

Time t1 Averageflood level
Bank level

e Dry season water level
Bedlevel

LwL L | Qyc | e

Lwt ] LWL

Figure 5-2 Conceptual model for describing the channel evolution processes in a subsiding Basin,
showing the long profiles of river bank, riverbed, flood level and dry season water level at time t1

without having any influence of sediment (Source: CEGIS 2011)

Assumption: River sedimentation has not been considered.

The model in Figure 5.2 shows the channel evolution after time ti from its avulsion. Channel
dimensions are considered as the function of the dominant discharge and often bankfull
discharge is considered as the dominant discharge (Chang, 1979; Bridge, 2003). The

hypothesis implies that in most days in a year, the river flow is confined within the bank. On

V-1:66



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

the other hand, the bankfull water level at the downstream is much less and the overbank flow

occurs for several months during the monsoon.

In the figures, Qb = bankfull discharge,
d = depth,
W = width,
A, B and C denote sections A-A, B-B and C-C respectively.

5.3.2 Theoretical Analysis

The Conceptual Model of the CEGIS has been analyzed in the light of above mentioned
established equations of Channel Response to various parameters (section 5.1). From the
collected data as well as data generated from the model of the Surma and Kushiyara rivers the

CEGIS conceptual model will be validated.

I.  In a catchment of steep slope, the height (RL) of the bank of upstream section is at
much higher level than height of the bank of downstream section. The river bed slope
is also likely to have similar sloping pattern.

Hence, bankfull water level at upstream will be greater than that of downstream.

ii.  Moreover, downstream area will remain flooded for a longer period than that of the
upstream areas.

iii.  In general, it appears that the Hypothesis 1 is in agreement for the rivers having

catchment of steep slope.

5.3.3 Validation Criteria

° If it is found that at bankfull water level Ya > Yg > Yc, then the hypothesis is
accepted, where Y, Yg and Yc are the bankfull water levels at sections A-A, B-B
and C-C respectively (upstream to downstream sections).

° If it is found that months of overflow at downstream is greater than that of the

upstream, then the Hypothesis 1 can be accepted.

5.4 Hypothesis 2*

“Decrease in the bankfull water level at the downstream, however, indicates a decrease

in channel dimensions i.e. the width and depth.”

(*: Excerpt from the CEGIS Conceptual Model)
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5.4.1 Explanation

Assumption: River sedimentation has not been considered.

This might be the reason why the width of the river decreases while it enters into the Sylhet

Basin as observed from the satellite images.

From Figure 5.2, it can be observed that the width and depth in the upstream section A-A is
significantly larger than the width and depth in the downstream sections; B-B and C-C, i.e.
Wa>Ws>We and da>ds>dc.

5.4.2 Theoretical Analysis

i.  Theoretically it has been established that for alluvial rivers (from equation i and ii),

d «Q i)
W «Q (ii)

where, d is depth of flow, Q is discharge and W is the width of channel.

From eqn. (i) and (ii) we may conclude that with decrease of Q, both d and W will

decrease.

ii. If it is found that bankfull discharge at downstream is smaller than the bankfull
discharge at upstream (Qnc < Qba), then it can be assumed that (at bankfull discharge)
at downstream, both d and W will decrease, i.e. channel dimension will decrease. This

phenomenon can be expressed as,

Q ~d (xiii)
Q oW (xiv)

i.e, dbc< dpe< dba and Wec< Wps< Wpa

or in other words, dya>dpe>dprc and Wpa>Wpe>Whe

iii.  Hypothesis 2 is agreeable if condition mentioned above is fulfilled that is
a. Qba>Qre>Qnc, Where Qpba, Qv and Quc are bankful discharges,

b. dba> dbe> dbc, Where doa, dos, dbc are bankfull depths,
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c. Wha> Wha> Whc, where Whya, dos, dbc,are bankfull widths at sections A-

A, B-B and C-C respectively (upstream to downstream).
5.4.3 Validation Criteria

e Let us consider sections A, b and C located from upstream to downstream direction.
If it is found that,
a. Apa>Aps>Anc
b. dba>doe>dbc

c. Wpa>Wpe>Wic

Where, Aba, Avs and Apc are the bankfull cross sectional area at section A, B and C
respectively.

dva, dbs and dnc are the bankfull water depths at section A, B and C respectively.
Whpa, Whe and Whc are the bankfull width of the section A, B and C respectively.
5.5 Hypothesis 3*

“The shallow depth caused to increase the high gradient during the dry season and thus

increase the dry season water level at the upstream.”

5.5.1 Explanation

Assumption: Sedimentation occurs in the channel bed.

It was mentioned in the FAP 6 that only 25 per cent of monsoon flow is carried by the channel
within the Basin. This process facilitates the sedimentation within the riverbed. Thus a
considerable amount of sedimentation occurs within the riverbed, a part of which is expected
to be washed away during flood recession when the flow is confined within the riverbank and
have attained considerable flow velocity to erode a part of the sediment deposits during
monsoon. Shallow depth and high velocity generally exert high shear stress also on the
riverbank and result in a wider section than expected from bankfull discharge of the reach
concerned. The processes of sedimentation on the long profile and channel dimensions at
different reaches are shown in Figure 5.3. In the figure, QbA, QuB and Q,C are the bankfull
discharges, da, de and dc are the water depths and WA, Wg and Wc¢ are the channel widths at

the sections A-A, B-B and C-C respectively. Moreover, dg’ and dc’ are the water depths at

* E t f the CEGIS C tual
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sections B-B and C-C after sedimentation.

Time t1 Average flood|evel

Bank level

Dy seasonwaterlevel
Bedlevel

Monzoon bedlevel

Dry season bed | evel

-y
0uC de| | de
I YL
We' =W g Wie' =W

Mote:walue of &Lh depends on sediment input

Figure 5-3: Conceptual model for describing the channel evolution processes in a subsiding Basin,

showing long profiles with the influence of sediment (Source: CEGIS 2011)

5.5.2 Theoretical Analysis

The Hypothesis 3 is not clear enough. If the hypothesis can be re-written in the following way,

theoretical explanation can be given:

The shallow depth causes to increase the high gradient during the dry season (from the
point of deposited reaches/submersed bars/dune, to downstream). This may cause
increase of dry season water depth at the section of deposited reach (from the point of
submersed bars/dune, to some distance to downstream). Moreover, deposited reach will

cause to produce backwater effect at the upstream.
Hypothesis can be explained considering 3 scenarios, namely:

1. During dry season, the shallow depth causes increase of the gradient (bed slope) from

section of deposited reach (submersed bars/dune), to the downstream.
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2. Increase of the dry season water depth at the section of deposited reach (dunes), if
erosion occurs.

3. Backwater impact caused by the deposited reach.

The analysis on the Hypothesis 3 is described below:

I. During monsoon and recession of monsoon, more sedimentation at the bed will occur
in a particular section. Consequently, Qs sediment discharge will be higher in the

monsoon/immediate post monsoon season then the dry season.
As we know from equation (iii),
W o Qs (iii)

where W is the width and Qs is sediment discharge. Hence, with increase in Qs, W is likely to

increase, which may be expressed as
Q" ~ W+ (xv)

And due to sedimentation, d will decrease during post monsoon period from that of monsoon

periods, which may be expressed as
dm> dpm (XVi)

where, dn is the water depth at monsoon season and dpm is the water depth at post monsoon

season.

But if there occurs erosion in the post monsoon season, then dry depth will be greater than the

post monsoon depth, i.e ddr > dpm.

When sedimentation occurs at a section, the bed level is raised, thus the slope of bed level from
that section (below the channel) becomes steeper than but of the original one. It is known from

the equations v, vi, vii that,

S x1/Q or S*~Q (xvii)
S Qs or St ~Qs" (xviii)
S «Dsgp or S*~ Dso* (xix)
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That is in a section with increase of slope (S), discharge (Q) will decrease and sediment

discharge (Qs) will increase and median grain size (Dso) will increase.

From Manning’s Equation,
v = 1R2/3g1/2 (xx)
n

Where V= velocity, R= hydraulic radius, S= slope of the channel, n= Manning’s Coefficient.

Thus in a section with increase at S, V will increase or
St ~V* (xxi)

Now if this velocity exceeds the self-cleansing velocity, then the sediment that has been
deposited in monsoon will again be cut off (cleared), may be partially. Shallow depth and high
velocity generally exert high shear stress (to) both on the bed and river bank which may result
in wider and deeper channel. Thus the depth of water dary, will start to increase at the section
of high deposition (dune). And there will be degradation downstream. Ultimately the dunes

will move downstream. The dunes can often form as a series of dunes in a river stretch.

Backwater impact caused at immediate upstream of the deposited reach may induce increased
water level and continuation of sediment deposition at upstream. This hypothesis appears to
be in agreement, considering the sedimentation of rivers, section of deposited reach

(dunes) and if the velocity reaches self-cleansing velocity (Figure 5.4).

5.5.3 Validation Criteria

e Ifitis found that
a. The channel slope from upstream to downstream is greater in dry season than
that of the monsoon season

b. There is backwater effect towards upstream

Then the Hypothesis 3 can be accepted.
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5.6 Hypothesis 4 and 5*

The Hypothesis 4: “After several years/decades (at time ta) as the river will be able to raise
its levee and reach regime condition, the flood level will be close to the bank level (Figure

5.4), i.e. bankfull water level will be the same along the whole river stretch.”

The Hypothesis 5: “The channel dimensions will be closed the same at the upstream and

downstream and no sedimentation would be expected during monsoon.”

5.6.1 Explanation

A simplified diagram is presented in Figure 5.5 for showing the spatial variation of river
gradient, flood profile, bank profile, riverbed profile, flow velocity, sediment concentration,
bed material sizes both in monsoon and dry season of a river, which is approaching towards
regime conditions after its avulsion into the Sylhet Basin. The long profile of the river shows
the flood, bank and bed profiles during monsoon. During monsoon, average flow velocity in
the channel will remain the same within the upstream river reaches, which is in regime
condition (as previously assumed). As the overbank flow increases at the downstream, the
flow velocity in the river reduces. The reduction of the flow velocity facilitates sedimentation
within the river and thus reduces the sediment concentration substantially at the downstream.
This explains the presence of the lower riverbed level at the downstream of depositing reaches,
although the flow velocity remains very low at that reach also. Sediment concentration during
monsoon at that location is too low to raise the riverbed through deposition. At the end of
monsoon, discharge reduces and water level remains at a stage lower than the bank level. The
depositing reach will cause to produce back water effect at the upstream. The river is shallow
at this reach and thus the gradient is much higher than at the upstream. Flow velocity at the
upstream is much less than in monsoon, but it starts to increase at the depositing reach. This
high velocity helps to erode a part of the depositing sediment during the preceding monsoon

and thus increase the sediment concentration in the downstream direction.

The proposed conceptual model shows relations between the different parameters such
gradient, bank level, flood level and flow velocity, sedimentation process in the riverbed and
floodplain and their spatial variation along the river which is in the way to reaching regime

condition. During the evolution phase of the rivers in the Sylhet basin, the rivers adjust their
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morphology continuously. The process that triggers the progression of the whole process
towards the downstream is the adjustment of the bank level. This process will cause to push
the sediment deposited reaches to the downstream. The rivers will reach regime condition after
time t,, after which bank level will be parallel to the annual average flood level (Figure 5.4)

and no bed aggradation/ degradation will occur during monsoon or dry season.

Averageflood|evel
Bank level
Dry season water level
) Bed |level
= —— L S
- = |c -
—
an |4 — o
________ Qb | de
(R - Q.C de
W ] -
We WL

Figure 5-4: Conceptual model for describe the channel evolution processes in a subsiding Basin,
showing the long-profiles at time t,, when the river would be in regime condition (Source: CEGIS
2011)
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Figure 5-5: Simplified diagram showing the relations between the different parameters such gradient,
bank level, flood level, flow velocity, sediment concentration and bed material size during monsoon
and dry season at time t; (Source: CEGIS 2011)

However, it is also mentioned in the Conceptual Model is that it is unlikely that the rivers in
the Sylhet Basin may reach regime conditions, as the subsiding Basin needs to have a high
difference in elevation between the levee and flood Basin, which may cause avulsion of the
rivers. Moreover, a major part of the river sediment deposits on the floodplain along rivers
where the bank level starts to become lower than the annual average flood level. This may also
trigger avulsion of the rivers towards the plain which is not getting sediment for a long time.
The adjustment process of the rivers is not followed at the downstream only. The downstream
adjustment also triggers flood and bank level adjustment at the upstream as well. As the
adjustment of river channels to any disturbance takes several years/decades, the rivers have to
act with several disturbances simultaneously. The Kushiyara River has been adjusting to its
avulsion to the present course for the last several decades, at the same time cut-offs in the
1980s and 1990s put the river into a simultaneous process of major adjustments. In the 1990s,
a process of avulsion had already been started and the river also acted to adjust with the

changes. Thus under natural conditions, the process would not be as straightforward as shown
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in the model (Figure 5.1, 5.2, 5.3 and 5.4) or in the simplified diagram (Figure 5.5). If the
different disturbances in the river system are recognized properly the model would be helpful

in explaining the different observed changes in rivers.

5.6.2 Theoretical Analysis
Hypothesis 4 and 5 are for regime or equilibrium condition of the river. By definition,
“A channel is said to be in regime, if there is neither silting nor scouring in the channel.”

Moreover, in regime or equilibrium condition, in a section, the bank level and the average flood

level are the same.

A channel shall be in “true regime” if the following conditions are satisfied:

Discharge is uniform;
Flow is uniform;
Silt charge is constant; i.e. the amount of silt is constant;

Silt grade is constant; i.e. the type and size of silt is always the same;

a r w0 N E

Channel is flowing through a material which can be scoured easily as it can be deposited
(such soil is known as incoherent alluvium), and is of the same grade as it is transported.

In a natural process, it may take hundreds of years to attain such conditions. But truly speaking,

all these conditions can never be satisfied.
However, in general, theoretically the hypotheses of regime condition are accepted.

5.6.3 Validation Criteria

e If there is no variation in bankfull water level at different sections of the river
reach, the river is in regime (equilibrium) condition.

e If it is found that X-section areas at different sections do not change/vary then
the river is in regime condition.

e Ifthereisno variation in sediment concentration, then the river reach is in regime
condition.

e Ifthereisno variation in Median grain size (Dso), then the river reach is in regime

condition.
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6 Data Collection

Data of the Surma and the Kushiyara Rivers have been collected from both the primary and
secondary data sources. River wise data collection plan and analysis are presented in the

following sections.

6.1 The Surma River

6.1.1 Primary Data

Primary data includes the following:

6. Routine measurement of Discharge (monthly, in a fixed section)

7. Routine measurement of Sediment Concentration (monthly, in a fixed section)
8. Bed Material Sampling (2 measurements, in 9 stations)

9. Measurement of Sediment Concentration (3 measurements, in 9 stations)

10. Measurement of Cross Sections (in 9 stations)

11. Bankline Survey

6.1.1.1 Routine Measurement of Discharge and Sediment Concentration

Consultants have measured discharge and sediment load in the Surma River in one fixed
station. The station is located between two existing BWDB discharge stations which are
SW267(Sylhet Sadar) & SW268 (Chhatak). The location of the station is 24° 55' 51"N and 91°
42' 8"E. The measurements were taken during from January, 2017 to June 2017. The details of
the plan are presented in Table 6.1. The sediment samples will be analyzed in the Prosoil
Laboratory to determine the sediment concentration. The results of the analysis are presented

in Appendix 3.
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Table 6.1 Plan for Routine Measurement on the Surma River

. No. of
Type of No. of Location of

Data station with | O Of Samples
Collection | Measurements D Samples | specified in
the TOR

Timeline

1(one)
measurement
per month
Total
measurements | S-06 (Sylhet
=6 Sadar)

Discharge 6 Not specified

Jan 2017 - Jun
2017

1(one) 24° 55'51"N
measurement 91° 42'8"E
Sediment per month

Measurement Total
measurements
=6

6 Not specified

Jan 2017 - Jun
2017

The discharge and sediment measurement station has been established on the Surma river by

the survey team. Monthly data have been collected from this station. Water level have also

been collected from this station on a daily basis.

Figure 6-1 Installed Water Level Gauge on the Surma near Sylhet Bypass Bridge (Station ID: S-06)
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6.1.1.2 Sediment Concentration

Sediment concentration of the Surma have been collected. Measurements have been taken from
9 stations as shown in Table 6.2. A number of 3 sets of measurements have been collected.
The first set of data was collected from August 22, 2016 to August 29, 2016 (monsoon season).
The 2" set of data have been collected from January 14, 2017 to January 24, 2017 (post
monsoon season). The 3 set of data have been collected from April 10, 2017 to April 18, 2017
(dry season). The location of the sediment collection stations and details of sediment collection

plan of the Surma River are presented below (Table 6.2 and 6.3). The locations of the stations

are shown in Figure 6.3 and Table 6.5. The sediment concentration has been determined in the
Prosoil Laboratory by using the ASTM Standard Test Method D 3977-97 (Test Method B:
Filtration).

Figure 6-2 Collection of Sediment Concentration Samples
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Table 6.2 List of Sediment Collection Stations on the Surma River

: Corresponding Location Upazilla
Stalion | BWDB station
ID Lat. Long.
S-01 SW266 25°0'16"N 92°16'11"E Kanairghat
S-02 24°56' 11"N 92° 11'52"E Kanairghat
S-03 24° 53' 58"N 92°5'40"E Kanairghat
S-04 24° 51' 53"N 91° 57' 56"E Golabganj
S-05 SW267 24° 54' 18"N 91°50'3"E Sylhet Sadar
S-06 24° 55' 51"N 91°42'8"E Sylhet Sadar
S-07 SW268 24° 59' 47"N 91° 41'8"E Companiganj
S-08 25° 0" 15"N 91° 36' 27"E Chhatak
S-09 25° 3'57"N 91° 31'16"E Dowarabazaar
Table 6.3 Sediment Collection Plan on the Surma River
No. of NO'.Of Station ID No. of Timeline
measurements | Stations Samples
15t set: Aug 22, 2016 -
Aug 29, 2016 (monsoon)
9 sections | oo 502 ’ SZ?CQ!S)?} PR 2 set Jan 14, 2017 -
Jan 24, 2017 (dr
3 (15 km 503, 504, Total (ry)
X S05, S06, i
apart) | 507 Sog, Sog | MEASUEMENtS | 3rd set: Mar 31, 2017 -
=216 April 15, 2017 (pre
monsoon)
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Figure 6-3 Locations of Sediment Collection Stations on the Surma

6.1.1.3 Bed Material Sampling

Bed Material Samples of the Surma have been collected. Measurements have been taken from

9 stations as shown in Table 6.2. A number of 2 sets of measurements have been collected.

The 1% set of data have been collected from January 14, 2017 to January 24, 2017 (post
monsoon season). The 2" set of data have been collected from April 10, 2017 to April 18,

2017 (dry season). The locations of the stations are shown in Figure 6.3 and Table 6.5. The

details of Bed material collection are shown in Table 6.4. The bed material samples have been

analyzed in the Prosoil Laboratory to determine the Median Grain Size (Dso) value. The value

was determined by analyzing the sample wi

th Sieve and Hydrometer.
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Figure 6-4 (a) The Bed Material Sampler; (b) Surveyors Carrying the Sampler to Site; (c) Collection
of Bed Material Sample on Surma River
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Type of No. of No. of
Data measur s : Station ID No. of Samples Timeline
. tations
Collection | ements
15t set: Jan 14,
2017 — Jan 24,
Bed _ S01, S02, 8 samp!es per 2017 (dry)
material 9 sections S03, S04, section
Sample 2 (15 km S05, S06, Total 2"d set: Mar 31,
Colle crii on apart) S07, S08, measurements = | 2017 - April 15,
S09 144 2017 (pre
monsoon)

6.1.1.4 Bank Line Survey
Bank line survey of both the sides of the river has been done by Total Station, GPS and

Automatic Level and has been mapped by ArcGIS. One hundred and fifty km reach of the river

has been surveyed; 150 sections have been selected along the reach, with a distance of 1 km
between each section. The total length of the Surma river is 249 km (BWDB, 2011). The 150
km river reach is shown in Figure 6.5 (bold blue lines indicate the surveyed river reach).

