% POJ,}—L‘ Ojasl'*

J.-L
massS l“”} :’Q‘ P

balance

Hydrologic cycle a6 15u01
It represents the water cycle on the earth or

is useful to study the mass balance of of
Ov

specified region Gijthe whole earth.

Mo &

i

Precipitation (P)
LP Lj_""‘—ul -
WA, o
' *Ry

- Runoff (R)

ranspiration (T)

)

S ale il 5 3~ g—— Groundflow (G)

o slgl g At
o ulso 5 peklin O I

InSilnlie s

Hydrologic cycle

Water is distributed in the hydrologic cycle as f
97. 5% as seawater and 2.5 g

2.5% as freshwater in
glamers and ice caps). ~Eer G Cl“‘h“%

e g7y
Components of the cycle are:

(2, ) )b «—= Precipitation (p), (%> >4
SR Evaporation (E),
i 2 o T O,
o Lot P Infiltration (f), g .
Z_‘;‘, Pl /‘ Surface runoff (R), Eﬁ"‘“‘ﬂaﬂ&:&g
o & @] " Oroumdwater flow (G) CE-

)

L \_-; U 5*
e it Cx L

AN
e

6

Hydrolo gic cyc]

For given region, the
Over the time appears

Vi total water volu
Vmi total water 19}

Hydrolog;

Ex: water bala

A dam lake of
for January «

. cumulative pr
\5‘-3- evaporation fi
\.L infiltration fr¢
the lake wate
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. (05[54” 0 L8% U‘Ld,i
(:;5.:’3)@.«:“ Syl f

m——

|
: le: mass b
Hydrologic cy¢ alance 1, e

For given region, the change in water volumes (mass) |, q e ¢l U

over the time appears as a change in the storage (AS):
oLl

Precipitation (P)

AS =Vin"'vout : tTll-inmplmlm-|(1'1 L§_‘b 5{,\3—“

2 O l i 4000 | go Sl
o\, F e e Jetliton @ oty
-t = ——- " " > .
}-__9,|.JJ-L)] —

Ground Now G)

A @ —» Lk
. . - s
V. total wate% inters the region (system) (a5 Q@ gk

V.. total water l’_(.)_l_lll_llg leaves the region (system) >

. £, I S
Hydrologic cycle 10 92% b
Ex: water balance application / e

A dam lake of 40km? receives an average water flow of 0.56m/s R AT
ot & for January while delivers-0.48m%s as leaving runoff. The |, Wi sl

cumulative precipitation for January is 45mni cumulative) Tn S o dll op
Bl S evaporation from the lake surface is 125mnfand the cumulative

k- infiltration from the lake bottom is 25mn\11. Calculate the change in
| Tad £ the lake water level during January? sl
__}_‘Bt& © Soln:
Rain volume in  Evap. volume out
g S

54._.2.6| %
Runoff volume out
S STt A =i " An

B ; L.
llnﬁltml.iun volume out u L = e o

Runoff volume in
—lp |+
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4oKm - (o # Jooo ¥ dobo

aclsas 2l EoPls €t 34 ]
G ilL Lo Asadadls adzielo

(5mm Hydrologic cycle \

Jooo

0-oL5M Volume in: .
Vi = 0.56X60x60x24x31 = 1,499,904m? —» ¥ Jua

V, = 0.045x40,000,000 = 1,800,000m3
Volume out:

5 Vi = 0.48Xx60x60x24x31 = 1,285,632m3
- At Lot | R-out 2 ¥
= it Vi = 0.125%40,000,000 = 5,000,000m?
Lot £ AL |y 0,025%40,000,000 = 1,000,000m?

AS =V, - Vout
= (1,499,904+1,800,000) - (1 ,285,632+5,000,000+1,000 000
=(93.985,728m? )
The change in the lake water level is a drop =
= 3,985,728 / 40,000,000 = 0.1m = 10cm.

]
e W
S

asgdaslel| Watershed definition .« o >#Q ol |g
walershed :- The watershed is defined as the land area that

. contributes surface flow. The catcfinent is the land arey
ole 3V bza that receives precipitation. The m@;’s usually large ang
(_}M\ contributes flow from surface and subsurface

= (groundwater) sources.

yasy,

Calchment - ~
" - CL,}-E""J
& ol
5}}&)‘
\Ya'tershed
basin - -
(o asle bt Jort

AT YAY:

8 oA 28 Eiolud
W Ol ]
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Watershed delineation Sosd gy
Watershed delineation means to mark the watershed
borders where surface flow from pre Pfeclpltatlon will
evolve.~, o"“"wﬂ'- =
Why it is important to delineate |§
the watershed?
Answer:
To compute Q from the
watershed!
Qo A™ ncouldbe 1. Q
L & v b £800E ol g
Watershed delineation _
aad Jid

Rules: o o

ules . f‘/P T 129}"} %
1. Locate the major stream, 2
2. Mark the peaks of surrounding hilltops,
3. Mark flow directions from peaks of h111t0ps to cross

contour lines at right angle, q.d e Uyl
4. Connect the marks at peaks to include the flow

direction arrows towards the ma_]or stream 5 !:\2!

