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PRECIPITATION
Hydvological  oycle (o) watker cycle ;-
= A
, i Rainfall (o~
N f | ~ & ~ N
Voo ' pvec(vaod
_pirahoh Py ! l 4
Tvonsp . RO}/YFQ&’
- , Trvtercephio ‘
% Evap orachion
| SR
-0 —7 ~ —ei—. —;Q
S Sro = suwrface
DY Y
A s s e DeP ©sSSIoN stmoae yun ot
Deep percolation 4 |, |, : /

Gvound water Reservolr

The mMmovement of wiader  on surface  is  calked Suliface rvans

B H\jdrologicdl cycle  defined as  Ayansfer of  water body intat
ocbmospheve from  the CI‘CMOS_F;hQYG 1o -the ground  and  back to

the water bedy. This  endulus Circulacion of wdter s known Q
1 Hydvological  cyae-

2. The wvarious phases in  hydrological cycle are cvaporation,
P‘recEPiJccxH‘or\, 1hfiHredion, evapotanspiraton, iINterception, surface
Yunett and  sub surface  yupoff ke  inkerflow and ground wate vl

32 Interflow s the Iateval mouvement of wadey which +tavels

benecth  the <ol in the honzontal directon. /

| They are -fwo types of i‘/;ter“(:ioms. are

Q- PTGm‘Jt" irterlow -

«3

\

I the 1&3 -ime e Short lled ag onmt— Inter-Flac

and H iz more called de.lc{.,ed irtevfow -
b- Delayed interflow: - y;
It the lag “ime is more miled as  Delayed interflow
Note : -
The lag time s defined as -he tme  clopsed  between the
MY of water In <o Hhe el e e e



JAIN
Rectangle

JAIN
Rectangle


7/

Pr@cip‘{ﬁ:&?@m»
Total annual  yainfall o Thdial =  HAhem
Total  TUNOHE =SS cm.

Forms of p'@cip%mﬁon L
Rainfall — Diameter of dvoplet  >0'S mm
J/Dvn‘zzle - Dt’qr‘n&t_ev of dvo’)l@f QO -5 mw
TNtensthy of vainfall (mm/he Cm/h«f)i”’
Lous ‘En-tensf’tg, O- S MM/
Moderate imtenstty, Q-5 - 7S MM/py
High intensity, > 7-S /by
The M(/)U@'meﬂ't‘ of water de(ei‘ relative to the cloud
the diameter of -the water  droplet (nereases
s called as coadlsence.-

B
colloid and
this phenomena

2 To have this Pheﬂbmef\q hQFPGh in -the Ct’cmosphere and
qenerate  artthicial yange ice and siver iodide added o the

sxjs{’em'
/
slect - diametey of ice pelets < 4 mm
Hall - diameter of ice pelicts > & mm

Gloze:r~
Formation oOf a layer due +Ho -feezing of Waer ot <the

ground  |evel-
snow-fall ¢~ _

~N ~N
Formation of ITce cwystals . spowtall i always measared

iNMterme OF an e%u‘iua(er}{— defffh of water.
T\jpeg of ,DHECEPE‘%O&'FOHL~

}e Cgciom‘c/ pvecfpi‘tcch‘cn L
A low presswre  oaurs 9;‘2\\)1‘09 vise o heavy Yo - Winds
iN the NoYthen Hemisphere and

moue iN anticiock wise divection
H@mfsfher@

clockwise divechon i southern




Attract nq  Gryone: -

Attrocty  water  towards  Hxe  bank
UelocEﬁJ and ©Yosion.

/ J

yYeduces the

Rives
8o-15"
2 2 =538 - NN I R Yy Y e
t\&pemrj;j ijone
Q
Siitation  takes Place. A \L /s

F?meﬁ'o@g of  Head Reqjuldcb'm-

t« TO contyol the -flown of wadey

- contiols  —Flood wadter eﬂteﬁr\%

into the canal
3. pPrevents @_rr’tra of St e the
canal -
/
SCOLLN‘I’)C':I slulece -~

To “quspovt—' the sitt O‘@POSﬁ@d on the Upsheam

Side. Under Sluices  are Opcvaded by sl pend  vegulaton
and <cemt Open flow  vegquiation .

DLSCt’\QJ"(aiIY?I CQ\PO\C\‘{'L\,] o

/ .
I+ Low  quoantties of -flood  walers  can be disposed 10
the clownstream gide.

Higlqest Oﬂ'\OLUYE} +He ~Fo(tc>m'mc3 i <scelected . :‘
e Twice  the canal CD\(ocxcé‘*tHr
Q. Maximum  winter dtgchmge
3- 10~/ o Moaximum  ~fiaod  Flow.
Divide wadl ¢~

TO SePe_*rCths UNader  sldice PQM‘QI\ Tom +he yvesr of
the weir 1o provide o Stfcm‘caht- oy proach To the fow ana
Make quite Pock@’t— irfont- ot Yhe vegulater - mo g Qligned
perpendicutor o H4he  wieiv-




Retyo GrEssON L~

Low&w‘mj of  downsteam ryiver bed level s cadies
%oaressiom
AFFHUx: -

Afflux  Increase N hl‘gh flood level g ailed as @
AfHux -

Both ave used N welrs .
Meawnd Cring L~

™e  mouement of «a  rviver (N 7_[‘9 zag PQ‘:H‘\ IS Calle
Mecmde-r{nﬂ ot a  tuer. Mecmder{ng ke Pklccs because of
eYosion and d&Pos‘rﬁQn ot ikt

< Lena{-h -— /
A ,

Meanaer nq

Guide  bunds : -
To make the viver -Flow in a Staight  path- py-
prevent cvosion Of the shucthures.
Mqrgfﬂqi bund; - 4
To confne ~flood Oty g
Spur ¢ -

- A pervious  structure projecting imto the  water

R. Reduces ~the velod@ anad deflect woater Quay from bank

Gvyones : - /

Impresse‘ on  Stuctures P‘foj@ch‘nca iMoo —the river -

I F‘rttrochna Gwryor\e,
2- Re;oe(lin:a G\woﬂe

3- Deﬂecﬁhg Gryone




UNIT—- 6

P ST I

DIVERSIGN  HEAD WORKs

v

HeEod WOoTK-

Hydvaulic  Shuctuve aQoss o viver.
Types dfF headwork -
- storage  heoaduwork — Dams
Q- Divelsiod headwork  — 'wei'rs, BC.n"quQ.
Diversion headworik : -

Stques. of A Tivey

'* Rocky ystage  — Deep depth, velocity high (ofigin of a rivev) s
2 Boulder stage — ~foot of a b (Velocky Qe Yeduced)

- Altluvial Stage - plane cweas  viver moves

- Delta stoge — River meet the Sea - /\

ComMmpGnants  of Divewsion head  WOVks < -

). Welr (or) (BQYracje — Rise of water ‘lever and <Supply o the
: Canat )

Conal  system

canal head Ye_caula{—o'r

¥ po®

ONndey  gluices  (or) Scouring  slice
Divide  wall g

0 U

Fsh ladder

~

Rivey Tvcﬁnfnﬂ works
a: Guide bund (8eil ‘bunds)
b- Margthi bund §

C- SPLtYS ; G\TH oNes
& st contal ckevices
a- Sttt excludey — Provided befare canal bhead ')’\egu((‘dtw“

b. SM/ cxtactor (07 Clectoy  — provided on the @nad.

neit BQY“T,CL%Q
I ARl & more - ARHUX IS tass
R Flood can be conboted R- Flocd can be contolied thouw
—thvoucah Smadl %o:re lavge qate-

2 Less st &« Move Cost




Ve cequaeticgy -
b £ = 1278 {d

where
+ = St ~factor
d = Mmean diameter of particle, mm
Q- veloct - /2 ‘
U TRy v [T et
4o >
o \.’x&/e
xS Wetked Pevi’meﬁgr) P = r1sygy

/

Q = mls/'Sc»:c > P=m

: /

The obove expression te  used 0 cleeymining -th

leﬂg{’% of  wader way  of ANy hydrauic  structures (ke
bw‘dges, ch}uf‘dLLct .

length of  wioder way  is defined as the prssax

through  wobich  the Watery &  altowed ~to ~flow.

/
k- Loceys Scour depth, R = ,,3g<§_?_:)Vs
—F

9 = discharge per M wicth = &

B
U/S HFL Famn v £ 5/3
Pls HEL == 23340 g/6
M o Q
1-s® 3/
L] ] S= £
d QR 4980 VR
' d, .
v ”’_(U/P pPlle) > CLQC&y'S da‘oc\lvnms)
A Ldfs pile) |

NOote L ~
A channel  constructed  in clayey  soil [ Yemains D

intial  vegime  only-

R D=im, CVvR =M = 09

Vg = 0°Ssm pt 4

= 0:5% (0-a) (NOE
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Z. L‘mc:llciaj proposced the —term Re%?me 'TheofrH vihic h
means Stoblie-

Tvue R@a%m& condriona: .-

Theoritical  conditions only and camct be prac -

*h‘c:cutﬂ/ achieved -

L. Channel showld  be in  unlimited iNCOherant alluvium-
INncoherant adtuvium means loose grandlar maeterial which
@N be ecasily Scowed  and cdeposited. i

2 Slit grade & constant ( diameter of particle shouid be =
N & particular  yan :

; P e

3. St concentradinon  is constant ( Tt means that the min-
bed load fiom -the active ped is Qonstant ).

Active kbed is o, bed which is sqmec@ +0
scourim&-

I - DFSChQrcae () 1s constant

Fnitial Regime  —  Depth, slope is constont-

Einad Regime  —  width, Oepth, Slope s nstant

— . depth
Inrtiad Q&a‘me the lOﬂg?‘tudmcu giQFe, and fre ot

flow attoine  constant  values.
Final Regime the woictth, depth of flow, ongitudinag
slopé attains  constant  valueg - | -
A chanmnel wohlich Satiefes  Hyo infial an ~Gnhal
Regime condttions  is called as Regime  channel-
Note -
The saide slopes  of 4he channel ghoud he hatf
HoviaoQchl ‘o onc  Vertcle -
Area;, A= RBD+ J)_L_
S}
P= R+bDyUT

Lacey s o i‘cxcgivc\m Qe weed —Ho d@'siq 3 ch@&j '
Ch@ﬂﬂ@.\ LLS\‘M L(\C@t:’(‘ B & N




P = 8+2| D 220"
g+&i>_ J 142

ut 2= Ve
P 2
[M

P = 8+DJ§J

—

i1

HLdeQLl”C Radliug, R= A
P

Equations used  In e d@sign ore as follows: -
}e Q:/-\\;k /
- vk: o-ssmoo'e%
30 Kutters  equation, U= £(g,s)
Kermedgj’s -Eheoﬂj IS a  tHial and eyvor P-@Q@_ducrf
NOote L -
/ \ /
1. (arretx drcqmm Are ueeo)

N the des'ican st unlined
I<enned31§ "theo'r't{-

Q- Rem\edjls theory 1€ bosed  on
Hatf horzontal o  One vertcle.

Channci Usinca
Side Slope  equal to

Dvowobacks of kennedy's ‘theovyx»
/
I« The gSitt “tvcmsporb Phenomer\q'

'S based on a single
“factor  ‘'m’.

R Used kutterg equation and  the

[Imitatang OFf Kutters
equaton are included  in his —theory. Bt is a. Hial and @
procedure

2 Ne slope equation  le proposed: /
LCLCG;Lj'S 'ﬁ'\G‘.C‘»'x"LJ -

10

i~ L\Laceij o chiet Engu‘ne&v

‘N Im‘(aq—h‘on d@PQT*tTY\@M‘ ‘N
Uttar P'f&desh-

tte  worked “UPPG_Y chemb caml system'

s defined ac a channel which has
undevﬁone Modification

R- F2c~:<3i‘ mMme channci

by Sitt'ng and sco/uw‘nq arxd have
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'DESIGN OF ONUNED ALLOVIAL CANALS By

SN T N P e e e s e

SiLT T“HbOR)t;S

T ey A e e

Lined channei Uinlineal  channet

{- NO/|stéS be  LOsses are mare

Q- Hi‘cah veloci'hj . Low Ueioc?'fﬂ |

3 No _'stfhd, Scouring 3. SFFHMJ, scouw‘na occur
o No clﬂOﬂ%e N shope '+ Change in Shape of canal
5- Rigid <hannel &+ MObile channel.

Channets” in alluvial soti «-
Desigh —  Bed width, Depth  of ~flow, Slope
Alluviam soil —  Loose granular  material -
IKenned gj"s "the@‘v“{d Y
¥ b Stable canal

* 2 On upper basic Doab cnal system

Luo = Ot g8 DOVG%) — UPPG:Y Icantic  canal
Vo = Crittcal Uelocf-bj which e
Scowrina u@ochj
3 For oOthev CImcﬂS)

S

P (VP Do'eLj

NON Sifﬁ’nz\:] and  Non

m = cyrhcal u&iodhj ratico = Ik

. Adophgd kuttey's G_Ctk.l(:('hl'O/\ SE uelc‘c‘r(y

S No stope GOL,UO:HO/\ s gn'uem, SIQPQ i detkerymined ug«‘/x]
Kuttevs eq/gcrh‘or\f

Dz Dz

. »Z
; A= RBp+afLtxapxn]
A = BD + ap’z

A = ap+ o
oL




ONIT - 13

CANALS

NO  civect iw?caqﬁon s carried
Out from main canal and branch

I Main  canal caryies

lomae of Lgchcmge

2 Branch canal i @ > s /s

. /
Maouor dfstnbm‘:org PR D betueen o} O m3/3

MiNOY Qlfs*trbem»H P < 0-Q% m3/5
Field Channei A < O mas

o F w

Contour ol -
Canal Qi(i'(amed Oioma A CcONpUr- Chen@m((:{ the mailn

/

Canals are contour canalg .
REdgjc_i canad s -

Canal Qlfi‘caned qmna a m‘da@ line alss cedHest (or) wdal
shed line ig calicd a Ri‘dcae canai- Both +the sides cf“ogﬂ‘dgeb
canal CYops con ke CUttiuated Ao CcYoss dvian Works e
Y &q,dweoi' Howevey {1 +he Case of A contour conal No- of CYoca

d‘fa\tﬂdﬂe WOrks are equired . Dfsim‘bufcmj Canal also calikd Redqge
canaed
Side slope canat: - .

