Computational

Engineerd n(@g28h®) Physical

P
<

Contents lists available &EPM

Computati onal

Engineeri ng¢

ouyan Journal hwowmepjagepm. com -
r-r?)I’GgSS C=PM
FI ood Hazard Mapping of the

Akramul Haque

1*  Ovi Ranjan Sah&, Md. Abdul Aziz?

1. Lecturer, Department of Civil Engineering, PCIU, Chattogram, Bangladesh

2. Lecturer, Department of Water Resources Engineering, Bangladesh University of Engineering and Technology (BUET),

Dhaka1000, Bangladesh

Corresponding authorakramul109183@gmail.com

d https://doi

.org/10.22115/cepm.2022.327103.120:

ARTI CLE | NFC

ABSTRACT

Article history:
Received29 January 2022
Revised 07 July 2022
Accepted08 July 2022

Keywords:

HEC-RAS;

RIVERFLOW 2D;

Crosssection derivate DEM;
Land use mapping;

Flood hazard mapping for lan
use;

Assessment.

Bangladesh is located in thealeltaic plain. It is very
vulnerable to floods. Flood causes enormous losses to c
lives, settlements and others. Jamuna river is prone
monsoon floods and is located in the Nectntral part of
Bangladesh. Flood Hazard Mapping is a axfétctive ad
nonstructural measure to mitigate floods. The study are:
about 75 km. Flood hazard maps were generated using
RIVERFLOW2D model in conjunction with  ArcMaf
Calibration and validation were done for the years 2014
2017. Then steady simulationas/ done for 2, 25 and 10
year return periods and inundation areas were found at 4(
and 58 km”2 respectively. The flood hazard maps v
generated based on depth, velocity and the product
maximum velocity and depth. Then these flood hazard n
were superimposed on different land uses such as ci
settlements & others for the assessment of the flood he¢
areas. These hazard maps for different land use will be u
for future planning and management to mitigate floods.
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al most every year and i n-36%emwmy Mmdresdadn2dp drsi oi
General ly, a flood is categorized as catastro
Bangl adesh experienced this giynyedaofscahaassriompdl
2004, 2003.T8]e20el 7ar e bot hstsrtuatcurualal meaandu rmes t

to prevent natur al di sasters iAlcomugi wgt il sbdas
measur-esyuponor al measures are bewowmi ngndneffea
alterndathisvten o me a siarr el fuldeessd f orecasting warning:
hazard mappind 5§od &Gbsedsmamtrd amceEes|simdmg , n
remote sensing techMueue® ahe ¢ ominemalty omse . f

the 2d hydraulic model is preferred for floo
variations in longitwdhnahi andt bdy eiosa lsaed iedce ceu
with a width varyRalgméamoent 6akm( 2021p &oupl ed &
with a Machine | earning algorithm to develop

| ocated northdarsjftRaonfgaBangdtadaelsh(2021) devel op
i nundation deptthh eenD wred aornc iftlyoouds imogdel . They

climate changed 84nTdy runrab aenti zaaht € (9200 UG )i ownk alebg & iag
scaltaadga at o prepare fl ood hazRerdf aomraman ova t Qo mph
version of FIl oodAMé aBa(kFyl oeotd Aale a(HP@XCI0O) assesse
hydraulic modefl|l obddefde Wk ch ottwmiatinhcenleeishad soeod dept h

[ 1.O0VMJasconcell os et al (2021) generated fl ood
combination of three model s siuRihv ears Athyad ryosliosg i
2D (RRAG) , FAN Model and Height Abo¥ve the HeEhT
river changes its position year to year, these

