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Evapotranspiration P T

1.19.1  Measurement of Evapotranspiration of Consumptive yse
1.19.2  Penman’s Method

Infiltration
1.20.1  Factors affecting Inliltration

1.20.2 Infiliration Indices

1.203  Measuremeni of Infiliration capacity

1.20.4  Horton's equation of Infiltration
1.20.5  Green-Ampt Method

Examples
Exercise
Multiple Choice Questions

Hyvdrology is the science which deals with the occurance, circulation and distribution of waler upon, oye
and beneath the carth surface. It is the science concerned with the transportation of water vapour through s
air, the prﬁ:iph;li-}n_mcuring on the ground as rainfall or snowfall and the flow of water over the ground

surface and through the underground strata of the earth.
It also deals with the evaporation from water surface and soil surface, transpiration from the plants, and

the infiltration of water through the ground surface.
In a general sense, hydrology is a very broad subject of an interdisciplinary nature drawing support from
allied sciences such as
. Meteorology

. Statistics

«  geology
«  Physics
* Chemistry ¢+  Fluid mechanics, efe.
Hydrology is basically an applied science. To further emphasis the degree of applicability, the subject is
somelimes classiflied as

Hydrology

s | i

1
Engineering hydrology
(applied hydrology)

a study concerned

Scientific hydrology

- a study which is concemned
with engincering applications
|

[t deals with
 Estimation of waler resources
« Study of processes such as
precipitation, run off, evapotranspiration
 Study of problems such as
floods, droughts, strategies to combal them

with academic aspects
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10 the earth as precipitation, Some of this Precapitatiog ral'_ :
k- 'Il_r. ¥

IR -.'.1:1-.|.|.':1'~r:|.'4 by vanous P Esses anal falls " I
land surfaces, A 11,.r||:-r| ol [.tn.'l.li'l11.|l:||r|1 that Talls on 1|'IE |.‘IJ‘.I1 1% Fiety ;
B |

on the o can, apsl somic falls on the i T
cions and on vegetation, until it retumed to the atmosphere by o e

v e s
temporanty in the soil. in surface Bepit

and transpiration

13 PROCESSES OF HYDROL OGIC CYCLE :

: ’ [ the following processes :
The hvdrologie cycle consisis af the It B

. . I
Evaporation and Transpiralion

Precipitatson

1. Runofl

Fvaporation and Transpiration |
a1 of sun the water from the surfaces of ocean, rivers, lakes and from the moist ground surfy...,
i | h T

Due to h i " is process is called ev ;
evaporates. The vapour are carried over the land by air in the form of clouds. This process is called ev Aporatiog
Pl A - .

Transpiration is the process of water being lost from the leaves of the plants from their pores

Thus, the total evaporation (E) is consists of,
Evaporation (E) =  Surface evaporation
+ water surface evaporation
* nivers, ponds surface evaporation
¥ ocean surface evaporation
T almospheric evaporation

¥ transpiration
Precipitation (P) :
recipitation (P) (June 2014)

Precipitation may be defined as the fall of moisture from the atmaosphere to the carth surface in any form

Precipitation
[

L
I_-___———|___ E—
l

Liquid precipitation Frozen precipitation
Le. rainfall 1.C. « Snow
« Hail
» slect
S T « freezing rain
. ono J !
: - (June 2014
Runoff is that pant of precipitation that is not evaparated i

- L} = [ a Eva L -.fd r o h: M:r -luﬂ T

There are three t¥pes of runafr,
(i) Surface runoiT
(1) Sub-surface runofl or interflow

(iii) Ground water Now of base flow
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1.4 WATER BALANCES :
Catchment area :

i ..'|- |1!‘.lj df.'i‘il'l.iﬂ:_.'_ il‘lli_l a stream or a waler COlrse I
location is known as catchment area.

It 15 also called as drainage area or drainage basin. In ]
! v as walershed.

A czichment area is separated from its neighbouring
ereas by a ndge called divide in USA and watershed in UK,

]Eti:'.'rnn u /
Water budget equation : (Mo, 20163 River A

o Fig. 1.3 Catchment area of rive
The nydrologic equation is simply the statement of the | e

1 I CUR e,

ervation of matter and is given by ——————

station M

I=0+ a8

W l|L|_' re,

| = Inflow
0 = Ouiflow

AS = change in storage, in a given lime interval,

L e——rma e U S B W e e
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ey

f - T4 i1 ¥ -
a 10 km? catchment is 107 m?, j COMEs pond, .
oy,

Thus, for example, i the annual stream flow from i .
of 10710 « 10%) = | m = 100 cm of water. Rainfall, evaporation and often runofT volyme, e tupy,
in units of depth over the catchment, | | )
he expression for the water budeet of a catchment for a time interval At is writien .
P-R-G-E~-T=AS
where,
Precyntation

Syrface runoll

wet sroundwater flow oul of the catchment
L i

Evaporation

Transprralion,

15 = change in slorage

The inflow (1) in equation (1.1) consisis of
Precipitation

Surface inflow

Subsurface inflow

-

Imported water or sewage fhrough pipe or channel

The outflow () in equation (1.1) consisis af

Surface runoff «  Subsurface runoff

Evaporation Transpiration

- Evapotranspiration . Exported water or sewage out of basin

The change in storage (AS) in equation (1.2) consists of,
A5 = A5 + AS_ + AS,

where,

AS, = Change in surface waler slorage

3
A5, = change in soil moisture siorage

AS_ = change in ground water storage

T
=~

In terms of rainfall - runofT relationship, eq. (1.2) can be represented as :
R=P-1L

where,
K = Runoll
P = Precipitation (rainfall)

L = Losses
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Precipitalion o ve delined as the L1 s istuire ooy i fit 11!- fe fin (he o prth sanrface Al any
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Tall Frosen Precipitation
i & rainla

LE & Spaow

Hal
‘I-‘I‘..:':'I

| + Freezing rain
Water evaporates lrom water surfaces like stream
3 ¥ 8 rl'-1:|-|.l

ad plants in the form of water vapoyr, 7 he

oceans, lakes, ponds, etc. and also irom land

w
E

Ean . r I - B PeE LR - I t. .
= Waler vapour gel collected in the atmosphere and behave LiXe

; . fature and pressure, the
Bosle's law, € harle's law ete.) As the CVaporation continue
But, since a space can hold only a certain fixed

y gas. Under a normal range of lempe 2 o (tike
g waler vapour obey the various gas laws (hke

5. the amount of atmospheric vapour go on increasing

. tage is reached wh amount of water vapour in the presence of a solid or a liquid
sriice. 4 % ::.',I." EACCd Wiher P noa

SRR : e 1 any ﬁ'”.tl'ﬂ'r :Iddltll'lﬁ of ‘\-':.'I|'I-|'I1J!' wiill [l I-."f.'I'I'I-IJl.'II."\-E-IJ on 1_'.":.; =..|||r1'-_1_|:':-1_ The :I'F'i."l.l.'
may get condensed in different forn :

15, such as mist, rain, snow, hail,

R sleel, ete. The evaporated water, thus
retums 1o the Earth's surface in any of these forme I &

The water which comes back to the surface of the earth

hai i .

il snow, sleel, elc. is known as precipitation.
In India, major portion T T N e T =7, =

. ] I of FrtLlrI'“-:“lL'll'l 15 due o raindall and small F{]ninn ﬂlf snow fall in the h
regiom.

in its various forms like rain,

For precipitation to form,

it therefore necessary to have the follo
environment :

wing favourable conditions in the

(1) The atmosphere must have moisture

(1) There m = cie |
) must be sufficient nucleij (particles) present to aid condensation over them.

e .
(i) Weather conditions must be favourable 1o condensation of water vapour,

(v} The products of condensation must reach to the earth,

L4 . L] s & a

I. Rain

3. Hail

Snow

Dnizzle
2. Glaze

Rain is the principal form of precipitation in India. When the size of water drop i3 |
" 15 called rainfall. The maximum size of rain drop is about 6 mm. Any drop
break down into drops of smaller sizes during its fall from the clouds,

arger than 0.5 mm,

larger than this size 1ends 1o

On the basis of its intensity, a rainfall may be classified as light, moderate and heavy.
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Irfensity in mmih

Ivpe of rain
I o _|. 4

Light rain

|
{
iI
~'| Il, |F-.:"| A e G l

Heavy ramn

'-ii'-.l\ 1FI- ce Cry '-'ﬂl'-. "-“5]'} '5.'-=|!.'Ih|r-;_-|_._ i

:";F'II'H-'I .
and the average value I8 asiumed

itation and con
INEN cm’
o the |limalayan region.

rs in abundance and, hence i

yiul o |."1 ||1|.'l..i[
ol (.1 fen

Srow 15 the next impan
an initial density

akes. New (resh snow has
Soowfall Imilia 1% ey l.:l1|'||||1'-"| only

like Canada LISA Russia, China, €lc where snow occtl
frmes AL & MRS b

1 COm

their precipilalion.

1"'.|: R
of size more than 8 mm. Hails oceys

Hail : -
w in the form of irregular pellats of ice

|.','||1:!.11||
y vertical currenis are

': 14 ..:'"».L.‘.":L I','
Jerp (hundersionns M whicl very strong.
L}

Dricele @
ater droplets of size less than 0.5 mm and intensity less than I mmh

at they appear to float in the air.

{ {ine sprinkic of mumernus W

In this the drops are 50 small th

rain or drizzle comes i contact with cold ground at around 0°C, the watcr drops freeze [o lom

claze or freezing rain.

ating called gk

W et

2l &

fr, Slect :
falls through air at subfreezing lemperature

It is frozen rain drops of transparent grains which form when rain

Rime :
ss separated by trapped air and formed by rapid freezing
as low as 0.2 to 0.3.

il 15 winlc opaguc :!q'l-.ﬁl'l ol ice Fr,umh_-:: mare or [z
of super cooled water drops impinging on exposed objects. Specific gravily may be
X, Dew :

Dew forms directly by condensation on the ground mainly during night when the surface has been cooled

:'=:l ceifieoing radiaten

1.7 TYPES OF PRECIPITATION :

Precimslat g o ST T ¢ R . " . . r .
Precipitation is often classilied according to the laclors responsible for lifting. Broadly speaking. thare are
four fypes of precipitation,

.  Cyclonic precipitation 2. Convective precipitation

1 { brogra N T Rl h
graphic precipitalion 1,  Precipitation due Lo turbulent ascent
1. Cyclonic Precipitation :
Cyelome precipilation 15 cause ' 1 i i
y ¢ precipila . s caused by the lifting of an air mass due fo the pressure difference If low pressure
occurs in an arca, air will Mlow horo 3 ‘ ; I
I wizantally from the i . ausi iIr 1
_ the surrounding arca, causing the ar n the low pressu

area to lift
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rhe cvclonic precipiation may be divided into
\ Frontal Precipitation
(a

Wi Non Frontal Precipitation
‘1

! Frontal Precipitation :
4

ir masses doe

g pndensation
Whes TH7 " s LOntrasing femperate ]

o5 mid 1rl'l'l'l||'_. ;_!r'.!l. wallh ench OIIET,
pon ecour at the surface

ace’
O ol s i, r 'F rrml;1t I"""T'f“

urnd prectpila

This rlace of econlact is called a "Fronl® «
s mpecipitalion 15 called tronial e
LS § 1

i "~'||'.il:lli|"p|
-~

F ot _ o
o 5 Ay :

ik
Frostal ux:rfu:'n—t;-_!{;--:-"ﬁ'nnﬂ cir Cold gir 1{!

ey w—Rarm olr

I-l
FLGLD e
{ rh ] — LS
sold elr masa ".‘.].I mass fmaas AL
g

J’ .~
Frantal surfoca Colder i

Law pressura

(a) Cold front (b) Warm front {¢) Stetionary front

Fig. 1.4 Frontal Precipitation
i s e b e

If a cold air mass drives out a wanm air mass, it is called & "Cold Front' and if a warm air mass replaces

a "Warm Front'. On the other hand, if the two air masses are drawn

cously towards a low pressure area, the fron developed is station

Cold Front causes intense precipitation on comparatively small areas, while the precipitation due to warm fromt
,

i less intense but 15 spread over comparatively larger area. Cold fronts move faster than warm fronts.

the retrcating cold air mass, it is called

ary and is called a "Stationary Front.'

(b} Non-Frontal Precipitation :

In case of non-frontal precipitation, the Moist warm air mass is st

ts it. Thus, due to lightness of the w

ationary and the moving cold air mass
arm air mass there is pas

sive ascent of wann air over cold AT OV
When the lifted warm air cools down at higher

1o the active under cuttins,

altitude precipitation occurs
L  Convective Precipitation :

Convective Precipitation is caused by
matural rising of warmer lighter air in colder,
dnser suroundings. The difference in
‘emperature may result from uncqual heating
U the surface, unequal cooling at the top of

| - |
1 Tl |:|."..i:rI ' L[ . o P

= y ; . ) WWarmer Al
Uenerally, this kind of precipitation

O - &

“-EUrS N tropics, where on a hot day, the

< ; Coddor Mlr
sound surface gets heated unequally, causing

the warmer air o lift up, as the colder air

s place. The wvertical air
tu .

frents develop tremendous velocities and
Af

¢ hazardous 1

Precipitation s spoity and its intensity vary
rom fjg

2ht showers 10 clould bursts.
CHABE-VIV20011 2

aircrafls, Convective

WhE

‘-."""'-__
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' i

nr"'-“'-ll‘hli Mrecipitation ;
which strike some natiral fopagraphie

I |'-1'-“_".
s i urld ol precipiaiin L
[ he preatest R I Pulating falls

i

sitation. The rainfall 5 composeq of by,

Chographic precipitation is caused by moist air masse

mBuntamns, rse up causing comdensalion apil precipatatinn

' ; ! A e
windwand side. and the leeward side oflen has Very Inle prect|

] steady rainfal

L emwrai d
{Londward) side

l‘-'r."r."'ﬂ 3k}
LeCwT

Mauniolnoul
ronge

Fig. 1.6 Orographic Precipitation

. winds, heavily laiden with moisture from the Bay of Bengal, strike the southern slope of himalayas,

s0 that a place known as Mawsynram near Cherrapunji in Meghalaya, gets the

Ay IRTENSE rams S0 MU
of the order of 1270 cm. Similarly, Agumbe in the Western Ghats of South

yanimurmn average annual ramfall
fndia et very heavy orographic rainfall of 900 cm.

4. Precipitation dwe to turbulent ascent :

is forced to rise up due to greater friction of earth surface after its travel over occan. The arr

NIF TS
wse of increased turbulence and friction, when it ultimately condenses and precipitation occurs.

mass riscs up becn
Wenter rainfall in Madras siate i5 ﬂ'lJiI'lI} due 1o this PrOCEsE,

Artificial rainfall (Clouwd .ceding) :

A cloud is formed by the cooling and condensation of the rising water vapour (r) mio some visible

agpreeates of minute particles. & cloud, therefore, generally contains ice particles and small droplets of water.

Sometimes the process of evaporation is smoothly carried and the air has sufficient amount of moisture
(it is known as absolute humidity), but it docs not reach the point of saturation because there 15 a deficinecy
of hygroscopic nuclel, which are necessary o form the raindroops. So artificial hygroscopic nuclei are Fl'rﬂ‘r'lljf-'
in the following forms ;

Dry ice (solid C0,)

Silver dioxide

frozon carbon dioxide

Lodium chlonde etc.
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weet 0 witlical simulation of res . _-|[|r|.--.|,"i|'-'r'1'

The P16 imint i Ilj- adiling ceramn chemicals T clowd i
L] l.'li"'"!l 'll"l.'lr'il:ll:_
q L"-"' N
complishesd by the following methods
sepding clement such as div bee §s onr rockels

delivered imto the clowd by aircrafts, balloons

e F11as . .
1% F alivs i M0 I."-., ||||||1.1'r|_'..| iy ”“.

3 i il Ll
gnh IR cloud either by mircralts or by ground based generatd

v i eroscopie nncler {(lreering o | a— L .
v [iyvgpros I & Lis s |'|'||I.11|F LAn l1|_ '_-r”:‘“.."! l|'r-'lr1'h lIII' liiah L I ||”| o o

k. e of elouwd secding v . ; ;
[he STRATAR iy B with economic value i still uncertamn, It is still in expe

iy method has the tollowwmg disadvantapey -
1 he |"‘.I."‘1- Tk qu- L-II.'«':IL! h;,'1_"|_|n|:|_r. 1% VEry "'-'l-rl'l.

The sHCCEss rale is very ||'|'|'|-I1'.'|.'l.

. i By T - .

1 may aflect the process of natural rainfall in_the "'1!"'““11" Areas

It may aggravate the flood disaster in certain arcas

VARIABILITY OF PRECIPITATION -

i e 3 AL i + . .
ke distnibution ol precipitation 15 not uniform in a particular region. The precipitation regime o

. 1
won depends upon the following factors,

(i) Locatien of the region in the general circulation pattern

igy The latitude.
(i) Distance from a moisture source
{tv) Orography of a region

Location of the region in the general circulation pattern :

L]
The thermal circulation originates from the sun as a

of origin. About 40% of radiant energy of sun is
ied back from upper surface of clouds. The carth
sorbs the remaining 60% with small losses. This in tum

increases the heat of the surface. More solar energy is e
recened af the cquator and hence heated air at the equator Northern hemisghers
“he nies up and NMows towards the poles. To balance this, Eauoter
¥ | the lower layers must move towards the equator, Fig.

/

i ¥ '
“Mrws such thermal circulation, Soulhemn hum:,;.n,,,.,.-"j

/7

B
'

But the actial oie : g i
_ | the actual circulation is different because of the -
wing 'wo [aclors - —
South pols

The canl's rotation

The i[l".lrll'lutiun of oceans and conliments Flg. 1.7 Sllfnpll} thermal ':Ir':“!:"“ﬂ!'l on non—
il \ -
" The Iatitude - - _otating earth s i

S e

¥
el i B = ; ] 1

r the equator due 10 higher temperature evaporation is more. Thus, precipitation is heaviest e
LRy o

% and der _ : it the
Ml decreases towards higher latitudes (Poles).

|
flii' Il ;
big

tance from a moisiure source :

I

L8

coastlings, precipitation tends 1o be heavier, With increase in distance from coastline, the mois re

B the
L I.* " - § "Ll a0l i
nd decreases and thus, precipitation also decreases,

S —
-F--_-'-ﬂ._—
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» ol precipiation northwand Tom the gull coast is the maost marked example ol thiy i
In peneral, the occurance of EEC i itmiiom 1x 1T frequeent 0N the Jee shore

(Y Oragraphy of a reglon

aiteet the distribulion of rainfall in the region. The preates L

I'l"'."-."'i il bamers like puvmianns
ol precipitation falls on the windward <ide. amd the leeward sile often has very little precipitation
T ] ¥ 1 ' ETaT | e e
For examnple. Mahabaleshwar on the w indwand side, receive heavy rainfall in monsoon hile Pune on jee,,,

ix vy lifile runfall

Characteristics of precipifation In tedia

Tom i < a4l al countr o] Bls |u-c.--||lir.|lt-.-.n warids considerably n [rl.'qllr.:rll.'_‘_.'. intensily and durats,
sia 1% A Troprine HITIRE s & ] d .

i the form 1|-I- am fall. wost ol the |,1I'r,:LI|'rr1JLII|1|| oceurs in the Mmirie |

fia occurs mainly
southwest monsoon. Snow fall occurs in the Himalayan regie,.

2 T
s 1m e
wember during the period ol the

month of e [Fels,

Fig. 1.7 (a) Direction of monsoon {winds) in India
_._.—.—-..-.—-..———'

sreal variation of the ramfall, The maximum annual rainfall of 1270 em occurs at Cherrapunjl

and Mawsynram in Meghalaya state and the minumum annual rainall of 12 cm occurs in the desert of Rajasthan.

[here are basically four rainfall scasons in India

| South-West monsoon season 2. North-Eas! monsoon scason
3. Wintzr season 4.  Summer season

Cagth-West monsoon season [Jone - September]

The soulh-Wes! monsoon causes about 75% of annual rainfall, covering almost entire country, except Jammu

& Kashmir, and sovth-FEastern parts of South India

[he monsoon originales in the Indian Ccean and appears in the country in Kerala m the first week ol

Tune. It 1S the India Peninsula which rather deflects the monsoon, into the two branches :

(i) the Arabian sea branch. ,

(ii} the Bay of Bengal bianch.
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The Aratian €8 branch touches Kerala jn the end of May and moves lowards north causifis
L !