Measurements were taken on both the banks of the river at the specified sections. Bank Line

Survey was conducted during January 14, 2017 to January 24, 2017. The result and detailed

procedure of the bank line survey has been given in Annexure 3. The summary of bank line

survey plan on the Surma river is given below:

Data to be collected are: RL, GPS location and limited topographic

survey

1 measurement during the project period

150 km reach on the Surma river
150 sections on the river (every section 1 km apart)

2 measurements on each section (one on each bank)

Total no. of points: 150*2=300 points
Timeline: Jan 14, 2017 to Jan 24, 2017
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Figure 6-5 River Reaches for Bank Line Survey on the Surma and

the Kushiyara

Figure 6-6 Bank Line Survey on the Surma
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6.1.2 Secondary Data Collection

The following data have been collected from the BWDB and the United States Geological
Survey (USGS):

From the BWDB:
e Water Level (1985-2016)
e Discharge (1986-2016)
e Velocity (1986-2016)
e Cross Section (2009, 2011, 2013 and 2014)

The data were collected depending on the availability of the source in the BWDB archive.

6.1.2.1 Water Level

There are 7 BWDB stations on the Surma River which are presented below in Table 6.5. Water

level data of all the 7 stations have been collected from the BWDB. The data collected ranges

from 1985 to 2016.

Table 6.5 List of BWDB Water Level Stations on Surma

) Station Location ) o
Station ID Upazilla District
Name Lat. Long.
SW266 Kanairghat 25°0' 14" 92°16'12" | Kanairghat Sylhet
SW267 Sylhet 24°53'18" | 91°50'60" | Sylhet Sadar Sylhet
SW268 Chhatak 25°2'10" | 91°39' 36" Chhatak Sunamgan;j
) Sunamganj )
SW269 Sunamganj 25° 4'16" 91° 24' 36" Sunamganj
Sadar
Dirai_on
SW269.5 ) 25°4' 2" 91° 22' 48" Derai Sunamgan;j
Kalni
SW270 Markuli 24° 41' 28" | 91° 23'24" Nabiganj Habiganj
Sw271 Azmiriganj | 24°33'58" | 91°13'48" | Ajmiriganj Habiganj
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6.1.2.2 Discharge and Velocity

There are 3 discharge stations on Surma River. These stations are shown below in Table 6.6.
Discharge and Velocity data of all the 3 stations have been collected from the BWDB. The

data collected ranges from 1986 to 2016.

Table 6.6 List of BWDB Discharge Stations on the Surma

) Station Location ) o
Station ID Upazilla District
Name Lat. Long.

SW266 Kanairghat 25°0' 14" 92°16'12" | Kanairghat Sylhet
SW267 Sylhet 24°53'18" | 91°50'60" | Sylhet Sadar Sylhet

) Sunamgan;j )

SW269 Sunamganj 25° 4' 16" 91° 24" 36" Sad Sunamganj

adar

6.1.2.3 Cross Section

Cross-section data of the Surma have been collected from the BWDB. The data were available
for the years 2009, 2011, 2013 and 2014. The cross section measurements are taken 6 km apart
from each other. There are 42 sections (S1 to S42) where the BWDB takes cross-section

measurements (Figure 6.7) on the Surma river.
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Figure 6-7 Locations of Cross Sections on the Surma (S1 - S42) (Source: BWDB)
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6.2 The Kushiyara River

6.2.1 Primary Data

Primary data includes the following:

Routine measurement of Discharge (monthly, in a fixed section)

Routine measurement of Sediment Concentration (monthly, in a fixed section)
Bed Material Sampling (2 measurements, in 9 stations)

Measurement of Sediment Concentration (3 measurements, in 9 stations)

Measurement of Cross Sections (in 9 stations)

2B L A

Bankline Survey

6.2.1.1 Routine Measurement of Discharge and Sediment Concentration

Consultants have measured discharge and sediment load in Kushiyara River in 1 fixed station.
The station is located between 2 existing BWDB discharge stations which are SW173 (Sheola)
& SW268 (Fenchuganj). The location of the station is 24° 43" 39"N and 92° 2' 6"E. The
measurements were taken during January, 2017 to June 2017. The details are presented in the
table (Table 6.7) below. The sediment samples will be analyzed in the Prosoil Laboratory to

determine the sediment concentration. The results of the analysis are presented in Appendix 3.

Table 6.7 Plan for Routine Measurements on the Kushiyara River

No of
Location of No. of Samples
Station with ID | Samples specified in
the TOR

Type of No. of
Data measurement
Collected S

Timeline

1 (one)
measurement
per month, - Jan 2017 -
Total 6 Not specified Jun 2017

measurements K-03
=6 (Golabganj)

Discharge

1 (one) 24° 43' 39"N
measurement 92° 2'6"E
Sediment per month, - Jan 2017 -
Measurement Total 6 Not specified Jun 2017
measurements
=6
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The discharge and sediment measurement station has been established on the Kushiyara river
by the survey team. Monthly data have been collected from this station. Water level have also

been collected from this station on a daily basis.

T T
TN

Figure 6-8 Installed Water Level Gauge on the Kushiyara near Sherpur Bridge (Station I1D: K-03)

6.2.1.2 Sediment Concentration

Sediment concentration data on Kushiaya River have been collected. Measurements were
taken from 9 stations as shown in Table 6.8. A number of 3 sets of measurements have been
collected. The first set of data was collected from August 22, 2016 to August 29, 2016
(monsoon season). The 2" set of data have been collected from January 14, 2017 to January
24, 2016 (post monsoon season). The 3" set of data was collected from April 10, 2017 to April
18, 2017 (dry season). The location of the sediment collection stations and details of sediment
collection plan of Kushiyara River are presented below in Table 6.8 and Table 6.9. The
locations of the stations are shown in Figure 6.9. The sediment concentration is being
determined in the Prosoil Laboratory by using the ASTM Standard Test Method D 3977-97
(Test Method B: Filtration).
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Table 6.8 List of Sediment Collection Stations on the Kushiyara River

) Corresponding Location
Station ] )
BWDB Station Upazilla
ID Lat. Long.
ID
K-01 SW173 24°53'14"N | 92° 11'22"E | Beani Bazar
K-02 24°50"15"N | 92° 4' 49"E Golab Ganj
K-03 24°43'39"N | 92° 2'6"E Golab Ganj
K-04 SW174 24° 39'55"N | 91°54'16"E | Fenchuganj
K-05 24° 37'60"N | 91° 46'53"E | Balaganj
K-06 SW175.5 24° 38'25"N | 91°39'18"E | Balaganj
K-07 24°41'48"N | 91° 32'27"E | Jagannathpur
K-08 SW270 24°41'37"N | 91° 24'30"E | Markuli
K-09 24°37'21"N | 91° 18'5"E Sulla
Table 6.9 Sediment Collection Plan on Kushiyara River
No. of No. of . No. of .
measurements | Sections Station 1D Samples Timeline
15t set: Aug 22, 2016 - Aug
29, 2016 (monsoon)
K01, K02, | 8 samples per
9 sections | K03, K04, sec, 2nd set: Jan 14, 2017 — Jan
(15 km K05, K06, Total 24, 2017 (dry)
apart) K07, KO8, | measurement
K09 s=216 3rd set: March 31, 2017 -
April 15, 2017 (post
monsoon)
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Figure 6-9 Location of Sediment Collection Station on the Kushiyara

6.2.1.3 Bed Material Sampling

Bed Material Samples of the Kushiyara have been collected. Measurements have been taken

from 9 stations as shown in Table 6.8. A number of 2 sets of measurements have been collected.

The 1% set of data have been collected from January 14, 2017 to January 24, 2017 (post
monsoon season). The 2" set of data have been collected from April 10, 2017 to April 18,
2017 (dry season). The locations of the stations are shown in Figure 6.9 and Table 6.11. The

details of Bed material collection plan are given in Table 6.10. The bed material samples have

been analyzed in the Prosoil Laboratory to determine the Median Grain Size (Dso) value. The

value was determined by analyzing the sample with Sieve and Hydrometer.
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Table 6.10 Bed material Sample Collection Plan on the Kushiyara

No. of NO'. of Station ID No. of Timeline
measurements | Sections Samples
8 samp|es per 15t set: Jan 14, 2017
9 sections K01, K02, sec, —Jan 24, 2017 (dry)
K03, K04,
apart) K07, K08, K09 measurements | 2017 - April 15, 2017
=144 (post monsoon)

6.2.1.4 Bank Line Survey
Bank line survey of both the sides of the river have been done by Total Station, GPS and

Automatic Level and have been mapped by ArcGIS. One hundred and fifty km reach of the

river have been surveyed; 150 sections will be selected along the reach, with a distance of 1
km between each section. The total length of the Kushiyara River is 288 km (BWDB, 2011).

The 150 km river reach is shown in Figure 6.5 (bold blue lines indicate the surveyed river

reach). Measurements were taken on both banks of the river at the specified sections. Bank

Line Survey have been conducted during January 14, 2017 to January 24, 2017. The summary

of bank line survey on Kushiyara River is given below:

- Data to be collected are: RL, GPS location and limited topographic survey

- 1 measurement during the project period

- 150 km reach on the river Kushiyara

- 150 sections on the river, every section 1 km apart

- 2 measurements to be collected on each section (1 on each bank)
- Total no. of points: 150*2=300 points
- Timeline: Jan 14, 2017 to Jan 24, 2017
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Figure 6-10 Bank Line Survey on the Kushiyara River
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6.2.2 Secondary Data Collection

The following data have been collected from the BWDB and the United States Geological

Survey (USGS):

From the BWDB:
e Water Level (1985-2016)
e Discharge (1986-2016)

e Velocity (1986-2016)

e Cross Section (2004, 2006, 2008 and 2010)

The data were collected depending on the availability of the source in the BWDB archive.

6.2.2.1 Water Level

There are 4 BWDB stations in the Kushiyara River which are shown below in Table 6.11.

Water level data of all the 4 stations have been collected from the BWDB. The data collected
ranges from 1985 to 2016.

Table 6.11 List of BWDB Water Level Stations on Kushiyara

Station ID Station Location Upazilla District
Name Lat. Long.
1.] SW172.5 Amalshid 24° 52 42" | 92°29'24" | Zakiganj Sylhet
2. SW173 Sheola 24°53'14" | 92°11'24" | Beanibazar Sylhet
3.| SW174 Fenchuganj 24° 42' 3" 91°57' 0" Fenchuganj | Sylhet
4. SW175.5 Sherpur 24° 37" 40" | 91°40'48" | Balaganj Sylhet

6.2.2.2 Discharge and Velocity

There are 3 discharge stations on Kushiyara River. These stations are shown in Table 6.12.

Discharge and Velocity data of all the 3 stations have been collected from the BWDB stations.
The data collected ranges from 1986 to 2016.
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Table 6.12 List of BWDB Discharge Stations on Kushiyara

Station ID Station Location Upazilla District
Name Lat. Long.
SW172.5 Amalshid 24°52' 42" | 92°29'24" | Zakiganj Sylhet
SW173 Sheola 24°53'14" | 92°11'24" | Beanibazar Sylhet
SW175.5 Sherpur 24° 37 40" | 91°40'48" | Balaganj Sylhet

6.2.2.3 Cross Section

Cross-section data have been collected from the BWDB on Kushiyara River. The data have
been collected for the years 2004, 2006, 2008 and 2010. The cross section measurements are
taken 6 km apart from each other. There are 15 sections (KUS1 to KUS15), where the BWDB

takes cross section measurements in the Kushiyara (Figure 6.11).
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Figure 6-11 Location of Cross Sections of Kushiyara River (KUS1 - KUS15) (Source: BWDB)
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7 Data Analysis

Data of the Surma and the Kushiyara Rivers have been collected from both the primary and

secondary data sources.

The water level, velocity, discharge data and cross section data have been processed and used
for calibrating and validating of the numerical model namely HEC-RAS 2D. This model has
been used to predict the change in sediment deposition, discharge and water level in the
downstream of the Surma and the Kushiyara as well as to validate the existing conceptual

model.

e Sediment concentration and Bed Material Size
Sediment concentration and Bed Material data have been analyzed to calculate the Dso
(Median Grain Size) value of the bed material of the river. This value has been used in
setting up the morphological part of the numerical model.

e Discharge and Velocity
Discharge and velocity data have been used in setting up the upstream boundary of the
numerical model.

e Water Level
Water level data have been used in setting up the downstream boundary of the
numerical model.

e Cross Section
Cross Sections of the rivers have been used in setting up the numerical model. The
model has been calibrated using cross sections of 2013 and validated using cross
sections of 2014. Cross sections of other years (for Surma 2009, 2011, 2013, 2014 and
for Kushiyara 2006, 2008, 2010) have also been plotted.

e Bank Line Survey
The bank lines of both rivers have been plotted on ArcGIS. The surveyed data have
been compared with satellite images to identify the shift in bank lines of both the Surma
and the Kushiyara rivers. The comparison has also helped to understand the general

trend in the shift of bank lines.
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7.1 Analysis of Primary Data for the Surma

7.1.1 Sediment Concentration

Sediment concentration samples of the Surma have been collected from 9 stations as shown in
Table 6.2. A number of 3 sets of measurements have been collected. The sediment
concentration has been determined in the Prosoil Laboratory by using the ASTM Standard Test
Method D 3977-97 (Test Method B: Filtration). The detailed sediment concentrations data
sheet and analysis are given in Appendix 3.

The first set of data was collected from August 22, 2016 to August 29, 2016 (monsoon season).
The 2" set of data have been collected from January 14, 2017 to January 24, 2017 (Dry season).
The 3" set of data have been collected from April 10, 2017 to April 18, 2017 (Pre monsoon

season).

7.1.2 Median Grain Size

Bed Material Samples of the Surma have been collected. Measurements have been taken from
9 stations as shown in Table 6.2. A number of 2 sets of measurements have been collected.
The 1% set of data have been collected from January 14, 2017 to January 24, 2017 (Dry season).
The 2" set of data have been collected from April 10, 2017 to April 18, 2017 (Pre monsoon
season). The bed material samples have been analyzed in the Prosoil Laboratory to determine
the Median Grain Size (Dso) value. The value was determined by analyzing the sample with

Sieve and Hydrometer. The detailed analysis of the median grain size is given in Appendix 3.

7.1.3 Bank Line Survey

Bank line survey of both the sides of the river has been done by Total Station, GPS and
Automatic Level and has been mapped by ArcGIS. One hundred and fifty km reach of the river
has been surveyed; 150 sections have been selected along the reach, with a distance of 1 km
between each section. The total length of the Surma river is 249 km (BWDB, 2011). The 150
km river reach is shown in Figure 6.5 (bold blue lines indicate the surveyed river reach).
Measurements were taken on both the banks of the river at the specified sections. Bank Line
Survey was conducted during January 14, 2017 to January 24, 2017. The result and detailed
procedure of the bank line survey has been given in Appendix 2.
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7.2 Analysis of Primary Data for the Kushiyara

7.2.1 Sediment Concentration

Sediment concentration samples of the Kushiyara have been collected from 9 stations as shown
in Table 6.5. A number of 3 sets of measurements have been collected. The sediment
concentration has been determined in the Prosoil Laboratory by using the ASTM Standard Test
Method D 3977-97 (Test Method B: Filtration).

The first set of data was collected from August 22, 2016 to August 29, 2016 (monsoon season).
The 2" set of data have been collected from January 14, 2017 to January 24, 2017 (Dry season).
The 3" set of data have been collected from April 10, 2017 to April 18, 2017 (Pre monsoon
season). The detailed sediment concentrations data sheet and analysis are given in Appendix
3.

7.2.2 Median Grain Size

Bed Material Samples of the Kushiyara have been collected. Measurements have been taken
from 9 stations as shown in Table 6.2. A number of 2 sets of measurements have been collected.
The 1% set of data have been collected from January 14, 2017 to January 24, 2017 (Dry season).
The 2" set of data have been collected from April 10, 2017 to April 18, 2017 (Pre monsoon
season). The bed material samples have been analyzed in the Prosoil Laboratory to determine
the Median Grain Size (Dso) value. The value was determined by analyzing the sample with

Sieve and Hydrometer. The detailed analysis of the median grain size is given in Appendix 3.

7.2.3 Bank Line Survey

Bank line survey of both the sides of the river has been done by Total Station, GPS and
Automatic Level and has been mapped by ArcGIS. One hundred and fifty km reach of the river
has been surveyed; 150 sections have been selected along the reach, with a distance of 1 km
between each section. The total length of the Surma river is 288 km (BWDB, 2011). The 150
km river reach is shown in Figure 6.5 (bold blue lines indicate the surveyed river reach).
Measurements were taken on both the banks of the river at the specified sections. Bank Line
Survey was conducted during January 14, 2017 to January 24, 2017. The result and detailed
procedure of the bank line survey has been given in Annexure 2.
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7.3 Analysis of Secondary Data

7.3.1 River Data Analysis

Secondary data of the Surma and the Kushiyara rivers have been collected from the BWDB.
The data have been used for setting up the numerical model. In addition, the data at upstream
and downstream stations of previous years (2009, 2011, 2013 and 2014) have been analyzed

and compared to understand the general trend of change in river bedform.

7.3.1.1 The Surma River

Upstream

Cross Section (RMS38): The cross section is taken at the upstream boundary, RMS38 (Figure
7.1). The location of this station is 25° 0" 14"N and 92° 16' 12"E. The data at this station are
available for the years 2011, 2013 and 2014. After plotting the cross sections (Figure 7.1), it is
observed that the shape of the left bank of the river remains almost same throughout the period.
The main channel is getting narrower. At the right bank, the channel gets wider throughout the

years. This implies that the river bank is shifting towards north.
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Figure 7-1 Comparison of Cross Sections at RMS38 on the Surma
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Water Level (SW266): The data of Water Level Station at the upstream section of the Surma
river, (SW266, Kanairghat) have been analyzed. The location of this station is 25° 0' 14"N and
92° 16' 12"E. Water level data from 1996 to 2016 at this station have been compared. The
average water level of July is plotted in the following graph to observe the water level in the
monsoon season. From the graph, it can be observed that in the last 20 years, the average water
level at the monsoon season always stays above 10m, highest being 14.46 m in July, 2004 and
lowest being 10.15m in July, 2014 (Figure 7.2).
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2014 e 10015
2015 N 11.69
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Figure 7-2 Comparison of Average Water Level of July at Station SW266 on the Surma

Discharge (SW266): The data of Discharge Station at the upstream section of the Surma river
(SW266, Kanairghat) have been analyzed. The location of this station is 25° 0' 14"N and 92°
16' 12"E. Discharge data from 1996 to 2016 at this station have been compared. The average
discharges of July have been plotted (Figure 7.3). The plot shows the discharge of the Surma
at SW266 in the monsoon season. From the graph, it can be observed that in the last 30 years,
the lowest discharge was 863.03 cusecs in July, 2014. Apart from 2014, the discharge was
always above 1000 cusecs, the highest being 2031.37 cusecs in July, 2004.
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Figure 7-3 Comparison of Average Discharge of July at Station SW266 on the Surma

Downstream

Cross Section (RMS10): The cross section taken at the downstream boundary is RMS10
(Figure 5.5). The data at this station are available for the years 2009, 2011, 2013 and 2014.
The location of the section is 25° 4' 16"N and 91° 24' 36"E. After plotting the cross sections
(Figure 7.4), it is observed that the shape of the left bank of the river remains almost same
throughout the period, except in 2011 where there is a sharp slope in left of the road. The
shape of the main channel remains almost the same. At the right bank, the channel gets wider

in 2014 which implies that the right bank is moving towards the north-east.
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Figure 7-4 Comparison of Cross Sections at RMS10 on the Surma

Water Level (SW269): The data of Water Level Station at downstream section of the Surma
river (SW269, Sunamganj) have been analyzed. The location of the station is 25° 4' 16"N and
91° 24' 36"E. Water level data from 1996 to 2016 at this station have been compared. The
average water level of July is plotted, as shown in Figure 7.5 to observe the water level in the
monsoon season. From the graph, it can be observed that in the last 20 years, the average water
level at the monsoon season always stays above 7m in this section, highest being 8.72m in
July, 2004 and lowest being 7.1m in July, 2007.
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Figure 7-5 Comparison of Average Water Level of July at Station SW269 on the Surma
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Discharge (SW269): The data of Discharge Station at the downstream section of the Surma
river (SW269, Sunamganj) have been analyzed. The location of the station is 25° 4' 16"N and
91° 24' 36"E. Discharge data from 1996 to 2016 at this station have been compared. The
average discharge of July is plotted in Figure 7.6 to observe the discharge in the monsoon
season. From the graph, it can be observed that in the last 20 years, the lowest discharge was
1620.5 cusecs in July, 2001 and the highest discharge was 2941.16 cusecs in July, 2016. From
Figure 7.6, it can be observed that in the last 20 years, the average discharge in the monsoon

season always stays above 1600 cusecs.
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Figure 7-6 Comparison of Average Discharge of July at Station SW269 on the Surma

From the above analysis, it can be observed that the average discharge on SW269
(downstream) is higher than the average discharge on SW266 (upstream). The discharge is

higher in the downstream section because of a number tributaries flowing in the main river.