Slow
J - N
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example

Watershed delineation

The resulted.

watershed

“pe

example

Watershed delineation

10

o
-
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watershed characteristics A A
PR
Wwatershed average S1ope: |

ooy

estimated from

AE : elevation difference along the main stream channel,

H : main stream Iengg, 1‘[_—1;‘2 pro_;ected distance.

Lower contour line

.......

Runoff

¥ Aueraae Wef%\nl %)‘0193 .
LS sonh b b Pt

Sope s Jer . 'L')J;),gu;ijsf@;
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qracteristics 3 iy (O
Watershed ch = ol

3 he flow. s ¥iss
o, o d | Examplesvateshed shape BT S T 5ol

— ad g

'i- . = ':bokt;r’Baslnl

. phs are more peaked and floods |
Tinore abrupt in narrow, steep basins than
in equant, gently sloping basins:' |

g PRI
i Momine & Sslso 12
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R 'fr ‘\ E-\JJJ—Q- A
¥ P \ v
I X
s : ) l Saadfe 220 Y
X B V7N
3 \ N
% [

——

"

Watershed characteristics

Watershed contributing area: ___ () alds g

'I km’ Bnln - g
n

Flow
4
- -~
o
1/

Flow

Loy
Conclusion:
As area increases, the flow amount j

e ———

licreases, i.e. Q o, A

—_—

———

Watershed characteristics

Flow Flow

/\A

Time Time

Case A Case B

Steep watershed discharges flow like case A

Watershed of rough surface discharges flow like case B

=F

(5%l @
A Lud\ s
Sesd 28l

!
ﬁ)aﬁisju
514(93‘

13
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Watershed characteristics \
.t oustl$ Drainage density: <%+ aé1d
&4 el &l - The drainage density (D) is the ratio of the tota] |
of all streams formed to the watershed?ea\en&
R 5‘4'&\’ aca drainage density reflects the response of the Watf; The
D o835Vl | to the rainfall. It can be used to classify Watersished
' Usually high D values means high and quick Tegpn.
, (flow) of the watershed to rainfall. p Onse
PR ,
Rl L— >
SRk — A
' 5 D = Zeéy o
s )u‘"’w I .
POT Py Ly zero glope — 51-0 B A
) :
(42257 s gLt 3otk
T ET
Watershed characteristics
j';)lw J]_}»J » Ex:

Watershed A of 4.1km? area has streams of 11.2km totg]
length and watershed B of 0.58km? area has streams of
1.55km total length. If watershed A discharged peak
flow of 1m%s from 30 minutes storm, estimate the peak

flow resulted from watershed B when subjected to the
same storm?

Soln:

D,=11.2/410=2.73

Dy =1.55/0.58=2.67

Conclusion: D, = Dy (similfar watersheds)

Lets (7 Gord 8 -

14

14

AN
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Watershed characteristics

Soln:
The flow @ is directly proportional to the area A,

QoA or 0= k x.A, or ratio k = Q/A is constant.

' ] =uk
ol bemsyely 17U
%

AA AB

0, = (0.58x1)/4.1 = 0.141m¥s.

Watershed Bifurcation  drem £ olsgi
Stream order and Horton laws:

The stream order is used to classify watersheds. The
order 1 is assigned to the smallest stream in the
watershed, the order 2 is assigned to the next larger

stream, and so on. The Horton laws can be used for
computational purposes.

Runoff | Slrf’am Chﬂnnel

15 , ‘-‘/L"('Lyl

"
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Watershed Bifurcation T

Stream ordering rules:
When 2 streams of the same order (order i) are j Oineg
the stream formed has the order of i + 1. J
1
1
)
When a stream of order i meets a stream of order ; r1
then the stream formed has the orderi + 1. B
1 ; 1
2
—_-_‘-_--'-‘_
Watershed Bifurcation
Ex:

For the following watershed, order all streams ang
estimate the principal stream order.

Runoff

16
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Watershed Bifurcation

Soln:

The first streams are labeled by the order 1, finish the
rest using the rules mentioned previously. The principal
order (k) = the largest order resulted.

k=3

Runoff Princ:
rincipal order
Tt —————

|

Al 5 Jud) Of s TN U

Watershed Bifurcation o i
Changes in the watershed stream properties versus the | ALl po

stream order.

