/ Processes in lydrologic cycle

Evaporation

Water Cvaporates from the oceans and the land surface

due (o the heat energy provided by the solar radiation
to become part of the atmosphere.

/ Evapotranspiration
Lvaporation from the and surface is accompanied by
transpiration by plants. Transpiration is the evaporation 1
of water from aerig] parts and of plants, especially

ot
leaves but also stems, flowers and fruits.ETranspiration LReic
is a side effect of the plant needing to open its stomata R
in order to obtain carbon dioxide gas from the air for NQGQ/Se
photosynthesis. | e XN
/ Precipitation @ e
Water vapor is transported and lifted in the atmosphere \ ) Aavs
until it condenses and precipitates on the Jand or the \ e
oceans as rain, snow, hail, sleet etc. Some precipitation
falls as snow and can accumulate as jce caps and \
glaciers, which can store frozen water for thousands of \‘ g
years. ) -_\Q\
/ Interception by vegetation and depression storage / \
A part of the precipitated water may be intercepted by '_-.\
vegetation or temporarily retained in the soil in surface .

depressions (depression storage) near where it falls
and 1s ultimately returned to the atmosphere by

evaporation and transpiration by plants.
4
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Snow packs i warmer climates often melt when spring

h"
amves. and the melted water flows overland as
snowmell
Estimated world water quantities
3 4

. Nz 1 B e e ; it
Lable 2.1: Estimated world water quantities

Ttem . y
Area Volume Percent of Fercent of é\:}dn :

(10* km?) (km%) tstal water fresh water 60' gj"
Qceans %13 1,338.,000,000 ﬂ@)@:\ ZO0
&0

Groundwater

Fresly 134.§ 10,530,000 0.7 0.1 ‘\Q@@‘ic&\ .
Saline 1348 2.87 ' -
12,870,000 0.93 ) ‘ "’\hg

ad

sal & ousture 32

‘_\.Iu lousture §2.0 16,500 0.0012 0.05 \‘};{\I
Pelar ice 16.0 24,023,500 (l.?:‘ £8.6 3
:d::t:r o= amd spow 0.3 340,600 0.025 1.0 d%

Fresh 1.2 91,000 0.007 0.2 ‘Q P\& 'S

=

S ne
al 0 £5.400 0.006 \fﬁc

Marsh 27

: = 2 11,470 0.0008 0.03

Rivers 3.5 2 |

g 148.5 2,120 0.0002 0.006

Siclegical water 510.0 1,120 0.0001 D. L‘"

Atmosphes water 510.0 12.500 - B \I\

A 5 2.50 0.001 0.04 LA
Toml waze: 510.0 1385934610 10 @

Fresh water

p

9
133 35,029,210 1 \ (‘Dt
\

0z fomy World Water Balancs and W

zr Resources of the Eanth, G yoght, UNESCO. 197,
Cceamn bﬁ-\'\n e) 9¢6-57. 4
o4 ex LSL\M ne) L°/- \\

okl wn 25/,
—_—

Toxall 1007,

—
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\ Lhe residence time I'¢is the average duration for a wate:
molecule to pass through a 511[}5}-*;‘16111 of the hydrologic
?}"Clﬁ‘]lt is calculated by dividing the volume of water S
In storage by the flow rate Q (i.e. T, = $/Q).

Thq volume of atmospheric moisture (Table 2.1) is 12,900
km®. The flow rale of moisture from the atmosphere as
precipitation (Table 2.2) is 458,000 + 119,000 = 577,000
km3fyr (or the flow rate of moisture to the atmosphere as
evaporation is 505,000 + 72,000 = 577,000 km’lyr), so the
average residence time for moisture in the atmosphere is T, =
12,900/577,000 = 0.0224yr = 8.2 days.\The very short
residence time for moisture in the atmosphere is one reason
why weather cannot be forecast accurately more than a few

days ahea(gﬁ

. _.,._...C{_Q?&;L‘ e //

s

LT —— -_'_..—--; - i -

Similarly, the volume of water in the rivers (Table 2.1) is
2.120 km’. The average flow rate of water in global rivers
(Table 2.2) is 44,700 km3/yr, so the residence time for global
rivers is T, = 2,120/44,700 = 0.0474 yr = 173 days. The
global residence  time for groundwater is T,
(10,530,000+12,870,000)/2,200 = 10,636.36 )'rs.U‘h.c very
long residence time for groundwater is the reason why it takes
; long time to clean groundwater if it is cnnlmmnu\cd]ﬁ
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Lecture Note - 3

Precipitation (Background)

7 Water Vapor

Atmospheric water mostly exists as a gas, or vapor, but
briefly and locally it becomes a liquid in rainfall and in
water droplets in clouds, or it becomes a solid i
snowfall, in hail, or in ice crystals in clouds.