Water Level Slope: The water level slopes for 20 years between the upstream station (SW266)
and downstream station (SW269) have been calculated and shown in Table 7.1. From the table,

it can be seen that the water level slope varies between 0.015 to 0.035.

Table 7.1 Water Level Slope Analysis for Surma River

SW266 SW269
Year (upstream station) (downstream station) Water Level Slope
(mPWD) (mPWD) (per km)
1996 13.05 8.46 0.028
1997 14.29 8.54 0.035
1998 12.89 8.2 0.029
1999 13.66 8.46 0.032
2000 11.1 7.6 0.022
2001 11.95 7.32 0.029
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SW266 SW269
Year (upstream station) (downstream station) Water Level Slope
(MPWD) (MPWD) (per km)
2002 12.48 8.02 0.028
2003 13.07 8.42 0.029
2004 14.46 8.72 0.035
2005 12.36 8.16 0.026
2006 12.66 7.96 0.029
2007 10.56 7.1 0.021
2008 12.67 8.4 0.026
2009 10.2 7.22 0.018
2010 12.68 8.27 0.027
2011 12.79 7.72 0.031
2012 13.51 8.51 0.031
2013 12.54 7.49 0.031
2014 10.15 7.68 0.015
2015 11.69 7.2 0.028
2016 12.07 7.68 0.027

7.3.1.2 The Kushiyara River

Upstream

Cross Section (RMKUS12): The cross sections are taken at the upstream boundary,
RMKUS12 (Figure 7.7). The data at this station are available for the years 2004 and 2010. The
location of this section is 24° 53' 14"N and 92° 11' 24"E. After plotting the cross sections, it is
observed from Figure 5.16 that the shape of the left bank and right bank of the river remains
almost same. Erosion rate in the main channel is quite high. The RL of the deepest point in the
cross section in 2004 was .22 mPWD. Whether the deepest point in the cross section in 2010
is -7.5 mPWD.
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Figure 7-7 Comparison of Cross Sections at RMKUS12 on the Kushiyara

Water Level (SW173): The data of Water Level Station at the upstream section of the
Kushiyara river (SW173, Sheola) have been analyzed. The location of this station is 24° 53'
14"N and 92° 11' 24"E. Water level data from 1993 to 2013 at this station have been compared.
The average water level of July is plotted in the following graph to observe the water level in
the monsoon season. From the graph, it can be observed that in the last 20 years, the average
water level at the monsoon season always stays above 10m, highest being 14.27m in July, 2004
and lowest being 10.45m in July, 2010 (Figure 7.8).
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Figure 7-8 Comparison of Average Water Level of July at Station SW173 on the Kushiyara
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Discharge (SW173): The Discharge Station at the upstream section of the Kushiyara river is
SW173 (Sheola). The location of this station is 24° 53' 14"N and 92° 11' 24"E. Discharge data
from 1993 to 2013 at this station have been compared (Figure 7.9). The average discharge of
July is plotted in the following graph to observe the discharge in the monsoon season. From
the graph, it can be observed that in the last 20 years, the lowest discharge was 1073.48 cusecs
in July, 2014 and the highest discharge was 2321.42 cusecs in July, 1999. In this period, the

discharge was always above 1000 cusecs.
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Figure 7-9 Comparison of Average Discharge of July at Station SW173 on the Kushiyara

Downstream

Cross Section (RMKUSL): The cross sections are taken at the upstream boundary, RMKUS1
(Figure 7.16). The data at this station are available for the years 2004, 2006, 2008 and 2010.
The location of this section is 24° 37" 40"N and 91° 40' 48"E. After plotting the cross sections
(Figure 7.10), it is observed that two channels have developed in this cross section. The shape
of the left channel remained almost same, only getting slightly wider at the top in 2010. The
depth of the right channel remained almost same throughout the period. In the recent years
(2008 and 2014), the channel has shifted slightly to the right bank with sediment deposition on
the left side of the channel.
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Figure 7-10 Comparison of Cross Sections at RMKUS1 on Kushiyara

Water Level (SW175.5): The Water Level Station at the upstream section of the Kushiyara
river is SW175.5 (Sherpur). The location of this station is 24° 37" 40"N and 91° 40' 48"E.
Water level data from 1992 to 2012 at this station have been compared. The average water
level of July is plotted in the following graph to observe the water level in the monsoon season.
From Figure 7.11, it can be observed that in the last 20 years, the average water level at the
monsoon season always stays above 7m, highest being 9.22m in July, 2004 and lowest being
7.93m in July, 2007.
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Figure 7-11 Comparison of Average Water Level of July at Station SW175.5 on Kushiyara

Discharge (SW175.5): The Discharge Station at the upstream section of the Kushiyara river
is SW175.5 (Sherpur). The location of this station is 24° 37" 40"N and 91° 40' 48"E. Discharge
data from 1992 to 2012 at this station have been compared. The average discharge of July is
plotted in Figure 7.12 to observe the discharge in the monsoon season. From the graph, it can
be observed that in the last 30 years, the lowest discharge was 1207.96 cusecs in July, 2009
and the highest discharge was 2290.98 cusecs in July, 1998. In this period, the discharge was
always above 1200 cusecs.
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Figure 7-12 Comparison of Average Discharge of July at Station SW175.5 on Kushiyara
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Water Level Slope: The water level slopes for 19 years between the upstream station (SW175)
and downstream station (SW175.5) have been calculated and shown in Table 7.2. From the

table, it can be seen that the water level slope varies between 0.027 to 0.057.

Table 7.2 Water Level Slope Analysis for the Kushiyara

Year SW175 SW175.5 (downstream Water Level Slope
(upstream station) (per km)
station) (mPWD)
(MPWD)
1993 12.7 8.63 0.045
1994 12.44 8.25 0.046
1995 13.27 8.52 0.052
1996 12.72 8.61 0.045
1997 13.96 8.81 0.057
1998 13.05 8.44 0.051
1999 13.36 8.65 0.052
2000 11.45 8.23 0.035
2001 12.2 8.2 0.044
2002 12.82 8.56 0.047
2003 13.05 8.85 0.046
2004 14.27 9.22 0.055
2005 12.12 8.35 0.041
2006 12.9 8.5 0.048
2007 11.12 7.93 0.035
2008 12.27 8.49 0.042
2009 10.45 7.96 0.027
2010 12.9 8.9 0.044
2011 13.46 8.68 0.053
2012 12.62 8.63 0.044
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7.3.2 Historical Data Analysis

7.3.2.1 The Surma River

7.3.2.1.1 Velocity Analysis

There are 3 discharge stations on Surma River (SW266, Kanairghat, SW267, Sylhet and
SW269, Sunamganj). Discharge and Velocity data of all the 3 stations have been collected
from the BWDB.

Velocity data of Monsoon (June-September) season and Dry (January-March) season of 2010-
2016 have been plotted. The data are shown in Table 7.3. The average velocity of Monsoon
season and average velocity of dry season for the last 20 years (1996-2016) have also been
plotted in Figure 7.16. Velocity analysis of 2010, 2012 and 2016 are given in Figure 7.13, 7.14
and 7.15. From the Table and Figures, it can be observed that the change in velocity in monsoon
and dry seasons over the years do not show any specific trend of change. The trend of change

in velocity does not follow the regime condition velocity as shown in Figure 5.5.

Table 7.3 Velocity Analysis for Surma River

SW266 SW267 SW269
Year Season
(m/s) (m/s) (m/s)
Monsoon 1.38 1.195 1.116
2010
Dry 0.43 0.132 0.145
Monsoon 1.195 0.939 0.904
2011
Dry 0.457 0.145 0.235
Monsoon 1.07 1.098 1.103
2012
Dry 0.385 0.095 0.085
Monsoon 0.845 1.075 0.944
2013 -
Dry 0.56 Not available 0.07
Monsoon 0.835 0.91 0.9113
2014
Dry 0.353 0.0833 0.07
Monsoon 0.825 1.022 0.916
2015
Dry 0.417 0.337 0.273
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SW266 SW267 SW269
Year Season
(m/s) (m/s) (m/s)
Monsoon 1.1 1.047 1.108
2016
Dry 0.31 0.08 0.057
Average | Monsoon 1.164 1.194 1.07
(1996- Dry 0.424 0.298 0.099
2016)
1.6
1.38
1.4 \i’i
19 1.116
) —9
E 1
Z08
3 0.60.43
=
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—&— Monsoon  —@—Dry X Discharge Station

Figure 7-13 Velocity Analysis for the Surma River (2010)
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Figure 7-14 Velocity Analysis for the Surma River (2012)
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Figure 7-15 Velocity Analysis for the Surma River (2016)
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Figure 7-16 Velocity Analysis for the Surma River (Average of 1996-2016)

7.3.2.1.2 Cross Section

The cross section data have been analyzed for the years 2009, 2011, 2013 and 2014. The cross

section measurements are taken 6 km apart from each other.

Cross sections at upstream (RMS34) and downstream (RMS1) sections have been plotted in
Figure 7.17, 7.18 and 7.19 (for 2009, 2011 and 2014 respectively). From these figures, the
difference in RL between the upstream and downstream sections can be shown.
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Figure 7-18 Cross Section Analysis of 2011 (Jan-Feb)
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$4

Figure 7-19 Cross Section Analysis of 2014 (Nov-Dec)

7.3.2.1.3 Rating Curve

Stage (Y) vs Discharge (Q) relationships (i.e. Rating Curve) for each of the three sections on
Surma have been developed for 2010-2015. A best fit curve is drawn after plotting the Stage
and Discharge data. For this case, the relationship between the stage and the discharge is a
single-valued relation which is expressed as Q=C((Y-a)’; where, Q is the stream discharge, a
is a constant which represents the gauge reading corresponding to zero discharge, Y is the stage,

Crand £ are rating curve constants.
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Rating Curve of SW 266 (2015)
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Figure 7-20 Rating Curve of Kanaighat, SW266 (2015)
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Figure 7-21: Rating Curve of Sylhet, SW267 (2015)
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Figure 7-22 Rating Curve of Sunamganj, SW269 (2015)

From the rating curves developed for stations SW266, SW267 and SW269, the bankfull

discharge can be calculated. The calculations for the year 2015 is shown below in Table 7.4.

Table 7.4 Bankfull Discharge Calculation

] ] ] Bankfull Water ]
Station ID Rating Curve Equation Bankfull Discharge
Level
SW266 Q = 13.845(Y-3.8)%% 13.8 1553.43
SW267 Q = 2.048(Y-.8)% 9.5 1056.14
SW269 Q = 11.62(Y-1.5)>%" 7.11 972.29

7.3.2.1.4 Discharge Hydrographs

Discharge hydrographs for each of the three sections on Surma have been plotted for 2010-
2015. The hydrographs of station SW266, SW267 and SW269 for the year of 2015 are given

below.
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Figure 7-23 Discharge Hydrograph of SW266 for 2015
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Figure 7-24 Discharge Hydrograph of SW267 for 2015
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Figure 7-25 Discharge Hydrograph of SW269 for 2015

7.3.2.2 The Kushiyara River

7.3.2.2.1 Velocity Analysis

There are 2 discharge stations on the Kushiyara River (SW173, Sheola and SW175.5, Sherpur).
Discharge and Velocity data of the 2 stations have been collected from the BWDB.

Velocity data of Monsoon (June-September) season and Dry (January-March) season of 2010-
2016 have been plotted. The data are shown in Table 7.5. The average velocity of Monsoon
season and average velocity of dry season for the last 20 years (1996-2016) have also been
plotted in Figure 7.29. Velocity analysis of 2010, 2012 and 2016 are given in Figure 7.26, 7.27
and 7.28. From the Table and Figures, it can be observed that the change in velocity in monsoon
and dry seasons over the years do not show any specific trend of change. The trend of change
in velocity does not follow the regime condition velocity as shown in Figure 5.5, which clearly

demonstrates that the Kushiyara river is not in the regime condition.
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Table 7.5 Velocity Analysis for Kushiyara River

SW173 SW175.5
Year Season
(m/s) (m/s)

Monsoon | 1.441 0.93
2010

Dry 0.578 0.349

Monsoon | 1.736 1.2
2011

Dry 0.89 0.33

Monsoon | 1.149 0.89
2012

Dry 0.77 0.28

Monsoon | 1.698 1.17
2013

Dry 0.396 0.131

Monsoon | 0.978 0.35
2014

Dry 0.35 0.119

Monsoon | 1.365 1.19
2015

Dry 0.413 0.334

Monsoon | 1.229 0.86
2016

Dry 0.329 0.14
Average | Monsoon | 1.32 0.96
(1996- | Dry

0.507 0.229

2016)
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Figure 7-26 Velocity Analysis for the the Kushiyara River (2010)

=
»

=
N

©—-1-149

[N

—® 0.39

o
[

Velocity (m/s)
o
[e)]

©
>

0.28
0.2

0 X-swi73 X—SW175.5
0 10 20 30 40 50 60 70 80 90 100

Chainage (km)

—@— Monsoon —@—Dry X Stations

Figure 7-27 Velocity Analysis for the Kushiyara River (2012)

V-1:124



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

1.4
1.2
1
w)
~~
€ os 0.86
2
S 06
]
= 04
‘_D_D. 20
0.2
——® 0.14
0 X-Swi73 X—SW175.5
0 10 20 30 40 50 60 70 80 90 100
Chainage (km)
—@— Monsoon —@—Dry X Stations
Figure 7-28 Velocity Analysis for the Kushiyara River (2016)
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Figure 7-29 Velocity Analysis for the Kushiyara River (Average of 1996-2016)
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7.3.2.2.2 Cross Section

The cross section data have been analyzed for the years 2006, 2008 and 2010. The cross section
measurements are taken 6 km apart from each other.

Cross sections at upstream (RMKUS12) and downstream (RMKUS1) sections have been
plotted in Figure 7.30, 7.31 and 7.32 (for 2006, 2008 and 2010 respectively). From these

figures, the difference in RL between the upstream and downstream sections can be shown.

20

15

10 f’
- /%’ e ,x“é}'{g\ p—o—a o
~e-¢ T r / —e-o
= | \ f
a \ | . /
= | ™~ /
& 5 *e \ET 9 —e— RMK
E ':g | A—
E‘ L& \‘ f/ &— RMKUS12
s a /
1 | /
0 / ¢ L /
0.00 N 200.00 400.00 i’)O‘OO ?ﬁ 800.00 1,000.00 1,200.00
v\i‘: g:r}r‘/
5 ¢ A/
¥
10 Distance(m)

Figure 7-30 Cross Section Analysis of 2006 (Jan-Apr)
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Figure 7-32 Cross Section Analysis of 2010 (Nov-Dec)
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7.3.2.2.3 Rating Curve

Stage (YY) vs Discharge (Q) relationships (i.e. Rating Curve) for each of the two sections on
the Kushiyara have been developed for 2010-2015. A best fit curve is drawn after plotting the
Stage and Discharge data. For this case, the relationship between the stage and the discharge
is a single-valued relation which is expressed as Q=C((Y-a)’; where, Q is the stream discharge,
a is a constant which represents the gauge reading corresponding to zero discharge, Y is the
stage, Cr and p are rating curve constants.
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Figure 7-33 Rating Curve of Sheola, SW173 (2015)
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Figure 7-34 Rating Curve of Sherpur, SW175.5 (2015)

From the rating curves developed for stations SW173 and SW175.5, the bankfull discharge
can be calculated. The calculations for the year 2015 is shown below in Table 7.6.

Table 7.6 Bankfull Discharge Calculation

_ _ _ Bankfull Water )

Station ID Rating Curve Equation Bankfull Discharge
Level

SW173 Q= 81.407(Y-3.67)1% 13.14 1582.86

SW175.5 Q= 15.039(Y-1.65)>%4 10.9 1409.66

7.3.2.2.4 Discharge Hydrographs

Discharge hydrographs for each of the two sections on Kushiyara have been plotted for 2010-

2015. The hydrographs of station SW173 and SW175.5 for the year of 2015 are given below
in Figure 7.36 and Figure 7.37.
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Figure 7-35 Discharge Hydrograph of SW173 for 2015

2102.9

1749 31

p07.39 1537.59

52136

115.67 101.94

25-Apr 14-Jun 3-Aug 22-Sep 11-Nov 31-Dec 19-Feb 10-Apr
Time

Figure 7-36 Discharge Hydrograph of SW175.5 for 2015
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8 Development of Mathematical Model

8.1 Selection of Model

The main objectives of this study are to know the basic hydrodynamic and morphological
process of the rivers of the Haor basin and also to validate the CEGIS conceptual model. The
Surma and Kushiyara rivers are mainly flowing over the Sylhet basin. The Sylhet basin, which
is a low-lying subsiding area attracts the rivers from both east and west sides. Even the Surma
and Kushiyara rivers are found to be shifted westward to feed the deepest basin area (BHWDB,
2012). Sediment concentration and its distribution are also responsible for shaping the
morphology of the area. The CEGIS has developed a conceptual model for rivers of the North
Eastern Zone, which describes the morphological changes associated with river flows. So, it is
essential to choose a well-calibrated hydrodynamic model which can depict the hydro-

morphological processes of the Haor Basin and able to validate the said conceptual model.

Two most commonly used one-dimensional modeling tools are HEC-RAS and MIKE11. The
other models which are also widely used are Delft3D and Delft3D FM. For selection of model,
a thorough review of the manuals of different models were carried out (pl. see section 4.2 for
details)

The following key points were revealed for the selection of appropriate model:

e HEC-RAS is available for download for free of charge. MIKE 11 on the other hand, is
high in cost. The Budget of the project does not include any separate cost for purchase
of a modelling software.

e Delft3D and Delft3D FM are both 3 dimensional modelling software and the
availability of the required mesh bathymetric data is time consuming and expensive.

e MIKEL1 requires hydrologic data and topographic data which includes high quality
and fine resolution LIDAR (Light Detection and Ranging) data. The results are very
much influenced by the resolution of the topographic data. However, such high quality
LIDAR data is very expensive and the budget does not have any provision for

collection of such data.
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e HEC-RAS only requires cross-section data, discharge data at upstream of the reach and
water level data at the downstream. For this particular study, the necessary data were
readily available and collected from the BWDB.

e For alonger reach such as the Surma River and the Kushiyara River, the cross-section,
discharge and water level data sets are enormous. HEC-RAS is capable of handling
such enormous data sets with efficiency.

e The simulation run time for longer reaches is also less for HEC-RAS comparative to
other models.

e HEC-RAS Model has been used in several research programs (including Masters and
Bachelor’s Degree Thesis) of the BUET.

e In this study, the model will be used only for validation of the CEGIS Conceptual
Model in a qualitative way. Hence, a user friendly model, requiring data on water level,
discharge and sediment concentration has been chosen.

e HEC-RAS is user friendly and the HEC-RAS website provides a number of resources,
which include helping the user download software, learn how to use HEC-RAS, resolve
problems and service.

e MIKEL1 has a GIS interface and can handle unsteady flows. Cost of MIKEZ11 is high
as it is a licensed software but it comes with very good technical support.