A T A _

17
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e D) fe q it

Watershed classification
L_|—Horton laws of streams:
Law of stream number (Bifurcation ratio)/
E e
%x(fﬂm}}; G/ Ni+l @ Ni_Rn ng U\
| & % (5‘./‘)\ where k is the principal stream order. Neg
e o) Mz v
\ c\/"' ____/Uq
Law of stream length
L A
Z Lr+1 - fid
Fi R T LuRt
U et |
——-_—_'_'-'—--

Watershed characteristics
Exercise:

A watershed of 5.71km? area has principal stream order
of 4. If streams of orders 3 and 4 have 1.23km and

0.45km total length respectively, compute the watershed
drainage density?

‘What is the length of streams of order 62

Zexo g
( ot ;_;U .S{f-l

18
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Mean and Uacionece gnd P‘foba?ih‘-lcs

o% vepete
gl I . @

Statistical methods in hydrology R 83 Z“;

OJDJ = (o]
The desien of su.rface water systems fiegcnds on natural iP5 P

hydrologic vanabh:: parameters like: precipitation, el
runoff, humidity, wind speed, etc. Such parameters are b luzt) s
random variables——=> Mg by § L Bl I
__.-.—-———-"_'-_- I e *

: i Ueoic)

To handle such hydrologic random variables, statistical
methods like the expectation, the variance, probability
distribution functions, and frequency analysis are used.
Such useful statistical methods will enable yg to obtain

the exceedance probability and the m—peﬂ;{(;d—qfor @
design purposes, constructing IDF curves for computing . szl
peak flows for sewer sizing. gai \ LN 5.0 .

— e ot
» el Q,ALG(JZ{)M(Q;J
%.OJJ@JL;‘AIL;!

Statistical methods in hydrology

The expected value:

Given a historical record of hydrologic variable (X), for
example the precipitation over n years, then the expected
value (mean or average) of the variable is estimated as:

1 & oo Expected value = meap
X=— z X . . 7
n<s % . Sy Exyo

e — E . o '
| = '
‘ ' "o
H

i

Do20o time

3\
. s " > s ' @ -a'é";'j
) @3'@@3@@‘5‘&\%‘&@—:
=D, 2000 Lo 2 JU"am éﬂé( zﬁ:" .
Jot S gue P gt mean a4
i 19

. Foror
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Statistilcﬁl methods in hydrology\
s

The variance and standard deviation:

Given a historical record of hydrologic variable (X)
example the precipitation over n years, then the v for

Srrov is the squared deviation of the variable abOUta“fre
j" an _y(- ; expected value (mean or average):; = &J:I_;_L\’]ls
i I ):I'r'o(' 2‘3—"';1
G gl )l 1 ~p § Deviation /ean
" b & X i Xy .
o et . V= x‘__i R R, { e, /
it S _ _n—lg( '§ .
S vals sl | O et )
. gy 3+ S
. ‘ The standard deviation S =V T
2 R T
Ferod  Juis S Aetlgue oy
] L.BA:*L?(?W\;:.L.L o ubslal) 2df
. . ” —_\
Statistical methods in hydrology

20

Example:

Given a historical record of rainfall depths (x) for years
1995 — 2010 at gauging station in Jordan, Estimate the
mean and the standard deviation of the rainfall depth?

Year | Rainfall (nm) | Year Rainfall (mm)
1995 212 2003 188
1996 123 2004 141
1997 156 2005 197
1998 225 2006 180
1999 134 2007 96
" 2000 175 2008 150
2001 237 2009 207
2002 249 2010 167
20
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Soln: n=16
Year | x; Year i
1995 | 212 2003 188
1996 | 123 2004 141
1997 | 156 2005 197
1998 | 225 2006 180

1999 | 134 2007 96
‘ 2000 | 175 2008 150
2001 | 237 2009 207 .
2002 | 249 2010 167

The rainfall expected value (mean) =

1¢ 1
Xx=—) x;=—x2837=177.3mm
g nz:‘x' 16

Statistical methods in hydrology
Soln: n =16

Year | x; (x,—x)f| Year X lx -3
1995 212 12032 2003 188 1142
1996 123 2949.8 2004 141 1318.6
1997 156 4542 2005 197 387.6
1998 225 2274.1 2006 180 7.2
1999 134 1876 2007 96 6611.7
2000 175 53 2008 150 " | 746
2001 | 237 3562.6 2009 207 881.3
2002 | 249 |5139.1 2010 167 106.3

The standard deviation S = W

§ =J‘7=\/—!—li(xi ~%) =42.9 mm
h— :

i=l

70 (,,'é_{lJ \Sg‘l Sabkio old ot
ioonhnn g waq Ok

21
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siven the exceedp
Ce

o
dom vari
oW ran ab]es’ the

For design :
e T rainfall ©f :

. 11 or flow can :
desigh .ﬂ.aln: be estimated bY plotting the cumulagy,,

- Design
_Design rain for co

’//\

]lection SYS

Statistical methods in hydrology

Obtaining the design value:
Assume the task is to design a culvert as shown. The

question is: given flow values from weir, what is the

value of Qgesign’

