


L 2







458,85 J56 ol oloww! 31 las
ot 3B 9 Carwg ju3 4y (639 2

ol 65l O Jumw




w Sy

03y UL g disYe b s &3y, b G ST 0
w'd.éb t939 UM

Vb3 o g g S i e S 1
)))S‘:OJ) MU)?@C\JBJB)MNM

B ).v.\a u.-w.u' vb):- U)J.S f'f )3 4)5)9, &‘b b)|9a) 3 ]mw ;5'
oo o Yew 69.99 ;a‘.u — )M‘Jg.w Sl

' w»ég : uﬂf : 64)')9) US.U) )3 uY}L:.! cudb- 8 Jto u')
o] Y ow 5939 ,Sob sulub):a u).\s




A flood is a relatively high flow as measured by either gauge height or
discharge rate whenever the stream channel in an average section is overtaxed,
causing overflow to the usual channel boundaries (Jarvis, 1949).

A flood is a relatively high flow, which overtaxes the natural channel provided
for the runoff (Chow, 1959).

A flood is a stage at which the stream channel becomes filled and above its
overflow banks (Wisler et al., 1957).

A flood is the result of runoff from rainfall and/or melting snow in guantities
too great to be confined in the low water channels of a stream (Linsley, 1964).
A flood is any high stream flow, which overtops natural or artificial banks of a
stream (Rostvedt, 1968).

A flood is a body of water, which rises to overflow land that is not normally

submerged (Ward, 197R8).




What is a flood?

A flood occurs whenever a
river overflows its banks
(exceeds its ‘bankfull
discharge’).

However, a flood becomes
a problem when the water
rises to a level where it
threatens property and/or
life.
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Floodplain and Floodway
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Learning to live with

FLOODS

Munich Re: “It is not possible to prevent disasters, we rather need
to learn to live with them”
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Living with flood RATHER than Fighting against it!

FLOODS

FROM DEFENCE T IWU’IM ar ?’L{r”




Murphy’s law:

1 Extreme floods occur:

e at night

e on public holidays

o W

o W

o W

hen communication lines are broken
hen roads are blocked

hen the car is in repair

hen the Director of Water Affairs is on holiday
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STRATEGIC |*|_( J{)]) MANAGEMENT

AN INTERNATIONAL TEAM OF WATER SCIENTISTS
REVEAL|() GOLDEN RILES FOR MANAGING FLOODS

Sound flood management

planning requires an effective ACCEPT THAT A‘B‘S‘SEEJTTE
collaborative solution, which PROTECT‘S‘SLE
‘blurs the distinction between POS

the disclipines of spatial, coastal
zone, river basin and water
resources planning as well as
flood defence engineering PROMOTE

and environmental SOME FLOODY]
management.’ O AS DES] RABI{\IIEG

HUH? WAS IT
HERE YESTERDAY?

DO NOT RELY ON A SIN
MEASURE, BUT IMPLEMECIS\IITTI'EA
PORTFOLIO OF RESPONSES

Read this article online:
'Strategic flood management:
ten 'golden rules’ to guide a
sound approach’ by
Paul Sayers, Gerry Galloway,
Edmund Penning-Rowsell,
Li Yuanyuan, Shen Fuxin,

MUNICATE RISK
CAOIE"D UNCERTAINTY
EFFECTIVELY

AND WIDELY

Chen Yiwei, Wen Kang,
Tom Le Quesne, Lei Wang
& Yuhui Guan
www.tandfonline.com/trbm

PROMOTES
TAKE
PARTICIPA TION K?’T“S =

PROCESS

EFLECT LOCAL
RCONTEXT AND
INTEGRATE WITH
OTHER PLANNING
PROCESSES

1< ) Taylor & Francis
Taylc?r/& Francis Group




Routing (FIUNY

¢ A technique to compute the effect of system storage
and system dynamics on the shape and movement of
flow hydrographs along a watercourse.