After thorough evaluation, HEC-RAS 5.0.3 Model has been considered for carrying out the
study. The main objective of HEC-RAS program is to compute water surface elevation at
locations of interest for a given flow value (Hydrologic Engineering Center, 1991). The HEC-
RAS system contains four one-dimensional river analysis components for: (1) steady flow
water surface profile computations; (2) unsteady flow simulation (3) movable boundary
sediment transport computations; and (4) water quality analysis. A key element is that all four
components use a common geometric data representation and common geometric and
hydraulic computation routines. In addition to the four river analysis components, the system
contains several hydraulic design features that can be invoked once the basic water surface
profiles are computed. The computational procedure is based on solution of the one-

dimensional energy equation using the standard step method. This is a shareware program

V-1:132



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

available without any technical support. It was also mentioned in the Inception Report that
HEC-RAS Model will be used to carry out the study.

8.2 Model Setup

8.2.1 HEC-RAS Modeling Theory

When the river is rising, water moves laterally away from the channel, inundating the
floodplain and filling available storage areas. As the depth increases, the floodplain begins to
convey water downstream generally along a shorter path than that of the main channel. When
the river stage is falling, water moves toward the channel from the overbank supplementing

the flow in the main channel.

This channel/floodplain problem has been addressed in many different ways. A common
approach is to ignore overbank conveyance entirely, assuming that the overbank is used only
for storage. This assumption may be suitable for large streams such as the Mississippi River
where the channel is confined by levees and the remaining floodplain is either heavily
vegetated or an off-channel storage area. Fread (1976) and Smith (1978) approached this
problem by dividing the system into two separate channels and writing continuity and
momentum equations for each channel. To simplify the problem, they assumed a horizontal
water surface at each cross section normal to the direction of flow; such that the exchange of
momentum between the channel and the floodplain was negligible and that the discharge was

distributed according to conveyance, i.e.:

0. =90

Where, Q¢ = Flow in channel,

Q = Total flow,
Q = Kc/(KC + Kf),

Kc= Conveyance in the channel, and,

Kt = Conveyance in the floodplain
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With these assumptions, the one-dimensional equations of motion can be combined into a single set:

a1 o@0) ofi-@)o]

ot ox, ox,
@20%/4) ol1-@)0? 4 5

aQ ( 9 C)+ (( ¢ ! )+gA aZ+Sﬂ + g4, +8g =0
a ox, ox ¢ ox, ox;

in which the subscripts ¢ and f refer to the channel and floodplain, respectively. These
equations were approximated using implicit finite differences, and solved numerically using
the Newton-Raphson iteration technique. The model was successful and produced the desired
effects in test problems. The continuity equation describes conservation of mass for the one-
dimensional system. From previous text, with the addition of a storage term, S, the continuity

equation can be written as:

g4 oS ¢©

U B0 =0

ot of Ox

Where: X = distance along
channel,

t = time,
Q = flow,
A = cross-sectional area,
S = storage from non-conveying portions of cross section,
d, = lateral inflow per unit distance.

The momentum equation states that the rate of change in momentum is equal to the external

forces acting on the system.

“Q (Vo)
ot ox

— A(_+Sf) 0
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Where: ¢

Acceleration of gravity

S, = Friction slope,
The HEC-RAS Unsteady flow engine combines the properties of the left and right overbank
into a single flow compartment called the floodplain. Hydraulic properties for the floodplain
are computed by combining the left and right overbank elevation, Area, conveyance, and
storage into a single set of relationships for the floodplain portion of the cross section. The
reach length used for the floodplain area is computed by taking the arithmetic average of the
left and right overbank reach lengths (LL + LR)/2 = LF. The average floodplain reach length
is used in both the continuity and momentum equations to compute their respective terms for

a combined floodplain compartment (Left and right overbank combined together).

8.2.2 Collection of Satellite Images

Figure 8-1 Satellite image of the study area

Satellite images of the Surma and the Kushiyara have been collected. Images are Landsat-8
Satellite images of WRS Path-Row 136-43, 135-43, 135-42. The Images have been collected
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from United States Geological Survey (USGS) for thalweg delineation of the Surma and
Kushiyara Rivers. These images are of 30mX30m resolution and dated from 30" November,
2015 to 16" December, 2015. Then these images were mosaicked in and the thalwegs of the

Surma and Kushiyara Rivers were delineated in ArcGIS.

8.2.3 Geometry Setup

8.2.3.1 River Schematics

The river system schematic is required for any geometric data set within the HEC-RAS system.
The schematic defines how the various river reaches and flow areas are connected, as well as
establishing a naming convention for referencing all other data. The delineated thalweg was
imported in HEC-RAS geometry editor to establish the river schematics. Due to the non-
availability and discontinuity of data at Amalsidh (Bifurcation point of the Surma and

Kushiyara), two different models have been set up for two different rivers.
The Surma River

For the Surma river, a total reach length of 179.36 km (out of total length of 249 km) has been
considered starting from Kanaighat (BWDB station: SW266) to Sunamganj (BWDB station:

SW269). The river schematic setup of the Surma River has been Shown in Figure 8.2.

= a X
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o] e

1020272 04, 2334227 38

Figure 8-2: The Surma River Schematic in HECRAS Geometry Editor
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The Kushiyara River

For the Kushiyara river, 180.62 km (out of total length of 288 km) has been considered starting
from Sheola (BWDB station: SW173) to Markuli (BWDB station: SW270). The river

schematic setup of the Kushiyara River has been shown in Figure 8.3.
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Figure 8-3 The Kushiyara River Schematic in HECRAS Geometry Editor

8.2.3.2 Cross Section Geometry

Boundary geometry for the analysis of flow in natural streams is specified in terms of ground
surface profiles (cross sections) and the measured distances between them (reach lengths).
Cross sections are located at intervals along a stream to characterize the flow carrying

capability of the stream.
The Surma River:

Cross Sections collected from the BWDB have been used to setup the geometry of model.
BWDB cross sections from RMS38 to RMS10 (total 29 cross sections) were used to set up the

model geometry of the Surma River. These cross sections are of year 2013 (Feb-March).
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BWDB collects cross sections at an interval of approximately 6km. So reach lengths of 6km
have been used in this model. The cross section of 2 stations, one at the upstream (SW 266)
and one at the downstream (SW269) are shown in Figure 8.4 and 8.5 respectively. The

locations of above mentioned stations are Shown in Figure 8.6 (with Red marks).

River =Surma Reach=1 RS =38 RVMS38

ion
—

sssssss m)

Figure 8-4 The Surma Cross Section, RMS38 corresponding to SW 266, Kanaighat, 2013

River =Surma Reach=1 RS=11 S11
10

[T

Figure 8-5 The Surma Cross Section, RMS11 corresponding to SW 269, Sunamganj, 2013
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Figure 8-6 Location of Upstream and Downstream crosssection in the Surma

In the upstream cross section Kanaighat (SW 266) there is only one major flow channel, but in
the downstream cross section Sunamganj (SW 269) there are two major flow channel.

The Kushiyara River:

Cross Sections collected from the BWDB have been used to setup the geometry of model.
BWDB cross sections from RMKUS12 to RMKUS1 and RMBIB9 to RMBIBL (total 21 cross
sections) were used to set up the model geometry of the Kushiyara River. These cross sections
are of year 2010 (March-April). BWDB collects cross sections at an interval of approximately
6km. So reach lengths of 6km have been used in this model. The cross sections of 2 stations,
one at the upstream (SW 173) and one at the downstream (SW270) are shown in Figure 8.7
and 8.8 respectively. The location of the above mentioned stations are shown in Figure 8.9

(with red marks).
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Figure 8-7 The Kushiyara Cross Section, RMKUS12
corresponding to SW 173, Sheola, 2010

|y

Figure 8-8 The Kushiyara Cross Section, RMBIB12
corresponding to SW 270, Marculi, 2010
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Figure 8-9 Location of Upstream and Downstream crosssection in the Kushiyara

In the Kushiyara river both in the upstream cross section at Sheola (SW 173) and in the

downstream cross section at Markuli (SW270) there is only one major flow channel.

8.2.4 Rating Curve

In hydrology, a rating curve is a graph of discharge versus stage for a given point on a stream,

usually at gauging stations, where the stream discharge is measured across the stream channel

with a flow meter. Numerous measurements of stream discharge are made over a range of

stream stages. The rating curve is usually plotted as discharge on X-axis versus stage (surface

elevation) on Y-axis.

Daily water level data of all the stations on the Surma and the Kushiyara are available but for

the discharge data only the monthly data are available. Stage discharge relationship can be

expressed by the following equation.

Q=0C(h— hO)B
1)
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Where: Q =  Discharge, m¥s
h = Stage (Water elevation), m
ho = Gauge reading corresponding to zero discharge, m
C: = Rating Curve constant,

B

Rating Curve constant.

The Surma River

A rating Curve has been plotted (Figure 8.10) for monthly average data of 20 years (1995-
2014) for upstream section of the Surma river, Kanaighat (SW 266).

For Surma river at upstream station (SW 266) the value of C; and £ are obtained as 13.845 and

2.05 and water level corresponding to zero discharge is 3.8 m. so the equation becomes
Q = 13.845(h — 3.8)205

Now using this equation, the daily discharge data with respect to daily stage data were
calculated and used in the model.

Rating Curve of Upstream SW266
1800
1600 ®
1400 Q = 13.845(h — 3.8)205
1200
1000 .o

800

Discharge (m3/s)

600 $
400 @

200

0 2 4 6 8 10 12 14 16
-200
Stage (mPWD)

Figure 8-10 Rating curve at upstream Kanaighat (SW266) of the Surma River
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Similarly, a rating curve at downstream station, Sunamganj (SW 269) has been plotted (Figure
8.11) and the value of Cr and p are obtained as 11.62 and 2.567 and water level corresponding

to zero discharge is 1.5 m. so the equation becomes.
Q = 11.62(h — 1.5)%5%¢7
Now using this equation, daily stage data with respect to the daily discharge data were

calculated and used in the model.

Rating Curve of Downstream SW269
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Figure 8-11 Rating curve at downstream Sunamganj (SW269) of the Surma River

The Kushiyara River

A rating Curve has been plotted (Figure 8.12) for monthly average data of 20 years (1995-
2014) for upstream section of the Kushiyara river, Sheola (SW 173).

For Kushiyara river at upstream station (SW 173) the value of C, and £ are obtained as 81.4

and 1.3 and water level corresponding to zero discharge is 3.67 m. so the equation becomes
Q = 81.4(h—3.67)3

Now using this equation, the daily discharge data with respect to daily stage data were
calculated and used in the model.

V-1:143



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

Rating Curve at Upstream SW 173
1600
1400 e
1200 Q =814(h—3.67)'3 ‘
1000 ..,
800

600

Discharge (m”3/s)

400 .‘
200 o
Stage (m)

Figure 8-12 Rating curve at upstream Sheola (SW173) of the Kushiyara River

Similarly, a rating curve at downstream station, Markuli (SW 270) has been plotted (Figure
8.13) and the value of Cr and S are obtained as 79.3 and 2.03 and water level corresponding to

zero discharge is 1.65 m. so the equation becomes.
Q = 79.3(h — 1.65)%%3

Now using this equation, daily stage data with respect to the daily discharge data were

calculated and used in the model.
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Rating Curve Downstream SW 270
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Figure 8-13 Rating curve at downstream Markuli (SW270) of the Kushiyara River

8.2.5 Boundary Conditions

Boundary conditions must be established at all of the open ends of the river system being
modeled. Upstream boundary conditions are required at the upstream end of all reaches that
are not connected to other reaches or storage areas. Upstream ends of a river system can be
modeled with the following types of boundary conditions: flow hydrograph (most common
upstream boundary condition); stage hydrograph; flow and stage hydrograph. Downstream
ends of the river system can be modeled with the following types of boundary conditions:
rating curve, normal depth (Manning’s equation); stage hydrograph; flow hydrograph; stage
and flow hydrograph

8.2.5.1 The Surma River

8.2.5.1.1 Upstream Boundary Condition

For setting up an unsteady hydrodynamic model, a flow hydrograph of discharge versus time

has been considered as Upstream Boundary Condition. In case of the Surma River, Kanaighat
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(SW266; Lat. 25.004°, Long. 92.270°) is the upstream discharge station. Flow hydrograph of
the year 2013 of this station has been used as Upstream Boundary Condition (Figure 8.14).

8.2.5.1.2 Downstream Boundary Condition

A stage hydrograph of water surface elevation versus time was used as the downstream
boundary condition. For the Surma river, Sunamganj Station (SW269; Lat. 25.071°, Long.
91.410°) is at the downstream end of the Model. Stage hydrograph of the year 2013 of
Sunamganj station was used as a Downstream Boundary Condition (Figure 8.15).

8.2.5.2 The Kushiyara River

8.2.5.2.1 Upstream Boundary Condition

For setting up an unsteady hydrodynamic model, a flow hydrograph of discharge versus time
has been considered as Upstream Boundary Condition The flow hydrograph of station Sheola
(SW173; Lat. 24.887°, Long. 92.190°) has been used as Upstream Boundary Condition of the
Kushiyara River. Flow hydrograph of the year 2011 of this station has been used as Upstream
Boundary Condition (Figure 8.16).

8.2.5.2.2 Downstream Boundary Condition

A stage hydrograph of water surface elevation versus time was used as the downstream
boundary condition. The stage hydrograph of Markuli Station (SW270; Lat. 24.691°, Long.
91.390°) has been used as Downstream Boundary Condition of the Kushiyara River. Stage
hydrograph of the year 2011 of this station was used as a Downstream Boundary Condition
(Figure 8.17)
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Figure 8-14 Upstream Boundary Condition of the Surma River at Kanaighat (SW 266), Year 2013, (Q vs
Time)
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Figure 8-15 Downstream Boundary Condition of the Surma River at Sunamganj (SW 266), Year 2013,
(Stage vs Time )
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Figure 8-17 Upstream Boundary Condition of the Kushiyara River at Sheola (SW 173), Year 2011, (Q vs
Time)
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Figure 8-16 Downstream Boundary Condition for the Kushiyara River, at Markuli(SW 270), Year
2011, (Stage vs Time )
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8.2.6 Calibration of Model

In general calibration is the setting or correcting of a measuring device or base level, usually
by adjusting it to match or conform to a dependably known and unvarying measure
(http://whatis.techtarget.com/). To simulate the model with base and different flow conditions,
it is necessary to test the model's performance. A set of field data are prerequisite for the testing.
This testing provides an impression about the degree of the accuracy of the model in
reproducing river processes. This process is known as calibration. Consistent and rational set
of theoretically defensible parameters and inputs of the model provide the basis for finalizing
these inputs and parameter with good comparison of the model generated outputs with the
observed data (Khan et al, 2017). For this study one dimensional HEC-RAS 5.0.3 model has

been calibrated hydro-dynamically.

Unsteady flow calibration: Two separate models were developed for the two rivers i.e. The
Surma and the Kushiyara. The data regarding to the flood year 2013 and 2011 has been used
for calibration of Manning's roughness co-efficient 'n' for the Surma River and Kushiyara
River respectively. The model has been simulated using the daily hydrograph for the whole
year. For this study, effort has been made to calibrate Manning's roughness coefficient for
single value using aforesaid data and subsequently, different values have been used to justify

their adequacy for simulation of flow in the Surma and the Kushiyara Rivers.

Manning’s ‘n’ value has been calculated as it is the most important parameter for calibration.

Because the discharge in a channel is highly depend on it. From the Manning’s equation we

know
1
Q — _ARZ/BSI/Z
n
Where: Q = Discharge (m%s),
n = Manning's roughness co-efficient "n',
R = Hydraulic Radius (m),
S = Channel Slope (m/m).
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8.2.6.1 The Surma River

The calibration graph of the Surma is shown in Figure 8.18. In case of the Surma river for n
value of 0.019, the maximum deviation between the observed water level and the Simulated
water level in wet season (May to October) was +4.5% (x50 cm) and in dry season (November
to April) (-)18% (-56 cm), which can claim that the model is well calibrated for the Surma

river.

When the ‘n” value was changed from 0.019 to 0.020, a very well calibrated graph for dry
season was observed. But in case of wet season large variation (+)10% (+ 120 cm) between
the Simulated and Observed water level is obtained. This is graph shown in Figure 8.19.

From the above discussion it appears that, for the Surma if the point of interest is the wet season
flow (May-Oct), ‘n’ value of 0.019 may be used, on the other hand if the point of interest is
the dry season flow (Nov-April), n value of 0.020 may be used.

In this study for model simulation ‘n’ value of 0.019 has been selected as it is the best fit

through all the seasons, and the interest was the bankfull discharge.

Calibration graph of 2013 for the Surma
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Figure 8-18 Calibration of the Surma River for ‘n” value 0.019
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Calibration graph of 2013 for the Surma
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Figure 8-19 Calibration of the Surma River for ‘n” value 0.020

8.2.6.2 The Kushiyara river

The calibration graph of Kushiyara river is shown in Figure 8.20. For the Kushiyara river for
n value of 0.009, the maximum deviation between the observed water level and the Simulated
water level in wet season (May to October) was £1.5% (13 cm) and in dry season (November
to April) was +1.5% (x 6cm). which can claim that the model is well calibrated for the

Kushiyara river. For the Kushiyara ‘n” Value of 0.009 has been used in the model.
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Calibration graph of 2011 for the Kushiyara
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Figure 8-20 Calibration of the Kushiyara River (‘n’ value 0.009)

8.2.7 Validation of model

A model may be considered to be validated if the model simulated data reasonably match with
the observed field data. Model validation involves testing of a model with a data set
representing "observed' field data (Khan et al, 2017). It is accomplished by comparing the
measured with the simulated data. This data set represents an independent source different
from the data used to calibrate the model. Previously calibrated n values of the respective reach
of the rivers are used for model validation. Due to the uncertainty of prediction, this step is
very important prior to widespread application of model output. The calibrated HEC-RAS
5.0.3 based model has been used to validate the flow for the year 2014 for the Surma river and
the year 2012 for the Kushiyara river.

8.2.7.1 The Surma River

The validation graph of the Surma is shown in Figure 8.21. For the Surma river the maximum
deviation between the observed water level and the Simulated water level in wet season (May
to October) is £6% (60 cm) and in dry season (November to April) is £20% (£55 cm). Which

shows that the model is well validated for simulation of the water level of the Surma river.
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Validation graph of 2014 for the Surma
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Figure 8-21 Validation of the Surma River

8.2.7.2 The Kushiyara River

The validation graph of the Kushiyara River is shown in Figure 8.22. For the Kushiyara river
the maximum deviation between the observed water level and the Simulated water level in the
wet season (May to October) is £4.9% (+14 cm) and in dry season (November to April) is 10%

(8 cm). Which shows that the model is well validated for simulation of the water level of the

Kushiyara river.
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Validation graph of 2012 for the Kushiyara
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Figure 8-22 Validation of the Kushiyara River

8.3 Applicability of Model

The PSP, 2015 of the project briefly discussed the need and justification of the study as well
as its applicability. The main issues in river management in the Sylhet basins are:
sedimentation in the river bed, frequent breaching of levee and shifting of the river courses
causing pre-monsoon flooding, sand spreading in the haor and on agricultural lands. It has been
observed by different researchers that the evolution processes of the rivers in the Sylhet basin
are quite different from other parts of the country. Previous studies could not explain
(conclusively) the evolution process of the river system in the subsiding basin in a deterministic
way. The recent study of the CEGIS (2011) has developed a conceptual model to explain the
evolution of the rivers in the subsiding Sylhet basin (haor areas). The model has been used in
the morphological study for the Haor Master Plan, 2012. The model was useful in identifying
the causes of deterioration of navigability in the Kushiyara River. It also helped in assessment

and identification of future development opportunities and in planning of interventions to
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improve navigability. But this model was developed using scanty of relevant data. Validation
of this model could not be done due to constraints of resources.

