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earlier, changes of 20% increase in discharge is denoted as Scenario 1 and 20% decrease is

denoted as Scenario 2.
10.2.1 Changes in Area
Changes of cross sectional areas for Scenario 1 and 2 are shown in Table 10.7:

Table 10.7 Simulated Area for Scenario 1 and Scenario 2 in 21 Stations of the Kushiyara River

Station(u/s to Distance Bankfull Reference Scenario Scenario
SL From 2 year 2012 . )
dis) downstream Area(m’) Area (m?) L 2:
Area (m?) | Area (m?)

1 RS40 6000 2102 1806 2346 1800
2 RS39 12000 1928 1598 2130 1555
3 RS38 18000 1183 995 1361 980

4 RS37 24000 1456 1170 1674 1085
5 RS36 30000 1884 1449 2248 1302
6 RS35 36000 1193 1201 1461 1230
7 RS34 42000 2245 1674 1844 1360
8 RS33 48000 1568 1407 1789 1350
9 RS32 54000 1536 1410 1771 1559
10 | RS31 60000 2211 2090 2038 2239
11 | RS30 66000 1925 1884 2147 1947
12 | RS29 72000 3341 3244 3712 3377
13 | RS28 78000 2210 2162 2499 2038
14 | RS27 84000 2180 2244 2544 2220
15 | RS26 90000 2802 2869 2926 2818
16 | RS25 96000 1936 1688 1682 1644
17 | RS24 102000 2151 2334 2192 2165
18 | RS23 108000 2726 3006 2664 2738
19 | RS22 114000 6281 6682 6125 6292
20 | RS21 120000 1942 2526 1724 1974
21 | RS20 126000 1613 1745 1805 1611

Note: Scenario 1: 20% increase in Peak discharge at Upstream (RS 40)
Scenario 2: 20% decrease in Peak discharge at Upstream (RS 40)

The 4 reference stations were selected as RS 40 (Upstream boundary), RS 20 (Downstream

boundary) and RS 34 and RS 28 are intermediate calibrated Stations.
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Analyzing Table 10.7 for selected stations RS 40, RS 34, RS 28 and RS 20, Table 10.8 has
been developed; which shows the changes of area both in numerical value as well as percentage

for both the Scenarios.

Table 10.8 Changes in Area for Scenario 1 and 2 for Four Selected Stations With Respect to
Reference Year (2012) of the Kushiyara River

. . Scenario 1: Scenario 2:
Station Distance Reference
Increase (+) Increase (+)
SL from u/s to | from d/s year 2012
d/s (m) Area (m?) Decrease (-) Decrease (-)
Area (m?) Area (m?)
1 RS40 6000 1806 2346, (+29.9%) 1800, (-.33%)
2 RS34 42000 1674 1844, (+10.15%) 1360,(-18.75%)
3 RS28 78000 2162 2499, (+15.58%) 2038,(-5.73%)
4 RS20 126000 1745 1805,(+3.43%) 1611,(-7.67%)

Note: Scenario 1: 20% increase in Peak discharge at Upstream (RS 40)
Scenario 2: 20% decrease in Peak discharge at Upstream (RS 40)
3: Developed from Table:10.7

It is seen that for Scenario 1, areas of RS 40, RS 34, RS 28 and RS 20 increase about 29.9%,
10.15%, 15.58% and 3.43% respectively with respect to the reference year 2012.

For Scenario 2, areas decrease about 33%, 18.75%, 5.73% and 7.67% for the stations RS 40,
RS 34, RS 28 and RS 20 respectively.

The changes in area of 21 cross sections along the channel for Scenario 1 can be observed from

the following graph (Figure 10.19).
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Figure 10-19 Area vs Distance for the Kushiyara (2012); 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 10.20).
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Figure 10-20 Area vs Distance for the Kushiyara (2012); Scenario 2
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10.2.2 Changes in Discharge

Similar analysis was done to see the change in discharge. Changes in discharge are shown in
the following table (Table 10.9):

Table 10.9 Simulated Discharge for Scenario 1 and 2 in 21 Stations of the Kushiyara River

Reference
Station | Distance | Bank Full | Year 2012 Scenario 1 Scenario 2
SL (upto | fromd/s | Discharge | Discharge Discharge Discharge
down) (m) (m3/s) (m?/s) (m3/s) (md/s)
1 RS40 6000 1299 1702.24 2042 1361
2 RS39 12000 1300 1701 2034 1361
3 RS38 18000 1299 1692 1913 1358
4 RS37 24000 1221 1695 1686 1259
5 RS36 30000 1257 1665 1803 1334
6 RS35 36000 1287 1698 1904 1338
7 RS34 42000 1300 1655 2012 1285
8 RS33 48000 1292 1680 1960 1291
9 RS32 54000 1293 1622 1982 1351
10 RS31 60000 1299 1598 1942 1360
11 RS30 66000 1268 1595 1924 1323
12 RS29 72000 1230 1565 1882 1284
13 RS28 78000 1292 1682 2014 1352
14 RS27 84000 998 1434 1521 1040
15 RS26 90000 1292 1633 2024 1351
16 RS25 96000 1174 1671 1819 1226
17 RS24 102000 972 1359 1515 1015
18 RS23 108000 1262 1550 1987 1321
19 RS22 114000 600 808 973 627
20 RS21 120000 1049 1441 1743 1098
21 RS20 126000 161 1085 1100 985

Note: Scenario 1: 20% increase in Peak discharge at Upstream (RS 40)
Scenario 2: 20% decrease in Peak discharge at Upstream (RS 40)

Changes in discharge in four selected cross sections are shown below (Table 10.10):
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Table 10.10 Changes in Discharge for Scenario 1 and 2 for Four Selected Stations With Respect to
Reference Year (2012) of the Kushiyara Rivert!

Reference Scenario 1: Scenario 2:

Station Distance year Increase (+) Increase (+)

SL fromu/s | fromd/s 2012 Decrease (-) Decrease (-)

to d/s (m) Discharge Discharge Discharge

(m~N3s) (Mm~3/s) (mN3/s)

1 RS40 6000 1702.24 2042,(+19.95%) | 1361,(-20.04%)
2 RS34 42000 1655 2012,(+21.57%) | 1285,(-22.35%)
3 RS28 78000 1682 2014,(+19.73%) | 1352,(-19.61%)

4 RS20 126000 1085 1100,(+1.38%) 985,(-9.21%)

Note: Scenario 1: 20% increase in Peak discharge at Upstream (RS 40)
Scenario 2: 20% decrease in Peak discharge at Upstream (RS 40)
3: Developed from Table 10.9

The changes in discharge for Scenario 1 along the cross section can be visible from the

following graph (Figure 10.21).
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Figure 10-21 Discharge vs Distance for the Kushiyara (2012); Scenario 1
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For Scenario 2, the graph is shown in Figure 10.22
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Figure 10-22 Discharge vs Distance for the Kushiyara (2012); Scenario 2

Changes in water levels for Scenario 1 and Scenario 2 have been shown in Table 10.11.

Table 10.11 Simulated Water Level for Scenario 1 and 2 in 21 Stations of the Kushiyara River

. Reference P
Station Distance Bankiull year 2012 Scenario L. Scenario 2:
SL | (fromul/s Water Water Level
from d/s Water Level Water Level (m)
to d/s) Level (m) (m) (m)
1 RS40 6000 12.02 10.2 134 10.1
2 RS39 12000 11.95 10.16 13.27 10.04
3 RS38 18000 11.74 9.94 12.96 9.85
4 RS37 24000 11.57 9.89 12.7 9.62
5 RS36 30000 11.38 9.85 12.51 9.45
6 RS35 36000 11 9.63 12.03 9.42
7 RS34 42000 10.57 9.64 11.58 9.55
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RS33 48000 10.24 9.56 11.23 9.52

RS32 54000 10 9.49 10.88 9.45
10 RS31 60000 9.83 9.49 10.61 9.45
11 RS30 66000 9.7 9.44 10.39 9.4
12 RS29 72000 9.61 9.44 10.24 9.4
13 RS28 78000 9.48 9.39 10.01 9.35
14 RS27 84000 9.28 9.35 9.7 9.33
15 RS26 90000 9.13 9.31 9.47 9.18
16 RS25 96000 9.03 9.25 9.34 9.07
17 RS24 102000 8.92 9.23 9.27 8.95
18 RS23 108000 8.8 9.2 9.22 8.82
19 RS22 114000 8.75 9.14 9.18 8.76
20 RS21 120000 8.66 9.12 9.18 8.66
21 RS20 126000 8.5 9 9.16 8.94

Note: Scenario 1: 20% increase in Peak discharge at Upstream (RS 40)
Scenario 2: 20% decrease in Peak discharge at Upstream (RS 40)

Changes in water level in four selected stations are shown in Table 10.12.

Table 10.12 Changes in Water Level for Scenario 1 and 2 for Four Selected Stations With Respect to
Reference Year (2012) of the Kushiyara River[3]

. . Reference Scenario 1: Scenario 2:
Station Distance ear 2012 Increase ( +') Increase (+)
SL fromu/sto | fromd/s V)\// level D Decrease (-)
d/s (m) ater leve ecrease (-) Water level
(m) Water level (m) (m)
10.1,(-
1 RS40 6000 10.2 13.4,(+31.37%) 0.98%)
2 RS34 42000 9.64 11.58,(+20.12%) 3 33?(;,)
3 RS28 78000 9.39 10.01,(+6.60%) 3 2’25(;))
4 RS20 126000 9.00 9.16,(+1.77%) g gg’%

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 10.11
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For scenario 1, In reference year 2012 flood of 50cm was observed in RS 20 but in stations
RS 40, RS34, RS28. Under Scenario 1 there are floods in all the 4 Stations. Floods of 138 cm,
101 cm, 53 cm and 56 cm are observed in the Station RS 40, RS 38, RS 28 and RS 20

respectively. These can be seen from the plots of the simulated discharge results of the cross

sections (Figure 10.23, 10.24, 10.25and 10.26).
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Figure 10-23 Changes in Water Level at RS 40 for Scenario 1, ( The Kushiyara)
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Figure 10-24 Changes in Water Level at RS 34 for Scenario 1,( The Kushiyara)
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Figure 10-26 Changes in Water Level at RS 20 for Scenario 1,( The Kushiyara)

Similarly, for scenario 2, the simulated results are also shown. All the Stations show a decrease
in WL. Water Level reduced by 10cm, 9 cm, 4 cm and 6 cm in Stations RS 40, RS 34, RS 28

and RS 20 respectively with respect to the reference year. Change in water levels are shown in
Figure 10.27,10.28,10.29 and 10.30below.
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Figure 10-27 Changes in Water Level at RS 40 for Scenario 2,( The Kushiyara)
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Figure 10-28 Changes in Water Level at RS 34 for Scenario 2,( The Kushiyara)
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Figure 10-30 Changes in Water Level at RS 20 for Scenario 2,( The Kushiyara)

The changes in water level for Scenario 1 and 2 along the channel length can be seen from the

plots (Figure 10.31and 10.32).
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Figure 10-31 Water Level vs Distance for the Kushiyara (2012); Scenario 1
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Figure 10-32 Water level vs distance for the Kushiyara (2012); Scenario 2
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Remarks:

1. Under Scenario 1 when peak discharge increases at upstream, there is increase in
simulated cross sections, discharges and water levels at downstream. As a result, new
areas are flooded and in other places flood depths increase.

2. Under Scenario 2 with decrease of peak discharge at upstream, there is decrease in
discharge, water level and cross section at the downstream. As a result, flood reduction

is observed.
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11 Major Findings and Recommendations

11.1 Major Findings

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 the Surma and the Kushiyara 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.
3. The Hypothesis 3 may be established/validated for the Kushiyara but not for the
Surma. Detailed explanation has been given in Section 5.5.
a) From conventional analysis: Hypotheses 3 may be considered as
established/validated for both the Surma and the Kushiyara rivers.
b) From Model output:

I.  From the analysis of seasonal variation of the Bed level gradient, it is
observed that bed level slopes are almost same at both the dry and
monsoon seasons. Hence Hypothesis 3 could not be established/validated
for the Surma.

Il.  Forthe Kushiyara from the analysis of bed level gradient, the Hypothesis
3 can be considered as established/validated.
4. Hypotheses 4 and 5 relate to the hypothetical ‘Regime Condition’ of the river.
The analysis clearly demonstrates that the Surma and 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.

11.2 Recommendations

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. The planners and the Government may use this for the
implementation of the development plans in the Haor areas.

The BWDB should strengthen their Hydrology Unit and take continuous
measurements.

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).

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

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.

A project may be taken up for morphological study of the rivers of the Haor area.
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.
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Preface

The Volume 1 of the Report “Model Validation on Hydro-morphological Process of the River
System in the Subsiding Sylhet Haor Basin” contains the Appendix 1 “Feedback from the
Stakeholders”

The 1st Technical Committee Meeting of the Project was held on 18th February, 2016 under
the chairmanship of Mrs. Afroza Moazzam, (the then) Director General, Department of
Bangladesh Haor and Wetlands Development and the Chairperson of the Technical
Committee. A Monitoring Meeting was held on 23rd June, 2016 and the 2nd Technical
Committee Meeting was held on 1st March, 2017 under the chairmanship of Mr. Majibur
Rahman, Director General, DBHWD and the Chairperson of the Technical Committee. A
workshop on (draft) Final Report was organized by the DBHWD in association with M/s
Prosoil Foundation Consultant on 6th June, 2017 where Dr. Zafar Ahmed Khan, Senior
Secretary, Ministry of Water Resources (MoWR) was the Chief Guest and Mr. Majibur
Rahman, Director General, DBHWD chaired the workshop. The 1st Steering Committee
Meeting was held on 20th June, 2017 in the conference room of the “Ministry of Water
Resources” under the chairmanship of Dr. Zafar Ahmed Khan, Senior Secretary, Ministry of
Water Resources (MoWR).

The Appendix 1 contains the minutes of all these meetings and the proceedings of the
workshop. It also contains the decisions made at the meetings and workshop as well as the

responses to the decisions.

The team deeply acknowledge the co-operation and guidance of the Technical Committee of
the project. The team also acknowledge the DBHWD for providing logistic supports and
helping the team to prepare the Report.

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, Project Director and Md. Nurul Amin,
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Director (Admin and Finance), of the Department of Bangladesh Haor and Wetlands

Development.

We acknowledge with deep appreciation the co-operation by M/S Globe Survey Company in
carrying out the field survey works. 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.

H.S. Mozaddad Faruque
Senior Morphologist
And

Team Leader
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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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Study Team:

1. Engr. H.S. Mozaddad Faruque
Senior Morphologist and Team Leader
2. Sazzad Shahrior
Junior Morphologist
3. Rumman Adib
Junior Morphologist
4. Samia Jahan Chowdhury
Junior Morphologist
5. Abul Kalam Azad
Surveyor
6. Survey Team
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1 1% Technical Committee Meeting

1.1 Minutes of the 1% Meeting of the Technical Committee

The 1st Technical Committee Meeting of the Project ‘Model Validation of Hydro-Morphologic
Process of the River System in the Subsiding Sylhet Basin’ was held on 18" February, 2016
in the conference room of the ‘Department of Bangladesh Haor and Wetlands Development’
under the chairmanship of Mrs. Afroza Moazzam, (the then) Director General, Department of
Bangladesh Haor and Wetlands Development and the Chairperson of the Technical

Committee. The minutes of the meeting is presented below.
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1.2 Decisions of the 1st T.C. Meeting and the Responses

SL

Decisions of the 1st T.C. Meeting held on

18/02/2016

The following members will be co-opted in the

Technical Committee

1.

Representative of Director General,
Water Resources Planning Organization

72, Green Road, Dhaka

Director (Admin & Finance)
DBHWD

72, Green Road, Dhaka

Director (Wetlands), DBHWD
72 Green Road, Dhaka

Dr. Sabbir Mostafa Khan
Professor, Dept. of Water Resources

Engineering
BUET

Dr. M.A. Sattar
Former Dean, Faculty of Agriculture

BAU &

Former Head, Dept. of Environmental
Science

BAU

Chief Engineer, Hydrology
BWDB
72 Green Road, Dhaka

Due to certain constraints, it may not be possible
to extend the time period of the project. So, the

2. | Consultants will complete the project within the
time specified in PSP and adjust the workplan
accordingly.