®| Flowrate (m3/s)
Ms' LA 1.4
- ‘) 8.5 llgc\\};licks
lﬁbLﬁ-‘: , ®\ 43
; g 0.9
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Statistical methods 1n hydrology
Obtaining the design value:
After drawing the cumulative probabil%ty and given the
exceedance probability (failure probablht.y: 5% or 10% as
provided by the . project owner), the design value can be °
obtained. ‘ \
Cumulative probability (100%) — - _;_.LL‘
Exccedance Prob L] et
: 5” Failice - SO
.> ) ~ _3] o_)l,t_g— L
1§ .;
: Non-exceedance Prob K R L/—:’: L \
k Quesess
L | pTee L —— __9 iffu@
¥ esign value ariable
— - S—— . . Ev®
@3|y\}\,oLéJ|§;Wu s il) o 5E s
' ";L“;Luﬂ(’ BT “ Desian
- 3 . value =¥
Statistical methods in hydrology -z, .
The computation of cumulative probability: UlAW e CJ
The exceedance probability can be estimated by plotting Ha &
the cumulative{probability distribution) of the variable PR
(rai f flow). Since the exact probability distribution o Vi
nction of the variable is unknown, the plotting ol Bl
position equations can be used to plot\the empirical i’roF
cumulative distribution of the variable.
2 N
One of the common equations to plot the empirical 54 8o @£
distribution is the Weibull plotting position equation. ey £
ety AL MR i o o alar g5
s e\ 22 3*‘) \ S|

CLu—"L&_) ZEL} &Y,

2

A
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methods 11 hydrology

Statistical e
. -:on equatio utes g,
Th i Jotting p_o.smon or e
. g:;‘;:llzlilhge probabill PX<X)
non-

m

= @/_\ _——

i _I_JEX <':<_/x) ey

variable < specified valye N

PX£X): probability of obs.crvmg
m: isﬁdata rank (lowest t0 htghest).

L —: record length.

S &
Pato-  * .
FOW The probability P(X > X) = I = PEE x) is the
exceedance probability-
L e

Statistical methods in hydrology

% Given the exceedance probability P(X > x), the retum

0 s5£°! - period T of the hydrologic variable that exceeds

specified value (x) is:
Lt & i
L ' T e R
S P(X > x)

The return period defines on(@verage)how frequent or

often the vanable X will take time to exceed the
specified value x. .

— _

24

- :
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Statistical methods in hydrology Ze 31 AT -
o . $ilag, e
Annual rainfall at gauging station is recorded for ears 1995 _ .
2010. Plot the distribution of the rainfall. Assurning oy 1 Biss, 50
design storm is 210mm, how frequent such rai

nfall storm is? =

- ;.;dl Year | Rainfall (mm) | Year R"im
(‘,—l - 1995 212 2003 188
SJ\ | 1996 123 2004 1dl
(’f’DJ 1997 156 2005 197
L r"Lc' 1998 225 2006 150
- 1999 134 2007 %
2000 175 2008 150

2001 237 2009 207 |
2002 249 2010 167

Statistical methods in hydrology
Soln: Arrange data from the lowest to highest. Rank th
arranged data, and use the Weibull equatigg‘n to calculatg
probability. n = 16.
Sample calculation: for x = 96, m = 1, then PX<x)= 1/(16+1)
=0.059. P
+46
Rank (m) | Rainfall (x) [P(X<x)/| Rank (m) |Rainfall (x) | P(X < x) 4
| # 96 (0.059) 9 180 0.529
2 123 0.118 10 188 0.588
3 134 0.176 11 197 0.647
4 141 0.235 12 207 0.706
5 150 0.294 13 212 0.765
6 156 0.353 14 225 0.824
7 167 0.412 15 237 0.882
8 175 0.471 16 249
N\
boit] o, Yo, >
Prgy —ealetheat il 4 ey
(1 5% i  oF0
Va0 1
(B’M 548 '3 gt fit @

. { D Ner & WV
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s in hydrology

n storm (210mm), then
=1/0.26=3.86= 4years.

Statistical method

To find T for the desig
PX>x)=1- 0.74=026and T

Rainfall (mm)

Question: estimate the design storm that being exceeded 40%

of time?
i,
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Statistical methods in hydrology > Max Q
Intensity Duration Frequency e (r._r,_,,m
Are set of curves that relate the rainfal] OLaadl Lo s
intensity (i) of a storm % @ and e Bl

'Eorm frequency (Return period: T years). ¥
The rainfall intensity is defined as the ratio of the ol L
rainfall depth (mm) to the duration (hr),