Canal  alligned Pe*rpendt‘culcu o +the contour s a
alde stoPe caonad -

Ralanci depﬁ) 1=
ﬂCJ )
1 Y N L I T o




& P*réz’m lev Iwi;ja"{-‘ieﬂ Methoca - -

Luitable —for Sandy  soilg -
8o,

F\PPh‘ccrh‘or\ efRciency (N,) is
Qreas - NO SOl evosion.

p*ﬂ NCl—- &3

8 * AT@Q = _l
X

/
- 00Oy
i
00X 2600

A = 3860 m*

= 0-36 ha

Distribubon @Fﬁ“c{eﬂc\j RS b('gh

e o«

)

Apph"ed for  Water <caved

hectare = (0% m™

L34




Boavdey I‘rﬁ‘c]ctﬁbi\ method @ -
Y QU #
t= = ,Oﬁa[ ‘i.—lAJ — Main supply
VI
= -bame 'chL,u?'r@d o wet the
area. of st P A

Y = avg- defrth Of ~AHow

I = vote of  infittadhion ,

q = d5sc~hc1r3<~; Boarder Stip

The MAX ML arca. that can be cuttiyaded S

*”: ’AMQ)Q = i]
T

Check (o9 (eaves Methods : - p

CYOPS FT Pacidy,
Cerelg

Flat topograph

Mceth od O‘F‘ PIO'fS ana NO S‘OFQ iS PY‘Q vl d&d .

Furrows method - —

l_oma 'fectancautav Open  chame|

Lemcﬁh of fovrow : oo - 200 m /
Width af Tarrow ¢ ac em

Depfh of furyow . g o CM

Slope M |

CYOPSi~ Maize, Sugarcane, Tebacceo



UNIT- 2

N e T e

METHODS OF ZIRRIGATION

B IR UUU BRSPS -

vy go:h‘on method

)

Suvtace If‘r?go:h‘or)
Method

|

Sub surface 3\"Yl‘c3c1‘ﬁoﬁ
mMe-thoo

Egi- Drip method
Frickle method

/

Surface I‘fﬁcaaﬁon Mmethod : -

Surface Im‘cacrh‘o n Mmcthod

£

< P’f? Nkier | ’rw“{'qIHGO ,

[

Ptooda‘ng Method

|

B

Furrow method

-

Conour ﬁ*‘m‘mg methad:

g !
Uncontotied  Flooding controtled  Floeding
Mmethod , nethod
{ I J J
Hetd channel Bomiey 1rri%crﬁon Checks (or) Basin
method Method leques Methoa oc
Fleld channel  Method : - ;
/
- |
B —_—
\L“‘* il /.
‘ _ CYops _
Man e channel
channel — Surpts
/\\\———’_'_7\\\
CY‘QPS
/ ‘ A




. Kbhartt scason @ kKharese Crop + Sugarcane  — Q}

Rabi season

Rab i Crop + sugar con@  — o)
Design @ =

@ or & whichecver s hrah@p,

D= oo ho./cumgc;} Logss = ;)_Q/u

N, = oo~ 20 = 80-/.
/
« ] = D
2% DF R
nc‘_
860 = Dp
G-8
DR = &iho ho./cumec
A= g60c0 h(l_) A:]‘-‘,CM = oL TMm, 8::.30(2101\.’3
D= &-6p &
A
= &84y _30
017
D = 150y h‘l/cumec
WAY — 1S24 7 /
Q
& = 2600
1 S2Y 7
Q= e vo5 m>/g
/




5. Given
D= 1y28 hcx/cuM&‘c;

B = a0 cio.ﬂs
/
D= &6yt B_
A
1428 = B-gip & 120
A
A = 073
C"‘ Gﬂ\)@r\/ F‘C:QS"/‘ R PWP: 'S—’/- S‘:"S d: SOC.M
= e m

S’corcxae CO.PQCHlj (Y) = sxd tpuc —PWP]

= s Xo g RS- S]]

= 1*SX 0-. (025 - 0t5]

= I Cm -

10+ Given
/
U= 1ox10°m3, |oss= 0., B=(20days, A=4k0CM =043

—

Net volume avallable = 106 - 10 %0
100

= 9 Mem3
Volume = Ax A
Axio = A xo-y
A= 2250X 107 m*
A= 2350 ha

Q- Kov depth (A) = 1s5:izcm
= Grst2 m

Outlet -foctor i-e du‘bg =9
/ B = 4 weeks
R = & doHs
- a. 8
D= &6y A

= Brgy X 22
S isty

= 600 hajeumec




CYop SEOSONS - /
i+ Khavtf Crops .-
Tt is also knownh as Monseoh crops: Aprit- sep
&g - PClddLJ; Malze (Towar).
2 Rabi cyops L~
I+ s also called  Wwirter cvops- ocméer —to  tMavch
Eqi- Wheat, “tobacco cte.
3- Pe\"@nm‘al CYOPS i~
N E%':*Suaqrcane

e Morth Crop L -

5591— Cotton
Sy Wet CYOpS L~ ’
Crops  grown by fwé'caqﬁgm
G- Ory Cvopsi-
CYOps gYown  witthout irvigestion
T Hot weather CYOPS - /

c
March - TJTune - (&NDPS gyown between  kKharf season
ANd  Rabi sSecasen-

Iﬁfzsns‘rhj of ;t:wigcﬂw‘ OoN

pevcentazae of Culturable command Qrea under ol

) cyop:
. B /
C.,‘f‘cslo yorbo -
. Arca under '
Yo P vt = —4~“d,-s}mfﬂb._l_.
AYea uncier  Khavne
B EXi— 122, 213 cde.
P«CJ- NOL— 1 &- /
K Griven
Q= am¥s , C-C¢A=1S00 hec, =507 B=ivodays

Area. = 0O'5A1500 = 750 ha




Cuttuvable commana  avec (CccA) -
CCA = GCA — Uncururable ama( residential, paved awmas)
Cutturable cubducds e Area =

-/
= CCA - clburable uncultvated avea

N
- Lack of ryesources
QAo 10331‘;13
3 Falicw Land
Co.'mr’nj “factor (CF) -

/ CE = Mean deChOf(aG
Max - dr‘schcurge (erx) D@_s‘a%n dt‘schcurge

Time factor (TE) -
S NO- of days +the canal ig  Tumning = 8 g
No. of daﬂs the thcu has —tnn Tuh Q

/ (or)
Actual discharge
d@s‘acah di‘SQHQfQ&

CTF =

—

Qe vmi — s
Actuad dt‘schmcje = 8%
= 8 MB/SQC

/
Total Pe_w‘-od = 10 doLJs

Des‘ican discharge = |1 Mg x 10
= O m~3/$
TE = & =0
(&)
[N /‘ . .
Design discharget~
-~ Q

Design dischamge = Bpml

where
AR QL

c{Lu‘bj

Q) =




ciNote Y s:to-vucje C“:F“G‘Cfeﬂ(:ﬂ (N)
in the rooct zohe

Quant ot waoatey stoced
n_ o= - ”

S Quaﬂ-ﬁ-bj of Wwadey req/u‘é-@d ~to brmg “the moisture
conrtent to ficid capacthy:

5. Distribution efficiency (My):-

‘ﬂ,d :[:-%]xrco

D= cucroge of depth of penetiation of water
d = -the average of absolute deviations Fem the Mmean
. TE Ay =qc/, i indicates +thak 90/ of area. has received
equal depth of Moisture . In the Yoot zone., The vemaining
10/. I8 subjected 0  Ouer l"rrt‘gcrh‘o/\ oy under i'rw‘%cth‘onv
Gress cemm Imigation requirements of crops:-
h&. Consumptive  use Yequiresent (CIR) -
CIR =2 ¢y - Effectve vaintal
2 Net }'-ar*r%cacth‘or\ equirement (NIR): -

NIR = ¢, - Effective yinfal + water 4equ‘if&d for
teochfﬁca

NIR = CIR + L&Qchtncj
3 Field :‘v-récjo:h'or\ Yequirement ( FIR) -

FIiR = NIR
7"’o. /

- 't Gross ivrigation  yeguitement (GIR) L~

;iR = FIR
n

C

'tﬁ,k
A5 QIR > FIR > NIR > CIR

Gvoss command  Area. ( GCA) -

It i defined as —total arca  wndey {l canal system

‘ B ahch
J , Aveo. H/\’ B ot

# Mai canal
1’ !

&b



Paleo  Trrigation: - _

NCIEI‘EV‘I‘{\(:,) done  before scw‘t‘nﬁ of o CTep, for  (and
Pfepavation  is  calted  paleo irrigadion.
Kor wakering  (on) Kof peried (or) kor depth s -

y The watering  done of the irrigation  carried OUt
when the plants  have grown A —few am cyowng Stage) IS Cotled
< Of uocxtzgw‘na and e pericd of watering IS called  kor fberi“fbd
and -the dC“lPﬁ’\ ot water duﬁng this Kor Peric_d IS Caleal oY
depth-

Note - ;

The demand —for  wadter b‘j the  cvep is mare N the
Younger stage and ~this demand s used i the cesign of
Canals -

Trvigaton effictencics -
e Water QPPiE‘CC[ﬁOf\ C?:F’ﬁ‘\'c;fi'@ftt‘] (N )~

n = Quantry Of woder stocked in Yoot zone
a

/ &uqnt‘r‘t\j of water delicveran —to -Aeid

= 1_KI00
&

& water  conveyance CHiciency (A )~

A = ®Um“tl\‘ﬁi of water delivered —to the 'ﬁe(d_
C
QUQJ’Y[‘HH of- Water deliveted iMoo canal
= 8 xioed -
o
= 80

3 WNoatey  wsge @‘Fﬁ"ci@_mcﬂ (M)

a _ ®ucm+1't5 of wadteyr b@_n&ﬁ‘c‘;qflq used
“ G!uc.n-b‘*hj ofF Watey dellecuered o -ficid

<o Beheficiall  use means amount of water gtared  in
the voot zone + amount of woader wsed for leaching
leaching is a +technique woshing away of +he sats Gam the
soits by odding  wortey-

7/




[=
sem ﬂc 1\ Lom
R '——:_‘9'_‘%—_”:' A
Dy ‘ SDFL
- . /
'/LC = conuetjcmce &FHQ@HCLJ
= VVolume of water delfeucred M
volume of water delicuered 1o canal
n = A xtioo
c s
= 80/
O _ = DR /
r\C
~ . N . . ency -
De = Duty on Field NS @nueyance eGSR
DR: Duhj at heod ot conal
Delta (A) -
/

Total delsf'h of waler over the irrfca(x'ted land  reguire
-the cvop c:{um‘na entive  basce Pertcd.

a‘: Relaction bethueen du’rﬂ anca  delta L~
= K& .i
AN h 5

A:Deptho{—wafzgr n m

B = Rasc P@_ﬁod, days ’
D = DLrbj in h&/mmec
Volumetric  wunids : -
e m3
R ho—-m /
b ha = 10 m*

3 cumec - day
Tt |m3/s S guPPu‘ed Dy 24 hours
= 1 M3 g 2% %3600
E=S
| meunee doy = 864 ha~m

L., Trdc = Throicand Miitan cusecs




Du't(j of wotker -
(- Ccvop peviod :-
Time peviod between Sowing  and harvesting
2 Base fDe‘riCd;- |
}"fme period  petween Hfirst waokering  and  tast wcﬁeﬂ,\ﬂ;

.t cvop P@ri-od > BRasce Pev}od

Du+\dzv

—for gvowiﬂg Qny cvop  H 1 MYs of water is continuously Supply

to the ig}\d —for the entive base period of the crop - .
B3 Duty = 1000 hec/cumec

It means that 1t M3eec IS comtinuosly supply 0 the .

CYOP —for  the entlive bose Peﬁod) t Con |"rm‘§3@j@_ 1060 hectoves

Duty caivc?s Q mla+bnship Fetween  Area. and  Dischorge:
Du{'\j = Area
/ Discharge Cumec = | W/sec

LS = = hee feumec

Outiet factor -

Tt s also  called Duty ok Outtet: The duhy measwed
at the outet g called Outlet -foctor
Note:- .

Unless mentioned duﬁ\* mMmeans duty on the -feid-

5 ms

\H\%(W It nd- .
i & i m%s 5
8c 3«§m/5

8
T

S000 hao
/ MInGT A

5000 - 1000 hajfcumec
s

Duby ot A = DA:%:

Duty at B = Dg = 35000 - 12sc hofaumec
I

| 2 NP S Iy — NG T S P S




Avatlable Maisture (AM) = F.c - pP.w-p

Readily avallable moisture C(RAM) = 785 - 8o+ /. ©F A'M.

