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Ee = lov- 150 micce mhol/cm —p Lo conduchivity ddes —34

—

Fc = W0-T9 ) —p Medium v » —»<G
£C =%5-2050 —> High o , —b>C
Ec = e v — b veyhlgh v ., —VE

micrometer hos / cm = um hos/ cm
millimeter hos/ cm = mm hos/cm

meter hos /cm = m hos/ cm
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@D Codium Perccem’(ﬂﬁe Csp) &9
Na* 3
Na ™t + M%L++ K++CQL+

SP:

W EXCl'\ClV\a,Qalo‘Q Codium PQKCG/\NWL&?@LEKQ

E xchangenb'e (odium

| (on
;%ofxiﬁmi;madtj me = m.eq = m. equivalent

ELpP = * {00

) \(‘ : T\
@ Unt convertio = me/L = (mg/L) / EW

fPm
S 4 4L —
=p me/L = equuival ent welgWl

=p ppm = 64ox EC (MmS/cm) [(m¢/ca s/ |
=D atm = 036X EC (m3/cm)

@) #**
Ohot & the clagrification s§ \Kftf\qc\ﬁm\ Qaler kaving the £olloqury
chorackertditics : Concentadton of- Na, Ca®) My ane 22, 3 § 15

JM““" quu VOJ&»\tg PQI‘C L;ter( R@Ped—"veﬂd_ Q’Y\d, ’{:he de(‘jhmi(aﬂ Coniut;p%Vil:\’
X 260 Hmhot lem ok 257c 0

(D Qhat problem might artice in wing this @afer on fine textured soily
@ ot remedias do you MgNt to overong Hhis trouble ?

Sol"
oamm———

AR - N b —b medium Colim @ader
B t oo (Bil'ﬁ —P3,
MaZ+Qa 1

Ec = Lod micro wmhof/cm —P loey Sadinity @ater —» &

!Q,-f,_ cbi_:};rz____l

% Coil becomes gy permealsle.

*  Slouet crwshn')\g ahen dry .

# becowme Pplagkic & Shicky Quen et

x iy PH increars toards bt of alkaline soi.

® problews —P

© Remedy ) Add 94 pium CCASOQ-LHE) to the Cal o Dadep.
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l

@ Express €301 ppm of Sadium Salt conceddration in  mmhas/ow, Sihos/ew |

& mhot/ cm i

Soel? i
— fPrm =GC(DXEC
cP 8300 = £G0% EC

CUEC = 12097 wmbaom God)

119 x10° M wha/cu @)

Expriess 2300 ppm Sodium chlonide tal cocewtration im me/| of—
(D "EQ‘
Sel®

Equvad ent CD@(\C)LUt of Nad =23+ 35 4c = GTU4G

fem_ _ 236D
Equi vodewts ejghit 5% 45

~ 39 45 me/f (Hs)

wme/ | =

ﬂma RQ u,‘lrcem%/ts Oj‘ Crcopg

& Cmopp’m\x} Pa}{erm n Ba@l«d@%
P Khm‘i*—l CMa,rtd,,_ Jufy £p Augh 18 planded .
& Klm*‘ilf i\ Ccrubd— Decembexj > Aman 1€ P]GM .
x K@b] C Nov — Apru'l) P Bore, dhead etc .
sowing to_harvesting
ﬁ (kg

B Crcop period D Tha time perciod tad elopser friom 4he Ingtawt o
So&ing to the Inffauwt 5? it harvert

B Base perciod P Thu Aime between the fintk Oaferty of a erep
at the time Uf( U %Eom@ to Uxr laut cgwgem;\,ﬂ
bQJﬁone l\sxm/egﬁﬂ . 1st watering to harvesting

Creop Perdod ‘>'/ Bade perciod

*ﬁk %}Ca ' reed [o‘a, crop @ to Come
(A m t Qaker AU * ‘
i m:::fmd; i;o‘?cdied s ddta CA) + unit =p cugoem

to
S a N \
*’fg %&—9 4+ may be d@fp‘ne,d ot the area weguiirc mmgafef‘ Jor
Aull greoath of o given P by upply 9% um{:‘chscwe
CQ m'B/;) Cou;HY\uoullj, d,urdvxg the eukire bage peraod o'{f}

that cropr unib & Ao (Al )
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 Dudy c\epeuAs on =
% Tb're o} ‘crop
® Type &% Sotl -
* eliwatz R {Qfon
* Weful mgjyj—qy|
X E'f;'cje/md of <~ tvattion methrod -
D \mporctance of Dudy =D o
gt helpt W M dem‘ahiwg on effiae '
R 1} we know theares to be irrigated amd their dities, we can
calodats dhe difchorged required forc desigiy the clanne?, DZA/Q
R 'J/ we know the totdd available Qabep ak the head of main canalk
& overall [didkyg frot all creep - We an cadcudats the aran To b2
irrigatzd -

%.‘H‘O(A) we can i'n/\Prc@ve CLLM‘U?
R Canal Chowld be [lined to reduce treamn (migsion Load .
# Canal Choudd be nearert to the lrcrugqja{ I

# Land chould be preopercly ploughed .
* Gioed qualsty of aderc Chowld be ured fore ircigabion.
% Rotationofmareps (hould be preackised

M Relation befryeen Dolta & Puty B = Base period
A —b Cr_a/
_: 20 B & —b da @
A q D D ﬁ%ﬁ—“‘;ec O

ik ruce ne_qujr\e/f abouwd 10 cm dD/P’d" (g/ waker at an avermge

-

inderva) € abod 10 dayt and He Creop perciod  §orc ruice ic 2o days
Find ouwl the defta for ruce

canal
£ camal '\rcru'gadiéﬂ Sydtem .

Sol™

@ Find the defto for a crcop ohen Ut duky ¢ 964 hofumec ON

the /FEQM) bade Pmo'ocl & thie cresp < 10 CLQ&S.