Joo vlo &5
\ i{mm hr) = ) —> -
31(CS§ ! ’nin/hr) d(h ) ‘?u“:aj 5 4o | (1“\&’ A
r 586 cli A
Such curves are useful for computing the .-
from small watersheds using the ratjonga] me&%a;( flow c”"'”’a'
Statistical methods in hydrology %
IDF curves: | 51t s &
Are set of curves that relate the maximum rainfa] ol 2
intensity (i) of a storm versus the duration oy
storm frequency (T years). ) g the ' L_\_S‘J'
e aaue ggl,
Redurn
FenOA ‘()':ul-l ®
st
el i
Gstlo 80
. wis sy & v g 2V ' A 0_)‘_;_‘-_561
5 ma oL 5 03t 03 O
21
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Max yane
Larye
Tall

eiteme

Y

- = - ratiOn iS the
—extreme  value distribution] type - the

/(X <2)=exp - -| =)

Statistical methods in hydrolc)gy

To estimate me@%mm intensity,

A : g

first to determine the maximum rainfa]] dept?]eed at
theoretical model that fits the distributjon o‘f The
maximum rainfall depth of a given dy

1

distribution).

0. and u are the model parameters.
e e

o= YOO, I —{y— 0.5772¢,

T 8"6“&1\'4

devad)on

mean T o

Statistical methods in hydrology

Flow quantity in relation to frequency.
Nommal streamfiow

2-year flood
10-year flood

50-yedr flood J
100-year flood

28
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Statistical methods in hydrology
Ex:

Plot the theoretical distribution for the following 15-
minute extreme rainfall depths.

Year 15-minute(extreme Yainfall depth (mm
2000 12
2001 17
2002 7
2003 14
2004 27
2005 9
2006 13
2007 18
2008 8
2009 15
2010 11

|5 _

Statistical methods in hydrology
Ex:

x=13.72mm S =5.64mm

J6x5.64
T

44

u=13.72-0.5772x4.4=11.18

oz <) p{ exp(—[x;“m

29
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 Dala point auit

15 .
Bl g

0.77 i
Extreme rainfall (x)

PER -

Statistical methods in hydrology
Question: what is the amount of the extreme rainfall
depth that is associated to 15 mins duration and return

period of 10 years, i.€. X;5min, 10 years

Answer: use the probability plot

i
Exlremerainfaﬂ(%—&
T = {40 ¢
24
PKLW =04 S
PX<n =09 K s
Nen exceed [ st {0

30
i i el
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memods in hydrology - ik

. . A i . ¥
ast question can be also answered computing the Wlzly g4

Tll;:n%]e (x;7) using the frequency factor (Ky) of the T

q Jmbel distribution as follows: . @ @ dae

- oz |«
Q <'{_\xd,]"'-_:'xd-*-I<T‘S‘d - ks dueo

el ke br

Xyt extreme rainfall depth for storm of duration d and
frequency T years.

X, and S mean and standard deviation of the extreme rainfall
depths for storm of duration d (from records).

Ky frequency factor of the Gumbel distribution.

—~=—> Invere Sor P
K= -ﬁ[o.swz +1n[1n[_T_m ) @
= , i L] o
— v e

Tnverse Sor e

Statistical methods in hydrology
Ex:
For the past 15-minute extreme rainfall depths,

estimate the amount of the 15-minute rainfall depth
associated to the{10-year return period |

Year 15-minute extreme rainfall depth (mm)
2000 12
2001 17
2002 7
2003 14
2004 27
2005 9
2006 13
2007 18
2008 : 8
2009 15
2010 n

31
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Statistical methods in hydrology

Ex:

K=K, =—{6_[0.5772+ ln[ln[lég ID] =13

From the historical data

X; =X5=13.72mm 8= 8y =2 5.64mpm,

then the amount of 15-min rainfall at T

= 10 years ig

xlSmin,lOyear = '_x-15 + KlO SIS = 13‘72+1'3X5.64

xl 5min,10 year =2’1’%

\

—_-_-_--_"“'-‘.._
Statistical methods in hydrolo gy
Ex:

A watershed discharges extreme flows of 3m3/s and
4.4m3/s from 30 minutes storm of 10 and 20 years
return periods, compute the extreme flow that is
associated to the 30 minutes storm but o

f 50 years
return period?

QJO = 3 T = Qjoo
ng - (,,L, T =
G 5 C0

J}) K2o - Kio e b

7110 e U (3' ‘-)HJ}L‘L@

Do q50 el @
32
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Statistical methods in hydrology

@ Steps to construct the IDF curves:

¢ 1. From precipitation records, for each
max rainfall depths for durations:

rv
Year extract the

mi H
30mins, 1hr, 2, 6, and 24hrs, ns, 10, 15

2. Estimate the mean and standard devj

ation of
rainfall depths at the durations listeq above, o e

3. Using the extreme value distribution estimage the
frequency factor Ky and estimate the amoupt of

s 4 rainfall depth (x;;) for durations listed a
J d_periods of 2 years, 5, 10,225) 50, and 100 yti,iarsr.e o

4. Correct the rainfall depths at the 2-year and 5-year

return period by multiplying with 0.88 for the 2-
year and 0.96 for the 5-year return period.