. e ghals, Maharas ;
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ree . y ip

e May of Beneal branch moves westward, causing rain in West PBengal, Orissa, Bihar, LI P,
| engal,
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pth -wosl MOnson reireals Flow of af
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T h |ast eCCUTS sRbimg the 4 renil Trwsgey 1% tober 1o r"1'|.'l'l.1.'tlli'l|.r |h|i. 15 known as }‘|-.,1|1.'F ast mon |
ysont, When the I rih-<ast monsoon strikes the easten coast of the Southern Peninsula in and around Tamilnac
A ; :
~4all o ]
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I ahoul misl ecemb er, l"-'I-l. lem ll'l-lllfl_l-,‘t[.'.l_--_' of exim ”“‘l"l'.'..'ll- r.'ll"il."i” "1“':' q;i",l'.'n.'lll.! 5] ||-||i|_|l Crossing

1 T 1 a S ) - . .- =1,
and Pakistan, causing h""-""'!‘ ramnfall and snowfall in Himalavas and Jammu & Kashmir. Some hght

iall alea ooCUTE 1IN the northern plains

i i-_l‘!n'..'."l
—ye 1t

L Summer season : |March - May)

summer ranfall, also called premonsoon showers, occurs in pants of castern coast and arth-eastern states,
1 kocalised convechive

a
L

) :_'lli _'h":l-[ -‘Il"'r'"]m

currents. However, sometimes convective precipitation may occur in Kerala, West

« Wind velocity - anemometer
¢  Humidity - Hygrometer

« Rainfall depth - ombrometer

MEASUREMENT OF RAINFALL - {May 2016)

Rainfall is the main source of water used for various purposes. The knowledge of amount of rainfall, intensity
of rainfall and the distribution of rainfall is extremely ul irripati i
of on of rainfall is extremely useful for the irrigation engincers.
Rainfall at a place can be measured by a rain gauge, usually in cm.
The fellowing are the main types of rain gauges used for measurement of rain all. (Nov. 2017)

Hain gauges

|
| l
Non recording type Recording tvpe
(Non-automatic) {Automatic)
ie. LB,
* Symon's rain gaupe « weighing bucket type
« IMD (Indian Meteorological « Tipping bucket type
Department) « Float type rain gauge
I Symon's Rain pauge : (Dee. 2015, Nov. 2016)
The Symon's rain gauge consists of a cylindrical metal case of internal diameter 127 mm and base enlarged
0210 mm, The metal casing is fixed vertically to a masonry foundation block of the size 600 x 600 « 600
MM A funnel with a circular rim of 127 mm and a glass bottle are placed inside the metal casing. The height

of the metal casing is so fixed that the rim is 305 mm above the ground level. The plass bottle, also called

N
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the receiving bottle js ¢
gauge 15 kept in open. The o

C'..flrlrl.'=['l.-l n 1’1:‘ II"-..'I,"i'l.l."r

"-‘ . -
The rainfall in India is measured every day af %

howrs IST. The receiver with the rain water in il 15 U
ainfall depth is measured wilh

| in mm of rainfall s ,f"_

y heavy rains,

oul of the metal casing. The o
a special measuring glass jar graduates
It can measure upte 12.5 ¢m of ranfall. During
the rainfall is measured 31 times in A day I

af rainfall
The

=fing the site for a rain-Eangne sial .

I.  The rain gaug
[he distance heiween
nearest object should be atlcast twice the

[he rain gauge should be atle:

The rain gauge should never

.

A fence, if erecte
is pot less then twice its height.

I

||..H

—BRZE rr{_rr-nt

E
ol P ;‘
n]

M SO
i
COMNCEE T

fasE

FOLR: AT

II;"_"-”*—"fﬂth_.____l_I

Fig. 1.9 IDM Standard gauge

W 75 1o 100 mm diameter. The ram |

ain falling into the funnel 15

st 30 m away from the

be situated on the sid

d to protect it from cattle ctc

s Engineering And Hydy
water Resour! . . r'.u.-..‘j

2 masuursmants

ara A e

]
LTk ]

1k er

gives depth a0

Fig. 1.8 Symon's rain gaugs -

e

¢ site should be an open place.

the rain gauge and the
height of the object.

. pear by abstructions.

e or top of a hill.

ocated that the distance of the fence

should be so |

LM.D. standard rain gauge :

The Symon's rain gauge was used by the Indian

Mererological department (IMD) upto 1969 when the

IMD standard rain gauge was adopted. It is a modified

form of the Symon's rain gauge.
gauge consists of a

The IMD standrd rain
ollector with a gun metal rim. The exposed top
surface area of the collector is either 100 cm* or 200
cm?. The collector is fitted over a base which is fixed
io a concréte or masonry. Both the collector and the
hase are made of fibre glass reinforced polyester. The
ollector can be locked to the base by locking rings.
The collector has a deep set funnel which discharges
water into a polyethylene bottle kept inside the base.
The capacity of bottle can be 2, 4 or 10 litres. The
200 cm? collector and 4 litre capacity bottle is the

most commonly used rain gauge
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| erTIHEFlt'-'I1 parameters
Hy

el Ivpe maln Fanpe
jahing huc : e
Wil

[his 15 A =gl pecording Bupe or atoamalig 1% e
| | 1

- 1 rhe weighing buckel tvpe main A
WA EL]

A I s TECERVER

BUCKET
. the rain
et il collected by a recewver bucketl, The b kel resd [] '||I
“: " weighing pan of a gpning or lever balance winchel =
ihe weighing mechanism. The increase in the weigh
 the hucket due o the sddition of the rain w T Canrses PEM ARLS
i..- alatform (pan) to move. The movement of platform

i , . i
s sitted through a system of levers o g pen. The
% il

aakes A trace of the accumulated minfall on a chan

Jd o a drum revolved by a clock-driven
mcachanism

The :—_-_-_:1'-.,1" ":"-:'-"r"! r‘n'“h':"":":‘d' h"‘ this |_|.'i!'|'||_".l: i"-. m “IE rq_:.nn

I CLOCK CFMVEN RECOPD DRUM

_ Fig. 1.10 Welghing bucket type rain gauges |
¢ 4 mass carve of rainfall. The total rainfall is plotted with = o

mect o IME The slope of the mass curve gives the intensity of rainfall
naly | L= . o

e —
-

fam A0 rruTir— I

4. Tipping Bucket type rain gauge :

| (May 1015, Nov. 2016)
~——— RECENER The tipping bucket type rain gauge consists of two small
buckets placed below the funnel fitted in a 30 cm diameter
receiver
The buckets are so designed that when 0.25 mm of rainfall
collects in one bucket, it tips and empties its water mto the
measuring tube below it, and at the same time the other bucket
is brought under the funnel. The tipping of the bucket actuates
an electric circuit which causes a pen to make a mark on a record
sheet mounted on a clock driven revolving drum. Since each mark
on the record sheet corresponds to 0.25 mm of rainfall, by
‘ counting the same the intensity of rainfall can be determined.
| The total rainfall as determine from the reconds at the end of
the day may also be checked by measurmg the ran water collected
5“ the mesuring tube, It gives intensity of rainfall (cm/hr).
e |

Fig. 1.11 Tipping bucket type
rain gduge
—— I GO EET

% Float type rain gauge : |Natural Siphon type] o :
The working of a float type or syphon Lype rain Bauge 13 similar 10 the weighing bucket type rain gauge.
ang of a float Lype or 5) ) - ‘ s : : = :
A funne| re ives il . ter which is collected in a rectangular, foal chamber. A float i1s provided a1 the
CeIves the ramm wale ) : N i i
'tnmam of the Moat chamt The float is raised as the water level rises in the contamer, ils mavement being

oat chamber. ¢ al 15 rs

Mgy

na actuated by a clock work,
fled by a pen moving on a recording drum acluale
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Water Resources Engineering And 3y :

—— Wiy,

PTCRDRE DR —
.1"““"_] [ |
i

FUsNMTL -

e FLOAT [ROD

Fig. 1.12 Float type rain gauge

When the water level in the float chamber rises so that Moat touches the top, the syphon comes into opera:

ard relesses the water, thus all the water in the box is drained oul.
it pives mass curve of rainfall (cumulative rainfall versus time). Indian standards have adopted float oy

rain gavge as the standard recording type gauge in India.
1.9.1 Advastages and Disadvantages of recording type rain gauges :

Advantages :
i, The rainfall is recorded automatically and therefore, no attendant is required.
2. As no attendant is required such rain gauge can be mstalled i remote places.

No pessibility of human error.
The recording rain gauge also gives the intensity of rainfall at any time while the non-recording rair

gaupe gives only the total rainfall in any particular interval of time.
Disadvaniages :
. It is costly.

2. Fault may develop in electrical or mechanical mechanism.

1.10 METHODS OF CALCULATING AVERAGE RAINFALL OVER AN AREA :
(June 2014, Dec. 2015, April 2017, Nov. 2017, Dec. 2018)

The rainfall recorded by a min gauge represents the rainfall at that station. In many hydrological studies

the average depth of rainfall over a specilied area due to a storm s required. For determination of the average

precipitation over an arca, a large number of rain gauges are required.
-~ . . [ ' . = = vl
The number of rain gouge stations required in a particular catchment arca depends upon the size of 1=

catchment as given in Table [.]
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alca! par ymEtier s
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pr

Ll I.I1|r| I.F

Lo ol ihr |..I1|.'||l|1l|||-||_- i "":'l“‘l‘-“l. ul-l ”...

i Loy

e dimilinne l'r|'I"F"rI

L]

——— s ———

oo ranfall over an area can be computed by the following metheds ;

Lametic AVarage method

fayEl

= are method @
rithmetic AVEFAge me d

; inf sths of
thod the average depth of rainfall over an area is obtained by dividing the !

giim .'-r |!i-

| at the rain gauge stations located in the area by the number of stations

Py Py Py o P oare the depths of rainfall recorded at various rain gauge stabions,

. pumber of rain gauge stains

i
IR Bt s Pl 5

n

Table 1.2

Station No. rainfall {mm) Average rainfall (mm)

ol

= 140.B4 mm

*  Merits and demerits of this method :
(i) The method is very simple.
(W)  is used 1o determine the approximate rainfall.
() If the rainfall is uniformly distributed over the whole catchment, this method gives better resulls,

(iv) In hilly terrains  also, this method can yield fairly satisfactory results.

RREAHABE.VIL 209 13
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rees Engineering And yy,, -
™
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Waler Aesou

e W e i e — _— = e ihe individual recnpg h

'y ] X :
i " I ihe nun:hq.r il mmpange stalions are mie anil the yarunl

wp AN 11

« glAlHENS kR ihe ¢

i 1
l i ||I||"||'rr -

from the mean, method is taken 1o be accumfe
v ,_-._.||I]“‘II

(vi} The method is mpid and has gt excellen anlesptability
TIELL poinheT (¥

(vin) It is very costhy amd dificoll 1 install LTl
['s FpEe e

I'H."flil.'r l':.‘\.llrrl. 2
Phicssen Polygon method : |
In the thiessen P 'l_"'.'-'-'-"” miethod, the |
rainfall recorded at each rain gauge station 1% [
given a weightage on the hasis of the arca |
which it represents. This method is better than |
the arithmetic mean method which gives ciqual I
weightage 10 all the stations.
The following procedure is uscd-
Procedure : _l
: stations |

(i) Join the adjacent rain BRUEE

A, B. C. D «te. by staight lines, |
' |

plar I

of |

forming triangles.
(iiy Construct the perpendict
hisectors of each of these sides
i thus created
11!'-. I's ﬂ”-“" cred |
AR OO, O A B9 -U"*'n’ Agauge ylatians ) _
R ]

C and D ¢ e
A E _‘-.||a..r:? :;u'.fj_li_

by the |
m“"d 9 AR BE ¢p, D4, DB = Lings JE
1.13 Thiessen polygon method

which i &

trianglics.
A thiessen nens
The polygon
pcr]'-cndi.:trhr bisectors 2
ctation encloses an ared. © |

represents the ared for that particular ] L .=t

formed

B

station.
fall recorded al varjous rain gauge staticns.

5 1 of rain

farls ol K :
iy F:. P; e sialions.
As, Aye =
RA; + Pifz + Pafs
p.= = Ay + Aj + Ay + o A,

mE
T PA

IA

. P, are the de

) jous rain gaug
as represented by Vanois rain gaug

A, are

For r\'.‘rr.".']"-‘r-'.',
Table 1.3

Arca of Thiessen
Palygon {A)
45 sqg.km
28 sq.km
30 sq.km

40 sq.km
EA %P = 4662.8
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el map showing contours of equal rainfall
represenl 3 MOFE accurate picture of the rainfall ~area
Gerrubtion over the basin,

parameters

jcal
drelofd
l“"

yjeriis qnd demerits of this methoy .
cn :

adts are accurate than arithmetic average method

i
51!

seordedd At eae) T ' ———
ainfall recorded at each rmingauge station is given a weichtare on the basis of arca which 1L represett

. raie iethod eliminates ermor due £ ) _
I..;I (L ] I-II..I-.- 10 non ll!l|||-.”|| r.l.l.'..‘l!ll'-lll'!l"_'l “I' FainEatEes

sapchment arca is: large inj - T 1
I._.|-| 1 ...|'!.|:|1 C 5 ge and 1.1|r|..:.':u§._!l.’ sSlations are also l],llil:-: large in pumber, it 18 ihen adopta
1w .;.,'-'n['-'.:h:l' 1:I"|'I:F'l|.'.[.;|[i||.|-|_

4 should be u ed.

gauging stations are few comp: _ . .
Il gauging are few compared 1o the size ol area, Thicssen P".'I" son  metho

inlh

{vi) A DEW Thiessen polygon diagram is to be drawn ¢ a change

in the gauge nelwaork.

very time for the catchment if there 15

(vii) This method does not consider the orographic influences

CES.
[u.‘ﬂ:'l- . Line Joiming T":-'i-“"T‘ of fqu.'Ll snowiall

lsohvetal m cthod :

lsobyets are the contours of equal rainfall, An | —_—

Border of
catchmrenl

* Procedure :

(i) From the rainfall values recorded at various
rain gauvge stations, prepare the isohyetal
map for the rainfall over the area.

() Measure the areas enclosed between the
successive  i1sohvets with the help of

planimeter,
slation
(i) Multiply each of these areas by the average Fig. 1.14 Isohyetal Method
rainfall between the isohyets. e T T A MU by

(v) The average rainfall is then computed as below :
To (PeR)]
& @ ik o )

e _—

A

For example,

L . e W W B —
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1.“;!'”[ nl""-l'l“r'rﬂ': Enﬂ'inl"-ﬂ‘rrﬂu ﬂﬁd!
- . ‘:f"'h
la

e
—

falile | '-.
AyerigEr Privcdinct
A s |I. Py + Py

!1“h‘ rh =1 . ~|. r-'1'-.l
rpinfall 7

AT ALLRALl

sohyels (Al

4767 _ 11.95cm
30949

crits of this method :
for hilly and rugged basif.
can use |

ge of nm';:-frlj'lhiu efTect, he t in constructing the isohyeta) 5

AMerits and dem
This method 15 oS
as the knowled

(i t suitable
(i) I the analyst b

for better results.
(iii) This method perm
this method 15 8

its the use of all available data
{iv) Owverall, uperior 10 the other two methods.
t!H{:AUI’:E NETWORK :

a required for hydrological investigatcs;

1.11 DESIGN OF s
onds constitute the most jmportant and fundamental dat

Rainfall rec
They are required for,
analysing SIOMMs
Fixing design flood

-

Ry

Forecasting floods in a river
Reservoir regulation, €Ic.
studies and investigations, 2 well distributed network of rain gauge stations within the catchmes

L]

For all such
¢ ratio of total area of the catchment 0 e

is essential.
density 13 defined as th

The rain-gauge density or network
the various rain gauges should be evend

To abtain relinble results,
the total number of rain gauges installed with

hould be too less as to give ¥

apelist

tolal number of raungauges in the catchmen.
siributed within a given catchment, More-over,

and uniformly i

a given catchment arca should neither be too many as to be costly nor s
- L L " &

minimum ne* i

resulis.
The World Meteor ologic

al Organisation (WMO) has laid down the following norms for the

densily.

—
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i : ters
ufrli-:l'l-.!q'.nr:rl parame

Iahle 1.5
B _ o _.__‘h_ll_rﬂ_mnm maingauge density (as per WMO))

——— T

Description T Melwork density

T Minlminm fillerahle
Hlat regions of tempey ale, | - -

———

mediterranean m |
s d ANy 1 |
Bilpe rllr 'I [ LT lar
':“l."|"I|..1i FoOnes 5 % |
e ——— 600 1o 900 k! G0 to 1000 km*

= ——

Momininous Areas of — N

| gauge for I pauge for

|
‘ bemperate, I'l1{'L|11-:r1 =

nean and wopical romes [ '
I \rid and II rones 100 1o 250 hm? 250 to 1000 km*
| 1l | Tl amnd polar rones d
| | P rones | gauge for
|

| 1500 to 10,000 km?
15 code Recommendations

=

TR 1965 recommenids the fﬂl]ﬁ“.ing

raingauge densities
In plaing, | station/520 km?

In regions of average elevation of 1000 m |

station/260 o 190 km?
In hally areas, 1 station/130 kml.

I r::r‘.:‘mtl'ldfd that 10%& l‘lf Ihlﬁ gauges are of n_r.,:;mjinu Iy pe

Optimam number of Raingauges ;
Suristics has been used in determining the optimum number of raingauge stalions required to be installed
1 3 ghven catchment. The basis behind such stati

; stical considerations is that a certain number of rain gauges
eaticns are required 1o give average rainfall w

: ith a certain percentage of error. If the allowable percentage
eor i more, lesser number of gauges would be required.

J..I.' o 1!‘ " L4 " L § r * - .

Based on this statistical principal principle the eptimum number of raingauges (N) can be obtained by
te following equation : -

e |

Mow | —

il (] Sal G pe (10
WhETE,

N = Optimum number of raingauges
C, = Coefficient of variation of rainfall

E = Allowable percentage error in estimate of mean rainfall

C, tan be computed as follows :
) Caleulate mean averape annual rainfall

5 vp where,

n EP = 1otal rmainfall

i Tl gl T

n

n = number of raingauges existing
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- Engincering And Mydy, .
. s e

= Water Rosource

oy 2=
' |
o

(i) Calculate ¥ (P - py?
(i) Calenlate sample simndard devintion

jx(P-P)
& I' F
Il|' {n-1)
{iv) Calculate the coellicien! of variation

100 w 47

.1

L, :
|\I|I\Il-|at'a Jtt'HI'.JtLlJ a

1.12 INTENSITY OF RAINFALL, MEAN A
ainlall.

on is called intensity of 1
ur, or mm/hour.

Intensity of rainfall :

[ all & it furat
The amount of rainfall in a unel { S
i is usually expressed 1n emv/ho
8

at which rainfall occurs. I
— = & ¢m/hour.

It 15 the rate
' iy ] i =
the intensity of rainfall 3

rainfall in 3 hours duration,
ration of rainfall.

Il there is 18 cm
WP ; i% du

The greater th

NATURAL
PLOT

INTENSITY (cmjhr) —

.1 1.0 1L}

[ 2 i
TIME (Hr) —» TIME (Hr) —»
(b)

(a)
Fig. 1.15 Intensity duration curve

[l
R S R I ————————— e

L. Mean Annual Rainfall :

Daily rainfall :

fhe rainfall collecied T i . .
cled at any raingauge station in a duration of 24 hours js called daily rainfll
= Al ALY rain -

. Lﬂnl r‘LII lt‘ I L n i I 1 i 1

iy

]

e } J 5.
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il i fall
| T ; gl F2I0
; of the minfall at any given place, we penerally refer to the average annudl

] E i " i this Tgure
we speak that Cherapunji gets 1270 cm of venrly rain, it means thal d

! ] ar @iveEn
I F any EIVE

1 leng peniod of about 35 vesrs This is known as average rainl oll, Hul, S :
: -.||--'- P II.._.:I.: EXCERLE

- pain may not fall equal 10 this amount. It may be less than this average

average annual rainfall of that
: : _ [ Jeficiency
mess, thus, gives us an idea of the welness of the vear, and hence indicates the de

ol W

ex means a rain deficiency of 40%
30 1o 45% ... Larpe deficiency
45 10 60 % ... serious deficiency

more than 60% ... disastrous deficienc
S |
74 mm or more In a peritad

Rainy day 1 When the total amount of rainfall collected by a raingauge 15 23
o+ haars. it 15 called a rany day.
[ LW W =

E— . . ¢, 2015
|3 ESTIMATING MISSING RAINFALL DATA : (Dee. 25520

i P : CT— - dus to absence
simes. it may not be possible to measure the rainfall at a particular raingauge stalion CU Lk

B
o HE L

= . P k g .Illl:;l & an
erver or instrument failure or any other reason. In that case, the prediction of the missing ©

the ; ; ¥ s s e e yethods :
with the help of available data of nearby measuring stations, using the following :

Arithmetic mean method

wormal ratio method

Inverse distance method
. Station-vear method

. Arithmetic Mean Method :
) . P of the station X is computed by simple arithmetic average
According 1o this method, the missing rainfall P, of the station A 15 comp 2 ¥

of he rzinfall at the nearby stations (index stations).

I £
 AtR P+ Ry e e e (15)
. n
where, n = number of index stations

: T 5
Py, Po Py s Py ™ rainfall at the index stalions I, & &

Thi s T a -onditions :
ihis method is used only under the following CORdIRItn

dex stations should be available.

