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UNIT-1 | |
INTRODUCTION to HYDROLOGY:

Engineering Hydrology and Its Applications; Hydrologic Cycle; Precipitation- Types and
forms, Rainfall Measurement, Types of Rain Gauges, Computation of Average Rainfall Over
A Basin, Presentation and Interpretation of Rainfall Data. Evaporation- Factors Affecting
Evaporation, Measurement of Evaporation; Infiltration- Factors Affecting Infiltration,
MeasurementofInfiltration, InfiltrationIndices;Runoff-Factors AffectingRun-off,

Computation of Run-Off; Design Flood; Estimation of Maximum Rate of Run-Off;

Separation of Base Flow.
1. INTRODUCTION

WwWater is +the moskt ‘P‘\"ELi.nLLE- matural resource

that supports all forms of Llife on earth. Tt
is essential for d.finkiﬂﬂ s ct.ﬂric.ultu.re., 1'.II-".-:1-.|rJ.=i.*1:'rlljj
transportation , power ﬂ_E.ﬁE.-‘l'ﬂ."Z{bn and many
other human activities.

Enﬁ[nggrinﬂ H*;Fd:r‘c:LﬂﬂH is the branch of

science  which deals with. the ococurrence ,

measurement , movement , distribution o,
properties of water on and below the earth's
surfoce and in the atmosphere, ond its

n.PPI.i-c-l:l.-t LoV o solve F-vu.c.’cif.a.]. E.nﬂinue.e-.rinj
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Enﬂin-u_-.rinﬂ H'l_jd-rnlu-aﬂ applies the principles of hﬂm?‘ﬂLﬂﬂH
te the planning, design, construction and operation of
hydraulic structures and water resources systems.
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2. NEED FOR STuDY OF ENGINEERING HYDROLOGY

The sl:l.a.d.-tl of engineering h}jdruhﬂﬂ is necessory to !
Estimate the availability of water resources.

Design hudrm-l-lic- structures (dams, bridges , culverts, ete.).
Estimate {loods and dﬁ-iﬂn floed control structures.
Plan for irrication and waker SuFPllj.
j-',,u_n.n_ﬁt, ﬂfnuﬂ;Lwn.t&r TESOUTCES .
Conserve waoter oand protect ervironment.

Suppert sustainable d.t.ut.hnpme.nt.
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3. IMPORTANCE OF ENGINEERING HYDROLOGY

—, —

Essential fnr H:lP-cs. in |

planning and utilization of

d.e.siﬂn of ¥ waker resources |

h-turd.rn.ulic in an efficient |
| Structures manner

ENGINEERING

—

| Halps in i SU-PP-CH‘“!E- %
'H-Dﬂd: 1 HyDROLOGY > irrigation and |
Fmd'“'hm u.ﬂrimlt-.mul
_end control | . development
!-Itkps. in Protects Llife P"Q’Fﬂ?tﬂi
ﬂfwndm.h:r il "tﬂ sustainable
exploration and fram_iaater development and
mnnﬂmni. R . environmental
! Prubnd;inn

4. OBJECTIVES OF ENGINEERING HYDROLOGY

e

Te measure and annll;jit precipitation .

To estimate runoff and its choracteristics,

To predict floods and droughts.

To d.esiﬂn hydraulic structures saf. i.ﬁ and e;-:.unnrmmlbj.
To manage groundwater resources.

To conserve water and prevent pollution.

S R e e

Te ensure sustainable development and wise use of water.




5 Scope OF ENGINEERING HYDROLOGY

Enainminﬂ Hﬂdrulaaud covers o wide ronge of studies veloted to waker resources.
l 1, Raindall Anniﬂsis

+ Measurement of rainfall
# Rainfall distribution

# Rainfall in’:thsibj
o Pl

2 ol Al
# Surface vuneff
# Streamflow estimation
* Watershed response
% Peak d.isc.hw‘.]a

b, Watershed Mano.aemen’c
# Cakchment amlﬂs'ts

% Soil conservation

% Water conservation
# Sustainable wotershed

SCDPE OF dtveloprnmt

ENGINEERING
HypRoLoGY

7. Reservoir Plnnninﬂ
# Stnﬂtst mynubﬂ
& Reserveir nﬁmﬁm
% Sedimentation studies

i 713 Flood Shdies B. Trrigakion Engineering

Pt di # Waber requirement
| :’;r'}’ # Flood - prediction i

S N i o, Bl . B desin

! + Flosd fﬂu’!inﬁ & Auuiber : L
,-:: I \ & Flood ﬁlqu-‘-ﬂf-ﬂ ) w:hr&!:hh Ak # Ew.pm]:im estimation * Iwisn'c.m sd\ed.ulma
LR s P e
T 4 Flood conbeol measwres 4 el hydrauic ===t Soll moisture movement 1111 ¢
1
| 6. AppLicATIONS IN CIvIL ENGINEERING -
5.Me. Field ﬁﬁliuﬂm n-E Hﬁdminsﬂ E:amp'lf_-
T Reservoir capacity, Spillwoy design, |
1. Dam Engineer : lad ua.’cim.’ein:ﬂ B Hirokud Dam, Bhakea Dam
2 | Bridas Enginearing | D flond, Scour depl, Gedewer Bridge, Narmada Bridge

Hﬂ'ﬂtﬁ-ﬂﬂ ares,

Droinoge design, Culverts,
Storm  water management
Water vequirement, Comol design,
Irrigation stheduling

Estimation of demand, Sterage
capacity , Distrbution planning
Flood i“w'“;“&r Flood m’tlﬁa,
Flood control werks

3. Highway Engineering Mational Highuwoyt, Expresuins

4. In'i&n‘ltim Eﬂﬂin::rinj Irdira Gandhi Canal

F Urban Water Supply Municipal waber Supply sysbems

6. Flasd Hmua:m:nt Ll""'“"'r Embankmenks

Borewell design, Aguifer studies
1. ndwater Development o Pl Tube wells, O s
B " ﬂuhu.r::. exstimation c b VR W

Flow anolysis, Storage planning,
Poser ﬂ:n:.ﬂ:l.’ttm eskimation

B. | Hydroclectric Projects Tehri Hydro Project




7. RoLE oF ENGINEERING HyDRoLOGY

e

I 1
r ﬁh.dﬂ ln-f waker in all its -Eurms Remember
4‘ : b4 Hﬂdﬁlﬂﬂﬂ studies
Collection and ﬁ.nn]a;;l-'ls n'E daka the occurrence,
"I" = movement  and
'P'lnnni.nﬂ, and estimaktion distribution nf waker,
- ..b " * Enﬂimrinﬂ Hﬂdmluﬂﬂ
§ Dtsiﬁn of hﬁdruuli.t. structures | applies &his kn mulcd.ﬂe,
"If to solve rveal world
':':I:'crntiun and wmaintenance Fﬂ:-'hlr_ms velated
} J, ] +o woter resSources
r Sustainable development oand and h'dd'm""hc
waker conservation structures.

8. Enaineering HyproLogy IN CiviL ENGINEERING PROJECTS

Wakter is involved in olmest every civil e.naine.e.ﬁhﬂ P\'oje.c.{'. either
d.i.-re.r.tl.-j or indirectl.ﬂ.

Irriﬂu.ﬁurn Canal

9. RewatioNn BeTween HyDROLOGY AND ENGINEERING

Rainfall Runoff Streams [ Rivers Storage Structures ]
(Precipitation) (Flow of water (Concentration m servoirs
F over land) of flow) b B fe : J

h

-

Sustainable Benefit to Society Utilization of Water
Development (Aaﬁmﬁuﬂ., Ind.usbr:j, I:Irrlﬁu.tloﬂ, Power,
Domestic use) Water supply ete.)
~
*  Key Point

Hﬂdrnl,nﬂﬂ provides the necessary dota and uru:'.t.rstand.i.nﬂ to plan, design,
construct and operate hydraulic structures snfr.bcl and. r.fficie.n’:lﬂ.




10. Encineering HyoroLogy - Whar Tt Deats Wite?

% Quortitative ond aruulitaﬁve. aspects of water .

% MNotural woter r,-dcle and its r.mnlh\sis.

% Measurement of vainfall, runoff and other components.
k Prediction of floods ond droughts .

* I)eﬁlsn and. operation of hydraulic structures .

* Groundwoler occurrence, movement and utilization .

* Woter resource I:lann:.nﬂ and. ma.na.samnnt.

Fiﬂ. 1.2 1 Water CHELE

Remember * Enﬁinmrins Hydrology is the application of hﬂdﬂhaim!. science for solving
woter related unﬂinte.rlns Fruhle.ms.
% It is the link between notural wotber system ond. human needs.
11. Magor BeneFiTs oF Enaineering HyDroLoay &
. " a . 2 - r =
i H-Blps. n E.-F-F cienk F'.mn ing and {!\.2551'\. of Frn_]ec.ts SUSTAINABLE WATER
# Ensures o-Fi:irnum use aF ovailable weter resources. MANAGEMENT
# Helps in flood control and drought management .
* Protects Life, property ond.  environment .
#* Suppm—ts Fq-qd, Fmd.u.c:‘:io-n khrnu.ﬁh 1rriﬂn.+.19-n.
# (Generctes 'n.ﬂd..me.l.e.c:tr'uc. power .
#* Promotes Puhtu:. health and hﬁﬂiene..
# Contributes +to sustainoble development goals (SDGs).
12. SumMmMARY — APPLICATION AREAS
S.Me. .ﬁPPUm‘hion Area HﬂdmlnsimL Lise Emrnpl.e.
i. Water Resources P‘lnnninﬂ Estimate nyuikahﬂ.ﬂ:ﬂ B'F wandker Rg_sawo'l.r_ Twokeyr suPFLH
2. Flood Monagement Flood estimation ond control Levees, Dams, Spillways
3. B-ﬁd.ae. and  Highway . .
Ergiirig Design for sofe passage of woter | Culverts, Bridges
4. Irrigation Enﬂiﬁee\'lnﬁ Estirote crop water requirerment Canals , Irrigation systems
L Hydroelectric Projects Estimate flow and = Power houses, Dams
6. Urban Drainage Storm  woker analysis Drains, Sewer systems
7. Groundwoter Development Groundwoter occcurrence & recharge | Wells, Borewells
8. Ervirorimentol Protection POy SO ol RS CTE Watershed mnnn.semrtt
ac.os'ﬂstc.rn




13, Limirations ofF EnaiNeeriNg HybRoLog

e

!

* HHdmhﬂinﬁl events are uncertain ond variable.

% Data may be inadequate er not aveilable.

171 ol
% Noturol disasters like extreme floods and droughts are difficult to predict aceurately. =

Sl
ﬁ__ﬂh\.":.‘.l—'..-—-.n..
*  Climate nhunﬂt 15 ulitrlnﬂ B:ldraloalml patterns.