The DBHWD will help the Consultants in
3. | bringing satellite images and data from different
organizations such as CEGIS, IWM.
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The DBHWD has taken action.

The consultants will try to
complete the project within the
time stated in the PSP.
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SL

Decisions of the 1st T.C. Meeting held on
18/02/2016

The CEGIS will be requested to send the data,
maps, satellite images etc., which were collected
during the preparation of “Master Plan of Haor
Area” to the DBHWD.

The data of the Hydrologic Stations of BWDB
established on the Surma and the Kushiyara rivers
will be used in the current project. The DBHWD
will request BWDB in this regard.

The Inception Report is recommended for
approval incorporating all the discussed
corrections.
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The DBHWD has taken action.

Action taken.

Thanks to the T.C. and the
DBHWD. Incorporating the
corrections, Final Inception
Report was submitted to the
DBHWD on 23/03/17.
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2 Monitoring Meeting

2.1 Minutes of the Monitoring Meeting

The Monitoring Meeting of the Project ‘Model Validation of Hydro-Morphologic Process of
the River System in the Subsiding Sylhet Basin’ was held on 23" June, 2016 in the conference
room of the ‘Department of Bangladesh Haor and Wetlands Development’ under the
chairmanship of Mr. Majibur Rahman, Director General, Department of Bangladesh Haor and
Wetlands Development and the Chairperson of the Technical Committee. The minutes of the

meeting is presented below.
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2.2 Decisions of the Monitoring Meeting and the Responses

Decisions of the Monitoring Meeting

SL held on 23/06/2016

Responses

The Monitoring Committee expressed their
1. | satisfaction about the procedure and | Thanks for the appreciation.
progress of data collection.

The consultants invited the Director
2. | General and Project Director to visit the @ -
survey works.
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3 2" Technical Committee Meeting

3.1 Minutes of the 2" Meeting of the Technical Committee

The 2nd Technical Committee Meeting of the Project ‘Model Validation of Hydro-
Morphologic Process of the River System in the Subsiding Sylhet Basin’ was held on 1%
March, 2017 in the conference room of the ‘Department of Bangladesh Haor and Wetlands
Development’ under the chairmanship of Mr. Majibur Rahman, Director General, Department
of Bangladesh Haor and Wetlands Development and the Chairperson of the Technical

Committee. The minutes of the meeting is presented below.
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3.2 Decisions of the 2nd T.C. Meeting and the Responses

Decisions of the T.C. Meeting held on

SL 01/03/2017 Responses

1 The_ physmal_ and financial progress of the Thanks for the appreciation.
project is satisfactory.
Due to c_ertaln constraints, the timeline of The consultants completed the work
the project cannot be extended. The X )

2. . . and submitted the (draft) Final Report
Consultants will try to complete the project on 01/06/17
within the PSP specified time. '
The members of committee can send their

3 written comments within the next 7 days. No written comments were received

" | The Consultants will reflect their comments '

in the (draft) Final Report.

" The Mid Term Report is recommended for Thanks for approval.

approval.

Representatives from IWM, CEGIS, BUET
5. [and JRC will be invited in the next  Action has been taken accordingly.
workshop/meeting of the project.

The applicability of the theoretical model in | Actions taken accordingly. A sub-

6. | the practical fields should be indicated in | section 8.3 Applicability of the Model
the Final Report. has been included.
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4  Workshop

A workshop on (draft) Final Report on “Model Validation on Hydro-morphological process of
the River System in the Subsiding Sylhet Haor Basin” was organized by the Department of
Haor and Wetlands Development (DBHWD) in association with M/s Prosoil Foundation
Consultant on 6th June, 2017 to disseminate and discuss the 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.

The proceedings of the workshop as well as the feedback from the stakeholders are given in

the following sections.
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4.1 Proceedings of the Workshop
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Workshop on (draft) Final Report
of
‘Model Validation on Hydro-morphological Process of the

River System in the Subsiding Sylhet Haor Basin’

6th June, 2017

Venue: WARPO Conference Room, Dhaka

Organized by:
Department of Bangladesh Haor and Wetlands Development
Ministry of Water Resources

Government of the People’s Republic of Bangladesh

In association with:

Prosoil Foundation Consultant
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Preface

The Department of Bangladesh Haor and Wetlands Development (DBHWD) appointed M/S
Prosoil Foundation Consultants for carrying out the study on ‘Model Validation on Hydro-
morphological Process of the River System in the Subsiding Sylhet Haor Basin’.

The study team submitted the (draft) Final Report of the project on 1st June, 2017. The Report
has 3 volumes, one Main Volume containing the main report and an Appendix and other 2
volumes containing 2 Appendices. Earlier the DBHWD distributed the report to the Technical
Committee Members, and other stakeholders including various Government organizations/

Departments.

The workshop was organized by the DBHWD in association with M/s Prosoil Foundation
Consultant on 6th June, 2017 to disseminate and discuss the report with stakeholders and

various experts.

Dr. Zafar Ahmed Khan, Senior Secretary, Ministry of Water Resources (MoWR) was the
Chief Guest. Mr. Md. Majibur Rahman, Director General, DBHWD chaired the workshop,
while Mr. Md. Humayun Kabir, Additional Secretary, MoOWR was the moderator of the
Technical Session. Mr. H. S. Mozaddad Faruque delivered the Key Note Speech.

The Proceedings contains the Key Note Speech as well as documentation of the lively

discussion of the workshop including the responses of the consultants.

We acknowledge with great appreciation Ministry of Water Resources and GoB for initiating
the project. We are grateful to Water Resources Planning Organization (WARPO) for helping
us to organize the workshop at the WARPO Conference Room. We thank the Chief Guest, Dr.
Zafar Ahmed Khan, for honoring the workshop through his presence and active participation
in the discussion. We thank Mr. Md. Humayun Kabir, Additional Secretary, MoWR for his

contribution.
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We also thank all the participants for attending the workshop. We are also grateful to the
members of different committees and other well-wishers for their encouragements and inputs

for the success of the programme.

ra
iy

’\::lp /"?J‘f \\:Y'.?"W
Mohammad Nazmul Ahsan H.S Mozaddad Faruque
Project Director fo%\_@ Team Leader

Md. Majibur Rahman

Director General, DBHWD
Dhaka, The 13% June, 2017
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Proceedings

A workshop on (draft) Final Report on “Model Validation on Hydro-morphological process of
the River System in the Subsiding Sylhet Haor Basin” was organized by the Department of
Haor and Wetlands Development (DBHWD) in association with M/s Prosoil Foundation
Consultant on 6™ June, 2017 to disseminate and discuss the 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. The list of the participants is given in

Appendix 1.

Dr. Zafar Ahmed Khan congratulated the DBHWD and the Consultant Team for conducting

the research project. He made some valuable opening remarks, which are:

e The opinions of the local people should be taken into consideration.
e All the future development activities should be based on scientific data/information and

research.

Taking participation in the discussion Dr. Umme Kulsum Navera, Professor, Department of
WRE, BUET, mentioned that a holistic approach needs to be followed in planning and
implementation of water resources projects. She re-iterated the need of scientific research

before taking any projects for implementation.

The Chair then requested Mr. H. S. Mozaddad Faruque, Team Leader to give a brief account
of the research findings. Mr. Faruque mentioned that the project has 3 components;

1. Validation of the Center for Environmental and Geographic Information Services
(CEGIS) Conceptual Model.
2. Collection of Sediment and Bed Material samples and their analysis.

3. Bank Line Survey of the River Surma and Kushiyara (150 km reach of each river).

Mr. Faruque further mentioned that during the preparation of the “Master Plan of Haor Area”
in 2012, the CEGIS conducted morphological studies of the rivers of the Haor area. During the
study the CEGIS developed a qualitative Conceptual Model on the evolution of the rivers of

the Haor basin. But that model was not validated.
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Under this study, the Conceptual Model was examined/validated from 3 perspectives:

1. Theoretical
2. Conventional Data Analysis and
3. Through Model Output

Two HEC-RAS 5.0.3 Models were developed, one for the Surma and the other for the
Kushiyara River. Five hypotheses were extracted from the CEGIS Conceptual Model and for
each of the hypothesis, validation criteria were developed. The hypotheses were examined
against these criteria. Detailed methods, analysis and findings have been presented in the
(draft) Final Report (consisting of 3 volumes). He specifically mentioned about the inadequacy

of data availability. The Chief Guest then gave some general guidelines:

e The BWDB should strengthen their Hydrology Unit and take regular hydrological
measurements.

e In the report, policy level recommendations should be made.

The Team Leader informed the workshop that the report has chapter on Major Findings and

Recommendations.

Then the Chief Guest requested the Team Leader to give a PowerPoint presentation of the

report. Mr. Faruque made a PowerPoint presentation of the report (Appendix-B).

After his presentation, an open discussion was held moderated by Mr. Humayun Kabir,

Additional Secretary, MoWR. The following participants took active part in the discussion:

e Dr. M. Mubarak Hossain, Professor, Department of Applied Mathematics, Dhaka
University

Comments/ Suggestions:

1. Hydrological data should be collected continuously to carry out any kind of
morphological study with accuracy.
2. The quality of data collection should be improved.
3. The report is highly appreciated. The research followed scientific approach. It
clearly spelled the findings of the research.
e Mr. Md. Saiful Hossain, SE, PFFC, Bangladesh Water Development Board (BWDB)

Comments/ Suggestions:
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4. BWDB is maintaining hydrological data in a scientific way. They have plan to
strengthen the Hydrologic Unit for which Government approval is required. It is
reported that some projects are/will be implemented by JICA funding.

5. If the height of the submerged earthen embankments around the Sylhet Basin is
increased or the earthen embankments are carpeted with brick or otherwise, it will
cause an adverse impact on the morphology of the Sylhet Basin. A study can be
taken up considering this issue.

e Dr. Anwar Zahid, Deputy Director, BWDB

Comments / Suggestions:

6. Whether any Geological/Morphological studies done for the rivers of the Haor
Basin?

7. The BWDB has initiated a project for collection of hydrologic data.

8. O&M funding will be required for continuous data collection.

e Dr. Maminul Haque Sarkar, Dy. Executive Director CEGIS
Comments /Suggestions:

9. When rivers enter into the Sylhet Basin, they behave differently. The sediment
discharge decreases near Bhairab Bazar.

10. The CEGIS has studied Subsidence in the Sylhet Basin. Although, social
evidence suggests there is no subsidence, but scientific study or literature reviews
suggest that there is subsidence of about 2-4 mm/yr.

11. The name of the author should be given in the reference for the book titled “Inland
Navigation and Integrated Water Resources Management, 2014”.

12. The CEGIS Conceptual Model is not a Mathematical Model rather a Quantitative
Model. CEGIS expects qualitative analysis of the said Conceptual Model.

e Mr. Mahbubur Rahman, Senior Assistant Chief, Planning Commission
Comments /Suggestions:

13. He wanted to know whether the recommendations/decisions of the 2nd Technical
Committee meeting have been incorporated in the (draft) Final Report or not.
e Mr. Md. Masud Alam, PSO, Water Resources Planning Organization (WARPO)

Comments /Suggestions:
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14. What are the validations done with? What are the assumptions? Which
assumptions were validated?

15. Prior to the model setup, was the morphology of the Surma-Kushiyara River
checked by studying their geology?

16. How much erosion/deposition will occur in future, how the morphology of the
river respond to any future change- was it analyzed? What was the bank erosion
pattern?

17.Was there any sediment model to know the sediment gradient,
upstream/downstream sediment condition etc.?

18. It is important to know how much sedimentation has occurred in the Haor basin
in the last decades and how this sedimentation is contributing in the recent flood
incidents.

e Mr. Md. Delowar Hossain Molla, Director, Soil Resources Development Institute
(SRDI)
Comments /Suggestions:

19. SRDI prepares Land Type Maps and updates them every 10 years.

20. How much sedimentation occurs in the Haor area?

21. The flood of this year in the haor areas deserves special attention and the causes
of flooding should be found out.

22. The recommendations made in the report are highly appreciated.

e Mr. Md. Sarafat Hossain Khan, Director General, WARPO

Comments /Suggestions:

23. Is the model ready for application after proper calibration and validation?

24. Is the model setup including the bathymetry correct? The results depend on the
accurate setup of the model.

25. A study should not be completed with limited or incomplete set of data. The
results generated from those types of dataset often give unrealistic results which
are eventually detrimental to the policy makers. The study could have been
stopped if there was lack of data and proposals could have been issued for further

data collection.
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26. What does it mean by Conceptual Model? The hydro-dynamics should be
explained clearly.

27. Proper gradient should be established first.

28. When bank full regime condition was mentioned, did it consider a bank full
condition with embankment or in a natural condition?

29. There should be further study on this topic as there are some data limitations so
the results can be applied accurately.

Mr. Md. Rezaul Karim, PSO, WARPO

Comments /Suggestions:

30. Accuracy of HEC-RAS model should be checked.
Mr. Gautam Chandra Mridha, Senior Specialist, Institute of Water Modelling (IWM)
Comments:
31. Why in the model setup, two ‘n’ values have been used for two different seasons
for the Surma River?
32. Whether Flood Depth Maps have been prepared.
33. Why HEC-RAS Model has been used?
34. Result of this model should be compared to the results from other models to check
the accuracy.
35. There are many rivers in the Haor Basin. A study considering all these rivers
could produce much better results.
Mr. Md. Nurul Amin, Director, DBHWD

Comments /Suggestions:

36. He cited examples of Barisal Irrigation Project (BIP) of the BWDB. The project
could not give desired results for different causes. Now some agricultural land
has been forced to be transformed to fish ponds. People should be motivated for
achieving desired goals.

Mr. Md. Majibur Rahman, Director General, DBHWD

Comments/Suggestions:
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37. He observed with much worries that in the Haor region, roads are being made in
east-west direction which can cause catastrophic consequences such as water
logging and change in the Haor characteristics.

38. Study can be taken up regarding this issue.

Mr. Humayun Kabir, Additional Secretary, MoWR, requested the Team Leader to give a

quick response to the comments and suggestions of the participants.

Mr. H.S. Mozaddad Faruque, Team Leader, thanked the Chair and all the participants for their

valuable comments and suggestions. He mentioned that the learned participants raised several

issues of the water sector particularly of the Haor Areas. He preferred to give response to the

comments/suggestions related to this project/report only.

He mentioned that:

1.
2.
3.

The Consultants have made recommendations for future studies (Chapter 11).

The recommendation chapter will be revisited to incorporate the suggestion/comments.
All the decisions of the 2" T.C. Meeting have been incorporated in the (draft) Final
Report.

Detailed study of the river morphology of the haor area, bank erosion pattern,
quantification of sediment, flood depth mapping etc were beyond the scope of the TOR
of the study.

The rational of using HECRAS Model has been adequately discussed in the Report
(Chapter 8).

The CEGIS Conceptual Model was examined/validated in the study.

The HEC-RAS Models developed under the study were also validated.

It was mentioned earlier that the CEGIS Conceptual Model was examined in 3
perspectives. During examination/ validation, some quantification of river
characteristics was made both in the case of conventional as well as model output.
However, the consultants had to carry out their study with the available data and
maintaining time schedule within the stipulated TOR framework.

Detailed explanations have been given on selection of manning’s n (in Sec 8.2.6.1.)
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He once again thanked the Chief Guest, the Chair, the Moderator of the open discussion session
and the participants. He also thanked different organizations for extending cooperation and
help to the study team. He thanked the DBHWD for cooperation and logistic supports. He
thanked CEGIS, WARPO, BUET, and IWM for allowing the Study Team to use their libraries.
He also expressed his gratitude towards the Ministry of Water Resources. He finally thanked
his Study Team for their hard work and dedication towards the study.

Mr. Humayun Kabir, Additional Secretary, MoOWR, thanked the participants, Consultants
and the DBHWD. He then handed over the floor to the DG, DBHWD for his concluding
speech. Mr. Md. Majibur Rahman, Director General, DBHWD, thanked all the participants.
He specially thanked the Consultants for timely completion of their tasks and submitting the

Reports. He then declared the following recommendations/decisions of the workshop:

1. The Consultant will try to incorporate the comments and suggestions while
finalizing the report.

2. The (draft) Final Report is recommended for approval

Then the Chair declared the closure of the workshop.