) data of atleast three in ; o
i<sing station is within 10% of the average annual rainfall of
‘ g

) The average annual rainfall of the m

the index stations

. rricEime Slatii d shoi 5 52
. wenly distributed around the missing station and should be as clo
Ihe index stations should be evenly ¢

1% possible.

g = - — e
- TR = e o —
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2.  Normal Ratio Methml :
| jex stations differs fro
rhl-.“- “'ll-"”'l'i"'l.f “_ II-‘il.‘l.l. 'l'I-IICJI Ih-.' AVEre ili'lli”-|I I.Irr||'lp“ af Any I1r IJ:IIE {nUcE 3 s s [roen tles x

the station in question by more than [0%% _
weighted by the ratio of their average g,

In this method, the rainfall (I%,) of the index stations are

rainfall. Missing rainfall P_ is given b

: ¢ index stations
= gverge annual rainfall of index stanion
sl rainfall of missing stahon

average

n = Number of index stalions

Inverse distance method : Lesd tion so that i
Wf rectangular co-ordinate axes arc passed through the missing sla s 1 i
i Es JEunnaR : ;

ex station surrounding 1

¥;) of each ind
d by the inverse of the square

In this method a scl - o i s
The co—ordinales (X,

b index station is representic

co—ordinales ant {0, @). i dinian b
The weightape (W) af eac
missing station, given by :

EE |

|
W, = i'—".‘] I .'"|"

S

The missing rainfall data of station X is then computed {rom the relation :

n

W,
IR P P

~culis and is therefore acceptable for scientific analysis. However, the limitatio:

This method gives good re
of the method is that it estimates missing rainfall between the highest and the lowest values of the index stations

4. Station year method :

In this method, the records of two or more rangauge stations are combined into one long record prﬂ"r'id'!‘n"

cation’s record are independent and areas of stations are climatologically the same. The missing record af
certain station in a particular year may be found out by the ratio of the average or by graphical comparisor
For example, in a certain year total rainfall of sation A is 78 cm and for the neighbouring station B. no record

is available. But, iff average annual rainf: ; : T - :
erage annual rainfall 1 A and B in previous year record are 72 and 82 cm rcqu:-.:lu':f_'-.

the missing year’ irfall : P av be abiai g .
g year's rainfall at B, ie. Py may be obtained by simple proportion as :

78
)

72 oy

< Pg = 88.833 cm

This result must be chec
e I;,'I_l.l;.',:j h'|' :'“"-'”l'l‘."f l." T
s an stabon C for berte - s ali
average of the two will provide a bit accurate P ter results. If the new Py is slightly differes-
i AT I 1L
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ydroleglcal parameters
‘14 PRESENTATION OF RAINFALL DATA .
I
' [ i e . e " i
There AT¢ three methods of presentation of rainfall datn collected through mensurements at a g +n stalio
Hvetograph method
alass curve of rmlall method
point rainfall methiod

fvetograph Method :

\ hvetograph is 2 bar graph showing the intensity of eainfall with respect to time. The hy etograph can

3 rﬁ':"-\-'{'d r;t..-”.'l. rri'll"l'l the mass curvg nf li1inf.1l], O 'Ji"..‘_.”." From the data o tained Trom _1||r,_r.-:|_-|_-l;|: ;_‘rir:-‘r- |'|r:;'i:'#.
i i :
m— 1.2 =

(=]

=
o

L=
o

b=
-

]
Sy
5
=
4
L3
£
-
-
=

4 1 10
Time (Houra)

Fig. 1.16 Hyetograph of a storm !

——— -

It 5 a very convenient way of representing the characteristics of a storm and is particularly importamt
e . : H . '
= G development of design storms to predict extreme floods. The area under a hyetograph represents the total
nsfill received in that period.

The time interval used depends on the purpose, in urban drainage problems small durations are used while
mf . . : ; ) '
“ed-flow computations in large catchments the intervals are of about 6 hour.

Ly
Many cupve of rainfall : (Nov, 2016)

- A mass curve of rainfall is a plot of cumulative depth of rainfall against time. The steepness of the curve
::.m“ the intensity of%rainfall. A horizontal portion of the curve indicates that there was no rinfall during
=i F':T{Dd =
Thus, i Fig. .17, A 1o B is the first period of rainfall. There was no rinfall from B to C and therefore
rt|:||:.:|Tﬁ:'niI horizontal. C to D shows the second period of minfall, while E o F shows the third period of

" W& mass curve of rainfall is a rising curve.

* Intensity of rainfall during any period is given by

Ap
At

15

Vig,
il BE-VIv 2091 1 4
S
.
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T

S gt i e
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12 18 20 24
Time (Mours)

e e

Fig. 1.17 Mass curve of rainfall

Poiat rainfall method :

Paime ¢

the IS

t runfall data are used collectively to estimate the areal variability of rainfall. It is also used in d
v = duration - I'n:q::u.'-n;:'_. CUrves,

eV

However, the point rainfall data bar graph does not reflect

o R

] =
’ e

. any clear trends or patterns in the rainfall 4
ariations in individual vears. In order 1o suppress these and to bring out the general trend of |
I : 2 o L Lt [ [ R LE
wmiall, moving average curve is used.
Moving average curve :
| T *
MOVINE average s hmigque o 5 i i
. ¢ 15 a technique for smoothening out the high frequency fluctuations of a time series
10 enable the trend, if any, 1o be noticed, h

The rainfall avera

ges of the three (or five) ¢ ulh A
s o 5 I e (or [ive) consecutive years, are computed, and then ;1|1-.::L-.|. For a thre
2 VIAE m L L :r-.||rl|:||;”:111' ..- : same o . £ ¥ - 3 ]

, 5 Framfall to be ploted against time imean of three years) shall be caleulate

ptw 11 *P+P
-

-
]

p.l 5 E.I' ._E::I'|__: Tfll
: 3

30 o P3P P,
P'= S8 %

The values p* p.+

5 PP, - are then plotted g
I0E curve of
nfall with time

LnE:-'..'I.ﬁ' a5 _1—].'::”' Moy ing 1 er;

ast the corresponding time
or decrease of annug) ra

annual rinfall, and wi The plot so obtained will b
Aiiall, and will indicate the general trends reparding increes
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118 ANALYSIS OF 1!.“il"'-"i-'.\|.|. DATA

amnfall duringe 5 Near oy i “““"'""f of +

. ainslorm
: x ."! ] rains
aracierisies o
YEATN) consisty of eral storms, The characterisiic
- waTR) EOREy 5 0l weve AL !

gy btensiy fena ey

l.'--l Isiiatiavis Ln, 11[ i "1-|':'r"hl
[ |

FTOqUEnEY (once iy & Vears

* O once in 10, 29, 10, 60 or 100 years)
(iv) Areal extemt (apeq OVEr

hich i s |Ii1|;r1|11|l1:-.i'l
y  Intensity of rainfan .
i :

T %4 we emihre O
he imtensity of ramtall (i) e : e oxnressed as cm/hr ¢
he 45 the ralg g which rainfall occurs, and is VL
mh Th . ' :

_— i o h“‘““—"*"-‘h measureyre
e B 11 A1 L}

JUTAROTY |

P day, or in a
cords only rainfall depth (F') in a day, y
Ju iﬂtcnsit:.- of rain

fall is given by

j o= i|1|:=:|1~.||1. of rainfal]
P = rainfall amoum

t = duration of rainfal|

However, in the case of recppq

3 NE type raingauge, the duratio
smuiianeously in the form of

Mass curve gp the ringauge
The intensity of rainfall s classified inig the follow

N and depth of rainfall both are recorded
recording char,

ing three types :
Moderate intensity rainfal)
(i) Frnqunm:}' of point rainfan :

The frequency of a rainfall

petiad,

is the number of time that a given magnitude of rainfal may

OECUT in A given

The study of the probability of oceurance of a particular extreme rainfall (such as

% of extreme Importance to the determination of design flood, This is determined with the he
alysis. For sych an analysis the point rainfall data at a place are arranged in o chronological or
For example, 1¢t us assume that we have maximum 24-h

2 station, The highest value of 24-h rainfall depth in the series occur
of

24-h MAXimum rainfally
Ip of l'r::t;u:-m.':.-

der 1o constitute
A lime serjps

rainfall data for 30
S once in I-years
: ) : 24-h rainfall depth OCCUrs twice in (he
OcCurance js 30 years. Again, the second highest 24-h rain I

d hence,

Years, recordeg

» OF jig Ilr-.':u.lutnc-.,-

record of 30 Years,
s frequency of 15 years, and so on for olher data.

in v ¢ e 0f the evemt of the
: is the i | in years for occurance o
The recurrance interval is the interva

Same magnityd
15 the reciprocal of the frequency.

2 and

, riod, is given by
Thue i i interval, also known as retumn pe B

Scanned with CamScanner




-

Water Resources Engineering And Hydrg;.
: ] —

where,
' = recurrance malery il

= Probability of PECTIFANCE

P
If there are mant
< sfopms durimg
anged in the de seendin

{of maximum depth
this in [‘I'i.'l

all reconds for 1 o A0
y the period of |
g order }

vears, the vandu

recond may De A
o

l'?.uml-r.l."l'_a:m",.m scaly

the I'I'I-"_I.._"I'IIIII._'E
inrensity). When arranged like
descending order,
and the oerder number

if there are &8 total number
or rank of any |
|

h or intensity) |
Frequency(®)log sccle

of m ilems

gr stom (maximum dept
rval (T) of the

Fig. 1.1B Rainfall frequency curve

ane of the
PP AR Nl

particul
i« m. then the recurmance inte
storm magnitude 15 given by
following equations :

{a) California Formula :

n m
Te —grP, ™ —
m : n

*
[

(b) Hazen's Formula
2m = !

>
T= e m!m =

fe) Weibull Formula :

n+l m

T= or P =
m ro n+l

where,
m = order number of any particular storm

n = tolal number of items (years of record or rank)

Frequency of storm is given by

I
f B o= 8
T 100%

Out of these, Weibull formula is most widely used
[sopluvial : Li | ‘
+ Lines connecting points of e
retum period & 5 ol equal du:-pilm of rainfall of 1
penod. : a particular duration with a ps
I a particiix
e A
¢ shall discuss the r'ni[-.h'.-iuq '
jl I 4 . - 1
Intensity - duration analysis
Intensity - ¢ '
¥ = duralion — [re : '
fr|..1||.:::ur.j.' rff.'ll!l:]l?:a!]ip

Depth - areq relationship

epth
- freg - !
D €2 - duratjon ruiniiuml:ip
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plogica -
pryd” ; .
= [ntensity doration curve :
A b

i has been observed in practice that (e

duration
he painfall In other words, VEery
o 1k 'E 3

o . <horter is the
Rreater jq “lu inlensity |;"|r r.1|r'|f-l||. the shorte
NMtense X

. “.l'l'-”h‘:, el 1'.
cos, IS IMICASINY decreases,

I . 2
I L= III-I-I'I| :'l i | llhllll
T

o a short duration and as
Ihe intensity duration curve

can by

. ’ A1 10 {H'
I'I-1'-|: “111"!.! 1 - v |'1 5 .1"IJH|-|_1;‘|_ |1HT.‘|.‘I
T Sl by plotting the rainfall intensity (em/hr) ag
rainall Mensiny Y | g the rainfa ity
sgrve 15 '!1"-I.:.'|=l=|'l- -.|r:'|-|-|.|-r iy
e Ll

o Fig. 1.19 (a). The

s = - «q {or hours).
N Wsually expressed in emvhe and the duration in minutes (0

Sl E LT | Braph Paper

.y For photting the imtensin duratiog Clrve,

d from 1he
Layimum IREERsITY, the IIL'l"l"-'n'|r|!:

2 ) aner. Fig. 1. 19
Sometimes, it is drawn on a log-log paper. FIE
the obserye

Waillable
POmts shoyl,

¢ gifferent Jurations are abiyine

L i

. ol | e for storms
d maximum minfall intensities at a place lor

o e el of different
ainfall record. While selecting the storms ol |

| be kept in mind,

R \

Mger -lumnnn need

Sorm in which y ot include the severest storm of shorter duration. For
' vich the :

. maximum

e e ame stom

S sinfall -““m,:it}. for 10 minute duration occurs may not
me which (he MAximuym

1 e =evenest slorm T

&xam [‘Ii:'. |!'l'|‘."

rainfall intensity for § minute duration occurs.
——

LOG LOG
PLOT

INTENSITY [cmfhr) —p»|

INTENSITY (cm/hr) —p» /

ke

2 1 _
TIME EHr} —_—p l 1.0 T
TIME (Hr) —
(a) (Hr) b

(b}
Fig. 1.19 Intensity-duration Curve

Even

|
|
|
|
!
i

for the same storm, the maxi

mum rainfall intensity for
duration may not be successive. For example, the maximun
may be from 2.00 AM 1o 8.05 AM, whereas

AM.

3 minute duration and that for 10 minute
1 rainfall intensity for 5 minute duration

that for 10 minute duration may be from 8.20 10 8.30

As the rainfall intensity (i) varies inversely with the duration (1), the relation berw ¢en the two b
P e & =111 &
“pressed by Talbot's Formula : ) »
. a

— —

t+h

{1.1]]
where,

aand b are constants,

The Talbot formula is applicable for storms of durtion 5 1o 120 minutes,

For storms of duration longer than 120 minutes (2 hours), Sherman formula is commonly e, ""-Wﬂrl.ling
0 this formula
a

v —_——

= : e (11
'T (ten) )
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" water Héiﬁui‘l-:ﬂi'EngFrrr:erlﬁq Ang Hyq
e e e | T

“-hl.'F'l'_ 0 is A ¢consiant
(4% will be h'-.l"l'f!"l-"l'l-' s shown in I'ii: 1.19 (a)

The cunve repe swented by ey il

) . sainst duration in a log-log scale, the world's grestes
Panlhus sitgeesis that it sintfall s plotted aga . ' " v recr, .
craight line whose equalion 15

.' 1 - " -
ramlalls fve o0 o0 gost umler 4

B fainfall I"'l.'r'l-'".l

D = duration (fours)
eltiee are of the order of
The wotld's highest reconled inlensilies aft of the orde

10 mm [ oa minie

200 mm in 20 minulcs

*hom in 4 vear

Intensitv-duration-frequency curves (IDF curves) :

1.1

all of a place can be completely

mtensiiies, duration and

P
L

acics of the vanous storms l."ﬂ.'l.'llrl-l'l,l:-'!

slsce are known, Whenever, an

af that
rain occurs, its magnitude and

ir it

furstion is generally kmown from the

meteorological readings. Thus, at a given

stabon, the magnitudes of the isolated rains

A, intenalty c:m_lp".h]

us durations, such as 3 minutes, 1D
15 minutes, 30 minutes, 60
120 minutes ctc., are generally
known. This available data can be used 1o
3
Durction (h)
Fig. 1.20 IDF curves

determine the freauencise ol :
coiermine the frequencies of the various
rang, usiag the equalon,

Il
Tm = California Tlormla

where, = frequency

J £ .rf E1-|' UCRCY jur' " W "'I s I:ll | ‘HI# |J|. I I.I .l:l'ﬁ L ne a Fl . a0 L
L e 3 L LT ¥ | 1 | | i 1” - ¥ n cns t | [ ll ok
! Lt 5 [k i L | .
'r-'! Pk ! Uiy e II i . inv : X ¥ hr!l 'l.Ih L= n I-«I rl' e iy Ld l‘ ] I NSy 1L| B 3
dJJJI' I I:Il ! . in ”hll 1c ]'I J d =
!'r- ' I e r. B o s i P I " .
v I = = . | - & hfr
" i L r I r QI.IE‘ E#’ 15 ‘u N.

words, for a given duratiog : F b :
M. the storms of higher intensity are rarer than the storm of smaller intensi
" ! smaller intensily.

: ] F I . Wi [ =1 I':[rl-' EUF'H:' ﬁ I i
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pydrole

x y =aty DE
. can
v _saryal {T)
Janaaslip between the mmin il lensity (), duration (1) and the pEcurrance int
The T :

Lo boand no® comstants of tha calchment
i L]

! recwrTance interval
1 Pepth duration [requency Cyryes (DDF curves) ¢
1=
. depth-<duration - frequency curyes ¢

e v U infensity duration CUMy ey

o e hasic diflerence that the ordinate

5 the total depth of the rainfal

the miensiy  of rainfall,

different  recurre g

eervals are found from the record by the

Depth of roinfail (em)

_sability analysis. For the storms of

wears. €. SEparale curves are drawn
beraeen the total depth of rainfall (cm)
wd duration (hr). .

- ; Duration (k)
of  rainfall
mcreases with the duration of the rainfall,

As the mwtal depth

Fig. 1.21 Depth-duration frequency curves
RS it el . e e
the cun'es a1¢ NSing curves. Moreover, the

wul depth of rainfall for a particular duration increase
L1534 Depth-area curves :

s with an increase in recurrance interval

A storm over a particular catchment does not produce uniform rainfall depth over the entire catchment.
Each storm usually has its centre called the eye where the rainfall is maximum. As the dis

tance of a poimt
from the eye increases, the rainfall decreases, Thus, the average depth of rainfall

decreases as the area of the
catchment increases (Fig. 1.22), The average depth of minfall decreases exponentially with an increase in area,
The relationship is usually expressed as :

_ - kA"

P=P,.c

o wan e (LT
where, P = averape depth in em, over the area

A = Area (km?)

P, = highest amount of rainfall observed at the storm centre

K. n = constants of the eatchment

' determine

Because it is very unlikely that the storm centre will be located at the raingauge station,
'f:pl:h

5 not possible

the exact value of Py from the rainfall record. It is the wsual practice 10 1ake Py as the average
i |

of Precipitation over an arca of 25 km* near the stonm cenire.
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s, depth P

Poinl depth ot
pigs al ored

Aran {IrJ'I'FJ'
Depth—area curve

Fig. 1.22
- —,——

a-Juration curves (DAD Cu

rves)

1.15.5 Depth-are
'l'l-n.- |-.-d.l|-|_ ared r-=1u1=|.|1|'|'\|'|ipi r.l:"r !'-[I-'ITF“- 'I-'r
L - "
: SR
&ifTerent durations are different The depth f“- :
ion curves for storms of different durations
wid o k.

from the rainfall record. These

a

=3

: . b
~pryes are drawn on semi-log paper. The average
depth (P) is plotied on natural scale

precipialng G

~rdinate and the area is plotted on the log scale

as

a5 abscissa These curves are abbreviated as DAD

Mverage depth (cm)
8 8
L=

curves. Fig. 1.23 shows DAD curves.

The following points may be noted for

_,.
=]

DAD curves :
(i} The maximum average depth

precipitation for a storm of given
' L Storm orea (1000 km?)
duration decreas as the area increases.

of
Bo

(ii) The maximum average depth increases Fig. 1.23 DAD Curves

with the duration of the storm.
DAD curves are extremely useful for the development of design storms required for computing the destg

flood for the design of spillways and other hydraulic structures.

1.15.6 Double-Mass Curve : (Nov. 2016, April 2017)

Double mass curve is a technique used for checking the consistency of a rainfall record of a particulys
raingauge station. If the conditions at a particular raingauge station change significantly during the period &
record, the rainfall data of that station is inconsisient.

Some of the common causes ol the changes in conditions are as follows :

I.  Shifting of the raingauge station from one place to the other.

2.  Replacement of the old instrument with a new one.

e
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maingraupe may be [ Y .
i) 3 IIIH; e 4 Ceramn periosd
{hange n the vicinity of the station d

e wlatinn ¢

ue 10 prowih of (rees, bonlding lens

gra lotie
M plotied between the
o - - 1]
eryun Accumulated annual aluesy of the ave
€ mverage a
Iy &% Rwn in Fug. 1.24 A |:|r.'--|ll'. in ihe

chile MAss CUNNG 1% 8 fall at
i syl i1 |
_|'_|_l|;r,"||!'|'|l_'-'l .|r1r:'ll1 rane LR

[ group of base stations, for vark s

X T slope of the resulting Flll't indicates a
i gatueef ik e v o !

of sation Precipitation values at the station X. bevond the perind of break
Jlowing relation | e YO

correcied precinitat;
4 Precipitation at the el station X, at any time period 1
¥ = PECOFEL TEEE P 2 %
P, = recorded precipitation of the test station X, at time period 1
. o LB L hy o IHTE [REFTO
Ag¢ shown In Fig. 1.24, the

data beyond point B are 10 be corrected in the ratio

H
§
x
%
:
L]
%
3
3
:
2
El
;
- |

B0 1200 1800 2000 2400 2800
Cumubstive reinfol ot 20 boss stotiors (om) —=

Fig. 1.24 Double mass curve of rainfail

s hapee 0 u

cipitation

serected by

{1.18)
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1157  Probable Masimum Precipitation (PMP)
pax irriiim depth ol precip e :

fineil A9 the
f the year It is the critical [y,

The probable maximum precipitation (PMI*) may o
meril At any fipe 0

sl from @ g 1Oem due to the mag €rin

a given duration that may possibly occur on a given catch
area<duration (DAD) relation fior a given basin, which would re

l“t":l.'-l_'ll"i.'liq'lFiL'.ﬂ :r‘l'll.li1i|.1n\ ”':" A [?I“"-I‘!"il.' I"r ECITIFANGE -
(actors sueh as e .

gl W ErpES 41|-:I|:-'-lr'|l"L!1'-'l'l|

i = ellect
The PMP is useally estimated by maximising the el

temperature  and wind
PMP

[here are wo .1j~|'in'-::-;,':.:~. for estpmaning

I Meteorological approach

s Spatistical approach
alysis of precipitation that hy,,

which are |'|-|._1*_.'1i|':!1_- .