/ Specific humidity (¢,)

Specific humidity is defined as the mass of water vapor
per unit mass of moist air. As mass per unit volume
equals density, therefore specific humidity is also
defined as the ratio of density of water vapor to density
of moist air.

P
— — e 3

ati P 5]
Mathematically, { A G o6 ‘;.}
\ i/f

Where,
p,= Density of water vapor

p,= Density of moist air

kg of water / Kg of 'moiet al're

(<a/xg)

v (urit) =

1

Scanned by CamScanner




S Y >

Vapor pressure

Vapor pressure is the jpartial pressure of water vapor i,
the atmosphere DR

Mathematically, ¢, 2s py=T@T

Where, |
¢ = Vapor pressure of water

p. = Density of water vapor (k
R, = Gas constant for water v
T = Absolute temperature (K)
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/Rulnli\'u humidity (R,)
v
[t 1s the ratio of actual vapor pressure (O 1is saturation

value ata glven air temperature.

Mathematically, » ¢ ‘oetua
: ¢ (m‘iﬁrru@

{ \s Y ik fa I T |
y UMM I11N F

Dew-point temperature (T,) - e

The temperature at which air would just become

saturated at a given specific humidity 1s 13 dew-point
L - . - .

(emperature. (- covonnd)

Q Speeiﬁ'e 8 Relalive, 'fumfdi'la tﬂdm'(i_cfj Relahve (ol Ty AT

use a4\ I3 ?

g eSS neagce 4Sdl difficart
(eaqyto underc

D sp- humidﬂg
2) felorive hurei dity 5T 730 YR |

; o niature, onnteot 6cme. -
L E 41 j‘fm":} 1;1_’.____“‘_‘__ -
a0 (“ =

0. 70 BIET Kin
fi roolalnce eonterrt Jocorce

-B\ag'f?rtﬁ%’}h'(@f Ry 4007 )

Q.
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/Preclpltatmn

Precipitation denotes all forms of water that reach the

earth from the atmosphere.

Formation of precipitation
= Lifting of air mass in the atmosphere so tha it

cools and some of its moisture conéenses. There are

(three)main mechanisms of air mass liiting:
\MM

A. Frontal lifting: Lifting of warm zir on one side

of a frontal surface over colder, denser air on the othe

side.
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B. Orographic lifting: Air mass rises to pass

mountain range
C. Convective lifting: Rising of warmer, lighter aiy
%{T Snot = 'Q(eeim@

nucle

o

_// Condensation requires a(seed)called condensation {5 vairfan
\’_, D i

in colder, denser surroundings.

on which the droplets form. Condensation

nuclei
N W
nucler (0.1 to 10 um) usually consist of products of

2
V
combustion, oxides of nitrogen and salt particles.

The tiny droplets grow by condensation and impact

with their neighbors as they are carried by turbulent air

motion, until they become large enough so that the

force of gravity overcomes that of friction.

As they begin to fall, further increase in size occurs

as lhg@il other droplets in the fall path,

However, as the drop falis, water evaporates from

its surface and the drop size diminishes, so the drop

b

I
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may be reduced 1o the size nt'Lm'dcrusnﬁumi be camed

S ———

upwards in the cloud through turbulent action

Aroso!? Remains airborne indefinitely except for

precipitation. (size < 3 um)

&fn '
Lo

- =y 5 ' EAT -t
= Thc\g__c_lg.‘ of condensation, falling, evaporation,

and nising occurs on average about 10 times before the

v=gt drop reaches a critical size of about 0.1 mm, which is

S=agt large enough to fall through the bottom of the cloud.

1 SRS e ARyl . .
o wa Up to | mm in diameter, the droplets remain

spherical in shape, but beyond this size they begin to

flatten out on the bottom until they are no longer stable

falling through the air and break up into small

raindrops and droplets. Normal raindrops falling
through the cloud base are 0.1 to 3 mm in diameter.’