¢
/‘A:QQQ%:?QQX-—%%—Q :l’LOCW\m

——
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A Channel 1¢ to be AQ‘SI'aY\e(J fore ircrugating KO ha In Kl«aru'q‘f
Crep 8 Govdka Im Rabi creep. The cdatfen rtequﬁnrremwt fort Khavif-
aud Rabl ane GoCm & 20w rcespech've]d,‘ e base perdod g‘/o,t
Kkard& s 3 weeks & fo Ralor 1¢ 4 Weeks. Determine the dascharge

Sg the chaune) }ort cohic_h ¢ o be &offg-med.
Lol

Discharcge rzecTudrcecl for Khart?f’:p

3T b3 MY
A=36¢B Deo=80X T P Qe = \b53 M4

Rk

Df&d\aneneﬂufr(ed forc Rabl
3
Az 904 B cpan=geax L wp ge= 331N

Ke.
- Design Dischorge ore the channel :.&e-g-g-.-e-a-g-sts—n#ﬁf
= 16.53 m”3/sec ===

(max. value)

S ]
%dﬂeﬂ, Laggng | N
A land 1§ Caid to be odader logged cdhen Uk prcod)udwlf:?j/ gety

affecked and hen the roft 2ome ¢ the panks ged floded with
ater lbg the high ater dabie,

B}@/Causeg of oater loggmy
R lrtttegular or  flat depogrephy
x overe § Intensiveninmcigadion
* (ecpage O’g coater '
# Inadequats mofural drairege
‘ 2 Exeess rminjqw
8% Result of @ater loggng
# Land becomes lill aeraded < hich reduce plawt g rowth & fimally-
reduce the crop yield .
# Normal aperadions cuch ag [tilling_ ploughing can't be ea;,’(d cantied
out in Wet ol
# @aler logging alio Leads to SaJim'tat.
R Qafer (loving plads like grats; weeds greow qQuickly in  waker
Lagged Land and aHed— the greeth 6§ the creaps.
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@ﬁ%ea&uﬂex &ort an\;r(cllfr\@ % coaterc (033'.)3 @)
X Linil«g cf cangad & coaterc Cowrges
A Reducing the intensity o ir(rcégqﬁov\
A B¢ introducing rermep o taton
* By aptimum ule § @aker
R By imp oving noduwret deirage
i@(@%/l.eachb\ﬂ

Leach‘n\g) & the precoceds 6’8 dj,(scfvi}\g th
&Kowx the desired (ol La.jejc 'o\d the doonwared waveme

e Salke and removing them
Wk of cader.

gl L@C’""h{] neuiremenk of <ol
* To Leach oud excesnr Salks dyafer s applied m a quantity more than
the normal nequd iR memk: z{g the atep to avold accumuladion o§ Salts.

e becowmes 'necesrarey hen the inigation cader condaimg Soluble
Sablds o the ol g already Sadime n najwte .

ES Thi¢ lexcess aaker ol /f\oco down ‘o*Q\%iOY)d the rodt Zone of& the creep
and wyashed dewn the ©exces Salk .

* This excey Qater Ohich "ig nequjne_d to wmeed the Leadn‘v\a heeds
i< generally expresied ot the percl@antage f the @ Ldtal irucigation
Q)a;?‘?)r.

Q). LeQC"\ I‘P\ﬂ Recfuj r(emewt .

T Pepth 6f ametor drained owt pe unit aren
Depth s iigation weder applied per unit aren

Da Pi—Cu _ C; _ EC _ EC
PLR= b; - bt G E¢, [2EC

Dy = Depth o} ater droined out perc unit ogten

D; = Depth &% inmgation waker applied  perc unit afeea
c, = Consumptive we o @

Ci = Solk contenk W irgoion waker

e, = Salt content in drainage ®aterc

EC; = Electrica conduchvity In inrigation water
EC, = ) » n dramage ater

EC, = ) » I Saturmafed foil eXtrad—
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@ Ectimatz the LeacNmﬁ requirement Qhen electrical Conduckvity Cec)
Value & a Saturated extrack of cotl (S (0 micrs mhot fem at 15T,
reducHon e (n the Yield of a crep. T Ec of inrcigation Qaber (¢ 142
M mhey/cm . Qhat olll be the r(es]ulrced depth sf Qafer to be applied
the Field iér consump’c\'ve e R@}"‘J‘r@“"@"\/t s the creop (S gomm?

$s "
LR = —‘E—C—“—xtm% P = %@x!m% =8

2EC,

Agraun, LK:%_:C;*& cpo-oezl)‘fﬁt” i A0S
\

‘ L———

' aaty
A tle dranage _g:jg{—em draining 12 ha , §locas ot a defign <ap

(¢ \ | a d‘mimge
Jore kwo dayt folloning a Sorom. 1 the gystem (& degigned :;”3
C°‘%ﬁ]d€wk CDC) (& 5 CM/dﬂ,\l}, How many ocubic wmotres cter

il be memoved duming thi¢ pertiod 9 DC= 1.25/100 m/day
o 00125+12°10000 m3/day = Volm / 2
o

-—
-—

A 5 x Xt = 15T e/
Val™ of coatere ewerting the drom /day = &

vel™ sf oaterc remored during 2 days = |5T® X 2. = 3 OTD W
@y

S .
@Lf
DE;I‘Q/T(W\;PLQ 'E'AQ S]te %@h) GJ' R «H‘e ajt»qu O(&M (? a kadmfhage
$Yyltem | lcf’ the Dc ig 2 C“‘/dﬂ{j and the ktile grade (s 0-3 3¢ .

Acsume, the regueity co-effident for the tile dmainv matertiad oy

&-~012.,
Col?
— 1 C 0(9
A= -5 X e ; N=060112
= 660 MY/day = 0- 606G W/ §= 0'3% = 0603
Forc arewfar
. DY
,&Q%K%\(?*A A..774‘D
- K
6-006%% (b stm x@g%o“’ ,P“ D
Cbmso-onx?ﬁ | -.R= 24

@m@/m>
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BCrar draimage coork. ©>

A Creag d:zqim’ug otk & @ Shpuckure Qhich [§ congtructed | Td' the
Crolling «f | ameanaaRdmamEtwel dran to dispae of dranny dader
Qrthod— ‘iydgnnmph'uﬂ the canal Supplies.

lJ’ the .jtlou) ekt & 13 cuiec % Area 1§ S ha. Qlad i€ e ting
RQCiuir(ed o im}sa}l‘on |j' de®atertimg n imrigafed land 10:92.am 2
Lol

3
Vel &f innigated oater = 1922 x Exi0") = B460M

Q = lI13 cusec WHP = Q*H/76 0= Lss

¢ o &21%& l:b‘t':48.325e;’;@3 m
A —v gpm
By Wader Horse powerr, WHp = ggéo b —s ft

1483 = T ¢g gellon

£ 1 gallon = 3- T¢5

_—

A pump lifts 93eop L of ctere pere hour against a tfta) head
¢ 21 m. CompulZ the WHP. L Hee pump has an efficiency s§ LY
hat fize prume mover [ r(e,ciujrm,d to speraty tha pump. i}a\
direck drive electric mdEor having an efficieny 20% i wed @
operadr the pump, Computz the cosk of eleckricad .,szrtgy‘ n a
month & 30 dass. U pump is cperated fore (2 hosdouly forc

30 dwazf T cost éa«w& & 20 Pcu'sa/dgg.