Meteorological approach

PMP is derived from the depth-
ted for m

arca—duration (DAL) an
aximum moisture ¢hanges

In this approach,
adjusted values for all storms.

DAD curves are adjus
htained by envcloping curves of the

point rainfall lie on or jus

oecured in the hasin. These

NAD curves of PMFP are ihen ©
t under a straight line w}

As discussed earlier, world’s greatest observed

equstion s

R = 16.6 D7
where,

R = rainfall {inches)

D = Duration {hours)

Statistical approach :
PMP of a basin can be estimated by the statistical approach if data is available for a long penod
PMP is estimated from the relation :
PMP=p +k. o
where,
p = mean of annual maximum rainfall
g = standard devialion
k = frequency factor (usually taken as 15),
Use of PMP :
PMP is required for the estimati i
5 d lu stimation of probable maxi
3 : axi [ 3 : P v =
5 0 M 5 i el o e ns g mum I.'I':-.Jd (PMF) for the design of spillways of larg
) 4 10w as possible, the designer selects PMP for its design
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aramelers

e
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I ExamrLes

o T 4 1|'l. |.“.'r1 a
- In & COTAIN Tives basin, There are Fouer vminggange stations, with the
- ) iy . g
[\.1-"1

o SO0, 2-

' ; pmber ©
i, {50 mnad 3990 i, respectis ely. Determine ".“ |_||'|| imanm LU
ariin )

it f i1 13

i : « =alc
|.|-."-'I'-'1| ta Limit the ertor i ihe mean value ol 1",“_1“ T the
[(Ihee. &
.._-:'l"i"'“ L

oo | : Aserage annual rainfall “1']

e+ 520+ 450 + 390

240 mm

Step - 2 ¢ Calculate
(P-P)

= (800 - 5-1[]}3 + (520 - 549}? + (450 - 5403 + (390 - 54002
= 08,600

Step - 1 : Standard deviation (a)

| ’ - d
1z (P-P)
L.l‘.=-|rl

\ (n-1)

98, 600
)
= 1§1.29 mm
Step - 4 : Coelficient of variation (C))
B S
L P
100 = 181.29

— e E

541)
= 33.57

Step - § : Optimum number of raingauges (N)

12
N = [C" E =10 %

[33.5?]3 )

11.26.

2 Nos
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Additional number of raingauges required
12 - 4

I':HIITHIITD—I = A water shed has four rangauge
nd D, surrounding station A,

siations, A, B, C and [, During a storm, ringayge .,

recorded rainfall of 36 mm, 43 Py Ui
d mm .

A was in.‘-r‘-..:r,|,||_-|.._-1 while stations B, C . . : .
torm p“‘.-ip,miu“ of station A, using anthmetic mean Mmoth,
SO . T el e

50 mm respectively. Estimate the missing
Solution :

FpePo+Fp
3

36 + 42 + 50

PA

Example=d : A raingauge 'D" was inoperative during a specific storm. The rainfall recorded a thres
A B and C during that storm were 52, BS and 70 mm !'l.'!iu]'.ll.!l.‘.[il'ﬂ'l}r, If the averay,
A. B, C and D are 650, 900, 820 and 700 mm respectively, estimate the s

(May 2015,April 20)3

surrounding stalions
annual rainfall of stations
rainfall of station D. 1
Solution :

P, =52mm, Pg=8 mm, Pc=70mm Pp= i

N, = 650 mm, Ny = 900 mm, No = 820 mm, N, = 700 mm

n

B . P]
TR TR | e Normal ratio method
L
7

||' 52 B3

"' — = s
3 | 6350 900

Example— : In a certain year the total rainfall of station A is 75 cm and for the neighbouring station

B there is no record. But if the average annual rainfall (a.ar) at A and B are 70 and 80
estimate the missing year's rainfall a1 B.

Solution :

cm, respectively,

Py = 75 ecm
Ny =70 em
Using station year method,

P P,

Np - N,

70
B5.71 em
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al parameters N =
”rﬂ_l.:rﬂ“: - i R e e d (i) Chicsscn

= s . t'l
_& ¢ Find average minfall from following data by (i) Arithmetical averags metho

EEEN g 3
_.l-{ gl “lalion

pPrecipitalion m «<m

vea of pelygon in em?

e — e e .

golution -
“llhn“-ﬁf:ll average methiod
i , .
B+ Py n_i y 4 :._..._i"'”
g 1
13418 +29+25415
1040

=

= 20 ¢m

it Thiessen polygon method
{

Ay +Ag+ Ay +. LA

(13« 160) + (18 » 172) + {29 = 165) + (25 = 205) + {15 = 185)
B (160 + 172 + 165 + 205 + 185)
17.861

887
20.13 em

Frample—6 : The rainfall values at gauging stations and corresponding areas of Thiesen's polygons
far 3 drainage basin are as follows : (May 2015)

swion_______ [ A [8 [c o TelF |G |

Area of Thiessen's -
polygon (km?) 92 110 70 3%

Compute the average rainfall over the basin.
Saolution : (Similar April 2017)

Thiessn's polygon method :
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q Hoo=
Py A —

- . -11
YA
-|-r..; ]
i 7
= [11.59 em

Example-7 : The isohyets for annval rainfall over a catchment basin were drawn, The areqy ,

age depth of annual Precipitation . ¢
Bl

between the isohvets are indicated below in the table. Find the aver

hasim

Arca between average rainfall

isohyets (A) km?
75 - 85
g5 - 05
95 - 10§
105 - 115
115 - 1358
135 - 155

46,400
266,400
285,000
110,000
76,250
23,200

I = 807,250
807,250
8160

= 0892 ¢m

Example<8 : For a drainage basin of 600 km?

» isohyets drawn for a storm gave the following data :

calchment srea
enclosed (km?)

Estimate the average depth

of precipitation over the basin.
Solution : Total are

a of the catchment = 600 km?

Scanned with CamScanner




colchmeni LT

iren -||ri-.u_|“-'
n
emnclivaed (himty wo lsak
mhvels

A (kml)

15
(1]
1l
120
170
LA 600 km?

12,575
600
= 20,9 cm
in Arithmetic mean method
(3) Thiessen's polygon method

{3) draw isohyets at 1 cm interval in the catchment.

-_—_r'._._._-'
i

e product

ralnfall
1. III-1 i I'l'1

e —

| 787.5
| 6500
LR
2100.0
214310
—

12575

L
a2

area shown in figure by :

(18cm)B, 29 hm———'fc':—“{m]

Fig. 1.25

sﬂutinn :
U} Arithmetic mean method :

PH."'FH +FL'= "'PI']
e =_'__"T_"_

P
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12
|
= |k em

(1) Thicssen's Polygon melhod

I 1w0km | 10 km |
Fig. 1.26

ABCD = catchmen( area
Polygon (1) = a'e'd'A
Polygon (2) = a'eD'B
Polygon (3) = be'e'C -
Polygon (4) = d'¢'c'D
Area of cach polygon
= |0 = 7.5
= 75 sq.km
Ay = Ay = Ay = Ay = 75 sq.km
R+ PyAy + PyAy + PoA
A+ Ay + Ay + Ay
(20 75) + (18 % 75) + (16 x 75) + (18 x 75)
B ~(75+75+75+75)
5400
300

i-rr- an_ufcr.! Eﬂ 'Iil'_i !'_“ﬂ"'ﬂ.;'m"i H.;‘::.,
_—--"'_ —__‘__- 4, r 1

—
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109 jeal pa . m“""-’
&)

sydre -
i |-|, To ilraw |1F||'Ht‘|'l in the Enith"‘lfni & S
A

T AIRIGALIGE
Y
A

CATT T NT
AETLA

AL
rel18
: 7 (18)

mOHTTAL LNE

Th ipitation i
prample=10 & The annual precipitation i ¢m of a certain raingauge station from 1966 to 1978 is given

. rln..ll"_'l'n‘i- »

385, 31, $8.2, 85, 298, 25.8, 7422, 505, 338, 212, 33, 694

E!:!:ﬁﬂlt: the H‘allll: 'Uf Pﬂ:ﬂ-ipilﬂl‘iﬂl‘l hﬂ'ﬁl‘il‘lg rf":l.ll'l‘-'l.l"ll.‘: il“.mﬂ! ﬂf 5 ?cm l.IiiI'LE; Prﬂhﬂh““}' or !-lﬂliﬂitﬂl'
method.

Colation :

Amanging the precipitation values in the decreasing order,

L SEIERUNES X WA auIEl

n = total number of years of record
= ]2
= recurrance interval
= § years
using California formula
I

Te —
m

m = order number of particular storm (Rank)
Since m = rank of storm = 2.4
Choose the second severest storm, i.c. 74.2 em
*. Precipitation having a recurrance interval of 5 years will be 742 em.

Example-11 : The ordinates of a rainfall mass curve for a storm commenced at 6.30 hours, recorded by
*If recording raingauge at 15 minutes interval are as follows :
0 124, 22.1, 35.1, 527, 63.7, 819, 109.2, 1235, 1326, 1433, 146 and 146 (mm)

WVRER I\ BE-VI\ 20211\ 6
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Water Rosources Er.lgin_ﬂrerlnﬁ Ang -" -
e el =
'rﬂlﬁ

e ; . se stations are are R
o o 200 i se ’ franged i tal, i

Loemputations for cumulative rainfalls at X and al averay

——
S
=

—
- cumiiln live

i lative
rainfall 5 M

as under, starting from data of most recent vear o
SR i e 1]
Year Rainfall ai sin. Rainfall at £

hasc ¥iM.

X (cm) rainfall at
(em) brase si, fem)

ain, X ll'”_”___ e T
et (4) (5)
1

A graph is plotted between the values of col. (3) and (5) as shown in Fig. 1.29. Corresponding y&

from col. s alto marke :
ol. (1) are also marked on the corresponding plotted points, as shown in this figure

A perusal of this fie e . -
pe 15 figure shows that the mconsistency has occured from 1953 Hence the present data, S5

‘IJ:; IJ‘ i'rfﬁ ‘.rl IJ’L H"L ”LI 15 GO 1 '} I l ot ! "y i - | a "j o
. _ F ['S # I'Ir:d ' e FIlL "HMES i lt!ll :l I"r tn [h W 1 L} [ 7] h.: ::1 ?Fl"'.
I L .}IE‘I r I . 5_’ \ [“ & : I

other words the rainfall valuss of years [952 to 106 will be d
= a4 correcied,

Take suitable value BC and delermine C* and © values from th h

. : ¢ graph.

; : C' 520
Correction ratio = — =" = 44
L. T‘D "
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x - = = - _— i LY
rn|pn|—;|n1|t!h‘*t5 -- s e E - e

—
_—

arolo9!
= '.-“-u'.]“ values of stalion "X !ﬂ_‘t“,_-ﬂ.l
i I

0721 as below
et 1Y e —

H -~ -

g the original

. ' imlvin
| the Years 1952 to 1946 are 1_|'1rlr_'l.'|l.'f.! by mnlbp)

‘I- e —

At sin, X = P, « 0.722 P (e

- o I—
-
I"]“ - e ————

I.n lem)

126
e
P — -

108

. busted e . : ;
The final adju ted values of annual rainfall at station "X' are serialled in tahle below and mean .‘]HTI'I-'IJ-I
_rtion is determined equal 1o 98.62 cm,

corrected/ad justed
annual rainfall at
stn. X {cm)

corrected/adjusted
annual rainfall
at zin. X (cm)

B Example-13 : Thiessen polygons constructed for a network of 10 raingauges in river basin yiclded thiessen
::L.::h'ls. of 0.10, 0.16, 0.12, 0.11, 0.09, 0.08, 0.07, 0.11, 0,06 and 0,10 If the rainfalls recorded at these gauges
'_':_“”E 1 cyclonic storm arc 132, 114, 162, 138, 207, 156, 135, 158, 168 and 150 mm respectively determine
-~ WeTage depth of rainfall by thiessen mean and arithmetic mean methods. Also determine the volume of

Rirfa _ ca =l
" % runofT at the basin outlet if 35 % of the minfall is lost as infiltration. Take the area of the basin as
- I:[} k 3

mi

and express your answer in million cubic mefres. (May 2013)
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Soluhan :

[a) Thiessenm mean rnief bl 2

LA = 5800 km?

|| Ralngange rainfall

sfaifing " (i)

——r e e

weighted aren

A (km?)

— ———

SRO0 = .10 = 580

SE00 » 0.16 = 928

800 = 0.12 =

5800 = D.08 = 464

158 5800 = 0.11 = 638

e ]

'h'll'.ﬂ.ﬂr_ Resources r“ﬂi“'!-ﬂ'.rlng :“I'I-d‘ -
—_— e ¥ iy~
T "lh-.
s

—— !

",

F6560 1

|
I-E;:::_:h-“"ﬁl

112752 =

i
108054 '
T23R4
54810

100804
58464

:

(b) Arithmetic mean method :

F'I-rp___-l *'P: +
P.'-f = nj
- |_fJ.‘3'2+II-‘-‘+1ﬁ;?+133+:_3’ﬂ‘?+156+135+]53+1E-E+15D}
10 |
1520

10

[ o]

(e} Volume of surface runoff ;
Area of basin = 5800 = |95 2
Average rainfall = 152 mm = 0.152 m
Total volume of water = 5800 = 106 % 0,152
= 881.6 x 106 m?

= BR1.6 million cubic " —
Infiltration loss = 0.35 x 881 £ ¢ meires,

= JOB.56 million cubic mefres

A = 864664
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273,04 million cubic metrs
= B AECS

i kA i’

A inke Nas an area of |5 km?

oo of hydrological variabjes during a

_—ta
inflons,
outflow, Qg

wen B R
that there 1% N0 NEl Waler excha the evaporalion

"y

nge bety

B
veen the lake and the ground water, Determiiic

. 00 mmyCar.

£ in Now
[ '-.'.-,:'
Asme StOfage chanpe during
\S = )
il

Y i

T 4 2943

{5vmm]

Eumplr—l! : The evaporation (from a lake i 1 the waler balance method. Infllow (o

e ke oocurs through three small nvers A, B and C. The cutfllow occurs through niver D

Cakculate the evaporation from the lake surface dunng the penod May-Aogust, if the water level waa m

r . s,
* M0 mon May | and + 26437 m on Auvgust 3 lahe surface area is 100 km?. The precipitation
érag the period was 100 mm. Average infllow and cutflow are a3 under.

), average, m"/s
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The water balance equation is
Qn + P) - (Q, + E) = a8
lime in days from 181 May to 31" August
I+ 30 « 31 + 31 = 12) days
(20 ¢ 15 #17) % 122 » 24 » 3600
- 100 <10
- $526 m
35 x 123 x 24 « 3600
100 a...'ll:'!_".
= 4,782 m
= 100 mm = 0.10 m
26437 - 264.30

00T m
{':"'.'l + P, s El:j.,u‘l - r':] e :LS .
+ 0.10) - (4.781 * E) = 0.07

(5.516
4.782 - 0.07

E = 5526 + 0.10 -

- 0.774 m | - -
= iatensity duration

Example-16 : Compute and draw the storm hyctograph and the intensity

storm (of a given frequency) on a drainage basin :

| ‘ Accumulated

Precipitation {cm)

curve for the followss

-
=

-}

o

'
|
|
z
3
§
!

Intensty (omity)

.

0 30 0 i

L T | —

(2) Rainfall hyetograph (b) Intensity duration curve
Fig. Example=16
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- P-!h!l'l'!.{‘t!'_'r'.'i
g P
1lfd'T.- -

colutio? ° ; ;
; gations are done in tabular o b

e ey

Accumulated

he <07 low

Precipitati "“’lllilnﬂnn in
recipitation{em) Successive 30 min, interval

{cm)

The storm hyetograph and Intensity Juration curve are shown below :

[“mplr-” : In a watershed, the average annual precipitation for four sub-basins was recorded as tollows

I':.} Ba, II::?.. 84,84 & ?34"5 cm, the arcas ﬂr '“IE' SUh‘haiinS were ° u31m31 T‘I"‘I-ﬁ. 'lnﬂﬂﬂﬂ_: 1.l"':_ 1ﬁﬁ3f}35

by calculate the average precipitation of tha total watershed using the Thiessen method. (Nov. 2014)

Salghom -
Thiessen polygon method

RA+Pa A2 P Ay + Py Ay IPxA

= =

H -

o Al+ﬁ1+ﬁ3+ﬂ* TA

(10084 x 93264.3) +(112.27 x 71243.6) + (4484 » 108808.2) + (73.406 = 168393.8)
. (93264.3 + T1243.5 + 103808.2 + 168393.8)

38.995x 10°
" 441,709.8

= 58.28 ¢cm

Example-18 : Calculate the average annual rainfall using thiessen polygon method for the following
- (Nov. 2016)

Raimgauge station

v | 5| w]

Solution :
Thiessen polygon method
P' lIﬁ"l T P_: |'1|: + =
he T A+A+ S o LA

; 19 % 40) + (40 = §5) + (41x39)
{34!55““5“5.;.},,[_;5.:45'_.4,{31-.?.Jm_;x.e.w_'u__[_.__q )+( I _
) {"7'-+5Er+-1.5+_‘13+hﬂ+4ﬂr55+uj

_ 149
395
= 3745 cm

L1
El;lq VBEVT v

-hh‘ ————— iy i
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' f (ori gy,

' : . - ivers, lakes and T = i L

r.'hlf to heal of sun the water fivvm the wrlaces of ooean, Fvers, laki o troin the Mot Rround .. ]
orm of clowds. This process iy ealle b

.ij F'l-:r.ﬁ’:‘!h

evaporates, The vapour are camied over the land by air in the |

e,

e —

L16 EVAPFORATION

It is expressed in nm'day or mm/hour,
Tramapiration is the process of water beng lost from the leaves of the plants from their s
Thus, the toial evaperation (E) s consisis of,

Evaporation (L) =  Surface cvaporation

+  waler surface evaporation

+ rivers, ponds surface evaporalion

ocean surface evaporalion

L

-

atmospheric evaporalion

& transpiralion
Evaporation is the process in which water is changed to vapours (the gaseous state) at the fres 3 facs

below the boiling pomnt of water, through the transfer of heat energy. It is a continuous natural procesy; |
which s sobetance changes from liquid to gaseous state. The main source of evaporation is the solar radia ;
aldlglil=

. w6, the loss due fo evaporation may be as high as 90% of the annual precipitation

..'.-.-'r!:'.' the process of Hap.:.r:.lim_ Wialer mt:Iﬁ:urcs. cc-nll'mmusijr Jca\-': the wialer surface. Th:i: motion

ules produce a pressure on the water surface, which is known as "Vapour pressure’. Thus the u; :
. ¥ i

e
these molecuy
g = i

i
Far and regons

- 5 due to vapour molecules present in air. If there is continuous supply of heat energy, more and m
15 : o | : ; | LLE -
molecules accemulate, and finally a stage is reached when the air above the free surface becomes saturaes
miy s ) d e | 1 I =
: & vapours and it cannot accomedate more vapours. The partial pressure exerted by the water vapours
that stage is ¢ he "S i [ i : i
g is called the "Saturation vapour pressure (e,)". The saturation pressure increases with an incresss
o Emperature. - | i : o
g If the vapour pressure in the air above the water surface remains Jess than that of the water
SuTiace, evaporation continues. As soon as the va .
; pour pressure reach ion v [
= p es the saturation vapour pressure, evaporation
Dalton’s Law of Evaporation :

According 1o Dalton's law,

the vapour pressure in the air above"
E=(C f'l:.I - ¢,)
where,
= evaporation jogs (mm/day)
siluration Vapour pressupe

* Vapour Pressure | y
in the air 5 about 2 m above the wat fi
an ater surface

] I‘ L CLkr r [ 1 (K] ; ]

I. There should be a “onstant supply of wate
} r.
2.  There should be a Constant supply of heat

3.  There should be a vapoyr deficit
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iHY :

!

gion loss continue 11l e, =

e, In that

2.1 i the . ) X iy k
- : e 3 (B S
1]{.|_-|||1_"\. retum 1o lhE W oot '-;,ul[ " “ r II.'I.!'II.I_ il [-1 S I -.:-‘||E RS LI LELL! 'l.l..ll" r.l‘l'-.l_ Fl-"lL
e han thos .
= 11";.1, e il

I_‘J!q,,'ll'."
|.|"|.|". "
1.0 i I"I-rrrtln“ f'-.i:ll'"'“‘ !Ithl'ﬂ
’ - (May 1015)
pate Ol evaporation  depemly L
The I Pon a mber of Tactons
i e, a

[emperature of air i given below .

I 2 f
IIl:il mal 1r.:Ir_|'. ||':]

ayosphene Préssum
A AL | e Pic LY "_

M

Millire of g i =
- ; 01 evaporatliag s :
Ared of water surface P Yaporatng surince
|

Depth ar
1 0l wate -
. Humidity ol

R

Impuritios

: 1IT% I waler
[emperature of air

]

e eyaporation mereases with an incre ] .
Thi AS€ N air fey

nper
d 0 thm j i
K n the winter season or in cold countries
y “‘ﬂ.h! \,l'li'lln-ll} .