Aﬂd seeding

It 1s a process of artificially nucleating clouds to

induce precipitation. |Silver iodide| is 2 cormmor

17
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U1 and 0.5 mm. Drizzle usually falls from low stratus
o S W:r&
and rarely exceeds | mm/hr w dead)
_f@'i? Y
@ kw elevertion \@ Tp T, concon satio TR
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nucleating agent and is spread from aircraft in

N

'(nl\u wodide solution 15 evaporated witl
flan

1€ 1o produce particles.|

\/I’ orms of Precipitation

7 Rain: Consists oflli_q-uid water drops) mostly larger
than 0.5 mm in diameter. On the basis of‘intensity,
rainfall is classified as,
Light: Trace to 2.5 mm/h

Moderate: >2.5 mm/h to 7.6 mm/h
Heavy: >7.6 mm/h

Snow: Snow consists of ice crystals. The average
- . 3
density is 0.1 gm/cm’,

ee = —‘;‘5 X1 gm/oe

Drizzle: (Sometimes called mist) consists of tiny
U_q_uid water droplets,|usually with diameters between

{40 path '@
18
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ﬁnllltrati(m Capacity equation

/1fr: = /4 ‘(f =¥ R s

USISty — Honm'seq cespbiad
Where,
fa = Infiltration capacity at any time t from the start of
rainfall

feo= Infiltration capacity at t =0
f.c= Final steady state value
ty = Duration of rainfall

K, = Constant depending on soil characteristics and
vegetative cover

/l‘ ypically. 5

: - =19 :hr ‘ jeoetorhve. eove,
_For a bare sandy soil, f. = 1.2 cm Y. - 190w/ b

ﬁor a bare clay soil, f. =0.15cm/hr £ = 25 em/hrc

A good grass cover o1 vegetation increases this value by
as much as 10 times.

/ Infiltration index

In hydrological calculations, it is convenient 10 usc 4
constant value of infiltration rate for the duration of the
Storm. The average infiltration rate 1s called infiltration
index.

___*4
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S/ P-index

L) It is the average

th

The @-index is derive

with the knou-'Jedgc
case, the initial Joss |

27\ volume 1S equal 10 the rung

*

Dr. Md. §

-i‘[':‘lli I'|: .

mostafakhan@ e Dt

fainl‘aﬂ} above which tl
ff volume.

e e —

of resulting runoff volum

1€ rainfal]

d from the rainfaj] hyetograph

e. In this

s also considered as infi Iiration.m

P-R

@ —index = — =

Where

l,

P =(Totalstorm precipitation
Tism R =(Total)storm runoff
hourt ——

i i A = Durariqn of rainfa] i.e. the (fotal) time n
ramotf which the rainfall
M

@infal > inf Hrcakion

intensity

Is greater thap ¢-1ndex

Now, ) rderondiy

A

i i'< @-index.
case)

> ¢-index, then infiltration rate

the difference between
interval of tim
(ime.
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then infiltration rate (D

(H = P-indey,
rainfall and infiltration in

=i (No runoff

and
an

¢ represents the runoff volume i that
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RAINFALL INTENSITY

E ]'5._ J L 4 — Runolf
L0 -
BRI *‘"1’ -1
0%k LoSS@S ey S nc0S
Uﬁull . _— .J_._-a-_..l 1
Qa s R g 10 12 &
TIME (h)
@ .:-Uﬁn. 3.13 § Index
BT 8
™" .
<« . ExampLe 3.5: 4 storm with recipimn‘on produced a d_‘irfcl nma,(i
3‘6&:\ of 5.8 em. Given the time distribution of the storm as below, estimate the
L z,p\ ® N index of the storm. ; —
) \ - _ exam 2 hotart < 511 fat m-.n&iai@ s _ Wil
Vit a'bi'rﬁsz?éba'a‘%, ,‘
Time from start (h) O 1 2 l 4 by VRIS
ralnfnlt e b
ot e 1 'in each hout (cm) E__"_-“___”_'i./_'_'s——”——li. 15 10 05,
oumai litive :
cuvei)i 4 ve T0 Fomea : t
7y W Total infliration = 100-58 = 4.2¢cm sa add
m;. = time of rainfall excess = 8 h for the first trial. _ ﬂi{ﬁ{m
.____._VF..--"_‘_—‘-‘ - 4-—-'\_ &
Er( aDlﬂ.an Then S e ﬁ (‘:‘,__};'J.f‘_u_l W
I wd . d. r(uﬂ m
&= %—:Lﬁ%' = ‘iz" = 0.525 cm/h o abe”d ;xam & 100 |
mﬁ! mﬂh)’MBul this value of ¢ makes the rainfalls of the(irst) hour and (ighth Jhour
T il % as their magnitude is less than 0525 cm/h. The value of fe s Uum'“
T&,f“h 4 BN therefore modified. o pore mvali 4 gnfe)
< Assume f+ = 6 h for the second trial asgT® 8 houtt (AN Z
value FEK In this period, PER houre, 7% FAC) “te=8he
SR ; F ¥ %@;@1
Infiltration = (10.0-0.4-0.5-58)
y = 13 cm .
=10
13 IO f”‘k" :
- T oy 0.55 cm/h 1= Il"r‘ﬂ',ﬂ'tahoﬁ