14 CoMPONENTS OF ENGINEERING HYDROLOGY

o

Hﬂ‘l"“l"ﬂﬂ s n:um?le.l:e mlg when  we 5Ewlt| Various mmP-:mnl‘.a "f
water ond  thewr ln‘\;er-nlaﬁnnshl?.

thdplhﬁm ' Eﬁ.rnpnm’ciun _;\- ﬁ#;&m’ciﬂn E
Rain,, snow, | Water loss 'Fm‘"‘ | En’trj 0{ waker
al, det 77 | e e the sol

L ]

COMPONENTS OF
ENGINEERING
HYDROLOGY

r Trnnspimﬁnn
W Water loss ” f |
YESEXVOIYS | ) g oy
Hﬁl moisture j/ ;EE:::.-; .J'I"H ‘me P o




' 15, INTERDISCIPLINARY NATURE

Enﬂ:.nurinﬁ Hﬂclrnlnsa s an in'l:er&isfniflihws sﬁjut which includes

the krmlad.ﬂe. {wm Various -le.d.s,

(_* KEH Point
Civil Fnalnurinﬂ HH. dmbﬂlj e
{D?ELEH Df combination o{:
5m|5tuﬂs} r
"'-u-m.--_-‘-—u-""’_’/ No.'hurul Sciences
ENGINEERING e ot
and. Enam!_!.ﬂna
HyproLoGY ol
iy AFF'I.;.mﬂﬂns to
Erﬂ-.nur-.na TR
(Pollution contrel) P
related Frn\:-lt.ms
in o sustainable
MAnReY .
-
Remember * H'jr.lrnLaﬁl:j deals with both :I_ml'.il:a and. o}unl.lkﬂ n-f waker .
* It helps engineers to work with nature oand not agoinst nature.

16. Hvorooaic DATA REQUIRED FoR ENGINEERING PROJECTS

e

e

Various {ﬂPe:. n»f hjd.rol.ualt data are T'E.Dbu'l.r!d. -fm- Plnmina and. J.cslﬁn,

[ 5o, Hydrologic Data Purpose / Use Example
{ | Reinfall data To estimate vunoff ond floods | Doily, Monthly vainfoll,
2. | Streamflow data T design hydraic shruckures | Discharge of vivers
3. | Evaportion doba | To estimabe water losses Closs A’ pon dota
4 | Groundwoter dota | To plon guunduoter projects | Moter table depth
5. | Soil dota To study inflbration, vuncff Soil. texture., porosity
6. | Meteoroogical data | To suppork hydrologic amalysis | Temperabure, humidity,
| wind speed.




17. Enameering Hybrooay As A Svstem | 18. Career OpporTunities . < - -

Input (Hydrologic Dota) ] : ::;h:::“m Foginesr <
Rainfell, Streamflow, Evaporation ete. s s B
»]r % Envirornmental Consultant
[ Process [ﬁnnl.ﬂsii & Curn]m’ca.’t.iun] % Flood Forecasting Expert
Dota analysis, Estimation , Modelling ¥ ‘et spbcplise
% Researcher | Academician
¢ P e
Output (Results)
Design vainfall , Peak J.lsr.hnrﬂe., 19. SUMMARY
Water requirement etc.
¢ ’ * Engineering Hydrology is the application crf hydrological i

~\ science to solve Prn:.ﬁm]. engineerin blems .
Applicati Engineer: ' i, A
pplication ( ngineering Use) * It ploys o vital vole in planning, design, construction
D‘!ﬁiaﬁ 0{ DEMS, E‘fillﬁﬁ, E-G-M-LE, and. mn.&!.mt.ﬂl: p\f watey vesources !thﬂi.
Drmna.at,_ﬂnjf_ﬁnﬂbrul. ek . x It hg,h?s i orilmum ubilizakion vf water and n

I’ protection from floods and droughts .

& It is essential for sustoinable development ond.
better qrmlihj of life .

Feedback {Hunil:oriﬁﬂ & Impwcmu&jl
P«fommu mmlturinﬂ and. sastum
u?ﬁvndnﬁm

!
-

Untversity  QuesTions

90. APPLICATIONS IN DIFFERENT SECTORS

i, AST:.C.U.&U.TE : HELPS n 11rr13u.ﬂnn leni.nﬂ,
waker rquimmEnt estimation and crop

mmaﬂamtnt :

2. Water Su.PPl:j i Used in estimation of woler
demand. , reservoir 511im3 and.  distribution

555':&1“ des:.an.




3. Indtus’(.rﬂ : Mmlud. 'FO\’ process woter |
cno‘lina water m:l'ui.ﬂmmt and.  wostewater

mum.ﬂr.rrmn’c :

4. Environment : Htlins in  walershed mmaﬁe.mnni'.,
pollution control, wetland conservation and
climate dmmae studies .

5. Disaster Mmoazmen{'. t Used for flood -fow,us’f.inﬂ,
d.ruuﬂh’t assessment ond, wlﬂ mmlnﬂ sﬁsi:e.ms.

b. Nwiaa{:im & Ports : Waker level, flow and
sedimentokion studies ore essentiol fov :'.mfr.

mulau.ﬁm ;

——

21. CompLETE HyDROLoGIC CyCLE

The 'h.ﬂdxolcﬁlc. c,:.jlcla ((woker c:jc.'l.e.) describes the continuous wmovement
of wu:l:e.r on, obove and below the surface of the eorth.

Flﬂ 1.5 Hadro'n.osu’. C-:lcl.e. -




99 WateR Bubeer EquaTIon

The  inflow, outflow ond dnmae in storage of woler in o system
con be expressed by woter budget equation.

; ExAMPLE =
[I s AS} Reinfll, (1) = 100
N\'m'gj I Infl.uw (IhFui) Em?oru.ﬂm (0) = 40 wm
{.hn.nﬂt. n stwnﬁg (AS) = 60 mm
gis Uu’tfluw (Ou*f-.\t) (Incrense in soll moisture,
AS = U\o.nﬂe. n 5'“‘"“3’- mtmd.mhr ete.)

23. Summary oF CwapTer-1

-

This chapter introduces the basic concepts of Engineering Hﬂimlnﬂﬂj
its scope, components , importance and. applications. It forms the foundation
for m&ml:m&nﬂ detoiled kﬂ&.ru ic processes such as vairdall, mwlujsls,
runcff estimation, evaporation , infilbration and flood. studies.

\.

{ *  WATER IS LIFE, MANAGE IT WISELY FOR A BETTER TOMORROW. % ]




FT'OH'.E-SH‘.S.

24 Hyproroaic Cycle - DescripTioN

| Main Processes 1N HyproLoaic CycLe ]

% Trmlnlmﬂm

5. Infil’t.fa.iion :
6. Percolotion :

1. Evu.Poru.ﬁun :

3. Condensation :

4, PrttiFlinﬂm :

Cmmimofmtﬁflws.urfomlnin

wnhrwfw.riuhhul.

:leuuofwut:rwfrm]:lmis

l'.\-vrwﬁ'h stomata.

le.lna of waoter vapour and

Corversion ko ﬁﬂd J:mrlzh F:nnwg tlouds.

Water clouds to eorth
fnlhfm

in the form of vain, snow, hoil etc.

En{r:j of water into the soil snmfnr.t
Meovement of infilhu.h&. woker to
lower laHars of soil. .

7. Groundweter Flew : Movement of 3rm.mdmn‘:.e.r

thrmsh :uiuiftra :

; : Flow waole the lond
iESu\-fm.Rumff of ¥ over

surface into streams , vivers, lokes ond oces.

9. Cnlluﬁnn!Stomﬂv.: Water is stoved W oceans,
lokes , veservoivs, soll moisture

25. ImporTtance ofF Hyprorogic CycLe

The hﬂdmlnﬁir. c.:j:.i.z s the continuous cireulation of waker
between the earth and the nimuap'rmre thmuﬂh various

—~—

* % % % ¥ ¥

Maintains consbomk suprPlu of woker on esrth .
EuFPoris all Un.r'qnﬂ crﬁa.n'usm.
H;LPs i noeturol Pq;ﬁﬁmﬁm of woker .
Ehﬂ-‘l‘ a5 voundisaker .
hengeseg
ulaktes clim ond. temperao 3
RE-S La Limoke d. pe fure
Essentiol for agriculture, md.u.-.s*m:' ond domestic use.

Ll E: - -
Ol S - A A
—-I"-ul-__-.ft"?_"' AL S me
Reservoirs) = =- S e
P e = LT -f

Fis. 1.4 . Hﬂdm\.nﬁlc ﬂﬂch

Key Point
Hﬂdrol.og}c. Gﬁc.h. s a
nokurol Fhe.mmmn
thot keeps water
r.lrculn.ﬂnﬁ A
closed sﬂs*.!m with 4 %
"o be.ﬁlnniﬁﬂ and ‘5-2?5-:.,

Lgl=] E:hd..

noo

-

KREMEMBER

Sun — Evn]mrmkim — Clouds (Condensotiom) —» 'P‘ru'-.l:l’l:ahm —
Infilkration — Rureff [ Groundwoter —» Storage —» Evaporakion
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26. NaturaL AND Man-Mabe Inerrerence 1N Hyproroazc Ceie @

e i

Naturol Interference Man-made Interference
¢ Charges in climate and vinfull pattern | ¢ Deforestation
' Dm“ﬂjh“ ond floods * Urbanization ond. concretization
¢ Eorthquakes , volconic. evuptions ¢ Construction of dams ond. veservoirs
o Londslides, soil erosion * Over-extraction of groundwater
¢ Naturol vegetation changes ¢ Tollution of woter bodies

97. Hyprotoazc Cvcte AND WATER RESOURCES

AL ovoilable weker vesources are o Pm‘t of the thmlnﬁlc :3;];.,, WATER RESOURCES

Unclcfsimd.i.nﬂ the r.ﬂr.la hellas n

. Su\'*fm Waker

(Rivers, Lokes, Reservoirs)
* Esﬂmnﬂhﬂ wailuhiﬁ*ﬂ n-f waker
Plon d conservak o
* v 3 m
" Sbmﬂt e AR ¢ Soil Moisture

* Bl:ﬁ'hﬂnin& sustonable weker vesource sﬂﬁ’cuns

. Ncmnthm Woker
* Hunoﬂina fl.oocls ond irouﬂhis

28. Hyprowoarc Cvete - Quick Review

’ Evaporation Condensation Precipitation Infiltration Percolation
Waker from Waker vapour Clouds velease Woker enters Woter moves
| oceans,, lakes, ) rises, cools - water as =% the soil » to deeper
rivers, soil and. forms vain , snow, surface . layers of
chosge ‘s clouds. hail eke. sol..
vapour .
[ (roundwater Su.vfu.u Rureff Collection | ‘ r Evaporation
Flow Woker ﬂn\us Stm'aﬁe (ﬁau.'m‘]
Water moves [€— Gt Bt Lind € Witer stved (€] Some cycle Kl
through surface to in oceans, lokes, repeats .
oguiters . Ehresns, reservoirs etc.




31. HyproLogic VARIABLES StubDIED

» % * * * »

* Roinfoll - Amount, intensity , duration, f*‘ﬁ“ﬂﬂ'_-_l,- A~
Ruroff - Quontity ond rate of flow in streams ond rivers. R

' 30. Encineering HyDroLoGgY - AT A GLANCE

It is H\E G.P‘PLIKCAELB“ ﬂ{ 'n'jd.mlasiml. 'P‘f'iﬂc.iplgs 'Fw 5ULUEI"I|3 tﬂﬂiﬁﬂr‘.nﬁ
problems reloted to woker.

Design of ENGINEERING

HybroLogY

Evaporakion - Loss of waber from surfoce. Runcff
Infilbrakion - Entry of water into the soil. T Tflvobion
Groundwater - Occurvence, wovement and quality. = |

Floods - Magnitude, frequency and control. 2T R = Grounducher

Water Quality - Physical, chemicol and biologicol. chavacteristics.

32. HyproLoay 1N EncINEerING Decision Making

S

Hﬂdmloﬂ'-.c. Information 1
T )
, e | ,

Dato. Colleckion hnv.lﬂsis mﬂ“‘“ﬂ,_ Desiam:i GPt.mﬂl:m % Hunl’cm'mﬂ %
(Rainfall, Flow, (Computation, | | (Alkernatives, (Struckures,
Evaporation ete.) Mnd.:ll.inﬂ) Few;ihilit&] S-ds’mms}

Maintenarce Imprwe.me.nt

-

Remember % No engineering structure is complete without the knowledge of hydvology.