, L Ires.
. aoration will be more as COmpare alure. Thus, in summer season or in hot countries
I

o &

the process of evaporation also depends upon

: . the prevaili i i eloc [ ai
_ e, the saturated film of air containing the water v prevailing turbulence in the air. If the velocity of air
L L] -+ 4 9 =
apour will move easily, causing more evaporation. However,

] T
locity decreases a5 some limiting high v
does noy

secpIng from the Water surface have IH:I'.‘II .

o effect of an increase in the wind v

 heyond limiting wind velocity 3 clocity is reached. A further
~oreast be) 3 increase the evaporation appreciably because all the molecules

emoved at the 1il'|'lilil'|g velocity.
3. Atmospheric pressure :

A decrease in the atmospheric pressure increases the rate of e
n the air shove the free surface to cause interferenc
e, Cﬁnstqunnliv evaporation is . ; :
N . Y more at high altitedes providec
other factors remain the same, - cs provided

aporation because there are fewer molecules

4 Nature of evaporating surface :

Dafferent eva i ; ik :
porating surfaces like soil, barren land, forest area, houses. lakes affect evaporation to the
exiest they have the potential.

Black cotton s0il help to evaporate the soil water faster than

0 e

= ! : red soil because such soils have the potential
ob incoming radiation more effectively. Evaporation from wet soil is faster and it reduces gradually as
¢ il becomes drier. - ‘

The ' , z
{ evaporation from a snow surface is less as compared to that from a water surface. Moreover, evaporatio
7 saow takes place only when the dew point is below 0°C.

Area of water surface :

n

The amount of evaporation is directly proportional to the area of evaporation. If the exposed area is large
2 & - : : ‘
“Poration will be more and vice-versa.

& Depth of water body :

The depth of water influences the evaporation considerably, Deep water bodies evaporate slower than shallow

Wer heactio. - .
; bodies in summer, while in winter season, they evaporale fasier.
' .

H“m{‘ﬂlt:{ .

" ]E:'ipnmtinn is invers ely proportional to humidity. If the humidity in the atmosphere is more, evaporation
less, |
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R — Tulgly
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§. Impuritics in water @

| awater reduces the saturated vapour pressure of water (e,), which Consequen)y, red
% 101 wale : : ) F Medy.
o decreases by 195 for every 1% increase in the salinity of 3 watey & oy
i i 5 & + LT s

."';:15..' dizsplved =al

Tkl al gt
. rale ol ._..H.ll-,”'_”ipun h_1,' .'l”ll_‘l._:rll'l','I the heat transfler ".l-|1h”| the '1"‘-!1

the rate of evaporation, The &
1
Turbidity of water may alw allect 1he

the water body
—
(Nov, 2004, May Mg
¥

.17 MEASUREMENT OF EVAPORATION :

5. such as rivers, pu_:m[-j. reservoirs, elc. can be determ:.

Ihe rate of evaporation from large waler surface
by the fidlowmg methods
Pan Measurement method

3. Water budget method

Using Fmpirical formulac

i, Energy budget method

1.17.1 Pan measorement method :
Ihe mast reliable method for the estimation of evaporation from large water bodies is that by measuremens,

IO Y J.F"'L"F.:“-t"n ['l.:ln':
In this method, a pan of certain standard dimensions is taken, and the water is filled in this pan up 1

a certain range of level. The depth of water evaporated from this pan of ngn area and In a given lime i
measured with the help of a micrometer; from which the rate of evaporation per unit time per unit arca i
culsfed. The rate of evaporation so obtained is multiplied by a suitable pan coefficient, 50 as to obtain the

¥

calc
evaporation rate from the given water body. This is necessary because it is found that the evaporation, from
a large surface source is not the same as that from a small pan.

Different shapes of pans have been designed by different designers, and different values of pan coefTicients
have been suggested. The more important of these pans are described below,

(b) Colorado Sunken pan

(2) U.S. Weather Bureau class A pan
(d) LS. Standard pan

(c) U.5. Geological Survey Floating pan

(a) US. Weather Bureau class A pan :

Ihis is perhaps the most commonly used evaporation pan. The pan consists of a shallow vessel 1.2 m
m diameter and 25 ¢cm deep. The pan is made of unpainted galvanised iron sheet. Where there is corrosion
problem, it is made of monel sheet. The water in the pan is filled 10 a depth of 20 em. When the depth of

waler Ce 8 cm, it i : . M ; ;
reduces to 18 cm, it is refilled. Water surface level is measured daily.

Waler lewval

Fig. 1.30 U.S. class A pan
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amelérs
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wif
r“l ..'5..|f R L] '\|-|.1|,'|_'|| r'll"'““flh

wanell 1 ]
sl that ite base s 15 om
o ol helow e jran

P computed as the difTerence B

it s 1 DLK, pener !'HF taken ax 0.7
,,'.1I-"-“"' sunken pan ¢

G Y emy square wilth o 'I'-'I"”E eanging

el buared m the ground within abou

L The W ater should be within 2 % cm

el s made of unpained galvanised iron

L mivantage of the Sunken pan over the

: gprration pan 18 that its radiation and

._!:.'a,-L':L':ItII-.W are closer to thoze of a

cificient is 0.75 to 0.86, generally taken as 0.78.
picadvantages =
- R mOTe EXPENSIVE.
4 Tt is more difficult to detect leaks.
{ami) o
o US Gealogical Survey Floating pan :

e

—nernding body of the water, with the sides of the pan projecting 7.5

st

The pan coefficient 1s generally taken as 0.80.

d) LS. Standard pan :

Wire—mesh
Covar

5 = SM1%
N olmerved] waler lewi 1% wvrl Wl L9

L

; , alloWw
el aiirTACE to
.'ah" iIYE 1h': ¢ L

ATy
ectlIve days P

; 1 - et B *NITI-
s 00 cm square in plan and 45 cm deep pan floating in a large body of water supported DY C
awe in the centre of a raft 14' x 16". The water level in the pan is 1o

be at the same level as that of the

cm above.

Slilling well Thermometer

l 25.3

235 em
= Coppar

gheet thicnash
i0.9mm

a——
e il f

&, P o
i I,Ipmml' [

",:i -.-lull | :

Wooden pluﬂurml:nq.}
1.225m
Fig. 1.32 L.5.1 evaporation pan
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water Reso

jls_l'l'f'ﬂ'rm
pan, which is a modified form of :

LS
pade of copper

¥

e S A ——

15 & 5973 .

E s '. i the | =
2 bk the wacifications of andlart - Su
1970 gives the spee ihcatns o sheet af 0.9 mm ﬂll':h.:l"lf'.'nl Linime il .

A evaporation 4 em in depth. It is installed on & wogd,.,

; iy
pan. [t consists of ¥

a shallow venvel 1
and 25

- . ! eler
and painted outside. The pan is 1.22 m in diame ' ; s
s = i ¢ ide. The Pan has # «mall "..H"”'[-t well in which a fixed pant gAg,

" a i
patform 10 em above the ground surface 1o |

surface is initially kept 5 em bej
ater

W e

ween the observed water levels iy

I h e W alcr

I'll

. svel of W
a vemier it invtalled 1o measure the jeve e
i r.-.n'll"nlnl as lhe o

5
ine

rence bel

™ pan. The daily evaporation

{he pan coefficient is aboul 08
Estimation of evaporation :
{ with an evaporalion

e
The evapomadion meAS It

| r":.

Fallow ing measons

Faite,

: . 5 . S & T ¥
" 11[F"'-' qize 0% I;'I.'Il'ﬂp.]ffd [0 an f'l';!ﬂl]rﬂ!lﬂ“ |'_|'-1|'| and s :.'(F'ﬂa'ﬂd lo erﬂ":'..
. e PO s VETY 1AEEE A4
{1t L] TapLh LR 3

s

of w
: . " ing a smaller
The pan is made ol mefal and contains

fluctuations and solar radiations as compared o @ reservoir.

femperature
Pan coclTicient @
v cocificient is defined as the ratio of the lake evaporation to the pan evaporation.

Tha =
L

1B
lake evaporation

Pan coeflicient = pan evaporation

Lake evaporalion is estimated as,
Lake evaporation = Pan coefficient = pan evaporahion

In India, there are about 200 pan evaporimeter stations maintained by the IMD.
Methods to redece evaporation losses :

Varioi

ous methods available for reduction of evaporation losses are :
(1) Reduction of surface area
(n) Mechanical covers
{1} Chemical films
(i} Reduction of surface area :

Since the volume of water lost by

evaporation is direc
body, the reduction o

F surface area wherey
@ feservoirs in place of wider oncs a
(ii) Mechanical covers :

| tly proportional to the surface area of the water
er feasible reduces ev

Mt Aporation losses. The measures like havin:
nd elimination of sha '

llow areas can be adopted,

These may be in the form of :

-

Permanent roofs over the resery

temporary roofs

oir

floating roofs such as rafls

These measures are limited o w

Ty small water bodies sycl

a5 ponds, etc.
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dr Jogical parameters
droe s

HY

: l]1EI'|'Ii|.1|I films : 1.-.1||11'I {":Hrt"mll'

=||=| : oA & eV BN 44 Ly LE]

i L i o5 £iiriacd LEA) 'LL'”L = & FC-
wemecal film on the waler su i

up o moderale

ve following
!

1 I1
[ i method consists ol applving a thin ¢

. e ORIy feasible method available for reduction of gvaporation of reservolis

: iy .o film has t
S EALL chemicals hike cetyl aleoha) wnd stearyl aleohol are used. The thin i

characlenshics

. i T ey - = f gl
:!:,_ falim s .!r|.|.|_ .1Ih| |.'|I|r l|-||.,= Al |.I'|||-'-| nil |'ll'|:-IL: © |'.|l‘-' ,1”,. fiy WAVE G 1 B
. aured due 1o i : a5 |'|-||'k 0N ﬂl.-.. .
It peanciiire & ANE impact of raindrops, bhirds, inscets, etc. the film close= o
. o by - CSENEE.
g pervious 10 oxveen T i - p sclted by 1S
1% % eCin andd .,_,_||1||-|“ dio '-u.IIII_'_ ihe water 1|H:||1|'r' 14 ol aflecte .
s colourless, odourless and non-toxie

|1-': | sing l.lll:li'n'il'id.'.'l.’ .':"nrmnlﬂl. .

a ]

wmaraipen from lakes o = la . ced on meteorological
oration from lakes and reservoirs is usunlly estimated by cmpirical methods based on me

s There are a large numbe

AT ) ione are based
r of empiral formulae available in the literature. Most of these equations arc b
~ [Malen's law ol evaporation.

i
o f v
WM LR ine

common empirical formulae are g

iven below -
vigver formula :

It states that

% —.rq_ 1I
1 16 |

evaporation (mm/day)

siiuralion vapour pressure at the water surface lemperature (in mm of mercury)
1 L

actual vapour pressure (in mm of mercury) at 9 m above water surface.
Mean wind velocity (km/mh) at 9 m above ground level,
a coefficient, 036 for large decp water
0.50 for small shallow water
Robwer's Formula :

It states that

E = 0.771 (1.465 - 0.000732 P,) (0.44 + 0.0733 V) (e, - ¢,) ... (1.2

o l)

where,

E e and ¢, have the same meaning as n eq. (1.21)
P, = Mean atmospheric pressure, baromelric reading in mm of mercury,
"|.’|:|_|:I = Mean wind velocity in km/h, at 0.6 m above the ground.

The wind velocity (V) will usually be measured at some other height

above the ground and wind velocin
2 requ H - .
required height Z can be computed as,

v wae (1,.22)
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Lake Hefner formula :

It states tha
E = 0.097 (¢, - ¢,) Vy
where,
E = evaporation {cm/day)

» Saturated vapour press
ssure at 8 m ab

ure af the

c

L}
= aclual vapour pre

at 8 m above
rlill.‘jfiilﬂ_F L

outgoing and

e
-
x‘rs -
1.173 Water budget method (storage
This method balances all the incoOmINE.
fhe followimg nrtr;ufn'-n.

wind 3 l.‘]u.'il:}

of time using
P+

where,
on on the waler surface

P = potal precipitati
Q. = total surface infMow
= total underground inflow or outillow (+Ve

Q, "
E

Evaporation from the waler surface

0. = Surface outfllow

l ]

AQ, = Change in storage (+Ve value for increase

All these factors arc taken in the same unit,

very useful, as wi
1.17.4 Energy Budget method :

This method is based on the principle of
conservation of heat energy and the cooling produced
by evaporation. Thus, the energy available for
evaporation is determined by considering the incoming

Sol

{He)

encrgy, stored energy and outgoing energy, from a

water body over a known time interval.

Let us consider a water body as shown in Fig.
1.33. The energy balance at the evaporating surface in
a period of one day is given by :

(i) Net incoming energy :

H,=H, (1 =r) = H ..
where, H, (1 - r) = the incoming solar radiation

e (1.23)

into a surface of reflection coefficient (albedo) r.
the value of r,
for water surface, r = 0.05
For newly laid snow, r = 0.90

Hb = hack Fﬂdflﬂh-ﬂl'l {Iﬂ“g wave) JI'H.:m water

temperaiure ol the water

stored waler in a lake

usually expressed as the depth of waler.

arious guantities cannot be casily worked out.

radiatian

Heat flux
into the ground(Hg)

. *'-E,_‘I:‘?_!l_-

L

: —_— ;
Enginearing Ang ™
= —

surface (mb)

ove warer surface {mb)

the water surface (m/s).

& OF Meservoir

for inflow and Ve for outflow)

storage and Ve value for a decrease)

in
This method i s

Heal loas
ta air
{Ha)

r

Rellecisd Evaporation

! Haal slored

L

Fig. 1.33 Energy balance in a water body
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sensible heat o :
LLhL f-.1 Anr
111.".1! I:l"'.'\. L] I'|I."|'||-|‘|_

met Tvient SOy u
H, h dueteg Yl of the e 1
y Heal stored in the water body . YMEm by water flow
RIL 5 s
! wcat store
H, = heat stored in the wyin body

¢ usedd 0 evaporatiog :

||'|.'I H'-"I . 1-

|

. el

s

'l,'l.I c
densitv of water
atent heat of ‘g
L, Latent heat of Vaporisation of waler
E = Evaporation in mm
s ppergy cOnNSErValion law, we have
LR oy
Total incoming ENETEY = Oulgoing energy + eper
« (H, + H, + H) + (HY + 11
H, = (B, + Hy + H) + (H) + )
yli the energy terms in the above equation are in calories/mm?/day
, lerms excep an either
4] the terms excepl H, can eith

BY stored + energy used in evaporation
e (1.26)

: ! be measured or evaluated. The sensible heat transfer to air (H,) can,
sewever be estimated by using Bowen's ratio () by the

H, T, -1
p= '.[:I: = 6.1 x 10— F:I [-::.'_tnl‘l T “:.”

where,

following equation :

= atmospheric pressure in mm of mercury

FJ-
T, = Temperature of water in °C
TI

= Temperature of air in °C

¢, = saturation vapour pressure at T, °C

e, = Vapour pressure of air in mm of mercury
Combining eq. (1.26) and (1.27), we get
H, -H, -H; -H,
el (1+5)
For short periods, H, and H, can be neglected.
._Hﬂ_ﬂ._
p.Ly(1+A)

E = ... For long periods

E=

M8 TRANSPIRATION : _ 1
lissipate water from the surface of their leaves, stalks and
115 Csspe

g%, of the total water received by a plant through its roots
. 00% ,
E mainly occurs during daylight hours,

ess by which plar
h. As much 2
=55, Tmn5p|m1mn

Transpiration is the proc
ks in the process of their growl
i 05l 1y !.hc almDSPhﬂ‘: h:.l' ﬂl-l-s- PIE'H'-'

Ly T3
ReBHLBE e anas L B
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bohydrates for its growth, by (he Proc,
TLEE h !

— —mmE =

i faciures &1
i (et oecurs, when the plant nvan
Transpiration, mfhct oeeu

: ¢ plont-rool systéem from the .-
[ JeF exirncied by the p
is that the walch
5 s |l JTIAE, !
t'h‘”h“_‘“'hr‘l"' 1.'-_ :1 il I|_l|.|||"' II I'

n ""'"'-'l|1-:|l:|.|.. ;
mla opEnmes in - i
snters the stomie | ;
yathesis roccss, mlr enf r ||'I 1 VErY simall AMoun I.t"l:_
. e priveMions ; o air along w aven
:I:‘“'Iu;-‘h_'! LI.I v 1h|" ]'II 119k I:_-_1_.. ' I” L II. I..I._.‘“ ‘||I'T||r":. rr“”] IJII an
| it e leal winfise €.
"”“ﬂl rf'l._'l.,||||':|_'i|'i|-..|l.| Ny plain |

* RNOmaln
ler escapes through the stom
the wilg g

| ] - 1'. -

bwrlivadrate \s air enters the leal yapired

o manufacture carbohyvdrats cicht of waler bransj -
WAL 3

oduced
- o produces
: f dry malter p
Pramrspvratno  rafo (1.R) weight of dry

wries from 300 1o BOD.
L] s

| sepralion ey for mosl o
[le transpuralin

Ll L b L ¥l e Ty = i F K r = Fl | |FJ| i tll.'n ih.
L] s { 3 hi¢ © AT ] s L% I'LL ler su LB B
L I
I LF
II.-I | l'l.lrl
| 5 1o it |]:| Wil ll! 4 Ii L | IL' I Il 15 Fil

~« as lollows :
ratson may be summrised as follo ,
affecting transpiratiog .. i
Temperature of ar =
| SRS Ij 5
4.  Humidity

Atmosphene pressine . . 1

. 6. Soil moisture

Solar radiation

Phavsialogie factors
Temperature of air ;

5 "% l'll e is: 4] I[nr.ﬁ
= 'J: [ L II [t 11 . Wy o | i
L 1 ¥ . - | || ' 1 '1 5 . i

I i ) i | I||."1. ci
. . 1 LTS ] 5 1 SUMMEr season o n e
| | L8ure '11- r'ﬂ"r".." i I'I-L{ 1F| "i'!“!;-F" on Increases. ]1IJ:-.. I SUn r Séas r
s -.]'.‘i:-.":li VP pe [ I | 1 r

i i in cold countrics.
the transpiration will be more as compared to that in the winter or in cold countri
2. Wind velocity :

As the wind velocity increases, the water v
ranspiration increases.

3

apours in the leaf surface are quickly remove and the rat

eof
Atmospheric pressure ;

. 3 el . 1 . = . o Faw 4
A decrease in the aimospheric pressure increases the rale of transpiration. At high altitudes, the rate
Iramspuration is MOrE.

4. lfumidily i

Transpiration js inversely proportional to humidity, If the humidity in the atmosphere is more, transpiration
will be Jess,
5. Solar radiation :

Transpiration in ar radiation
fadiation. Abouy 95u
[

“a of the 1o13) transpiration o
Soil Moistyre -

“Ieases as the sol increases, Transpiration can be
ceurs in day-

decreased by reducing solar

light hours,

1 ransprration gls

o depends upon the soil mois
Water fias drained oul js

b Called the lield ¢
coeflicieny jy Wmilahle for Iran

ture content, The W
Apacity. The w
spiration The rate

ater cone

aler in the soil beryw
of rr;|r|~;|::ir

nt of the soj| afte
cen the
A5CS as the

rthe gravitational
field capacity and wiltin

T
-

- ation deerg
7. Ffl_umh;:lrm Factors .
Transpiration depend

soIl water content de
e .*Er-'.'lrrr.!tu. exle

S upon (he
M and char

Creases
Physiological f

5

acler of Profective ¢qq
omato com

5 I"FHILTI':IIH Pires Water E';'i.".lr"
HO0 open witl, day light, and close
fully opened, the

aclors of e plants, such ag density ang cha
lings ang leave StMictyre .
¢s through slomatg a4

o  A0d it resulis i gt
_ n"i'tﬂl..'.\:i or 1,l|,f'|¢-“ the . _ csulis In ""”"r
15 3 Maximyg,

ractenstics of
ain

ranspirare

is insuffient When siomate

Scanned with CamScanner




'drﬂi“girnl anrrmmi-.-;"' .
HY . N '

Measurement of “'““‘P‘-mllqm .
L ] ! .
ing
CNEincery

L |

fn onder 1o measurg the
..-n-:l:-'ll-]" ""!"1]?“‘"! I‘“'
' 'l-lqlz.[nrm'll"r methng .
This 15 the most §m

4 BT

2 f s I"':"'-i"-t' ol Slvee
P‘:'.‘.-.'-n‘.l.[l.l Lh s ol a |._||'|.;,|| any

|-r-.1-l-':':“[ earth to l'll_-.lll'i"..h the 1‘lm1| ki
s .

W oof y

OWih g con

; 1. 1y
' Well g M the |
s
Calculateq by
T = (W, + W) - w

where,

!