The molsture  Which can be casily extrqc‘ced/ by the plant

t- plant grows  when  Moisture content (M9 is above P-uws-P.
2 Yield decrcases when Moistuwre Comtent (s below O M- c.
3- I‘r\“{gd:ti(}f) ~to CLPPh‘ed Toxt OFﬁ‘mum Moisture  content.
Eqn‘wcﬁ&h"t mois."tu?@ c:{efjfh: -

e - weight of water yetained (n an  Area

Weight of soll

N an arca /

= Jo X certhel EF EP

2y xdx A

e EC}u‘fUQI‘@rﬂ— d&pﬁh of Moisture ot Foc = i_d~d X F.c
w

= SxdxeEc — O
Equivalent depth of moicture ot Bl L e — D
:1:,‘_‘; L. Moisture hotd%‘ma Apact or ok r thruae QQPQdﬂ oY

Availabic mMoisture () =05 xd [ R —Panp]

‘iﬁk R+ A+M =d, = 7% o 80-/. of y
(er)
dy = s xd (Rc-omM-c] 4
S =

Spech’%‘c_ gwau\w of Soil
d = depth of soil

Ay FreunﬂCLj of irvigacion (£ i~

To determine the no- of ~+erms of fm‘gOlﬁOf\-

= dw /
cu
+ = ~’Freq/ueﬁcg A | | | e
dy = Readlly awatlable moisture } / T o
CL = Consumptive use (o) ET € fan JI’°/' 20, o
o = 1om o= 1y Frequency
£ - dw - /

—_—— — N ~Ny i




Satuwatién CQ_PCtC:“t"j =

when ol the volds ey CC\.FN(GJ“’j pores  and  NoN
CQPMQJEJ pores are flied wWwHh wader & called Soduyadon
CQPQC;‘“b:].
Field  capacty:-

ﬁmOunt of Moisture  yetained  1n the soit (CQPf'ucwg
pores) aqgainst pull of Qravity is called Field Capactty- At
these stage the Non C‘_QP‘(L[OJH pores  are fRlleal  With  Cdv-

T@_mpo-ra»g (.Jk"hik] P oint o -
Plant can recover ON 1t OwN dmi‘nc_] the Coolev
pft of the Qlay wrthowt Aaddrton of water.
pPermanent  Witting PO‘\‘D’% Te
Plant can yecover by +the acldition of woter
O ttimedte weting  point: - |
Plant cannot yemuey @uen  with an additian ofb water

tes plant & ceoad-

Auai lablg Moisture : ~

smhmoﬁ onNn capctdhj

, n—
Gwanitcxhonall
X sield CO.PCLC('(’H
CQP(“HG:(‘H O P—ﬁmum mokcture content
water . .
f Pevmonef\t weH:mg Pomt
rosaopt . . N
Hggumﬁ ‘¢ UHimake uﬁ@l*hmg Pom‘f
Solicis .
/

RAM = Reodii‘j avallable moisture

— ——— __A ______ S'C.
8 (stopping of gravitatonal water)
Fc- ‘
Motsture
ET demand
contdnt > BT d
\ P.n:p
U -P




UNIT - i

P TN e A e

WATER RERQUIREMENTS OF CROPS

Iwic;) ahion - /

AP&HC{CL‘ SUPP,H ot wader o cuMucte CYOPS s cal ted
Trrigotion -

Iwiqqﬁ@m cystem: -

Tt comprises Of hydrawlle stuckires  like cloun, wetr,
b&erqae, Tequlators,  canal |ystem, Ccanal ~falls, N al escapes ok
CYop watker  yeqguirementk « -

Amount  of water reguined by the crop fiom sowing “+0
l/\qvves’o‘mg period = cyop waxdee v Yequiement - Tt e o itferent for o He

v vk Cvops- Cyop Wy Yequirement —for the same arep s o e re
ot different places.

Objcectve of the S%uidg&-
- To design i Y‘m‘caqtioﬂ canals
V- To determine "Fr@ol,u.ef\c% ot r‘rn‘cao:bi‘oﬂ'

SOl moisture  constants » ~

Types of wadter: - o

S

. (@] [}
'\ “ y = o © . g
- Girawvitational  worter e g 8\0
Q- . . ‘/O o © capltiary
QPnllcmj or Qrailable waoley pore
. Non CQP‘U‘
3- Hygvosco'oic water PO;@‘:W
grawvity
Growittdional wiadzes: -
Amount of  water  freely  dwining  Gnder  the pull of

CJro_umj s Called GravHohonal usetkey .

/
CCLPx (lom:, wiaxteey L~

The amount of moisture presenst (N @quv»j pores <

called CQPilIQrEj water . Tt cn be @—QS“j extacted by the plart -
Hycavoscepi‘c wWierter: ~

Ampunt of moisture  absorb by the soil Fom the
CL’UY\OSPheV‘@_- /




an Alivvial Soils H the waker s pumped ot o h("gh

/ ‘
rote +the depression head will horease  which  may cause exass |
gradients  yesuling i lcosening  of sand  pavticles . These Hmtting .-

head i€ coliced
The sofe ujOTkif\CJ Adepreccion  head = - of Crttical dQPYQSSicT)
P ‘ = heodd
IS called -the Maximum sofe yied

Crrtical e P‘r@ssicm head:

and +he yleld under —this  head

ot the welt:
/
P9 No:-38
s Giuven S= 00005
Aps = 1ty M
A = L.g km> = e X 10° m>

AGuws = A X Dpsxs

/
= HU-8XIOE X 1t X 00005
= 32, 200 M3
5 Given 1= 0-003
K = O-Ot m/doﬂ
=03
UE ke o V=apparent (er) dischasqe velodty
v, = M
n

~ Dol XE&:0t3

G-« 31

/: Q-7 x iD‘Sm/douj




Yield “test of well o~

1< Re C’;LLP&'FCL“ﬁ on ket
S Pua p‘ no Ctest
Q= AV

= AXKI

= Ax kR S
C

= AR K xs
= /
QR= ¢ As
that —+the draucdouwan

adbusted  so
A, S, determinge

The PU’“P‘”‘CJ Yot g
IS constant By Measuring ~the vake of ‘Flow,

c’ value. gor any  clvawodown g, , @ = CAs,
where |
S, = dvawdoun ot any -ime. P«i‘r}dd*
A = cvoss sectonal area of tHhe  welj
S = dvawdown of depression  head
c = constant él_."i_.

Re.cupevcrtion ~tect -
Q = CAS Recuperqf? — Risce

C ::: tOcae (%)

Wwheve
T = tme atfter
v s the -Bme t3ken —fyr
drawdown Change fom AB “o cp.
s PP the woter (Euel (NCreases

which  —the Pumpfﬂq i< Stopped -2
the depression head o

< After pumP‘ma
OF vises (recuperates): Therefore
S = inrhal drawdouwn
S, T dvawdown  asfter pumping  is  Stopped

sate yield ofF A waelli-
Tt g defned as the amount of water which can be

wwithdrawwn anuouj wirthout P‘rodud’f\% any  uAdedrable cfeck-

Depression  head = stofic water uwel (Water (evel adiacent o vt
LY T T L S

E I T U E O S,




= DRWWOARE) ARSI
09, (%%) h, = H -5,
h)_ = B -5,
N = i R
©9e C_:n‘,">
2@ = TR
'O (7))
confined Poi/u}“F@'r L=
-Obseyvation < el
P 1\& pumptid
X — %%
el — ~ V= —V‘
AN
/ L L AN 4D A4 e
‘ }’P~ N, AT R :
1
"2 Ny — i
' —{in
QTTK b (H# ~h)
Q = 2T
O R
/ % (5
= AQ&Tkb (hy,~hy)
{ INa
N
= QTTT (hl"h|> W T:kb
1o 2.
e (3?>
/ = QU Kb (H-~ky)
- R
o9, (2
® -

QUK b (h,~h)

"% (1

—  Theims cquahion -




(‘F‘*., i fe . . )
s P(SC\-EC‘. shoroge ([Sy Y=

/

It represent the volume 6f wdaey fom a  wnit volum
ot ocqufey  materiol due to their  unit decrease (0 P‘ce,zorﬂ@’cfic
head. Axclg

SS =

I m drowdown

Sg = Storage per qcbuPFeT clepth
Tn o comnfined  aquifer  with increase N C}hﬂag)sheric press
tHhe P( cezometric surtfhce decreases - AS Cttmospheﬁc pressure decreay

piezometic surface incveases. These 8 due to compossibiiy M

of waotey D confinced oquifer.
Boavometric e%‘c%‘@,/\c;j L
Tt i tYe yotio of woocte

| level chomge/ due 1o admas-
p heric pressure heod change -

BE —“or uwnconfined aqurfer = ©

Fovmcttion loss -
Tt s the  head drop  Yeguired o pass laminay —Flouw -
WG’«” rO_gc_;\\,-

Tt 18 the total  head civrop mq/uired ‘o0 sustain hwbgde/ﬂ?
flow near the well and head loes '%vouah e weil screencd
and cm_c,tmcj.
Note: -

Neay the well Darey law is  not valhd .

gteadﬂ ~flow o o wetl 10 wncenfined Qqgitter -
Ass umP“t'ions - /
- soil IS homogencous  and Isotropic

R Flow 1 Jaminar

2. Darcnd"s lows g valid

observathion Q. . !
T 1\ — P“mF\rq -

e — P— L*m

/
W
M¢::’"N——-\_———\— . igg,_» B $S‘L —_ -~ § —
S ]
Il T Tne "




CoetRoient of  F e_v\rs’\ecﬁt}%#i%é Cov) Hydraadic  conductiviia (k-
T s defined ags <the ryate of ~fFlow “th fough o

unt cvoss sechonal ara.  under o untt hydraadic gradiient
Onlts e~ Mg (ov) M/gec

Inteinic Permeqbi-f(‘-l—fj (R) = (smail k)

where
/ Y = sp wt. of ~fFluld

A = dypamic  viscost of fFluid -
(oD J > al

‘k’ e used In “hHe Studies of petioleum  and Natural qad
exptorcch‘om-
Onts of K are cmd or) m- (o1) DParvey

IyDavey = 9-87 x10”'% m*

Dnconfined QC:(}H"FGT‘\ - < oMb nesdl aguitey
K wx Ove L o xx AL

z e P A

’ A
I "
7 777 Y TP T TN
/

*i Tvcmsmissiui—tgj cer) T‘mnsm‘cbwﬂ () -

e dc‘schcmae fhvough o_q/ui-(:ev of 1M width  wnder unit

hydvaulic cav&dfef\t-
T = kH (for anconfined  aguifer)

;o T=Kb (for contned aguer)

unts - mi\/dcuj

Dimensions 1~ (>
Spec‘rﬁ‘c CQPQC_}{S;,

Tt e e digchoxcje per untt  advawdown  in a well 1<
called  gpecific capactty -
ORIV

/ Sw
SoccrRec mAmAct:  Nerveac e IR T A~vas e PN DUMDING yebe

>~

s




o+

The change in ground water storage
the ground water -table or (.DEQZ_QM@M‘C <
as A
AGKWS = A X AGQGwWT X S‘d ~for
A Gws = A X Aps xS
GWs = Ground water storage
COWT = Gwound Water table
Ps =

Pieaomebfic Surface .
Dcxv"@d"s Lo @ =

V= =Kk, valid ~for

R. <

(o=

V= apparent  con dﬁschqrge Veloctty
K

—

COEFhcient of- Pe‘f‘m&cxbi‘(mj
I 4 Hrvjdmh'c qmd?’enf

Re = Fy¢
av
Re: Yvyd cor) Y UL
A
Re = —U—d— Cox) Mi, "< |
9 9

Y = Mmass deng‘rﬁﬂ-
V= Appavent uelocﬁj
L chavackerict e (GﬁCjﬁ)

—
-

W= dynomic v ?QQOSH*:}

ad = mean particle gize
Actual UQEOC:HH (or) Bulk pove UQT‘QCHﬂj (Vo) =

V= apparent Velocty = L

A
L= porosity

due o FAuctuechons i

—for  confinegt aquiter

/

wrface i estimatec

uNconfindd  aguifer

/
s
v:i
Yo
. L=d
/
n
/




cCone ot d&.P'@ssion .

T e water s pumped ot a  constant yade fom o
Wty
Tesut*h‘hg /fr\ d&pr@SS?OD
cone of dei:w@sstom

well, o %mdr“ewr n table ~towards the well is oreaed

f wotey tabler These g called as

welt  —+a the PG\‘M— where. the droawdown is zeve Thege i
calted Radius of Tnfluence (R) and arial extent & cuied Area of
infiuence -

The decvease iy uxder  (eusl
Pumpi‘r\q s called avauwdown - The
G wvweld

(N Fhe weit due o

instument  used to l‘deftﬁi‘g
S clectrical Y@S?S-HVHH metoy. v
ACLUP‘FG_Y PQYQM@GYS Ve

y
I+ Spechc yled(Sy):~

e

The dE‘SChq»rcat‘nc;] CQ]DQCH\J & under the —fore G@gmuﬁg~
Q- Specthic /Retenrtion (s,): -

volume of waoter

yetarned  n he Ssoil
Syt S =N
N > sy
n= po'ros;i_hd -

3 Stovage  coefficient (ov) Storativityi~ (s)
Tt s used in confineal aquier. Tt & a dimensianiess
pavoameter:

' 1
S= ¥, ko ne |
wheve |

S = Smmzﬂe coefficient
y n = Povogr‘é‘rﬂ

I = Spedfic U;)e;fah“t“ ot~ watey

b = —thicknesg of o_a,uFFev

Kw = bulk modulus of clashicthy of water
ES =

Modulueg of @l‘osh‘c‘rhj ot <o

The vadial distance fom  the centre  of “fhe pumping

»




Types

ot f\Ci, wuifer: -
Aquiter (o) Watey table

Aguiifer L~
Girauity sp'r'mgs

Ll
g
AN

Lb e
TT

water ‘table Yeaches 4o Q-
__/_#_\%_L‘T__
Unconfined

AL

G

|

1o Uhcontineal
A&
G b i —x
§ M‘_—T—L’_’i TR
od-mospheric pressure
T YL
'S ! v -
= = ! eSS oh
cone p{_ dG'_P\"GLS i
, 7 ‘
c ,_/—"M .
wmﬁf@ . , Raclive ot
—ta TISTIT T A T ) - =
e < 4 (. INfluence =R 7 7 /70\%.\*'-((@
Rain-fatt Process o Taf Hation
le, Water table @xist -
/

Source
It hos a ~fee curface
R Cconfined Aquifer (1) Artecian Aquifer + -
),_,g_-?ﬁﬁzss.i‘an o) confined waeLl
<L
ALY Piezome”bft‘c Suffce

IR
Imperv lous layer

/._7,/
| /

P'fedpéfctﬁof)
Ll ]

(G
7

Free «-Ptom‘mg

wety
INextey e uncley Pv@gg LTS .
8 Perched Aguifer:-
G-L
T X
!wQT )
Pwf = perched wate
> Imperuious  vock “+able
\? G- W-T
Ve Vs
= The waoder —able i yetined locauty 0 tmperutous Stradw
A localised qeoleqical bodﬂ present  in Uncoﬁﬁ‘n/ed Acquifer. Tt
bounded on one sicke or both by

Ylelds “E@mpomw“lg'
b Leaky agquifer:-
A confined agurfey

L&QI«:, aquifer

Qquitards  is  carled



ONIT — {1

[ R N I

WELL HYDRALLICS

Gieeol oq icad  Eormadkions -
P Aguifer -
/ «
UNco hso lidadted. gravel, sand
Q- Aguitard -
Less yieid
Bqi- clay lenses in sand

3- Aguiciude: -

c:kmde}j
- 'Aq,t.\‘r&xcae L=
Gvanttes,  Rasalt
Well Hﬁfd‘h(l“i?c‘g - | <ol wader 1 Unsaturoded
: ] zone (o) ‘
J- Ground water couvrce s iNfAttachon Tte rmedials Vadose zone
N - ZONC (adr, wader or ‘
Q p . \ . ) 7
w5y lamenar Gapitiary = oth) .
3 U=z 4o 500 Myear 3 Saturoted
v L COY)‘ ) .
- Q- of avallahle fech workey- ! J\Phrecthc zone
(water presen. -
/—\qu‘rf&v -

Which can stovre water and yleld  good amounts -
Eq.- Oncopsolidated gravel, sond .
Aguitard L -
Has s«tova%e CC),PCLCH‘H , Ldtetds
Q- dlay lenses embeckicd N sandy  ogers

less AMOWYE of wader

Aquicivde : ~

Ie S‘}IDY’@S Water  but does not yleld  water
BEqi- Cloyey soil-
Aq,u‘rmcae:-—

Tt Ccan nefther stove water NOr yleld  wdater .
Eqi- G_wonf-‘t'@s, Basats ctc.