Lot & = 93660 L/kr
At AILISKEE 77 Aoy = 2860073345 ,,,
WHA = &aszr = —Sare £ So
N 3960 =412 15 gpm
fHP = % = 996 ™55 H= 21X324=688?’

: 5.9¢ X0 T4b .
K\'M@Qﬂk lY\Pld,"tO VM(Q’,OT:— m =9 MKW

L Energy /mentk = 919 x (1X80) = 3343:5F Kwh
© . otk fmonth = 33043-57 x@%} YIRS NN
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*"@ Determne the (pacing of the tile drain from the data = Annak) rainfall
=leocwm, [)'mjngge CQ-%H"'GM =19 to be drained in 24 ks . Depth &~
Impercvious lager from lawd to Swrface =low, depth of drain belocd
Land gmfﬂce—= om . perqwealaity 6 Coll =15 Yem /cec , bepth f QT below
land = |45 m. [61_ &0 6’]

Lol

(;:,

lﬂt/ lOMg;ttLdl"\Q.J LPA\\(){(A 6& dreain = dm 16

ﬂ‘wcm/vq—e/‘
Runcft pere Second & = “Tov X Hp R S$X Y _ _ﬁ_’_”g
24 X60X60 €:64X10
e knon, g2 Q) o o axB D o)
- v AT a1y

2

% i

%/?/g’?ﬁje :H\e nece(fary of Drainoge. Discwss loru“e%} Some f the imporcrart—
field investigations necegfary fore drainage @ork,




B optimam irdgation cdakere depth

The quantity 6f Qater o Ohich the gield 1§ maximam is colled  the
optimum ircrigation @afer depth .

ﬁs
Max. yield

yield \
|
|
|
’l opbimum Qafert dopth
1/ 5

et depth

ob
: ' ha . T duky 6 @aker
@A Canpal Commande an ‘\rcf(‘@a}tcm area. &F qov ha

N mine ,
on the rfie\d dumvg the peak Peniod s 220 ka/(_urvuic. lzf:@ﬂ "
+he draimoge ditcharcge o the candd ok He off taka & oater
In canal i¢ 30°4 P

: eo 460 z
= Di-“:& An & 220 = Ticclome D Dischosege = ' 9 2m/g
= - e
Difcharge oy

1 N — 192 _ . W\Q/S ’Ab‘))
ot b&‘?l%"‘ D charrge = 520 = 2:6 A
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entering into canal
Canal. head

delivered into field

B & atere Conveyance e Hciency , Ne

e = eterodelieed it fieils from outel & chamel oo FIR
Daterc 'er\:!'en_ng W5 channel ot s ctarking point” GIIR_
B Qater applicadion efficiency . g
YL _ afer Sfored in the rele tone 6§ the creap X (Y = NTR
8 T T ader delivered ints the field "TURIR
B ater. Storage efficiency, s
_ _Qater (lored e rode tone f the crcop durming ""“nw (605 =—

m’- ll\](u"eﬂ needed |‘Y\ the ITO&_' tone PT(GOI'( R V) il’C{'(;c)"
*additional needed

B @) ater ditkibubion efficiency, Na
Na = @.. %) £ 100 %

D= meaun depth g_ff Dadere Stored durcirg inrcigadion
d = Averrg ge G’X the abolud values 4 deviakion¢ freom Ehe mean

T——
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@9
1 cumee 6§ cdatert 1§ pumped ity a &curm distribudion {ystem .
OP cumee 1§ delivemed tp a twrmodd, 0.9 Km freom the well. Compull the
Conveyance efficienty / on farem efficieny -
Lo)"

e~ % xiov% = €oX s

@ 10 cumee of @ater i¢ delierred to & 92 ha field for & hre.
Lol probing aftere the irercigadion  indicades tHakt 0'3 metre o’a'?cacz)rem
has been Hored in the modt 2ome. Compwtc e aafer application
‘Qjcjﬁi'ciencd .

NIR = 0.3 m
nput = 16 % Gx3en) = 114000 m? FIR = 10%(4*3600)/32*10°4 m
oo coom®  Ans=NIR/FIR

Sal?

du#pu:?’_—: oﬂgx@Q.XlO(D:
_ 96sm _ gttt Ve (9

& = qgo00
e depth of P%e,tmj—}om- dhong +the Length of leumdari Loredore strip

af powkt 20m apard oere presbed . Tuair ol errved values QG 2 ,1-9,
g 16 Q I'G w. CQMP‘“LT‘ the cdater digkribuhaon veﬂ»lctencd.

Lol” o104 184 b LT _ 1 Eb W
— ___’_'_,__,_,..——-’—-"-""_’__— =
Mean depth, D = o =

-3y

e [2—1'%|+|T'9—l-’+&|+\l'<’—|'%I+l!'b"':“°i+_(_"/5 = o168 m
Y

%) * (50 = 9053, 7S

K 4 =(-

& L

@ A ttream s 13oL/t Qod divertfed frrom a cana) and 10D L/ Qeme diverded

* to the field . An Arcea of 6 ka Qaox irrigaded i @ howry. (o effeckHie
depth of reodt zone g I'Tam. T runoff Loss in the field oas oo m®.
G depth of cyater penetration varded Ln'nenrda freom 1-3m at the head end
sf the field o 12 m at the Bl end . Available moitture helding apadt:
of the (oil is 10 e _perc mekre depth of coil. gt i required & determing
YL,;,Y]S’ '1_5/ and yz_‘_* . [rrigabon Qe stoded ak a moicture extrackion

Lowel Jﬁ 50% ofF the avas Lable molsfwree -
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NIR = 0.3 m

FIR = 10*(4*3600)/32*10^4 m

Ans = NIR / FIR
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O =12 3 @

; 3
®  ater supplied = 60X (@ X60X60) = 2680 ™
Runoff Loss = 412 wm?