The model addresses the basic science of the morphological process of the Sylhet basin. The
validated model clarifies the evolution process of the river system in the Sylhet Basin. Using
this model, the morphological processes observed in the Surma, the Kushiyara and other rivers
in this basin could be explained in a realistic way and future scenarios of these rivers could be
predicted. This model can also be used for better understanding of the river’s behavior and to
identify the cause of deterioration of river navigability. Validation of the model will be useful

in the planning process of proper and effective management of rivers of the Sylhet basin.

Moreover, the study is very much relevant for detailed design of projects outlined in the Master
Plan of Haor Areas, 2012, specially for flood management, drainage improvement and

navigation improvement projects.

The Conceptual Model has been validated from the points of (i)theoretical aspect and
(i)through development of a numerical model (HEC-RAS 3.5 model, details are given in
Chapter 7).

The developed numerical model can be used as a tool for further morphological studies leading
to enhancement of knowledge as well as project planning. The developed model can be used
for generation of scenarios and consequent changes, which is of great importance for the
planners and designers. Two scenarios were generated using this model (one with 20% increase
at upstream and another with 20% decrease of discharge at upstream), details of which have
been presented in Chapter 10. The model needs to be updated, if there occur any substantial
changes in the catchments of the Surma and Kushiyara rivers. Similar models can be developed
for other rivers of the region and may finally be coupled (together) to form a General Model

for the region.
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9 Validation of the CEGIS Conceptual Model Hypotheses

The conceptual model on the Hydro-morphological process of the river systems in the
subsiding Sylhet basin developed by CEGIS has been validated by both the means of analyzing
historical data (conventional analysis) and simulated data generated by setting up a numerical
model namely HECRAS-2D. Both primary and secondary data have been collected and used
in the analysis process. Five hypotheses have been extracted from the CEGIS conceptual model
(details in Chapter 5).

9.1 Hypothesis 1

The Hypothesis 1 states that the bankfull water level of the channel in concern varies in
the downstream direction. At the upstream, it is high and close to annual average flood
discharge. To validate this Hypothesis, bankfull water levels of the Surma and the Kushiyara

from both historical and simulated data have been analyzed.

9.1.1 Conventional Analysis

The Surma:

Bankfull Water level data for 2009, 2011 and 2014 have been shown in Table 9.1 and plotted
in the graph for 2009 (Figure 9.1). The locations of the cross sections are shown in Figure 6.7.
Here, RMS34 is the most upstream section and RMS1 is the most downstream section in the
Surma river reach. From the data, it can be seen that the bankfull water levels at the
downstream sections of the river reach are always lower than the bankfull water levels at the
upsteam sections of the river reach. This analysis validates the Hypothesis 1 which describes
that the bankfull water level of the channel varies in the downstream direction
(YA>YB>YC).
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Table 9.1 Bankfull Water Level Data Analysis between Upstream and Downstream Sections

Cro_ss Corresponding Water .
Se_ctlon L evel Station ID RL of Left Bank RL of Right Bank
Station ID, BWDEB ' (mPWD) (mPWD)
BWDB
2009
RMS34 - 13.22 14.4
RMS30 SW267 10.36 10.88
RMS20 SW268 8.77 10.45
RMS10 SW269 7.21 7.1
RMS1 SW269.5 6.78 6.51
2011
RMS34 - 13.16 141
RMS30 SW267 115 10.85
RMS20 SW268 8.6 10.36
RMS10 SW269 7 7.11
RMS1 SW269.5 6.79 6.68
2014
RMS34 - 12.96 13.8
RMS30 SW267 115 10.85
RMS20 SW268 8.6 10.21
RMS10 SW269 7.11 8
RMS1 SW269.5 6.79 6.68

[Source: BWDB]
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Figure 9-1 Bankfull Water Level of the Surma (2009)

The Hypothesis 1 also implies that in most days in a year, the river flow is confined within the
bank. On the other hand, the bankfull water level at the downstream is much lower and the
overbank flow occurs for several months during the monsoon. To validate this assumption,
stage hydrographs for the Water Level Stations on the Surma rivers have been plotted (Figure
9.2 to Figure 9.6). The Water Level data have been selected for 2009, 2011 and 2014, as the
latest corresponding cross section data on the Surma River is available for those years only.
Here, the most upstream section on the reach is SW266 (Kanairghat), while the most
downstream section is SW269 (Sunamganj). The corresponding bankfull water level of the
Water Level Stations are shown in the stage hydrographs in dashed line. The bankfull water

level gives the indication of the extent of flood in the adjacent areas of the water level stations.

From the stage hydrograph of SW266 (Figure 9.2), it can be said that almost no flood occurred
in the section. The water level peaked at 14.15 mPWD in August, where the bankfull water

level is 14.
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From Figure 9.3, it is seen that at station SW267, the flood period was from early July to early
September (about 2 months, peak in August; 11.21 mPWD). Further downstream at Station
268 (Figure 9.4), the flooded period was from mid-June to mid-October (about 4 months, peak
in August; 9.82 mPWD). In the most downstream section (SW269) in Figure 9.5, the extent of
the flooding was from early June to mid-October (approximately 3.5 months). The bankfull
water level was 6.85 mPWD, while the peak water level was at 8.77 in August. This shows
that in August, the flooding water level over the bankfull water level at SW269 was 1.92 m

(Figure 9.5), which is very high in comparison with the upstream sections.

This phenomenon validates the Hypothesis 1 of the conceptual model of the CEGIS for

the Surma which states that flooding occurs in the downstream direction of a river reach.

14.15 T Bankfull WL = 14

11.52 Flooding

10 9.38 9.02

WL (mPWD)

Apr-09 May-09 Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09 Jan-10 Feb-10 Mar-10
Time

e==@=== Stage Hydrograph == == == Bankfull WL

Figure 9-2 Stage Hydrograph of SW266 (Kanairghat; 2009-10)
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Figure 9-3 Stage Hydrograph of SW267 (Sylhet; 2009-10)
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Figure 9-4 Stage Hydrograph of SW268 (Chhatak; 2009-10)
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Figure 9-5 Stage Hydrograph of SW269 (Sunamganj; 2009-10)
The Kushiyara:

Bankfull Water level data for 2006, 2008 and 2010 have been shown in Table 9.2 and plotted
in the graph for 2006 (Figure 9.6). The locations of the cross sections are shown in Figure 6.11.
Here, RMKUS12 is the most upstream section and RMKUSL is the most downstream section
in the Kushiyara river reach. From the data, it can be seen that the bankfull water levels at the
downstream sections of the Kushiyara river reach are lower than the bankfull water levels at
the upsteam sections of the river reach for most of the sections. This analysis validates the
Hypothesis 1 which describes that the bankfull water level of the channel varies in the

downstream direction (Ya>Ys>Yc).
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Table 9.2 Bankfull Water Level Data Analysis between Upstream and Downstream Sections

Cross Section

Corresponding Water

RL of Right Bank

Station ID, Level Station ID, BWDB RL of Left Bank (mPWD) (MPWD)
BWDB
2006
RMKUS12 SW172 13.14 14.09
RMKUS7 - 11.72 11.66
RMKU5 SW174 14.09 11.32
RMKU1 SW175.5 10.9 10.8
2008
RMKUS12 SW172 13.46 14.21
RMKUS7 - 11.3 11.78
RMKUS SW174 13.9 11.32
RMKU1 SW175.5 10.7 11.2
2010
RMKUS12 SW172 17 20.6
RMKUS7 - 11.41 11.89
RMKU5 SW174 12.6 11.65
RMKU1 SW175.5 111 11

[Source: BWDB]
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Figure 9-6 Bankfull Water Level of the Kushiyara (2006)

The Hypothesis 1 also implies that in most days in a year, the river flow is confined within the
bank. On the other hand, the bankfull water level at the downstream is much lower and the
overbank flow occurs for several months during the monsoon. To validate this assumption,
stage hydrographs for the Water Level Stations on the Kushiyara rivers have been plotted
(Figure 9.7 to Figure 9.10). The Water Level data have been selected for 2008, 2010 and 2013,
as the latest corresponding cross section data on the Kushiyara River is available for those
years only. Here, the most upstream section on the reach is SW173 (Sheola), while the most
downstream section is SW270 (Markuli). The corresponding bankfull water level of the Water
Level Stations are shown in the stage hydrographs in dashed line. The bankfull water level

gives the indication of the extent of flood in the adjacent areas of the water level stations.

From the stage hydrograph of SW173 (Figure 9.7), it can be said that no flood occurred in the
section. The water level peaked at 9.47 mPWD in July 2012, where the bankfull water level
was 12 mPWD.
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From Figure 9.8, it is seen that at station SW174, the flood period was from late May to early
October (about 4.5 months, peak in July; 8.95 mPWD). Further downstream at Station
SW175.5 (Figure 9.9), the flooded period was from mid-May to late October (about 5.5
months, peak in October; 9.5 mPWD). In the most downstream section (SW270) in Figure
9.10, the extent of the flood was from mid-May to late October (approximately 5.5 months).
The bankfull water level was 7.2 mPWD, while the peak water level was at 8.73 in mid-June.
This shows that the flooding water level over the bankfull water level at station SW 175.5 was

1.75 m in October (Figure 9.9), which is high in comparison with the upstream sections.

This phenomenon validates the Hypothesis 1 of the conceptual model of the CEGIS for
the Kushiyara which states that flooding occurs in the downstream direction of a river

reach is greater than that of the upstream area.
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Figure 9-7 Stage Hydrograph of SW173 (Sheola; 2012-13)
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Figure 9-9 Stage Hydrograph of SW175.5 (Sherpur; 2012-13)
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Figure 9-10 Stage Hydrograph of SW270 (Markuli; 2012-13)

9.1.2 Model Output Analysis

The Surma:

To validate Hypothesis 1, simulation was done for July 2014 and resulting bankfull water
levels at upstream (section RS 38), at downstream (RS 11) and three intermediate stations at

RS 31, 26 and 20 have been observed. Location of the station have been shown in Figure 6.3.

Let us assume that water levels at RS 38, RS 31, RS 26, RS 20 and RS 11 are Ya, Yb, Y, Yd
and Y. respectively. The simulated result in the long profile of the river shows that when there
is bankfull water level at upstream, there is a little overflow in the intermediate sections and
noticeable overflow in the downstream section (Table 9.3). This is summarized in the

following table.
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Bankfull Water | Overflow
L ocation Station Name, ID, | Corresponding Water Level Depth
Location WL Station ID Level P
m m | (m)
RS 38 (RMS38)
Upstream ) SW 266 13.34 (Ya) (1334 |0
Kanaighat
Intermediate
) RS 31 (RMS31) 10.49(Yp) |12.09 | 1.60
section
Intermediate | RS 26 (RMS26)
) SW 267 9.98 (Y¢) 11.54 | 1.56
section Sylhet Sadar
Intermediate
) RS 20 (RMS20) 8.92(Yq) |10.13 |1.21
section
RS11 (RMS11)
Downstream SW 269 7.4 (Ye) 9.5 2.1

Sunamgan;j

It is observed from the table that bankfull water level decreases towards downstream.

Ya> Yb > Yc>Yd>Ye

Simulated longitudinal profile of the Surma is given in Figure 9.11.
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Figure 9-11 Simulated Longitudinal Profile of the Surma River (July 2014)

During the simulated bankfull water level at upstream section (RS38), corresponding water

levels at the intermediate and downstream sections are shown in Figures 9.12-9.16.
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Figure 9-12 Simulated Water Level at Upstream (Kanaighat, RS 38, July 2014)
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Figures 9.3 to 9.6 show the simulated water levels (July 2014) at sections RS31, RS26, RS20

and RS11 respectively, when water level at the upstream (RS38) is at bankfull level.
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Figure 9-13 Simulated Water Level at RS 31 (July 2014)
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Figure 9-14 Simulated Water Level at RS 26 (July 2014)
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Figure 9-15 Simulated Water Level at RS 20 (July 2014)
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Figure 9-16 Simulated Water Level at Downstream (Sunamganj, RS 11, July 2014)

When there is bankfull discharge at station RS 38, upstream (Fig 9.12), there is moderate floods
at intermediate stations (Figure 9.13, 9.14 and 9.15) and comparatively larger floods at RS 11
(downstream, Fig 9.16). It is further observed that at RS 11, the river developed two channels.

Bankfull water level vs channel distance for the selected 5 stations (RS 38, RS 31, RS 26,RS
20 and RS 11)has been plotted (Fig: 9.17) The Trend line shows a increasing trend from
downstream to upstream (R= +0.97). Conversely, it may be stated that the trend line of

bankfull water level shows a decreasing trend from upstream to downstream.
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Figure 9-17 Bankfull Water Level vs Channel Distance of the Surma (2014)

To validate the hypothesis, stage hydrographs for the Water Level Stations on the Surma river
have been plotted (Figures 9.18-9.22). Five stations have been selected, they are: RS 38
(upstream), RS 31, RS 26, RS 20 and RS 11 (downstream).
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Figure 9-18 Simulated Stage Hydrograph for RS 38 (upstream) of the Surma, 2014-15
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Figure 9-19 Simulated Stage Hydrograph for RS 31 (an intermediate section) of the Surma, 2014-15

Stage Hydrograph of RS 26

12.00 10.42 11.30 10.89

9.41

Bankfull WL, 9.98

10.00

8.00

6.00

WL (mPWD)

400 53

2.00

0.00

Time
o=@ stage == == == Bankfull WL

Figure 9-20 Simulated Stage Hydrograph for RS 26 (an intermediate section) of the Surma, 2014-15
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Stage Hydrograph of RS 20
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Figure 9-21 Simulated Stage Hydrograph for RS 20 (an intermediate section) of the Surma, 2014-15
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Figure 9-22 Simulated Stage Hydrograph for RS 11 (Downstream) of the Surma, 2014-15

From the stage hydrograph of RS 38 (Figure 9.18), it is observed that no flood occurred in the
section, where the bankfull water level is 13.8.

From Figure 9.19, it is observed that at station RS 31, the flood period was from mid-July to
mid-September (2 months). Further downstream at Station RS 26 (Figure 9.20), the flood
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period was from mid-June to early October (3.5 months). At RS 20, it is from mid-June to early
October (3.5 months) (Figure 9.21). In the most downstream section (RS 11), the extent of the
flood was from mid-May to mid-October (approximately 5 months) (Figure 9.22).

So it can be concluded that bankfull water level Ya>Y,>Y>Y¢>Ye and the downstream area
remain flooded for a longer period than that of the upstream areas hence the hypothesis 1 can

be accepted for the Surma.

The Kushiyara:

Similar analysis was done for the river Kushyara and the simulated water level July 2012 are

shown in the following table:

Table 9.4 Simulated Bankfull Water Levels of the Kushiyara River, July 2012

Bankfull
. Station name, ID, | Corresponding ankiu Water Overflow
Location . . Water
Location WL Station Level (m) | Depth (m)
Level (m)
RS 40 (KUS12)
Upstream SW173 12.5(Ya) 12.5 0
(Sheola)
Intermediate RS 34 (KUS6)
SW174 10(Ys) 11.5 1.5
section (Fenchugonj)
Intermediate RS 28 (BIB1)
SW175.5 9.5 (Y.) 10.5 1
section (Sherpur)
RS 20 (BIB9)
Downstream SW 270 8.1(Yq) 9.5 1.4
(Markuli)

Location of the station have been shown in Figure 6.9. It is observed that when there is bankfull
water level at upstream (RS 40), which is 12.5 meters, there is 1.5m flood in an intermediate
section (RS 34) and 1m flood in RS 28 and 1.4m flood at the downstream (RS 11). It can also
be observed from the following longitudinal profile (Fig 9.23).
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Figure 9-23 Simulated Longitudinal Profile of the Kushiyara (July 2012)

The scenario can also be observed from the cross sectional profiles (Figures 9.24-9.27).
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Figure 9-24 Simulated Water Level at RS 40, Sheola, July 2012 (Upstream)
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Figure 9-25 Simulated Water Level at RS 34, Fenchuganj, July 2012 (an intermediate section)
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Figure 9-26 Simulated Water Level at RS 28, Sherpur, July 2012 (an intermediate section)
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Figure 9-27 Simulated Water Level at RS 34, Markuli, July 2012 (Downstream)

Bankfull water level vs channel distance for the selected 4 stations (RS 40, RS 34, RS 28 and

RS 20) have been plotted (Figure 9.28). The Trend line shows a decreasing trend from

upstream to downstream.
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Figure 9-28 Bankfull Water Level vs Channel Distance (2012)
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To validate this hypothesis, stage hydrographs for the water level stations of four locations of
the Kushiyara have been plotted (Figure 9.29 -9.32).
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Figure 9-29 Simulated Stage Hydrograph for RS 40 (upstream, 2012-13)
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Figure 9-30 Simulated Stage Hydrograph for RS 34 (an intermediate section, 2012-13)
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Figure 9-31 Simulated Stage Hydrograph for RS 28 (an intermediate section, 2012-13)
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From the stage hydrograph of RS 40 (Figure 9.29), it can be said that no flood occurred in the
section and the bankfull water level is 12 mPWD.

From Figure 9.30, it is observed that at an intermediate station RS 34, the flood period was
from early June to mid October (4.5 months). Further at the intermediate Station RS 28 (Figure
9.31), the flooding period was from early June to End-September (4 months). In the most
downstream section (RS 20) in (Figure 9.32), the extent of the flood was from mid-May to end

October (approximately 5.5 months).

Like river Surma, it has also been observed for the Kushiyara that, bankfull water level
Y2>Yu>Y>Ya>Ye and mostly downstream areas remain flooded for a longer period than that

of the upstream areas. Hence hypothesis 1 can be accepted for the Kushiyara river.
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9.2 Hypothesis 2

The Hypothesis 2 states that the Decrease in the bankfull water level at the downstream

indicates a decrease in channel dimensions i.e. the width and depth.

9.2.1 Conventional Analysis

The Surma:

For the Surma River, 28 cross section stations have been selected. These stations cover the 150
km river reach which has been selected previously as the study area. The cross sections have
been taken from February 2013 to March 2013 by the BWDB. The main channel area, top
width and average depth of the 28 cross sections have been calculated and presented in the
Table 9.5.