T




The routing interval  AY cuch  ~hat

K = At > 2 k%

(hene vl A= 1o ]
. J f Loto L i’

| /
Lincar  Rescrwoir -
= = J= = PrOPOTHG“CU 4~ outflow s calted
as  Linear  Ressyvolr .
S x &
L“DQCL‘F Cl’\o\f\)r\et\__

Tt s an i‘mcxcjmosy channel  wWhere ‘t‘hé@ is NO
Infow hydrograph passes -Jch'rough the channel
LOHhout cowsing CU’H decrease in e Peak -

attunuaton: The




“Muskinguny medhdeC
Storage = Prism storage + wedge stovage

S =[ka@l(kx(T-a)] = Muskingum storage eq;

S = KL +(1-0Q7] —
where

K, % = Qou:t‘ir\a constants

X = dimensionless %uafrh‘wﬁj = o to O3
K = Stovcuae +ime constant Wi cimensions ot Hime

‘KoOoIndictes  the +Hme  of bavel of a Floed wave “through -
A channel  reacdh:

SOIU(!\% ®q ® and G"OI/@
/

['QQ y CO IL+C'I, +C9,&17

Uoherg
Co) Cr,C, QY rouh“m;j cocfiicients . T routing “Fechhique

IS correct then fco-kc-‘-i— (e "Ol
/e, = 0-S At — RX
K(t=2) +0o's At
c, = 05 At + KA
K(—=x) +0-5 4ot
c, K1) - 0-$ At
K (1=%) 4+ 0-5 At
/

Prigm storage:-

Volume -—formed bud an fmacaincm%, pane  paraliel to
the bottom ofF the channel cvawn at —the ourfiow section watey
surfoce: Therefore Stovwge 1€ @ —functiiod of oukficw:

L’\F&d(%@ S"{’()‘r R

Uolu{he —formed  bbetween
and top surface of prism  Storage: Thewefore  wedge Storage
1€ o function ©F  inflow Qnd Outflow:

actual water surface onrﬁ’(e_

~

In the above equations  of C, ¢ g
At = Routng interval:




R- Channel  Rowh ﬂ{j i
N these method ~the Cj’\o.n(aeg
S Sfudl‘czol‘ as H travels down the channet

Tal Shop& of -the hgjd

9 vqph

Atenuationy -

When a -fiood }'33dv‘o§]vaptx iz vouted, due to the
Storage  effect, the peak  ofF  Cuwtflow  hydrograph wiit be
smaller than -the nflow hyarograph.  These reducton in peakx
Value i€ calied Attenuation .

Laqg period: - /

The -tHme difference behucen  the peaks of INEOW

and  Outfiow hkjdroa'@;)h e calied cha period .
Note : -

Flood «flows (n o viver is a ccﬁego*’;j of gradually
varied unsteady —ow- ‘

. : /
Rout NG  methoas 1~
I+ Hyclvologic youth NG IMmEthod -
Cont nuty cquation s used
IT-@ = ds
o+

AR HLJd\“CLL,\'l\C YOL_th‘ﬂq M&tHOa! ¢ ~
When compare —to ngd_vologi‘c ygu;h‘n(a method st cj'ivcss
Accufate  peak  yesuhs Continuity  and  Mmomentum  equatons
Qre Used- Th@tj are axpresced N differental form  koown
AS St venant ecbuo:h‘ons- ,
2 HijdrC‘ICqEC ReSETUOY »*v‘ou'ti'ﬂcj Metho @~
Methods are  Modified Pulse method, Goodrich methe
g-to'rcx%@_ e alWways o —fancton of odkfiow.
& Hydvrologic chanhel Routing < -
Muskingum methed-  Muskingum

Method used hew IS
U-SA - onposed /by Me- CQwihy

Means naMme of a yiver N




/ UNIT - (O

FLOOD ROOTING

— - A PP

S~

Flooad  Routingi-
It & defined as a technigue  where the shape of o
"F IOO A ‘ \ . " .
d hydrograph ot « pArtcdlar  1ocation & deteymined fom o
Khown —+lobd  hydrogrph  On  upsteam. Tk s used in -the Pydro -

logic analysis  of pYobleMms tike loed —forecastng, +lood }:‘vcﬁechlén; :
and yegevrvolr design -

-

Flooa N’Ouﬁhg & divided imto Reservoir Yom"fng and’
chamnel youting  (or) Stream ~Flow Youting :

I Resewolr  youwhngt -

/
— h s
I /
= +
S =s(h)
Q = &dh)
R
Q | R )
3 Q)
1 q—j >
“+ +
TnHow h\deOCaY‘CLPh Outfow h\ddruam}sh
Outflow peak < mnflow peak
. ,G\Q\'G B
/ i _, /Q’D L
; ]\/ Atternuation -
® N
: \\\‘_\‘/70&{?“0&
l !qu—tiﬁ\@
/

In these +echm‘qfue‘ +the effect of flood wave and
ertering the veservdir is Studied o predict the variahons of
yecevvoir  clevation and  outflow discharges with Hme.

ot is used in the design of <pil woy CcapacHies:




et

A, Giuen

the mMean of  moximum floed (€ ko-i060

For o fivey
stancloral ceviadion
factor —for —Hhe CO-‘“r&sPondmca Yetun PQW‘Od G135, then ’m@
c;omr@gPond‘i ng ~to ~the veturn P@"Qd 'S mYs

i IS mg/‘S'eC ~ I i ‘E’(‘;cvuef)cj

MoRi Mmum oo

AL = “aco mB/sec

&e = 7058 mB/S@_C

K = 3-i3

XT‘ = 2 y

‘XT = ;% K &

= B200 + 1705 (3-13)
X, or G\‘f’: A5 36- 68 mi/sec
AN urban  cotchment areal  has 9 pectares  of foods

Wrh  yuNokF  coetRcient oSt O, 18 hedmg/ of tonq witth
of vesidentiald

YUNORE cocficient o o1 apna  so hectares
G- The wead weighted yunctr
tHhe

e of  vunoff  coefficient- k.
coctRcient —or thia Qrea.  which (<

vattonal formulal g (]

‘0 be usced N

Q) 037 b) G- 3 Qo - ) G
A+ Given A, = a ha C, = 00 /
/‘\:2_:’ 18 hq C_,L::_O‘(
A3: 50 ha Cay = O3
c o= CiAFC A+ CsAg
= O () to(8)+0 3(50) /
A+ 18+ s0




ff)vﬁbtllg {c s’\fim { M A Ol ORiE ) wr
‘/ﬁh@ cxteme Hood cuent which s P&\ﬂsf'ccmgj possible -

which congiders the rare cuent also-

of ttfe and Pmp@rfg) PHE IS

Eq.- Design of spluways, dams cte -

Standaord Prosect FHood (EPF) L~
Hood cuent which occwrs, @’Cdud;ha

T/‘be axtreme

TAreE cuent:
Equ— Adop‘ced N tHhe desqn
S SPF =
(or)

. SPFR < pPME

Ttem
- Mador and Medium pvobeds
wtth ccquthj Move than
Ec minion M3 (doms)

2 Qopacity /< €o mitlian  m>
( bavriages)

3- :]:\r‘ric\;la*h‘m structures  like
Agueduct, small culuerts k.

K- 1N o_de_q/uOfte cloda

/
P-9 NOY- 29
X Given A= 90 hectares = QOXQOH - 09 KW
I O%
K = O‘l—t
I =% S CM/hr

o I-RXOHXROGX U-S

s m3/ seC

AT to 6o/ OF PMFE

whenever theve is  (ogs -

Qdop“tczd .

of bcmw‘c:%@s; . ..

Desﬁcjn Flood

e PMF

I PME I DOt auallsble we
adopt Flood fequency Study
With T = 1000 yeows

[}

L SPE (or) Flood frequency S
S‘tuduj with T = 100 years wohichee
ts hl‘cah@\r-

3 e c:LdoPt—_ -Flocd ﬁ&c,pemgj Study
WHh T = 50 years -

b AdOP{— Empﬁmi ~formuloe.




—formliale Al

R Rju(g’s
Tt s used i kornataka, AP, Telangana. o
Q, = o AT 4
3 rf"“".’ﬁ“-‘é\l ~fermudon: -
Tt s used in western Qhats  in  MaharashteL.
Qp = _ '24 A
Npyires ,
Mmethod : ~

Flocd F:vrec,lu@_ﬁcj
! @ ;)Od

- (iuMbels
Type IL distibubon

Q- L09 ~ peareon
3 Log normal  distribution -
Toweibul distrikation  methed
Gumbels  method: -
Xe = X + K-&
. value of “the uvarictke ‘%X of a vyandom hgjdrolcya
Series  wHh Q. retun perviod T

= mean of uvariate

Standard  deviaton /
= ”Ffeq,uenctg ~factoy  which depends ©n writen peric
and  assuncd “F(‘QODLLQHC_H distr bution -

Gumbels  diskibution  bos ,D\rq:evtj which Qives T=2-334
when the dadn st i lQrge .

e called Mean annuad

s
X

X 9
)

—for ~the Querage of annual Sevics
= Q-2 HQO\YS

The uvolue of ~flocd with T =
—+lood
/
Des‘agn Elocai: -
N e dess‘%r) of any

The peak flood cuent  uged
hydvrauwic stuctre 18 called Design  Plood:
SPM way  design ~flood:~

The Mmagnitude of the -flood cvemt wsed? n e desiqn
Splthuny  design floed:  The tue Hypes of

of —QP“?LL\OLJS s catted
de.s(qﬂ Hooole ove-

A i e b

Py Fo 30 D 1

e ™ rn b b | e



ONIT- 9

et A 3

MAXIMUM ELO0D ESTIMATION

Flood  Ectmation: -

In the Hydvograph, the important  pavarmneter g the
f100d  peak: The vavious methods -t determine the Hood peak
ave
I« Rotional —formulac
8- Emprical yformulae
3+ Hydrographs
k- =lood ’Ffeqjuenc&f methods

Rotional —formulac : -
&P = QBT CAT

/QP 4 Pe_cxk discharge 10 Mg

A = caichment orea, km*
T = Trtessty ot vadnfall, cm/pe Hor a glven  vetum
peviced

K(ENC = RunctH cocfficient

R= k-P

/ K:_R__
2
R = Runof+

K = RUNOH CcocfFRaent
p = pvedp?mjn‘on-
Limnitation &~

/ . .
|- A 3 50 kM. 3. D>+t D = puration ot TOu AU

-t =tHme of concenvodion .
Emp*r{ccxi —“formulae: -

e Dickens formalae @ -
™ & used N North Ihndia ond  cental rao-fr ot Tndiee

Q= <At (on k A
/

Rp = peak flow, m¥s

Y 4 FIE W 2 O A AP NGy 7 A G S




fi-

Given A =
Rvo-de})‘ﬁw
O 01
O~0}

A

. 2
236 KM Qazz D= >hrsg /

Qe = 17718 XAR L
D

s

= 2-778 X 3 —_
& X

Qe = Somifsec

R-0: volume

Areaq /
safs b O
- Area. of tiongle .
—_— C  TE
Areo .
= SXA YBX3660¥ 2060
A | 4B e
| 42 hrs
= 1728 % (0% m™
= 1728 km* /
/
/!




ﬁ\(ﬁz Covyect fsl;e-ict:i,ﬁ&f\.f;t?: ot fhese .f;-i'@_gag
A) 3 2 0 e 3 u it D3 L oay o 3
/
: &
K
7
/—; +
\/ ~
Betemimne . volume
/
R'c depth = JoME
area
- = 2acm
Pg Noi-25
ke Given A= T30 KM= behe A
Qe 7RG A"‘B‘ .. 0 = Durahon of Ut
/ = l~‘778x7zo><—:1‘—
R p.q Nov-2¢

) sSupra youd Nrfal! cov

D-R o volume .