Enclosure:

1. Appendix A: Participants List
2. Appendix B: Power Point Presentation of the Report
3. Appendix C: Photo Gallery
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Appendix A

List of the Participants

Dr. Zafar Ahmed Khan, Senior Secretary, Ministry of Water Resources
Md. Humayun Kabir, Additional Secretary, Ministry of Water Resources
Mr. Md. Majibur Rahman, Director General, DBHWD

Dr. Md. Nurul Alom, Deputy Director, DBHWD

Mr. Mantu Kumar Biswas, Joint Chief, Ministry of Water Resources
S.M. Shahab Uddin Mahmood, Secretary, WARPO

Md. Delwar Hossain Akhand, Senior Engineer, SWHC, BWDB

Dr. Anwar Zahid, Deputy Director, BWDB

Mr. Md. Nurul Amin, Director (Admn. & Fin.), DBHWD

. Md. Mofazzal Hossain, member, Joint River Commission Bangladesh

. Mr. S M Feroz Alam, Director (Planning), WARPO

. Md. Abdul Hai, Accounts Officer, CAO Office, Ministry of Water Resources
. Mr. Md. Humayun Kabir, Additional Secretary, Ministry of Water Resources
. Dr. Md. Ruhul Amin, Director (Wetlands), DBHWD

. Md. Masud Alam, PSO, WARPO

. Dr. Umme Kulsum Navera, Professor, DWRE, BUET

. Mr. Md. Jahid Hossain Jahangir, Member, Joint River Commission

. Md. Aktarujjaman Khan, Auditor, CAO Office, Ministry of Water Resources
. Sharmistha Rani Dey, Super, CAO Office, Ministry of Water Resources

. Krishna Chandra Bhadra, Senior, Scientific Officer, WARPO

. Engr. Md. Anisur Rahman, PSO, WARPO

. Mr. Md. Jan-E-Alam, Deputy Chief — 2, Ministry of Water Resources

. Md. Delwar Hossain Mondal, Director, SRDI

. Dr. M. Mubarak Hossain, Professor of Applied Mathematics, University of Dhaka
. Mr. Md. Rezaul Karim, PSO, Monitoring & Evaluation Section, WARPO

. Nikhil Kumar Das, Deputy Chief, Agriculture Sector, PC

. Md. Mahbubur Rahman, Sr. Assistant Chief, Planning Commission, Ministry of

Planning

Dr. Md. A. Salam, Additional Director, FSW, DAE
Mohammad Aminul Islam, ACCP, Prosoil Depth.

Rokeya Sharmin, Assistant Engineer, BWDB

Dr. Maminul Haque Sarker, Deputy Executive Director, CEGIS
Md. Saiful Hossain, Senior Engineer, PFFC, BWDB

Goutam Chandra Mridha, SS, IWM

Dr. Aminul Haque, PSO, WARPO
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35.
36.
37.
38.
39.

40.
41.
42.
43.
44,
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Md. Ekram Ullah, PSO, WARPO

Engr. Md. Tanvir Akkas, AD, IMED

Halima Khatun, Senior Engineer, Hydrology Dept, BWDB

Md. Shamsul Islam, Managing Director, Prosoil Foundation Consultant
Engr. H.S. Mozaddad Faruque, Team Leader and Senior Morphologist, Prosoil
Foundation Consultant

Engr. Rumman Adib, Prosoil Foundation Consultant

Engr. Samia Jahan Chowdhury, Prosoil Foundation Consultant

Engr. Gokul Chandra Paul, Prosoil Foundation Consultant

Engr. Purnima Das, Prosoil Foundation Consultant

Engr. Sabrina Mehzabin, Prosoil Foundation Consultant
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Power Point Presentation of the Report

The (draft) Final report on
Model Validation on Hydro-morphological Process of the River System in the Subsiding Syihet Haor Basin

Volume 1. Main Report

Volume 2. Bank Line Survey Report

Volume 3, Analysis of Sediment and Bed Material Samples of the Surma and
the Kushiyara River
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Appendix B

Background

* 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 earlier.

* Under this study the model has been validated, which will be of great

benefit for the planner and the Government for implementation of the
development plans in the Haor areas.
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Study Area
« The general study area is the Sylhet basin,

lacated in the north-east hydrological one of
Bangladesh.

* The Surma and the Kushiyara rivers have
been studied for the validation of the CEGIS
Madel, A reach of 150 km each for both the
rivers starting from Kanaighat for Surma and
Shaola for Kushiyara have been eonsidered.

* The hydro-meteorclogy of the North East
Hydralogical Region ef Bangladesh is guite
different from other parts of the country.

* The region is a tectonically active area and
the rate of subsidence in this area is much
higher than the daeftaic-plains elsewtk in

Pk Bl g o epabnbost |

the counmtry. Literature review strongly Study Arsa
suggests that the rate of subsidence is 24
mmfyr.

Methodology

- - [ *- --a-
J

Flowchart

Mate: The and Y y WA il im th ion Report
P d by the technical i and the DEHWD.
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Objectives

* Enhance the k ige on hyd hel behaviar of the Surma and Kushiyara
rivers in the Sylhet basin,
* Validate the existing conceptual made! of CEGIS

Scope of Works

+ Review the literatures on evalution procass of rvers on especially on the north-sastern part aof
Bangladesh,

* Routine measurement of diseharge and sedliment coneentration in the Kushiyara and Surma
River at fixed sections which will cover one hydrologic cycle.

* Bank line survey n both the Surma and the Kushivara rivers which 1s 150 ke in each river.

* Secondary data collection, such as water level, discharge, cross sections, satellite images.

* Analyze the primary and secondary data for further elaborating and validating the existing
coneeptual medel for the evolution of the rivers in Haor zreas

+ Develapment of 1D Hydro-Oynamic Numerical Model (HEC-RAS) of the Surma and Kushiyara
rlvers.

* fAzzecs the applicability of the validated medel with the enh: d krowledge an p ling
physical processes of the rivers,

The Sylhet Basin

* Regional Physiographic Setting
* Old Brahmaputra Floodplain
* Jamuna (Young Brahmaputra) Floodplain
* Haor Basin
* Surma-Kushiyara Fleodplain
* Meghna Floodplain
* Northern and Eastern Pledmont Plains
* Northern and Eastern Hills
* Hydrological Setting
* Subsidence of Sylhet Basin
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Constraints and Limitations

* Primary data of stage, discharge and sediments were collected for only one
year

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

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

* |n 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
maonths (December, 2015}and had to complete the works within the
stipulated time,

Literature Review

Differsnt publications, reports, documents, policies, scts etc. have been reviewed by the resesrch team
In eeder 1o understand the complex chamcteristics of the morphological process of the North Eastern
Region. Seme of the notable docurments are:

= Momphology of Hadr Areas, CEGIS, 2011

= |nfand Mavigation and integrated Water Resources Management, 2014
Manuals of Different Numerical Models

= Master Plan of Haor Area, 2012

* National Water Management Plan, 2004

Reglonal Water Ik {FAP E), 1994
* Mathematical Modelling Study (Groundwater and Surtace Water) to Asses Upatilla Wise Surface
Water and Groundwater Rescurces and Changes |0 Groundwater Level Distribution due to
Withdrawal of Groundwater in the Stucy Area [Package-1), IWhi, 2013
ing & Tapographic Survey for \Watar Resources Management of
Chalan Beel Area Including Beel Halti Devslopment Progect, IWM, 2007




Assumprions:
1. The river reaches of the ugstream of the
Sythet basin are in Regime candition

2. Flood profile of the river fs assumed to be |

parallel to the bank fine
Hypothesis 1: The bankiull water level of the
channel in concern varies in the downstream
diraction. &t the upstream, it is high and
close to water level corresponding te annual
averags flood discharga.(Assumed : Mo
Sedimentation)
This implies that in most days in a year, the river
flaw is confined within the bank. On the other
hand, the bank full water level at the
downstream is much less and the overbank
flow occurs far several manths during the
maonsaon.
In the figure, LA, OB and C,Care the bankfull
discharge in the sections A-A, B-8 and C-C.

Walidation Criteria Hypothesis 2

+ Let us consider sections A, b and C located
from upstream to downstream direction.
I it is found that,
* Py
* doyrdua>dyc
. Wi W W,
Then the Hypathesis is accepted

* Where, A_,, A and A__are the bankfull
cross sectional area at section A, Band €
respectively,
dys, Ay @nd dy; are the bankfull water depths
at section A, B and C respectively. And
W, W, and W, are the bankfull width of
the section &, B and C respectively.
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CEGIS Conceptual Model

Final Report: Volume

Walidation Criteria Hypothesis 1

* ifitis found that at bankiull water level
o > Yo > ¥, then the hypothesis is accepted,

where ¥,, ¥y and ¥- are the bankfull water
levels at secticns A-A, 8-B and C-C
5 e ol

sections|.

* I it is found that months of everflow at
downstream is greater than that of the
wpstream then the Hypothesis 1 can be

(4} the fong profiie of the rver reach with the sectiens

AA, B-B and C-C and (B) & simpiied dischane

hydrograph shawing banidull waber imvels of difeent
reaches of the nver al thme 1,

It the figure, O,4, Q.8 and Q,C are the
bankfull discharge in the sections A-4,
8-8 and C-C d, d, and d_are the
waoter depths at the sections A-A, B-B
ond C-C. W, W, ond W, are the
channe! widths at the sections A-A, B-5
ond £-C.

CEGIS Conceptual Model

Hypathesis 3: The shallow depth caused to
increase the high gradient during the dry
season and thus increase the dry season
water |evel at the upstream.

{Considering Sedimentotion)

The processes of sedimentation on the long
profile and channel dimensions at different
reaches are shown in Figure.

in the flgure, Q A, QB and QLT are the

bankfull discharge In the sections A-A, B-B

and C-C. d,, d, and d_are the water depths
at the sections A-A, B-B and C-C. W,, W, and
W_are the channe| widths at the sections A-
A, B-B and C-C. d,’ and d " are the water
depths at sections B-B and C-C after
sedimentation.
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(4} the fong profiie of the rver reach with the sectiens

AA, B-B and C-C and (B) & simpiied dischane

hydrograph shawing banidull waber imvels of difeent
reaches of the nver al thme 1,
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Then the Hypothesis 3 can be

CEGIS Conceptual Model

Hypothesis 2: Decrease in the bankfull water
level at the downstream, however, indicates a
decrease in channel dimensions |.e. the width
and depth.(Assumed : No Sedimentation)

This might be the reason why the width of the
river decreases while it enters into the Sylhet
Basin as observed in the satellite images. Figure
shaws the channel dimensions without any
influence of sediment. From Figure, 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, Le. W >Wg>W_ and
d>0.ed,

Validation Criteria Hypothesis
3

« Iitis found that

a)The channel slope from
upstream to downstream
is greater in dry season
than that of the monsoon
season

biThere s backwater effect

It the figure, 0,4, Q.8 and Q,C are the
bankfull discharge in the sections A-4,
8-8 and C-C 4, d, ond d_are the
water depths ot the sections A-A, B-B
ond C-C. W, W, ond W, are the
channel widths at the sections A-A, B-8

and -C.

towards upstrearn

considered acceptad.

In the fgure, O, 05 and O are the barkful
disEnargs In the sactions A-f BB and C-C, 9, d, and 0,
are the water depths at the sections A-A, B-8 and C-C,

Wi, Wy and Ware the channel widths at the saciions
Ap, B8 and T-C. oy and d.° are the water depths at
sectinns B8 and C-C afber sedimentation.
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CEGIS Coneeptual Model

*Hypothesis 4: After several years/decades (at

time ta) as the river will be able to raise its b
levee and reach regime condition, the flood
fevel will be close to the bank level, Le ~1
bankfull water level will be the same along the
whole nver stretch, -

Hypothesis 5: At regime condition, the channel
dimensions will be nearly the same at the In the Rgure, Tk, G, snd GC sre the bankful
upstream  and  downstream  and MO gisehargs in the sectiars A-A, BB and OO, d,, 4,

sedimentation would be expected during =nd d.are the water depths at the ssctions A-6. BB
and C-C. W, W, and W, are the chaninel widths at
monsaon. the sertions A-h, B8 ane (-C.

Data Collection

* Data of the Surma and the Kushiyara Rivers
were collected from both the primary and
secondary data sources.

* Primary data includes the following:

* Routine Measurement of Discharge Instalied Water Lovel Gauge on the Siema
(monthly, in a fixed section) (DE01i2 B 1S} SMiL RN Bipis it

* Routine measurement of Sediment
Concentration (monthly, in a fixed
section)

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

* Bank line Survey (150 km in each river)

Iratated Water Level Gauge on tre Kushiyara
(Station 12: K-03) "
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Validation Criteria Hypothesis 4 and §

* If there is novariation in bank full water
level at different sections of the river
reach, the river is in regime (equilibrium)
condition,

If it is found that X-sectional areas at
different sections do not change fvary then
the river is in regime condition,

If there is no variation in sediment
concentration, then the river reach is in
regime condition.

If there is no variation in Median grain size
(D), then the river reach is in regime
condition,

Secondary Data Collection

Source BwDE Bwpe
. TEWDB 3 BWDHE
The Surma River e Foa
1985 to 2016 1986 t0 2016
The Kushiyara 4 BWDB 3 BWDH
River Stations Stations
1985 102016 198610 2016
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Appendix 1

CEGIS Conceptual Model

A simplified  diagram is
however, presented in Figure
for showing the spatial
variation of river gradient,
flood profile, bank profile,
riverbed profile, flow velocity,
sediment concentration, bed | _
| sizes  both in §

TR Pt L1 [

in the figure, 04, 0,8 and O,C are the bankfull
dischargs in The sectars A4 BB and GO o, 4,
arvd o are the water depths at the sections -4, BB
and C-C. W, W, and W, are the channe widths at
the sectiars Ah, B8 and 0L

BWDE UsSGS

47 Stations Newvember, 2015
2009, 2011, anid Decermbes,
2013 and 2014 2015

15Stations  November, 2015
2004,2006,  and Decemnber,
2008 and 2010 2015

monsoon and dry seasonof a | P =
river, which s approaching ‘g;f“ T e e eaa
towards regime conditions =E_ vy oro > <o 3
after its Ision into the
Sylhet Basin.

Historical Data Analysis
* Historical data {cross-section, water level and
discharge) analysis has been done far both
the Surma and the Kushiyara rivers
* For the Surma:
* Cross-section at RM538 and RMS10
* waterlevel and discharge at SW 266, SW |
269 |
+ For the Kushiyara;
* Cross-sectionat RMKUS12 and RMKUS1T |
* water level and discharge at SW 173, SW |
1755

LS

Cruss-section Stations




Analysis of Secondary Data

Historical Data Analysis

The Surma River
Cross section
The cross section data have been analyzed
for the years 2009, 2011, 2013 and 2014
Crass sections at upstream and downstream
sections have been plotted.

Analysis of Secondary Data

Historical Data Analysis
The Surma River

Discharge Hydrographs

Discharge hydrographs for each of
the three sections on Surma have
been plotted for 2010-2015,

Similar Data Anzlysis has made
for the Kushiyara River,

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

Lo Sectinn Anhysis of 414 (sl |

Dischargs Hydrograph of SW266 for 2005

|l| |
NELAER R R

of i i
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Historical Data Analysis s

The River Surma (at Upstream) o

The cross sections are taken at the upstream boundary, RMS38.|
The data at this station are available for the years 2011, 2013|
and 2014,

After plotting the cross sections, it is
observed that the shape of the lefi bank
of the river remains almost same
threughout the period. The main channel
is gerting narrower. At the right bank, the
channel geis wider throughout the years. [
This Implies that the river bank is shifting e
towards the north. '

BiM}

" Campansan of Crom Sections al RY538 on the Sunma

Data Analysis
Analysis of Secondary Data

River data analysis
The Surma River

Upstream (RS38)

Water Level:

Comparisan of Average Water Level
of luly from 1996 to 2016 has
made,

Similar analysis has made for the

downstream (RS 11) of the Surma

river Campartson of Avsrags Yeacer Leved, the Surma | 1996-2018)
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Historical Data Analysis
The Riwer Surma (at Downstream)

The cross sections are taken at the downstream boundary,
RMIS10. The data at this staticn are available for the years

2008, 2011, 2013 and 2014,

After plotting the cross sections, 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
Egats wider in 2014 which implies

that the right bank is maoving |

towards the north-east.