¢ When the flow is a flood, then we have flood routing.

¢ Routing is used to predict the temporal and spatial
distribution of flood wave (or hydrograph) as it travel
along the channel.
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What is Streamflow Routing?
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flood routing: prediction of downstream hydrograph, if the upstream
hydrograph is known

a) How quickly a flood crest travels downstream

b) How the height of the crest changes as it travels downstream

flood routing in rivers and by reservoirs

dV/dt = I-0

Inflow = known for

routing problem T"}I"FIII:CI”":,I", in h‘:,n"dl"'ﬂ[ﬂg‘}i'

problems like these cannot

be solved by differential

equations but must be

1 solved numerically=>»
Reservoir | transforming the equation

' intfo one or more algebraic
\ e 7 Outllow over the equations that can be

Flood-control J,K'J‘ computed solved more easi [‘:,I"
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Reservoir Routing

= 3 =CLH!'? Lizthe width of weir
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Flow

Water balanice equation:
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Unsteady Flow Equations

Momentum Equation:

00, A0Q/4) | g 40 _ _
< +gd(Qh—g +5.)=0

Continuity Equation:

_Q+@A 0
ot




90 o4 _,

cx Ot " ” ;
60 o (0°
., 912 |1 4e 2 4gs, -5,)=0
ot ox\ A cx o t
| il s ——
I O3geS e -
: wrneliad  Leli” - ae
[ " n+l B ) ¥y - .
M Qf—l + QI Ar 1=+l
HﬁQ i+1 7 + I QE
Q}i—l . .{:
i+l el 5-1 .
200
6099 SlyTgyuas
'_)5 — X=1.0km
~ 150 ——— X=3.0km
%\ — X=5km
_.,;‘ 100
50 : : : : :
0 30 60 90 120 150 180

aldsg) 2l jpa (ain8s) o)




T IO ) DR

Hydrologic River Routing
Muskingum Method

reach

* Wedge storage in reach

'SIPrism — HQ gﬂw:.dn{:ing
Swedge = KX (1 — Q) T;“:?

K = travel time of peak through the reach
X = weight on inflow versus outflow

X = 0 = Reservoir, storage depends
on outflow,

no wedge
X =0.0-0.32 =» Natural stream

5= Su'fra',_:{:_' + Spr';'.'l.'m FH::;:inR
= KO+ KX (I —-) s g

Q> I

E=K[ﬂ+(l—,¥)ﬂ
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Muskingum Method (Cont.)

S = K[XI +(1—X)O]

Sin—S; =K[XI;+(1-X)Q; - K[XI; + (1— X)Q;]

Recall:

S'J"I-]—L?j =I_f+l+£_,|" ;_E"""]_"_Q-"-ﬂ_lr

Combine: Cy = Ar —2KX
2R — X )y+ Ar

Ca =

2K (1—X)+ At
. _ 2K(1—X)—As
T IR -X)+ At

0,=C,1,+C,I,+C,0,
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Time (h) 1 [m>/s)

0
&
12
18
24
30
36

42

43
o4
o0
oo
72

78
a4
o0
Qb

102
108
114
120
126

B

22
23
35
71
103
111
109

100

20
71
59
a7
39
32
28
24
22
21
20
19
19
18

C

0 [m’fs)

22
21
21

20
34
44
55

ob

75
a2

a5
a4
a0
73
o4

o4
44
30
30
25
22
19

D

E F G H | ]

O, [m’fs) (0-0..)° 550

(20 | o 1.278 —= =Sum(E2:E23)
(22130 ) 1.9 At 6

X 0.15
K 10
=(C2-D2)?
cl 0.13043
c2 0.3913
€3 0.47826

=SGS7*B3+5GS8*B2+5GS9*D2



W I I - T o o TR O [ - S S TR S T

e e e e T =
W I - T (Y o o TR Y =N S Y 6 Y -

£

Flow Discharge {m3/s)
(o))
o

=

B Muskingum

A B C D E - G
Time (h) 1[{m’/s) O(m’fs) O (m’/s) (0-0.)°  SSQ
0 22 22 22 0 9121.561
6 23 21 22.130 1.27788 At 6
12 35 21 24.149  9.91833 X 0.15
18 71 26 34506  72.3555 K 10
120 1 = Inflow
100 - —— Outflow