# Waker is dﬂwac - its ‘1“““5"':! and qu.nl,lbd kup :'rmnﬁihﬂ.

* (Good h&clmlnaic doto. = (iood :hﬁinurinﬁ decision .




e

33, Tvyres oF WATER RESOURCES

Water resources are generally classified as:

—

Surface Water

the surface such

as rivers, lakes,

ponds, veservoirs.

34, INTERRELATIONSHIP BETWEEN VARIABLES

[ Rafolt —a{ Tflbrakion. | [ sol Moistare | —>{ Runcff | = Streamflon |

Evaporation

v

[ Groundwater Ru'mn’st]

All the hﬂdwlaﬂlr. variobles ave interdependent and 1n-flu.enr.e each other
within  the hudm\.uﬁ'-.c. n:\\.]dz..

35. ExampLes oF ENGINEERING APPLICATION

S

flood warning sgsbems

PWJ'I-Et [ Structure Use of dedmhﬂﬂ Purpuse.

(T L T Rainfall analysis, runcff estimation, | Determine ;Lm,ﬂﬁ copacity,
evaporakion loss spillway  design B
coleulotion {oundations

Highuay & Pood Skorm waker analysis , runcff I):s'.an of culverts ond
estimation - d._ﬂiiﬂﬂi .s.-dshm:.

Irrigation Projects Water requivement, rainfall Canal design, waker
analysis, evaporation ellocation

Urban \Waker s"‘??l":l Dernond, estimation :-i‘.om&t, Dt.siﬁn q{ reservoirs
erlﬂsis distribukion sﬂsﬁums.

Flood Control Flood forecasting , flood vouting | Design of levees, dams,

F

* Ka'j Point
Hx‘jr.lmlualj ﬁlm
the T:.ﬂh’c dota.
fn-r the Tiﬂl‘\t
decision .

—




Caaper-2 | HyproLogic CycLe (DETAILED) ®)

INTRODUCTION

The h-ﬂd.ruloﬁi.: c.ﬂcla is the nabwral process l":l which waoker
circulokes mn'ci.mmusl.ﬂ beteen the eorth and the o:\‘.mnsphn
in its various forms.

It hos wo 'oa.&innina ond. no end.

e / /] "

B f;‘,a "'J_, P'r‘l!-tipt':.a:ﬂm

R

Trmsp’.mﬁm

]:5.3+ 2.1 : Hﬁdﬂbﬁif. C:,}cl.e.

Main Processes 1M Hyproroaic CycLe

. —y
* Evaporotion : Cenversion of woker from surfoce wokter bodies * Kﬁ'ﬂ Point
into  waker vapour due to heak. The h:jdrobair.
* Tvan.'ipl-m]dm : Release of watler vapour from le':s 'c'n'mu.ﬂh stomoka. . ;_Hc_h-_ explains
* Condensakion : l:‘:::«:-l.ir-.e| of water vapour and conversion into tiny the wmovement
droplets -Fr.rrmiﬁa clouds . of waker
* Precipitation : Woter folls from clouds to earth in the form of between the
roin , snow , hail, sleet eke. earth and the
* Infiltration : Entﬂj of waler inte the soill surface. atmosphere
* Percolokion  : Movement of infilbroked water to lower layers. through
* Runoff ¢ Flow of water over the lond surface to streams, o
vivers , lakes ond oceans . FrAGRRa0g.
* Sri:.n-mﬂz : Woter is stored in various forms like oceans, i

lakes , reservoirs , soill woisture amd 3mmclmui'¢r

Remember & Sun is the ultimate driving force of the hydrologic cycle.
* AL the processes are ir&.qrdgre_nd.u-.t ond.  conbinuous .
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3. Water Baiance (Water Bubaget) @

e

The water budget represents the inflow , outflow and change  in storage
p{ woker n a 535{',2.11'\ over o 'Fe.'rlacl o-F time .

GeneraL WaTer Bupger Equation

Where, I = Inflow to the system
T =0 = KB 0=0uhflnufrmﬂus“shm
AS = Chm&e. n sﬁmus&

CoMPONENTS :

[ Inflow (D) Outflow (0) Change in Storage (4S) |

. Pre.cipi.tnﬂon . Evnpotmnspimtim ¢ Incrense in storage (+)

¢ Inflow from streams o Surface vunoff

¢ Inflow from 3mmrlunhr ¢ Outflow to streams

¢ Returm flow ¢ Percolation to grounduwater

. Imlacrr’c, of wokter e Export of waker
4, Basin WaTer BaLAncE

Precipitation (P)
For a d.rﬂim.ﬁe. basin over a time period, o | i Evapotranspiration (ET)

ttt

PYE:'LPH:nﬂm = Runch'F + EmFu*xansFimﬂm + Chm'\ﬁ& n Sl‘.ﬂr‘aﬂt

p=R+ET+L~.5]

— Ruroff (R
Storage (AS) (®)
5. GroeaL DisTrRiBuTION oOF WATER b
Iee cops & [ & Ntk -
Glaciers 2.15% ==
p water 0.62% K 9%.2% of waler is in oceans
—— Groundwater 0.62% | (Salty)
Lokes & Rivers 0.049% % Only 2.8% is freshwoter. |
Abmosphere ; Seil maiskure., it M o
Others 0.001% Wi Dcis sbhaml
6. HyproLoaic Equation (GeneraL Form) .
i Where , Units )
The general form of hydrelegic equation is: P = Precipitation - -
Qi = Inflow to the sd,shm T
P+Qin=uuu§+ET+ﬂS] ey fmﬂ“’ﬂ‘hm AS  — mm
=Y = Rispdmpaliin (1 mm over 1 km"
AS = Clwnﬁc. i storage = 4000 m‘)
e S
-:@:— M.mus ke  the waber bolonce au'unim -fi.rst. in oy hﬂd\‘b‘.ﬂ-ﬁm pw'al.:m
This hr.lFs " uﬂd&rﬁhﬂd‘mﬂ the thl;m c].em'h‘.l




CHAPTER-2

7. Resmpence Time

HyproLogic CycLe ( DETAILED)

Residence time s the average time woker spenclﬁ .

2 é Keﬂ Point
a Porb.cular carn?nrne.nt uf hﬂd.volnﬁm C-!jde..

T Nﬂ.t&r |I'||.5 ulldﬂaﬁ
; CoMPONENT Average Resipence TiMe , "
1441 mﬂtlﬂﬂ.

o Atmosphere 9 clcuj& Tt may fokia
e Rivers 2 weeks few doys to
¢ Lakes 17 yeors thousand. years
o Soill woisture 1 - 2 wenths d.winncl.mﬁ on
¢ Groundwoker 100 - 1000 years
¢ QOceans ~ 2500 years
o Tee cops & 5Ladars 100 - 1000 years

8. Basin WaTer BALANCE

For o river bosin over a time P&ﬁod.,

PG » Qug & ET + ¢5—|

= Rtmlntnhm over the basin
= Inflow to the basin (swrfm * w.he.urfo.u}

= Oubflow from the basin

= Evnpoirm'\sPiﬂxﬁm\ 'Frm-n the basin

Chunﬁt. in sfuru.ﬁt within the basin

9. Water Bupger ProBLEMS

G-in

.z :t._,‘fTE— =T 2

AS (C'nnnﬁe. n sl'.amst)

(1} I‘F nmj H‘tﬂ!t. cmpmn’f.!- are krmﬂ, 'C.'nt. \"E.m-ulrﬁna
can be computed u.mnﬁ the woker hu.d.sr,’c equakion .

() Fklmas corwerk aoll qrwc’:.lﬁe.s to the same unike ha.fn-rt..
suhsﬂh;ﬂﬁa o the mq’ulﬂ'.tm

(Exn.m& : A basin veceives 1200 mm m"-nfnll n a year.
Ru.n.off s 450 wwn and EumﬁFimﬂm s 500 wom .
Find. dunﬁa n 5l;n'm3=.

Salukion :

P = 1200 wm, R = 450 wwm
ET = 500 wm, AS =7

P = R+ ET + AS

1200 = 450 + 50O

AS = 250 wwm {I'm:rmse n a’wmﬁr_}

+ AS




—

10. GuosaL Water DisTrIBuTION @)

e

Total woter on Earth = 100%

Freshwoter = 2.8%

——> Ice cops & Glociers = 2.15%
5 Groundwoter = 0.62%
L 5 Lakes, Rivers & Others = 0.03%

* Dnlﬂmurﬁmwll?m-ﬁonofwahviswuﬁnhhfnrhumm.

Hence , proper mmmﬂenwn’c. of woker vesources is essential.

11. ImporTance oF WATER BaLance Stupy

*  Helps n plnnninﬁ ond. management of water resources. ‘/_\"—\E
G, |
* Used in design of hydraulic structures like doms, veservoirs, conols . Romenber
“Measure ik,
* Essentiol -Fur -Fl.omi -fummsﬂns and d.mahl’. assessment | 2 Hmaﬂu. _.;;’
* Use.fu]. in 'm'iﬁnﬁnn Flunnlna and.  woker suFFI".'.l 55s|;e.ms.. Sove . *
* Ensures up’d.mum utilizakion and conservakion of woker . _,_,fk__,/
12. SuMMARY
r b
1, Hlddwlnai.c ‘:ﬂd"" 15 the contiruous circulakion of woker bebween - ‘]
the earth and otmosphere. Exam Tip
2. Main processes ore Evnrom’ci.m, Trnns]:i\"nﬂm, Condensation "@"
prﬁili:ﬂ'.nﬁm, Inf'm]&.rud:im, Pr.rt.al.nﬁmx, RLLMH ond. Storaﬁ!. Drowa hﬂd"lﬁ]ﬂﬂit
3. Wokter bolonce !q'ud'.lm'\ 'Ml?ﬁ n wxdtrshnd.ina the irrﬂ.m, Duifl.bw Cr:jC-LE. d-mﬁ'l’m'n
and clnuns-g [ 5|:m'nﬁ¢ Df waker n a !.Sste.m. mh&htvﬁr asked.
4. Woker exists in different {a-r‘ms and. its distribubion on Eorth 15 i the exam.
unever It con -fe.tt.'n
S.Enwshdﬂofhﬂdmbskcﬁdahmm&rﬂmhrmm ﬁood.murks
e.nﬁinuﬁnﬁ nppllco.hms. . =,
, A
L* WATER IS A PRECIOUS RESOURCE - CONSERVE IT FOR FUTURE %k ]




Hyprorogzc CycLe ( DETAILED)

CHAPTER-2

13. Limrtations oF Hyproroaic CycLe

The hadmlnﬁ'w. cycle is a very complex notural process.
It varies from ploce to place and time to time.

Some components are difficult to measure accurately.
Human activities disturb the nokurol bolonce .