Table 9.5 Channel Area, Channel Top Width and Average Depth of the Selected Cross Sections on

the Surma (2013)
Cross_—Section Correspondipg Water Channel Top
Station ID, Level Station ID, Area (m?) width (m) Avg. Depth (m)
BWDB BWDB
38 1858.91 219.65 8.46
37 1707.67 194.23 8.79
36 2202.34 388.86 5.66
35 1746.94 227.94 7.66
34 1434.45 150.98 9.50
33 1625.7 262.75 6.19
32 2460.18 527.35 4.67
31 1646.43 193.04 8.53
30 SW267 2268.99 319.33 7.11
29 1784.15 245.2 7.28
28 2620.52 288 9.10
27 3385.46 452 7.49
26 1511.6 216 7.00
25 1820.02 359.89 5.06
24 1054.33 125 8.43
23 1260.85 237 5.32
22 1893.91 283.55 6.68
21 1620.79 194.46 8.33
20 SW268 2091.25 298.18 7.01

V-1:181



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

Cross-Section | Corresponding Water
Station ID, LeveFI) Statiogn ID, Area (m?) C\tlveilgtnhel(;'c))p Avg. Depth (m)
BWDB BWDB
19 2444.23 280 8.73
18 2503.61 346.6 7.22
17 2221.03 241.19 9.21
16 2080.04 255 8.16
15 1952.45 236.87 8.24
14 2001.44 508.9 3.93
13 2440.99 328.81 7.42
12 2225.03 328 6.78
11 SW269 611.78 580 1.05

[Source: BWDB]

The channel area, average depth and channel top width of the cross sections have been plotted
in Figure 9.33, 9.34 and 9.35 respectively. From Figure 9.33, it can be seen that the trend of
change in the channel area from upstream to the downstream section on the Surma has
a scattered pattern (R=0.017), showing slightly increase towards downstream. The area at
the most upstream section of the river (RMS38) is 1858.91 m? and the area at the most
downstream section of the river (RMS11) is 611.78 m2. The peak channel area is at Station
RMS27, which is 3385.46 m?.

It is observed from Figure 9.34 (trend line) that the average depth of the cross sections is
decreasing in the downstream sections, which appears in line with the conceptual model
hypothesis which describes that there is a decrease in the channel dimension in the
downstream direction. But the R value (R=-0.27) is not statistically significant.

In the most upstream section, the average depth of the cross section (RMS38) is 8.46m and in
the most downstream section, the average depth of the cross section (RMS11) is 1.05m.

V-1:182



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

4000
3385.46
3500 ° y=0.1795x + 1931
R?=0.0003
3000 R=0.017
= 2503.61
c é 2440.99
£ 2500 ° o ® °
© . .
g 2003858'91‘ 1820.02 [ *e
................................................................. v
< ¥ ® 620,79
c o M3445 °
& 1500 ° ®
e
(@) ®
1000 611.78
500 @
0
0 20 40 60 80 100 120 140 160 180
u/s Chainage (km) d/s
Figure 9-33 Channel Area vs Chainage Plot for the Surma River (2013)
10.00 T
8.46
2.00 y =-0.0102x + 7.9317
8.00 feif.. R?=0.0731
..................... R=-0.27
700\ [\ | & TN Y
£ 600 1
<
e
o 5.00
[a)]
@ 4.00
<
3.00
2.00 :
1.00
0.00
0 20 40 60 80 100 120 140 160 180
u/s Chainage (km) d/s

Figure 9-34 Average Depth vs Chainage Plot for the Surma River (2013)
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Figure 9-35 Channel Top Width vs Chainage Plot for the Surma River (2013)

From Figure 9.35, it can be observed that the top width plot shows a scattered pattern. The
trend line shows a slight increase in the downstream direction (R=0.306), which does not
follow the conceptual model hypothesis. In the most upstream section, the channel top width
of the cross section (RMS38) is 219.65m and in the most downstream section, the channel top
width of the cross section (RMS11) is 580m.

From the above analysis it may be concluded for the Surma river that:

I.  The bankfull water level decreases in the downstream direction.
Il.  There are changes of channel area but the change shows scattered pattern. The trend
line shows slight increase in area (R=0.017), which is not statistically significant.

I1l.  There are changes of average depth. But the changes show a scattered pattern. The
trend line shows a decrease in depth towards downstream. The R value (R=-0.27) of
the trend line is not statistically significant.

IV.  There is change of top width, but the changes show a scattered pattern. The trend line
shows an increase of width towards downstream. But the R value (R=0.306) is not

statistically significant.

So Hypothesis 2 could not be established/validated for the Surma.
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However, Hypothesis 2 may be modified as mentioned below:

Decrease in the bankfull water level at the downstream, however indicates change in

channel dimensions.

The Kushiyara:

For the Kushiyara River, 21 cross section stations have been selected. These stations cover the
150 km river reach which has been selected previously as the study area. The cross sections
have been taken from February 2012 to March 2012. The main channel area, top width and
average depth of the 21 cross sections have been calculated and presented in the Table 9.6.

Table 9.6 Channel Area, Channel Top Width and Average Depth of the Selected Cross Sections on
the Kushiyara (2012)

Cgc;;i;gﬁcltlign Area (m?) Channel(;gp width Avg. Depth (m)
40 1806 151.48 11.92
39 1598.36 178.42 8.96
38 939 130 7.22
37 1170.98 165.81 7.06
36 1449.14 257.25 5.63
35 959.46 132.77 7.23
34 1674.67 310.99 5.38
33 1407.57 175.75 8.01
32 1410.34 243.29 5.80
31 2090.16 352.7 5.93
30 1844.29 527.75 3.49
29 3244 894.25 3.63
28 2162.07 578.4 3.74
27 2744.65 1419.25 1.93
26 2869.53 416 6.90
25 1688 457 3.69
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“Satonip | A | P avg.pepth (m
24 2344.46 1104 212
23 3006.27 742 4.05
22 6682 4976 1.34
21 2256.17 980 2.30
20 1745.01 590 2.96

[Source: BWDB]

The channel area, average depth and channel top width of the cross sections have been plotted
in Figure 9.36, 9.37 and 9.38 respectively. From Figure 9.36, it can be observed that the trend
of change in the channel area from upstream to the downstream section on the Kushiyara
has a scattered pattern (R=0.557), showing slight increase towards downstream. The area at
the most upstream section of the river (station 40) is 1806 m? and the area at the most
downstream section of the river (station 20) is 1745.01 m2. The peak channel area is at Station
22, which is 6682 m?,

It is seen from Figure 9.37 (trend line) that the average depth of the cross sections is
decreasing in the downstream sections, which appears in line with the conceptual model
hypothesis which describes that there is a decrease in the channel dimension in the

downstream direction. But the R value (R=-0.83) is not statistically significant.

In the most upstream section, the average depth of the cross section (Station 40) is 11.92m and

in the most downstream section, the average depth of the cross section (Station 20) is 2.96m.
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Figure 9-37 Average Depth vs Chainage Plot for the Kushiyara River (2012)
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Figure 9-38 Channel Top Width vs Chainage Plot for the Kushiyara River (2012)

From Figure 9.38, it can be observed that the top width shows a scattered pattern. The trend

line shows a slight increase in the downstream direction (R=0.51), which does not follow

the conceptual model hypothesis. In the most upstream section, the channel top width of the

cross section (station 40) is 151.48m and in the most downstream section, the channel top

width of the cross section (station 20) is 590m.

From the above analysis it may be concluded for the Kushiyara River that:

The bankfull water level decreases in the downstream direction.
There are changes of channel area but the change shows scattered pattern. The trend
line shows slight increase of channel area (R=0.557), which is statistically not
significant.
There are changes of average depth. But the changes show a scattered pattern. The
trend line shows a decrease in average depth towards downstream. The R value (R=-
0.83) of the trend line is not statistically significant.
There is change of top width, but the changes show a scattered pattern. The trend line
shows an increase of width towards downstream. But the R value (R=0.51) is not
statistically significant.
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So Hypothesis 2 could not be established/validated for the Kushiyara.
The analysis suggests that the Hypothesis 2 may be slightly modified in the following way:

“Decrease in the bankfull water level at the downstream, however indicates a change in

channel dimensions.”

9.1.1 Model Output Analysis

It has been mentioned in chapter 5 that, if the upstream, intermediate and downstream sections
are A-A, B-B and C-C and corresponding bankfull water levels, areas and top widths are Ya,,
Yb, Ye¢; Aa, Ab, Ac and W,, Wh, W respectively. Hypothesis 2 will be validated if,

Ya> Yb> YC1
Aa> Av> A

Wa>Wb>Wc

The Surma:

Among the 28 cross sections of the river Surma calibrations were done for 4 stations namely,
RS 31, RS 26 and RS 20. The upstream section is RS 38 downstream section is RS. Let us
assume, the bankfull water levels and bankfull areas of RS 38, RS 31, RS 26, RS 20 and RS
11 are Y, Yb, Ye, Y4, Yeand Aa, Ab, Ac, Ad, Ae respectively. The HECRAS model generated
bankfull water levels and cross sectional area of these Stations which are shown below in Table
9.7.
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Table 9.7 Simulated Bankfull Water Elevation, Maximum depth and Cross Sectional Area of Five
Selected Stations in the Surma

Maximum
. . Bankfull Water Depth at Bankfull Area
Location and Station ID Elevation(m) * Bankfull (M2
Condition
Upstream, RS 38(SW266), Kanaighat 13.34 (Ya) 14.34 1858.91 (As)
Intermediate section, RS 31 10.49 (Yyp) 14.49 1646.43 (Ap)
Intermediate section, RS 26(SW267),
9.98 (Y¢) 11.98 1511.6 (Ac)
Sylhet Sadar
Intermediate section, RS 20 8.92 (Yu) 12.92 2091.25 (Ad)
Downstream, RS 11(SW269),
) 7.4 (Ye) 8.4 611.78 (Ae)
Sunamganj

Note: *From Table 9.3
**Erom Table 9.5

It was shown in Section 9.1.2 that the bankfull water level decreases towards the downstream

direction
or
Ya> Yb> Yc>Yd>Ye

Cross Sectional Area: The data of simulated bankfull cross sections for all the 28 stations of

the Surma are shown in Table 9.8.

Table 9.8 Simulated Cross Sectional Area, Top Widths and Average Depths (at bankfull condition)

Cg(;;i;ggcltli:;)n Area (m?) Channel(;;;p width Avg. Depth (m)
38 1858.91 219.65 8.46
37 1707.67 194.23 8.79
36 2202.34 388.86 5.66
35 1746.94 227.94 7.66
34 1434.45 150.98 9.50
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Cg(i;i;gﬁcltlijcm Area (m?) Channel(;;)p width Avg. Depth (m)
33 1625.7 262.75 6.19
32 2460.18 527.35 4.67
31 1646.43 193.04 8.53
30 2268.99 319.33 7.11
29 1784.15 245.2 7.28
28 2620.52 288 9.10
27 3385.46 452 7.49
26 1511.6 216 7.00
25 1820.02 359.89 5.06
24 1054.33 125 8.43
23 1260.85 237 5.32
22 1893.91 283.55 6.68
21 1620.79 194.46 8.33
20 2091.25 298.18 7.01
19 244423 280 8.73
18 2503.61 346.6 7.22
17 2221.03 241.19 9.21
16 2080.04 255 8.16
15 1952.45 236.87 8.24
14 2001.44 508.9 3.93
13 2440.99 328.81 7.42
12 2225.03 328 6.78
11 611.78 580 1.05

When all the 28 cross sections are plotted (Figure 9.39), the bankfull areas show a scattered
pattern, the trend line shows slight increase from d/s to u/s (R=0.27). The R value is statistically
not significant. Conversely it may be stated that areas slightly decrease towards

downstream, which is in line with the Hypothesis 2.
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Figure 9-39 Bankfull Area vs Channel Distance for 28 Stations of the Surma (2014)

However, when bankfull area vs channel distance for the selected 5 stations (RS 38, RS 31,
RS 26, RS 20 and RS 11) is plotted (Fig: 9.40), the Trend line shows an increasing trend (R=
+0.73) from d/s to u/s, or conversely the areas show slightly decrease from u/s to d/s.
Although apparently there is slightly decrease in X-sectional area in trend lines, which is in
line with the Hypothesis 2, but actually the changes are of scattered pattern. Thus the
proposition of “decrease in cross sectional area towards d/s” could not be

established/validated for the river Surma.
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Figure 9-40 Bankfull Area vs. Channel Distance for Selected 5 Stations of the Surma (2014)

Top Width: Top width vs channel distance has been plotted (Figure 9.41). the variation from
upstream to downstream shows a scattered pattern. Observing the widths of all the 28 cross

sections also proves the variation in widths are actually anomalous.
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Figure 9-41 Top Width vs Channel Distance for 28 Stations of the Surma (2014)
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The trend of change of the top width along the channel length indicates a decreasing trend
towards Upstream (R=- 0.37). But this trend is not statistically significant. Conversely, it may
be stated that the trend line shows slightly increase in top width towards downstream

direction, which contradicts Hypothesis 2.

For above mentioned 5 stations (RS 38, RS 31, RS 26, RS 20 and RS 11) the top width vs

channel distance was plotted (Figure 9.42).
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Figure 9-42 Top Width vs Channel Distance for Selected 5 Station of the Surma (2014)

The trend line of top width shows a slight increase towards upstream (R=+0.164). This trend
is not statistically significant. It is noted that RS 20 shows a wide variation. Conversely the

trend line shows slight decrease towards downstream, which is in line with the hypothesis.

So it is seen that when only 5 stations were considered. There is a decreasing trend towards
downstream but in case of plot for all the 28 stations, the trend is increasing. Hence it may be

concluded that the changes of top widths are of scattered pattern.

Average Depth: By dividing the each cross sectional area with their corresponding top widths,
average depths were calculated (Table 9.8). Average depth vs channel distance has been plotted

(Figure 9.43). the variation from downstream to upstream shows a scattered pattern.
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Average Depth vs Channel Distance
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Figure 9-43 Average Depth vs Channel Distance for 28 Station of the Surma (2014)

The trend line shows a change of the average depth along the channel length an increasing
trend towards upstream (R= +0.27). But this trend is not statistically significant. Conversely
it may be stated that the trend line shows slight decreasing trend from u/s to d/s direction,
which is in line with the hypothesis.

For above mentioned 5 stations (RS 38, RS 31, RS 26, RS 20 and RS 11) the average depth vs
channel distance was plotted (Figure 9.44).
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Figure 9-44 Average Depth vs Channel Distance for Selected 5 Station of the Surma (2014)
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The change of the average depth for selected five stations along the channel length indicates
an increasing trend towards upstream (R=+ 0.87). Conversely it may be stated that the trend
line shows slightly decreasing trend from u/s to d/s direction, which is in line with the

hypothesis.

Hence for the Surma, we can conclude that, “The bankfull water levels at the downstream
decreases, consequently there are changes in channel dimension, the change of top width shows
a scattered pattern and the change of average depth shows a decreasing trend towards

downstream direction.”

Hence Hypothesis 2 could not be conclusively established/validated for the Surma.

The Kushiyara:

Similar exercises were carried out for the river Kushiyara. The values of discharge, water level

and area of upstream, intermediate and downstream sections are given below.

Table 9.9 Simulated Bankfull Water Elevation, Maximum depth and Cross Sectional Area of four

Selected Station of the Kushiyara

Max. depth at
Location and Station ID Banlz:':J)llWL Bankfull Area (m2)**
Condition (m)
Upstream, RS 40 (SW 173), Sheola 12,5 (Ya) 125 1806 (Aa)
Midsection, RS34 (SW 174),
10(Yb) 115 1674.67 (Ab)
Fenchugong)
Midsection, RS 28 (SW 175.5),
9.5 (Yc) 10.5 2162.07 (Ac)
Sherpur)
Downstream, RS 20 (SW 270),
] 8.1 (Yd) 9.5 1745.01 (Ad)
Markuli)

Note: *From Table 9.4
**From Table 9.5
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It is observed from Table 9.9 that the bankfull water levels decrease towards the downstream
or

Ya> Yb> Yc>Yd

Cross Sectional Area: The simulated bankfull cross sections for the 21 stations of the

Kushiyara are shown in Table 9.10.

Table 9.10 Simulated the Cross Sectional Area, Top Widths and Average Depths (at bankfull

condition)

Cross-SecItB)n Station Area(m?) Cr\:ﬁg?ﬁz%')op Avg-Depth (m)
40 1806 151.48 11.92
39 1598.36 178.42 8.95
38 939 130 7.22
37 1170.98 165.81 7.06
36 1449.14 257.25 5.63
35 959.46 132.77 7.22
34 1674.67 310.99 5.38
33 1407.57 175.75 8.00
32 1410.34 243.29 5.79
31 2090.16 352.7 5.92
30 1844.29 527.75 3.49
29 3244 894.25 3.62
28 2162.07 578.4 3.73
27 2744.65 1419.25 1.93
26 2869.53 416 6.89
25 1688 457 3.69
24 2344.46 1104 2.12
23 3006.27 742 4.05
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Cross-Secltg)n Station | A rea(m?) Cr\;\%?ﬁz;)op Avg-Depth (m)
52 6682 4976 1.34
21 2256.17 980 2.30
20 1745.01 590 2.95

When all the 21 cross sections are plotted (Figure 9.45), the bankfull areas show a scattered

pattern (R= -0.55). The R value is statistically not significant. The trend line shows a

decreasing trend from d/s to u/s direction. Conversely it may be stated that the trend line

shows slightly increasing trend from u/s to d/s direction, which contradicts the

Hypothesis 2.
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Figure 9-45 Bankfull Area vs Channel Distance for 21 Stations of the Kushiyara (2012)

However, when bankfull area vs channel distance for the selected 4 stations (RS 40, RS 34,RS
26,RS 20)is plotted (Figure 9.46), the Trend line shows a decreasing trend ( R=-0.4) from d/s

towards u/s. Conversely it may be stated that the trend line shows slightly increasing trend

from u/s to d/s direction, which contradicts the Hypothesis 2.
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Figure 9-46 Bankfull Area vs Channel Distance for 4 Stations of the Kushiyara (2012)

Thus the proposition of “decrease in cross sectional area towards d/s” could not be

established/validated for the river Kushiyara.

Top Width: Top width vs channel distance has been plotted (Figure 9.47). the variation from
downstream to upstream shows a scattered pattern. Observing the areas of all the 21 cross

sections, it may be concluded that the variation in widths are actually anomalous.
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Figure 9-47 Top Width vs Channel Distance for 21 Stations of the Kushiyara (2012)
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The change of the top width along the channel length indicates a decreasing trend towards
upstream (R=-0.51). But this trend is not statistically significant. Conversely it may be stated
that the trend line shows slight increasing trend from u/s to d/s direction, which

contradicts the Hypothesis 2.

For above mentioned 4 stations (RS 40, RS 34, RS 28, RS 20) the top width vs channel distance
was plotted (Figure 9.48).
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Figure 9-48 Top Width vs Channel Distance for Selected 4 Stations of the Kushiyara (2012)

The trend line of top width also shows a decrease towards upstream (R=-0.92). This trend is
however statistically significant. Conversely for selected four stations, the trend of the top
width shows an increasing trend towards d/s direction, which contradicts the Hypothesis
2.

So it may be concluded that there is an increasing trend of change of Top Width towards
downstream direction (although R value is not statistically significant). This contradicts

Hypothesis 2.

Average Depth: By dividing the each cross sectional area with their corresponding top widths,
average depths were calculated (Table 9.10). Average depth vs channel distance has been
plotted (Figure 9.49).
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Average Depth (m) vs Channel Distance (m)
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Figure 9-49 Average Depth vs Channel Distance for 21 Stations of the Kushiyara (2012)

The change of the average depth along the channel length indicates an increasing trend towards
upstream (R=+0.83). This trend is statistically significant. Conversely it may be stated that
the trend line shows slight decreasing trend from u/s to d/s direction which is in line with
the Hypothesis 2.

For above mentioned 4 stations (RS 40, RS 34, RS 28, RS 20) the average depth vs channel
distance was plotted (Figure 9.50).
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Figure 9-50 Average Depth vs Channel Distance for 4 Stations of the Kushiyara (2012)
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The change of the average depth for selected four stations of the Kushiyara indicates an
increasing trend towards upstream (R= +0.87). The R value is Statistically significant.
Conversely it may be stated that the trend line shows slight decreasing trend from u/s to

d/s direction which is in line with the Hypothesis 2.

Observations:
e The change of cross-sectional area shows a slightly increasing trend towards d/s
direction (although the R values are not statistically significant), which does not match
with the CEGIS proposition.

e The change of Top width also shows a scattered pattern. This also contradicts CEGIS
Hypothesis 2

e The changes of Average depth show a decreasing trend towards d/s direction which is
in line with the CEGIS Hypothesis 2

Examining the results with a holistic approach it may be concluded that Hypothesis 2 cannot
be conclusively established/validated for the Kushiyara.