3
Oaker Stomed m the rodk Zone = @HO Mo) 2.460™

M= 500 = g5 Gy

‘ | , | = Lo om/m
@ Mot ture [wH,yg Capaaty Cwho s§ sofl - ad om

# |+ Em

Availeble MolSturce = 34)(567 = |t cm

water needed in the root zo —~|TCm
" Additional  @ater rteﬂuurt m rtof?t %7\6"@4"@ 't

f™ = (Mlo‘Q 2720 m’

d = h“’}—l'; -+ ‘|~1-—|‘CI‘ - 0%

YL,@— ) =t87/ Q@)

/@ A cannal command¢ an lr(rugwhm? ajea ooL 350 ha , e perk
field e gadion rtequurtemewt (¢ 9mm/day. Determine the design

discharge of coudd ak the outlel octer loff 152

Lol
—— . - V] = 0-36Gw
’ Tha) Dater neciwmemm = 1550 X 3L00KLY * (EDX\D) Wi/

L De_(fgﬂ Discharege = 90—%%;} = 0439 'Vl @
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9{'{%’/(30)’) ‘(u’mPh’vQ wee Q(’;u) o EVQPO'{ZKQ)’L( P‘llej(‘OT) s &
| S
2 The totmd amount O(f/ C«)Gfm Wed b&f’ P‘Qut in [ran PI‘ !Feaj’@d
evaporation from adjacent Coil 4T {rom [plant Leaves ™M any
'HW\Q .
® Col'\\(umpt('ve We \( the Suw 0£/ tedo termg
® Trean e piraki on |
dp Luild plasd
* Qdater behy Patsed entercing planty rcoods & uded i’m .
R Cdater \oe}uj pagsed threough  lLoaves 6? plant mto the ﬁjﬁf}qm;—
# Tran(piration atfected by Elivate fackor, Koil facter, Pa

_ Treanspinadion & 5va_P0rm}{o’n

i% Evaporation ond
bsfm!—en evaporating  from Mjacwt Coil, @RI mnfﬁw '
Curcface «} Leaves cf the plant. plant leaves

B Effective Rainfall (Re) , erco
Preec pireadion fallisg durhg the groiny perciod of ¢ od edfecitie
tonwieet-rtherevapo=trantpiradioneed of the crep & =4
Kq’ﬁ'f"‘-"’ R = :prcecipi’cﬁﬁm

Re =R —R¢ — D Ry = curface nun ol

D, = Deep perccolation

P M aVCdl (Q/dLQ_

& facton wﬁied-}y@ con sumphive e e
# Evaporation hich depends om humidity .
% Mean mon‘chl& temperature .
* Monthly precipitadion in Anen . sunlight hours
* Wind "e'oc"tﬁ M Locatity . soil and topography
* Coil § Topography. wind velocity
£ Cunkght howes . crop pattern
X Growing terson of Creops &ICTOpPRRg AN method of irrigation
® Inmgation priactices § methiod of irmigation.

Evaporation
monthly precipitation
monthly temperature

@ congumptive Irtrtigation requirement;, CTR = Cu~ Re

B Net (nmugaion Requirement NIR =CIR-+ Qater oy
B Field inrigaton Requiremest, FIR = r:iz—k application Lelf
e
B Girot icrigabion Requimemewt , GtTR = FIR+ conve yance Locs
FLR

RE
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plant leaves
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Evaporation

monthly precipitation
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Deter mne RIR €} Jooar crop, agruming Yokt paterenicndes
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B (o1l moisture - Iraigdton Refah'onghfp:b

The coafer above the w1 |( knoan ad Soil moicture.

,/L\\T’ Rodt Zone
iwmwaﬁ Zone
- -3 . C:Pilfira %_cme |
Giround Qader
7 77 777 77 77777777
lmPeu'low CHreata
A
VVI for any 1\ Fe
Math RAM Avallable me RAM = FC - OMC
ytwrte = FC —PW - |
E " ° FaF = 80% of Available moisture
5 —--- T~ - -~ ~-6M (AW)
9
- L PWP
2 non availeble moisture
-
¥

"—?Tl'me

B Field capacity (Fc) |
The A4ield capacity il the Amounk df cater condeat f amngoil aften
dree drainage hod taken place fot a Suffident period -
b s} oater relained in a Cerc;}a'm vet™ sf coil ¥ 160 %
Wt of fame vel™ s§ dry <oil

) Percmanont cofl’cinﬁ poimt (PWP)
Pertmanent iltig poimt i that Qa.iwc corkent at Dhich plawt-eam mo
ld"ﬂ"—"‘ ex tract Sufﬁdem)t eaker for IEs greowth

F¢c =

B Awaloble moisture = FC —PWP
B Readgily available mojsture, RAM = €07 osf Available woicture = FC - OMC
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Always, RAM hobe, RAM= FC - OMC

Wdep% sk waker. dw = _:b;&»,edx(’pc—)

depth coi |
depth of root zone

g/ gl o) vl You supply Qoder
i Aftere Hoo many dayi ( \rertigadion ffﬂe'que‘ncy)' i ’L\(lo S
£y coll in order o naure  culficient irrigation
(otl M
D Fe o the Soil =187 **kono point dewa thakle, oi point niye korbo
@® pwp = 1324 Otherwise, RAM diye korbo
V = e

. e ('Qa/Cc
@ Dry density of <o ]
(@ EHreche depih o} wolt 2ome = Focm
@ Dai‘a COVIEU)’T\PH\,Q We = |2 mm

P -

———

Sl

p— ~ o — 13Y, =15
Awcilable moicture (AW) = Fc— PWP = L4 7 5%

CRAM = §07 sf AM= 1L

RAM = FC - OMC

N

%— xd % ( Fe—eM¢)
(A
_%Q_ae 0: Fo X _ 12%

01092 wm

Depth st akert

! 0'109L
Ne D/g/ é@ﬂa ‘hﬁ! = 0:0)2 = 9 dﬂﬁﬂ !2@5/

¥

Detertmine the field Qapacil—a/ sf a ol ot the &ollomi\wg dilz =
@DQP‘:‘\ 5} I'Zc&;%nne:)vgm @ EXE“H@ MDU{—(,U[Q:—_ g%‘
@D”’J d%&l‘t\‘j 4 coil =

1450 K9 /m* G-%
: —522
@ Quantity 6F cyatert Pplied to (ofl = 65D M3 l: J
D coatere last due o deep pertcuation & evaporation =164