L] I.-qll“nini"'r
Fa
oy suitomatic infl
iy =

oW OF vuiflg

L L I"|||;:1_-.:|-|I
aficially. il the plam i
qrnificiall !

weighed in the begining 5
o required -.[l1r1|'|:1], the o

Water negq L ! ks F:.Ti'l"..'l.ﬂ.

o transpiralion can be

p

ht of

Waler applied
al weight of

o
W, = Fin g full

Erowth of the plant,

the instrumu nt
The transpiration loss Caleculy

values obtained by the aboy ¢ of the field, but is o

nly of the laboratory. So the
a suitable f; actor to obtain the

possible field resulrs,

Evapotranspiration H

E‘-upﬂtml:spimtiﬂ-n is the sum of the w

Waler evaporated from the soil or wa
CvVapolranspiration = ey

(June 2014)
the

s through transpiration, ang
er body Surrounding the nlan,
2poration + transpiration
Potential Evapotranspirati

If sufficient moisture
complete

on (PET) and Actual Evapotranspiration (AET) :
is always available 1o

ly meet the needs of the plants, the resulting

“Vapotranspiration i5 called potential

S apotranspiration (PET).
The real evapotranspiration occuring in a specific
Situation

is called the actual evapotiranspiration
(AET),

At the moisture content in the soil .;urrtﬂ""'“dl'::l
s Uequate and hence AET will be equal to PETL,

I al o 1. 75 =0
N other words, the ratio AET/PET will be equ
With

o

25 0
icture mn the soil, percenioges of ovgilabis malature
the reduction in the available moist

AET will be Fig. 1.35 Varlation of AET/PET with available e _—
the ratio AET/PET decreases and finally /
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e urces Engineerin
— Water Resources Engineering J"l_n_d Hyay.)
e ABT/PE i | percentags St
i3 = o il I'\,ll' I-I'FF',I- ratio and ==ELaEe nf -
ﬁ ——— __F“_"_I 5 the relation betweel _ . moisture, the AET/PET :
] i 1_"‘.|||_” e I.35 AL I n:c“[ |_'|F m-;ufﬂhfl‘- s 1 ] -
el Wl ! L - ame pe

el i.'|'|'"-| I.,'[:"I} cy

e —————— s

rtrn N r‘:n-nnn -;|_1i|. [-.|lr llll."

moisture for sand) - o
L_.1-.

3 - '-1'i"|
cpil than Iof clayes ; i transpirati
ion and transpiration Somme

. -
be less for sand) 2
!1111 r';||-|l.r|l| il

nm = - "
F I 2 . o ] [Tect €V P
) . *1”“'““"1' > pra b L the Saimd ithat a
eyouf pEES PHE :

roctars ffccting €Vap
The [actors affecting | =
Density of vegetallt

grape of plant growth

curfuce of leaves

these are described fselow
1 \t["\."l'h".'."ﬂl-. ."II I-.Il.'ll"r'\

1. il moistare

I.Il 1NNk I-I-“"I
LS hl-l,. = IF'._ 1 in |I| e e - L h'u m
I [ 118 1= | - II. L Il ¥ El I || o i =

i
| idity affect the evapotranspira;,.

“ﬂnm-.rnglf.tl

Meteorclogical fac
e seE Wi
F aroCranspiration i feascs

m humadiy.

3. Density of vegetation :
density of vegetahion,

the greater is the gvapotranspiration.

The greater is the
isture decreases, the evapotranspiration decreas

Safl moisare : |
e becomes dry and the soil mo ;
i soil and the rate of drying .

When the vegetative surfac
- P S R
However, the decrease of evapotranspiration depends upon the Iyp

4. Stage of plant growth :
Evapotranspiration also depends upon the stage
in the seedling stage and it decreases after the ripening of grains.

of plant growth. In general, the evapotranspiration is highe

5, Adjoining land :
If the adjoining land is also cropped, the air becomes cool and more humid, and thus, evapotranspirahio
15 less.

6. Surface leaves :
Evapotranspirabion 15 less in a light coloured surface of leaves than that in a dark coloured surface becaus

2 light coloured surface reflects more radiation.
1.19.1 Measurement of Evapotranspiration or Consumptive use : (Nov. 2013
The various methods of the determination of evapolranspiration or consumptive use are :

Measurement of consumptive use of water

|

[

Direct Measurement
methods
|
fij Tank and Lysimeter method
(n) Field experimental plots
(iii) Soil moisture studjes
(iv) Integration method

{v) Inflow and owtflow ot T
OW studies for large areas

!
Use of Empirical
formulae

(Il Penman m{:thbd
(11)  Jensen - Haise method
(iii) Blaney - Criddle method
(iv) Hargreaves method
(v) Thomthwaite method
(vi) Hargreaves class A

Pan evaporation method
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| lysimeter ethod :
T 1L ! - e
: ”"'.”L-Irll h I"”'.‘III-. 1| COmlamemnm ¢
e Wi ]
].‘."L"--' j one |,-.1.| and are set into "y
L L R
e L ™
ih ihetr 11
RLL i

1
- ll Wl wilh iya - I
- II.Iurll-l._|||'|||:-"| s

= i 1 m Irll' el T
- I‘ NI I iy ¢+ I N
lll'l o

|
Bamg | spia iy larper fanks are
'II'I.I T

1
|
il |-1r-|'|1|| eEe nearty '

L elopment 10F the plants grown e |!r
1..“ .,';'-:I'-III'FI‘!'"": e o] wwaler 1%
I 1:':\.'I11I|i:1!"'. the "]“"‘“1“?‘ of waler |
.-t 'Fiﬂ"“i fiy manam satislaclory

e &

das
alinls within the tank.
e

— e e

-..|"|'|l.|l' [ %] ‘.'“'lk"- 'I-"-Ilh ’hl..'
Arc | 14 ’ . - . e | weiTETE
ters have pervious hottoms, The planls are grown in the Ly

meie ™ I
that [:.u..'!L s

Vel
X . : amately flush with the '.:I'"'I'||;| urfnce
1 = =iF Fims arc .lI'IrI'I!'LI'ﬁ.Hn] .
"..'-ll.-l.[ L that the

the @1 E s : o the planls is drained through |
thi § A : valer 1I!]F‘I|Ed to fhe i

__ a parl of Wi
T L 1'!1. IS,

L
. e |__:|.-._..

- te g . . ¥ el | SR Ty
{ below it. The consumplive use I3 equal to the dillerence .
e in 3 pan placed B

AT

| ]

uw S

3 o
[ i = : are more closels
CsE Sesimeter, the flow conditions
" . the pan. In case of Lys fl
'”h":tfd- in 'h"' P

3 fead O
gt Flasd WY

s I § g . i“ i'
5 il :'I;L"i""i- "‘I:ﬂ..! |'|;“|..“:|.I "ri.-|-'||'|1.:|l Fhow OCCurs
§ k] SO0 i
a IRL B

il
o

5 Field up-m'mmt-.ll plots :

o o - j oroWwIne - I a- .I.. Ly -|tl_.., Tl (1) - '.

-yl j - -r - l ¥ Lt ClE I oyl h." i.lnl.}- [TLI.‘II—“ Yashied B3 S=p =
i | L . '!l I‘.I IS5 LIELI ! 1:' 2]

l: rh!} me .:.I:'h an ‘L]'H.Hmﬂ-ll Bl P

e— ey [ [ I.E"II n EI-LI a WY HII IIL:ILI I. 'lc[I”—l Illll"-lll ”:lr ch :I'\-Illl'.ll FMIDWEYLE; e
Py 1h¢ ‘-lL"'tL'd I Cd g

= PR L

werir=F "I if r 5!! Juh! Elc ;“III:'EJII Ell': ..h]tl.;‘lacluﬂ' L,Inhqll ‘-:ll II.: pll“.l L Ill-t '-.'u'-l': e - LD |--—J|- .
Ty L 'I‘r.t L

4 suantity of water applicd.

H : o~ i
Al e - a suitable methog
' . measured by adopting
0 off occurs, it should be
~wever, il some run ol :
subtracted from the quantity of water applied.
i) Soil moisture studies :

. § N II | i ]t e 2 " " - g J
el 15 JFEL:'L y' &l tl L'd [‘-. tIIIIlE ar £a5 |-~]I-'I.IE :'I-_II 15 rll I L I-II-" m u-il'l. -.1'I-'||“ L I-ll-ll.I I3
= L

! =

e wldl T = (i i I oy I 1|‘ ol ! '-' F E " h-|. . - 1 1y = 5 rmag g Tat
= ] Il L& L JUNE & i t]- L i = ER IR e
[T -l--.-l f I! FF 'I 2 I | 1 ¥ A (8} |

. i o day from soil 18
. s y : wialer exira ted per gay ik
meswrements are done before and after each walering. Ehe uantiy: o8 7= * | re consumplive
e hialidl i B e " T ¥ s Cur B CRMILRIGEES -
: . i ol . s¢ against time and from §
empted for cach period. A curve is plotted for ralc of use ag:

-

e s b determned

() Ietegration method :

- i 1de mio Sllh‘
In this methed, a large area of the land is selected for studies. The total arca i,.-.‘:'ll (3 t.P_"h,:::f :'l :1':_- of
¥ wnder croms (Ay), natural vegetation (A,), waler ponds (Ay) and bare larsd (Ay) Ihe consumplive Use
St i then computed as,
W & 4 Ap + dwy % Ay + dw, * Ay + dw, * A,

where,
Cﬂnrpl_lmpli\'-“ lse l}‘l- wailer I'I."lr '-"r”'”
consumptive use of water for natural vegelation
evaporation from the water surface

L]

cvaporation from the bare land.

g —
e ——————
e —
B L R ——
L e e e W T T
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2 Hydror:
Thus, the con tive use of water dw for the enlire area 13 found in the volume units “li"r.
i LLL LONSUMPIYE ase ol waler dw I ol

p » volume of waler by the tou
termis of the depth of water. it can be found by dividing the 3 1l arey of 1,

() r

Inflow and onifllow stwilies Trom ]:lr|‘ll' Apea

is found for large areas. The annial ey,

|-.|Ir;-:I

— BTN
In this methed, annual consumplive 15 I g

(L'} is given B
] i

metre

womptive use of water in haclare

Total inflow during 12 - menths year

- Yearlh precipitation on the area
Ground water storage of the arca at the begining of the year

Tl
ik

er storage of the area at the end of the year,

Crronnd w

Yearly cutflow from the area

| 8

All the above volumes are measured in heclare - metre.

Use of Empirical Formulae

Due culty n measuring evapotranspiration in the field, various investigators suggested emeic..
- FIRICY
POEEDORE 1O e ast

imation of evapotranspiration. These equations relate the evapolranspiration 1

concimons such as temperature, wind velocity, humidity sunshine, day length ete. V
helow

o mc[uﬂﬂ."-rpﬂ:
arious formulae are dis

il
By

Cllgsad

(a) Blaney - criddle equation :

The Blaney - criddle equation is based

on the data collected from the arid westerr
ommonly used all over the world

1 Zone of the Unias
. In this equation it is assumed that the potential evapolraspiration,
nds only on the mean monthly temperature and the monthly
unshine hours are also .

t hours,

ot W n 2 -'.!I -
sl IOCK 1§ C

sumpiive use, depe i
sunshine hours. The
called the monthly dayligh

The monthly COnsump

Live use or evapotranspiration (ET) js Biv
k.l ... (em)

en by
g o ET ’

where,

J’ ¥

k

* monthly “vapolranspiration in C

“mpinical constant of (he crap

Im

L

[ = monthly consumtive use facior
The manthy consumptive use factor (I
P46, +8).3)

100

IS computed a5 -
g |

»

r
where,
P

|

M

Mmonthly daylighy hours CXpressed g

LT
- “o of total day
an monthly lemperatyre ("C) }

Sy light hougs,
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L?b " .
T this equation, (he Monihiv ~. jon) 18 given by
T W l.|.||.-.'|1-lq-l.|l.._- WEe i 11|'|'q-||||'||: evapolr 'II1'.‘|HF-'I1-"“1 £

10T, : J

I I

| | CMmonil (133}

mean monthly lemne
| PEralgps g=ps
LY
anial heat vl
gL Uex, which 5 obiaip Z1]
e td from the

T T

5

monthly heat index 1 of e year

':'t: 1 ':r"-li T':'u il

=1 =l |

] . L] 1 :.IE: Ll . -
:..u.l' u e : ) I : .

—
e

12 0
we Themthwaile equation has G -4
: i > been derived from the data obtained from the eastern U.S.A
1,192 Peaman’s method ;
| it i (Nov. 2016, May 2018)
For shorter periods, it is necessary

to u -ulati , * =
= s calculation methods 1o estimate ev apolranspiration. This <an
" LY vl " - A . R
R SO, g ; : vas developed to determine the potential evapotranspiration (PET)
of 2 spectlic ared, cepending on its climate and meteorological conditions

P et =

he done by Penman's method. ‘rhiﬁ. meth

The Penman’s equation is a combintion of encrgy balance and wind transfer approach, which

reads :
.I'"I..Hn l-E.i.. ¥

PET = "(a%y)

we (1.34)

where,
PET
A

daily potential evapotranspiration

slope of the saturation pressure versus temperature curve at mean air temperature as given in
Fig. 1.37 (mm Hg*/C)
H

E

. = net incoming solar radiation (mm/day)
s = A parameter including wind velocity and saturation deficn.
1 = psychrometric constant (0.49 mm Hg®/C)

The net radiation is the same as used in the energy budget cquation (1.26) and is estimated by the following
fquation -

n - _ ~
Hy=H (1 -r) [a+D . ﬁ] ~ o T (056 - 0092 &)

( 0.90 1)
« (010 +090 T
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where,
1i mean  ancilent alar  radiabion aiitatile phe
v Dawrnsenl il gupface (mim Jdav
il ||'."J|-. el |||III‘| |r|||. |.| '|||- L il Areca
. -‘
constant depending upen ihe latituds (%)

[y S T
i |'-'—-'!'-r.': =7

i L% T
« .52
1

v consiant having average v thwe
paliing a0 howirs . A I T
Ta Ta

TREN -||r r"r'_-'rll LA il

ars of bright Ternperature —e

s Tueal ilura
sunshing

Fig. 1.37 Saturation Vapour pressy,

San i F"1"'\'-.I|I|I' hi
versus temperature curve

{mean value)
Srefan - Bolsman constant
a0l « 10 ? mm/day

jiean JIr femperalure mn !\

"
sctual mean vapour pressurc in the air in mm of Hg

e
]

L

The parameter E, 15 estimated as
.[ - ] y
- = & b — = I'ﬂ"'l: v

mean wind velocity at 2 m abave ground in km/day
cafuration vapour pressure al mean air temperature in mm of Hg
mm of Hg.

actual mean vapour pressurc of air in
{Dec. 2015

1.20 INFILTRATION :
¢ movement. When rai

8 ]

Infiltration may be defined as the entry of water into the soil surface and it
all part of it is initially absorbed by the top thin layer of soil so as

water falls on the ground, a sm
".".'H'l". Ih‘: '-.-I":-l.l'ﬂ"ll':ll."\rl.lllt' IIE'r_“:-iL'”Ll}'- T'h: excess water moves dﬂ'l.\-'"'l."r."lfds h\' thl'." ::.-l'r':-': I."IF :."rﬂ'i-l!_"- [

rep!
ground water fahle

The downward movement of water under gravity, into soil is known as percolation (or seepage).

The twao terms infiltration and p-.-r:.'uhtinn- are :..‘]L'l‘il.‘f}' related. Infiltration refers to the entry of water
.

i to the
soil. Percolation starts after infiltration,

Abstraction ma (i o ¥ poon e
y be defined as the part of precipitation that is not available as surface runcit. It

soil surface, while percolation refers to the downward movement of water under gravity into

indicates loss in precipitation,
The abstractions (initial losses) include :
(i) Interception : T} ' i
I ¢ Thal part of precipitation which is caught by the plant leaves and evaporates latét

15 called interception,
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jakes. |,‘1-.111-:I1. elc

saration & l.oss of w " = . . ) e ..-Iq-[‘b,':lil' T
(i) Fwapt ater occurs from water surfaces like res®
el ,_--.;.|'|'-|.'|!|-.l:'|

nl_!."-.

«mall p@

| , . . ditches. 3™

11”' 1‘“'!1'1""“1“ '\!Hl-l::l_" | I1;|r| |."| '-li-l'lr_'tlh — |_1|_-1 r_|.!r:l|_| n Ilr:i.”'l-'-'""I“‘“I; II_L-I_ I.!i!'.-

el b the river siars H|.1l,l..|,|-||,|l i known ns |Ir|1r-_':'-1l'll1 sjoragc i |'|I:H'I
iled infiltration:

finl pafiltration © That part of waner which enter into the soil surface 1% € led

- jon,
he infiltratic
oy aluation ol inlilietion help Ih

. T ||i.;|'l1:'|-1:I
“ s i ecomputing the minolT obtained Trom a given o

_ » Jong — tr
short time ol caused by a single 1 sinfall, as well a5 the lonj
4 long |~|.'r1|'--.1_ ‘-.|||.1| |

ne runofl
fact, allects the

5 the }.1:.|r|1_.- ol of a eatchment

; 2016)
. 3 i iy =
[|1=.|Il'!'.|t||"“ "--.i"‘t”'l_" 'n H [,I““E 1'.l|. .I.H.Frll 1']'71 1'1 }
pavimum rale al which a soil in any given
of absorbing water is called its

1

y capacity. 1S also defined as the maximim rate

capalthe

water will enter the soil in a given condition,
|

o . e T
The CTOLERRE

¢ water stored in the under ground soil
4s mamly upon the number of voids present in the soil
- L}

infiralisn cure

1, dees not depend wpon the size of the soil
icles but rather upon the arrangement, sorting, shape and
. of compaction. Therefore, different soils will have
«nt number of voids, and hence, different capacities to
Time —=
Infiliration rate : The infiltration rate at any instant Fig. 136 Infiliration capacty ==

. the rate at which water actually enters the soil during a storm and is equal to the infiltration capacity (f)
ar the rainfall mate, whichever 15 less,

« If intensity of rainfall > infiltration capacity of soil,

then, infiltration rate = infiltration capacity of soil.
If intensity of rainfall < infiltration capacity of soil.
then, infiltration rate = intensity of rainfall

Effects of Infiltration :

It reduces the magnitude of the flood.
delays the time of arrival of water to the channel.
t recharges the ground waler rescrvoir,
reduces soil erosion.
fills the soil pores 1o ils capacity, thus making water available to plants,
custains preen vegetalion cover on the ground surface and thus helps in reducing dust storms.
L20.0  Factors affecting infiltration :
(May 2013, June 2014, May 1016, Nov. 2017, May 2018
the various factors afTecting il11'|ltr.'uit'111 are . _
l.  Thickness of saturated layer and depth of surface dl:litulm:l
F-.-mu.--a.hﬂiI}--fuulcuI.-niuu l;.'hrlrnciﬂi*.li-;n of soil formation
Soil moisture
Temperature
Intensity and duration of rainfall

VRE & 1 HE-VI\20210 9
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End I‘I I'ﬂ P

\Vepelation Cover

Compaction due 10 men and animals
L & itk

Washing of fines
II'-"".L'I _I._:|'||||1 %

Iy of waled
. and characteristics of soil particles

Pressare O eround water table

1§ 1 Kt

Thickness of waturated layer and depth of surface delention
L « - .

sround under the foree of gravity, and there exist a layer of s0il ne..

L.- = 1

The water infiltrates mto the "
terstitial spaces s surated. I the thickness of this layer 15 more rate of infiltration w;y
Ers a ik - Bt

auriace having s In

mare in the begiming

\fier <atisfving the inferception and depression storage loss, the rain water collects over the ground suq,,,
[ | LLELR, 5 = = n 1 = "
¢ surface detension. The rate of infiltration increases as the depth of surface detention Increases becauss o,

head causing flow is increased

3. Permeability/perculation characteristics of soil formation :
ion will continue only when percolation continues. The infiltrated water must be trans;

The miltrat
down bv the force of gravity and capillary action. Percolation depends upon several factors such as soil ..

and it composition, permeability, porositly, stratification, presence of salts and organic matter.

L

1.  Sail moisture :

The amount 2 soil moisture has an important effect on the infiltration capacity. The effect of soil moistur

nfiltration capacity (f) are two folds.

In early winter, the soil moisture content is high and the value of f is low, while in summer the soi
morture content 1s low, and so the value of  goes up.

i} & 0l =0l & i i i i i

Un the other hand when the s0il becomes wel, the colloids present in the soil swell immediately and hence
reduce the infiltration capacity during the initial period of rainfall,
4. Temperature :

The viscosity of wat i
. . Y of water changes with temperature. The flow of water within the body of soil is lamina
#nd the flow is directly proportional 1o viscosity

r"'- i Nt :Ft' | e n ll A0 N ll 1 B L W
n h du‘r ID |E"l-lli ' 1% I 5 = i

Intensity and duration of rainfall :
= e
When the precipitation takes place with he

and in—was avy intensity, the impact of w;
L L gkl

ol %} ace will ier causes mechanical compaction
¢ particles resulling in faster decrease in the rate of inf; ‘ P P

ntensity resull in hig

. ? Itration A, . - "
gher infiltration rate. ation. However, rainfall of lesser

6.  Vegetation cover :

The presence of dense vepel

alion cover over
. ad
considerable extent, In the

s0il, increases : :
pressure of a vege e e infiliration capacity of that seil 10 2
the YeEelahion cover Fn—-“'idi.'i a iﬂ:r'l.‘.'l' uf:n:- 1 bl: able to ':CI'I'I'I].'!IL‘I.E[ the soil. Funhc{',

h: LIJ'!'EI‘F o r”'lllc | . .
and insects which i il natter which pr
ccts which in tumn produces permeable soll structyr O
- .

ation cover, the rain wil no

5 pe activity of burrow ing animals
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L
:.Jl:.-. i
s ranspiration by vegeintion .