* % % X =

-

Remember
Hadrnlosnd is not
just a cycle,

it is o continuous

Climake :.'nms!. s a.l'c.gr{na the '-.ﬂ’l.‘.e.nsi.tﬁ and. fmqulncﬂ uf interaction o-F
h-jd.\-nlnsi.:. processes . rokure .
L r
14. CompoNenTs oF EncIneering HyproLoay
i '
Ke:i Point
Daka H-jclml.nalc. uLes
ENGINEERIN
" hydrologic. data
HyproLoay i
to solve -F'm.:ﬁ.mj.
Eﬂﬂlnmlﬁﬁ
-Fm'n\.r.ma.
15. IwnTerDISCIPLINARY NATURE
Hﬂ&ﬁhaﬂ s velated to many branches u-f science ond engineering . Mesn Tip i
Cwil Engineert
TemcETIng
CDmwn; Caals - Wik Suppliy; Hydrology
Droinage) cornects
Meke L°3'd . = all elewmenks
(Weather, Rainfoll , o34 of nature
0 ! HyproLoay (Rocks, Seil,, Groundwater)
w.'i:m'n.hmw.j ond.  huran
: - reeds. | |
Ervironmental Science ﬁﬂr’l.cul:tu\'\z —@—
(Waker Guality, Ecology) (Trrigation, Crop Water) " i
16. Hvorowoaic Data RequirRep IN ENGIMEERING APPLICATIONS A i
Exam Tip
Types of Data Other Requived Data e
Good cl_unll’:.:j doko.
'Rmn{n!.ld.u.’m. e Soil and land use daka T TR uf
. Empumﬂm dota . Tn?aﬁmfnhk data any 'n:jdmlnﬂic.
s Strveam flm doto = \aater qunli’cﬂ doka nmsl.ﬂsia.
* Groundwoter dota s Climatic data
| ER




17. EneINEERING HyproLoGy As A SysTEM

Enﬁim'rlhﬁ kﬁdﬁhaﬁ works os an 'mha-m.&d. 5351:2“,

F o T f 3 e
Dota Daka Hﬂdmloalt I.m]:le.men’m.ﬂorn Evaluation
A ¥ H | |
Collection A alﬂs 5 _— Desnan et P i > (Performance
{Rmn{ui.l., {Proce.ssma ) \ {SJC\'HI‘.'#.LL‘I"E& 3 & tlun) Mnhu.’tm‘tﬂﬁ}
Ruroff, ete.) [ Cmpuhhm) Sﬁstems)
\ ) =

This system hc.l.Fs. n tffuﬁw Plnnnlns, design and. mnnﬂcmh'l‘. uf wokey vesources .

18. Career OpporTUNITIES IN EncIneering HyproLoay

*  Woker vesources mﬁlmv
Hﬁdmlnaisi
Erwironmental consultant

* % % % *

Iwiﬁu.ﬂun engineer

Flood forecasting specialist
Research scientist

Waker D.L-Fplﬁ ond sanitakion engineer

-

Aveas of Work
Dams and reservoirs
Irrigation projects
Hydropower projects
Urban waker supply
Flood. comtrol projects

Dmi.mcjz ond. sterm woter sash.w.s

19. CHAPTER SuMMARY

(

b

=

Hﬂdm".o&l:. c.ﬂc.lt is a continuous naturel process with na bea'l.nn'mﬁ ond no end.
Woter is oluoys in motion and changes s form continuously.
The wain processes ave Evaporakion, Transpirokion , Condensekion , Precipitation ,
Infiltration , Percolation, Runoff ond Steroge.
Woter balance helps in understanding the inflows, outflow and change in storage.

Woter is distributed unevenly ond only a small portion is available for human use.
Hydrologic principles ave essemtiol for planming, design and wmonagement of water

TESOUYCeS .

Sove Water,
Save Llfe.

I-0=AS
Inflow = Outflos

Recall Box

= C'nnnav. n

S’Carnﬁ!.

20. Tmportant FormuLas (CHaPTER-2)

.

No.

F[W"I'l'i u.ln

Where ,

i.

Woter Bu&.ﬁn& Eu‘ml'.i.m

I Inflow, O = Outflow,

I -0 = AS AS = Chanﬁe. n stwn.at.
e P« Pecioibilion, Ri= Tasfls
P R + ET + AS ET = EmPatmns'Flrnﬁnn, AS = U'unﬁe n s.tumﬁn.

L9

Hydvologic Equation (General Ferm)
P+ B, = Qs + ET + AS

Qrm = walow o the :ﬂﬂ:lm,
Qo = Du';,fl.uu -me the sHs’c.a.m

= |

%  UnpersTanD THE CvcLe, RESPECT WATER AND MANAGE IT WISELY. * ] J




24. ComeLete HvyproLogic CycLe - Summary Diagram

il L) '_,,.--"'___"“-.A
¥ A, - * Trm]:urt

Ew.Famﬂcn

; SRS S : i = Porcolobion =
Collection / B ' e e S e |
(Oceans, Lnkat&:naj — e it ;f' : #‘:lﬂ l =

(Rivers, Reservoirs) e = '(—'—_:Gfmm Flow -

22. Water BupGeT EquaTION ForR A BASIN

e

Furabusinw:zﬂmfﬂﬂ, P :MLPitnhme‘umhﬂ-ﬁﬂ

Qo = Mfl.w: fwm the basin
ET = Em‘:nh'nnsfi.m.ﬁwn -frm the basin
AS = Qw\st in storage within the basin

P = Qs + ET & AS

23. Hvyproroare Cycre - Key Points

s -
* Hl:!d'mluﬁic. r_:j:lr_ has wa 'm_atrmmﬂ ond. mo end. M
* Woter continuously changes iks form and location. ETCPIPRS
*  Energy from the sun drives the c.ﬂch. (Ensﬂ To Collect
% Al components ove interconnected . Precipitation In
* Humon octivities con disturb woturol balonce . Proper Reserveirs
*  Understanding the cycle is essential for waker vesource planning . Sﬂ‘f‘[ﬂ)

24, SummarY ofF CHAPTER-2
The hﬁd‘l‘ﬂl.o‘sh: :sr.l.r. s the continusus cireulation uf water between the

u.tmusPhl.u and the earth l:hrmﬂ'ﬂ. vorious processes . The woker 'mdﬂzh

equokion helps in understanding the inflow, oubflow and chonge in storage
nf waktey n o sus’tam. P‘v'nr n;ulﬂ:'us a-F the cﬂcl.t. s essentiol -Fow'

sustoinoble woker vesource mnms!.\'nan':..




25. AepLicaTIoONs oF HyproLoarc CycLe Stupy
! - =

1. Fleod fmnshnﬁ and. control K&s MEES&.&E

2. Desian of hﬂ&mlu:. struchures (Dmms,SrPiU.wa.ﬁs,meh}

3. Iwianﬂm Plnnnlv-.ﬁ and. 5ched.uhh3 SMEI °f hﬂdw%;‘c'
b, Usban woter supply ond dvoinage design S T e faundation
5. Groundwater ekflumﬁm and mom.ﬂt.ml'. G'f oll waker vesources
6. Drw.ﬁ'nt assessment and mhﬁﬁb.m b o QPPLMI:‘ML
7.  \Waker q_unl.il:ﬂ and, Polh.-.hm control

8.  Climate r.honﬁe. lan:’c studies b )
26. HyproLoaic Cvcie - Frow CHart

l Euaanﬂan Condensation ]—){ Prec.l]al‘l'.o.’don ]

Collection / Storage Surface Runoff Infiltration
(Oceans, Lnkes (Streawms, Rivers) (Inte Seil)
Reservoirs)
Groundwater Flow Percolokion to
(Base Flow) Groundwater
27. ImporTanT Facts - Quick Review
P B i o
Topic Important Fact Remark Think & Write
Driving Force | Sun is the ultimote source of energy.| Drives evaporation. Why is it important
Dieckion of Flow Woter moves from higher energy aia s B il to consider change
level to lower enevgy Lewvel . .
in storage (4S)
. Water s stoved n oceans, lakes, ot in the wakter
J reservoirs, soil and aguifers. budaet equat 2
Dota un.'\mm’c Accurote dota is essential for R"'I‘“f"u‘l '”‘“"“J ET, Write n exam.
onalysis and design soil doka efe. .
o IwFut wust e:iq,ml output Fius Law n-F conservotion @
change n storage . of woss applies.
LN L .J
r
WATER CONNECTS EVERY LIVING THING ON EARTH.
% *
SAVE WATER, OSAVE LIFE.




CHAPTER -3 | PRECIPITATION

1. INTRODUCTION
* Prec.i.]:i.to.ﬂ-:m is any proe.{ur,t crf
condensokion n-F ﬁ.tmnapheﬁ.c; water

vopour that 'Fn.u.s 'f'rom tlouds and

* It s the Pri.ma.f:j source n-f waoter
n  the had.mlosi.c c-dd:Le.
* It occurs in di'ffe.re.nl; 'Fm-ms and.

ornounts d.ependi.na on time and
place . Fis. 3.1 Pre;ciPL{'.a.ﬁun

3. Tyres oF PRECIPITATION

THPE. Descrip’dmx Sketeh

(o) Cyclonic Coused by the weeting of | Warm dir
(an’coi) warm moist air ond cold \\.i ; ,.-;rf J_n".n" ; Cold oir
8ir. Common in mid-lokitude - ;f;_‘.f 1Y jk/,.—--

yid A
're.ai.uns. :

(b) {}raﬁro.lahi.c. Moist air forced to rise
(Rel.i.e:f) over wmountoins, cools and.

P‘rﬂduces roin on windward
side .

(c) Convective | Surface heoting couses

warm air te rise \‘mp:ﬂl:j,
eool and Prod.w:e roirn, .




2. FORMATION OF PRECIPITATION

® Sun heots the surfoce woter —» Evaporotion occurs.

e Worm woist air vises —> Cools as it rises.

® Waker vopour ctondenses around ’cinu particles
(dust, selt, smoke) —> Cloud {ormation.

® When the cloud droplets become La.rae, and he.cwﬂ,
'Hne.u foll to the 3r¢und. as precipitation .

Eva.]:vom’r.i.an —> (Condensation —> Cloud Formotion —» P\"Ecipi.bnﬂcn

(Rain)

4. ForRMS OF PRECIPITATION

Rain Li.qui.cl water drops (> 0.5 mm diometer).
Drizzle Verﬂ small drops (< 0.5 mm).
Snow Tce c.rﬂstnla in the form of 'FL&.':QLI&.

Sleet Ice pellets {ormed. b':j re.-free.zlnﬂ
melted snow or rain.

Hail Balls or trrequlor Lumps of ice.

G'mupei, Soft, white pellets formed. 'bnd

rimed Snow .

MEASUREMENT OF PRECIPITATION

Measured in terms nf deP'kh (mm) crf waker , !
collected on a horizontal mrfa.:e T
Measured u.s;.na riin gouges. hu

Recorded for o specific duration (hour, cln.:j, month , :jem-)

Fis. B i
Rain Guuﬁe




s . RAaATnmFALL LNTENSITY
r 'Rca.i.“-Fa.LL m‘l:enﬁl’l:ﬂ is e -:!..epi:.in. an-F
'r‘-:':l..l..ﬁ-Fcn.lJ... per i i
e H i.she:r Lnt-e.ﬂs'\.hn_.j L S *r-:n.n.n-F e
FE = = worit Aooradt Loy .
Exﬂ"""‘""—"lﬂ- - 25  aroen a—F e R 20 v
. DuraTIOoNM oF RaImMmFaLL
o Dot icowm. i e totall e -F = e SN T
*rcn.i.vvFﬂ.lL LT =

8. FRrReQueENCY oF RAINFALL

r—

* F'req,uenca is  the average number of times
o 'r'n.'u.n-fq.l.l. event crf o given maﬂn't‘b.n.d.t

* T+ is e.xPressed. as "once n N aeu.fs".

ocours n

Exo,mElt. :
If o mwfcd.l. of 100 wwn occurs once in 10 years,

then its frequanc.ud = 10 years .