W) Areo. to be iRtgated = 1550 M~

_50!“‘ o = M’
= Oater alted = 850 X0, =

3
Walten wied totute Me t» FC = 50— 69 = 6EG M

D&P‘H\ Kfc‘)“}e’n 'bDI’U\:f—e MC.‘hJ Fc = —% = 0:5¢5
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RAM=FC-OMC/MC
% %e @

8:589 = ‘?g,}; x g x (FC-™Me)

= ]Fc =30'4% | M

‘% The & M at the fime o inrugakion @& 237 and 19%
Fc ' | |
- 3 and rcodt Eone depth 1< 160 cm

Tie apparcent Specific gty reriqate 2 ha @ith a 3100 of €6 L5

Peterrming  the time neaujnecl to | ¢ oo
\§ water application Lasses ane taken tp be 206 ¢ [é\ 1

SolN

RAM = FC - MC
=27 -19

« 2 x I (27-19)%

0.104 m

(-3
Depth of waderr gomed in the reoft 2one, do = 7=

Di:ckmcge = 60 —02L%C0 =48 L/s = 0044 /s
- & i water depth= 0.048/(2*10"4)

€ = 2.4%107-6 m/s

Time req. = 0.104/...
=43333.33 s

A
Sandy Leam (ol holds @ater ad 14o mmjn between Fc R PNP.
The molt Eohe & the creop ¢ 30cm and allonable depletion sf oaoter

o a5°f . The doily Oater wie loat the creop \Sdgm?ydm;igm +to
be irmigaded is 60 ha & oater Ga,n ‘Le l\: -
The Ju.nfaoz irretgation cn”;l(cgj{on Qf{r(cleuc‘d L¢ 40% e

No reainfall g greound ater Contuikution, DWM‘M_E\JKE—ommwg‘XA
M Alocwalle dapletion depth beteoeon {rentigafion s

® Freguency of irrcigation

(D) Net a/p(nll'caﬁom dopth of @ader

® vsl™ sf  cooker nequired

@ Time to irdgatz 4 ko pldx.
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R&fd one depth=03m
lding capacity 5f modt 2one = 140X 0:) = 4L mm

" Moiteute ho

@ aliocable depletion = 35,
C " Allowable dopletion depth = Grxa5%% = et mm Gu)

\, _ dopth ‘
Rate = tine CVSS%(:’D {:l\n&sQ‘QC{’}JQdaag
.. Friequeucy § \rci gation = 3 cl_aa (™)
(D Ne# dopth of aber= 5% = 15 mm )

@ NIE.

E= 1B & Frre g3 mm ()

Fie V0= Fre

3 m>
® vol™ sf Qater r(eﬂu,‘lr(eei = 0-0315 a@owo") = gr500m 7

@) Fore 4 ka imrigadion, :
Vol of oater = 003ty x(4 xitt) = 1500 M
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Canal |rerct 3cd1'on < jstem ©9)

D Gicoy command anez (&GCA)
9t s the kot amer . bounded ithn the icrigation  boundart sf o
Prcojeck . 9t includes the cdtumable ay el o un culturadole areea .

@ cu"tum’!“le/cdﬂva,b\e Ccommand Armnea Cc CA) |
gt includer all land 6§ GCA om hich eulbivaHon 1€ pogible .

LEXS D21

The GCA o o dickribuury 1§ 6om ha,
T&l iw’cewgit:, oa'?ircrciﬁaﬁdn Jor Rabi Seagon IS
1S 2537 . 1f the average dudy ot the load of the
foe Rabol gengon £ 9060 ko/cumec fore Kkartij" ceagan. Find owh the discharge

Requined tribudar v e demard
Congid of;t the head of the dishibutarg fxom avery

Jol”

go/ of hich 1S cudturable

50/ and kharif season
dictribudory IS 2082hs
o e

G{CA = &oodha, CCA=80% X com = 4800 ha

Area to be irrigated in Rooi seaton = 4560x50% = 2470 ha

Area 4o be imcigated in kharif » = 4gox 15K = 1200 ha

Cater egh hood dickrabulord i Rabi Leason 2460k ~1q.)
61 Cbt HAQ O’S, a' o 2500 "‘“/Cumec Cumec
) » v » n K'\M‘I(l/l) - ;9(}? o 183 cumee

Da}an Descharge = 1238 cumec 725

The ccA &f a @akerCourde 1< 120D ha \ Intensity 6§ <ugarcane and
Ohaat erusps ane 207 & 4o% respectively-. The dutier for the creops
at the head o’f the Oatercconrite @iz 430 “G/Cumec and 1860 ha/cumec
Find — @ e discharge of nequired ak the koad of the waker courte
© Detercmine the dosiqn discharge ak the outled, asruming @ time fackor

equal to 8.
Solf

undore  Sugar cane = | LG 10% = 240 lea

Area o be Immugated
Oheat = 20X q0% = 480 ha

» y v Y]

Difokange }orc fuqrcane = %EELQ ~ O 329 Cumec

30

P »  Ohat = % ~ 0271 cuwmec
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suec

Détcharge req’ at the hoad of waterc counte =(0:31940271) = 0-6 cus it

o

Sugar cane Y RN AR WD) NG
[ Cbhmt e NN ) )]

@ D’eg(am Dicchargge = %—%— ~ 0y cuwmee @)
At a place . khe +TC‘anSPil‘cchm s the ruce twkes b d%émd ot depth
. ) ‘TY.Q"EG
f oater Reﬁ‘w‘rted 5} the creopis cocm on the {ietd . Dum'n@ th:e *“:;’;‘ﬁ‘ed
ferciad Sg I d_a'ysj Fzain thr(/tg fa“fng and CJOOQ}lOCM s/g radh \$ lo@*hg :S
to ’f‘d'ff“ the rice demand . Find the duty of +he ircm;gdion eater rrequurced

fore rice d”m"&ﬂ 'tfcmniplanj‘a’cl'cn period .
A Acgami , 15 lesser of waler in mater Courcel, Find the dwty OJ/

Qaer at the hend o’gi coaker courde .
® Alto Find duky for (5% Locces 57 ot the head o the @alerc coume.