Analysis of Secondary Data
Historical Data Analysis

The Surma River
Welocity Analysis

# There are 3 discharge stations on
the Surma River (SW266,
Kanaighat, SW267, Sylhet and
SW265, Sunamganj].

= The average velocities of Monsoon
season and dry season for the last
2D years (1996-2016) have heen
plotted.

oy et ks anm T 090
DUATACE PO LE

Coimpr oy of Crose Sectivew of RASIV o0 e Sy

Fig. (aweraga) velocity Analysss, The Summa, {1996-2015)
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Primary Data Analysis

Analysis of Primary Data carried out for both the Surma & the Kushiyara

#Analysis of Sediment concentration
» Median grain size and

#Bank Line Survey

Bank Line Survey

Bank line survey of both the
sides of the rivers were
carried out by Total Station,
GPSand Automatic Level
The detailed Report is
presented in Volume 2

Voo Koshiyara Bacakon, Jarss ey 2647
N frow O a 11+ 0.5 kar)
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- Cone T

# Sediment concentration samples of
both the Surma and the Kushivara
were collected in three selected H |
seasons (Dry, Pre-monsoon and i 4 -
Mensaon). Gl <

= The sediment concentration has been e
determined at the Prosail Laborataory -.
by using the ASTM Standard Test
Methad D 3977-97 e St R e

# The detailed Report is presented in
Volume 2

Figes .72 8 i

Model Setup
Selection of Model

= Two most commonly used one-dimensional modeling tools are HEC-RAS and MIKE11. The

other models which are also widely used are Delft20 and Delft30 EM

= In this study, the model will be used only for validation of the CEGIS Conceptual Model in
a gualitative way. Hence, a user friendly model, requiring data on water level, discharge

and sediment concentration has been chosen,

= HEC-RAS 15 available for download for free of charge. MIKE 11 on the other hand, 15 high in
cost. The Budget of the project does not include any separate cost for purchase of a

maodelling software
+ After thorough evaluation, HEC-RAS 5.0.3 Model developed by US Army Corps of

Engineers has been considered far camying out the study The HEC-RAS system cantains
four one-dimensional river analysis components for:

= Steady flow water surface profile computations;

= Unsteady flow simulation

* Movable boundary sediment transport computations; and

* Water quality analysis
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Median Grain Size

# The bed material samples have been in
the Procoil Labomtery to determing the Median
Graln Size {Dy) values for both the rivers

# The Median Grain Sire has been determined at the
Prosoil Laboratory foflowlng the ASTM Standard
Test Method O 42-63.

» The detalled Repoet is presenced in Volume 3

Model Setup

Collection of Satellite Images

* 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 from United States
Geoiogical Survey {USGS)

* These images are of 30mX30m
resolution and dated from 30"
November, 2015 to 16" December,
2015,




Model Setup
River Schematics

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

* For the Surma river, a total
reach [ength of 179.36 km —n
has been considered | ==
starting from Kanaighat |
(BWDE statian: SW26E] ta
Sunamgan (BWDB station:
SW264].

* The river schematic setup
of the Surrma River has
been completed

The Surma River Schematic in HECRAS Geometry Editor

Model Setup:
Boundary Conditions
Upstream Boundary Condition: The Surma River

= For setting up an unsteady hydrodynamic
model, a flow hydrograph of discharge
versus time has been considered as
Upstream Boundary Conditian,

= In case of the Surma River, Kanaighat
(5W266; Lat. 25,0047, Long, 52.270%) is the
upstream discharge station,

* Flow (discharge) hydrograph of the year
2013 of Kanaighat station has been used as
Upstream  Boundary Condition for the
Surma River,

Flow Endragrapi (0 ve Mondl af sicon ST 266 an
The Sema Rivr

Model Setup

Cross Section Geometry
The Surma River:
* Cross Sections collected frem the

BWDBE have been used to setup the
geometry of model.

* BWDEB cross sections from RMS38 10

RMS1E {total 29 cross sections) were
wsed o set up the medel geometry of
the Surma River.

Rating Curve

* These cross sections are of year 2013,

= BWDE collects cross sections at an |
interval of apprewimately Ekm. So
reach lengths of 6km have been used

Model Setup:

The Surma River

A rating Curve has been plotted for
monthly average data of 20 years [1995-

2014} for upstrearn section of the Surma ’ -
river, Kanalghat (SW 266) end the equation o

bacomas

(7= 13.845(4-3 8]
Mow using this equation, the daily discharge
data with respect to daily stage data were

~ Habing curm 3t upsteam Karaighat WSS of the burma fiver

calculated and used in the madel,
“Similarly, a rating curve at downstream
atation [SW 269) hes been plotted and the

In this model.

.-f.

Fiwr Surw €'rons Section, RAMSSS Tee Surow Cross Sectae RAS
2010 (eI

Model Setup:
Boundary Conditions

D eam y Conditi:
The Surma River

*A stage hydrograph of water
surface elevation versus time was
used as the downstream boundary
condition,

*For the Surma river, Sunamganj
Statlon (SW269; Lat. 25.071°, Long.
91.410°) is at the downstream end
of the Model,

*Stage hydrograph of the year 2013
of Sunamgan| station was used as a
Downstream Boundary Condition,

V-1:307

b Ny
eV

Stesge Fivelrograph (L ve Monh) ot siation S 269 cot
The Surnia River

¢'= 11.62({4-1.5) %%
MNow using this equation, dally stage data
with respect to the daily discharge data wers
ealeulated and used inthe madel.

Madel Setup:
Calibration of Model: Done for the year 2013
The Surma River

= For Mannings n value of 015, tha mavimum dnvianan |
betwesn the sheeryed water lavel and the Simulated water |

lewel in wet s2ason (May Lo Octoberk was 24.5% {250 ¢m) and
In dry season (November o Apal} || 18% (56 cm),

¥

Surma river
Whan the ‘n* value was changed from 0.019 te 0.020, & vary
will callbestad gragh for dry sawson was chiseved. Bit n

W

cave of wel seeon lage saristion (4105 (4 120 om)|
between the Smulated and Observed water lewel k|

o e

¥

1F the point of intenest 15 tha dry sasien Fow (Nov-sonll, n
value ¢10.020 may be
I this sty for madsl
adaried 33 19 i3 the Dest
Inare st wvas The ban

ki

mulation ‘n* value of 0,019 has been

isch

e

Ralfng riire f dowmdiean Sandmgan] [SWEE] oT the Sarma fet

[ TR
0= ;;,H.n_p..

which can claim that the model |5 well call brated Tor the |

For the 3urma if the paint of interest is the wel season flow |
[May-Oct), ‘n” value of 0.01% may be used, on the other hand |

hHEN il the ssasang, aRd the

Caibration of the 5uUnma Rrver for ' vala 0020
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validation af model : Far the Surma dane for the year 2014

The Surma River

The maximum deviation between the
observed water beval and the Simulated wataer
level In wet season (May to October) i $6%
260 em} and in dry season (Movember to
April)is £20% (255 cm),

Which shows that the model s well validated
for simulation of the water level of the Surma

rives,

Vabidatanof the Surma Riuer

Hypothesis 2: Conventional Analysis (the Surmariver)

|Eindings

+ The bankfull water level decreases in the
downstream direction.

+ There are changes of channel ares but the
change shows scattered pattern. The crend
line shows sllght Increase In area towards dffs
{R=0.017], which Is not statistically
significant, This contradicts the Hypothesis

= There are thanges of average depth. But the
changes show a scattered pattern, The trend
line shows a decrease In depth towards
downstream. the trend |ine
significant, This is in line the Hypothesis

= There is change of top width, but it shows a
scattered pattern, However the trend ling
shows slight increase towa rds downstream
{R=10.306}. Thiz contradicts the Hypothesiz

ot statistically

o

Fig: Charnel dres vs Chainage Plot far the Surma River
(2003)
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Hypothesis 1 :Conventional Analysis (Surma River)

* The bankfull water levels at the
downstream sections of the river
reach are always lower than the
bankfull water levels at the upsteam
sectians of the river reach,

Leve| of the {2009)

Hypothesis 2: Model output (the Surma River)

= Among the 28 cross sections of I T
the rver surma callbretions vl v e D
were done for 5 stations namely, . -
Rs 38, RS 11, AS 26 and A5 20. r 2

* The HECRAS mode| generated Vbl “ V= 1 e
bank full water lavels and cross i |iw ; > 4
sectional #rea of these Stations
are shown,

Findings:
* The bank full areas showa

scatterad pattern for 28
Cross sections , however

the trend line shaws slight
increase fram dfs to ufs.
This contradicts the
Hypathesis

Fig: Bark Rill Area vs Channed Distance
far 28 Statnnzof the Surma (2014}

V-1:308

Fig: Bank full Area ve, Channel
Distance for Sulocted 5 Stationsal the
Surma (2014}

Hypothesis 1 :Model Output Analysis (Surma)

* Simulation was done for July 2014 and Bl AL tha
resulting bankfull water levels at rim
upstream (section RS 38), at downstream | K e
(RS 11) and three intermediate stations | o~ :

at RS 21, 26 and 20 have been observed,

* The bankfull water levels atthe
downstreamn sections of the river reach 1
are always lower than the bankfull water 1 e
levels at the upsteam sections of the
river reach

FigtBankfull Watar Leval us Chanmel
Distance of the Surma (2014)

Hypothesis 2: Model output (the Surma river)

‘When only 5
S1ations were
considered, there n
Iz 2 decreasing
trend towards
downstream but in
case of plot for all
the 28 stations, the
trend is increasing.
Hence it mayba
conclyded that the

WA el Dzt T vl

" @

changes of tep

widdths are of

Fig:Tap Width vs Channe! Distance for 28

Flg:Top W difius Channel Distance o

uations of the Surma (2004}

Selected 5 Statkor of the Suma (204}
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Hypothesis 2: Model output (the Surma River)

5

* The trend line
shows &
change of the
average depth
along the
channel length
an increasing
trend towards

terenge Srnim Chare

upstream.

* Thisis in line
with the
Hypathesis

Fig:Avara go Dapth us Chanrsal Dista nea fr
2B Statiansd the Surms [2014]

Fig: Awerage Depth vs Channel Dissanes for
Gelucted 5 Station af the Susma (2014)

Hypothesis 3:Model Out put (the Kushiyara River)

|* Bed leve! gradatiens
for the two seasons
{Dry and Monseon)
are presented |

Findings

* In most cases the dry
season bed level
gradient is greatar
than that of the
MENSCON SEas0n.

It bnrin £l b s s 1 B
- = 'S
e y
pa - :
A
I
, E— ;
(ome S ; Py
=1 5 =

* Sa Hypathesis 3 ean
be considersd as
astahl ished,valldated
from the consideration |
of bed level gradient.

Fig-houerage Bed Leve| Gradient Geaph
for Mensoon Seasan of the
Fushivara(20L2}

Fig-Average Bed Level Gradient Graph
fiar Dry Season of the Kushiysraiziiz)

Hypothesis 3:Conventional Analysis (the Surma River)

Conventional Analysis

Babir : Wirter (lepth and Witer ievel (racdent for the Surma, Hi13

Hypothesis 3:Model Qut put (the Surma River)

* The monsoon season water level e cEoTi
gradient and dry season water | 1 peem) ped e ORI i
level gradient are shown in the Iy | Statius fenyem)
Table. Mansasn | ry woasnan | oy | YTy

= Assumption: Forsimplicityitis ~ [SWase 1137 43 241 &m P
assumed that WL gradient and Swrae |28 2z mm (s | | oazs
Bed level gradient are samefor [ P28 |7 Ll e Zehl AT B
two Successive saections EW2Ed £ .J.lﬂ | 14 | LI | 254 U:EGHJ 00872

- A W20 i o1 L2-=3 14 | aalue 01121

reaches

The dry season water level gradient is greater than the monsoon season gradients in 3

* However in ene reach dry season gradient is slightly lower than that of the monscon season

under the above ower simplifisd assum pticn

The 2nalysis suggests that the Hypothasis 3 can be validated/established for the Surm 3 River

Hypothesis 4 and 5:Conventional Analysis (Surma River)

Conventional Anahysis

Eindings:

* The trend of change in
sediment concentration from
upstreans to downstream in LT
the Surma river does not [ |
follow the hypothetical trend | | 1 o
af regime condition as i
described In the Conceptual
model

* The trend ling of change in s "

sediment concentration is " ey ]

o 2 o

rather opposite to which is
described in the eanceptual
madel

Fig Anafysivof Sediment

* This clearty shows that the
Surma river [s not in regime
condition
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Concentration of the Surma
Yarusry 2017, Dry Seasan)

Fig- Analysis of Sediment Soncentration
af the Surma {Aeril 2017, Pre Mansean
Leazon)

Findings:

Bed lauel gradients | S Low b Doy vt e, 2038 D

for the two seasons
(Dry and Monsoon| o
are presented .

Bed slope at both the
seasons are almast ' " :
SEME. ¥ E H

The Hypothesis 3 o
could not be s
established/validated
far the Surma fram
bed level slope
consideration,

Fig: Bed Leve| Gradisnt Graph far Dey
Saws0n of the Suimal 2004}

Fig: Bed Leved Gradwent Graph
forAonzaon Saason of ths Surmal2i1d)

Hypothesis 4 and 5:Conventicnal Analysis (the Surma river)

| Conventional Analysis
| Findings:

* The Median Grain Size aleng the
river course shows a scattered
pattern.

|* In both the seasons the median
grain size value is decreasing in
tha downstream sections,

|* It confirms that the river Surma is
netin regime condition

W owt o | e WP e

FIR: Analysis of Bed Matorisk of the Surma ruer (lanury
2047, Dy seas on|

Fig: Anaysis of Bed Material of the Sunsa fver [Age
ST P Mstenan aieen)
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Hypothesis 4 and 5:Model output (the Surma River)

* The bankfull water levels at different sections are different. The bank level
at the d/s sections are lower than the average flood level {Hypothesis 1).

* There are variations in X-sectional Areas, width and depth {Hypothesis 2).

* There are variations in the sediment concentration{Conventional analysis
far Hypothesis 4 and 5).

*+ There are variations in the silt size (Dy;) concentration{Conventional
analysis for Hypothesis 4 and 5).

* For the above observation it may be concluded that the Surma river is not
In “Regime" condition.

* Similar analysis had also been done for the Kushiyara river,
* The Kushiyara river is nat in “Regime” condition

Scenario Generation

The Surma River
Changes in Discharge:

The changes in discharge for Scemario 1
and 2 along the cross section can be
visible fram the foliowing plots.

Under Scenario 1 when peak discharge
Increases at upstream, there is increase

in simulated discharge at downstream
[+20.25% at RS38 and +35.80% at Rs 20)
Under Scemario 2 with decrease of peak
discharge at upstream, there is
decrease In discharge at the
downstream.(- 15.17% at RS 38 and
-7.88% at RS 20)

N T ] e e T R T e
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Scenario Generation

Due to impact of Global climate change or in a very wet year the discharge at
the ufs may increase. Similarly, for a very dry vear or withdrawal of upstream
water the discharge at the u/s may decrease. Two scenarios were generated
using the HEC-RAS Madel 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/fs
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.

Scenario Generation
The Surma River
Changes in Water Level:
The changes in water level for Scenario 1 and 2
aleng the eross section can be vigible from the |
following plots. i
# UnderScenario 1 when peak discharge
Increases at upstream, there is increase in £ ponfsiieel
simulated water levels at downstream Whitr Lovel vaTRamares Fou the Sures (4 Boemria |
(+ 11.06% at Rs 38 and B.1E% at R5 20). Asa B T
result, new areas are flooded and In ather T R
places flood depths increase.
~ Under Scenaria 2 with decrease of peak
discharge at upstream, there is decrease in
water level at the downstream (-6.83% at Rs : x 18R}
38 ancld. 20% at RS 20). As a result, fload s by

Wt el (3 Ch

s

& Wb Level v Lt farthe (20041 S 1 .,
reduction is observed s e e
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Scenario Generation

The Surma River

Changes in Cross Sectional Area:

The changes In area of 28 cross
sections along the channel for Scenario

1 and 2 can be observed fram the
following plots,

Under Scenario 1 when peak discharge
increases at upstream, there is increase in
simulated cross sections at downstream
|+17.87% at RS38 and +11,75% at Rs 20)
Under Scenario 2 with decrease of peak
discharge at upstream, there 1s decrease in
cross section at the downstream. (- 10.76%
at RS 38 and - 5.51% at RS 20

n

Aren e Datress Sor fhe beman (2044 T 5 cemnn 2

Major Findings

1 The analysis canfirms the acceptability of Hypothesis 1 for both the Surma and the
Kushiyara rivers.

2. The Hypothesis 2 could not be (conclusivelyjestablished fvalidated.

Forthe Surma and the Kushiyara it may be concluded that, the bank full water
levels at the downstream decrease , guentlythere 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
downstrearn direction.
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Major Findings

3. The Hypothesis 3 may be established/validated for the Kushivara but not for the

Surma,
[1). From canventional analysis:
Hypotheses 3 may be considerad as it d/validated for both the Surma

and the Kushiyara rivers.