X Effective yainfall
‘ Areal Arecy
3B Given Ziz= 1:S oM/ D= kv RUNGHE clepth = HO MM
I_mct('hcch o = Rainfall — RuncsH- deffh
Rainfalt d@_P’(‘h = KX {§ = &M
R-0: cepth = Yomm = Y cm
L. TR taten = -4 = aon
Rode of infittrabon = 2 - .o em/hy
G
S mm/hr
H, e hr  UOR QP = 50 ms/sec; , icm
. Q & I em
6 hr  UOH Qp = <50 Mm/sec 1 A
. —s L -7t
5. A= 0 kM- = foxie® m> >
(VAR 107/")3
TN
volume A2




4

A- RuNofr+ depﬁ’) = volume 7 s
RUNOFf depth= Arca of tmpezium ] /
Catohment Awa. &
(™)

= 1 .r. : -
00l [+ 28T L 3600wy S 28 hrs—>

A /~——>tChrs)
A = 13824 xicf mx

S 324 km*

h« Theoretical @.obur‘l'a‘bvium discharge  {n M3/scc for an bty
vainfall  of  ivtensihy 20 MM/l coMtinuousty ~auting cver o
dVQ*ar)cu:je area of 100 kM s

A.
) - '<'7 . -.‘—— /
Qe = 2778 A L

— 2778 X 100 X 882 v /hy
e Y- ma/sec_

S+ The “following  —four hgydro(ogical fectures have o be est

Mcoted  as "mputs betore one can compute the ~Foodd hydroqra
at ANy  catchment  Outet E c ] ' 4

A ONit de‘roﬂ'fflf)h B8) Rainfayt Hﬂe‘fc.ca‘ro]bh

<) INfiitracion  inAlex D) Base ~flous:

bﬁ'\e correct orer N Which *thecj have —to bce GMP(QEIQ‘
or used 1N d@:te*rmininﬂ ~Clooc *Hdmam?h is

A R, B,cx, %D B) 8 A D cC <) Bc A D /o’)DAcs

Rt\ﬂ6€+ P

Q‘\U'\O'%F
depth QP
; ] o
¢ —iNndex
' LOSSCS
—t /

G- The —Fouowé‘nci s+eps are  nuolved  in cmrm’ng e Ut

p oL ES-HMOcHnCJ S Ro in terms of depth
& Estimating sRo In volume
3 Sepaycdion  o©f  bascetow




Duration of OO Hydrograph« -
Tt s the tiMe clopsed between  bagining and e
Ooff effechue  vaunfaut.
. It shoulgr not exceed the (lcast of
o Time of vise
b- Basin lag
C- t. (tbme of conantodion)

Instantaneods  Unit Hydyograph -

The unit hgdvo%raf;h of 2ere duralsny i catted

B
a

Ty

e
.

Ihstontancous LNt Hydrograph- It Is i‘mcxcaimcmj c;oncezf:ﬁ‘on&l OH- T

ot g independent  of vatnfall duxaxhon and indicates the cdch—
ment storoge clhavoc teristics - '
EXi- < - curve 1S Obtalned btj N,
A) summation of —flood hydroqu]oh
B) Difffentichion of ~flow mass cuvup
o summation of uve Dusing flow duradion auwve
2 The ordinates of khr UM OF & basb in Miscc Qre
KO, RS0, 44O, €60, TOC ok Q h Intereals . The areo of the
basin is (Al
A) 1UEy 6 Km*  B) ISEl-6 KMT ) 1oos kit O) None
A Runokf depth = o©-36 a&'_’:\q't

lcm = 0O 36 £ & At

£QR = YHO -+ RSO +44yo +6006 + 100
= 2030 M3fer
, e = 036 % 2030 X -%—
A = 41 .6 km*t
I A 2 hour Uk Ccan bce approximaled Qs W&zofdc&(- The Ut
cefere 0 a catchment area - (A

A) 138 an km- @) 00384 km* Q) 3gy m> D) 384g M

/




The s-curwe ryeaches the Maximum  cquilibrium digchar
at Hme equal ‘o the tme base of fhe Hfirst O-H -
Re = & 77&-/\(—‘;—) m>/sec
where '
Qe = equililioriim dischage . m3/
A = Catchment area., Km™ . 4
D Duration of yainfadl, hr

‘ — o + . ] .
= = Intensity of minfadl, MRy

Determine  “the “t' bours OH fom ' v G H -
)+ Devclop s+ curve ~for O’ hv Unit hydregraph
Q- Log s - curve obtained oy ‘T’ hour y
3. ;:md e  ordinaites  of (Sp ~Se) which Y‘EP'rescm’cs “the ordincde

Yesu Hh\ﬂg Ffomn ryalnfal cxcess of T

D)
Vv Sa
2 hy UH
T:l'i‘i'w UH '\5%
I =M _
D Ao \
— ' c /

»

‘7 hr

Syhthetic  Unit h&]d‘{c" QV‘QPW‘ -

There May  be some basins  which do pot have Tan
Hall vunoff relationships o dedve unit hydrvoqeph. on such
sHuoHons QA ggmhe’tf'c QN h%’dvogﬂlph s deuveloped by usm?
O of adiacent stations - : /

Sgi’)“the'ﬁc OH g Not o UH but however b s devives
fom O'H owaitable for nearby  stodions -

Tt e developed by synder.

} Distibution qvapht-

_ Tt & developed by Bemard in  193s )

" It e o plot between peycentoge of surface yunefE and -time

Q- Tt & uced ‘o study +the variation ©f a ou-H.

3- Dighibution graphs ave uceful i comparing  Yunofé Chavacte rigtic
Cf different  catehments -




7 A Ghw G-H OF an catchment of areal i owmT g
"tV“i‘CmCStﬂCﬁ‘ N Shape  with oo bhase  width  OF & hr

~ 1 o s e e e B B . e o o " R R o
DRC hyak O Cv\ff Yoo TPse Cadehment Sl e oom oF G -

tive  vairfadl  in gawe Wit have oo peak How e in mvfsec
/ o : N
A 60 ‘Mm3/sec B) 27 m’fsec D o m3/sec D) tas m¥sec
A o <7 ke
Giuen A= 117 KM
‘ 6 hr U tt

RO depth = XSSH3600 %Gy 5

(o-on 117X to® /

= e | /N

v = Cm I om of
/ Qp = 10 m/SQC tn Cm | —— g ——>
yatnfadl .

2 o voinfall of  acm, &p = 20 mMm¥/sec

PeRnation of LN hydveqraph: -

cc:cuvikza unHormly over

P ‘rescmh'ﬂcj Han
one  untt de_Pth (tom) of Yainfali @xcess
the bosin” of -he unrform yake —for Spectfed  duration ‘' hours -
I+ ONtE h\rjd\rog'r(l{)h s used —o cestimate ~flood hydvograph

a- Tt velates the DRo to the yainfal
2 The oveo. of UNt h\:jdvoqvqloh yepresents  the volume given by

icm  of Yainfoll  excess over the axtchment .
The —term untt h\ddvo%vqph vepregznfs untt  diagram 1\&/\
—t

exceess

I -
Definction & s-curve: -
The method of super Posi*h‘on can be
‘m’ e o nteger 4 -
wheve, N=1HL 3 M - -
O-H - ican dev@.ioP Liv U, Gh UH

usced Gﬁij when -

e, Giuven Qhr <o 6N
when N sie o fiacton method ofF super Posih‘on cort be applied
2- Tn cuch coses ‘g’ cuwve method s used

2 ¢’ curve hydroqvaph i< defined as o  hydrogaph proddced by

A continuous oifechue valrfal oF constant minute <or an iNfinke

peﬁ od-
h. T lea a cuve Obtouned
. )} . PP SR Y PP U QM/\F)A \ﬁ/ L’\YS OJDC\Y\{— *

by sumnaton of an  Nfntfe <c vies OF




2 hv

By YU H

SN E
| K BO M3 /see
<+ 4O M/s
®
< =3 > IS (&) > /
A, = RSO km™ Ay =7
{
RO depth = Nolume _  Lxesxap N
(O-Ol) area A,
- 4 BaxXQ
0:0t & Iy Y @ y
Ao
o=
A, = so0o km

S AN Bhv UH O of A catchmest As o base of 20 hv

and @ peak  ©F o MP/sc BF  sem vinfoll excess  OCCUrs
N8 hrs, the yesuting DRro hydoqroph Wiy have [ o ]

A

A & base ofF 160 hrs B A base of 4o hrg-
NaNe\ peak of s M sec AD) A peak of 20 m¥sec
& ht O-H
o ms I om - Qp= 1o mfsec
er Cram) LCM — Qp =20 m3/sec
/
< 20 —

& A 59 ko

A

c_\PprGK}’mcﬁ‘&d
s P@_QK e}

A) 23 mdjsec

R-O- depﬁh

(o-on)

cotehment hos A (2 kw U-H which can be

as o waengle = ok e base s uybrs,

roiidade (ES

. | /
8) & mieec D SO misec O 13 Mjsec

= =X (1M %B0OxX 60) X Q)

S %10t

= 2 m3/sec




Ac +he durahen of voinrall  increases,  inftensity clecraer

&.
and P@.Qk Flow decreases:
T Given P = t1-2CM D = & hrvs @ = 025 CM/hr
Roinfall  (hcreases e, Redffadt cte RO depth =7
Excess ppt (RO depth = Total yainfait — [0sses
= Bae=— {2 M- RS
< =03 aom
= o
. o . L . Sta only
E=Xe- Inaiccoee “the,  Thcooyrect  Stodement

R, Cincorrect Stedement for

t- The chiet COH\POHGF\"CS oF  LaAre i’\(ﬂd\”@g?‘ck‘(:h are (¢ J

/ .
A) Crest S@,gh’\e_ﬁ{— G) (Qusma timb ¢ Base-flow D) Recasaion limb

R Base ~fFow qu@Qﬁn‘o,q s performed on a (8 ]

A

A- Ntk hydvogqraph to  get  DRo hydmgvdph

/- Flood  hydrograph to obtalp DRo  hydregroph

c: Flood hydrogyaph to Obtain  yainfall htjefocjvofh

D- uni@ hgdro%vaph 10 obtain S - curve

+ The effective vainfall  hy Gi‘t'cga\‘(l")i’\ ot have an avec (]
A) equad o the ara of DRo hydvogroph

8 cqual —to the —total vainfalt of the storm

c) which wwhen ‘murtipiied by *ﬂ\e catchmrent areal ﬂ;\,@g
oma of the DRro hydrograph.

D) Nh\ch when mul—H?hed by The arma glves awa of-~flood
hxddroqro.l;h

A 3hr untt hydreqraph U, of a  catchment of Qreaaso ke

S D the ~form ©f o triangle  wotth peaic  diacharge  of Yo "*;3/5

Ancther 2k O-H U, 1S alse tanguar N shape and has

SCDJN\GI}OCL‘SG_ width has U,  but with a peak flow o Romk

The cotchment of which U, Yoefers o an arca of (0]

. ; b
A) 1as k" 8) 50 kKm™ O teoo kM~ ) s00 Km

Given U = yuom¥s U, =gomis




Untt hxjdroamphs are  used —tp determine Flood hydrc
graphs  (of) DRO hydrographs -

A  t-hour Nt hydrograph  can e usead 4o develop
unN- hydregyaphs  ©f dHferent Auraton

by *mi/o MEtAods -
1« Method ofF Super Pos‘nﬁ‘or)

R S - curue “techniobue .
Limitahon. -
- The unit hydrograph

S QPPLEQd —for ch'QQ?g less  ~thon

2
5000 km* and more han Q KM

P-9 Aow- as

' Areal of Cotchment = soo m>

<m
= SooXpEmt 100 /s
Effective. vainfall = 9 Q
R-0O. dfﬁp‘t'h - RO volume /
Catchment Qrea >t

$— &6 hrs—
RO uolume =

t :
5 X (66X 3600y R _I00

Soox6¢
= V-6 cm
X RO A 3
- o - i X 2.
pth cm S5 Ghes 0eH
= ©0rmM ek LM Te given)
D-R-0 volume = 3':x TSX 2E00 X 12
<—— 7S5 hr
R .- dQPm = \Wwlume =
Garea,
©-0f = XIS X3600x%),
- =
A
/
A= 162 km>
3 X\ .
T AS e dureton INCcreac@s- 6 hr U
I For both &ahr UO-4 and 12hy (GR N N
& 20 /s
the areae oY saMe- IN Al g nr -
as -the durcfion 8 move s base Hme
increocses and 4o Mairain Hhe Same Qreq, *

A 19 Ry 1Al



Unit hyotrograph =
Tt is proposcd by  <Shermen I 1a3s:
Agsam P‘H One -
- Raintall e unrformly  distibuted  ouver the entirve area
R Ranfall 16 wn i‘fO’i’MlS AdistHbuted in & gjiuen curertion -

N

3. TTme r/ﬁ~vecﬁetﬁe@:
TiMme THvariaNce: -

™ means  the ahirect yunotfe hgeﬁ'o?rcxph ~for o given
cffectiue  vadntall (N o coatchmemt area S same, t'WeSF@Cﬁ‘ﬁ
of when & ©OcCcurs-

3. Liner msPonS;@_ (o1) dEthoed ot _gup@r Pc:-s‘“m('@f):"

/ . 8 \ st g .