Sol?
Depthh c§ ater F(efiuirted forc treantplaption 8§ ruce = @o—10) = B0 cm

', Duky = 864 B = 94,(,)(—'5’%:2?}6'45 Wa/cume

@ Fore 15 Latses, Du«& = 05X L? 65 = 2014 ha/Camec (n))
® For 1557, » , paty =085X2965= 23503 ha/cumec Pny)

G2

@A pump i intfulled on a well to lft @ckerr and to irrgals rice
Crop, (oem overr 3 ha of lanmd . (§ dedy of ©ice 1S §64 ka/cumec
on the field & pump efficiency (¢ 48 % . potercming  Ahe minimum

npud- (HP) of the pumpAf the looedt @@l coarexr Lavel

r(equjrced =
g w Lelow the highest porkion sf the Feld. Assume, neglegible
fiel& chaunel.
) ‘ - 3
I Ditcharege req uired forcrice fore fulfilling duky ““‘“"F@a
= -'};g’g cumec
Vst 5& aker Utted perc Second :-ﬁ@ wo
(AL o 5& ” » 1 9 ::;'21_’2_9,&9.g| = 00341 KN ZLec

Min. Ctatic Lt 67 pipe= 2m


HP
Highlight

HP
Highlight


0:273 KNm/cec

ook dewe = 6:0341X8 =
= O'Q—qg KW&{’%

3
s L owkpd 5 pump = Q%E:)’_y—?- = 037 HP

_ o3t _ o Hop M
Input && pump = _5'_‘% = 0% o> )

) . \
Creots section f (rerigation| channel

7 /7;//}/
NS

CNadurat Surcface
Level )

Berm

The wartroe  Chrcip 6f the Land af the grround (evel bettoeen theo
inmere tee & the banK and tap edge of the cwtting (¢ Knoawn as berum

ofe = .
P“K‘P b Pr(gvicLQ a blﬂ‘geﬂ QMaj .

a pwovide Scope for fukure idening o} canal.
% preoteck the bank. from erosion
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Flood

D Orite doon the four types of flood normally. occurg in Bang ladesh .

P 1

D What Sruckual measune ane taken to proedt the city freom flosd 7

A e logest fHloor includi)ﬂ the bagemewt s§ an buﬂdihﬂ [ ocated n
floed prene  anea thall ndt be Located below g.e design flood Level
COMPI;[;@ /f@\) Reciu.t‘rtema“)t/a)k,&i am those 9 @'-U;Dj i

D Orite down the botl indernationad iver m Bangledesh =nd e
Uver Cowme m;gindfa A Hanmmr.[g-l?4j

D Ohat ane the cnd" sf flood J in BD D Ohat mendwres can be
tmken to prewent flood P [B8-3281

ooy

= Dedign flood? Explain the vamous metheds ore eatimating e
degign flovd & a cadchment . B8-39%)

% Explain preincple cauce fload § possible reemedia meaddned
fore flood mitigredion. (8-39¢)

% Lhort ndkes P waten (hed mq%em%jt/ Flood plain 2omqh\g,
Arcdetian aquiferc, Design flood_ Plosd contret, Flood prevestion
Flood prestection, Flood managemaent, Food preafing.

@}iﬁ Dis cuet the dvantages & ill-effeets of Embankment od o meagure
&’0'1 J’ldod YYanqﬂe,m@Vt—,

Wi Flocd 9 Detign flood 9 Chete Hhe vamia cauie & flood .
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~th Flood ¢ a nadural phenamena amd W ¢ aker reladed dicagter . J/
N area goed under QQalert and even rewaint o farc Cometimes Ao U
¢ called inundadion. cOhen thic Mmandakion coed demage o preoporcty
disrupts Communicalion and bring  warcmud eflectr thon W (s balled
Hood .

% Cantos sf Lflood —

”

w q‘(eos‘mphn'coj Locakion & clinate padtern

R Exeetlive rmu‘r\jodl

* melting of ice

* Tl in&»lueu(eg cf tides & deom’d

A Reducdion of rver quaccka/
/@Me{—kod 5§ eshimating flood —

A Rationad method

A EW\PQIU'CAO Fortmwae

* Un Hgdrogroph  methed

A Fbod »fnequev\vj ¢tudie

Q) Rattonal MeH,od &P: perk djs’ckan:ge /E‘@E Cm¥s)
C = Co-efficient of punotf
= T8t) runofd vol™
Téa) ranfall vaim

L= Ontendity of m‘hj—all

&p = CITA

Rk Kiepich Equation,

= depth of vainfadl
+time
Tima of concendradion t. -0 oneqv(ﬁﬂ -0-385
@\m) - 3 codehmont Slope
th of
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@ An weban avea hat a cunsdl co-effidend of 0.3 and an aweo
s§ 095 k" Tha Slspe of the cabchmend {5 0-cp(, & maximun Leugth

s§ the travel «f cocter (s 9g5om. The max. depth of reainfall alorg

be‘bw :

COI‘U« detgrattong J’ol‘l L UQQI( ree faten pc?rriod ang fﬂ‘/"ﬂ

o (20| 30 EDEX
1% ] 26 | Q0 |50 | DT 6L

Durmtion (min)
Depth O“(f m‘n\frdl
fn

ettt

Ectuats the n@_c‘uirred peak dlow rate for the

Metum pewod .

So M
—0'285

T O IF —D'38L 077
te = 001943 L ¥s ~ 00341 x Bs)  (o-008)

= 294 wn

,i///c Freom tabole, depth Kgrodh aJl = Q?‘é‘ el
~5 m/S

4984 pw/win = 2823 X10
7, My

L Y’c&ihj’&]\ iwfensity L= 57

CTA =03X2:8¢3XI6° x(gy x16°) = :('B‘IM’;/Sm)

—

Peak glooa rca/ti/ B =
&
’ Raih catere ¢ Area of wodd 20w, mpivlrfa.ll miensity lo"”"/d.cud', run off-

o

Co-efficient o-g given, clat oill be the qmqu}ibal )

Ca™
(i: (0 Mm/day
~ LA e S
& §eG50m M54

a

&
1852 X168 m%/s ms

~—~
-

(&
Rainfall ideusits (S 1-¢ m/genr Runoff co-eficient 1€ 0-F. Find
sk the minimum cotchment: aren fore the daily Dater dewand s
5 Lped o % people

Sol® Qe 15X L /day
K= ClA . =1 215X 0 M
.Q_.
x A E: Q‘QM/‘P’ =

.-6 _ , x 2t
D 216K = 09 365 X247X3E0

P 4 = 2281 m:\ ,(ﬁ)




%*@ A Crorm ojth 10cm  preecipitahion kag direct rungff 6007 m24 Am

A 10 km™ catchment Qe - cal culalz ﬁal‘ifn” & Quno\f/kcof_ g}jjcw{/ .
B~*

I =10 cm (Let)

%@ o

Me value of tota) dirceck rumcff vof™ of catchments 6X16° M. I§
vainfall depth i $cwm & 05 i« the run off co-efficient. Detercmine,
the catchmewt anea in Km“ P

Q=C*I*A

Volm = C*h*A [i = hit]
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Volm = C*h*A                 [i = h/t]
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B Atk enuation |
e perk o the oud flow h;dﬂogmp'h oill be ¢maller thom that &

the nflow kédrcogrmphw This reduckion in &he peak. value IS calied
attenuation- s peak 123
Ai- A :
. Iak{enual:lcm
NS
v
j% sukflon
K>
. L
Tfme(“’)'ﬂ?
) chance Flood [\ oltl an averade frequency

l§ a flood of a given ma%h]tudﬂ OCLIIE
s§ oo yemrcS, thon theime exitt g Xl = 2

celled 1 %% chauce Flood .