®
10+ v
« Curyes

ok %
v bty
earlis g =
Jooo ¢ 3>
5 40 20
W
Jo 4t S
(omin
RS
P
e @l
T = :t ?

ade ke

ool ala Myale s1ie A a

Statistical methods in hydrology
Steps to construct the IDF curves:

6. _Calculate the rainfall intensity (i) in mm/hr units
as: Fa

Xa,r

i\mm/ hr)=-—"=
i(mm/ hr) r

7. Plot the IDF curves. Place storm duration (d) at

log scale on x-axis. Place the intensity (i) at log
scale on the y-axis.

33
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Statistical methods in hydrol()gy
Ex:

Construct the [5-year IDF)curve for the follgy,; .

rainfall depths of 15-min and 60-mi duratiop, '8 Ma
- 15-min max rainfall 60-mj 2
2000 &:‘Wtj = ~erigy

4
2001 30 75
2002 20 34
So: T

for 15-min, X5 =24.Tmm Sis =5mm
for 60-min, _'fGO =51.3mm S60 = 21.2)?1??1

K= —-—? [0.5772 + ln[l n[g—i—lDJ =0.72

T

Al o
FEmin o et
P ; y)

e

Ex:
Soln: xd’T = fd + KT Sd

For 15-min, xi55=24.7+0.72x5 228 303 - Gk
éI__-,{—_sL"‘

The corrected X155 =0.96x28.3 = 27.2mm,

Hg%g'o—)=108.8mmlhr

i=

For 60-min, %605 =351.3 +0.72x21.2 = 66.6mm
The corrected X60,5 = 0.96x66.6 = 64mm,

Statistical methods in hydrology\
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statistical methods in hydrology
Ex: Result IDF for 5 years return period.

Intensity (mmJ/hr)
2
[ =]

10 -

> LO- MmN

1 10 100
Storm duration (g:__ln_]
;—"--—_ »
S _mm ;o min o el @
3 hv B

; R Jslge Py

—

Micro-scale basin: computing the runoff
The surface runoff (flow)/from small watersheds can
be computed using the rational method benefiting of
the IDF curves. In urban hydrology, the rational
method is used to estimate the peak runoff for storm

sewer design. The peak flow (m3/s) is: = yay w& 1 pla

b Rl I o278cia R b

o o Alungs <

C : runoff coefficient,

i : storm intensity (mm/h) obtained from IDF curves, )
/ A : watershed contributing area (km?). - G Lask

Depff

ZM\&L}@M:W

b >LSJ~4)'TCI

10« X

el £
.':‘dblﬁ.d\ oA

S P
Lle B e
i\ 5 &

;5J35:' ;_ﬁ"—" ‘,Jd—xJ- /Lh"’i“‘{d"
Lol e b g5 S o819\ ST
35 Lﬂ*j“""uq‘}’é

@
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! Sa;ﬂ — ‘/._5“3‘@/,?0"/. Ltod) /o w

ke Jm/ém_}.‘.i/éi{dl.‘;c?ﬂ_}
‘ h Jor Lo

&t

~ ., . Agriculture
Z-) qle = Bare Soil 0.20-0,60/"0
g

o B Cultivated Fields (fandy poil) 0.20-0.40
r }0 w / 30 Cultivated Fields {Tay}soil) 0.30-0.50
Grass
< -
. Turf, Meadows 0.10-0.4¢ .

_j‘b{: Geep)Grassed Areas 0.50(0.70) Ci L

25 Woodland | !HQV,
Wooded Areas with Level Ground 0.05-0.25
= 0 Forested Areas with Steep Slopes 0.15-0.40
C— - Bare Areas, Steep and Rocky 0.50-0.90

Roads
l——»’ Z’“;L Asphalt Pavement 0.80-0.90

Cobblestone or Concrete Pavement 0.60-0.85 -

Vo 5 Gravel Surface 0.40-0.80
Dﬁ—f-‘- A48 ) tdl Native Soil Surface 0.30-0.80
Urban Areas
Residential, Flat 0.40-0.55
Residential, Moderately Steep 0.50-0.65
Commercial or Downtown 0.70-0.95

J
Gl g & |

o
®| Micro-scale basin: computing the runoff
— b # 3 o The rational method is usually used conditioning to.
5 ot Q2buo -1 | @- the watershed area is small (< 3km?).
L o L4 -€ | @-the watershed is nearly flat. < 577,
ke