BF yoinfall excess i A cai‘uen SAuvaslon is R -times
. . Wl

—-the untt depth, -the Ytesut-Hng Aivect YUNOH- hgdmgra,:h waltl

have ordinades ect/uq‘ “+o ‘R! -bMmes the unt hljdmgmph oflinada...
Dedveion  of untt hﬂd‘rcxaw‘uph s -
I 2 A bhydrograph caunsea by vaunfadl . excess of @ given
S
duyahion 18 scelected:
Q- Base -Flow I8 S@Pefctfed-

The avea. unNder divect yunoft  bydrograph qives DRo wolune

w- The vyunoff depth = Divect vunoff volume /o yopment- Area
(ov)
,  d(cm) = 0-36 £Q %
where |

E@ = sum OF Dro ovdinates in M¥/sec
At = untform —bme  interual  in bours

A = cotchment area in km>

5. Divide/—he DRO ordinates by -he ryunoft depth  wbich
gues —he ordinates ©fF  ualt hydvograph-




- L
# " Method o

e ch_n-tiﬁ_j +he Poiﬁ{r e’ by using  the ~for mula B:o‘8&7Ao.lddﬁ
N = NO- of days ffom e pecik /

A = cotchment Avea. in kme -

5 D\Te
R

Are wnder prO hﬁdwrcxafaph cjluen DRO  volume

DRO volume = (g@)time interval

RO depth Of eXcess railnfall = DRO vOlume

A
/
<)
. cainfolt ©
f - ey“\c_&ss b
/
- D incex
LOBSEP :Z
. .
Area under hge—toqrqph ~— Total vyainfall 4
SFfective vainfaly = Total vainfall — Logses
t
T{ Arec. gfv&s cffechive  vainfait or
Supve aivall Of eXcess vainfalt.
—>t

Roth divect vaunofe hg@toarq‘ah ond  cffechle  vaintall
hg@fcog-raph ye’;ves@ﬁt the <some QLantty e, vainhal exaess  bud
N Oifferentt Ntk -

The area of cffectve vatnfadl hvje"togvoph QUES e affochu
vainfall, which shen mutiplied by +the caotchment area Qlues the
YUNOE~  volume -

/




Haae Heu HLJG.%CAJ(&]B; L
P \/ v . " . Y t,
Rising tmb s controlted by cliimatec —factors ke
™e peak s aftained

J;ﬁ-t@r\s%iﬁj of Rainfall, Duration of yalinfall-
Ocftey g—toppin% of  yainfall .
Basin Lo.ra;w

Time difference between cenbtiold of Yainfall CROeSS

diagram —t:o/ the centrold  of  hydvograph also called  Lag tine.

LO% “HNE L - ' .
ot Wade v

gy

™t & definced as ~the mean -Hme of touel
pc.\r'tid@g fom i Pcrmtg of the catchment -to ocutlet Ciwrfﬂg &
cjmen Stovrm-
SepavaticN of Rasce —fow: -
pavedion | ot pasc
TRO. = DRO t+ Base fHow
DRO = TRO - Rasec -fHow
Master dep[@h‘or\ curve *t&chn?cb,ue e used 1o S@.Pcs;rc:"e
Boge ~flow -
\&X00

ae¥
m&gkef oV E

— -t —s

Tsoladted storm complex  storm

, The lower POVHOHS Of vyecessioh limbs 0 A complex Stormg
are  plotted i o graph sheet-
A cuavrve is crawn  which overlaps all the Icwer portitn
Of vecession limbs called as  Master depletion carve: -
The master de‘lble“h‘oﬁ CUvve s Super m Posed on -the
Hydrograph /hich  meets the Tecesslon (imb ar point & Job
B and © Potn& by drawing o line-  The Qea below the B€

line & called Rage flow:




oS
=

UNIT= &
¥ HUYDRO GRAPHS y
Hydve graph L~
Q | N (szn i
I / kﬂ@@g’m oepe
Riging N E
fimb JQB /
% time ()
AR = approach seqment
8 point of ralse
8C = Rising limb (or) concentration curve, vohich depends
wpon  climahic -factov:
8,C, D E = INHectHon pOints
C = stop oOr ceosina of vyainfall
Ch = Crest portion  which containe peak How -
D = C@_Qs‘ma or stoPPr_na Oof Surfacce TUuncFf.
E = C@.Osmg of PTOMP{- iIrtevflow  Or éxred: vunatf- anc
commencement of  pbage “How  contribution.
Area  ufder —the hydvograph gives -{-otcd RUNOH- volume
ey from storm hydwegraph  Cor)  Flooa Hydrogvaph.
fydrograph  are  usefil 0 4the ceterminalion of -flead 4o
The lower most pem‘on ot Hotal RUNOFE hydmgr/a]ah Tepresents

base —flow -
CLDRO
DRro
TRO
Recession
Of catchment

TRO - Bage How

direct YuNoR
Total yanestft

mb & controlled

oy Phs&lOgYCLPhyC characterictic
Likke qhqpe ot catchment, <Siee of the catchment,

Slope & 4he ~mbhine At -




Reicdion bBEtleen Vaiean !V digehdigellOeuedinlgalie height »~

. . N
p Q= Cp (H-hg)

H = gauge height
ho = ga_uq& T@_o.dr\mcj CQ‘(YGSFODdED(E To zers discharge '
Avece velociy  Methtd: -
Tt s used <o detemine the discharge iy a viver-
, = Q,+Q,FQ t -
Dilution ‘tQChﬂici}l@ (o) chemical method (o) sadk ConceNtahon
method: -
CO!YHHUHLJ equation {8 used.
g“tt_\(je cischayge  Reladion t-
.Whow‘mg the Stoge of River discharge con be mMmeasdrad

using - yating  curve:

logH Shj?‘e' -7
/l\ 7 Rading curve P
— loga ® —
/

Note:- ‘
Discharge cap be Measured by ventwrt flume  (or) standing

ove Flume (o) POJ‘HCL! ~Fiume




To find ocut “+he mean velocty of -fow Hhe 'ﬂCD”DUJmca

MCHhods are uscd -

I s\ngie pom-% mcethod De:pfh of flown (s

less

velocty at Y = or

& Two po%ﬁ—t Method DQP% is Moderde Vinean = uo,p_\[-i— uoi_8
20

~ M - . . / — ) s
3 Threo Fﬁ’rFrt Method Depth ig Very lavge Vgiay = Velocity ot «
' depfh of -l
Bom free s wt

u@-gg = UQ‘OCH":’ o a

dePJrf‘) of ©-8

“fsom Frec suxfag
/

Y — Vaigyty, VU
S VY AgE Upegy = T ey"
Lr

3* Three PDI!H— method Depth

Sbc\cde:»

Stage 8 defined ac W ater
any  datum ke mean Sea

sSurface clevation w o+
lCvel .
Measurements : -

le Stk gawuge
Q- Mcnrki‘mq levels o abutments | P.‘Qrs etc by Pcﬁl\’c
3 Automodchce stn:ac: Yecordey

A G\Quae weli
Oxcuicae well s - /

Lt prevents  the  wave achon  on  meacarement of Stag

' ) ) stafft gauge

Float - /




A OaY gcmq?ﬂfgi

T Measures  he  discharge n a TMiver.

2 A stodbon whewe steam FHow 1S Measdre
qauqidg  stoion (o) Hydro metric Station:
3 Stream Aow Measuyemment

peak Hows .

s called <iteam

is  @ssentnl in (dentitying  the

4 peok fHows are  Needed

in  the cdlesign of Hydvauii e
Stuctures  Like cams,

Wetvs, barroges cte.

Detemington of- depth of Flow . -

te S'Oundfng vod -techhique

L Sounding  cable

Determinahied  of veiceity of fHouw: -

- surface ~Hoat method

8. Sub surface fFloot method
\/t‘ziod/’cﬁ Yoo mMmethod

h current  Metey

Suvrfoce floot mMethod : -

V. = dstonce
S \
time
/
K= 0-8%

l e e o b 13 A e ek i e T
{Ume_cm = 085 USJ

—

Current meter: -
TH ie used t© Measure  uelocthy of Flow: They ave
“wo ypes of curent meters
i pﬂce cusvent Meter: -
U= QAN+tb
V= uelocHy

y N= no. oF YevolLrHODS/unH» ' me
Qa,b = Conctonts .




RunciL ecotmation~ ,

1. @inhles /. uUse in Modhya pradesh

R Barlow tables Wse N Ottar prodesh

3 Stange tobles USE D karmataka, Tamilnaciy
Runoft =  Runopt coeffrcient x Pv&dp(h«ﬁor)

/

RunotfF = k. p

‘Emp‘r?ccd Methoas @ -

I« Khoslals method . -

Rm = B =Ly
Lm = i Tm, T > 4%¢
Roy = MONthly YUNOH: /
Pm = MONthly  precipitadion
Lm = monthly loss
Flow duvshton coruxe ;-
/

/e Hme —

Dralnage densty = ORI length of choumel/
A

Stream densiy = _Now ot streams

Area.

To qualitahively  cxprecsed shape,

Form factor = (Axial length)y™
A

/

. &1\
f Area  increcses, Drainage density  increases

A

—+t
I Avea. increasesg, Dfojnage censty  decrages &TLQ
— -




Axial  length ob T -the bosind
T g the horizontal distonce between  fom e vemotmf'

poiﬁ{— ‘o the Ooutlet PomJtw

Factors  Offecting  RuNCH &~
a- Climatic -foctors -

L Irtensity  of  Rainfall  increases RUNGFE  INCYeases

L puration of Rainfali InCreases RUNOHE  increases

ST D>t moximum  Yunoff peak Is generated

D<+., Maximum yunort peak  cannot b generated-
) ,

\_s D 7-tc

- P
ko)

,\l.

AT

s

— t
/

b- physiogvraphic factors : -
= %ho_Pe_. of basin:-
—> Fan shaped  catchment, S cak is aftained ond fhe

base -time of —the h\ddroﬂm.Ph (s smali

/ | QU

: — t
— Fern shaped catchment, l@ss peak s obtained and the

bose HMe IS ejoncao&&d.

Q
e—— Tt —

— t

Antecedent  precipitadion: ~

The amount of Mmolsture present in the <eil prior 4o
Yainfall ie called  Antecdent  precipitodion: If  Anteadent prectpi-
tohon i /nove, YunoH e move.




Vivgln o -
The stram flow  uncfected by the constructon of

bydvaulic stuckires  is  called virgin flow .

naterahed (o) Catchment Cor) Dvag Nage basin.-
It is defined as +the area which gene te surfoce
RUNOEE- 4
T’TGFDC- gvap hic divide:-
T™he line which divides "l’ﬁe sSulface  vun d—@(: betuween tw

adjacent basth g called TO,DOQTQPMC divide ov walershed

divide -
Phreatic divide (or) Grounad wader clivide: ~
The Iline which ~Gxes +he boundary of -he awa thot

/

contributes cavound @cx&m TUNOFE to the Steam s calied th

dwide: when —the “4wo div des are not coincidence , paasterashed
leakage occuss -
bl b
AT - e 3\
g % o j 7 /
(/ 2 t />-\\
! _ — ! KN
\—“( K |! (\\-\\\.\ 1
: ‘ 4
i ] o = phreaic diviae
Topog raphic  divide
.
* TiMe of CODC@[\"B‘C{HQD (*l'c).."
' /
The -tme taken b«d the waker +to move Fom the

Yemotest  (ov) Highest elevaked pont -to +he ewtet putlet is

Known as Tme of Contentradion (t,) -

- Tsochrone . -
Line jotm“nq Pcn"fﬂs Of equal +Hme of concentahon is

calied os an €ed Tsochrone -
Time ©fF concentrathion

te =

<

(L, 3)

/
Aetermened by ki‘fP?-t-ch “farmale




DINTTY ¥ @

I i

RUNOCFEF F

—

RuncH: - -

It s defined as the exaess precipitaiion absovbed o
the surtfale of 4he land cafker meeting soil moisture  deficite
condthon -

Tirterfow- .

The |otevral seepage  of Wattey  beneath the soil s
called intereiow  (or) thvough-flow (©) seepage fiow -
promt imterdows ;-

TF -the tme -taken for +he interfiow 40 come ob —o the
surface  is <shott  called promt interflow (o) quick Yehwm How:
Delayed  interflow: -

TF the tme 4aken —for 4he intedlow to come on 4o dhe
surface is tong colled as Delayed ivtertlow:

Total RUNBEE +-
TRO = Direct RUNOFH (DRO) + Rase flow

DRO = surface Yunoff£ + channe) P‘recf!ji?tcdfoq + promt

INtFeyHous -

Raseflow = Delayed interflow + Owound woder -FHowd -

/
Nadey Ljegjj“ P -

158 yune - 35t May s called  waorker year -
Types of steams -
e pevem iad stveam -
Always carvies some How Of vddter:
Qe Ivtermitteht Stream 1~
‘LG’SS contibution of ground wiader
- EPhem@m\_{ ctream L -

NO Gground  wcrter Qow(‘buficr\»




Total vainfati = 3.4 om
RAUnNOLF£ = QAYeq

W-index = pP-~pr- (08s
+
= 63 '4y-oy4y.y-o
1o

fo ™ (78+3:9410-6+S54y+7.8+92 +6-5+Y-y)

= 85-¢
. /
‘.-¢";ﬁd@)ﬁ - S5 6 — QAY-y
=)
= 3-9 Clﬂ/}w/
{
/
/




Exi- The/ viaal OaiiingR Othres. Cailere@ivr’ | g0 Mo ur pericds are

0SS, 28 and -6 cm- The surface YUNGHE ﬁ“&s;dfﬁn% Y
-the storm s 22 em- The @ -index is

T S
a2 < 02
/ R , (eYFiy
Depth |, .s T
—
R > a Q 2 -
2 2 a '
s hme Che) — —ttme (hy)
y Total vainfali = Yeacom
Runo+f oy L2 cM
W —ipdex = P-R~loss
t
= 9= 3.2 -0
&
= OroR
/
N sZS“iﬂde)g = Pe — R
._L__c
e = (1-u+8)2 = Yoy

¢—3ndex - Hey — 3.5

T_

Ex:i- A 12 hr storm  haod  the —F’onomi‘v\? ctefrﬁxs “for each bouy
occuﬁné cver o basih L&, -6, 7.8, 29,

= o3 cm/h-r

66, §:4, 7-8, a2
€'s, 4.y, & and I-ecom: The Surface Tuhoff s ~“found to be
QY-Yy Cm . The auerage  (nfAration  index Hor —he Storm (s

to<6

— ~6me (hr)




2= 1Ye SO 3 MRy

Averoge vode ot IrRitrachion, = =

NOte:—~
e b~ index v*ceP-regcams vate of  infitrodon duﬁng Penod &f
/

runoff - Therefore
Infitbedion duﬁng Peviod ofF yun ot

& - index = e s
Duvrcthon  of yunofE

QI - INdEx ’Y‘GE,PY‘C?'SQH{:S vyt of IR rahen dd\r‘;ﬂ(j Hee entive

storm.
. Total  Infrbrechion curing  entire storm
. W - tNdex = - , v

P

Durchon of the <tom.