%Plzabqbiut—a o} occurmance B ex ceedance, P P
The  preo baki Uty f occurance f a flevd equal o br greatern
Han 10p grearcs.

P= Yyp = 001 5 F=loo

o/ Chance and 1S

y PTZObaJau'Uka 5F mon— occurance

9= a1-p=1- 7F
a3 Co ,
@ 170 §loodt have o©ccured in \Lo Y§ewd & record . U 14 desirad
to find oud the chance Jf Jlopd kavig @ ,fr(ea‘uemo;; s} 20w garse

Sol? l
Flood In ohe gear = WES‘
| 6DO p = NJ0X l’Lox (58D

» »

1
., Chauce %‘fon |6D> yearcs ffrtequemej Jlood = '—'7—@; * (o0p]

20
= 0 0% K QE;}Q
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Fload adopted for the degign of a (trudwiee

Y
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¥
\s o of VB g and (¢ designed

for o flood wagnitude 6F retorm pertiod A00FeA -
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= L — - oL Dod
-

,25_ N
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Flood and Its Management

» Disaster is anatural or human, caused phenomenon, which causes serious disruption
of the functioning of a community or a society causing widespread human, material,
economic and environmental losses which elicited the ability of the affected
community, society to cope using its resources.

» Floods are a common feature in the Bangladesh that occur every year in many parts of
the country.

» Floods are natural phenomena and it is water related disaster

What is Flood?

» 1If an area goes under water and even remains so far some time then it is called
inundation

» When this inundation causes damage to property and like disrupts communication and
bring harmful effects then it is called flood.

» This is a major problem in Bangladesh

» A flood occurs when the Geomorphic Equilibrium in the river system is disturbed
because of intrinsic or extrinsic factors or when a system crosses the geomorphic
threshold.

(a) Flooding in a river due to aggradation of river bed (intrinsic)
(b) Flooding in a river due to heavy rainfall (extrinsic)
» Floods in major cities especially during rainy season are proving too disastrous not only
to the environment but also have serious implications for human life and property.
Types of Floods:
% Flash floods
+ River floods
¢ Coastal Floods
% Urban Flood

+» According to their duration flood can be divided into different categories:

¢ Slow-Onset Floods: Slow Onset Floods usually last for a relatively longer
period, it may last for one or more weeks, or even months.
% Rapid-Onset Floods: Rapid-Onset Floods last for a relatively shorter period,

they usually last for one or two days only.
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+»+ Flash Floods: Flash Floods may occur within minutes or a few hours after
heavy rainfall, tropical storm, failure of dams or levees or releases of ice dams.

And it causes the greatest damages to society.

Flash Flood:

>

YV V VYV

>

Flash floods happen in a short time, they have a great volume of water, and are local
floods.

The runoff of intense rain results in high flood waves.

Flash floods result in failure of dams and more.

It usually happens in desert areas and mountain regions.

They are a threat in steep land, high runoff rates, thunderstorms, and narrow streams.

River Flood:

>
>
>
>

River floods are caused by melting of snow and precipitation over large areas.
They take place in rivers.
Floods in large rivers take hours to days.

The ground conditions effects the runoff.

Coastal Flood:

>
>

Coastal floods are caused by tides, storms, tropical cyclones, or tsunamis.

These floods happen in the ocean and affects the general public and maritime interests
along the coastline.

These are caused by heavy surf, tidal piling, and storm surges,

Other factors are tidal cycles, behaviors of the storm, river or stream runoff, no offshore

reefs or other barriers, and high winds.

Urban Flood:

>

Urban floods are when the land is turned from fields or woods into roads and parking
lots. Since this happens it can’t absorb the rainfall.

During the urban floods all the streets become rivers and basements become full of
water, they are death traps.

Ice Jam is floating ice that adds up at a man-made or natural area and stops the flow of

water. This causes the area to flood.

Causes of Floods:

>
>
>
>

Silting in the river bed
Inadequate capacity within the banks
River bank erosion

Flow obstruction and change in the river course
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>

Common floods in the main and tributary rivers
Poor natural drainage

Cyclones

Retardation of flow and back water effect

Heavy rainfall

Natural Factors:

>

vV V V V V V V V V

A\

Due to bank erosion

Earthquake loosening the soil

High runoff or rise in the water level

Silting of river bed due to bank erosion

High discharge of water due to rain shifting river courses
Landslides

Falling of the trees

Flash flood due to high discharge in the main river
Obstruction of the natural drainage

High precipitation

High runoff

Man-made Factors:

>

YV V V V VY

>

Due to dams, embankments and bunds construction

Decrease in bank height

Decrease in vegetative cover due to deforestation

Construction activities in the river bed

Breaking of bunds constructed on the tributary river for irrigation purposes
Rapid urbanization which causes pressure on the drainage system

Inadequate drainage capacity and urbanization in the low lying areas

Main causes of floods may be summarized as follows:

excessive rainfall leading to run-off in excess of safe channel conveyance capacity;
deterioration of drainage channel by natural siltation, shoal formation, or obstructions;
drainage congestions due to faulty or unplanned development activities and
encroachment on flood plains;

effect of construction of embankments, causing increases in flooding elsewhere;
deforestation in upper catchment areas;

flat topography of the country which slows drainage rate;

rise in sea level due to monsoon wind;


HP
Highlight


coincidence of peak flow of major rivers causing congestion at confluences;
failure of water retaining structures, dams etc.;
tidal surges and sea waves; and

Global climate change.

111 effects of flood:

Damage crops in the field and disrupt normal agricultural cycle
Cause death to live stock.