9. InTensITY — DuraTION — FReaQuency (IDF) Curves

IDF curves show the ﬂl.nﬁonshlp between
Yﬂ.lnfn.LL ;.nte.nsl{'.nj , durekion ond ‘fmqru.ﬂ'\cﬂ :

A
100 -
i 80 -
mefnl" 2z years
Intensity 60 - :
Crn /e ) L0 + goers
ap A 10 years
20 - 25 years
(0] t t t t f >
10 30 60 120 180

Durakion (min)




10. FacTors Arrecting PRECIPITATION Durokion (min)

Factor Description Effect on Precipitation Sketch
(1) Latitude Near equator = wmore evaporation More mi,nfal.l.
and convection.
(i) Altitude Hl.slﬂl'l' oltitude = alr cools More foinfa.u. on wountaing
and couses rn.i.r\foil.
(i) Distance fm Sea Near sea = wore wmoisture More vainfall near coast
'fn.r lond = less woisture,
(i Wind Dieackion Winds carrying moiskure couse Windwerd side => more vain
vainfall. Lesord side = less vain
o

* REMEMBER : P\'ecipi’c.ukion is the 'u.'\fal.im o‘f all waker resources.
It q‘u.n.nh’ca and.  distribubion control the u.vai.'l.nh'\.m,ﬂ of water . / /'J;

CHAPTER — 4 RAINFALL MEASUREMENT

1. INTRODUCTION

# Meosurement a-f Tmnfau.. is essertial -Fcrr
hﬁd.ral.oa-.c. or\olﬁsi.s cundl d,e.si.ﬁn.

* Rainfoll is wmeasured in terms of d.zpt‘n Crvmn)
o-f wokter collected on o |leorizental mrfa.cg a

#* Accuroke weosuwrement cl.e.Pend.s en  the ’cﬁ'Pe.

o-f nsktrument oand ks proper mointenonce . :
Fig. 4.1 : Rainfall

Meaosurement

2. UniTts oF RAINFALL

-

e 1 wmm af Tmrvfn.'l.l. = 1 litre D'F woker collected
over 1 wm® area.
e Other units : om, wmetre

(Lem = 10 wm)
(1 m = 1000 wwm)




3. MeTHoDs oF MEeAsSURING RAINFALL

Rnin'fu.LL con be wmeosured bﬂ*.wowﬁthnds

() Nm—fﬁmrd.ins (S:jman’s Rain Grm.v.ﬂe)

{ﬁ) Re.cnr:.{i.ﬂﬁ (T'i.'FFi.nﬂ Bucket . He.;ahj.nﬂ Bucket . Floak TH_'FQ. . 'E.b:..)

»

RequireMenTs oF A Goop Rain Gauee

Should
Should
Should
Should
Should.

collect oll voinfall without any loss.

be simple in construction and operation.
be accurakte and reliable .

be easily accessible for observation .
have adequate capacity .

* % * » *

5. Recorping oF RAINFALL

e

e

Ra.-.n-fu.l.l. dota. can be recorded n the -Fal.l.uw'ms ways .

EEH Point

Aﬁno:!. roin
gouge ensures

accurate daka
for yrologi

-
Method Tnstruments Data. Obtained Remarks ‘1
(i) Direct 'R:ad.inﬂ Nen - recording Totol vainfall over | Simple, but does not show
(ii) Cenmtinueus Recwdina In&nsibj, durotion | Used for detailed 'n“drobasm
Rec.wd-lnﬁ rain  gouges and.  diskribukion mn.l-v‘-jsia. )
6. ScHemATIC oF RAINFALL MEASUREMENT

il

— == Funnel (Race.lui.ns Area.)

fe —--> Outer Cylinder
(Protects from wind.)

=== Collecting Bottle
( Measures ruiﬂfoll}

Functions w

Furmel collects

rninfaﬂ. <

Outer cylinder

Pr:ven*.s losses .

Collml'.lnﬁ bottle

MEASLTES dtf’d-\ ;
i




F. Data CoLLecTION

Observations are token ot requler intervals (uﬁu.nllﬂ 24 hours ) .
Dota should be recorded ot the some time every doy.
Instruments must be instolled ot on open and level locokion.
Regular waintenance ensures accurate data.

* ¥ % »

CuapTER-5| TvyPEs oF RAIM GAUGES

1. INTRODUCTION

REMEM.D er -

* Rain 3&.!.!.39.5 are nstruments used

ko colleck and measure Hat covounk Accurate wmeasurement

uf m'-.nfnu.. o-f m“fau ts the

D-F-f L O-F 'fnundn.’riun n'E all
* itteren railn gouges o
ope= qauq re : .
EEA d.e- d‘ H\E ln.ﬂd.‘l'ﬂlﬂﬂlﬂ. ﬂ.hﬂl.:j&lﬁ
L Pﬁ-ﬁ l..'l"'l.ﬂ oy n.cr:.wra.ns d d%
~ - - ooy
reqmre.d. ond the duration nf

. T
ﬂmnrd.mﬂ : 2 E J

2. ComMmonLy Usep Types ofF Ramn GAuGes

¢ () Symon's Rain Gauge M

* (i) Tipping Bucket Rain Gauge Selection of raingauge
¢ (i) Weighing Bucket Rain Gauge depends on purpose,
¢ (iv) Flook Type Roin Gouge accuracy vequired ,

* (v) Adtomatic Rain Gauge ot dolon. a1

record. . @

L. "
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CHAPTER — 6 CompPuTATION OF AVERAGE RAINFALL

1. INTRODUCTION

Rairrfa.u. over a Cobtchment

Rai.nfal.l. vories -Fn:vm -PLa.ca to 'PLG.CE.
For hﬂd.ml.oalc mcal.ssi.s , we need
fw?resm’cn.ﬂve mﬂfau. over o

* %

cakchment orea. .

* This is obtoined 'o:j com?ul;lnﬁ
cwerage vainfall from observotions
ot different raingauge stakions .

2. MeTtHops ofF CompuTing AVERAGE RAINFALL ¢ &
Ke.}j Poink
-n'\e ::.ommoﬂlﬂ u.se.d. ma‘hhad.s. axre o _n'\e. me.l'.'noc'l. u.sed..

depends on the
a\rn.il.n.bi].d.‘.:j of Adeaka

(i) Arithwmetic Meon Method

(it} Thiessen Pul.:jam-u Method. e n{ -
{iﬁ.'l.:ﬂ Isohﬂei'.ul. Method. P Ll RO e S i -
% "'@“
3. AritHMeETIC Mean MeTHoD Exomple
*  ‘wWhen the roingouges are un'l..-fc-l-mlﬁ Stakion Rainfall, P (mm)
distributed. over the cokchment orea . 1 56
2 42
Farmul.a. H 3 48
F='P1+P2+P3+...+Ph L 4 54 ]
= Averoge Roinfall,
Ba 56 + 42 + 48 + 54 B i

4

4. TuiesseN PoLyeon MeTHOD

When mnau.u.ats ore i.rraﬁul.nrl.ﬂ distributed. .
S’ceEs :
@ Join all roingauges with strn.iﬁH'. lines .
@ Draw perpendicular bisectors to form polygoms.
(® Caleulote aren of each polygon.
@ Ave.raﬁ!. rmfnllusl:hemuah’wimmof
rainfall at each station.

F"”“‘jl"‘ © P A+ PA + PBA 4+ PoA,

P ~ A
where, A = Total orea of cabchment




5. IsonyetaL MeTHOD

* Bosed on the Frinc.l-.:-l.e. thok mi.nfnll.
s a -Func.b.an crf distarce .

Ste.Es >
(2) Measure the ores between successive

isohﬂets.

Compute owe 2 TGy wuel ko -

L g el B
g ?- Z Pi_ Ai P; = Mean Tnlnfull- bebtizeen buwo successive Lsﬂht!eks
tont it = A Ai = Areo between htwo successive isu]r\:je:hs
.A. = Totel oreo uF cotchrnent

6. ComparisoN ofF METHODS

5
Method Suitable For Ad.vmfaﬂe.a Limitotions
Arithmetic Swall & \Fl&d‘. 53.1'1'\]:‘.:. & "',"';t'k Net accuwrote -Fm- lau-ae
Meaoun cokchments to nﬂ:l.ﬁ irﬂaaulnr cokchments
Thiessen Medium te '.n.rag Considers lnfb-lm:e Does not consider
P:ul.ﬂam cotchments orea. t'-f anrk gnuge variokion n{ rnlnfoll.
between gouges
Tsohyetal Large & wountainous Considers actual Requires more data
cokchwents wariakion nf rolnfnll. & time c.o-ns.u.mi.nﬂ

CHAPTER-7 |  RUNOFF AND ITS MEASUREMENT

1. INTRODUCTION

* Runoff is the portion of rainfall i
that. flow the land ‘Wiftrpigiy 14

s over 5urfm oL

as surfoce flow. ) f

* It is on important component of the
hydrologic cycle
dﬂ-‘l‘ﬂs:. c.nm.\.s, d.mimﬁg and. .ﬂml conbrol AR

structures . : =




2. Forms ofF RuUNOFF

- Sur-fn.ca Runo'ff =
W S-uhsl.l.'rfa.c.e. Rl.mcrf'f =

* Ground Wakter Rurcff -

3. FAcTORs AFFECTING

Flows over the ground surface .

Flows just below the ground surface
(_ﬂ'\mah soil) .

Flows Yhrough deeper geological
formotions and Joins  vivers.

RUNOFF =

-~

In"l:.e.r\sib‘j ond. duwrokion

Infiltration c.n_Pmbj of
Slope of the cotchment

Size oand shope of the

Ok % % % %

Loand use and lond cover (fo-rasts, urbor areos, etc.).

of voinfall .

the soil.

e, .

cokchomnment .

4. MEeASUREMENT ofF RUNOFF

Rlu\o-ffi.smeasuﬁ.dhcd:

(i) Stream Gouges (Divect Measurement)
(it) Indirect Methods (From voinfall doko)

(i) Stream Gﬁlﬁ% :

* Thnstolled in rvivers ond streams . B
* Measures the 5""-32- (woker level) which is e - oo
converted. to di:.d'\oxse. u_r.ur\& o r:d‘.ma curve. . Flﬂ. 7.2 : Streom GCI-I-I.SE.

(ii) Indirect Methods :
* Use empirical formulae based

\_ Py

* Comwmon wethods @ Robionoal Method , Runoff Coefficient Method. .

5. RunofFfF COEFFICIENT

*  Runoff coefficient (C) is the wvokic of vunoff to vainfall.
* C depends on the nature of the catchment.

e

Ru.ncrﬁ:

R.a.i.nf all




6. TypicaL VALUES oF RunorFF COEFFICIENT

inko the soll.

* Tt s an i.m‘lnorl'.m\'c. mm-Po'nant o-f
the hﬁdansi.:. -:ScLe :

* In-fi.l.tru,l:.i.-:m ftp'l.e.ni..she.s soil woisture
ound. Bmu.rwl wokter .

i Type of Avea Runoff Coefficient (C) i
Concrete / Rmfed. areo. 0.8 - 0.95
Urban vesidential orea 0.4 - 0.7
Asr’n.cu].tuml. oreo. 0.2 - 0.5
Open grassy Lond 0.4 - 0.3
Forest area 0.05 - 0.2
b A
CHAPTER - 8 INFILTRATION
1. INTRODUCTION
6 8 8
# IwFi.Ltrn:H.nn s the process b& which 3 3 A 4
wokter on the Sruuﬂd. sur-fam enters + ! 5 A §
|
[

Fi.ﬂ. 8.1 : InﬁLtrnchlcn

2. FacTors AFFECTING INFILTRATION

Foctor Effect on Infiltration

(i) Seil type Coarse soils have hiah Ln-fllkmtinn; cla:j soils have low.

(it) Awtecedent moisture DrH soll = hlﬂh i.nfi.l.l‘.mﬁon; wet soll = low i.nfi.l.‘cmﬂon.