D | | | | | |
40 60 80 100 120 140
Time (hr)
102 21 36 24608 129.789

cl
c2
c3

0.13043
0.3913
0.47826
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=l save

Save As

[ Open

[‘j Close

Recent

Mew

Print

Save & Send

Help

ECD)

9 Exit

Excel Options

General

Formulas

Proofing

Save

Language

Advanced

Customize Ribbon
Cuick Access Toolbar

Trust Center

Add-Ins

Trust Center

Add-Ins

Add-Ins available:

[ analysis ToolPak
[ analysis ToolPak - vBA
| Eurg ency Tools

k| Solver Add-in

Date XML Solver Add-in

Euro Currency Taols
Financial Symbol XML}
Headers and Footers
Hidden Rows and Columi

8]4
Cancel
Browse...

Automation...

Tool for optimization and eguation solving

Hidden Worksheets

Inwvisible Content
Microsoft Actions Pane 3

Document Related Add-ins

Mo Document Related Add-ins

Disabled Application Add-ins

i~ Fiierhlard A ity Aaard_ i
Mg Disabled Application Add-ins

Manage: |Excel Add-ins

Add-in: Solver Add-in
Publisher:
Compatibility: Mo compatibility information available

Location: ChProgram Files'\Microsoft Office\Officel4

Description: Tool for optimization and equation solvin
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m’fs) O.(m’[s) (0-0.4)°  SSQ Set Objective: 52 Sd als‘
22 22 0 9121.561 Tz ) Max +  Value OF ':L
21 22130 1.27788 At 6 - bl & om0 g jluoloa
By Changing Variable Cells:
21 24.149  9.91833 X 0.15 1 sesasces (LGSl Juwo Y ggmo) patacti gl piio
26 34.506 72.3555 K 10 = Subject to the Constraints: i.st"‘d"','.'ﬁ ﬁh""ﬁé
34 57.720  562.655 »
44 82.388 1473.64 cl 0.13043
33 97.055 1768.63 c2 0.3913 ‘I
66 102.113 1304.17 c3 0.47826
75 Q0 19cC CoA 208
e | 0 flow
— Qutflow =

1 (2)

Sheetl (3)

B Muskingum

Sheet1 (4) ¥

Make Unconstrained Variables Mon-Megative

Select a Solving Method: E
Solving Method ﬁjhw ey &

Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear,
engine for linear Solver Problems, and select the Evolutionary engine for Solver
non-smoath.
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B C
°/s) O (m’/s)
2 22
3 21
5 21
'1 20
03 34
11 44

D
Oest (m*/s)
22
21.866
20.522
19.074
26.899
43.582

E
(0-0cq1)°
0
0.74988
0.22848
47.9667
50.4193
0.17499

F

55Q
605.633

At
X

K

cl

s | fl o

m—— Qutflow

B Muskingum

c2
c3

5]
0.22106
29.1646

-0.134
0.36735
0.76669

s

Solver Results

OK

{*) Keep Solver Solution

{0 Restore Criginal Values

[C] return to Solver Parameters Dialog

Cancel

Solver found a solution. All Constraints and optimality

conditions are satisfied. Re

i
L

l

Solver found a solution. All Constraints and optimality co
satisfied.

When the GRG engine is used, Solver has found at least
solution. When Simplex LP is used, this means Solver ha:
optimal solution.
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Flow Discharge (cmc)

Flow Discharge {cmc)
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River
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- Sub-Basin of Tajan Catchment

' Other Sub-Basin of Tajan Catchment
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