Hence for the Kushiyara, we can conclude that, “The bankfull water levels at the
downstream decreases and consequently there is changes in channel dimension, the
changes in top width shows scattered pattern but the average depth shows a slightly

deceasing trend towards downstream direction.
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9.3 Hypothesis 3

9.3.1 Conventional Analysis

The Hypothesis 3 states that “the shallow depth caused to increase the high gradient during
the dry season and thus increase the dry season water level at the upstream.” As
mentioned in Section 5.5, the hypothesis may be rewritten with slight adjustments as “The
shallow depth causes to increase the high gradient during the dry season (from the point
of deposited reaches/submersed bars/dune, to downstream). This may cause increase of
dry season water depth at the section of deposited reach (from the point of submersed
bars/dune, to some distance to downstream). Moreover, deposited reach will cause to

produce backwater effect at the upstream”.

The long profile of both the Surma and Kushiyara rivers have been plotted and presented in
Figure 9.51 and 9.52 respectively. The monsoon season water levels and dry season water

levels have also been shown in the long profiles.

In Figure 9.51, the long profile and water levels for different seasons in the Surma river are
shown. The data used to plot the long profile are of the year 2013. From the figure, it can be
seen that in the Surma river, the water depth in the most downstream section is lower than that
of the upstream sections. Also, the water level gradient is higher in the upstream water level
stations for both monsoon and dry seasons. The summary of the findings is given in Table
9.11.

Table 9.11 Water Depth and Water Level Gradient for the Surma, 2013

WL Gradient

Stations Water Level (mPWD) LIZ?I:I Water Depth (m) Succz(:::\\:eeesrt‘aztions
(mPWD) (m/km)
Monsoon Dry Monsoon Dry Monsoon Dry

SW266 11.32 4.8 2.41 8.91 2.39 - -
SW267 9.24 2.89 -1.27 10.51 4.16 -0.0267 -0.0295
SW268 7.82 2.46 -3.05 10.87 5.51 -0.0060 -0.0225
SW269 7.03 2.14 -7.4 14.43 9.54 -0.0593 -0.0672
SW269.5 6.42 2.04 -0.1 6.52 2.14 0.1198 0.1121
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Figure 9-51 Long Profile of the Surma River with Water Level (2013)
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Since the cross sectional profiles of the bed for monsoon seasons are not available, for
simplicity we may assume the gradient of water level and the gradient of the bed level for 2
successive stations are the same. So the Table 9.11 is rearranged to form Table 9.12 (for the

Surma river).

Table 9.12 Comparison of Water Leverl Gradient (Monsoon) and Bed Level Gradient (Dry) for the

Surma River
Water Level Gradient between 2 Bed Level between 2 Successive
Stations Successive Stations (m/km) Stations (m/km)
Monsoon Dry
SW266 - SW267 0.0267 (decreasing) 0.0295 (decreasing)
SW267 - SW268 0.0060 (decreasing) 0.0225 (decreasing)
SW268 - SW269 0.0593 (decreasing) 0.0672 (decreasing)
SW269 - SW269.5 0.1198 (increasing) 0.1121 (increasing)

From Table 9.12, it is observed that the dry season gradient is greater than the monsoon season
gradients in 3 reaches (SW266 — SW267, SW267 — SW268 and SW268 — SW269). However,
in one reach (SW269 — SW269.5) dry season gradient is slightly lower than that of the monsoon

season gradient.

The analysis suggests that the Hypothesis 3 can be validated/established for the Surma
River.

In Figure 9.52, the long profile and water levels for different seasons in the Kushiyara river are
shown. The data used to plot the long profile are of the year 2010. From the figure, it can be
seen that in the Kushiyara river, the water depth in the most downstream section is higher than
that of the upstream sections. Also, the water level gradient is higher in the upstream water
level stations for both monsoon and dry seasons. The summary of the findings is given in Table
9.13.
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Table 9.13 Water Depth and Water Level Gradient for the Kushiyara, 2010

Water Level Water Depth W;fc::aeilei\r/‘: 2:;:;’::: 2
Stations (mPWD) B(.:\dpl\.;\a,\sl (m) (m/km)
Monsoon Dry Monsoon Dry Monsoon Dry
SW172 15.98 6.4 0.5 15.48 5.9 - -
SW73 13.79 441 -3.61 17.4 8.02 -0.1067 -0.1178
SW174 10.93 3.4 -1.3 12.23 4.7 0.2872 0.1844
SW175.5 9.08 3 -5.57 14.65 8.57 -0.0807 -0.1290

Since the cross sectional profiles of the bed for monsoon seasons are not available, for
simplicity we may assume the gradient of water level and the gradient of the bed level for 2
successive stations are the same. So the Table 9.13 is rearranged to form Table 9.14 (for the

Kushiyara river).

Table 9.14 Comparison of Water Leverl Gradient (Monsoon) and Bed Level Gradient (Dry) for the
Kushiyara River

Stations

Water Level Gradient between
2 Successive Stations (m/km)

Bed Level between 2 Successive
Stations (m/km)

Monsoon

Dry

SW172 - SwW173

0.1067 (decreasing)

0.1178 (decreasing)

SW173 -SwW174

0.2872 (increasing)

0.1844 (increasing)

SW174 - SW175.5

0.0807 (decreasing)

0.1290 (decreasing)

From Table 9.14, it is observed that the dry season gradient is greater than the monsoon season
gradients in 2 reaches (SW172 — SW173 and SW174 — SW175.5). However, in one reach

(SW173 — SW174) dry season gradient is lower than that of the monsoon season gradient.

The analysis suggests that the Hypothesis 3 can be validated/established for the

Kushiyara River.
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Figure 9-52 Long Profile of the Kushiyara with Water Level (2010)
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9.3.2 Model Output Analysis

The Surma:

For the Surma river, data of twenty-eight cross sections are available. Five cross sections have
been considered to validate the hypothesis. The model was run for year 2014 and two period
were considered one is Monsoon season (June-September) and other is Dry Season (January —
March). Average sedimentation of each period have been considered to observe the seasonal
changes of the cross section, whether there is any erosion, deposition or no changes over the
season. Water level gradient and bed level gradient of the Surma and change of wetted width
in the river reach have also been calculated to validate the hypothesis. The Schematic Diagram

(Figure 9.53) of the Surma river 162 km reach is given below:
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Figure 9-53 Cross Section of the Surma River

Analysis of the previously mentioned five Cross sections (RS 38,RS 31,RS26, RS20 and RS
11) are given below. Figure 9.54 shows the change of cross section between February 2014
and August 2014 of Station 38. Neither erossion or deposition is observed in this section.
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Figure 9-54 Non-Silting and Non-Eroding Cross Section 38 of the Surma

Figure 9.55 shows the cross section 31 remains same over the 2 seasons. So in this cross section

neither erosion nor deposition have been observed.
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Figure 9-55 Non-Silting and Non-Eroding Cross Section 31 of the Surma
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At cross section 26 neither erosion or deposition was observed (Figure 9.56).
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Figure 9-56 Non-Silting and Non-Eroding Cross Section 26 of the Surma

At downstream cross section 20 deposition has occurred (Figure 9.57).
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Figure 9-57 Siltation at the Cross Section 20 of the Surma during Monsoon
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At downstream cross section 11 neither erosion or deposition has occurred (Figure 9.58)
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Figure 9-58 Non-Silting and Non-Eroding Cross Section 11 of the Surma

The river shows neither erosion nor deposition at the 4 stations (RS 34, RS 31, RS 26 and RS
11) but siltation at station 20 during monsoon. So from the above analysis it was observed
that there are virtually no changes in bed level gradient.

Water Level and Channel Slope:

Water level Slopes have been calculated from upstream to downstream. As before five selected
stations and 2 seasons have been considered for this purpose. Water level Gradient for Dry
seasons and Monsson seasons are shown in Table 9.15. Bed level gradations for the two
seasons were also calculated and presented in Table 9.15.
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Table 9.15 Water Level and Bed Level Gradients for Dry and Monsson Seasons

Avg. WL | Avg. WL WL WL Bed Bed Level
. Dry Monsoon - Gradient Level Gradient
Station Chainage season season Gradient for Gradient for
name, 1D, b for Dry f
L ocation (m) (February | (August season Monsoon or Dry Monsson
2014) 2014) - season season season
(m) (m) * * *
RS 38, (SW
266) 0 1.90 10.38 - - - -
(Kanaighat)
RS 31 42000 1.87 9.385 O'O%(;OOO 0.000024 | 0.000088 | 0.000088
RS 26, (SW 0.000000
267) (Sylhet 72000 1.86 8.975 ' 11 0.000014 | -0.000080 | -0.000080
Sadar)
RS20 108000 1.86 7.86 0.0(()););) 00 0.000031 | 0.000047 | 0.000042
RS 11, (SW
269) 1 162000 1.86 729 | 0000000 | 4650011 | 0.000070 | 0.000074
(Sunamganj 00019

Note*: Gradient between two successive stations

Water level gradient of the Surma for Dry season and Monsoon season are shown in Figure
9.59 and 9.60 and Bed level gradient of the Surma are shown in Figure 9.61 and 9.62.
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Figure 9-59 Average Water Level Gradient Graph for Dry Season of the Surma (Feb, 2014)
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Figure 9-60 Average Water Level Gradient Graph for Monsson Season of the Surma (Aug, 2014)
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Figure 9-61 Bed Level Gradient Graph for Dry Season of the Surma (Feb, 2014)
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Figure 9-62 Bed Level Gradient Graph for Monsson Season of the Surma (Aug, 2014)

It is observed that monsoon season water level gradient is higher than the dry season water
level gradient. Bed slope at both the seasons are almost same. Sedimentation of about 20 cm
was observed during monsoon at RS 20 of the Surma and in other sections there were no

sedimentation or erosion.

So the Hypothesis 3 could not be established/validated for the Surma from bed level slope

consideration.

The Kushiyara:

For the Kushiyara river, data of twenty-one cross sections are available. Eleven cross sections
have been considered to validate the hypothesis. The model was run for year 2012 and two
period were considered one is Monsoon season (June-September) and other is Dry Season
(January —March). Average sedimentation of each period have been considered to observe the
seasons changes of the cross section; whether there is any erosion, deposition or no changes

over the year. Water Level Gradient and the bed level gradient of the Kushiyara and change of
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wetted width in the river reach have also been calculated to validate the hypothesis. The

Schematic Diagram (Figure 9.63) of the Kushiyara river 150 km reach is shown below:
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Figure 9-63 Cross Section of Kushiyara River

As mentioned earlier four Cross section have been considered (RS 40,RS 34,RS28 and RS20)
to validate the hypothesis. Figure 9.64 shows the change of cross section of station 40 between

February 2012 and August 2012. Erossion is observed in the monsson season.
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= Elevation in Dry season(Feb,2012) (m)
16
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Figure 9-64 Eroding Cross Section 40 in Monsoon (2012)
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At cross section 34, the cross section remains the same over the seasons. So in this cross section

neither erosion nor deposition have been observed (Figure 9.65).

ELEVATION (M)

STATION 34

—4— Elevation in Dry season(Feb,2012) (m)
—fl— Elevation in Monsoon season(Aug,2012)(m)
14
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2
0
-2
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Figure 9-65 Stable (Non Silting and Non Eroding) Cross Section 34 in Monsoon (2012)

At cross section 28 erosion was observed and net erosion was about 1.0 m (Figure 9.66) in the

monsson season.
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Figure 9-66 Eroding Cross Section 28 in Monsoon (2012)
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At downstream cross section 20 erosion has occurred and net erosion was about 2.0 m (Figure
9.67) in the monsson season.

STATION 20
== Elevation in Dry season(Feb,2012) (m)
== Elevation in Monsoon season(Aug,2012) (m)

Elevation in Dry
season(Feb,2012) (m

ELEVATION (M)

Elevation in Monsoon
-4 season(Aug,2012) (m)

0 200 400 600 800 1000 1200
DISTANCE (M)
Figure 9-67 Eroding Cross Section 20 in Monsoon (2012)

The Kushiyara river shows erosion pattern in the upstream station (RS 40), neither erosion nor
deposition at the intermediate stations (RS 34) again erosion at the d/s stations (RS 28 to RS
20). So from the above analysis it is observed that there is change of bed level gradations.

Water Level and Channel Slope:

Water Level and Channel Slope have been calculated from upstream to downstream. As before
four selected stations and two seasons have been considered for this purpose. Water and Bed

Level Gradients for Dry season and Monsson seasons are shown in Table 9.16.
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Table 9.16: Water Level and Bed Level Gradient for Dry, Monsson Seasons of the Kushiyara

Average Average

WL WL WL \(lsvrlgldient Bed gergdient
Station Chain | Dry season | Monsoo | Gradient . Gradient

or for

name, ID, | -age (February, | n season | for Dry Monsoon for Dry Monsson
Location (m) 2012) (August, | season season season season

(m) 2012) * * * *

(m)

RS
40,(KUS12) |0 4.89 9.09 _ _ _ _
(Sheola)
RS 34,
(KUS6) -
(Fenchugong 36000 | 4.23 8.70 0.0000016 | 0.0000065 | 0.000005 0.000003
)
RS 28, i i
(BIB1) 72000 | 4.12 8.62 0.0000004 | 0.0000045 0.000007 | 0.000001
(Sherpur)
RS 20, 11400
(BIB9) 0 4.00 8.46 0.0000007 | 0.0000032 | 0.000006 | 0.000001
(Markuli)

Note*: Gradient between two successive stations

Average Water Level vs. Distance showing the Water Level gradients for dry and monsoon

seasons are shown in Figure 9.68 and Figure 9.69 respectively. Bed level gradient vs Distance

showing the bed level gradients for dry and monsoon seasons are shown in Figure 9.70 and

Figure 9.71 respectively.

V-1:218




Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

Average WL (m) in Dry Season(Feb,2012) Vs Distance
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Figure 9-68 Average Water Level Gradient Graph for Dry Season of the Kushiyara (2012)

Average WL (m) in Monsoon Season(Aug,2012) Vs Distance Graph
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Figure 9-69 Average Water Level Gradient Graph for Monsson Season of the Kushiyara
(2012)
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Bed Level(m) in Dry season VS Distance Graph
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Figure 9-70 Average Bed Level Gradient Graph for Dry Season of the Kushiyara (2012)
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Figure 9-71 Average Bed Level Gradient Graph for Monsoon Season of the Kushiyara (2012)

It is observed that monsoon season water level gradient is higher than that of the dry season
water level gradient. In most cases the dry season bed level gradient is greater than that of the

monsoon season.

So Hypothesis 3 can be considered as established/validated from the consideration of bed
level gradient for the Kushiyara.
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9.4 Hypotheses4 & 5

The Hypothesis 4 states that “After several years/decades (at time ta) as the river will be
able to raise its levee and reach regime condition, the flood level will be close to the bank

level (Figure 5.4), i.e. bankfull water level will be the same along the whole river stretch.”

The Hypothesis 5 states that “The channel dimensions will be closed the same at the

upstream and downstream and no sedimentation would be expected during monsoon.”

9.4.1 Conventional Analysis

The Hypotheses 4 and 5 are only valid for Regime condition. The characteristics of Regime

condition have been explained in section 5.6.2.

9.4.1.1 Sediment Concentration

The Surma:

Sediment concentration samples of the Surma have been collected from 9 stations as shown in
Table 6.2. A number of 3 sets of measurements have been made to validate the conceptual

model.

The first set of data was collected from August 22, 2016 to August 29, 2016 (monsoon season).
The data have been plotted in Figure 9.72. From the figure, it is apparent from the trend line
that the sediment concentration along the river course is increasing towards downstream (R=

0.749), which is statistically significant.

The 2" set of data have been collected from January 14, 2017 to January 24, 2017 (Dry season).
The data have been plotted in Figure 9.73. From the figure, it is apparent from the trend line
that the sediment concentration along the river course is decreasing towards downstream (R=

-0.224), which is not statistically significant.

The 3" set of data have been collected from April 18, 2017 to April 25, 2017 (Pre Monsoon
season). The data have been plotted in Figure 9.74. From the figure, it is apparent from the
trend line that the sediment concentration along the river course is increasing towards

downstream (R= 0.63), which may however be considered as statistically significant.
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The trend of change in sediment concentration from upstream to downstream in the Surma
river does not follow the hypothetical trend of regime condition as described in the Conceptual
model (Figure 5.5). The trend line of change in sediment concentration is rather opposite to
which is described in the conceptual model which clearly shows that the Surma river is not

in regime condition.
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Figure 9-72 Analysis of Sediment Concentration of the Surma (August 2016, Monsoon Season)
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Figure 9-73 Analysis of Sediment Concentration of the Surma (January 2017, Dry Season)
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Figure 9-74 Analysis of Sediment Concentration of the Surma (April 2017, Pre Monsoon Season)
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The Kushiyara:

Sediment concentration samples of the Kushiyara have been collected from 9 stations as shown
in Table 6.8. A number of 3 sets of measurements have been made to validate the conceptual

model.

The first set of data was collected from August 22, 2016 to August 29, 2016 (monsoon season).
The data have been plotted in Figure 9.75. From the figure, it is apparent from the trend line
that the sediment concentration along the river course is increasing towards downstream (R=

0.705), which is statistically significant.

The 2" set of data have been collected from January 14, 2017 to January 24, 2017 (Dry season).
The data have been plotted in Figure 9.76. From the figure, it is apparent from the trend line
that the sediment concentration along the river course is decreasing towards downstream (R=

-0.265), which is not statistically significant.

The 3" set of data have been collected from April 18, 2017 to April 25, 2017 (Pre Monsoon
season). The data have been plotted in Figure 9.77. From the figure, it is apparent from the
trend line that the sediment concentration along the river course is also increasing towards

downstream (R=-0.386), which is not statistically significant.

The trend of change in sediment concentration from upstream to downstream in the Kushiyara
river does not follow the hypothetical trend of regime condition as described in the Conceptual

model (Figure 5.5) which clearly shows that the Kushiyara river is not in regime condition.
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Figure 9-75 Analysis of Sediment Concentration of the Kushiyara (August 2016, Monsoon Season)
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Figure 9-76 Analysis of Sediment Concentration of the Kushiyara (January 2017, Dry Season)
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Figure 9-77 Analysis of Sediment Concentration of the Kushiyara (April 2017, Pre Monsoon Season)

9.4.1.2 Median Grain Size

The Surma:

Bed Material Samples of the Surma have been collected. Two measurements have been taken
from 9 stations as shown in Table 6.2. Median grain sizes (Dso) of the bed materials of Dry
Season and Pre Monsoon season along the river course are presented in Figure 9.78 and 9.79
respectively. Overall, the Median Grain Size along the river course shows a scattered pattern.
It can be observed from the trend line in both the seasons that the median grain size value is
decreasing in the downstream sections, although R values are not statistically significant, yet
it confirms that the river is not in regime condition as was also conceived in the conceptual

model.
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Analysis of Bed Material Sample of Surma (Dry)
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Figure 9-78 Analysis of Bed Material of the Surma river (January 2017, Dry season)
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Figure 9-79 Analysis of Bed Material of the Surma river (April 2017, Pre Monsoon season)
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The Kushiyara:

Bed Material Samples of the Kushiyara have been collected from 9 stations as shown in Table
6.8. A number of 2 sets of measurements have been done. Median grain sizes (Dso) of the bed
materials of Dry Season and Pre Monsoon season along the river course are presented in Figure
9.80 and 9.81 respectively. Overall, the Median Grain Size along the river course shows a
scattered pattern. It can be observed from the trend line in both the seasons that the median
grain size value is decreasing in the downstream sections (R values are not statistically

significant) which confirms that the river is not in regime condition.
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Figure 9-80 Analysis of Bed Material of the Kushiyara river (January 2017, Dry season)
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Figure 9-81 Analysis of Bed Material of the Kushiyara river (April 2017, Pre Monsoon season)

From the above analysis, it can be said the Hypotheses 4 and 5 for the Surma and

Kushiyara rivers cannot be established/validated.