(i) Ve.ad:ﬁ.i.m cover More wae.inﬂon =3 wmore i.wﬁl’(.mﬁuh.

(W) Su.rfm:e. slope S{‘.e.eF slope —» less i.nfll’cmﬁm.

(v) Roinfoll charadkrisics | Low intensity & long duration —> more infiltrotion.

(vi) Seil compaction Compacted soll —  low i.hfi.‘.’c.m{:im.




3. InrFILTRATION CAPACITY

* Infﬂ,’:.m’:.inn mpo.cn.{:.s s the woximum vote of which woter con

enter the soll.

* It 1= 'm,ﬁh when the soil is d.rt! and decreases with time .
F?.null.l‘.j it  becomes mﬁnﬁm&.ag_ml’:nﬂmaﬁen.dﬁmﬁof

infilkrokion .

F.

In-ﬁ Ltrakion
Rate
(vrimn f o A s, -

Infiltration ik
/ nf Capacity

Steady Rote of Infiltrokion

i Pl <

)

4. TNFILTRATION MEASUREMENT

Ivrﬁl.’:rqﬁun con be measured bﬁ the {-‘.::le?.ns methods .

~

(i) Double Rlnﬂ Infi,u:rome{m' Lnner Rlnﬁ
*  Consists of two concentric 'ri.r\-as (MMTMB Rmﬁ‘}
driven into the soll. Waker is Ouker Rms
-F.llad. wn both flnas. The euter (G‘-‘ﬂ"’d- R“"a)
‘r:.na minimizes lateral 'PJJN
() Roiﬂ-fuu. Simulater
& Afhfmml. mlnfnﬂ. s Prncluu:l
over a small Pln’c. and the
Ln‘FLLimﬁuﬂ vote s weosured . , AT
- T e
5. ImFIuTrATION RATE EQUATION
The amrnl 'F:w'm uf ‘I.!'\‘F:.Ltmtlﬂ\"\. roke is ﬂl\mﬂ bl‘j t
~ it Where ,
'F - 'Fr.' =+ ('Fo = 'F:) e
where , o> fe
fo = Imitial infilkrabtion vote (ot &t =0) e = base of
fo = Final or comstant infiltrokion vote C(mm/hr) rotural log (2.718)
k = In-Fi_LLm’c.;.c:r\ comstont (lﬁfdl)
t = Time (he)




6. INFILTRATION AND RunoFF ReLATIONSHIP

=
For a given 'r'n.:.nfn.l.l. intensity (i)

. I-F L < infiltration rote (f) — HNe runn-H: ocours
. If [ i,nflLl:ra.:i:.i.nn role {f) —» Rn..mn-F-F OCOUrS .

Excess mrrFﬂJ.L = i.“'{"

Runoﬁ: wmereases as  wndiltrotion decrenses .

M

CHAPTER -9 | HYDROGRAPH

1. INTRODUCTION p

g THPLC’G'L Hﬁdruaraph
* A 'nﬁdmam.]:‘n = a Sfa.Fh s'n.mi.na A

the wariokion u-f dlsr:.hm'ﬂe. wikh ———  Peak

time ot a porticular poink in
o stream .

* It is on importont tool -for
design of hydraulic  structures
and flaocl studies .

Time (hy) —

L

2. CompoNENTS oF A HYDROGRAPH

(i) Boseflow (Groundwoter flow)
(i) Rising Limb

(i) Peak discharge (Qp)

() Time to peok (T,)

(v) Recession Llimb

(vi) Direct vunoff

Gild Moine base 16D

Time (hr) —>




3. Types oF HYDROGRAPHS

( Type Description

(i) Storm Hydrogragh | Hydrograph due to a single storm
of effective vuinfol.

(it) Composite Hydrograph | Hydrograph due to two or more
storms in  successiom .

(i) Unt Hydrogragh | Direck vunoff hydrograph vesuling

frmv\ 1 em uf szecﬁua mmfnl.l.
unlfo-rmlﬂ distributed over the
cokchment orea .

4  UNIT HYDROGRAPH

* Tt s the most useful hﬁd\'nsro?h

i flood estimokion .
* It ossumes lineority between
roinfall and runoff . durakion .
# It is used to convert vainfall

into mnaff

Unit Hﬁdmsm.ph

Due to 1 em
exeess mmfull.
the bosin .

Time (he) —

f’mpeﬂ‘.i.es of Uik H-dd.m-amph

-

L

Amupmporhmull:nmnfolldg?tl-.
ﬂm'm&e.rm.olnsm‘favminfnﬂufsm

Peak discharge is proportional. to roinfull depth.
* Shope of U.H. remoins constont.

5. Dertvarion of UNIT HyorogRaPH (Conceet)

If o basin receives D eom of effective voinfoll in durakion d hours
ond produces direct vunoff hydrogroph,, then:

e

Direct itk il |
U.H. -fm* 1 em rn.'mfaﬂ. = Mmha mgmr.l: mnf

Divide each ordinote
of e shom hrh
- 4 baﬁhﬁai.mﬁk

oy f L




K .
6. APPLICATIONS OF HYDROGRAPH g T

%  Desi i doms and YOS .

ol | roinfoll. into runoff
*  Flood -fnrecostms and. flm&. control . ol e i fw
w DE&'LE"n crf 'Dﬂclﬁe.s ond. culverts . .'.nfe and economical
* Wakter resources P\.onni.ns. d.esl.an of 'nad.mq.i.'m
i

Urban d.\'o.i.m.ae d.eslan . structures .

CHAPTER -10| MEASUREMENT OF DISCHARGE OF A STREAM

1. INTRODUCTION

* Discharge is the volume of waker
flowing past o cross-section of
a stream per unik kime.

* It is an important porameter in
d.eslan of H\‘.jd.mur. structures |
woter vesources planning ond

‘Fl.oo-cl estimakion . {

Dis:.hnrae, Q@ = Volume of weoter
‘f‘.m.)i.na_ per second. (wm3/s)

2. MetHops oF MEASUREMENT OF DISCHARGE

o "'-

Method De.sc.ri.#.m
(L) Uel,mihﬂ-hm Most accurcte wmethod . D'tz.c.h:mae. is obtained h'd
Method measuring the orea of cross-section and the velocity
& o
(ii) Floot Method Suitable fw small streams ond conals. Based on
suvfm velncxbj
(i) Dillution Method Bosed on  dilukion Pﬂnu?h usins salk or d.'je..
(iv) Weirs ond Flumes Dixhn.fﬁz. s m.flu&d. fw.m\ head over o weir or
Method. through o flume.




3. VeLocitr-ArRea METHOD

5

£

a straight reach with uniform flow.
Divide the cross-section inko o number of verticals.
Measure depth ob each vertical.
Measure wvelocity ot suiteble points in each wverkical.
Compuht. di,sd'\nrﬁe..

OO

Dischorge Coleulokion :

e -
(i) Area u-f subseckion i) Dischn.rﬁz
= g Q=ZA1"V‘L
where, d; = Depth ok dh bl i=1
b, = Width of subseckion where, V. = Meon velocity in " vertical

4. FrLoat MeTHOD

étffi :

(O Select o stroight veach.

@ Mork o known distance (L) along the flow.

(® Release the flook and note the time (t)
token to trovel the distance.

(4) Measure the cross-sectional orea (A).

® Compute discharge.

Formulas : d 3
Surface velocity, Mean velocity, Discharge,, !}I:? : hhd coefficient
W e V=kV, Q=AxV R N i

(k= 0.8 to 0.9) = AxhkV condikions .

5. Drnwrtion MetHop (Saut or Dye MeTHop

ol cadsthaon, Principle

Ifnsuhsbmuhnﬁud.uﬂfmmlainnﬁm,

where,

W W = Weight of substance added (kg)
Enk C = Concentrotion (kﬁfm!')

t = Time uf wixing (g)




6. Weirs Anp FLuMEs METHOD

Mv&aﬁmﬁiﬁmtﬂhﬂ(H}
mmuﬁd.uwfthgmalrwmtht'ﬂum.

i Structure Di.schm‘g:_ Fermula i
Rectangular Weir | Q@ = = Caby2g HY?
V= Nobeh Weir G = % thm(—g-}\.ﬂ R WP

Q = CH™ (volues u-F C and n

Porshall Flume

L depend. on flume size) |

| )
CHapTER-11 |  MANNING'S EQUATION (OPEN CHANNEL FLow)

1. INTRODUCTION

* Manning’s equation is an empirical
formula. used to compute the overage
veLuc.ll:.ud and. d:'-ﬁ-'-hﬂ.fﬁ!- in open
chonrels .

* Tt is widely used in the design of
canals , drains, and rivers.

2. MANNING'S EQuATION

M:mninﬂ’s Equp.han -Fcrr vE.Loc.U'.B ("u'r) :
v kA sza 51;‘2

n

V = Mean velocity (m/s)

n = Hunﬂinﬂ’s wuﬂhwess :oe-Fan’L (5."‘*“1"#3}

R = Hydraulic vodius (m)

S = Slope of energy grode line (= bed slope for
u.ni.fm 'anu)

Points

* Larger n —> lower velocity
(higher roughness ) .

* Lorger R = higher velocity
(largr i e or e
wetted perimeter).

* Larger 5 = higher velocity
(steeper slope) .




3. Terms IN MannINGg's EquaTion

* Avea of flow (A) : Cross-sectional aren of water flow (m?)
%  Wetted perimeter (P) : Length of boundory in contoct with water (m)
* Hﬂd.rm].i.c. radius (R) @ Ratio of orea. to wetted perimeter.

' Ty

Common  Charnel Sections
Section Area. (A) Wetted Perimeter (P)
s Rectangular by b + 2y
b = Bottom width (m)
3 3
y = Depth of flow (m) Tropazoidal | y(b+my) | b+2yy1l+m
m = Side slope (horizonkal : vertical) Tf'iunﬂu.lm' MB?- 25 J1 + md
(fw trianqulor channel , b = 0) \ g
4. Discrarge ForMuLA
sl / y
Dis:hurﬁt (Q) is 3Lven bd: ConRiuiie oot

&=k Ve & KRTVgH
T

uht.re.,
Q = Dischorge (m’/s)
A = Area of flow (m?)

R = Hﬂdmul.ic.fndiu.n(m)
S ISlnPen{-‘mm'sﬂﬂmdglim

5. MannInGg's RougHNESS CoEFFICIENT (n)

Type. of Cheswal Value of n I Note |

|
Concrete (well finished) 0.012 - 0.015 | vories with :1
Concrete (md.mru} 0.015 - 0.017% } condition of lf
Earth (clean , sbfu.i.ﬁht] 0.020 - 0.025 : surfu.ce, da:ﬁru-. :
Earth (weeds, some stones) 0.025 — 0.035 I of irrequlority, |
| and vuﬁztnti.nn_ i
Rock cut 0.030 — 0.040 | :
L A | %M% ]




6. AssumpTions IN MaNNING'S EQuATION

@ Flow is s’c.en.da and. unlfom.

7. LimMITaTIons

*  Empirical equation ; not valid for all
conditions .

@ Chomnel s priomatic. (shope ond slope. ove. constont). % Nk accurote. for very steep slopes,

() Flow is fully rough (lominar sublayer is negligible).

Chornel is not subject to backwater effect.
J

() The effect of wind is neglected.

i

CHAPTER - 12

1. INTRODUCTION

sudden expmsims or contrackions .
*  Not sutable far -Flm with hm.va

ueadnihx or h\ﬂhhj Lmaui.nr
boundaries .