’ ! .'I.I T y vy
al

“.p.'ll'i
°T Temoves soil mo | thus tends 10

i furing ||1I|Il| prerods pl min VI IRl A L

(LI A,

Merease infiltrd
1.-._|..' 5

- e i men aml .
PP Ll ilue 0 Animals
{'-;IIT'[" g i

.ﬁ - ke 1% E'!'I-'l'l"'-"'- ||El."-1_"1'|'||_l“l “1.

A 1
s T
filtr

Agetion N
men " ; e (ting in e
il animals, the snil gets compacted res

[ vashing of fines :
LLE
‘.. .
AR ety e,
when A soil becomes very dry, the surface

and
srgtion begins. these fines are 1aken g,

| | [hen = rain falls,
often comtains many fine particles. When the it
. 5. thus reducing

i
i T
5.

WT into the soil, amd ame L|r.'rlr.'|*.'1'||:|_l in the youl
Slraticn capacily.

]
g .

jlaman aclivities :

Cultivation of barren land by growine cr
THLE = - ot ]

& i G ltration. m
n i " Ops and Erass cover, resulls “ ilﬁﬂrf;.'l':'rn.'d falc 1"1- 1|“[..'|1-
':.L'h.--' l_"“'|"':|jI cn struction l'll [;1:“1.;'-.

ho o et E . PRI T | L]i:i-'::l'-
uses, factories, play ground. results in reduction in infiltratic P
] vater @
yuality of ¥
0. ¢ .

silts and other impurities present in incmning water result in retardation of infiltration rate due 10 clogging
"y "-u“l- Fl-l."f'-i.".‘--

The 53'[5 Fﬂ.‘-ﬁ‘:ﬂl i walber :I.ﬂﬂ:'l lhE 1.'.}51:1_15.“'_!-' ﬂrw;“uf and mav react with soil 1o form :ﬂr‘:‘hp]l.::( l;,‘.l.':lmpl.'_l'[;[“:l.s.
_wich reduce the porosity of soil,

1, Size and characteristics of soil particles

The infiltration rate is directly proportional 1o the grain size/diameter for granular soils. However, if the

soil has swelling minerals like illite and montmorillonite, the infiltration rate will reduce drastically. Infiltration
e will be higher in sandy soils as compared to clayey soils

12. Presence of ground water table :

Presence of ground water table reduces infiltration. For infiltration 1o continue, the position of ground water
table should not be very close.

.
1.20.2 Infiltration indices : (June 2014)

IMETLTRATION
CAPAZITY
CURVE

RAIN FALL & INFILTRATION N cm/hr

TME IN HOURS

filtration capacity curve and runoff
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|.|IF:I]|-|_'rir|I! a0 ey B '”

& sl can be determimed experimentally by
iy w | i I:...:.rln:":‘
1 BT

The inbiliration capa !
of infiltemtien capacity and by measuring the surface moll , For small 5 1™
i 1 L 1 .'r'l }.1-

tov ran (all mtes o ewe

hairal

the run - ofl volume can be estimated by subtracting the mhliratioy
. o I "r.

unifarm miliraisen

o rainfall
qu‘I' E'I'r .

Infiliration Index § | .
page rate of lovs soch thal the volume of rainlall in excess of thy r .
i N : I .-r:

the averape constant value of mhitmlion rale is called infiltration .,

e i |
il

o direet unoll, Th
" ¢ mliltration rate which are commonly used,
v Vs O i

It
W nden
A imdex

imdev :
verage of infiltration duning the peniod when the rminlall intensity exceeds the infiltration ..

rate of infiltration (em/Mr)
letal precipitation {cm)
tetal runolT (cm)

surface retention (om)

, = duration of rainfall (hr)

The W-index is more accurate than the ¢-index because it excludes the interception and depression losses
dered as a pant of infiltration in latter. Thus, W-index is always less than $-index. Becaus

~index is not commonly used in practice. W-

which are co
i oo aifficult 1o eslimate dflﬁ[;‘rﬂ_r‘[j" anmdd inlfrfﬂ'i'l!i:[:ln r“"i'.':ﬂﬁ, W

451 - ns B = . - 2
X can e used to cslimneie the mal|f ';"-'-ﬁ'!rrli'u.'n[ (k) from the ﬂ-"l:lliﬂr'l
LB !

" mis = Index
Ihe minimum values of Weindes ic - ; ’
, . Aues of Weindex is called Wiin =index. The value of ‘L"r'mm index is obtained when the
N B very wel A that stape becaus 1) Tee j I .
3 e, because the effect of the depression stor : ] ' '
o Ires slorage and interception Josees sli i
Weindex and 4 :cd plion losses is negligible
=% And o { hre approximately equal, i 1

L biader -
s [ MNaw, 20146)

It is the sverape -
F " avenge rate of ramlall syl ihat the volume il
runfal]l in EXCrLy ] s 1
of thar rate % cqual 10 the Visllime of sirface

reef | The valus Fod -
' VAl of ¢-index Cin be derived from the rinfan

1
e e Jd i
SR and The resulijng | ;
NNy surlyce runoll volyme by trial nd A ,
4 ‘ 3
e Py

Crror

2 L ® iwoex

BASIN REcHarcE

It is given by
P-R
¢ " I_ cmv'hir
T

index and runaff
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. ¢+ @ hoy; -
hat Jine 1% |.=::|1|."|i o the """'I“Ihr.': 1hn.||11
1]

it
'1| iil'“l E
” e P |.1r l"||||: . [ l'|1.'|.'l.'l.|l| oy i
1. i ET.'{ :III 1."":"-'|.':' 1|1k!|“l|11:,:_ 1“1.."[['[-"“ 1] I L I-III_“"11 thf" 1|!||_||.‘|_F1|1
gr'.‘-l' v infiltration only, If (he shade, e
« it © e By
gt ¢ 1 . ; . R 1n
3 ” .:.hl”'-"'-‘l MW .H:.I'\ Or oy n“""hl

Yl
als, The .
& few 1N o=index ean he
]
. n:l.‘-‘l"'-”"-"1

M

i 28
| h such that the shaded ar
I ! " 4
i & Unshaded area helow the horizontal line actualtly
iR l|‘||'|[|||‘-.|.. A
e ain

Mt ey
al g 1
1al ]1‘ ¥

I "““Elr.'llii-n_ but it is assumed that these losses

" | . “ Ny measured surface runoff, the horizc nital
sl 11 [T, it ag |
i

'1"-""-'11111111_'LI lop o wed,
- . C g

Therefore, the determination of -index
h storm for which the surface runoff volume has
N eXecesy o

mine {he
eractions (interceplion, depreyg

he amount of rainfal)
1

rograph analysis 10 dete
L

L8 ealleg rainfalj

iy excess. The d-index is useful for the unil
'il,-1 ’ . r-'lltl‘l;[“ L TR . |
h. It i n WMoy | 1A "I.'l.'.'l.ll'.'lf. the 4-index accounts for the total
stograph. 115 specialie oo - = '
g gven hyetograpa i Ft:-..ml'l} s AL 0t can also be used to estimate surface runoff from
ngsin for which the infiltratioy ca B the whiltration from a storm occuring over a very large
N be easit i |
Wy determined,

ndex and ¢
by the

i there is uniform rainfal) OVEr a basip Wi
sin, Wi

Infiltration index (§) can alsg be determin !
(o

index are equal,
(CWC) as under ;

“quation suggested by

f the Central Water Comission
1-R

$=index = Ty
e (1.39)
w e,
I = intensity of rainfal) (em/day)
R = Runoff in em from 24 hour rainfall,
R = a(i)?

where,

a = coefficient depending upon type of soil,

1203 Measurement of Infiltration capacity :

Infiltration capacity of a soil can be measured in the field by conducting controlled eXperiments on a small
wea, wing infiltratometers, and rain simulators,
The follow

ing two types of infiltratometer are commonly used in practice.

(#) Flooding type infiltratometers
(1) Simple infiltratometer

(i) Double ring infiltratometer
(®) Rain simulators

) Flooding type infiltratometer :

L. Simple infiltratometer :

A simple infil ter consists of a metal cylinder of 30 cm diameter and 60 cm long, open at both
infiltratometer 2

5 85 shown in F: This eylinder is driven into the ground to a dfl“f_i of 50 em. Water is poured

o g . ’:f““ in Fig, 1.41, This cylin e, 5 cm vacant from top). A pointer is et ?1-. mark 1.!“: waler level,

; th: .c:;,!;ndﬂ to fill a depth of 53 Lt“‘: |1l:.,-.g | goes down. The water level is maintained constant by adding
Inhiltration takes place, the wate

3 e added al ditTerent ume intervals are noted, the volume of
vt from The volumes
e a burette. [
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r

lime curve can, hence be drawn, The - WL
experiment is infact, continued tll o pointer
uniform mte of miiltrtion s phiained,

which mayv take 2 to 3 hours

mator drawback of the simple
infiltratometer lies in the facl that the

o Mltrmted water spreads at ihe hoettom of

of fiow is considerably greater than the in filtering Woter
, 1.41 Simple infiltratometer
It results in Jow accuracy. Flg. 1.41 p

the cvlinder, and henee, the effective area

hase anca
3. Double ring infiltratometer : (Nov. 2014,

s the modified form of simple infiltratometer, used to increase the accun,

Double ring infiliratometer

af the resulls

o cylinders, called rings. The inner ring is 22.5 cm In diameter and the outer ring s 3

It consists of tw

eter. The inner ube is used to determine the in ase of a simple infiltratomes:

filtration rate as in the ¢
is kept at the same level as that in the inner risy
¢ inner tube. Thus the outer ring provides a son
downward without spreading

cm diam
The water level in the annular space between the two rings

en reduce the border effects due to water coming out of th
of water jacket to the inner ring and the water i the inner ring infiltrates vertically
The water volume being added to the inner ring at different time intervals are noted. The experiment i

continned till a uniform rate of infiltration is achieved.
Volume of water added
Infiltration capacity = ‘sreq of inner ring x time intrval
Disadvantages of fooding type infiltratometers :
(i) It does not simulate the effect of the rain drop impact.
(ii} The soil gets disturbed when cylinder is driven.
(iii) The results depends upon the size of the cylinder.

(iv) Water spreads at the bottom in case of simple infiltratometer.

Inner ring

Fig. 1.42 Double ring Infiltratometer
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I1 3 1
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i a1 T .
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jot & o gler Twi TOWs of special types of nozzles are installed, one along each long side of

- . Wi
\F AR the ¥

AgN .
" I‘.,l.- L ‘I.'::I[ll;, are g : I l lhl " . ;
i i | woul 2 M above the ground surfnce before Mlling on the plot. Yarious intensities of rainfall
Yy f W -

chang

- wasurcd.
i "t 1% e

s A ype of infilirmtometer in which, water is applied in the form of spray or anificial

! | m is selected, and water is applied 10 it in the form of antificial rain ot a uniform

i o adijusted that they direct spray upwards and slightly inwards. The drops of water

ing the nozzle openings. Experiments are conducted under controlled conditions and

P

¢ infiltration is determined from the water budget equation as,
aounl a 2 "
L =eralioh = Rainfall = surface runofl
]:r:L! [

.pressed
o germs are €XP . ion @ i
g rmined from the total infiltration depth and the duration G
1€

as the depth of water over the plot or as the volume of water. The rate of
Afl
o P I:F dt . i " ! - 8 - - W -;_I
- ulators gives lower values of the infiltration index than a flooding type infiltratometer. This
m 1 e
coq of rainfall impact and the turbidity of water which decrease the permeability.
¢l of TR "

=
i (Nov, 2016)

s pifl
§ i
s 10 1D

-

a4 Horton's equation of infiltration :
12

. oum rate at which the soil in any given condition 1s capable of absorbing water is called 11:_:
. i I Creds v fairly
Th. capacity (F5) Infiltration (f) often begins at a high rate (20 to 25 em/hr) and da.r::x.;::tn a fairh
Slergtion CEPERELY ATpT : : =i I g

) as the rain continues, called the ultimate f, (= 1.25 to 2.0 cm/hr) Fig

asgdy stale FAIC (1 * -
,m - filtration rate () at any time t is given by Horton's equation as,

140"
| B e (1.40)
f=f +(f,-10)c
whete, -
f, = initial rate of infiltration capacity
f = final constant rate of infiltration at saturahion
E

¢ = a constant depending primarily upon soil and vegetation

L=

Fe

m -

fe=initicl infitration rote

[5]

infillration curve (Horton):

fa="le
r-hﬂl’q-h}ﬂ'“ - ""ﬁ"_'

infiltration rote (cm,/hr)

-Tlnul econstont rote

o 12 14 18 18 20 2

Time t(min)

Infi |tration curve {Hnrtln}
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F. = shaded area below infiltration curve in Fig. 1.4

e = base of the Napierian logarithm

= 1 [ Sl C e wtonm .
1 = time from begimng of il i of rain fall equals or C¥teed, |

F r
T I : T e anlv when the inlensity
he infiltration takes place al capacil) rates only

fe. I = when i =
F P
= {ntensity of rainfall

[ and the actual infilipy,,

bl when, 1 < F ]
. ¢ rainfall =15

"
infi approximately equal to ih
£ [, and the actual infiliration rates arc apprt 3
rates are approximately equal to the rainfall rates,

. Solation of Horton's equalion @ B |
l'otal infiltration

The Horton's equation is given by 1
. -kl F - [f = dt
I!'"i".*l;r'“—fcllc F
1
= | .l+{l'u-f::|l=¢ 1
fransposing. ¥
f=f =(f, - f)e™
Taking log on both sides,
logyp (F - f) ™ logyy (f, = ) = Kt logyo"
logyg (f - £) - logp (fs - h™ -kt log;g

-1

klogt [logyq (F = f) = logye ([, - 1]
2 ATV

1
= | —— logyg (f, = T.)
= logyg (F = ) * e logyg U — %¢
klogio m k logo

The shove equation is of the form

y=mr+c where, Yy =1

-1
k ]-DE;Q

x = logg (F - f)
L [, = f)
< kmgi*n Bin ':-'. [

...] 13
o ; - TR | L
#nd hence represents a straight line having a slope, m klogt,

=2
. i ' - pC S L ﬂ“d hcﬂcﬂ e
The negative sign shows that as [ increase i decreases, and therefore (F — f,) decreases,

(f - f.) decreases. This straight line graph is of the form shown in Fig. 1.44.

1 ¥ y . ] [
[f two values of [ at two known times are known, the straight line can be drawn through these two P

|
_ k can be determined, and hence, an equat!

3 { the line measured; and then equating it to
the slope of he q B klogto

and

for the I.C. curve can be written easily.
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Fig. 1.4%

305 Green = Ampt method :

del for infiltration capacity based on Darcy's law as,

Green and Ampt proposed a mo

[, =K [1*&]
P Fp

where,

[ = infiltration capacity

T': = porosity of the soil

S, = capillary suction at the wetting front

K = Darcy’s hydraulic conductivity
Equation (1.42) could be considered as,

n

= -
fp=m Fo
where, m and n are Green — Ampt parameters

FF = Cymulative infiltration capaciy
on a simp

Values of £, are plotted against 1/Fp Je arithmetic graph paper and the best fit straight line is
P

drawn through the plotted points.

From the graph,
m = intercept of straight line

n = slope of the line

e By meEown sy YA 10
—-—I-IHI-_-_-——__"_-
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& -index and w-index. Consider a total ol depressi

<

water RMesources Englneering Ang Wydens:

["_r-:.'-:..\ MPLES ]

Example-1

Solotion

L]

g-imlex :

i N i o ]
Ihe rates of rainfall for successiy

4 ] i it
| and 1.2 emvhr. The surface T |
ispl A

1 e prri“lf of a 3-hour storm are | 1

¢ 1o the storm is estimated to be 3.0 ¢m,

| interception losses ol 1.0 em.

l,:l{ i,

(May ir”..'

Lel, |

1

« rate of rainfall {em/hr)

fime in hoors

E = |'l”-
weater than |.3 cm/hr.
et us assume that, &, is greate

Surface runofl, R=ZX(i—w)!

R o= 1.0 ¢m

|?1

- @) * (4.3 = &) + (2.7 = §;) + (. ;) *

R = [(1.2
3.0 = (123 = 4 = ¢) = 0.5

FJ“ ax ]:.] 23 "I L |:|‘
§ = 1575 em/hr > 1.3 em/he . assumplion 15 correcl.

Note : Had, ¢; becn less than 1.5, term 1.5 would have been included on the R.H.S. of the equatics
i H Al N

W=index :
P-R-S,

W s ———

{ii)

rainfall excess

§ index = |.575 cm/hr

R T

inliliration

e e— ey ol

il 124 150

lime (minuics) ——*

fill

Fig. Example-1
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_penifon (oM}
« [0 ER

" -|l||I grile r-.'l-'|'.ll'|\ losses
-.:-.--.1.1'.| duration)

. 10-1.0

3.0

1166 cm/hr |

2 -T;':I:-f.'ﬂ-f of rainfall for successive 30 minutes periods of a 4-hour storm are given below
.78, 64, 4.0, 4.0, 6.0 cm'hr.

f &=index 4.5 cm/hr compute :

Rainfall excesa

E
3
Z
c
s
=
b= |
5
=
&.

120 150 1BO

Fig. 1.45

) Total rainfall :

30
P = {]_5 + 65 + RE + TR + hd 4 A0 + 4.0 4 Elﬂi w .”ﬁ

= (46.7) x 0.5

= 2135 cm

L i ——
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water Resources Engineering apngy i
= - . LT

(i) rotal rivinfall eveesy o

rRCEtY

. Wik ainfall
II-I""' !!-11\.1'":'-' AP alune & il Eivies the T 1al i

tokal raimiall Eares
1.5)
, 15y + (6
. |'.|:-I & 4 %Y 4 L"q %
R}
1 1.5] » ¥ . . 3
= . I.llJ' 'I.'lrlll"1 il ': rr:‘i‘ ‘”I'lt" ':L I|'|{!ﬂ"'|“ r.ll‘,','r_" % fiy

o 18

(1 gainilfall

« B A5 ¢m ]

(i W- imilex

W o

r 415 -.-rrthr
il — . fof 8.7 ime dimrd
Example-d : A storm with a 5.0 em precipitation produced a direct runoff of 8.7 cm. The time distrb,,

af the storm is as follows

} Time from

stert in hr.

Imcremental

rainfall {cm)
Estimate ¢-index of the storm. (June 2014, April 2017, Dec. 21
Solation :
The hyetograph of rainfall is drawn as shown in Fig. 1.46.

total precipitalion, P = 15.0 cm

[7] Runott
-1 Infiltrotion

Tima in hr

‘ te==Bhr ‘

lrmBhp

Fig.
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it ™ m il
87 " ~ meea than 0. 7875 em/hr
I b 4 yoew hal more than W-index, § index would be a little more than
1oy s TR n Tt em would become

tently, the first hour rainfall 0.6 em and 8™ hour minfall 0 73 ©m
R LEL B L]

raild he leds than
rainfall, because the rainfall intensity In those

LA

fwion hoars W

A ERCEa
mosii 1M

i during cxcess rain occurs would be only,
wl Wi ik

I 11-."'.'-“

f hours

totul |L1'.'||-'.1.1'.'::11._|_1u_:i'r_1;: 131~r|.-11.!M,:...~.r,-. r:un'll.t]i_

period of excess rainfall (t, )

“yotal infiltration = Infiltration during the period ]
1 i) 3
| when no excess rainfall occurs

) i

_ i

4
on=P-R
15 - 8.3

fh.d cm

szl infiltrati

o during the period when no excess rain occurs
= 0.6 + 0.75
= 1,35 em

(6.3 -1.35)

b= index = t,

(6.3 -1.35)
b
Check : Hatched portion in Fig. 1.50 gives runoff.
Ruroff (R) = I(i — N
= [(1.35 - 0.825) + (2.25 - 0.825) + (3.45 - 0.825) + (2.7 - 0.825) + (2.4 - 0.825) +
(1.5 - 0.825)] = |

= 8.7 cm ... which is as given in data. ;. OK

Infiltratio

Example—4 1 A catchinent area 30 km? has one recording gauge. During a storm, the following mass curve
of rinfall was recorded.