[2)Fram Model output:
#~From the analysis of seasonal vanation of the Bed level gradient, it is
observed that bed level slopes are almost same at both the dry and
monsoon seasons. Hence Hypothesis 3 could not be established/validated
fior the Surma.
#Forthe Kushiyara from the analysis of bed level gradient, the Hypothesis
3 can be considered as established/validated.

* Model Hydro- h | Process of
" the River 378 sdine Sylhet Haor Basin
(Draft) Final Report, June 2017
Submitted for Approval

of the (Draft) Final Report
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Major Findings

4. Hypotheses4 and 5 relate to the hypothetical Regime Condition” of the river,
The analysis clearly demaonstrates that the Surma and Kushiyvara rivers are not
in ‘Regime  Condition’. 5o the hypothesis could not be confirmed fvalidated
through the model output.

5. But since the ‘Regime Condition’ is 2 theorsetical condition of a river, the validity
of these two hypotheses |4 and 5) can be accepted on Theoretical explanation
basis {details given In Sea 5.6).

6. Under Scenario 1, when Peak discharge increases [20%) at upstream, there are
increas e in simulated cross sections, discharges and water levels at downstream,
Caonsequently, new areas are flooded and in other places flood depth increase.

7. 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 s sbserved
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1,

Recommendations

Through the validation of tha CEGIS conceptual Model, the study has contributed
towards enhancement of knowledge on hydro morpholegical process of the two major
riveds, plannars and Governmaent may use this for the 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

depasition, 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 behaviour of the rivers of the Haor region

. Flner resolution satellite images she uld be ecllected for understanding of the shifting of

the rivers.

. Some permanent sediment and bed material collection stations should be established

both on the rivers Surmaand Kushiyara.

. Arautine program of bathymetric survey for the twe rivers may be taken up. The survey

should be carried outin 4 seasons (namely, Pre monsoon, Menscen, Post monsoen and
Dry).
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Appendix C

Photo Gallery

Figure 1: Dr. Zafar Ahmed Khan, Sr. Secretary, MoWR and chief guest delivering his speech
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Figure 3: Participants of the workshop
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Figure 5: Dr. Zafar Ahmed Khan, Sr. Secretary, MoWR discussing the report with the participants
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Figure 6: Dr. Anwar Zahid, Deputy Director, BWDB taking part in the open discussion.
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Figure 7: Md. Mahbubur Rahman, Sr. Assistant Chief, Planning Commission taking part in the open

discussion
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Figure 8: Md. Delwar Hossain Akhand, Senior Engineer, SWHC, BWDB taking part in the open

discussion
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Figure 9: Md. Humayun Kabir, Additional Secretary, MoWR taking part in the open discussion
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Figure 10: Dr. Maminul Haque Sarker, Deputy Executive Director, CEGIS taking part in the open

discussion
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Figure 11: Mr. Md. Nurul Amin, Director, DBHWD taking part in the open discussion
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Figure 12: Mr. Md. Majibur Rahman, DG, DBHWD and chair of the workshop delivering the
concluding speech
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Figure 13: (Front Row from left) Mr. H. S. Mozaddad Faruque, Team Leader, Mr. Md. Majibur
Rahman, DG, DBHWD, Dr. M. Mubarak Hossain, Professor of Applied Mathematics, University of
Dhaka, Dr. Maminul Haque Sarker, Deputy Executive Director, CEGIS, (Back Row from left)
Purnima Das, Junior Morphologist, Prosoil Foundation Consultant, Gokul Chandra Paul, Junior
Morphologist, Prosoil Foundation Consultant, Rumman Adib, Junior Morphologist, Prosoil
Foundation Consultant, Mr. Mohammad Nazmul Ahsan, Project Director, Mr. Md. Shamsul Islam
(Probal), Chief Executive, Prosoil Foundation Consultant, Dr. Md. Nurul Alom, DD, DBHWD, Dr.
Anwar Zahid, Deputy Director, BWDB, Samia Jahan Chowdhury, Junior Morphologist, Prosoil

Foundation Consultant and Sabrina Mehzabin, Junior Morphologist, Prosoil Foundation Consultant
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Figure 14: The Consultant Team
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4.2 Feedback from the Workshop

Comments/suggestions of the participants of the Workshop on (draft) final Report on “Model
Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor

Basin” and the Responses of the consultants:

Comments/ Suggestions

Responses

Dr. Zafar Ahmed Khan, Senior Secretary, Ministry of Water Resources (MoWR)

1. The opinions of the local people should
be taken into consideration.

General guideline

2. All the future development activities
should be based on scientific
data/information and research

General guideline

3. The BWDB should strengthen their
Hydrology Unit and take regular
hydrological measurements.

-General guideline
-Recommendation has been made
Sec 11.2 (sl 2)

4. In the report, policy level
recommendations should be made.

The report contains a chapter on Major
Findings and Recommendations

Dr. Umme Kulsum Navera, Professor, DWRE, BUET

5. Holistic approach needs to be followed
in planning and implementation of water
resources projects.

General guideline

6. Scientific research should be carried out
before strting any project and
implementation.

Recommendation and scientific research
have been made
Sec11.2 (sl 1,2,3 and 4)

Dr. M. Mubarak Hossain, Professor, Department of Applied Mathematics, DU

7. Hydrological data should be collected
continuously to carry out any kind of
morphological study with accuracy.

Recommendation has been made
Sec 11.2 (sl 2)
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Comments/ Suggestions

Responses

The quality of data collection should be
improved.

A general concern

The report is highly appreciated. The
research followed scientific approach. It
clearly spelled the findings of the
research.

Thanks for Appreciation

Mr. Md. Saiful Hossain, SE, PFFC, BWDB

10.

BWDB is maintaining hydrological data
in a scientific way. They have planned
to strengthen the Hydrologic Unit for
which Government approval is required.
It is reported that some projects are/will
be implemented by JICA funding.

-General information

- Recommendation has been made
For collection of Hydrological data
Sec 11.2 (sl 2,3,4)

11.

If the height of the submerged earthen
embankments around the Sylhet Basin is
increased or the earthen embankments
are carpeted with brick or otherwise, it
will cause an adverse impact on the
morphology of the Sylhet Basin. A
study can be taken up considering this
Issue.

A general concern

Dr.Anwar Zahid, DD, BWDB

12.

Whether any Geological/Morphological
studies done for the rivers of the Haor
Basin?

Detailed study of the river morphology
of the haor area was beyond the scope of
the TOR of the study.

13.

The BWDB has initiated a project for
collection of hydrologic data.

-General information

14.

O&M funding will be required for
continuous data collection.

A general concern
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Comments/ Suggestions

Responses

Dr. Maminul Haque Sarkar, CEGIS

15. When rivers enter into the Sylhet Basin,

they behave differently. The sediment

discharge decreases near Bhairab Bazar.

-General information

16.

The CEGIS has studied Subsidence in
the Sylhet Basin. Although, social
evidence suggests there is no
subsidence, but scientific study or
literature reviews suggest that there is
subsidence of about 2-4 mm/yr.

-General information

- The Report also mentioned (referring
literature review) the subsidence of 2-4
mm/yr

17.

The name of the author should be given
in the reference for the book titled
“Inland Navigation and Integrated
Water Resources Management, 2014”.

Has been incorporated
Ref. no 19

18.

The CEGIS Conceptual Model is not a
Mathematical Model rather a
Quantitative Model. CEGIS expects
qualitative analysis of the said
Conceptual Model.

It was mentioned in the report that; the
CEGIS Conceptual Model was examined
from 3 perspectives. During
examination/ validation, some
quantification of river characteristics was
made both in the case of conventional as
well as model output.

Pl see Ch-9

Mr. Mahbubur Rahman, Senior Assistant Chief, Planning Commission

19.

Whether the recommendations/
decisions of the 2nd Technical
Committee meeting have been
incorporated in the (draft) Final Report
or not.

All the decisions of the 2" T.C. Meeting
have been incorporated in the (draft)
Final Report

Mr. Md.MasudAlam, PSO, WARPO

20.

What are the validations done with?
What are the assumptions? Which
assumptions were validated?

-The CEGIS conceptual Model was
validated/ examined.

-The details have been givenin Ch 5
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Comments/ Suggestions

Responses

21.

Prior to the model setup, was the
morphology of the Surma-Kushiyara
river checked by studying their

geology?

Detailed study of the river morphology
of the rivers were beyond the scope of
the TOR of the study

22.

How much erosion/deposition will
occur in future, how the morphology of
the river respond to any future change-
were they analyzed? What was the bank
erosion pattern?

Detailed study of the river morphology
of the haor area, bank erosion pattern,
quantification of sediment, flood depth
mapping etc were beyond Detailed study
of the river morphology of the haor area,
bank erosion pattern, quantification of
sediment, flood depth mapping etc were
beyond the scope of the TOR of the
study

23.

Was there any sediment model to know
the sediment gradient,
upstream/downstream sediment
condition etc.?

The HECRAS model developed under
this study was given run to find the water
level gradients and bed level gradients
during dry and monsoon seasons. Pl see
Sec 9.3.2

24.

It is important to know how much
sedimentation has occurred in the Haor
basin in the last decades and how this
sedimentation is contributing in the
recent flood incidents.

-A general concern
- It was beyond the scope of the TOR of
the study

Mr. Md. Delowar Hossain Molla, Director, SRDI

25.

SRDI prepares Land Type Maps and
updates them every 10 years.

-General information

26.

How much sedimentation occurs in the
Haor area?

It was beyond the scope of the TOR of
the study

27.

The flood of this year in the haor areas
deserves special attention and the causes
of flooding should be found out.

A general concern

28.

The recommendations made in the
report are highly appreciated.

Thanks for Appreciation
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Comments/ Suggestions

Responses

Mr. Md. Majibur Rahman, Director General, DBHWD

29.

Roads are made in east-west direction in
the Haor Area, which can be
catastrophic as it will change the Haor
characteristics.

A general concern of the Haor Region

30.

Study can be taken up regarding this
issue.

The Department of Haor and Wetlands
Development may take up a project

Mr. Md. Sarafat Hossain Khan,

Director General, WARPO

31.

Is the model ready for application after
proper calibration and validation?

To validate/ examine the CEGIS
conceptual model, HECRAS models
were developed. The models were
calibrated and validated. PI. see Ch 8

32.

Is the model setup including the
bathymetry correct as the results depend
on the accurate setup of the model?

The consultants developed the HECRAS
Model with very limited data. It has been
mentioned in the Recommendations for
updating the model and also for detailed
bathymetric survey. (pl. see Sec 11.3)

33.

A study should not be completed with
limited or incomplete set of data. The
result generated from those types of
dataset often gives unrealistic results
which are eventually detrimental to the
policy makers. The study could have
been stopped if there was lack of data
and proposals could have been issued
for further data collection.

The consultants had to carry out their
study with the available data and
maintaining time schedule within the
stipulated TOR framework and scope of
study.

34.

What does it mean by Conceptual
Model? The hydro-dynamics should be
explained clearly.

Detailed explanation/elaboration has
been given in Ch 5
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Comments/ Suggestions Responses

35. Proper gradient should be established at

first. It is because high gradient Water level and Bed level Gradient
increases the velocity which eventually | analysis has been given in Sec 9.3
results in low sediment flow and vice

versa.
36. When bankfull regime condition was
mentioned, did it consider a bank full Natural bank full condition was
condition with embankment or in a considered

natural condition?

Recommendation has been made to take
up a project on Morphological study of
the rivers of the Haor area.

Sec11.2 (sl 7)

37. There should be further study on this
topic as there are some data limitations
so the results can be applied accurately.

Mr. Md. Rezaul Karim, PSO, WARPO

38. Accuracy of HEC-RAS model should be | The model has been calibrated and
checked. validated. The results are given in Ch-8

Mr. Gautam Chandra Mridha, Senior Specialist, WM

Detailed explanations have been given
39. Why in the model setup, two ‘n’ values | on selection of manning’s n (in Sec
have been used for two different seasons | 8.2.6.1.)
for the Surma River?

40. Whether Flood Depth Maps have been | It was beyond the scope of the TOR of
prepared. the study

The rational of using HECRAS Model
has been adequately discussed in the
41. Why HEC-RAS Model has been used? | Report (Chapter 8).

42. Result of this model should be
compared to the results from other This can be done in some future studies

models to check the accuracy.
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Comments/ Suggestions

Responses

43. There are many rivers in the Haor Basin.

A study considering all these rivers
could produce much better results.

Recommendation has been made to take
up a project on Morphological study of
the rivers of the Haor area.

Sec 11.2 (sl 7)

Mr. Md. Nurul Amin, Director, DBHWD

44,

He cited examples of Barisal Irrigation
Project (BIP) of the BWDB. The project
could not give desired results for
different causes. Now some agricultural
land has been forced to be transformed
to fish ponds. People should be
motivated for achieving desired goals.

A general concern of the water sector.

Mr. Humayun Kabir, Additional Secretary, MoWR

45.

It is appreciated that the consultants
completed their task in time. It is
appreciated that the participants took so
much interest and made valuable
comments and suggestions

Thanks for Appreciation

Recommendations of the Workshop

46.

The Consultant will try to incorporate
the comments and suggestions while
finalizing the report.

Action Taken.

Recommendation for new studies have
been made.

Pl see Sec 11.2 (sl. 7 and 9)

47.

The (draft) Final Report is
recommended for approval

Thanks
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5 1% Steering Committee Meeting

5.1 Minutes of the 1st Meeting of the Steering Committee

The 1st Steering Committee Meeting of the Project “Model Validation on Hydro-
morphological Process of the River System in the Subsiding Sylhet Haor Basin” was held on
20" June, 2017 in the conference room of the “Ministry of Water Resources” under the
chairmanship of Dr. Zafar Ahmed Khan, Senior Secretary, Ministry of Water Resources

(MoWR). The minutes of the meeting are presented below.
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5.2 Decisions of the 1st Meeting of the S.C and the Responses

Decisions of the 1%t Steering Committee

Sk Meeting held on 20/06/2017

Responses

As the Technical Committee inttensively
scrutinized the report and recommended for its
approval. The Steering Committee unanimously
approved the (draft) Final Report.

Thanks for the approval.

All the three volumes and the appendixes of the ] ]
2. | report may be combined together as one book. | AAcion taken accordingly.

The Executive Summary should be translated in
3. | Bengali and attached to the Final Report.
The Team Leader should take necessary actions.

Acion taken accordingly.
See Volume 1.

The Final Report should be distributed to all
concerned organizations (Ministry of
Agriculture, Ministry of Shipping, Ministry of The DBHWD will take
Environment, Ministry of Fisheries, BUET etc.) | necessary actions.

and the DBHWD will take necessary steps to
distribute the Final Report.
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Preface

The Volume 2 of the Report “Model Validation on Hydro-morphological Process of the River
System in the Subsiding Sylhet Haor Basin” contains the Appendix 2 “Bank Line Survey
Report of the Surma and Kushiyara Rivers”.

The Appendix 2 contains the Bank Line Survey report with maps of the banks showing RLs

of both the rivers. The Bank Line survey work was carried out in January 2017.

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 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, Project Director and Md. Nurul Amin,
Director (Admin and Finance) of the Department of Bangladesh Haor and Wetlands

Development.

We acknowledge with deep appreciation the co-operation by M/S Globe Survey Company in
carrying out the field survey works. 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.