RATING CURVE AND STAGE-DISCHARGE RELATION

——

Ir" ™y
% A vrating curve is a groph pol.cal Rufms Curve
re.l.ﬂ."l:i.ﬂa the 5‘:@.3?. (wu.’tev' T
level) to the d.i,sd'm:rsr-: o, . ]
a stream ot a Pnr'c.a.:.ulur J I :
* Tt is on essential tool for (m/5) G TP R
cmve.rl:mg observed. woker - “: : : :
levels into :i.l.&:hn.rﬂf.a : ]| : : :
* It is site EP-e.:.i.ch. aund. JI JI : IL : >
changes with time. Stage (Water level), H (m) —
e .
9 Terme 3. ImporTance of Rating Curve
3 e B Lp’cwn N %k Helps to determine discha rge from  observed stage .
* Used in f‘.n-ad. foreco.s’cms and. mmna
fm i * Use.ful in reserveir aPe.m'a.cm and.  waker
Dischorge (Q) | Volume of water flowing per resources planning .
unit. time (m/s). % Helps in sediment and pollution studies .
tum i
e it esoca l:j = 4. Conprions ForR A Goob Rating Curve
which stage is referred. é
Gl Kb e Ry (D) The econkrol section should remain stoble.
stage is uniq utlﬁ it @ No si.ﬁni.f'w.m'f. backwater e.ffe.ct.
T €)) Flmnshnuld.bastendﬁnnduniurm.
i o J ®

Chormel and control should mot c.'nnn3¢_
d.tm.ns the Peri.ocl of observakion .




5. MetHop oF Deveroring Rating Curve

i

o
@ Select o suitable .'.l:mlﬁ'n}. reach
with o well dcfimd. combrol .
@ Establish o s’mff gouge ko
measure stage (H).
(3) Measure discharge (@) for a
range of slzaﬁu.
@ Plet stage (H) on x-axis and . <
d.is:hnrﬂt (Q) on y-axis . sk ellesmismist R:;Et::‘m
(5) Drow o smooth curve (mﬁnﬂ S No. | Stage, H (m) | Dicharge, Q (n'5) i:
curve) hrough the plotied points. | o i
2 1.00 4.8 15
Extend the c.tm!f.l.lllj t Wi
@ i f 3 1.50 B.7 { ”iﬂ
3 4 2.00 13.6 5
| 5 2.50 L ——
0 05 10 15 20 25
-7 i \ H{m]-l- ¥,
6. Swrrrivg of Rativg Cumve
g ks
The rating curve may shift due to: Shi.fl:td Raﬁhﬂ Curves
# Chonge in chomel bed level (seour or deposition). | g

% Change in vegetaion or voughness .
* Chqnﬂr. in control condition .

% Floods or other natural disturbances,
M:

Aoy o shift fadtor (addibive or
multiplicative) or develop o new

rating curve.




CHAPTER - 15

1. INTRODUCTION

iﬁﬂnfaﬂinhhvtmiad.nﬁa.
Fuiie: b g

= Furwmlaﬁmmﬂ.d&sianlﬂm
da.kn.?.sPrm‘Ead.hmawﬁmLcul
forms called hyeogragh, mass
curve and double mass curve.

# Thess groghs help in shudy ot
roinfoll potbern , consistency

3. Mass Curve
A mass curve (uwhﬂmvﬂfﬂlm)hu.
T

100 4
80 -
Cumulakive

mnfnll. 60
(mm) 40+
20 4

0 T T T T T T T L

0 i l 3 & L’ [ 7=

Time (days)
Uses :

lGhﬂa'&u‘:ﬂlvﬂiﬂfﬂﬂmﬂLﬁﬂ.mapﬁiﬂd.
oHdPabeamkanddrﬁPaﬁuds.

2. HYETOGRAPH

PRESENTATION AND INTERPRETATION OF RAINFALL DATA

Ahacknﬁwphhnhrchﬁshnulnﬁ’ch:

40 &
'E . F“ w E
ik g 30 -
ot o) 1L
o E. . ... o e ¥
0 1 2 3 & 5§ & F o=
TL'M.& [I\!‘}
Uses :

b,

o Hips o sbady the: disbvibudion. of vaiidfull
-Uuﬁihmnﬁ,ﬂmdmddmﬁﬁcmlﬂm.i

4. Douste Mass Curve

hhﬂemwhnﬁmﬁ\hhmmulﬁw
miwfuﬂ.oj:qshﬁmmimdnﬂmmimﬁnﬂnkn

“"‘“""3 base stabion
. 500
Sln-Pa-. m
: é 400 - '\{I"m.’-’k"l
s 300 4 period)
2% 200 ] Sopem |
fam
100 {  periad) o ™
- | dope
o k2, ;

0 100 200 300 400 500 —»
Cumulobive voinfoll of base stakion (mm)

-------------

5. DousLe Mass Curve AMALYSIS
Skraight line Roinfoll deko. is consistent .
{ Uriform an-Pa:II Me in, cobeh, conditions




[ Breal point) location | instrumentation | ervironmenk |

Parallel straight Data is comsistent but for different
e periods (different awerage wainfall).

CHAPTER - 16 EVAPORATION

1. InTRODUCTION 2. Factors ArFFecTIng EvVAPORATION
*Ewpmnfimmht}mprmbam @Te.mpzrnhmufwohrnnd.nlr
woter changes from liquid stoke to @ Vliialihly o i
vapour skate from  woker &B‘Fﬂ.ﬂ:ﬂ @ N :
soil surfoce , plonts , ete T o u;" -
k4 It is an ixnpnﬂ'tnhh Cﬂ\'ﬂFOﬁﬂ'l*. ch @ - 5 e
the hadrolosm :Hd.r.. @ . qf ¥
* Evapﬂfn.ﬁm loss reduces the T o — _—
WVOrLOUS  USeSs . e e e e §
: Keﬂ Poink :
Inflow — Outflow = AStorage + Evoporakion R S ool ool |
(+ Seepage, if any) | i sadlity !
E O |
3. MEeASUREMENT oF EVAPORATION 4. CuLass-A Pan
Evmi;arnhm s meosured b& l!r.w.Pvru.l'.W'L pons. - ~
The standard pan used is Class-A Pon. Specifications of Class-A Pan
Cl.nas A Pan : Shnpu Circulor
[(— 120.7 em 4)| Makerial Golvanized iron (G.I.)
Diameker 120.7 em
Depth. 254 cm
Aren 1.214 m?
Locakion Open, level and unebstructed
le
Woker level 5 em below the rim
* Stondord diometer = 120.7 em (4 fk) - -
* Stondord depth = 25.4 om (10 in) :’_ﬁnge;_.' __________________________ \l
*Panhﬁuudmnpl.nkfvhnﬂbmiiﬁﬁm :* nghmdﬂb;?ludnunﬁ-ﬁmuhstmm I
obove ground level. : {'om!.clma;.tnw,el:) [
* Wober level is maintoined 5 cm below | % Vaber should be reneued ok reguler intervals |
iy | to prevent ﬂlan.z growth I
l |
| I
I |




5. Pan Coerrrcient (K;)

because pan is shallew,

To  comwert pan e_vnpcn-nh'm (EP) to lake uvnporn!;'unn (EL)- Locakion / Condition KP

a pan coefficient (K.) is used. Inland areas (husmid) 0.60 - 0.70

[ EL = KP ® EPJ Inlond orecs (orid) 0.70 - 0.80

l ) Coastal areas 0.70 - 0.85
E, = Loke u.vn.Pn'ru.Ewn {wnfd.uﬁ) Tmplml. regions 0.60 = 0.75
EP = Pan evaporakion (mm/day) Temperake vegions 0.70 - 0.80
KP = Pan coefficient (dimensionless) '\ r,

-

~,

. Kpdﬁpudamlmﬁmwd:umm\diﬁmﬁ.

6. EvaporatIoN Process N —————— -
| el g o, 7. TmpoRTANCE / APPLICATIONS
i —~
& o
. x 3 ° % Wober loss from veservoirs, lokes and ponds
b§ge§°'§°§//sf s aifimaked
— *  Design of water storage structures and
j e LT T WI u-nanh.m :Hl.h.m.
Process #*  Plonning of woker resources.
gtumﬂuﬁhuuﬁf:awww *quuli.r\ boki ufm1| -
overcome  intermoleculor ;
@)Mmm“ﬂ" ; e *Ih*nrbnnku\mquﬂmln&ﬁdﬂddih\nfgshdiﬂ.
® Wind carries away the vapour, reducing humidity }'f"_'_"‘*x:}f:?:f
near the surfoce and causing more evaporation. ——

CHAPTER - 17 DEsIGN FLOOD

% - TN TRODUCTION

. e e o

=f lbeirag egriclled o exceeded
i | = e LY T

“d.m,ﬁpiu.-.uﬂ.ﬂi,bﬁd.se.ﬁ_

CPFED — 'Pﬁ'ﬂjﬁ:.: -f.ln-u-d. =




2. Methops oF Froor EstTzmarTion

(1) Hydsrological Mekhods
Eﬂ“ﬂummilvﬁhu.ml:&uﬂﬂtmwﬂ
() Erpirical HMethods
-Frﬁhﬂnhmd.d.n.hn.
@Rﬁsﬁ.ﬂrm.l.ﬁﬁumdﬁ
Hﬂﬂdhwmhhﬂﬁ‘ﬂfdﬂtﬂh

3. Froor EstrmaTion BY Hyprowoarcar MeTHop

i""—f”' wrovolved

(1) Collection of roinfall data.

(Z) Rainfall anclysis (Inkensiby - Durakion - Frequency) .
-

Rn.mfa.l.l. over Catchrent

[Iﬁhdmnrﬂ-nhmﬂ:t-ﬁnu-ﬂm+mr:d:mnnﬁ]
" o




4. FrLoop EstimaTion BY StATisSTICAL METHOD

The probability of exceedence (F) s given by :

.
-
whETe

m.-'ﬁ'.nr-huf'ﬂmd(i-ﬁrlur?uh,lfm-umdlmatﬂ,--.}
n.lTnanmunhu-'n-f-Flnﬁdn
: |

Return period (T) = 3 years

Daka uf annual oot -F.ﬂnci; ot o skokioen

[ Aeiaial Wi Flod - Return. Periad.,
Yeor Rard {m) P= 1

(m/s) o n+d Te 5 (ysars)

2018 3200 i 111 = 0.091 11£.0
2019 2500 2 211 = 0.182 5.5
2020 2100 3 M1 - 0.273 367
2021 1800 4 4/11 = 0.364 2.5
2022 1400 5 5/11 = 0.455 .20
2027 500 10 10/11 - 0.909 i 10

| From the toble, flood comespording to ony velum period can be obtoined . |

5. FLoop EstimMation BY EmPIrIcaL FormMuLae

r
|
[a-cnn | e o i
@ = Peak flood (m®/s) !Iullnpl.,:.uil,vni.nfnﬁ
A = Cokchment ares (km') | inkaraiby, land use, ete.
G = Cosfficiant (dapends on cabchment | Empirical formulae are
characheristics ) | auitolia %5 Wl ond
(i) ‘s Formula
Ryve's | ungauged  cabchments.
[EI n G AR 1 I E@if

where, C = Coefficient e i o e e e T g




6. Froop Estimation By Resronsr MeTHoD

In this method, flood is estimokbed using data from

et

i %
3/ H

[n-cfﬁ*ﬁ] | dm = |

, :Rtsﬁ.mnl.mlﬂﬁ.ndi.l ]

@ = Design flaod (m>/a) | ) 1'

5 | ok sibe is not ,

A = Cokchment aren (km*) 5. i 1
Rl Ficient |

EF' : : : : I{‘Iﬂmmrbﬁlim]m:

F,-MJu:hwﬁfnctnrfwduﬂ:vmmmnfnll,[ | I : :

cakchment characteristics , ek | 6.