+ Z0min \9 (ﬂ!@ TTQ I‘-ﬂ'ﬁ:[ll, mﬁ' ‘n;ﬂ‘h’ﬂ'ﬁm raie cico 030
: Hm}la, $= o55%Y (Br[ &rmoin) emibre 5 e gomin P= o-BHE™ [Fmin
= os5xa (B 15min) emibe - onpX2 em/1hp

Scanned by CamScanner




] - L

- _____.__,_._.,m_.ﬂnﬁ‘-{iu .i.u '.;.-_m-.

Scanned by CamScanner

H\'df.‘}grgp‘k ."C'T‘p‘-“"‘nt.':
] "
1 MA = base liow recession

¥, :'I - R { ' \
| & E’/" ':\Lta” A8 = nsing limb
\ e 8C = crest segment
CD =falling limb
o P -
= DN = base flow recession
i 8 Points 8 and C = inflection points
(]
=
S Direct runoft
& / Peak
L food \
a .u

—-_.—-.-.-_._._———--F

Time in hours

Fig. 6 Elements of a Flood Hydrograph
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6.4 BASE FLOW SEPARATION
In many hydrograph analyses a relationship berween the surface-flow hydrograph an
the effective rainfall (i.e. rainfall minus losses) is sought 10 be established. The sur.
face-flow hydrograph is obtained from the total storm hydrograph by separating the
quick-response flow from the slow’response runoff. Itis usual to consider the interflow

as a pant of the surface flow in view of its quick response. Thus only the base flow is

10 be deducted from the total storm hydrograph to obtain the surface flow hydrograph _JQ
There are three methods of base-flow separation that are in common use. j:,
1TETHODS OF BASE-FLOW SEPARATION ’
METHOD I-STRAIGHT-LINE METHOD  In this method the separation ofthe bast
T :
low is ach1¢:\ L_d by joining with a straight Peak , N days—
line the beginning of the surface runoff 1o A
a point on the recession limb representing =
the end of the direct runoff. In Fig. 6.5 point -(1?\'
0

A represents the beginning of the direct run-
offand itis usually easy to identify in view
of the sharp change in the runoff rate at
that point. :

Point B, marking the end of the direct

Dischargo

runoff is rather difficult to locate exactly. _ C
An empirical equation for the time inter- Fig. 6.5 Base Flow Seperation @
val N(days) from the peak to the point B is Methods A)
. N=0834" (64) \
where 4 = drainage area in km? and N is in days. Points 4 and B are joined by a \
straight line to demarcate to the base flow and surface runofT. It should berealised that| '\\

the value of N obtained as above is only approximate and the position o{ B shouldbe
decided by considering a number of hydrographs for the catchment. This mclhod. of
base-flow separation is the simplest of all the three methods.

METHOD 2 In this method the base flow curve existing prior to the commence-
ment of the surface runofT is extended till it intersects the ordinate drawn at the, peak

(point Cin Fig. 6.5). This point is joined to point B by astraight line. chmc‘nt AC and
CB demarcate the base flow and surface runoff. This is probably the most widely used

base-flow separation procedure.
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METHOD 3 In this method the base f)

flood water is extended backwar
non (hine EF in rif_ 6.

mcthod of base-flow

W ai .
ds till i 0 recession curve after thedepletion ol
st

It intersects the ordinate 2t the point of inf

5). Poi e
). Foints A and F are joined by an arbitrary smooth curve

butiens are 5ig"iﬁcar:::sr::ja::;:}:sl;?l:j“c in sil.ua::'ons where the groundwater co
1115 scen that al) the three meth g
selection of ' ethods of base-flow separation are rather rbitrary
: _u an? one of them depends upon the local practice and ssccessful pre
tions achieved in the past. The surface runof hydrograph obiained afier the base-
separation is also known as direct runoff hydrograph (DRH)

6.5 EFFECTIVE RAINFALL (ER) = Direect notf

Effective rainfall (also known as Excess rainfall) (ER) is that part of the rainfall
becomes direct runofT at the outlet of the watershed. It is thus the total ran fall
given duration from which zbstractions such as infiltration and initial losses are
wacted. As such, ER could be defined as that rainfall that is neither retained o
land surface nor infiltrated into the soil.