fl ood hazard mapplilnégkhmong pheaRaROPR&Tf fusmodel
generate flood hasamndcmaplpaonggdont heedat Myanm
t heir resul ts wi t h S 0me remot e sensing i ma ¢
Spectroradi ometer ( MODI Sbh-bamd S yhret hReht a sQe dA plerrrt
onboard Advanced L and( ARGELZY/IPAG-S ARb@ld!| ittheey
very good results comparing with this satell]
al so depend on t has acesdclactyi o amf ha skacrhacy ot
al (2019) used “mowWwor DEMBERRT @0 aAA00IS2-amanAS BBR
DEMs and then analyze model sensitivity. They
with a different ki AWordfdDEBME.galde uff aamed deelpath
the other three DEMsecktmonhiderstwvadyey ®HEMaj sCus
mapping and 183JBlkscsdehazard assessment is al so
floods in different | ocations and for this se
Ernst et al. 2010, del 4K dk handi Gr s udagnn F2 00
prepar eRd VERIFLPOMNRERAS & -sceootsison derivate DEM ba
vari ables such as depth, vel oci ty, andrehbherpr
periods. Then these hazard maps are expressec
settl ements.
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3. Methods
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was downl oaded from the free accassh wehsi oa. (
46. 7L) was <collected from BWDB for the year 2
such as Bhadurabadh, Kazipur and Sirajganj stz
year .
Table 1
Data collection

Data ty Source Data col | Period

Di schar ¢ B WD B Bahadur a 202H19

Water | e BWDB SW49A, SW4 202019

SW46.9
Crosesct i BwWDB RMJ #1713 2018
MERI T DE http://-hydr o Jamuna R
tokyo.ac.jp/ ~yan

3.Bydr anoldied

RI'VERFLOW 2D usdeédvkebe eJawatéon and the model |
t er ms. The assumption about bed shevael ostirtess
directions.

Depth averaged mass and momentum conservation
fl ows. Parti al di fferenti al equations of t he
conservative foramsofoilthewe equations

ou/ Ot + OF(U)/ Ox + OG(U) [ Oy = S(U, x(1y)

where U PObi(sh,t hg vector of preserved variabl es
k= uh yandihe unit dischar gdeespavhieuagmpomemptreseit
vel oocietcyt or wut heorgand y coordinates respectiv

F =, &/ah ¥, oo g h Gy, saqdagh %, yH( @ )5 gh (2)
where g Iis the acceleration due to gravity. A
term?20n5gtheratskexedound in every water col umn

combines the effect edf amdes her ¢ alngrene i averf orfc
stress

S = (&4 S)gh (Bs()d (3)
where the bed sl opaerse of t he bottom | evel z
So= T/0Rz0y= $/O0Qz ( 4)

and the bed stress contributni drawi s omad dalted us
S = an Z+ Au*'*h S 2na 2«4 gv/* ®h (5)

with n the roughness coefficient.
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3.Model setup

The Meri't DEM twhGe oogrriagmmicdl naid canmg()L asty s t-@Ing Il n
6Define Projectiond Tool was used for the trar
system was set to WGS 1984 UThBRWBB N cspencetgieocnt i
shapéehiel eecawaonn drawn i n RAS edasppieon awas 1 nser
new terrain vaa&s eseesceta toend Mmarpopiblee RtASSH $ as aaved 1 n
definite folder. The overall met hodol ogy i s s

Data collection

A 4

Generation of DEM by exporting cross-section in Ras-mapper, HEC-RAS

)

2D hydraulic model setup by RIVERFLOW 2D

A 4

Calibration, validation and simulation of 2D hydraulic model

A 4

Generation of flood inundation map

Generation of flood hazard maps

l

Flood hazard assessment

Fi3aFl ow.chart

Aftert (RRh¥ERFLOW2D model was used for 2D hydra
added.aDbmamnn outline was createlriwshhschbenepats
and the celmetdihze upass d3xBOMWNnSt ream Dblden dairty i wee
was cr emaatnedds fTdire f i |l e t wRelsVERPLLOMW alDl tad i Toone mo d e

computational I ntervaltheeaspgi veampst dt0i o alut te
given as 24 hours. After, dddodn hdizfafr@r ematp sc o
finally flood hazard assessment was done.