@ - the storm duration is > the time of concentration,

o alerilo :
If the conditions mentioned above are not applicable,

gwlb} | (a*J'L then the accuracy of the rational method s

" uestionable. [In that case the unit hydrograph,

05" synthetic hydrographs and SCS method are used to
. . estimate the peak runoff (will be discussed later).
O(,_& Q ?{‘ el
s ! ! 'q"‘du’[-
36
36
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b s = 0.828 (Lxn) %47

F'OUJ I:rom F&Y' P]{ACQ Come

with  Flow From Weer pluce .

m Same 4ime

— 5l

G

Micro-scale basin: computing the runoff
The time of concentration t :
For a given watershed, the time of concentration js

defined as the time needed such that the whole
watershed discharges flow. It is the longest t

ongest tim
needed for a water drop to travel thr%ugh th:\

1 point. Using the
minutes:—_,

watershed to the final drainage

Kerby-Kirpich method, ¢, in 5 L) ot

c 0.235
AMon -Lineay
n: Roughness of surface
L: flow path distance (m)
§: surface slope

P
&l ol

Lad it £
prey

Es21 >
5o &)

AY_QCL o

Jonges) “m&_ —> T &I

355 A A ail us |

I

-

/For-Matcrshed sho

Micro-scale basin: computing the runoff
Ex:

elow, compute (estimate) the peak
flow fronia storm of 2 years return period that lasts for 20mins

(IDF curves given). = . ’ T
== s
/V (?’ %-‘-D\’_‘m

T duyation
C,=0.8, A, =40000 m?

Sl = 1%, n! = 0-025, L1=220m

C, =09, A, = 50000 m?
S, =1.5%, n, =0.03, L,=250m

o

[;,_ui'_,'gé_sg-u -
LPJ‘ bq},&m £
ab&\_béx_c;ﬁh.v
s £ as s )
FI £ as
/Ln’s-ai(le

; L\.& J)'L'L(f
o relahion

o W2 L
D s (p) SIBI g A 7P R 3 S

%
w;f,g)@}égqu@‘f Olo

37
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Micro-scale basin: computing the Tung g

IDF curves.

Micr

0-scale basin: computing the runoff
Soln:

The time of concentration t_, from sub-watershed 1=
= 0.828x(220x0.025 )°467/0.010.35 = 5 4 mins.

The time of concentration t, from sub-watershed 2=
= 0.828x(250 %0.03)0467/0,01 50.235 — 5.7 mins.

@ The time of concentration from the whole watershed

21853 c‘fé_ t=54+57=1L1mins. N
Tt e iy Why both times have been added? © Ledl gt
G e 2 ko ¢ Q) aL:all
18 5 op® 7l
38

® ' C 5 e =
m <«

38

—— e cozasa
i. Q

Scanned with CamScanner




Micro-SC?ﬂe basin: computing the runoff
Soln:
Th(fj}?ﬂ_ggwatershcd C= 4k )}@
(0.8x40000)+(0.9><50000) s i
C= =u. ;
1 — 90000 <& L
, For t. = 11.1mins_< storm duration (20@ and for T = 2 y el
~om the IDF-curves the storm intensity i = :
)2 j’a & y:ars en F th intensity i = 1 1mm/h
e O\ —
y) The peak flow @ = 0.278%0.86x1 1x0.(‘)L9 =0.237Tm’/s El
1 ——
'C\JOK"\ q 6) 3 qoooo = S-L\ - i‘a
\L/[lj'(’(gke & W doob 00D Mﬂ:ﬁ S—LL“
| VW A_untls

Averade weigh
A ol i 11

Micro-scale basin: computing the runoff
Soln:
The resulted flow hydrograph (the hydrograph is defined as
flow profile over the time). ‘
¥ low frog;le_
0w R (’Eﬂ\"\ el /,lu—
. S P
Kﬂatcrshedrunoﬂ' .
0237 : € Hovizondul
et Vs
Hovy ) By 2
20min 31.1miiyﬁp + 44 14
= 24.4
> k) e
> Ava
% e Lo grpecled Jo
ek 39 w Crvoy st
F)OUJ _-Lq/‘g{_w (_:/Lu_)&'c’)'j'j)' »'Jg
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At an average
is able t0 collect

at: if 50% O

chni

Micro-scale rainw

Example: micro-

House rooftop

ter runo
a

rainy season eac
about

f Jordani

what would

such te€ e, Wi
collected? Do the simple math?

ater harvesting

scale rainwater

hments (surfaces) w;
#f (flow) that c)anwég
r source. smal]
boftop: pavedstreet op
uch collected water ig
inking (give an example
gardening and cleaning

single house rooftop

h
10m>_of clean water.

an house conduct
be the amount of water

harvesting projects.