For purposes of correlating DRH with the ain- . Rainfallexcess
fall which produced the flow, the hyetograph of % \1
<he rainfall is also pruned by deducting the losses. 3 P_L_]
Figurc 6.6 shows the hyetograph of a storm. The @
| initial loss and infiltration losses are subtracted 2 =3 1 3
| from it. The resulting hyetograph is known as Losscsf%q) naex \ipe
effective rainfall kyetograph (ERH). It is also 7 \3‘1% Iheeﬁq —Epr(grg
known as excess rainfall hvetograph. Time =~ {1+ ﬂb: \\ =
Both DRH and ERH represent the same total  Fig. 6.6 Effective Rai ﬁ% |VQ. . FE I
quantity but in difTerent units. Since ERH 15 usu- Hyetograph (E rn

ally incm/h plotied against time, the arca of ERH : B
multiplied by the catchment area gives the total voh.!mc of direct mqnﬂ which
same as the area of DRH. The initial loss and infiltration lossesare estimated ba
+he available da he catchment. jpt Abourt  Ond Alourt

f de 3.8 nd 2.8 cm occurring onhvocons
ExamPL Rainfall of magnitude 3.5 cm and <. cm occurring o” '
<4 duranons on a catchment of area 27 km?® produced the ﬁJH'ou':.ng Indrograph ;Bg:}:}m \ :
uf the outlet of the catchment. Estimate the rainfall excess and ¢ index. am‘.ﬂ')
40 @a A st lire oTt

- - 28
| from start A (—é . +
| :}mr:einfallﬂi) igE il aEhg a0 36 4 (s8] 54 0 cmeirnﬂt?i{“'@r@
Observed flow > | ASE pom'l‘

(m*/s) ERERe 13 260 2181612 o) e St 4 AR [.E TR |

; i ig. 6.7). I is scen that the
Lurion. The hydrograph is ploticd to scale (F!g, _ ‘

' ggmgmph has 2 base-flow component. For using the simple straighi-line method
flow scparation, by <g- (6.4) . .

N=083x(27)"=1.6days= 38.5h
i i = ak atr =12h and ends at

However, by inspection, DRH starts at 1 = 0, has the pe s
(which gives 2 value of N=38-12=36h). AsN = 16 h appears to bemore salk
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B Q@ 4 8h -
=0 —“— o Index = 0.3 zm’h

«— Rainfall excess = 5.52¢m

_J2.26em

Discharge (mYs)
)
<
i

00~ /d Direct runolf ™~ _

| ot \mq—
e A e e ——-————— . -

f_.?ase‘-:v.-;
- 3 . i . bl 28 § i . 1
©T8 0 € 12 13 24 36 35 42 23 53 6J 66
Tims in nou’s

Fig. 6.7 Base Flow Separation— Examiple 6.2 35S

. than V=233
line base flaw separarion gives a constant valus of S @7 ’s fur the base fow.

Arez i DRI (6 X 60 % 60); ;(3)+3¢ -m)-%(;l -t!_f_:_)-t.;lj(l@t

38.8 4. i ihe preseni case DRH s assuned 10 cttstfmn - Olo-isi. A s:r"g!:l

+ lu |;7a+ln+4;+ {;-n 3

m::oﬁ' volumc _L
cat..hmcm arca

. Il:.noﬂ' depih

Tml ruinfail = 3.8428= 6.6cm
Duration = 3 h 5
(s6- s_sz)
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che ordinates of a §-k st kydrograph for 3 coah-

I examrre 64 Given below are the ording f a &- -
- p— A 3 g ¢
ment. Calcilare the ordinaizs o f the DF. i due ro a rainfall cxcens of 35 om sccmring in
6h

Time (h) e Ty S R 2 RS | e W36 4 K S0

UH ordinate
(m*/s) 0 2% SO 85 125 160 185 160 110 60 36 25 16 8 O

: Socurion.  The desired ordinates of the DRH are obtaimed 5y —ukiphme fhe andnmes
of the unit hydrograph by a factor of 3 5 as iz Table 63 The resuling DRH 2s ako the
. unit hydrograph are shown in Fig 6.10 (2} Note that the tzme base of DRH s pot chenges
! and remains the same as that of the unit Eydrograpk. mmm‘m )
: unit hydrograph (shown in column ) are not mny-:rullulllﬁ:'

 rainfall excess and can be any convenient valze.