Render thousands homeless

Pose serious threats to nutrition

Causes various diseases.

disrupts communication etc

Human Loss

Property Loss

Affects the Major Roads

Disruption of Air / Train / Bus services

Spread of Water-borne Communicable Diseases
Communication Breakdown

Electricity Supply Cut off

Economic and Social Disruption

Increase in Air / Water Pollution

Major floods occurred in Bangladesh:

>

Bangladesh is a country with many rivers. Flooding in this area is common and
necessary so it could fertilize from deposits of fresh alluvium.

Fresh alluvium is soil that is deposited by moving water.

In the fall of 1974 flooding was extended over one half of the country and stayed this
way for over a month.

At least 1,200 people had died in the floods and 27,500 died from diseases and
starvation. 425,000 houses were destroyed and destroyed agriculture.

The cost of damages were 325.9 million in U.S.

36 million were affected by this huge flood.
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Damages from a flood event depend on the following factors:

location (urban and rural areas need to be treated separately);
depth ( growth stage of crops is to be considered);

duration (paddy can tolerate submergence for few days);
timing ( crop calendar is important here); and

extents of flooding.

Planning for disaster management:

a. Pre-disaster mitigation: This includes measures to reduce the impact of or prevent a

flood event. Examples range from structural measures to public education.
Pre-disaster preparedness: At this stage a response plan for the flood is developed in
advance; a warning system for flood is installed and the people responsible for
preparedness are trained; the institutional mechanism for implementation is specified.
Response to disaster: This includes activities which are undertaken during and
immediately after flood, such as emergency aid, evacuation to pre-designated shelters,
flood fighting; and assistance and taking measures for minimizing secondary damage
and recovery operations.

Post-flood recovery: At this stage support is provided for a return to vital life-support
system to minimum operation levels, which is continued until the community returns

to normal life.

These stages are however inter-related.

Options for flood damage mitigation:

Measures that can be adopted for flood damage mitigation can be classified into two

categories~

®
(ii)

direct or structural measures and

Indirect or non-structural measures

Structural measures for flood control

Structural measures can be divided into six categories:

storage reservoir or detention basins for impounding of excess runoff;
retarding basin to lower the level of flooding downstream:
levees and flood walls to confine flood waters within areas immediately adjacent to the

rivers or sea:
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improvement of channel capacity by channel improvement and removing obstructions
to flow;

floodway or flood diversion through by-passes aimed at diversion of excess flows
causing flood; and

watershed management.

Non-structural Methods:

Broadly, there are seven types of non-structural measures~

flood forecasting and warnings;
flood-fighting;

flood-proofing;

rescheduling of reservoir operations;
evacuation and post flood recovery programs;
flood insurance; and

flood plain zoning.

Conclusion:

V)

Vi)

Flooding is a natural phenomenon, which can not be prevented .
Complete flood control is not in the interests of most Bangladeshi farmers.
The flood control measures and policies should be direct to mitigation of flood damage
rather than flood prevention.
To minimize flood losses, the following steps may be taken.
increasing the forecast lead time by strengthening the flood and warning system
through the installation of effective equipment for collection of hydrological and
meteorological data and through adequate training for related personnel:
setting up an efficient system for the dissemination of flood warning;
encouraging the introduction of zoning laws, especially in urban areas and areas
covered by newly-built water-control structures;
education of the public about flood hazards, especially through the development of
flood-risk maps;
the inclusion of disaster relief and preventive health measures in development
programs;

the maintenance of an effective infrastructure for emergency relief operations;



vii)  where reservoirs have been constructed its operational pattern may be properly
designed and monitored so that artificial flood is not created at downstream
locations;

viiil)  where embankments/polders have been constructed, its maintenance is essential to
have it effective during flood events. Involvement of local people in planning,
design, construction and maintenance of new embankments must be ensured.

Flood Plain Zoning

Warning Restrictive Prohibitive Restrictive Warning
| ] ]| ] |
\ et er channel ///
S _

Flood Plain Zoning: Concept

» An important non-structural measure.

> Regulates Tandusein flood plains'to restrict damage by floods.

» Involves demarcation of zones in flood plains compatible with flood risks involved.
Flood Plain Zoning: Zone Regulation
Priority - I

Activity limited to water levels corresponding to 100 years flood frequency and drainage

congestion for 50 years rainfall. FIO_Od freq uency 100 yr
Priority - IT Rainfall Frequency 50 yr

Activity limited to levels corresponding to 25 years flood frequency and drainage congestion
for 10 years rainfall frequency.
Priority — IIT

Less economic and community activity in areas vulnerable to frequent floods.

The main reasons for the failure of any flood management policy are:

- lake of adequate funds for undertaking mitigation, warning recovery and preparedness
program ; thus ad-hoc measures are taken only when flood arrives,
- Often difficult to implement long term program and sustain them as the pressure fades

away after occurrence of a disaster;
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- Flood problems are technically complex and prediction of next occurrence of a major
event is difficult; and
- Inter-government and inter-organizational management problem that undermines

concerned and integrated to a flood event.

List of possible impacts on water resources system of Bangladesh:

1. Reduction of water in the Brahmaputra River would affect the followings:
¢ (Change in morphology (Bank erosion and Deposition)
e  Water holding capacity of the Beels in the NW region
e Ground water storage
e Recharge of wetlands and ground water
¢ Inflow to the Padma and lower Meghna
¢ Tidal propagation in the lower Meghna, Meghna and Padma
e LLPirrigation
e Navigation
e Open fisheries
e Forestry
¢ Industry
2. Reduction of flow of the Teesta and Other rivers in the NW region:
e Agriculture in the NW region (Teesta Barrage: Present 111,000 ha, Phase II
408,000 ha)
3. Increased salinity intrusion in the lower Meghna:
e Agriculter in the SE and SC regions
¢ Haors in the NE region
e Forestry
¢ Fresh water fisheries
4. Draining of wetlands:
e Fish, bird and wildlife habitats
e Agquatic plants
e Biodiversity
5. Water scarcity would effect the following major irrigation projects:
e Teesta barrage project in NW region

¢ Chandpur and Meghna-Dhonagoda project in the SE region



¢ Bhola and Barisal projects in the SC region

e GK project in SW region (already afftected by the Farrakka diversion)
6. Risk of catastrophic flood

¢ Flooding due to water release during high rainfall

¢ Flooding due to failure of dam

7. Intensification of adverse impacts in the long term by climate change
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