H.S. Mozaddad Faruque
Senior Morphologist and Team Leader
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Study Team:

1. Engr. H.S. Mozaddad Faruque
Senior Morphologist and Team Leader
2. Sazzad Shahrior
Junior Morphologist
3. Rumman Adib
Junior Morphologist
4. Samia Jahan Chowdhury
Junior Morphologist
5. Gokul Chandra Paul
Junior Morphologist
6. Purnima Das
Junior Morphologist
7. Abul Kalam Azad
Surveyor
8. Survey Team
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Model Validation on Hydro-morphological Process of the River
System in the Subsiding Sylhet Haor Basin

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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1 Introduction

The Surma and Kushiyara are two of the most important transboundary rivers of Bangladesh.
The ID No. of Surma is NE-83 and ID No. of Kushiyara is NE-17 (BWDB, 2011). The off-
take of both the rivers is Borak river of India. The Borak river splits into two rivers at

Amalshidh, Jakiganj of Sylhet district. Both the rivers are perennial.

The Rivers of Haor areas are very dynamic in nature. They are continuously changing their
course, width, length, bed level etc. As a result, flash flooding, wetland degradation, river bank
erosion etc. is very frequent in the Sylhet basin. So, considering the dynamic nature of the
Sylhet basin, this project has included the bank line survey of the Surma and Kushiyara rivers
to document the present status of the rivers. This survey report may be used in future as a
valuable reference document. Prosoil Foundation Consultants has carried out the survey works

with the help of M/s Globe Survey Company.
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2 Location

One hundred and fifty km reach of each 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, whereas the total length of the Kushiyara River is 288 km (BWDB,
2011). The 150 km river reach for the Surma and the Kushiyara are shown in Figure 1 (bold
blue lines indicate the surveyed river reach). Measurements were taken on both the banks of
the rivers at the specified sections. Bank Line Survey was conducted during January 14, 2017
to January 24, 2017. The summary of bank line survey works on the Surma and the Kushiyara

rivers is given below:

e Data collected: RL, GPS location and limited topographic survey
e 1 measurement during the project period

e 150 km reach on both the Surma and Kushiyara rivers

e 150 sections on each river (every section 1 km apart)

e 2 measurements on each section (one on each bank)

e Timeline: Jan 14, 2017 to Jan 24, 2017
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Figure 1: River Reaches for Bank Line Survey on the Surma and the Kushiyara
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3 Methodology

Bank line survey of both the sides of the rivers have been done by Total Station, GPS and

Automatic Level and has been mapped by ArcGIS.

To have the precision in the survey work, each 150 km river reach was divided into 15 section.
After every 1 km, two points on each of the banks of the river were established by RTK GPS
and the coordinates of the points were established. RTK GPS is a Sophisticated survey
equipment which can read the position with millimeter accuracy and heights with centimeter
accuracy. More over the position and RL of the point was checked through by connecting it to
the nearest SOB pillars with the help of Digital Leveling Instrument. The heights were also
checked whenever there was another SOB benchmark close to the river bank. Electronic Total
Station were set up in one of the point targeting it with the other one. Two reflector man were
engaged on both bank to record the position (RL) of the bank. The 150km length of the river

bank was thus surveyed with help of Total Station, GPS and Automatic Level machine.

4 Mapping

The mapping of both the rivers was done using ArcGIS. The map shows RL of the points. The
maps of the Surma are given in pages X to X of this volume. The maps of the Kushiyara are

given in pages X to X of this volume.
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5 Photo Gallery

Figure 2: Establishment of Coordinates With RTK GPS

Figure 3: Riverbank Survey by Electronic Total Station
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Figure 5: Establishing a Point by RTK GPS
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F

Figure 6: Establishing a Point by RTK GPS

Figure 7: Riverbank Survey by Electronic Total Station
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6 Survey Data Sheet

The locations of the points of the Surma and Kushiyara rivers are presented in Table 1 and
Table 2 respectively.

Table 1: Survey Data Sheet of the Surma River

Sﬁ'r(;él Ch(i'r?]?ge Easting (m) Northing (m) ?thccVIB? ?rkF?JVFE)?
1 0+000 441323.1127 2763999.139 13.20 14.32
2 0+500 440336.059 2763841.657 13.20 14.33
3 1+000 439353.427 2763659.144 13.20 14.35
4 1+500 438409.1842 2763700.245 13.40 14.48
5 2+000 438118.8645 2764591.189 13.54 14.68
6 2+500 437489.1622 2765361.048 13.57 14.99
7 3+000 436803.7228 2766087.986 13.25 15.03
8 3+500 436048.3808 2766432.071 13.25 15.01
9 4+000 435145.4346 2766014.466 13.20 14.36
10 4+500 434159.0119 2765903.349 13.04 13.33
11 5+000 433192.2539 2765918.786 13.04 14.39
12 5+500 432647.0809 2765349.854 12.97 14.44
13 6+000 432100.6809 2766153.745 13.20 14.59
14 6+500 431754.3329 2767077.296 13.07 14.56
15 7+000 430787.1011 2767220.087 13.08 14.63
16 7+500 430025.6685 2767847.495 13.10 14.22
17 8+000 429076.0916 2768126.842 13.24 14.36
18 8+500 428076.792 2768153.091 13.21 14.59
19 9+000 427115.5356 2767918.788 13.20 14.75
20 9+500 426450.823 2767199.427 13.41 14.68
21 10+000 426502.2138 2766219.779 13.56 14.63
22 10+500 426506.4319 2765427.475 13.51 14.59
23 11+000 425514.3651 2765450.302 13.54 14.25
24 11+500 425522.2432 2764711.563 13.81 14.33
25 12+000 426232.4613 2764016.105 14.20 13.96
26 12+500 425733.8117 2763229.235 14.14 13.96
27 13+000 425159.1017 2762434.175 14.35 13.98
28 13+500 424341.2164 2762126.212 14.49 14.28
29 14+000 423446.2588 2761830.053 14.32 14.23
30 14+500 423548.7427 2760887.211 14.65 14.55
31 15+000 423284.3586 2760005.636 13.52 14.38
32 15+500 422491.6042 2760483.4 14.46 14.33
33 16+000 421701.1361 2761091.941 13.25 14.22
34 16+500 420766.9724 2761091.712 14.21 14.31
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Sﬁ'r(;él Ch(i'r?]?ge Easting (m) Northing (m) ?thccVIB? ?rkF?JVFE)?
35 17+000 421190.079 2760362.595 13.25 14.38
36 17+500 421928.2944 2759726.243 14.01 14.23
37 18+000 421359.2126 2759026.358 13.24 14.02
38 18+500 420612.3792 2758424.381 13.84 14.05
39 19+000 419694.8838 2758654.062 13.42 14.08
40 19+500 419071.7423 2757949.32 13.74 14.07
41 20+000 418081.5913 2758070.238 12.96 14.08
42 20+500 417246.0651 2757581.119 13.57 14.25
43 21+000 416484.8579 2757853.713 13.24 14.35
44 21+500 416225.2119 2758813.161 13.47 14.33
45 22+000 415916.6757 2759750.264 13.35 14.2
46 22+500 415099.7554 2759297.328 13.40 14.33
47 23+000 414868.5384 2758394.346 12.38 13.47
48 23+500 415005.307 2757405.323 13.19 13.58
49 24+000 414479.226 2756623.514 12.95 13.96
50 24+500 413783.9814 2755914.653 13.09 13.85
51 25+000 413777.3804 2754926.433 12.86 14.35
52 25+500 412920.2381 2754868.705 12.99 14.22
53 26+000 412068.4583 2755057.791 12.96 13.56
54 26+500 411242.8405 2754571.089 12.92 14.28
55 27+000 410293.9421 2754397.033 13.55 15.05
56 27+500 409904.3889 2753489.855 12.91 15.02
57 28+000 409119.0832 2753230.928 13.56 15.03
58 28+500 408497.8659 2754004.942 12.92 15.25
59 29+000 407732.7476 2753899.743 13.66 15.48
60 29+500 406955.1346 2754026.726 12.93 15.55
61 30+000 406260.7571 2754527.007 13.95 15.06
62 30+500 405517.6009 2753866.364 12.97 14.99
63 31+000 405024.5731 2753012.346 14.02 14.69
64 31+500 404141.4638 2752665.27 13.02 14.58
65 32+000 403142.8041 2752708.909 14.35 14.38
66 32+500 402182.2207 2752686.663 13.10 14.58
67 33+000 401956.4382 2751724.525 14,92 14.56
68 33+500 401478.6263 2750871.13 13.22 14.26
69 34+000 400498.9277 2750907.383 13.20 14.38
70 34+500 399857.6239 2750301.921 13.19 14.48
71 35+000 399976.2865 2749338.884 13.65 14.68
72 35+500 399044.8732 2749345.703 13.20 14.58
73 36+000 398146.796 2749779.56 13.58 14.68
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Sﬁ'r(;él Ch(i'r?]?ge Easting (m) Northing (m) ?thccVIB? ?rkF?JVFE)?
74 36+500 397215.933 2750132.893 13.20 14.35
75 37+000 396228.8887 2750228.476 13.96 14.25
76 37+500 395255.6796 2750025.361 13.24 14.85
77 38+000 394483.8004 2749422.039 13.58 13.95
78 38+500 393673.7764 2748871.712 13.24 13.9
79 39+000 392762.2968 2749078.413 13.58 13.85
80 39+500 392955.9337 2750008.651 13.24 13.78
81 40+000 391999.1947 2750270.647 13.46 13.58
82 40+500 391135.2803 2750731.96 13.24 13.28
83 41+000 390563.1467 2751534.286 13.58 13.14
84 41+500 389696.2241 2751175.524 13.25 13.16
85 42+000 388782.4092 2751564.447 13.68 13.24
86 42+500 387798.6253 2751638.99 13.26 13.24
87 43+000 386902.6456 2752071.094 13.08 13.24
88 43+500 386101.7054 2752651.55 13.23 13.25
89 44+000 385163.6702 2752763.443 12.58 13.27
90 44+500 384187.2065 2752902.114 13.18 13.27
91 45+000 383194.307 2752987.475 13.15 13.27
92 45+500 382694.4855 2753601.812 13.16 13.15
93 46+000 382638.0222 2754416.599 13.28 13.14
94 46+500 381862.748 2755046.875 13.15 13.12
95 47+000 380939.5971 2755407.399 12.39 13.09
96 47+500 380053.9726 2755468.144 13.09 13.25
97 48+000 379652.9262 2754950.358 12.95 13.45
98 48+500 378824.3187 2755486.814 13.07 13.5
99 49+000 378110.6674 2754999.868 12.95 13.54
100 49+500 377220.5242 2755334.082 13.04 13.33
101 50+000 376455.8731 2755064.037 13.03 13.22
102 50+500 375474.9613 2755198.889 13.02 13.39
103 51+000 374476.6304 2755180.629 11.38 13.25
104 51+500 373554.4397 2754814.667 12.93 12.99
105 52+000 372593.2094 2754640.72 12.91 13.22
106 52+500 371824.0048 2755054.56 12.90 13.06
107 53+000 372247.715 2755912.441 11.34 13.05
108 53+500 371677.5403 2756640.9 12.81 12.98
109 54+000 370742.0525 2756427.255 12.65 13.08
110 54+500 369810.3907 2756787.707 12.78 13.88
111 55+000 368976.6069 2757296.252 13.25 12.95
112 55+500 368789.3366 2758247.635 12.78 12.78
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Sﬁ'r(;él Ch(i'r?]?ge Easting (m) Northing (m) ?thccVIB? ?rkF?JVFE)?
113 56+000 368340.5198 2758722.999 13.04 12.68
114 56+500 368870.2606 2759317.013 12.76 12.47
115 57+000 369719.8571 2759534.768 12.37 12.37
116 57+500 369583.4028 2759973.18 12.72 12.02
117 58+000 368804.3253 2760339.774 12.37 11.96
118 58+500 369377.1894 2761091.277 12.69 12.22
119 59+000 369793.4864 2761938.188 13.27 12.56
120 59+500 368985.4082 2762431.955 12.69 12.88
121 60+000 368327.5487 2763135.882 12.95 13.02
122 60+500 368983.9732 2763496.435 12.67 12.28
123 61+000 368117.7881 2763914.074 13.08 12.15
124 61+500 367198.5952 2764306.123 12.67 12.28
125 62+000 366237.8726 2764558.598 13.45 12.46
126 62+500 365437.4119 2765149.048 12.67 12.58
127 63+000 365102.2222 2766018.241 13.54 13.08
128 63+500 365946.6489 2765682.976 12.68 13.25
129 64+000 366813.9839 2765219.723 12.68 13.35
130 64+500 367801.1155 2765306.657 12.66 13.25
131 65+000 368472.6102 2765776.353 12.65 13.23
132 65+500 367479.4247 2765806.853 12.64 13.12
133 66+000 367068.5559 2766696.515 12.35 13.04
134 66+500 366321.4067 2767328.103 12.61 12.15
135 67+000 365464.4282 2767829.801 12.54 11.65
136 67+500 365773.8276 2768364.569 12.59 11.48
137 68+000 366773.0736 2768356.445 12.58 11.37
138 68+500 366601.1034 2769144.009 12.57 11.45
139 69+000 365995.1881 2769925.507 12.68 11.5
140 69+500 441629.572 2764179.156 12.55 11.13
141 70+000 440650.3098 2764067.902 11.96 11.4
142 70+500 439670.458 2763868.604 12.51 11.28
143 71+000 438686.4831 2763741.175 11.58 11.58
144 71+500 438322.2394 2764587.513 12.46 11.63
145 72+000 437683.7648 2765352.602 11.56 11.65
146 72+500 437040.5708 2766114.621 12.41 11.64
147 73+000 436297.9666 2766724.555 11.58 11.63
148 73+500 435394.2313 2766302.988 12.36 11.64
149 74+000 434433.9713 2766056.461 12.03 11.65
150 74+500 433447.9053 2766185.416 12.32 11.11
151 75+000 432752.7601 2765553.916 11.56 11.09
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Sﬁ'r(;él Ch(i'r?]?ge Easting (m) Northing (m) ?thccVIB? ?rkF?JVFE)?
152 75+500 432208.3465 2766306.408 12.28 11.25
153 76+000 431824.3921 2767207.571 11.50 11.35
154 76+500 430848.9268 2767361.093 12.23 11.33
155 77+000 430175.5593 2768037.861 12.65 10.95
156 77+500 429217.1623 2768313.726 12.22 10.88
157 78+000 428217.3419 2768324.458 12.20 10.93
158 78+500 427246.3485 2768122.208 12.19 10.25
159 79+000 426453.6052 2767544.791 12.05 10.36
160 79+500 426247.4445 2766596.979 12.16 10.86
161 80+000 426569.3026 2765660.358 12.05 10.69
162 80+500 425640.4496 2765594.2 12.14 10.99
163 81+000 425199.2545 2765032.396 12.35 11.56
164 81+500 425758.2732 2764225.259 12.12 10.15
165 82+000 425838.2654 2763514.22 11.95 10.05
166 82+500 425184.3172 2762780.935 12.09 10.88
167 83+000 424496.2693 2762270.679 12.05 11.35
168 83+500 423545.307 2762125.91 12.06 11.11
169 84+000 423324.7627 2761270.192 11.30 10.95
170 84+500 423395.2363 2760281.49 12.02 10.88
171 85+000 422649.7816 2760528.291 11.24 10.65
172 85+500 421886.3565 2761172.843 11.97 11.52
173 86+000 420940.7032 2761324.997 10.95 12.03
174 86+500 420676.9122 2760606.19 11.92 11.32
175 87+000 421483.7359 2760020.024 11.35 11.35
176 87+500 421511.9305 2759295.035 11.88 11.22
177 88+000 420768.4301 2758642.39 11.95 11.08
178 88+500 419856.284 2758864.104 11.85 11.85
179 89+000 419190.4923 2758161.631 12.35 11.95
180 89+500 418225.2239 2758218.299 11.84 12.33
181 90+000 417339.5182 2757844.522 13.25 13.09
182 90+500 416623.5196 2757929.069 11.85 12.15
183 91+000 416334.3912 2758882.051 10.25 11.25
184 91+500 416047.1276 2759831.154 11.79 12.22
185 92+000 415181.5176 2759592.963 11.58 13.25
186 92+500 414685.7849 2758785.066 11.75 12.11
187 93+000 414815.1401 2757794.474 12.03 11.25
188 93+500 414551.4211 2756941.676 11.74 11.12
189 94+000 413842.0083 2756240.832 12.65 12.35
190 94+500 413613.2439 2755311.291 11.73 12.35
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Sﬁ'r(;él Ch(i'r?]?ge Easting (m) Northing (m) ?thccVIB? ?rkF?JVFE)?
191 95+000 413085.1632 2755025.133 12.54 12.35
192 95+500 412223.3969 2755369.924 11.72 12.29
193 96+000 411458.1787 2754738.017 12.37 11.65
194 96+500 410478.6891 2754645.553 11.71 11.65
195 97+000 409876.7665 2753900.168 12.04 12.35
196 97+500 409311.8413 2753277.142 11.70 11.28
197 98+000 408666.6927 2754027.269 12.35 10.35
198 98+500 407899.3481 2754204.58 11.69 10.22
199 99+000 407091.5994 2754008.352 12.05 10.34
200 99+500 406501.4089 2754729.194 11.67 10.32
201 100+000 405736.0787 2754270.177 11.95 10.23
202 100+500 405102.6542 2753512.776 11.62 10.22
203 101+000 404479.6863 2752805.56 11.95 10.23
204 101+500 403480.8585 2752839.376 11.61 10.49
205 102+000 402484.8948 2752923.807 11.30 10.56
206 102+500 401881.5404 2752289.728 11.57 10.38
207 103+000 401645.2962 2751324.991 10.40 10.24
208 103+500 400859.7107 2751064.019 11.52 10.28
209 104+000 399931.179 2750799.149 10.30 11.35
210 104+500 399798.1391 2749879.752 11.46 11.25
211 105+000 399350.6293 2749387.51 11.35 11.05
212 105+500 398438.089 2749793.506 11.43 10.99
213 106+000 397537.8889 2750224.105 11.68 10.35
214 106+500 396565.3892 2750417.578 1141 10.43
215 107+000 395574.492 2750299.555 10.38 10.45
216 107+500 394679.2832 2749887.003 10.36 10.32
217 108+000 393976.1151 2749181.175 10.26 10.12
218 108+500 393017.1904 2749039.278 10.21 10.22
219 109+000 393135.1339 2749881.032 10.02 10.35
220 109+500 392359.4987 2750296.107 9.99 10.18
221 110+000 391455.8466 2750696.865 10.80 10.16
222 110+500 390883.4615 2751507.374 10.33 10.22
223 111+000 390028.6205 2751444.865 10.34 10.42
224 111+500 389171.1193 2751594.051 10.35 10.15
225 112+000 388208.0875 2751704.145 10.36 10.42
226 112+500 387302.6045 2752070.712 10.37 10.22
227 113+000 386431.6567 2752548.999 10.80 10.16
228 113+500 385596.8631 2752943.518 10.52 10.28
229 114+000 384603.0268 2752968.263 10.37 10.58
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Sﬁ'r(;él Ch(i'r?]?ge Easting (m) Northing (m) ?thccVIB? ?rkF?JVFE)?
230 114+500 383621.5605 2753121.308 10.52 10.45
231 115+000 382793.2597 2753445.957 10.54 10.35
232 115+500 382958.3977 2754328.513 10.56 10.23
233 116+000 382239.6923 2755021.244 10.56 10.25
234 116+500 381338.2581 2755435.46 10.59 10.85
235 117+000 380391.9432 2755724.004 10.37 10.8
236 117+500 379890.7507 2755073.79 10.59 10.78
237 118+000 379201.1952 2755554.334 10.80 10.54
238 118+500 378360.3957 2755480.794 10.65 10.44
239 119+000 377546.122 2755208.421 10.56 10.35
240 119+500 376728.4034 2755504.863 10.67 10.42
241 120+000 375865.1919 2755313.286 10.37 10.47
242 120+500 374866.0528 2755343.388 10.66 10.236
243 121+000 373900.3009 2755139.346 10.08 10.35
244 121+500 372967.5183 2754791.804 10.61 10.44
245 122+000 372020.5403 2754945.619 10.10 10.23
246 122+500 372380.8086 2755807.491 10.56 10.55
247 123+000 371960.4044 2756659.208 10.58 10.34
248 123+500 371017.8588 2756596.498 10.58 10.22
249 124+000 370072.927 2756817.858 10.35 10.35
250 124+500 369173.37 2757246.498 10.57 10.44
251 125+000 369006.0409 2758162.283 10.54 10.54
252 125+500 368433.4323 2758608.851 10.57 10.15
253 126+000 368957.2282 2759199.133 10.05 10.03
254 126+500 369763.4255 2759426.615 10.53 10.29
255 127+000 369845.227 2760103.218 10.95 10.85
256 127+500 368930.0003 2760273.674 10.58 10.78
257 128+000 369447.0415 2761037.038 10.40 10.42
258 128+500 369956.4952 2761822.277 10.58 10.85
259 129+000 369321.6686 2762452.498 10.54 10.95
260 129+500 368512.2646 2763002.484 10.58 10.71
261 130+000 369109.812 2763448.787 10.40 10.32
262 130+500 368435.3509 2764031.314 10.58 10.22
263 131+000 367508.1008 2764405.634 10.14 10
264 131+500 366534.6975 2764631.402 10.55 10.22
265 132+000 365674.5605 2765129.159 10.30 10
266 132+500 365322.9824 2765909.737 10.54 10.12
267 133+000 366118.1422 2765329.039 10.65 10.9
268 133+500 367063.4484 2765075.512 10.55 10.35
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Sﬁ'r(;él Ch(i'r?]?ge Easting (m) Northing (m) ?thccVIB? ?rkF?JVFE)?
269 134+000 368048.0342 2765204.309 10.24 10.65
270 134+500 368690.8922 2765843.725 10.53 10.85
271 135+000 367718.3328 2765937.3 10.65 10.9
272 135+500 367269.0179 2766695.821 10.55 10.28
273 136+000 366574.7439 2767377.649 10.24 10.34
274 136+500 365692.5843 2767841.642 10.53 10.32
275 137+000 365932.8288 2768214.869 10.20 10.31
276 137+500 366918.7621 2768188.147 10.51 10.12
277 138+000 366872.6433 2769068.492 10.54 10.3
278 138+500 366293.4632 2769875.005 10.52 10.45
279 139+000 366546.0105 2770081.861 10.58 10.96
280 139+500 378133.4026 2758371.791 10.53 10.05
281 140+000 377984.0793 2758368.078 10.25 10.02
282 140+500 377834.756 2758364.365 10.51 10.12
283 141+000 377685.4326 2758360.652 10.38 10.55
284 141+500 377536.1093 2758356.939 10.51 10.33
285 142+000 377386.7859 2758353.225 10.08 10.99
286 142+500 377237.4626 2758349.512 10.49 10.15
287 143+000 377088.1392 2758345.799 10.20 10.08
288 143+500 376938.8159 2758342.086 10.47 10.12
289 144+000 376789.4926 2758338.373 11.54 10.35
290 144+500 376640.1692 2758334.659 10.53 10.35
291 145+000 376490.8459 2758330.946 10.54 10.35
292 145+500 376341.5225 2758327.233 10.53 10.36
293 146+000 376192.1992 2758323.52 10.36 10.34
294 146+500 376042.8758 2758319.806 10.53 10.36
295 147+000 375893.5525 2758316.093 10.54 11.35
296 147+500 375744.2292 2758312.38 10.53 10.55
297 148+000 375594.9058 2758308.667 10.35 10.65
298 148+500 375445.5825 2758304.954 10.52 10.22
299 149+000 375296.2591 2758301.24 10.24 11.36
300 149+500 375146.9358 2758297.527 10.51 10.58
301 150+000 374997.6124 2758293.814 10.09 11.6
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Table 2: Survey Data Sheet of the Kushiyara River