9.4.2 Model Output Analysis

Hypothesis 4 and 5 are valid only for regime or equilibrium condition of a river. The necessary
conditions for considering a river reach to be in a “Regime” condition have been discussed

elaborately in See 5.6.2.

Conventional Analysis and Model output reveal the following for both the Surma and the

Kushiyara rivers:

1. The bankfull water levels at different sections are different. The bank level at the d/s sections

are lower than the average flood level. (see section 9.1.1 and 9.2.1).
2. There are variations in X-sectional Areas, width and depth. (see section 9.2.1 and 9.2.2).

3. There are variations in the sediment concentration. (see section 9.4.1.1).
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4. There are variations in the Median Grain Size (Dso). (see section 9.4.1.2).

From the above observation it may be concluded that none of the Surma and Kushiyara river

are in “Regime” condition.

Hence Hypotheses 4 and 5 cannot be validated for the Surma and Kushiyara. But from
Theoretical consideration both the hypotheses can be accepted for regime condition of a river.
It was also mentioned earlier that it may take thousands of years for a river to reach to the

“Regime Condition”.
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10 Scenario Generation

Due to impact of Global climate change or in a very wet year the discharge at the u/s may
increase. Similarly, for a very dry year or withdrawal of upstream water the discharge at the
u/s may decrease. Two scenarios were generated using the HEC-RAS Model to observe likely
changes of cross-sectional area, discharge and water levels at different stations due to 2

hypothetical conditions.

The Scenario-1, considered 20% increase of peak discharge at the u/s station RS 38 for the

Surma and RS 40 for the Kushiyara.

The Scenario-2, considered 20% decrease of peak discharge at the u/s station RS 38 for the

Surma and RS 40 for the Kushiyara.

The likely changes for the above mentioned scenarios for both the rivers have been described

briefly in the following sub-sections.
10.1 The Surma

HECRAS 5.0.3 model has been validated with the data of 2014. At first peak discharges for
each month of the year 2014 were identified and plotted as a discharge hydrograph (Figure
10.1).
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Discharge Hydrograph SW266 (2014)
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Figure 10-1 Monthly peak Discharges of the Surma for 2014

From the hydrograph, the highest value of discharge has been identified as 1618.43 m®/s in
August 2014. Then a discharge value 20% more than the highest value, that is 1942.12 m%/s
was put as upstream boundary condition at station RS 38. Similar discharge (1940 m®/s) was
found on 13 August 2010. The model was given a run for 2010 and corresponding water levels
were taken from the model output. The simulated water level value of 2010 was put as
downstream boundary condition at RS 11 and finally the model was run and after simulation,

bankfull areas were found.

Similarly, simulation was done for 20% decrease from the peak discharge of 1618.43 ms,
that is 1294.74 m®/s. Similar discharge (1300.26 m3/s) was found on 18 October 2012. This
value of discharge has been considered as the upstream boundary condition at RS 38. The
simulated WL of 2012 at station RS 11 was taken as the downstream boundary condition. As
mentioned earlier, changes of 20% increase in discharge is denoted as Scenario 1 and 20%

decrease is denoted as Scenario 2.
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10.1.1 Changes in Area

Changes of cross sectional area for Scenario 1 and 2 are shown in Table 10.1:

Table 10.1 Simulated Area for Scenario 1 and Scenario 2 in 28 Stations of the Surma River

SL St?;igr/]s()u fs Dé?@ﬁgfrigfnm 2?:ak(fmuy) 5:;$r268102 Scenario 1: | Scenario 2:
Area (m?) Area (m?) | Area(m?)
1 RS38 162000 1858.91 1658.84 1955.3 1480.29
2 RS37 156000 1638.27 1543.24 1799.37 1395.02
3 RS36 150000 1909.11 1885.77 2343.4 1708.16
4 RS35 144000 1746.94 1549.41 1827.29 1408.09
5 RS34 138000 1434.45 1306.69 1485.11 1200.09
6 RS33 132000 1378.24 1437.31 1708.88 1323.21
7 RS32 126000 2460.18 2083.07 2625.09 1886.62
8 RS31 120000 1380.01 1502.89 1706.02 1404.66
9 RS30 114000 1810.31 2059.63 2367.02 1910.83
10 RS29 108000 1784.15 1622.49 1855 1501.79
11 RS28 102000 2122.33 2423.28 2701.28 2247.01
12 RS27 96000 2612.76 3077 3511.66 2807.34
13 RS26 90000 1413.71 1372.8 1569.93 1269.12
14 RS25 84000 1430.71 1597.25 1915.47 1490.61
15 RS24 78000 790.5 977.45 1085.46 917.94
16 RS23 72000 943.82 1108 1314.82 1000.84
17 RS22 66000 1310 1721.85 1955.47 1638.47
18 RS21 60000 1381.77 1501.59 1658.87 1427.48
19 RS20 54000 1748.81 1919.88 2145.41 1814.15
20 RS19 48000 1753.91 2280.83 2491.68 2177.53
21 RS18 42000 2067.91 2304.72 2559.41 2169.33
22 RS17 36000 1723.43 2388.38 2564.59 2291.97
23 RS16 30000 2080.04 2259.76 2447.35 2154.88
24 RS15 24000 1482.36 2127.72 2306.02 2024.76
25 RS14 18000 1452.23 2361.83 2705.48 2148.98
26 RS13 12000 2105.93 2686.89 2912 2538.73
27 RS12 6000 848.51 2462.19 2670.04 2319.03
28 RS11 0 732.78 1792.28 2242.75 1384.75
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Note: Scenario 1: 20% increase in Peak discharge at UpStream (RS 38)
Scenario 2: 20% decrease in Peak discharge at Upstream (RS 38)

The 5 reference stations were selected as RS 38 (Upstream boundary), RS 11 (Downstream
boundary) and RS 31, RS 26, RS 20 are intermediate calibrated Stations.

Analyzing Table 10.1 for selected stations RS 38, RS 31, RS 26, RS 20 and RS 11, Table 10.2
has been developed; which shows the changes of area both in numerical value as well as

percentage for both the Scenarios.

Table 10.2 Changes in Area for Scenario 1 and 2 for five selected Stations with respect to Reference
Year (2014) of the Surma Rivert®!

: . Scenario 1: Scenario 2:
Station Distance | Reference
Increase (+) Increase (+)
SL from u/s to | fromd/s | year 2014
ds (m) Area (m?) Decrease (-) Decrease (-)
Area (m?) Area (m?)
1 RS38 162000 1658.84 1955.3,(+17.87%) 1480.29,(-
10.76%)
2 RS31 120000 | 1502.89 1706.02,(+13.52%) | 1404.66,(-
6.54%)
3 RS26 90000 1372.80 1569.93,(+14.36%) | 1269.12,(-
7.55%)
4 RS20 54000 1919.88 2145.41,(+11.75%) 1814.15,(-
5.51%)
5 RS11 0 1792.28 2242.75,(+25.13%) 1384.75,(-
22.74%)

Note: Scenario 1: 20% increase in Peak discharge at UpStream (RS 38)
Scenario 2: 20% decrease in Peak discharge at Upstream (RS 38)
3: Developed from Table 10.1

It is seen that for Scenario 1, areas of RS 38, RS 31, RS 26, RS 20 and RS 11 increase about
17.87%, 13.52%, 14.36%, 11.75% and 25.13% respectively with respect to the reference year
2014.

For Scenario 2, areas decrease about 10.76%, 6.54%, 7.55%, 5.51% and 22.74% for the
stations RS 38, RS 31, RS 26, RS20 and RS 11 respectively.
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The changes in area of 28 cross sections along the channel for Scenario 1 can be observed from
the following graph (Figure 10.2).

Area vs Channel Distance
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Figure 10-2 Area vs Distance for the Surma (2014); Scenario 1

Similarly, for 20% decrease in discharge, that is Scenario 2, changes in area along the channel

are shown in the following graph (Figure 10.3).
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Area vs Channel Distance
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Figure 10-3 Area vs Distance for the Surma (2014); Scenario 2

10.1.2 Changes in Discharge

Similar analysis was done to see the change in discharge. Changes in discharge are shown in
the following Table (Table 10.3):

Table 10.3 Simulated Discharge for Scenario 1 and 2 in 28 Stations of the Surma River

. Reference .
Station(u/s Distance B_ankfull year 2014 Scenf';mo Scenario 2:
SL From Discharge : 1: .
to d/s) 3 Discharge | . Discharge
downstream (m3/s) (m3s) Discharge (m¥s)
(m3/s)
1 RS38 162000 1759 1618.43 1942.12 1294.74
2 RS37 156000 1599.87 1614.41 1942.12 1294.74
3 RS36 150000 1499.02 1610.42 1961.81 1297.73
4 | RS35 144000 1763.97 1602.31 1961.23 1297.09
5 RS34 138000 1759.53 1594.47 1942.12 1294.74
6 RS33 132000 1370 1570.64 1942.12 1294.74
7 RS32 126000 1773.05 1560.42 1955.2 1302.94
8 RS31 120000 1280 1546.68 1965.32 1302.53
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SL Station(u/s Dli__s:g&ce ;22#;;’;6 ;gﬁrfgfz Sce??rio chnario 2:
to dfs) downstream (m3/s) Dlsck;arge Discharge D'scﬁarge
(m3/s) (m¥s) (m3/s)
9 | RS30 114000 1206.5 1536.89 1965.16 1298.03
10 | RS29 108000 1765.3 1527.74 1942.12 1294.74
11 | RS28 102000 1184.62 1519.35 1952.82 1308.43
12 | RS27 96000 1190.03 1512.28 1942.12 1304.65
13 | RS26 90000 1209.23 1510.42 1981.12 1298.75
14 | RS25 84000 1205.2 1508.98 1980.11 1294.74
15 | RS24 78000 967.69 1508.01 1979.45 1294.74
16 | RS23 72000 1197.81 1507.59 1977.84 1294.74
17 | RS22 66000 506.09 1461.37 1975.66 1362.49
18 | RS21 60000 1199.39 1456.97 1974.39 1341.39
19 | RS20 54000 1200 1453.27 1973.56 1338.76
20 | RS19 48000 503.22 1448.07 1973.02 1337.6
21 | RS18 42000 1196.78 1440.96 1972.61 1336.24
27 | RS17 36000 500.65 1432.68 1972.44 1335.83
23 | RS16 30000 1213.54 1423.57 1972.34 1335.3
24 | RS15 24000 499.98 1415.21 1972.32 1335.15
25 | RS14 18000 499.61 1407.86 1972.32 1335.07
26 | RS13 12000 500 1402.11 1972.31 1335.02
27 | RS12 6000 500 1396.94 1972.35 1335
2¢ | RS11 0 590 1389.1 1942.12 1294.74

Note: Scenario 1: 20% increase in Peak discharge at UpStream (RS 38)
Scenario 2: 20% decrease in Peak discharge at Upstream (RS 38)

Changes in discharge in five selected cross sections are shown below (Table 10. 4):
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Table 10.4 Changes in Discharge for Scenario 1 and 2 for five selected Stations with respect to
Reference year (2014) of the Surma River[3]

o Scenario 2:
. . Reference year Scenario 1:
Station | Distance Increase (+)
2014 Increase (+)
SL | fromu/s | fromd/s . Decrease (-)
Discharge Decrease (-) .
to d/s (m) 3 . 3 Discharge
(m°/s) Discharge (m°/s) 3
(m°/s)
1 RS38 162000 | 1618.43 1942.12,(+20.25%) | 1294.74,(-15.17%)
2 RS31 120000 | 1546.68 1965.32,(+27.41%) | 1302.53,(-14.23%)
3 RS26 90000 1510.42 1981.12,(+31.16%) | 1298.75,(-14.01%)
4 RS20 54000 1453.27 1973.56,(+35.80%) | 1338.76,(-7.88%)
5 RS11 0 1389.10 1942.12,(+39.81%) | 1294.74,(-6.79%)
Note: Scenario 1: 20% increase in Peak discharge at UpStream (RS 38)

Scenario 2: 20% decrease in Peak discharge at Upstream (RS 38)
3: Developed form Table 10.3

The changes in discharge for Scenario 1 along the cross section can be visible from the
following graph (Figure 10.4).
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Figure 10-4 Discharge vs Distance for the Surma (2014); Scenario 1

For Scenario 2, the graph is shown in Figure 10.5:
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Figure 10-5 Discharge vs Distance for the Surma (2014); Scenario 2

10.1.3 Changes in Water Level

160000 180000

u/s

Changes in water levels for Scenario 1 and Scenario 2 have been shown in Table 10.5.

Table 10.5 Simulated Water Level for Scenario 1 and 2 in 28 Stations of the Surma River

: Bankfull | Reference | geenarip 1; | Scenario

sL (fSr t(;str::our}s Distance | Water | Y€ar 2014 | \water Level 2
fromd/s | Level Water (m) Water

to d/s) (m) | Level (m) Level (m)
1 RS38 162000 13.34 12.3 13.66 11.46
2 RS37 156000 12.71 12.17 13.49 11.33
3 RS36 150000 12.18 12.08 13.33 11.24
4 RS35 144000 12.8 11.93 13.15 11.13
5 RS34 138000 12.61 11.74 12.94 10.99
6 RS33 132000 11.22 11.6 12.74 10.86
7 RS32 126000 12.26 11.49 12.57 10.78
8 RS31 120000 10.49 11.34 12.4 10.67
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: Bankfull | REfErence | geenarig 1: | Scenario
SL (fSr ?rﬂour}s Distance | Water yfi‘/"‘\;'a%grl"' Water Level Wi:ter
to d/s) from dfs L(i:]/;) ! Level (m) (m) Level (m)

9 RS30 114000 10.13 11.26 12.29 10.62

10 RS29 108000 11.84 11.14 12.12 10.52

11 | RS28 102000 | 9.98 11.07 12.04 10.46

12 | RS27 96000 | 9.95 11.03 12 10.42

13 | RS26 90000 | 9.98 10.87 11.81 10.29

14 RS25 84000 9.73 10.7 11.61 10.18

15 | RS24 78000 | 8.87 10.4 11.27 9.93

16 RS23 72000 9.19 10.01 10.88 9.55

17 RS22 66000 7.44 9.75 10.62 9.34

18 | RS21 60000 | 8.96 9.63 10.44 9.22

19 RS20 54000 8.92 9.53 10.31 9.13

20 RS19 48000 7.37 9.47 10.22 9.08

21 RS18 42000 8.72 9.41 10.15 9.02

22 RS17 36000 6.37 9.37 10.1 8.97

23 RS16 30000 8.63 9.33 10.04 8.93

24 RS15 24000 6.33 9.28 9.98 8.88

25 RS14 18000 7.3 9.21 9.89 8.79

26 RS13 12000 7.29 9.15 9.8 8.72

27 RS12 6000 7.9 9.1 9.74 8.67

og | RS11 0 7.4 8.97 9.6 8.4

Note: Scenario 1: 20% increase in Peak discharge at UpStream (RS 38)
Scenario 2: 20% decrease in Peak discharge at Upstream (RS 38)

Changes in water level in selected 5 stations are shown in Table 10.6.
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Table 10.6 Changes in Water Level for Scenario 1 and 2 for Five Selected Stations With Respect to

Reference Year (2014) of the Surma River[3]

Reference Scenario 1: Scenario 2:
Station Distance ear 2014 Increase (+) Increase (+)
SL fromu/sto | fromd/s y Decrease (-) Decrease (-)
Water level
d/s (m) Water level (m) | Water level
(m) (m)

1 RS38 162000 12.3 13.66,(+11.06%) | 11.46,(-
6.83%)
2 RS31 120000 11.34 12.40,(+9.35%) | 10.67,(-
5.91%)
3 RS26 90000 10.87 11.81,(+8.65%) 10.29,(-
5.34%)

4 RS20 54000 9.53 10.31,(+8.18%) | 9.13,(-4.20%)

5 RSI1 0 8.97 9.60,(+7.02%) 8.40,(-6.35%)

Note:

Scenario 1: 20% increase in Peak discharge at UpStream (RS 38)

Scenario 2: 20% decrease in Peak discharge at Upstream (RS 38)

3: Development Form Table 10.5

For scenario 1, it is seen that flood is occurring in each station (RS 38, RS 31, RS 26, RS 20

and RS 11). At station 38, In the reference year 2014 there was no flood but under Scenario-1

there is flood of 32 cm. In the other stations flood depth increased by 106 cm, 94 cm, 78 cm

and 63 cm at stations 31, 26, 20 and 11 with respect to the reference year respectively. The

plots of the simulated discharge results of the cross sections are given below (Figure 10.6, 10.7,

10.8, 10.9 and 10.10).

V-1:241




Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin

Final Report: Volume 1

River=Surma Reach =1 R5=38 RM338

167 WL
14-. = = 2 T_J.=:I="'
121 H T s i1
-~ 101 Flooding Bankul WL Flooding
E 2
S -
:oe )
L 4_ ."
21 il
0] N
_E T T T T T 1
0 100 200 300 400 S00 G600
Station (m)
Figure 10-6 Changes in Water Level at RS 38 for Scenario 1,(The Surma)
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Figure 10-7 Changes in Water Level at RS 31 for Scenario 1,(The Surma)
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Figure 10-8 Changes in Water Level at RS 26 for Scenario 1,(The Surma)
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Figure 10-9 Changes in Water Level at RS 20 for Scenario 1,(The Surma)
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Figure 10-10 Changes in Water Level at RS 11 for Scenario 1,(The Surma)

Similarly, for scenario 2, the simulated results are shown. All the station shows a decrease in
water Level. There is no flood in station RS 38 and flood depth reduced by 67 cm, 58 cm, 40
cm, and 57 cm in station RS 31, RS 26, RS 20 and RS 11 respectively with respect to the
reference year (are shown in Figure 10.11,10.12,10.13,10.14 and 10.15).
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Figure 10-11 Changes in Water Level at RS 38 for Scenario 2,(The Surma)
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Figure 10-12 Changes in Water Level at RS 31for Scenario 2,(The Surma)
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Figure 10-13 Changes in Water Level at RS 26 for Scenario 2,(The Surma)
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Figure 10-14 Changes in Water Level at RS 20 for Scenario 2,(The Surma)
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Figure 10-15 Changes in Water Level at RS 11 for Scenario,(The Surma)

The changes in water level for Scenario 1 and 2 along the channel length can be seen from the
plots (Figure 10.16 and 10.17).
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Water Level vs Channel Distance
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Figure 10-16 Water Level vs Distance for the Surma (2014); Scenario 1
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Figure 10-17 Water Level vs Distance for the Surma (2014); Scenario 2

V-1:247



Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 1

10.2 The Kushiyara

HECRAS 5.0.3 model has been validated with the data of 2012. At first peak discharges for
each month of the year 2012 were identified and plotted as a discharge hydrograph (Figure
10.18).

Discharge Hydrograph 2012
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Figure 10-18 Monthly Peak Discharges of the Kushiyara for 2012

From the hydrograph, the highest value of discharge has been identified as 1702.24 m%/s in
July 2012. Then a discharge value 20% more than the highest value, that is 2042.7 m3/s was
put as upstream boundary condition at station RS 40. Similar discharge (2040 m3/s) was found
on 11 July 1996. The model was given a run for 1996 and corresponding water levels were
taken from the model output. The simulated water level value of 1996 was put as downstream
boundary condition at RS 20 and finally the model was run and after simulation, bankfull areas

were found.

Similarly, simulation was done for 20% decrease from the peak discharge of 1702.24 m®s,
that is 1361.7 m%/s. Similar discharge (1365.29 m®/s) was found on 11 September 2011. This
value of discharge has been considered as the upstream boundary condition at RS 40. The
simulated WL of 2011 at station RS 20 was taken as the downstream condition. As mentioned
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