Parking lot

40
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aRTIREAL TTREEY
/—--—'"—__—_ comex
Cgmmemal l é‘}mzsvmnm:
SiteExlmple - B ~£ Sy $emerry | ‘/
¥ dml 5 el
NORTH 1 Beow = F
fHE BT e S s
*‘r:l.. TORBGTOWER |, - - H
PARAS TEaCTS
AL CVERELOW DUAVERT x i ‘ ‘ i l I } SELNAT BETHESN e

WATER COLLECTION AND STORAGE LOCATION

S-S
-

~ m""""’\ '.—-3
e bbb b

C e e e —— ——— = —

r._____
DIRECTION OF WATER FLOW

%
PLANTS RECEIVING HARVESTED WATER

&LQC\Y’_ &S /-d:&‘:‘ 5-55“"”
— T -k \/@
Micro-scale rainwater harvesting

Example: micro-scale rainwater harvesting project
(Cascade cropping area).

Catchment Area

41
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cale rainW ater harvesting

Micro-S

i ample, estimat
. e previous €X e the
wn mct)h P " ihat can be harvested frop,

= 40000 m2

CI = 08, Al
_ 0.025, L,;=220m

S, = 1%, ny

C, = 0.9, A, = 50000 m?
5, = 1.5%, n, = 0.03; 1,=250m

. © SRR et

e

Micro-scale rainwater harvesting

Soln: given the hydrograph below.
Q (m%s)

Watershed runoff

0.237 | ---mmeemmemmmmeeee

11.1min 20min Al o

The water volume possibly harvested from such watershed is
the area under the runoff curve:
o Q x time

=(2X(0.5x11.1x60%0.237) + (20 - 11.1)x60 x0.237

(J&zj\"}b =284m3
.$ . ’ 4_———‘1
slgs| asse ok aigo @
s CH | sAl S
Jo min 0=

v 12
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s it
Design of storm sewer ewet L
The gutter al_lows the surface runoff to inter the sewer ipe. Ceo _LLI olo
After computing Q using the rational method, the pipe diameter 2 -

[(DY can be obtained as the best hydraulic section. The minimum
distance between the gutters will not be detailed here.

| Watershed 2 | Watershed 1

|
=

\ - Sewer pipe
Surface flow :
: Surface flow
1
]

b o o o o
- - = -

43
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Design of storm sewer ;
Pipe | diameter D, =77 &—
Use Manning Q = 1/n X A x R x §0 3
The best section of circular section: A\ = B :(_( D
Q= 0.135m?/s = (1/0.014) x (0‘771)'2) X (0286])1)2/3 x 0.0105 _ 9. éq D
D, = 0.34m, use D, = 0.35m = 350mm. P =

R=0.286D

o8 O

] 100m

LN B
Voo

{ Py

Design of storm sewer

[Flow in pipe 2 from Ws1 + WS2:]

Surface flow longest path in WS2 is L,=3+12+90=105m.
te; = 0.828%(105x0.015)0467/0 010235 = 3

mins.
To pipe 2 inlet, the time of concentration is ejther: ; L:I- |
L. tefon(te, + travel time in pipe 1), why 2777, _;( :
s — M e _LLI
In pipe 1, the travel time = L/V,

Use the partial flow diagram to find V,

45
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g

P

Design of storm sewer

To find V, from the partial flow diagram, compute Q,/
2/3 : qull =N
17 D
0 =577 5.
_— /\9 Lo JA

0.014 4 4

2/3
1 =z (0,35)2(92) 70.01=0.135m*/s

o W Al '
(f(&j,._}L__CQ___(P*

LT
[ 1 1) g
08 ‘l ’1 -.: AN 4 '—h— _—_.:
- 3 I B
= Q,/Qpy =1 ’ -
o o
o s B S
1 0.5 o ——j_’
U—LP- /, == T e s S
0.4 g i
—_'FIU»\ -
c.3 it L.
w— V,/V..=1.14 Y
17 ¥ full - i
& b N ?
— 1 1 1 i i
0 81 DI 03 04 GF 05 07 08 B BT
o . ¥ y
Q; ?f
_—-'-—I-_-‘_-.
e ———— ey

QS

Design of storm sewer

Find Vg, from Manning as:

1{DY" 1 (035" —
Vﬂu '—‘—(?] ‘\/E [—4—-) 001 =1.41 m/s

" " 0014

fI‘OI‘n Vlel.l]_l= 1.14 === Vl = 1.6111/8

therefore, tc, + travel time in pipel=

tc =3.15 + (88/1.6)/60 = 4.2 mins > tc,
\W 9o
_3‘&

pIp
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Design of storm sewer

For tc = 4.2 mins, i = 200mm/hr, A'= 1800 + 90 x 18 = 3420m?
Q,=0.278 x 0.9 X 200 x (3420/105) = 0.17m?/s

Pipe 2 diameter D, = "

Use the best section Q = 1/n X A x R23 x S05

Q, = 0.17m%s = (1/0.014) X (0.77D,?) x (0.286D,)*? x 0.0105
D, = 0.37m, use D, = 0.4m = 400mm.

1\

ﬁ | 47
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