4. Results and discussions:

4. Si mul ati on, cali bration and validati on

The hydrodynamic model was calibrated and val|
station for the monsoon period Withhd hma nwraitreg
roughness coefficient was adjlustiaddelo siamilbata
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|l evel showed a very good agreement with the ol
0.029. For the 2D hydrodynamic model , t he coe
calibration a®d validation (Fig.O
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FigCali bration and validation graph
4 .Rnal yls a-s dneafp
Among tot al Me8a2eOl. Bad &amea,ofwaterbody, island,
& others cover al most 2.52%, 1. 6BRa®Bd 39%e Bap
i s shownd4wlmernfe gume. 8&r ea of water body, i sl and

ot hers are 226 .10MM9 kIMB 3 6kfm 5462 6km 274278 km
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Legend
Class_Name
I water body
I scttlements
[ Bare land
B Agriculture
[ Island

5 10 20Kms

Fi.4l and use map.of the study area

4 ..Bl oeoxdt ent map

Thfel ooded area was found at around 4043.52 km
return period of 2, 2f5 cawbrfle 100 years respect.i
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i__]locattion
MaximumFloodArea_100 yrs return period

MaximumFloodAgga_25 yrs_return period

FigFl ood extent map

4 . Mazard mapping based on depth

According to water depth, the floodplain is c!
the river |l ocates in the high danger zone. T
floodplain is greater t hagnan3d ,meBoegrrsa. &I h&a iwbaatne
varbetsween 1.5 and greater than 3 met3&r skm exc
from the right bank g9fatrheedamén.a elRa noalr p(UFro Igi.a
in a medium dhrergbrankometndangail is | ocated ir
i hig.O



96 AHagee/Godmputational Engineebli(@gp8@b@ Physical Mod
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Fi.gFl ood hazard mappi(mg base® gmsdeptthurn peri od,
for 50 yrs return period

4 .3azard mapping based on velocity

Based on velocity magrcdtauwsdea,f itehde iinntuon of aotuerd qauras
which ar e s7hoswn®hbirna sfliogw-. &% z anrodv) (hCa z ak .d5 4 /. s6)6,4
medi um haB8aRBd3mhilgPhihazaba/Th@. InBaxi mum velocit
bet welen530 m/ sec in the floodpl ain. I n IBerajga
bel ow as well as a different kind of settl eme]l
of Bogra, Gharbwedbaratemnid) period (Fig. O

Clocattion
MaxVelocMagnitude
VelocMag
0.000000 - 0.664000
N 0.664001 - 1.538000
. 1.538001 - 3.312000
. 3312001 - 4.500000

Fi.gFl ood hazard mappifga)bdoed20yrvelretciury .peri od,
4 .BWazard mapptihpgg olased odnvel ocity & depth

The product of wvel oicsttiyc afnar dtetpé hqg u & n tmofriec ateia
hazards which8 i Foghawmeitrurfni gpg.erd od of 100 vyea
i s more vulnerable to crops and settlements th

near the river. As the distance from the rive
and depth decreases which represents a | ow vu
years return period, théomagnionsdesuicé thhsevae s
Ghai bandha & Sira8) ganj district(Figure O
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DxV

0.000000 - 0.550000 (b)
N 0.550001 - 1.000000
5 1.000001 - 1.500000

1.500001 - 4.000000
1 4.000001 - 6.000000
Dllocattion :

0 510 20 Km i o) X
-

tm bppr poi dnuge tb aosfe dmaoxni muym( el bort 2 s nd
period, (b)) for 100 yrs return peri

4 .Hazard mapmps ng for <cro

2 years return period flood hazard mapping f
period to select a rsoupipteash.| el haer eSa raan dg atnoj- sdeilsetcrt
1. medi usb( b)0 hazar9 . S8ome offBrtghed nGai bandha di s
situdtOedml from the right bank is | ocated in a
far distance from 12 km can be classified as
Tangail dissrfrcedOds0l) bwoc Woas5y) lhoaw a(rOd 0z one wh
in 9i Several areas within the floodplain are
vul nerable to settlements.

Fi.gFl ood hazard mapping for crops