I |

L} J

T .

F. ApPLIcATIONS oF DesiaN FLoon

CHAPTER - 18 MAxIMUM RATE oF RUNOFF

1. INTRODUCTION 2. RarronaL FormMuLa
maximurn vabke ob which 'rwu;rff
oCouwrs W oa d..rnin.n.au. basin fu-r e [ G = 14 1 A J
ﬁi.ven m.n.nfou.

il g o g Qo Masiomgim ok o ol (/e
waker drains , eculverts , bridges , C = Runoff coefficient (dimensionless)
spillsays , eke I = Rainfall inkensity (mem/he)

* Raobional method s most commenly A = Area of cabchment (ha)
used to estimoke the wmasdimum

vate of runoff. SR s e iy .




3. Runorr Coerrrczent (C)

The value of C depends on lond use, soil bype,

4. TiMe o ConcenTratIon (t.)

Tmnfmwﬁuhmuhmhkmbu»ukrfmﬂ

slope , vegetobion ond antecedank moisture condibion the hudroulically most distont poink of the cabehmenk
Lord. Use / Surface Type Runeff Coefficient (C) | QT

Business arees (CBD) 0.70 - 0.95 R iy Raiziaesssabioantaiant ]
Residential areas (detached houses) 0.30 - 0.50 (i) Kirpich formula (for small cobchments) : Key Point i
Residentiol areas (apartments) 0.50 - 0.70 [ £, = 00195 LO7 57038 ] E e DR L :
Tnduskriol. aveas 0.60 - 0.90 R g
Paved streets and. roads 0.70 - 0.95 (&) Bronsby - Williams formula ! fm_hmwi
Gravel. voods 0.20 - 0.40 —— | k. |
Parks , playgrounds 0.10 - 0.25 ke = s AT ‘ ! o
Culkivated. Land. 0.20 - 0.40 | el s
| Foresk areas 0.05 - 0.20 | where | Ioof b is very |
: — . - \ t, = Twn of concantrebion (min) : Saferiin: i
T e A R e R
% & wloflsne bRl stbaptclpimy $Z090  ToenEassesssee

A

5. RamraL Intensrty (I)

Raiﬂfnll W‘J;lﬂll.bs is the vake of mu-l.full. far a
sl durtion

It is obtained fmmx Lﬁuﬂﬂﬁ =~ Durakion -

an;mn:ﬁ (IDF) curves
'd N
IDF Curves
200 4
160 + Reburn ?Hﬂﬂ.EOH?
gi 120 Pabiivw il 253‘#
% B8O 4 \—/Rﬂ;‘m ?:m'.:li 5 'd'l‘
40 4
4] . 1 i i .
5 10 15 30 e0 120
\ Durakion (min) 4

6. NumericaL ExampLE

A cobchment of orea 250 ha has a vunoff coefficient
of 0.60 The voinfoll inkensiby for o durokion equol
to time of concentrabion is 75 mm/hr

Selubion,

Guen : A = 250 ha
C = 0.60
I = 75 mm/hr

Using rokienol formula, @ = C I A
Q = 0.60 x 75 x 250Q
G = 11250 wm¥/he
Convert to mY/s,

11250
Q@ =

3600

= 3425 m/s

[Hm{. rate of runeff, G = 3.125 m‘fsJ

F. APPLICATIONS

*  Design of storen wabsr devains in wrbon oreos
i Assumptions of Rakional Mekhod
1Thu:nh:]umnhmhswmllf_ﬁtn=ruuﬂ{iﬂﬂhﬁj




CHAPTER - 19

1. INTRODUCTION

* TIn o sbream, totol flow ok any

() Base flow (ground waker
bribubion)

() Diveck or surface vunoff
Csborm. flow)

Bose flow seporobion is the

mu&n&.afumh:tﬁﬂm

bose flow from the total

stream flow hydrograph

Tnportance ;

o Useful in hydrologic studies
o Helps in determining low flow
chorackeristics of streams .

s Importank in design of wioker

-~

b,

3. Fixep Base MeTHoD

@&h&npﬁnﬁmﬂum@nl&mﬁduu
fh»hnmmdhhmﬂﬂlﬁbnuﬂw
@ﬁhmimhlhmhlhhﬂauhh
dmmﬂ\me'kﬂdn?ulnt.

gwes direct Tunoff.

— Tobol flow
—== Base flou
[0 Dirk runcff

-4

Fﬂ.r.d.hn.uflmu

|

Time

Merk : Very simple and easy b opply.
Dumarik © Mok acourabs for long durabion. shorma.

SEPARATION OF BASE FLow

StrazaHT LIine MeTHOD

Tdenkify bhe storting poink of rise
of the hydrograph.
te o poink on the recession Limb.

i Tl
e =M

2.
O]
@
O]
®

Tirn.‘.

Merik : Simple and quick.
Demert  Depends on the judgrmant of tha analyst

|

4. VarmaeLe Siope MeTHoD

@ The recession limb of the hydrogragh is sssumed
to be the conbinuation of the base flow

@ Extend the straight line porbion of the recession
limb  bockiwards

@ This extended line vepresents the base flow.

® Difference bebween bokal flow ond bose flow

/-' — Tokal flow
S Sy
Dacharge ) Dirsdk vuncff
(=)
TR Erbendad
base {low
Time.
Merit @ Move veolistic and occurale

|

Demerit : Requires well defined vecession limb.




5. HyproeraPH SeparaTion - ExampLE

Giver. © Skraam daka.
fet bty Separabion by Sbroight Line Method Seporated Volues
i b
Time Di.u'.ltnr&.. Time | Telol Flow | Base Fow | Direck Rursff
(ke) (m¥/s) Lt : (he) | ) | ) | (=)
0 10 ol | =R o 10 10.0 0.0
9 .5 . == G b o | g 106 44
4 78 ;'.'; 50+ 4 25 11.2 13.8
E 6 40 11.9 28.1
. e 40+ 8 60 12.5 47.5
8 % _g‘ 10 | s0 13.1 6.9
i0 50 g i 12 35 13.8 21.2
12 35 a | 14 a5 14.5 10.5
14 25 16 i8 151 2.9
P 18 o2 18 14 15.8 0.0
- s 20 11 16.5 0.0
20 11 o t + + + t + ¥ + + t + L a2 10 17.2 0.0
0 2 4 6 8 410 12 14 46 18 20 22
22 10
. " Tirne ':.1‘\.1-'}
R e e e e e e e e e e O R s S ™
: MNote : Aves under direck 'rwwff - 'Ru.rwﬂ: volurme i
| Area under base flow = Bose flow volume I
Ml e e e L I e Y i o e e oy i e ]
&. Comparison oF MeTHODS
-~ =,
Method, Meriks Dermeriks Best Use
r - H P H
o ! E | Sun:l:ﬂ.l_. -n.n..u.:k_, Eul!‘!-uﬂ'..l..n.ri_. Srmall cokchrmenks |
eosy to “F"F'L':.I depends  on short  duvrakion

Fixed Bose Very simple, Mot wealiskic for | Small skreams,
undersband storms abodies
Lirmbs shorma
L A
E Eﬂ Poinks Ii
| |
: * Bose ‘Etﬂ\-.l s E-l'm.-.n-d.. wober conbribubion I
| |
(il monds ot ot :
|
| Sale |




CHAPTER - 20

1. INTRODUCTION

i Akadﬂ'u-gnnphi.la.ﬁmph
.- h Lo ) q‘l
diul\ma.ofn.:{:mhi&
vespeck bo bme
kool in hydvolegic anelysis
and design of hydrastic
struchkures

* Ik is alss colled os
. T
s Helps in flood {forecasting .
iU:nfLLL‘FurduLﬁnnme,
ipilhmﬂn.:ﬂm'kﬁ,bﬂsni.
discharge
* Importank . irrigakion end

L. -t

3. Types oF HyDrROGRAPHS

() Bk Hioesraeh
Ilzw\h%d.\.ml;ﬂmcbﬁ
H.u.,.ﬁ-ﬁ-m.a%hm
evenk

(i) Flood Hydrograph
mnd.l:-nuflm It = obbained
Ilhummmofn.rmlacrof
Rywisraphs W sewilae

SnE

() Unit Hydrograph
It s the hydvograph vesulting
frnm. 1 em af Eﬁu&Lﬂ mf'nll.

over bthe cabchmank o a

o =

Emmehnd.mwuﬂ.

-____é__,
g
4
4
[
it

i o e e

HYDROGRAPH

2. TypicaL HyprograPH anDp ITs ParTts

'y c Peak. discharge (Q.)

|
(m3/s) Rising | ;
i i b
I A .
A il }F Basa ﬂm Er:
e e
- Time bose I:Tb X

AB Im.hnLnrl:tnuflmJqum];

BC:M‘.-.—«E

£ : Pesl or crest

CD : Falling Lmb

DE : Recesaion Lwmb

BFLnﬁhM{mb:meitrnfMUfmnfnﬂ
exceas and peak discharge)

AE:'ﬁ.mhnu(hhnLMafhﬂ-&rosmpkj

4. Derivation oF HyDroGRAPH

@ Collect vainfoll dake and hyetograph

@ Obkain stream stage (waker level) daka.
@ Sepovabe base flows from totol flow to geb
®

diveck runoff
Plat iulc]muefﬂ: (diveck mﬂuﬁ} va kima bo cbhain
the hydrogragh
Example Dokba
Tima Stags Base Flaw Dhreck Runsff
(ke (w;} (Msfu} {w.:'.lf:} ('ﬂ\!f:)
{ Tokal)
Q 1.00 i0 8 2
2 1.20 25 £} ié
4 1.50 45 ic a5
[ 1.80 70 12 58
8 2.00 85 14 ¥1
10 1.70 &5 i3 52
12 1.40 40 i1 23
14 1.20 a5 9 16
1&é 1.10 i5 g ¥
18 1.08 i0 B 2

[ Plok Diveck Runoff va Tome to obbain Hydrograph. |




5. Separation of Direct Ruworr From TotaL FLow

S e

Mekhods :
Sepavalbion, iaght Line Mebhod
() Steaight Line Method A
A straight line is drawn from the poink 1
of vise ko o poink on vecassion Limb
(i) Fixed Base Method (m?s)
Buuﬂmahmﬂ.unml‘.w\l-
(i) Variable Slope Method
Bulﬂmhmmdbumﬁ&nﬂ\ﬁ A
(iv) Concave Method
A smookh concoave curve & dvawn

to bose flow.

Dirack vureff = Areo. bebinen hulrogagh. and base flow
Base flow = Areo under bose {low line (ABDE)

&. CHARACTERISTICS AFFECTING HYDROGRAPH

i ———

Facker E'Ffu:i: o HHd.ﬂs-r'n.Fh

1. Inbersiby of woinfall | Higher intersiby — higher peak
dischargs and sbespar vising limb. |

ﬂhm;mwfmu-ﬁull. Longar durabion — larger bime base

3 Avea of cakchmenk Larger area —+ longer bime base
and higher peak

4. Shape of cabchment Circular — higher peak and shorber

7. Anlecedent condikion Wek condibion =+ higher peak
Bfﬂ:ﬂnd-il:iat—-lﬁnmrpuk




7. AppLicaTIONS OF HYDROGRAPH

o Hﬂdwnl.nﬂinlku.d.hl.md.

i

-..-.I—.-..-

T
mq.nlﬁﬁ.p.
arud,

e
bosia
of

L iy i E— s