Table 6.3 Calculation of DRH Dueto3.5 ER—Examp

Time (h) Ordinate of 6-h
unit hydrograph (m’s)
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Fig. 6.10(2)
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Dischargo (M?/s)

! e L BT B e 5‘5 =
0 &6 12 18 24 30 a6 42 48 54 €0
Time in hours

3.5 con DRH derived from 6-h Unil Hydrograph— Example 64
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Fig. 6.12 Detivation of unit hydrograph frem a storm
bydrograph |
Yolume of DR} = 60X 60 %6 X (sum of DRH ordinate;) ]
= 60X 60x6x587 =[12.68 Ny Milion !of( HGQOJ‘M

= 423 km® = 423 Mm?

Drainage areq
- =000me=i3¢cy

. 12
Runode:p!h = ER depth = T
The ordinates of DRH (col. 4) are divided by 3 1o obtin the ordingtes of
ograph, see Table 6.5,
|

the 6-h upj; hydr
= EMMPLMJ{ Peak of a flood 4 ydrograph due 1o o 3-h effective Storm is
[ 270 m¥s. T he niean depih of rainfall is 5.9 em. Assuming an arerape
infiltration joss of 0.3 cm/h and 4 constant base flow of 20 @5, estimate e
h unit -&ydragrap&.

- = :
- Sﬁﬂcﬁw Peak of the 3.
ﬂ_" : Duration of rainfall excess = 3
@l Total depth of rajnfal] 59 em
Loss @ 0.3 ¢m/hfor3 h = 0.9 cm

Rainfall CXCESS = 5.9.0.9 = 5.0 em
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TapLe 6.3 CALCULATION OF THF ORDINATES OF A &h Usit HYDROGHAPH = 2 (—; h,(j 8
ExXAMrLE 6.6 = Q)
— I @ 09
Time from Ordinate of Base flow Ordinate of Ordirate of ﬁ'b 'PF
7]
beginning storm hydro- DRH -4 und 'rrou-rdo' qa—{]
of storm graph hydrograph
v ) (m']s) (m/s) (mY/s) (Col 4 +3) g !
S B S . ) L
1 2 3 4= 3—0 s
—8 10.0 10,0 0 ¥}
0 10,0 10.0 ] 0
6 10.0 100 20.0 67
12 A7.5 10.5 71.0 257
18 11).3 10.5 101.0 07
14 102.5 10.5 %210 w7
3o §5.0 11.0 74.0 247
16 71.0 11.0 0o 200
42 9.0 1.0 48U 14,0
48 41,5 11.5 6.0 1.0
54 39.0 11.5 1.5 1.2 )
115 00 'K e
s 4 iR o4 cdiate ) X
66 260 120 14.0 , :
72 21.5 12.0 9.5 )2 «;',J"[ji]'h'l’r;e ICIP(:';
78 17.5 120 5.3 |.L.B
B4 15.0 §2.3 2.5 0.8 594. l'ﬂ 'b.rr,‘e
90 12.5 12.3 U V] 6
96 120 120 0 0 lap e hro
102 12.0 120 ] 0
o e =6 x 2600 ) 5eL
Sum = 3570 195.7
Example 6.7 (Conid.)
Peak flow:

Peak of ood hydrograph = 270 m"fs
Base flow = Zﬂfm',!l
Peak of DRH = 240 m'/s

: R  peak of DR
Peak of 3-h unit bydrograph = <= e ey

250
" 50 = 50 m*'/1

Unit Hydrograph from a Complex Storm

/ When suitable simple isolated storms are not available, data from complex
storms of long duration will have to be used in unit-bydrograph derva-
tion, The problem is to decompose @ measured composite flood bydro-
graph into ts componenl DRHs and base flow, A common snit hydro-
graph of appropriate dJuration Is assumed o eaist. This probiem is thug the
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