Sﬁlrg:\l Chainage Easting (m) Northing (m) Le{:n%%UE)R L Flsllg(hr;PB\?\?IiD()
1 0+000 418573.4198 2752359.5478 8.000 8.793
2 0+500 418671.1077 2751928.5550 8.759 7.505
3 1+000 418206.9807 2751822.6097 7.596 9.062
4 1+500 417740.1148 2751662.1607 8.365 8.919
5 2+000 417438.0127 2751276.1570 8.695 9.076
6 2+500 417239.7493 2750835.1855 9.456 8.941
7 3+000 417223.6008 2750335.4659 8.775 9.106
8 3+500 417243.5651 2749836.7122 7.669 9.086
9 4+000 417345.2809 2749384.5941 7.650 8.814
10 4+500 416905.6417 2749267.2321 5.460 8.777
11 5+000 416514.9780 2749550.9382 6.998 8.889
12 5+500 416174.7701 2749906.6575 7.568 7.478
13 6+000 415688.4410 2750006.3227 8.426 9.042
14 6+500 415226.4031 2750039.7418 8.030 7.287
15 7+000 415040.0229 2749588.0108 6.965 9.192
16 7+500 414866.6691 2749173.9061 7.998 7.301
17 8+000 414373.6273 2749105.6139 8.223 8.984
18 8+500 413882.0984 2749015.7043 8.446 8.785
19 9+000 413385.6487 2748961.2054 7.635 7.188
20 9+500 412885.8783 2748961.7524 8.032 8.723
21 10+000 412399.9698 2749026.8203 6.879 7.046
22 10+500 412295.3278 2749474.3525 7.665 8.621
23 11+000 412304.1502 2749899.7829 7.145 7.081
24 11+500 411812.8374 2749958.3863 7.968 7.215
25 12+000 411345.0573 2750097.9619 8.236 7.274
26 12+500 410950.8591 2750391.3585 7.246 7.181
27 13+000 410469.6708 2750412.3068 7.777 7.026
28 13+500 409990.7012 2750292.6549 7.365 7.019
29 14+000 409506.2976 2750359.1586 8.523 7.071
30 14+500 409033.3242 2750251.8265 7.665 7.207
31 15+000 408562.5906 2750115.9868 7.968 7.219
32 15+500 408314.1691 2749739.5572 8.425 7.395
33 16+000 408382.8543 2749246.6420 8.889 8.677
34 16+500 408269.7897 2748773.2391 8.563 7.437
35 17+000 407893.3576 2748448.4322 8.144 8.694
36 17+500 407500.2901 2748144.3676 7.568 8.663
37 18+000 407427.6563 2747656.0529 7.664 8.820
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SeNr(;?I Chainage Easting (m) Northing (m) Le{:n%%r\lllg)R L gllg(hntwl?\?\?[l)()
38 18+500 407206.5013 2747235.8755 8.000 8.911
39 19+000 406764.3588 2747064.6054 6.596 8.722
40 19+500 406581.2924 2746604.3733 6.896 7.472
41 20+000 406290.5040 2746198.9827 6.597 7.511
42 20+500 406084.2850 2745744.8325 7.689 7.366
43 21+000 405913.7962 2745275.3473 8.456 8.919
44 21+500 405908.6249 2744782.9929 7.336 7.298
45 22+000 406194.3413 2744379.9278 6.987 7.374
46 22+500 406562.8767 27440441121 6.664 7.061
47 23+000 406653.1458 2743617.0576 7.680 7.156
48 23+500 406210.5040 2743698.5218 5.789 7.144
49 24+000 406192.3571 2743466.1736 7.223 7.028
50 24+500 406385.7872 2743024.9944 6.775 8.199
51 25+000 406248.4462 2742574.7159 5.360 8.887
52 25+500 405816.6804 2742671.3014 5.980 7.679
53 26+000 405385.8974 2742695.2631 6.480 7.775
54 26+500 405181.4867 2742259.8737 7.360 7.415
55 27+000 404735.6475 2742081.9235 8.642 8.134
56 27+500 404282.0003 2741885.0460 7.569 8.273
57 28+000 404008.1208 2741480.5586 7.665 8.538
58 28+500 403880.2954 2740997.5261 7.889 8.341
59 29+000 403859.3897 2740502.8834 7.223 8.245
60 29+500 403906.4565 2740005.9945 6.998 7.143
61 30+000 403959.0621 2739532.0053 6.578 7.975
62 30+500 404372.1549 2739763.5830 6.465 7.285
63 31+000 404813.3483 2739775.1856 7.324 8.830
64 31+500 404888.1608 2739305.0155 7.213 8.245
65 32+000 404542.2355 2738958.1673 7.365 8.266
66 32+500 404099.6327 2738727.2172 6.578 8.409
67 33+000 403744.8401 2738371.3336 6.425 8.338
68 33+500 403338.5147 2738089.9986 6.445 8.597
69 34+000 403115.3470 2737723.5138 6.000 8.435
70 34+500 403566.0538 2737545.3504 6.335 8.611
71 35+000 403963.2303 2737256.8838 6.458 8.598
72 35+500 404019.4884 2736781.0337 6.879 8.590
73 36+000 403647.5724 2736459.3053 7.120 8.598
74 36+500 403244.4147 2736173.7289 7.365 8.388
75 37+000 402973.3918 2735755.8813 7.315 8.673
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SeNr(;?I Chainage Easting (m) Northing (m) Le{:n%%r\lllg)R L gllg(hntwl?\?\?[l)()
76 37+500 402777.9870 2735295.8182 7.036 8.924
77 38+000 402439.1689 2735017.4343 7.000 8.352
78 38+500 402014.2255 2735232.9322 7.885 8.495
79 39+000 401824.6662 2735693.8108 6.480 7.961
80 39+500 401403.0682 2735688.2986 8.756 8.316
81 40+000 400930.4140 2735538.8452 5.968 7.810
82 40+500 400456.0061 2735429.0241 6.889 7.480
83 41+000 400157.8167 2735036.9871 7.332 8.381
84 41+500 399894.6252 2734612.0889 7.321 8.327
85 42+000 399565.4838 2734238.5275 6.456 8.259
86 42+500 399134.7712 2733992.9183 8.426 8.128
87 43+000 398645.1173 2734011.6836 8.997 8.165
88 43+500 398306.0485 2734363.1385 8.463 7.944
89 44+000 397987.7771 2734650.7813 6.987 8.102
90 44+500 397886.8950 2734202.1285 7.536 8.297
91 45+000 397566.7859 2733829.2414 6.480 8.198
92 45+500 397207.5412 2733492.2744 5.987 7.316
93 46+000 396897.8509 2733100.9410 7.895 7.002
94 46+500 396471.8231 2733050.0014 6.649 8.068
95 47+000 396063.8986 2733096.6800 6.544 7.106
96 47+500 395668.9997 2732852.1173 6.666 7.528
97 48+000 395349.8644 2733195.3047 6.854 7.171
98 48+500 394961.0367 2733202.9274 7.056 7.101
99 49+000 394509.2215 2732993.2292 6.781 7.091
100 49+500 394133.6709 2732672.2937 6.913 8.031
101 50+000 393726.2288 2732383.8068 6.714 7.919
102 50+500 393239.0924 2732272.3883 6.765 8.363
103 51+000 392749.3767 2732172.6692 7.437 8.426
104 51+500 392304.3957 2731951.3707 7.235 8.260
105 52+000 391871.9284 2731701.8309 7.134 8.229
106 52+500 391436.0824 2731461.4570 7.252 8.256
107 53+000 390964.5399 2731295.3711 6.992 8.195
108 53+500 390515.7971 2731078.6637 6.751 8.159
109 54+000 390332.5116 2730632.7997 6.668 8.204
110 54+500 390368.6828 2730134.3657 6.738 8.018
111 55+000 390344.5198 2729640.9627 6.644 7.806
112 55+500 390003.1489 2729288.0900 6.652 7.456
113 56+000 389627.3988 2728969.0277 6.622 7.078
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SeNr(;?I Chainage Easting (m) Northing (m) Le{:n%%r\lllg)R L gllg(hntwl?\?\?[l)()
114 56+500 389371.6892 2728540.0108 6.806 7.149
115 57+000 389234.5150 2728066.0059 6.858 7.080
116 57+500 389269.3566 2727569.1052 6.989 7.282
117 58+000 389287.8875 2727075.1998 6.802 7.398
118 58+500 389064.5651 2726635.1444 6.695 7.176
119 59+000 388679.5807 2726321.0009 6.747 7.230
120 59+500 388206.4242 2726164.1130 6.484 5.937
121 60+000 387721.8862 2726108.0781 6.805 6.058
122 60+500 387533.0581 2726533.9620 6.804 5.507
123 61+000 387533.0581 2727030.9405 6.815 5.748
124 61+500 387313.8146 2727472.2339 6.670 4.676
125 62+000 386848.8115 2727584.0165 6.694 5.748
126 62+500 386483.3361 2727254.8873 6.554 5.037
127 63+000 386032.7035 2727388.6419 6.727 4.727
128 63+500 385569.2893 2727532.0694 6.913 5.631
129 64+000 385257.7472 2727248.2045 7.092 5.810
130 64+500 385146.0665 2726780.4890 6.707 4.265
131 65+000 384725.5733 2726525.6808 6.794 5.944
132 65+500 384264.3630 2726333.0509 6.564 4.782
133 66+000 383804.6186 2726136.8095 6.628 6.305
134 66+500 383326.1304 2726002.1931 6.549 6.268
135 67+000 383131.1674 2726406.1257 6.737 5.293
136 67+500 382892.8717 2726809.6821 7.054 4.968
137 68+000 382414.4638 2726951.3679 6.755 5.670
138 68+500 381921.0513 2727020.1808 6.743 5.256
139 69+000 381434.0162 2726931.8068 6.700 5.119
140 69+500 380983.3767 2726718.3561 6.743 4.892
141 70+000 380590.3809 2726410.7359 6.716 5.336
142 70+500 380199.7942 2726100.5063 6.449 6.136
143 71+000 379812.2287 2725817.2079 6.603 5.986
144 71+500 379391.3731 2725547.6067 6.627 5.589
145 72+000 378950.1226 2725313.4621 6.440 5.615
146 72+500 378514.5125 2725217.7003 6.879 6.253
147 73+000 378259.6376 2725613.5016 6.713 5.475
148 73+500 378146.6657 2726094.3384 7.185 5.363
149 74+000 377705.7262 2726073.9095 7.181 6.186
150 74+500 377225.0964 2725938.1436 7.383 5.591
151 75+000 376818.1838 2725656.3559 7.086 5.862
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SeNr(;?I Chainage Easting (m) Northing (m) Le{:n%%r\lllg)R L gllg(hntwl?\?\?[l)()
152 75+500 376682.3897 2725211.8967 6.919 6.128
153 76+000 376838.7675 2724744.0462 5.930 6.096
154 76+500 377046.7189 2724294.5875 6.812 5.629
155 77+000 376754.8758 2723975.9225 6.704 6.295
156 77+500 376260.7903 2724042.0671 6.798 5.713
157 78+000 375766.6135 2724114.1951 6.617 6.035
158 78+500 375816.4722 2723794.1748 6.532 6.234
159 79+000 375669.7821 2723351.6457 6.645 6.180
160 79+500 375244.2251 2723093.1412 6.571 6.317
161 80+000 374808.1050 2722851.4399 6.166 6.130
162 80+500 374382.0321 2722592.3221 6.007 6.189
163 81+000 374006.9545 2722262.1384 6.553 5.890
164 81+500 373699.3283 2721869.2102 6.334 5.868
165 82+000 373436.8171 2721445.1792 6.131 5.852
166 82+500 373301.5022 2720967.9830 6.233 6.002
167 83+000 372875.8415 2720804.5963 6.289 6.039
168 83+500 372561.8183 2721175.6331 6.163 6.316
169 84+000 372088.6402 2721230.7730 6.322 6.242
170 84+500 371663.3283 2720970.7135 6.736 6.231
171 85+000 371241.9273 2720702.1978 6.783 6.316
172 85+500 370760.8063 2720590.6718 6.431 6.022
173 86+000 370286.3266 2720741.6359 6.534 6.116
174 86+500 369812.4901 2720901.1754 6.465 5.959
175 87+000 369341.3967 2721068.0151 6.49 5.941
176 87+500 368900.8333 2721304.0675 6.782 5.812
177 88+000 368482.5868 2721577.3597 6.626 5.846
178 88+500 368060.7255 2721843.2889 6.839 5.984
179 89+000 367695.6375 2722182.9654 6.891 6.115
180 89+500 367428.7536 2722597.6338 6.531 5.907
181 90+000 367188.9395 2723025.7690 6.717 5571
182 90+500 366869.4087 2723408.2582 6.734 5.982
183 91+000 366599.9574 2723829.1442 6.912 5.786
184 91+500 366435.6267 2724299.7940 6.969 5.908
185 92+000 366273.7735 2724771.3011 6.891 6.061
186 92+500 366003.2906 2725190.0619 6.771 6.179
187 93+000 365693.4302 2725579.1346 6.942 5.968
188 93+500 365269.4295 2725836.4750 6.922 5.850
189 94+000 364781.7256 2725861.6418 6.972 5.283
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SeNr(;?I Chainage Easting (m) Northing (m) Le{:n%%r\lllg)R L gllg(hntwl?\?\?[l)()
190 94+500 364301.3620 2725724.0722 6.994 5.907
191 95+000 363817.1188 2725620.4777 6.100 5.898
192 95+500 363328.8285 2725714.3449 6.296 5.966
193 96+000 362916.6597 2725985.5998 6.503 6.172
194 96+500 362711.8045 2726431.3994 6.460 5.982
195 97+000 362561.7659 2726900.8174 6.913 4915
196 97+500 362258.2436 2727294.3984 6.223 4.339
197 98+000 361824.8794 2727542.1600 6.172 4.300
198 98+500 361481.2743 2727900.4343 6.517 5.342
199 99+000 361181.2059 2728295.4474 6.235 4.927
200 99+500 360816.6373 2728630.5737 6.719 5.324
201 100+000 360433.0628 2728944.8907 6.470 5.543
202 100+500 359938.9442 2728943.0590 6.736 5.863
203 101+000 359618.6538 2729228.7496 6.391 6.013
204 101+500 359817.6951 2729671.9985 6.856 6.068
205 102+000 359728.7306 2730030.1435 6.611 5.505
206 102+500 359231.5953 2729984.6299 6.687 5.056
207 103+000 358748.8483 2729890.7279 5.222 5.592
208 103+500 358334.1841 2729633.4078 5.485 5.444
209 104+000 358151.6697 2729170.4199 5.696 4.870
210 104+500 357725.0678 2729092.3224 4.945 5.452
211 105+000 357408.3807 2729472.0779 5.541 6.081
212 105+500 357028.9718 2729787.5531 5.101 4.978
213 106+000 356549.9334 2729915.5452 5.512 6.178
214 106+500 356053.1531 2729880.1886 5.292 5.877
215 107+000 355557.1327 2729827.5294 5.490 6.066
216 107+500 355082.0892 2729938.8830 5.583 5.667
217 108+000 355009.1884 2730415.6679 5.509 4.768
218 108+500 355282.3905 2730813.8317 5.371 6.207
219 109+000 355720.6837 2731043.1149 5.537 5.956
220 109+500 356103.6017 2731351.2588 5.543 5.929
221 110+000 355852.2730 2731751.2514 5.674 6.258
222 110+500 355383.6000 2731866.3632 5.511 5.837
223 111+000 354906.2051 2731722.0069 5.341 6.331
224 111+500 354416.4845 2731641.8612 5.227 5.463
225 112+000 353928.3403 2731540.6736 5.288 5.241
226 112+500 353450.9712 2731407.7103 5412 5.254
227 113+000 352998.8293 2731546.7255 5.681 5.871
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SeNr(;?I Chainage Easting (m) Northing (m) Le{:n%%r\lllg)R L gllg(hntwl?\?\?[l)()
228 113+500 352592.7852 2731830.2231 5.547 5.996
229 114+000 352174.5235 2732103.2327 5.100 6.221
230 114+500 351805.0106 2732439.0862 5.591 6.296
231 115+000 351440.6699 2732780.5892 5.589 6.016
232 115+500 350994.0796 2732990.2758 5571 6.239
233 116+000 350574.7632 2732789.1998 5.475 5.927
234 116+500 350385.3470 2732330.6872 5.363 6.033
235 117+000 350003.5408 2732034.8491 5.336 5.396
236 117+500 349565.4482 2731796.0866 5.293 5.944
237 118+000 349142.9565 2731530.3179 5.283 5777
238 118+500 348661.2835 2731438.9570 5.256 5.549
239 119+000 348340.6341 2731751.1138 5.119 6.095
240 119+500 348596.8067 2732167.5885 4.968 5.887
241 120+000 348420.7557 2732603.2319 4.892 6.308
242 120+500 347972.6809 2732611.6369 4.200 4.800
243 121+000 347773.3408 2732948.7304 5.509 6.066
244 121+500 347548.7986 2733214.8989 5.371 6.667
245 122+000 347324.2565 2733481.0673 5.354 4.768
246 122+500 347099.7143 2733747.2357 5.543 6.234
247 123+000 346875.1721 2734013.4041 6.674 6.180
248 123+500 346650.6300 2734279.5725 5511 6.317
249 124+000 346426.0878 2734545.7409 5.341 6.130
250 124+500 346201.5457 2734811.9093 5.227 6.189
251 125+000 345977.0035 2735078.0777 5.228 5.890
252 125+500 345752.4614 2735344.2461 5.412 5.868
253 126+000 345527.9192 2735610.4146 6.681 5.852
254 126+500 345303.3771 2735876.5830 5.547 6.002
255 127+000 345078.8349 2736142.7514 6.100 6.039
256 127+500 344854.2928 2736408.9198 5.591 6.316
257 128+000 344629.7506 2736675.0882 5571 6.242
258 128+500 344405.2085 2736941.2566 5.475 6.231
259 129+000 344180.6663 2737207.4250 5.363 5.897
260 129+500 343956.1241 2737473.5934 6.223 4.339
261 130+000 343731.5820 2737739.7618 6.172 4.300
262 130+500 343507.0398 2738005.9303 6.517 5.342
263 131+000 343282.4977 2738272.0987 6.235 4.927
264 131+500 343057.9555 2738538.2671 6.719 5.324
265 132+000 342833.4134 2738804.4355 6.470 5.543
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SeNr(;?I Chainage Easting (m) Northing (m) Le{:n%%r\lllg)R L gllg(hntwl?\?\?[l)()
266 132+500 342608.8712 2739070.6039 6.736 5.863
267 133+000 342384.3291 2739336.7723 6.131 5.852
268 133+500 342159.7869 2739602.9407 6.233 6.002
269 134+000 341935.2448 2739869.1091 6.289 6.039
270 134+500 341710.7026 2740135.2775 6.163 6.316
271 135+000 341486.1605 2740401.4460 6.322 6.242
272 135+500 341261.6183 2740667.6144 6.736 6.231
273 136+000 341037.0762 2740933.7828 6.783 6.316
274 136+500 340812.5340 2741199.9512 6.431 6.022
275 137+000 340587.9918 2741466.1196 6.534 6.116
276 137+500 340363.4497 2741732.2880 6.465 5.959
277 138+000 340138.9075 2741998.4564 6.49 5.941
278 138+500 339914.3654 2742264.6248 6.782 5.812
279 139+000 339689.8232 2742530.7933 6.626 5.846
280 139+500 339465.2811 2742796.9617 6.186 5.465
281 140+000 339240.7389 2743063.1301 5.978 4.229
282 140+500 339016.1968 2743329.2985 5.363 5.100
283 141+000 338791.6546 2743595.4669 5.396 5.780
284 141+500 338567.1125 2743861.6353 5.336 6.004
285 142+000 338342.5703 2744127.8037 5.978 5.980
286 142+500 338118.0282 2744393.9721 5.293 5.174
287 143+000 337893.4860 2744660.1405 5.298 5.225
288 143+500 337668.9438 2744926.3090 5.283 5.927
289 144+000 337444.4017 2745192.4774 2.279 6.033
290 144+500 337219.8595 2745458.6458 5.256 5.396
291 145+000 336995.3174 2745724.8142 5.132 5.944
292 145+500 336770.7752 2745990.9826 5.119 5777
293 146+000 336546.2331 2746257.1510 4.798 5.549
294 146+500 336321.6909 2746523.3194 4.968 6.095
295 147+000 336097.1488 2746789.4878 4811 5.914
296 147+500 335872.6066 2747055.6562 4.892 5.887
297 148+000 335648.0645 2747321.8247 4.665 5.986
298 148+500 335423.5223 2747587.9931 4.2 6.308
299 149+000 335198.9802 2747854.1615 4.750 4.76
300 149+500 334974.4380 2748120.3299 4.825 4.802
301 150+000 334749.8959 2748386.4983 5.100 4.8
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7 Bank line Survey Maps