P-g nNot- 12

3 Given
. 7, 18, &S, 12, 10, 3 mm/}w

Runoff = =2z mm

/
T
255
1 ) '8
1] |
] 1 ! /
— time ( hr)
T = 6 hours
Total  yaindfali = T+ 184+ 23S 412 +(0+3
P = 75 mm
: ASSLme‘ﬂa losses =0
W - indern = P“R_L__ 4
-+
= 75-33 -0
- T =
&
- 7 Mm/hr
Effective Yainfatll = I8+ A 412 +10 = & mm
/

=

@-index = g ¢

e " B 722 = 5 mmsky




the @b index line is

oL © [FAN N HDUQ}( g &
. P - R— Inthad | i e gt .
W -index = _'oss C“TO«“@?J inrtal extachons |
TIME of Excess ke  inrtersechon, cuapo -
, \ j . d TQ‘*‘)‘C‘[’)} Qnd l}ﬁﬁil‘ffa:h‘oh ,
> — iNcie X W —indcex . \ . .
7 g INfitedtion /s the mader
P-g NOEF~ 1
\ / LY P
He Given @ -index = ©'s cm/hy
Rainfall = & cm
D = &hys -
Divect yanofF = °
Dirﬁc't YQNofHt = P - Loss

~ ”
—ve yunoftf means there o NO  vUuNOFf.

2 - index = Pe, — R, = Pe, =R,
-t
= il 7 1.~ Ry
8 s
T Given i = s am /iy D= @ hrs, RuNOFF  volume = 21-6x1c® m>

A= 360 kM* = 300x%x 16 M
f—= Total vanfall depth = exis = qcm

Rupot depth =  Runott volume
Qrea

= Qrcsx(c},é
&

m

3060XI10

Y, = T2 cm

TnfRltrakon depth = —total vainfall — Runoh- deF#)
= 9 - 7-2

— i-8& cM




Coctors cofRESH PG O A PHERRDN vy
i T'HPG: of soil ;-

Sand; grauvel, ~(‘—Q1P increases /

Clayey soit, -FQQP decreases

A Nadure ©f- SO .-

va Soil, ‘FCQF INC reascs

CQP Q
2 \ joe * :. tcxlla‘\‘ Le :t“\\ lcv ’f‘ e

/
-+ ;/\C_T@QS@S
cap
L« Natural ov arbficial com Fach‘on of soi :-
-+ decrcases . LN —tem percture £ (Ncreases
cop P , Teap
Measurement of INfrtvachon @~ /

J o moodimj type Infttrometer
- Raivfall simulator

** Horton's @q/uo:ﬁom»
"‘k"t‘
f= (R -E)E

kK = -t

F
C

Lohere ———> Tme, - (ht)
—F_(: = infttracion Yode ot any Hme, +
£ = final  infittretion  voste

+f, = intial rate of infittradion

t+t =

/
+me Hom beginnfnca of the <torm (vaindan)
InfRrtrechion indices @ -

- G- index 1~

The auerage vade oOFf infAHration

'S known as infittrados
Ndex-

geffechue vainfall - Runoff L —R
}@- index = e

e e e

- R *t
Hime of exeesg e




Slm@ei ricidle Method » -

K-t-p
Tale /

PET = a-Su.

< = CYOF cocfhcient

+ = mMmean monthly “t&mFe_vdrfnr@ n °F.

+t°E =~ (<& c +3x '

P = Pevcerrtcge, moﬂ-tmj chJJ /“9”{' h/Outg exPr@ssed
as  percentage of day light bours of an year:

The other methods are  pepman method, Modibed penmar

Method, Thronowaite method .

Exi- A Yeservoity has a walker surface area of oo hectuwes

M the @\;QPOTO:HOO Measure  In  Ts pan s O-h cm/day, the

volume. of  wacter @v&Po»atad in o month o’ 30 class, in m

) 1, AB,000  B) 84,000 ) 72,000 d) e, coo -

A Given A = 10 ha

4 2
= 160 xiot m* | hectare = 10"m

=, = OY4ecm
CP c /dcuj ,
-+ = 20 dqus
= 100xt0Y X 0'& X O'Y ¥ 35
faYe)
V = 96, 006 m3

Exi- A river has an average Surface widih  of 20M: Bt the

in the vicintty of -the rwer by class

euap cration Measured
| of  water G.ucxpow(rted HoQ

pan  is OS5 amjday, the volume
6o kM stetch of +he vver N a month of- 30 days s

\ o — ": r-
A- Gwen B = aom L= &dm = &ooccom, &, =0 My, " 553

?
Cp=0'70 , A= ADXE0OOO Y,
U = CP'EF X A
= 047 X 0/;5'2< 20X 20X 60000

Fl




UNST )

PPAS )

INFILTRATION

/
IR itraxction: -

The movement of water flom the surface inte the surké
of earth & called . TIrfittradion. Tnthal (oss and  infhal obobrachen

abstracton .

;Fﬁtew*cefﬁm} loss L - |
The amount of waler jost Hom the figuid o the

Vopour cirde -fom v&aetcﬂwbn« Tt cloes pot  include —thv‘oq8h{—10m
and stem-flow -

t< Thryoughflow S the amowrt of woder tronsterread fom the
el o the ground dr"recﬂy-

a- s—temmﬂtkaw s +the amount of wader transferred HRom The leaf
o the bvanch, to tHhe steam and o Hhe gfetmd'»

Thiterce ph
/ of ppT

Raintal) ﬁ

As yainfall  ipcreases, interception  decreases -

Tnftbraction C&FCLCHH (+- ap Yz

It s the MmMaximam vode ot which a caiueh sSolil con absovb
wotker N A %fucﬂ +Hme

Ca) /u + . C ) v Y
o+ U s m'tens‘rﬁj of Yainfadl and F 18 actual vate of
i vedlon -
[ jCCQP R S 4C°P
1< 'FCG_P 5 + =
ONtks £-

+ = <M/, (0r) mm/h'y‘




conbol Measuwres L - .

1. Surface  area o be  minimum  with MK Sstorage:

Q- onuide_ Mechanical  covers .

3; sPrcujt‘ﬂa of chemicals ke celyl alcohol, Steary! alcohol . both
are  organtc compounds . These —form a Nono layer on the

water gcurface  which {ore‘uems ev&Fomd"ion»
EmP'r‘aCQ? Methods - - /

I+ Meyers  method . : )

Q- Rohweyvse method

3,
Amlgticd  metheds L-
I+ Water budget method p
Trélow — Oubflow = Ss
ot

Q- ENergy  balance  Method
3. Mass - trangfer method

EUQPO‘b“QﬂSPZTaﬁDO o @ﬂsumP‘HUGz use L -
It g the sum Of EUO\PO’Y‘QtiOﬂ ana #AASPI‘TCIROA‘

= E+T +(water used by ‘the P(@mg—fgw metauboli

ET = E+ T

ClC‘ﬁU"tg) = neglsible

,,‘“gET i Ul
/

Factovs o:Fﬁsctihg *bm\sF%rqﬁc)m»-

B lont factong - -
P
Leave, size, ghqpe

L soil foctor ;-

Field capadty , permanent  wilting pOINt, available matstur
3 climate factor: - /

Temperature,  wind velodty, Humddy etc-




Fietd capacityg
Field Capaciy is defined as fhe amount of moistur
retained &h the soill aganst the —fui of 8\"0&31‘3 s called
PuH of %ﬂa&wxg Field CO‘FQCHH'
. POINt
Avaiiable Moisture = Field Capactty ~  permanent- weHing
HMeasurement  of Euq’po-transfn‘rcd—iomu
i L»kjs'im&“i“@r L
/

I e an  instument usce o  Measure evapotmnspn‘mdfcn;

pO‘tQm‘tai | EUQFOUQDSF}TQ‘HOD ‘= (PET)

Tt is defined as cavof;o—tvons};irah‘o/) which occuws when.
sufficient Molsturs g olwcmjs avatiable -to comf:(@tehj meet 4he
Nneeds of veqetation “FULHKJ @U@Ji‘ng e area-

Actual E/quobnnstrccb“on CAET): ~

Ftos the C\ctdcu Yyade of @_uo.PotmsPi'm:h‘oA thad  wolll
Occr af a given time and place-

PET —for clayey soit : -

. PET -for clayey soil = 4 (unity)
/

L when moisture conmtent s < E-c AET

- AEBT < PET
3. : s . . .
when Moistuwre  content i PerManent wei-bma Fo}mt) AET =0
NCOte: -

Highest  pPeT ip Inclia, Raskot (Gularah) = Q15 om
Tsopleth -

Line 3/oining points  of cqual PET i« called Tsopieth. -




Factove affech nQ Svaporaioh  process. -

. surface area of water body increases, B, idcreoses

Q- Tem,serdcfure inoeases, &£, Ihcreases

3. Humidi-hj increases, &, decreases

b Wind Uéloc:‘t‘j iNcveases, £, increases

Depth Of (wcrter: -
- INHh shallow de})th.) = e more in summer ond

jese Ury wiinter

Q- In deeper depth, &, 1S decrease In summer and &, fs
more N Wwinter.

/

A‘EMOSPheTfC pressure: -
DaHons Low:i-
JE, % (@uCu)

wheﬂ?)
= Saturadted UCL’DOUJ‘ pressure of Lader

Cw

CL = Saturated vapour Pv‘ess_ure of air-
As -teppersdare atmospheric  pressure increases, e, dearases
(ew-cq) decveases, g, iNCreases - |
Atm pressure e |, (eue)l s e 1

presence ot soldte or Salt -

EL % (g —eq)
AS salt content T, e, l, @

/ -
For every .. inCrease N salinty, GUC&FOWIHG[) decreages by




ONET — 3 /
EVAPORATION AND EU/“\F?OTRANSPIRA‘WC}N
EU@.P ovracHon pPYCcess L -
Eucxpov"ah‘Oﬂ
/
CONversion of waker from ;;(;Lu;d State o VQFGULV Stadte
T e calted

Evapovaton. Tt takes place during  day and night:
Sublimaton : -

Conuersion  of  solid  Stere —to Vopour sStrpte di’v‘edfﬂ
wrthout Posdﬂg Hhe liguid Phqse
EXi= Dry ice (At a tempersture of - 7a°c)

Tvong P‘im:ﬁ ons -

Conversion  Of It‘q,u?d state 4 vapour state "H\Y‘ough
Plant  metabolicm- TYQOSFN&HOH s confined o day time only-
T'rcnspirc;ﬁon s Measured 'bb' phytomete v . Euo;éovcrﬁon s Mmea-
Sured by  Atamometer and Euo\Porimetgr-
qupovime’:ter Hypes t -

- Class A Pcm:—
G\cnefdl‘y adopted n  WUSA. Cp= 070

" Iy : /
R Modirfied claszs A pan = -

. Cp =080
k- Colovado  sunken pan
Cp =018
Lake Qvaporaton, E, =




fRo'3 -+ Io=/., of 12863

Ng =
= 198-33

Ng = (80-3~ 10:,A of {803
/ = g2 27

P = L (153 + s

= IYg.05 M
used -to  determine  4he

A stohon year method  ig
of adiacest stations "

Yainfall dota b&:] ccmsidew‘n% vainfall data
and  also /by considering  yeturn  periods.




N
(i

&
=
= 3207 400 d
928
C, = 233:08°L

NI (33'OZ'L

o
N = 1094 = 11 nNo's
N /
© per 520 km™  ~for quin areas
For too00 km™ = 4 no's
3 Given
c,=33"4 , N=s
(i 2
N = (__U_
=% /
eL By Cvl
N
P2
1SS
e = gS'Qq o/‘
_ ‘ /
D Given
Ny = 170+ &€ Pa = 153 am
N. = fes: 3 P. = WS oM
PB ! P P
= A 4 [ ’ g
A e ~fory N N> N, t+ 0.,
NB m < NF\ Nc) A < &8 = // NS
_ f } = i
Pa = L (PA+PC) ~for NpN_ = Ng +16 -/ Ng

Ng = 180-3 + 0. of Ny




Tnetruments  which yecords variahon of chmetheﬁc

pressure  Use bwo<3~r<1ph .

1« Wwind U@lod-’rg —  Enemometer

Q- Wind 9\:‘\;@:&00 —  wind wvane

2. Humidrty —  Hygvometer (ov) psych rometer
L+ Radiation —  pyvanometer

5. Sunshine —  Sunshine recorcer

Evaporadtion —  Atmometer (o) Eua]bcw% metey

C.ontinuous y@cofdmﬂ of  Humidity by an automahic
recording  “instrument  is hyavograph -

Peq Nou- i
Q- Grtven T = 100 years N = SO years

PV A= d N
T 100

s P = 1-9° L9 =1-P
W Ve

o' 39Yyq

P = 39-4q .

i

Risk - Fmb&b“m’j of OccuwvenNce of an eueht oflcast once:

Exi- A vyoinfall ©f cextain htgh i‘m@ms"rtt, expected —to occcur once
in Qo S/QCUL% - What i ~the -Probqbktéﬁj that this  event may
occur  In Next 12 Years: ‘

A Giuen Tz ao years | P= = L = c-os

T 20

D

Pr= (-9
il (’r—c:wos)u‘

7P = us.as-,

EXi— The yehurn Period —for annual  maximum  floed of a qiven
nagnitude  jg 8 years: he onbab‘(qhy +hat “this fleod Magnriude
Wil be  exceeded ONnce duﬁnﬁ Next S yearsy
A~ Given T= & yecars p= L = L

T a
P"‘i._nﬂ

25,




9. T can be obsevwed thak has the area  increases The
MAXIMUM de’:fh of vainfall decredscs.

3. For a given area has dwatlon of rainfall
Mmaximum  depth  of vainfall increases-

increases the

. /‘
Dep“tﬁ - QA¥ea veiatons : - :

P = Poxexp(-k-A")

Cov)
— )
P = PO.Q‘KA
wWhere,
5 . A nome
P = Average depth of raipfall in cm “over an ara (A
fe = bighest amount of vainfall in cm
K, N =

= Qe constant ~for oo gfuem “reglo/\»

iﬁt(c_snggi-ﬁj - claation - *ﬁ@ci/uencnj Reladhanshi pe-

b+ As durahion of  Tainfadl

INCYeases  —he imL@nsi—ﬁj of rainfall
decreoses - '
A For a cai‘uen duration,

of vainfall increases

B duration become trae -

in’ N
has yetarn periad  decreases, intenct

e, Storms  of hl}aher intenstty  in tHhad
T0o Pu%ufcd linee-

It & defined as lipe Joining poirts  of @gqual defﬁh of
fonfall —for a given duration and  yetumn period- 4

Instrumefts  used o measure  various meterislogical data.