Time from start
of storm (hr)
Accumulated

raimnfall (mm)
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Water Resources Engineering h"'.’-“'rﬁrn}'

3 ; PR ate 1 aerimale the imilex o Py
If the volume of the runelT due to the storm measured is 1.2 = 10%m=, est ¢ of the Catg

Botn,
(Similap M“} Ifl..
In,

Solution :

Total rumall volume
b l.|||"'

1.2 = 10" m"

catchment area *
il minodl volume

Todal menodl |15f11'|'T catchment arca

1.2 E"?"' rII|
R 10 % IIZII'-'-.H;-"I-
« 00 im
s 40 mm

Total rainfall, P = 90 mm

Total infiliration= P - R
= 0 = 40
= 50 mm

r=r
L

o0 - 40

14

Weindex

= 157 mm'hr

Since $-index has to be somewhat more than W-index, #-index would be a little more than 3.57 m-
hr. Thus, infiltration for every 2-hour interval would be little more than 2 x 3.57 = 7.14 mm :

The incremental rainfalls in different 2 hr intervals are now worked out as below.

Time from
start ol starm
in {hr)

W-index (infiltration)= 2 . 1.57

- | - 1{ Ill i f};r every
| the observation of table, is evi :
mntervals is less than 7.14 mm

L. = 8 hours

dent tha incrementa) r

Incremental rainfall
during each interval

in mm

2-hours

ainfall during first interval and last te
LIng excess rainfall.
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otal infiltration during pedad of excess rainfl

Fh-11|11| |_|| EXCERY 1i'|"| 1|| 'T 1
| "

et infiltration - Infiltration during the perio

1
WIET 1 iy g MRSl

S

o the perted when no excess min occurs

| B
A
= 4375 mm'hr
| .

g « Hourly rainfalls of 2.5, 6 and 3 em occur over a
o =" ’
P

_ 1 emhr and 6 ha of & = 1 cm'hr
5 N i -
p M ; 3

— values of net min.
'.'\l"\--. S R
_\.._1.rI:Ti"|"'= :

P=25cm

[4(0) +10(0) + 6 (2.5 - 1)]
= 20

{* houf

= 045 em

s hour P=6cm

[4(6-5)+10(6-3)+6(6-1)]

20

F_-:!-_-::-n
= 3.20 ¢m
P=3cm

~ [4(0)+10(3-3)+6(3-1)]

20

3 hour

Fn:‘h-l"rﬁ'!'l

0.6 cm
m = 045 + 3.20 + 0.6

Example-6 : A catchment has an arca A=226Kk
index from the following data |

wtal net rain for the 3-hour sto

1

i '|
|

I |

m

20-ha area consisting 4 ha of 4 = 5 emJ

o 1 g
m?, gives direct unofl volume of 5.6 x 10* m". Find
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E;‘-H---._..._- e e L . Water nnluul'f"“‘ Fnglnearing -"!!;lﬂ ™
it : z = or

L

e — il _ = 1

Solution

- P
Total pmodY volume = S8 =« [0 m

Carchment area = % 34 km*
234 « 10 m?

wiafpprere
l..|= 1' ”|“.p”

Total runofl depth cafchment Ared

I )
jip" m

s G = >
4

x JO% m°

¥ D
. NI m

« ¥ K mm

117 + (2 x 56+ G x 38 (2 » 1.5)

= 1 W)
!r !.-. hours
= "I I-'; "alll

‘1 _. - 5

12

sverage loss rafe { W=index

= 4,125 mm/hr

iod 7~ 10 and 10 = 12 hours, the rainfall intensity is less than 4125 o,
period 7 -

in producing excess rainfall.
-5

However during the time :
lies that it would be incffective

2
ss rain occurs would be only = 12
= T hours

hr. which mp

The period dunng exce

=7 hours
I’ total infiltration - infiltration during the period when J

no eXcess rain occurs

ﬁ - lﬂ-d‘!‘ b e ——

tﬂ‘
total iafiltration = P - R
= 49.5 mm
infiltration during period when no excess rain
* (3 = 3.6) + (2 x L5)
13.8 mm

49,5 - 13.8)
$ - index = -E——-f i

-

i
35.7
z = B 5.0 mm/ihr

Example-7 : For a particular place in November the P.C. of sunshine hours is 7.2 and mean temp™="

is 18°C. If the consumplive use cocfficient of the crop is 0.7 for that month, find the E"ﬂpﬂmmphﬁ:
(Consumptive use) for the crop in mm/d

ay using Balney-Crjddle method.
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cmimonth

[4.6x18 ¢ 11.3

- L M x
X ¥es J LMD

: 327 .,-m.'m.unlh
5.:7 % 1_[_1

a0

[ 2.756 mm-‘llny]

< A reservoir W ‘th a surface arc

|

a 400 hectares has the fol

ground = 12 km/h

\fesn harometer reading =
Estimate the average daily ev
.o ke during this week. Use
(s) Meyer's methed (b) Rohwer's method
Take saturation yapour pressure at 30°C
-+ Solution *
(3) Meyer's mehtod :

750 mm of mercury
aporation from the lake res

= 31.82 mm of Hg

Evaporation, E = Ky (€5 — e,) [1 t TE'] e ()

where,
k, = 0.36 for large deep water

e, = saturation VApOUr pressurc

= 31.82 mm of Hg

at

e, = aclual vapour pressure
= e T
Also,

Ca

= 50% (R.H.)

s
e, = 05 e,

= (.5 x 31.82

= 1591 mm of Hg

‘.
RE&M\BE-VI1 20211 1]

30°C

ervoir and the volume

Jowing average meteorological values

of water evaporated from
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water Resources Engineering

g .

..EE_H'MI’M
iy _,,I'

I =168
|

b.l . |. :
1"'."1 ™ "l.'.l w |, 6%
1}« 1968

« 1643 kmh

shatituting these values m €4 (8).
16.43

0 (11,82 = 1591) » _“. 16 |

11,61 mmvday
Tetal evaporation volume in 7 days (1 week) from 400 hectares of surface areq -

11.61 m
000 day

...
| = 325080 m’ |
e

() Rohwer's method

o | d.]}-'s x (400 = H]I I'I'II}

E = 0.771 (1.465 - 0.000732 P o« (044 + 00733 Vog) x ['c, - &)

where,

- (b)

31.82 mm of Hg
= 1591 mm of Hg
= 750 mm of Hg

- J = (,9296

= 0929 V,
= 0.929% = 12
= 11.15 kmh
Substituting these values in eq. (b)
E = 0771 (1.465 - D.000732 x 750) = (D44 + 0.0733 = 11.15) = (31.82 - 15.91)
= 1413 mm/day

total evaporation volume in 7 days {1 week) from
1413 m

e

!r_u'H'_; H: < 7 days x (400 = jq! mzj
{39560’ |

400 hectares of surface ares :

ith fnmer nvf

lot hav 0
plot have towards the end. Also compute the average infiltration rate for the first 10 and first 30 mimeet

Scanned with CamScanner




- R T Jg—
- fratometer o 2 (30 M B cm

ions are given in the table.

. ...i'-l_l

Time Cumulative Cumulative | Incremental Infiltration

imcrement volume of infiltration infiliration rale

water added F = VYIA
At hours V (em”)
()
0

Calculations in table

_ 2
For column (2) » 0 -2=2min= =5 = 0.0333 hr

3
= i om — = 0500 hr
7 =5 =3 mn 60

5
" o= — = (0833 hr
5 =10 = 5 min 60

v EUE_' = (.28} cm
For column (4) = F = A " 706.85 o

_ﬂ- = [.665 cm
706.85

uﬂ
e

f, = AF/AL

(em)
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Water Resources El‘lqinfv_..q."nq .ﬂ|1'|-.|j
- ] "'
w. Ty

For column {5} «» 0381 i W1 ‘I...
i b % 03K ik
[ 188 - 04685 = 03 A
i in mnnies is drawn, which called '.-'H'n"rr_.," -

p ]
h between rate of mhltratien {fy) vers

A\ prap

Infitratlen rote (em /o) —

L)
1

120 140 160

Time in minules —=—

Fig. 1.47 Infiltration capacity curve

From the table as well as from the graph, constant rate of infiltration is,

f, = 0.40 em/hr
which is also the minimum infiltration capacity.

Average rate of infiltration for the first 10 minutes

183
(10,60) © 7.13 em/hr

Average rale of infliltration for the first 30 minutes

2603

r':l.r-‘ ':IEJJ . 5.:! ':mllhr

The Horton's infilirati i ' i $ eIty ﬂ"""h
ration equation f{t) describe how the infiltration capacity {5~

Example-10 :
tter. In a specific soil, the following par™™

for the soil is changing with time as (he soil becomes we
are known :
[, = 35 mmvhr
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11|_1'|'-

is the infiltration capacity after 15, 30 and 60 min 7
i
much water has infiltrated aflier 15, 30 and 60 min 7

(b " [nfiliration capacity

{

Al

ol H L q
5""““' «a rate (1) at any instanl of time is given by Horlon's equation as,
il : !
The e 4 (f, =T € & . mmihr
=% o *
15 .
¢ min = — = 025 hr
I» ¥ {3l

J]II;{ R I | |
_ﬁa-!'-lﬁ—ﬁi’.': v

i (0.23)

iy
x

. 73,58 mm/hr
30
. m = = (.50 hr
- in : -
after 1 30 m F10)

f(0.50) = 6+ (35 - G)e-2 » 050

1666 m m'hr

.'In'” | = ﬁ-ﬂ ﬁ“l“ 1 F“

f(1.0) =6+ (15 - f}_h;.': « 1.0

= 992 mm/hr
) Accumulated infiltrated water :
We know that,
Fy=r+(f,~r)e™

&

The accumulated miilirated water can be calculated using the integral of f1).

. s =6)
F )=+ 22Xl () - ot
(0= G4+ =S () 04

15
aflert = 15 min = — = 025 hr
518

35-6
F(025) = 6 x 025 + & = (1 - et x 02y

L)

= 1.5 + 145 x 03934
= 7205 mm
after t = 30 min = 30/60 = 0.50 hr
J35=-6

e

1| (1 - e2 = 0.50)

F(050) =6 x 05 + H

=3 + 145 x 06321 = 1216 mm
after 1 = 60 min = 1 hr

(35-6)

F() =6x1 +l = !Et—t'i'l]'

=6+ 145 = 0.3646

= 1854 mm
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e e —— B = y

Example=11 : Calculate the potential evapotranspiration (PET) 1

SINE

the Wllowing meteorological data :

Latitpde of place SR
saturation vapour pressure (e,) = 17.54 mm ol Hy

4 i1 . & s '_|'-
mean selar radiation (He) 030G mun waler pef B

Average monthly temperature = Z0°(

Average relative humidin T5%

A

Average sunshing hours per day

1.05 im0

G hrs ia

g mer U3y
= s 10.7 hours § ’
:\.1_.,"5:1””“ FI""‘I"ll!"If lsours a | |1r|:|__lr“ "-ll"_-[l"-’:

15 k 1|."|:L'|-}'
above !!_|L1\|Itd ) ki

..,
Average wind velocity at = W

Surface cover : close :-'fi'i““l crops

Solution @

The Penman's equation is given B¥.
A.H, "_E-'._'.'E

[!J_‘ r — r_q, . '

where,

i

f n| R a [

g =H{-9(2*P%) - o'T,! (056 — 0.092y/¢a )
o = Mg 2 | |

n

« (0.10 + 0.90 N )

L

17.54 mm of Hg

-2 . 75% (R.H.)
t."l
&,

x |7.54

“a

= ().
= {).

15
75

13.16 mm of Hg

n = 9 hours/day
N = [0.7 hours/day

§ =

a= 029 cos¢

28°4

Latitude

= (.29 cos 28° &'
= 00,2559
b = 0.52 (assume average value)

wi 7

= i

o 01 x 1077 mm/day

k |
r = 0.25 (For close grained crops)

- 203 K

:?-;l-_n iR 2{:'-:.{'.

H = 9506 mm water per day
: )
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TR 1.._|I._1'| fret ET

07 + 2.347 -ﬂ.*l‘.!
1. ||.:._1U 449

[ug_-r'lt'-i-

The 1-.Lm-r|. run!’.ﬂl. aver a h1 Sin nl' area 50 ha during a storm was as follows :

i volume of runofT from this storm was measured as 25000 m?, determine the 4-index for the storm.

Solgtion :

Toesl runofT volume = 25000 m?

Cazchment 2rea = 50 ha = 50 x 10 m?

total runofl volume

Tital I"I.II'H}H;' '||=1.|.|_|: s — o

catchment arca

25000 m'

R = 010 m®

= (.05 m

: 5 em

Toal rainfall, P =6+ 11 + M +28 + 12+ 6

= D7 em

Total infiltration =P -R

=097 - 5

= 2 ¢m
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Wwater Resources Enuhu-r_-n,,,,,:‘,'Jﬂlm1 m
- - — - = IF"I

171 r“
Weindex, ¢ index would be little more thay 11 14

" anewhal more {hun :
T ¥ faMirs patnl il ppil lnxl 5 — {1 fiisears rainlall et o I,,._.,_I””H -
: i [} = & 4 [ L UL ne

fenily, ihe First in those hours would be less than i

¥ % R ..
-quse e rainfall intensily

< ranfall, I
s

..'.-.__
. p T = 5 = 2 hours
e rain oceurs would be only, ! - -
ol o CMCERE
W

i g% &
on = P = R = 92 cm

| e e |-.;J|.~.I when no excess ram OCCUrs
v aurmng I
£+ Il +12+01 1]

5 em

Example-13 : Rr.--a-ulls to determine Horton's infiltration capacity (f) in the exponential form are tabyly.

T 8 -8 O 3 - T T AT

Determine the infiliration capacity exponential equation.

Solution : The infiltration capacity (f,) at any instant of time is given by Horton's equation.
“rn.:" N i: . '“:.l i ]":_II et .. (a) ’ r-:'t -y
From the data it is evident that the infiltration capacity (f.) reaches a constant value equal to [, = |
cm/hr

The values of f!‘” - J":J are labulated below :

N y »
ow a graph is plotted with ran (f, = I.) as abcissa and time t (hours) as ordinate on ordinary gres
Paper,
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tion of the infiltration capacity -.-u.u*.-u:_ll_[_' C.) is given by
= I.".:' LN LER -

- - L|
« (I, - I} ¢

p o+ (56 - 1L0) e 104

oy
1=

r =af= 10 %40 ¢

-08 -06 -04 =02 0 0.2 0.4

09,4 (fet=Te)
Fig. 1.48

Exvample-14 - Assuming the initial infiltration rate of 10 mm/h, final infiltration rate of 5 mm/h and constant
B2 of dacay 095 h-', calculate the total infiliration depth for a storm lasting 6 hours.
Solution
f, = 10 mmh
f. =5 mmfh

[ = infiltration rate at any time 1

"
RE& 1y BE-VI\ 20211 12
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E‘: — - - T water !'-Il‘.‘!'i-'ﬂ"-l':"5'-'-!5 Enginﬂﬂiﬂ'ﬁl—t‘kﬁﬁ ﬁ'ﬂ‘.f.-',

E

e ——

e —
— ——— ———— i

The L"I-':|1.r.'l|lll:"l'l of infiltration l.'.'IF'l-'I-i.'I.I:'- curve 1% given |1.-:.,- :

(. =r)e™

L

k = 0.95 h! (rate of decay of infiltration rate)

substiiuiing values.,

{f =5+ (10 -5 W
§ 4 § 09N

. ; . sove equalion betwes.
. , = o Ef i luring 6 hour storm, integrate the above eq Wiwee;
To find the total infiltration, LI m o o :

v hour as,

(Tl

R LT
i S+
J

=L

=0} 5t
5 g

[ 095 T
_ o ¢
- S[th + 5[ -ﬂ.f‘.i:':-L

‘lc-ﬂ 8« &
| 0.9

5(6 - 0) + 5| -

5
= Fall _ g
D05 B~

Example-15 : The infi" iion capacity in a basin is represented by Horton's equation as f = 3.0 +¢
* where [ is in em/h and t (. in hours, Assuming the infiltration to take place al capacity rates in 3 &7
of 60 minutes duration, estimate the depth of infiltration in

(1) first 30 minules
(i) second 30 minutes of the storm,
Solution :

F=30+ ¢

Ba ]f. dt

fi
(i) Infiltration in first 30 minutes :
a0

I i 3*} d 'I" Bl - -
dinuics 60 0.5 flr

hL¥
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[ vacit ved was found 1o be 6 ¢m/hr belore a
Fuample-16 : The infiltration capacit; od

I o NN camiler wi tha s 2 ro of storm. IT the total inliftration during the
ﬂl.llﬂ” L"I.l.'lﬁ lt Wils 1'|'|1||||.t I I". 1 & ish LE Al NE A -

[ r L - r ll M | i - * L
1% cm. estimate the value of the dacay cocilicient k, in Haorton™s mbiltiralion capacily

§ hours period of storm was i
l!'l-]l.iﬂil."ﬂ
Solution :

Horton's equation,
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Water Resources Enmm__"”“q.ﬁ_“d
s . H,
o — r'lr“

5 em'hr

ex has to be some what mere than 'W-index, d=index would be a little more than 0.5 oy

. evidently, the first hour rainfall 0.1 ¢m and Bth hour rinfall 0.4 em wog)y '"-"'3’3-r'n' 1
: * ey

cis ramlall, becanse the rainfall inter sity in those two hours would be ey than 4

ond during excess rmin occurs wouhl be “”i}

-

6 hours
& hours

' infiitration during period of excess rainfall
I'.-

total infiltration - infiltration during the period

when no excess rainfall occurs |

t

total mfiltration = p - R

=10 -6 =4 ¢m

T : 1 .
‘nliitration during the period when no excess rain occurs

= 0] + (04

= (.5 cm

(4.0-0.5)

p-index = —
[

C
. (30-05)

& = 0.583 emyhr

Hatched portion in the figure

gives runoff,
Check -

i”-fun-r-:l'l'-l‘ﬂ,l =L {i - &)1
o)

(1 - 0.583) + (1.4 - 0.583) + (2.6 - 0.583) + (2.0 5
F (1.5 - H.SRJ} . o ﬂ‘}hr‘}
= 6.0 cm which |

Example.29 . ¢

F( - 0.583) x |

.'IIL‘UIFI!{' ”H.' fijl f; “ ek r oy TL]
!-; - j . i r a! Ltu‘;'l ﬁ‘.!”. Ih . | 1 i
Frinaex ',..;"l ‘]Ir'j_ v :“I”:l“ h‘ﬂ-'[!. T

OK.

ata given below, Asse™ !
(Nov. 2010

T
. " - il
" 2 >
¥ - = - C T — . T .-
! Rainfall intensity(cm/hy)

Time
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wnoll ol
Cof 10 em precipitation pro duced a direct runod
& TVl 1 i % J - I
i o listribution 1% giseh b low, Bastunmale the inbiltratwng
& Al TN RRERRETAR

l--;-r_-:t'.l:.‘.l:l.]

Bak

rainfall {cm)

Totsl precipitation, P = 10 em

Teeal runofl. R = 58 cm,

i, = 16 hours
-R 10-58
W er—m—— = (,2625 cm/hr.
t, I
X A . ve little more than 0.2625
Singe & — index has 1o be somewhat more than W-index, ¢ index would be little more ti f

-

: T § T ] i a g [ Ay TR g ..1"
When this is so. evidently, all incremental rninfall values are higher than 0.2623% cm'bhr. Hence,
rumfall walues would be effective n [‘l1’l1-|.|ll1.‘.ih“ ENCESS rainfall.

effective period of excess rainfall, 1, = 16 hours

vonal inf ilration during perid of excess minlall

f-index = Perioad of excess rifall

ilration during the perisdd when no excess rainfall )

(rotal inf iltration = inf

R l

)

Total infiltration = P = R
10 - 5.8

4.2 em
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 oae it -

Ll
r ' pRp— . e elrs
Infiltration during the period when no excess ran «

(4.2 =0)

| s

B-index

0.2625% cm/hr. » ‘
e HI « hicher than w-index, &1
Note : When all incremental values of rainfall are higher

we=ifdex

| EXERCISE

' seordi » of rain gauge stations.
Describe recording and non-recording type of ran gaug
s 5 . | I, I:'-"'FT": ‘_‘_u._
Discuss factors allecting cvapo—transpiralion.

£om . F Ak . ents of a hydrological -
What is hydrological cycle ? Give a brief description of different components of a hyd :
el B k ] 3

(Noy, 2
Explain the terms :
(1} é=index (i} W — index (1ii) Wmin index

What is transpiration 7 What are the various factors that affect transpiration 7 How would vou

transpiration 7 What is transpiration ratio ?
Differentiate between the infiltration capacity and the infiltration index. How would » |

YOU meéasupe B

infiltration capacity ?
Enlist different types of raingauges and explain the use of

a non=recording rain gauge in the measureme
of rainfall,

Explain ‘evapotranspiration’. Enlist different methods of

measurement of evapotranspiration and deserth
any one of them.

9. What is evaporation ? Mention the lactors affecting evaporation.

10.  Discuss Dalton's law for evaporation lrom water

surfaces. For a large water
of depth on the rate of evaporation,

surface, explain the influe
'1.  Explain the terms :

(i) Infiltration capacity (i) Infiltration rate (1) Rainfall excess
\ il q e 1
[2.  Write the form of an equation, expressing the relation between infiltrat

lon capacity and time, as su
by Horton,

13. List various methods to measure evaporation fram 1
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