The bank line survey maps of Surma and Kushiyara rivers are presented in section 1.6.1 and
1.6.2 respectively. The chainage extent of each map is shown.
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7.1 The Surma River
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Figure 8: Bank Line Survey Map of Surma River (Chainage 0 to 10+0 Km)
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Figure 9: Bank Line Survey Map of Surma River (Chainage 10+0 to 23+0 Km)
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Figure 10: Bank Line Survey Map of Surma River (Chainage 23+0 to 35+0 Km)
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Figure 11: Bank Line Survey Map of Surma River (Chainage 35+0 to 52+0 Km)
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Figure 12: Bank Line Survey Map of Surma River (Chainage 52+0 to 67+0 Km)
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Figure 13: Bank Line Survey Map of Surma River (Chainage 67+0 to 79+0 Km)
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Figure 14: Bank Line Survey Map of Surma River (Chainage 79+0 to 89+0 Km)
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Figure 15: Bank Line Survey Map of Surma River (Chainage 89+0 to 101+0 Km)
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Figure 16: Bank Line Survey Map of Surma River (Chainage 101+0 to 113+0 Km)
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Figure 17: Bank Line Survey Map of Surma River (Chainage 113+0 to 124+0 Km)

V-2:32



2706000

2704000

Model Validation on Hydro-morphological Process of the River System in the Subsiding Sylhet Haor Basin
Final Report: Volume 2

474000 476000 478000 480000
i 1 1 1

Chainage 134+0 km

Kalaruka The Surma Bankline, January 2017

(Ch. 124+0 to 134+0 km)

RB

Raysontus Pur
Chainage 124+0 km

4?400'0 4?6(!0'0 - 4?&0011 48000I0

The Surma River
Project Name: Model Validation on T Legend
Hydro-Morphological Process of the w “1 T Bankline
River System in the Subsiding Sylhet ™

!’.5‘:1@ Haor Basin e RL

Figure 18: Bank Line Survey Map of Surma River (Chainage 124+0 to 134+0 Km)
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Figure 19: Bank Line Survey Map of Surma River (Chainage 134+0 to 150+0 Km)
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Figure 20: Bank Line Survey Map of Kushiyara River (Chainage 0+0 to 11+0.5 Km)
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Figure 21: Bank Line Survey Map of Kushiyara River (Chainage 11.05 to 18+0.5 Km)
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Figure 22: Bank Line Survey Map of Kushiyara River (Chainage 18.05 to 23+0.5 Km)
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Figure 23: Bank Line Survey Map of Kushiyara River (Chainage 23.05 to 31+0.5 Km)
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Figure 24: Bank Line Survey Map of Kushiyara River (Chainage 31.05 to 38+0 Km)
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Figure 25: Bank Line Survey Map of Kushiyara River (Chainage 38+0 to 48+0.5 Km)
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Figure 26: Bank Line Survey Map of Kushiyara River (Chainage 48+.05 to 57+0 Km)
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Figure 27: Bank Line Survey Map of Kushiyara River (Chainage 57+0 to 62+0.5 Km)
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Figure 28: Bank Line Survey Map of Kushiyara River (Chainage 62+0.5 to 75+0 Km)
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Figure 29: Bank Line Survey Map of Kushiyara River (Chainage 75+0 to 84+0 Km)
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Figure 30: Bank Line Survey Map of Kushiyara River (Chainage 84+0 to 91+0.5 Km)
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Figure 31: Bank Line Survey Map of Kushiyara River (Chainage 91+0.5 to 101+0 Km)
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Figure 32: Bank Line Survey Map of Kushiyara River (Chainage 101+0 to 109+0.5 Km)
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Figure 33: Bank Line Survey Map of Kushiyara River (Chainage 109+0.5 to 119+0 Km)
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Figure 34: Bank Line Survey Map of Kushiyara River (Chainage 119+0 to 140+0 Km)
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Figure 35: Bank Line Survey Map of Kushiyara River (Chainage 140+0 to 150+0 Km)
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