The details are  yecorded in the weather stahan +wice a oy
830 Am and S-30 PM. |
AmeSFheﬁc pressuye

Measured by barometer, and Aneroid
barometers:




Pun = Ne,x P xqlh” =
| . - Nni ;N (N-=)
PB,HD —_ X P X g

N n-)] !

3 PYObObeH'H ot an event pot Dccwr”m‘a

/ fon = %ﬂ

- onbabi"lﬂ-j of an cuvent OCCLLYF/\C_B ot least once (Risk 0
‘atlure OF hﬂdvm.uh"c stucture) .

lPl:|‘_q]ﬂ

Weibul —toymulae -

Avrange -the data in d@'_sceﬂdc“nﬂ Order

Rainfal] data Rank order (M)
Q00 mMmm ]
1tao Mmm )
900 mm 3

- [y 4

N+ 1
(ov) T= - = (N+1)
P M

where,
, n=tokl noo of ObsevvatioNs

M = Rank (of) Order Number:
Caltfornia formulact -

T::__n_
M

Depth - area - curation (D'A D) analysis: -

R :
Mox- depth
<t \N
Yo?ﬂf\-‘ct“ \h ‘

— Aveq

I DAD analysis IS used in -the des&ﬁn o&f culvuevts, eshmahon of




UONFT - 3

FREQUENCY OF pOINT RA:NPAL_L € PROBF\B}L!TV

Point  Rainfall -

/£
™t i the average dePfh of vainfall of a ¥ain geug

sStotion. D+ can pe dojf’cj’ vainfall doda (o) weekly  (of) monthly
(OF) cmﬂucsﬂvd-

Probable  maximum P'f@c;r‘PifcrH'on (PMP) -

It is defined as -the Qrectest dcg};ﬁ’; ot vainfall +had
Can occur in Ao %iuen duration ot o gnu@n |Ockfons - This (S us
in the estmation of Pyobqble Mmaximum —Rooa -

PMP = P X k-6

P = Average  vaintad|

& Standard  deviaion ef  vainfatl
2N %qvuef\cg ~factor

Return pPeriod (©f) Reccurance interval

B

/
(on) frequency -
Tbe Pro bO_bHH—kj of occurance of Qn cuent whose

Mmagnitude s equal to  (or) in exaess OF a Specified mqammd&
1S called a  veturn Pewod

= 'ﬁ Oy’ T:;‘_"

FF @
EX\= Buent = awcem of vainfall i Qi hrs (or) >ancm Soy
above event g occum'mi

in once In 10 years .
PVObO\bi’lHLJ Of Occurance of -thie QU =

— - i
hy fe]

[N —

/
P

=0¢|

Lhere

T = Return FQyEOd
P = probability  of Occuvance of an cuent
|- probqbimﬂ of Nonh- occurance o an event , Q =t-p

.. T
2= Probability of ocurance of an cuent occuving, 91 tmes in N
Uyeare .

Vs



rso -h&ﬂgﬁﬂ method ;-

Line Jomz’ncﬂ Pofn‘ts of  equal Yai Nfad)

S kNown 0S
Isohyete:
/
P -
A("‘i—Al'ﬁ—"“ -
Tt s best mMmethod-
wheve
Ae Az Ay = Qreas enclosed boetween Succesive Isohgefh?
Pp P, Py = Queage yau rfaull

values -

Out of ali the -thvee methods, Isohyetal method is o
Accurate  method  which gives ~the e average  vanfal represen-
tation  in he basiy

/
P9 NoiL-9

=.

Given A, =15 A, = I]S Az = 1SO Ay =150 km™
P,:ES P_-;_-: Sp P3':“'f' Pl—f:ecm
A,‘Tﬁl“f‘ﬁ‘g‘f"/\\., -
/
P =  TISX3+4 1ASXS 4 ISOXY +I1S0OXE&
TS+ 1as+ SO +1sD
P = YTcm
Griven P =10, Pz IS, P3=206, Pg=25cm
A o4 Az = o2 A3 =03 A4 0.9
A A A A
P

= (B0 (R (GRT (GOA

O XID + 0:2%XIS + D-3X20 + 0O-Y%X2S




5
- 20 -
ONFT = 2.

MEAN F’RECinTﬂT!ONV CALCQLATiON

_/-\U@ncae_ dep‘m of yainfall ovey an area /Alsc called as

equivalent  untform d@Fﬂw of yainfalt-
“foliowing  methods-

o Arithmatlc Mmean method

Q- Theissen polyqgon methad

Tt a@n be determined by

3 - Ischyetl method: p
Avithmate  mean  Method  (or) UN weighted  MEan Frethod
P = A+Pt+---- +p,
YYTL Y .
Ple Y

Theissen Polygen method (oY) weighted mean method -

ﬁ: A|P|+A1P2_+’""+Anpn
AltA, + - - + A,
“FS:' IL\(P,+AJ_P3_+“""+A/)P0
| A
P = AP+ Ao lp - - /
A A
A . N «
A'J % - - - .. Theissen weight  (or) weighted ~factor
A ¢ As C e D e
A A
where
p = Auero%e Predpi‘{-ctl'foﬂ-
/

Ay Asy Az = Arecs of PO"jaoﬂ
Pio Pay P3 = Fredpifcrh‘om (or) Tainfall values ot Yain gouge
Stahions -

Thelssen poi s

mean method -
/7




Roadn gauge Nnetos ok o -
1. 10y &F —total noe of va%h(nges should  be  recsrding Hype
a- As per the Is cede, | rain gauvge ~for every Sao km* o |
be Pmu:ded in Pia‘m '—topogmphfc AYEQs - .
3 In bhily areas, | valn qauge —for every 130 K 4o be provided
k- AN area. at an elevaton of oo m QbO.U@ Mean sea level
Ioyain qauge staton for an Qrea of 26 10 396 <kn3. |
Opﬁmd r/uo ot yain gauges (or) Adeq/u@c\j of Rain gauges : ~

N = (Cu - -
@
where,
N = OP’HMOJ NG- of yain qauge
Cy = coefficient of yaraton
e/ = Perceﬂ-lrlgg Yo Y

General evror N /. = (o

c, = Standard deviation
Average Rainfall
c. = &
\Y}
P (o) R,

/
I+ Used 1o check +the consistaney of Yainfail data -

Q- Rairfall data can be inconsistant due o the foliouang
Yeasons -
i- change in  location  of vain qauge Stadion:
it charge in sarroundings  of a vain gauge Stothon - .
te chcm/cae in  iNstrument -
(PX>C = Py X e
, a
(Px)c = covrected Pre_dpi-t'crh‘cr) ot stahod - X -
« = precipitation at stahon x  which & not cnsistant
M = S‘OPG ok -Phé actual line Which 1§ extended

c

Ma /= slope OFf actual  Iihe  Rc

P

Double Mmass curve is F(o{— between the cumulative rainfal &
stedion-x and consideralio) on Y —axs and cumulakve deFH‘) of- vourfall




Hyctograph -

r /

Iﬁ’fehs‘rtj
GF —
yainfall
(Cf‘ﬂ/hv)
+Hme —s
Chv)

plot betoeen intensity of yainfall and Jn“fﬂt; period -

R Moss CLrve and hnjet:gmph %{ues e Poitem ot vaintadlt

3. The area under -the hge'fogmph caiues the —totl dep'fh of
yainfall  in o g(‘u@n duvradion

Normal  Radnfadl ¢~

Tt s definced as  the AQuernge  amount of yaunfadl ~for
Peﬁod of 30 years- /

Normal vt Mmethoal : -

To determined the missina vaipfall  data - This mMmetha
s adopted-

let £ Py Py P - Py be the annuaj p\“@d‘Fi‘mﬁon values

of different vain qauge  Statons . ,

m be the novmal annual Prec{(gifcxh‘o/)
For A qgiven data ‘Pl s Ho be determined -

LQ'L’ N‘ NL NS ,N)L_ - N

Py - .
——i— = }Yl\— i -+ P_l U Pm
NJL NI N, Nm

Whevre

M = total No- of vain qauges stations exduding stations
and Jdndey ‘{‘es-t .

NNy oo > Ny 0 oF Ny
‘\'\li ’\“J_i Tt T = N-)( + ‘O‘/_ of Nx
_ | ; )
P, = F[P,erg_q- e Py
note:~ /
2- « ~ ~ .
520 km* — onwde I Yain qauge (plain ocreas)

2. < b . I
3o km*™ - provide | 'ain gaugqe  (hiy aras)




f’\ﬁﬁ‘cyci@h@;’

Rainfall occue due o hi‘cah pressure and the winds mov
N the dock wise divection in +he 0Horthen hemisphere and
Anticlock wise  id Southern temisphere . Tt giues less vyainfay .

X Convechue P'r@Ct‘pi“cQ*Hom-“

The surface of -+the ground  gets  heated up; airmass

Qboue -the %TOU(\d T‘&C@FU@S h?c\zjh "J(G_MPQYG:qu@, 9‘“ Mmass Moues T
Pigher. alttudes cools down and condenses N the form of vainta
called as convechue precipiteion.

ey O\'tqvupht‘c Prco_cipi*tcrh‘o Ny -

When -the  moist Qir mass (s obshucted by a barrier
like  mountaing, -the Moist  alr mass moves o hngbev altthudes
ancl gives PT&CGPHO:HOO catled as O\ro?mf;ch PT@QP(-tcsfhon

Windwasd  side vecelves  more amount of yalnfall. leward
Side  veceives  |ess QMount ef yalnfall

Vi

wind uucmd/
Sud&}

(ov) Rain shadow w:»g‘lon

Rain shadow region
1) lecuward side

Warm front anad  coid front s -

when  wam  air mass s Obstucted Iy cold airmass

the warm air mass moues up “+to hughev aHlttudes and cools

down  KNOWN as  warm molst.
warm air ‘: —/4 /
mass
\

When  cold alr masc IS encounters  (oy) comes Qcrass L

warm  airmass, the warm Qir mass

(S disquced Wpwards - I kot
cases  jight Fred(:i‘toﬂdon

IS Yeceived Clled as  Fvontal Fvecc(:rrmhcy

v ‘_9 N TT\T /
cold alf MAsSe—.y warm ajy

Note -

Cycionic precipitation i€ NOoN - fontal  OTec! ofedbian




Measurement oF vounfedi s -

gaim‘ai( i  Measured bnj Rain quage ‘= alsoc called:

Pl

pluv iometer,  Ombrometer, hycfometer:

Types of Rain QaUQES L
- Nob recording “hype -
Tt measures  ONly  The dej:"rh of vainfall and does
Nnot %‘\\J? cther detailes of  vaintait:
Q- Recovwding type:-

Tt qives the details of vyainfall ke -tme of vaintll,
end of vainfall, depth of vainfal ot ]

The Indian standard Non- vecording type is Simops van -

Gqauqe:
J E < QT M

‘%—_/\?i :o ectov

Receivg \L

oL i ‘ G- L
X .
60 X 606 X 6o M

aimon's vain Jange -

-

TiFPtnca bucket +ype (o) Tele metric qadqce: -

. Used In inaxisible area (er) hilly vegion:

8. Trtensty of wainfall can be Measured and hyetograph can
be deueiofed-

Wweighing -time  and Siphon type measure  vainfall and gives
mass cuyve:

W- weicah‘m/g *l:gpe also Mmeasures  spow fadl -

5. The standord T@Cordfnca —('I:.’PQ < S}Phcm ‘{HPQ (o1) Hoaot ’{HPQ
Yain qauge - '

%

(5)

Moss Ccurde -

Mass curve is a plot between  cumulatve  vainfall 00
Y-axis  and “time period on X —QXis -

The slope of the line Joining of -huo Poinfs oN MAss curve
ques imLeﬂs‘rhj of  Taintall. I TR




Fish {addey: ~

To mMoke the -fich move fom uPstfeqm -t down -
sStream and downstream —o upstrecxm bcuCF{‘e/_ walts ar
provided -to  lower -the velocity - The h“mFHnCJ velocity (S 3.5 MY,
Sitt control deultees: ~
Sitt excluder: -

Excludes Qrﬂ:rj of st into the canal- Tt ,Dvov(decl
nfront ot +he reqularhar

St ciector: - /

T s pProvided oN the canad where the Si is
COllected and loxcteer PYUMped out Fom the conal.

3 “F\ M ~ h Y N
* Failures  of waeing oN Pe'rmeqbl@ “Youndatione « -
I+ Surface  fallures -~

/
I+ Ruptuwre  ofn the surface of floor due o hydvaulic Sun
2 scouring  of ~floor or  evosian.,

2 Subsurface -faligre i~
Pe PiPng or)  Under Mining
R Uplift pressure -

/
Remedial measures: -
lo .
| . PrOde@ Mmove  thickness  of 00T near  the h&[d ranllie Sun
N —formechen  area -
- R- provide touncht"mcj Aprons and  vpstream, downsteam pile

) o+ To  increase e Pevcolcxh‘ncj passage of / Wt oy

providing  pe impevuious  —finare, Opsticam  and  downstream
piles -

R- Due -p Seepcﬂe of woter, LLP(H:“{- Presswre e CXerted on
the floov of +he weir-  qon the upsteam gice QF‘,%FF i<
resisted by waer. Therefove nominal  thickness s sufficient
On the downstream glae as there X no wader dhe

PR ANy o AP ) 3






