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(longitudinal section of canal
e Normally starts with the Longitudi-
nal Section for the Abu XX, then Minor
Canal, major canal and finally the main
Canals. Start with the Tail (downstream)
and proceed upstream.
e Plot the ground level along the
alignment of canal with reference to the
datum.
e The base line levels for longitudinal
profile shall be 200 meter apart.
e The profile or longitudinal section
for minor canal shall be drawn at scale
of maximum 1:20,000
e Mark the full supply level of the
highest Abu/XX (Abu Ishreen).
e Set at least 20 centimeter command
for highest Abu/XX Full Supply Level.
e With the above level at the tail pro-
ceed upstream to determine the ES.L.
at off take and the location of the cross
structures along the longitudinal profile.
e Draw the bank level at vertical dis-
tance (60 -100) cm above full supply
level.

OFFTAKE

| CROSS STRCTURE

asLaoyl JaeVl JSU ausll wlaslgall g

lwoSJl Jgla> g aul,ill 9

wpaod aalizoll Jladl acwlys 9 o= WV

-l sde wlnedbll
&=>9)99 90l wlwl)ll 0
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39>9 pic ((Stable banks) wlall cu>
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wawlio o= (Hydrological study)
sl R3goll e Loal g Llell ololl

maximum and) owlwelbkll o ,a0l
.(minimum water levels
Geotechnical) &, ol .

wblas| Joe Jouiw ¢ (Investigations
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W RPN E RV
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pump house, suction) Joous
side, delivery side, inlet and
(discharge basin
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TAIL
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shel go dpuy)ll
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P= Wetted perimeter (b + 2 d)
(b+2d)d

Therefore, R = B
b+2.5d

b = canal bed width in meter

d = water depth in meter

s = water slope (taken as 5 cm/km for mi-
nor canal)

So the above formula can be rewritten as Water depthid)

below: :
0=[45] ((5+ 2&')(1);‘ <3
(b+2+/5d)°

The discharge Q is calculated from the
equation:

0= FXA
24X3600
F =Crop factor (water consumption per day
in cubic meters per feddan)
A = area in feddan

Design) :wlgial) o =)l glball puouasi

(of cross section of canal
The cross section of canal is usually trape-
zoidal in shape with side slope 2:1.
Hydraulic gradient of 1in7 from 0.20 meter
above full supply level is adopted.

BK.L :F.B
FSL :

Ie'-;e.'
BK.L =Banklevel
[ 1/2Canal Width(b) F.B. =Free board
T =BankTop Width
Half Canal cross section

The design of the cross section of canal
is based either on Manning's formula or
Lacey equation. Manning" s formula is suffi-
ciently accurate for unlined channels and it
practically gave satisfactory and sufficiently
accurate results. Manning’s roughness co-
efficient , is taken as 45, while the canal
cross sectional area (A) hydraulic radius
R, and slope(S) are selected and the dis-
charge is calculated.

The general form of the formula is written

as follows: -

1 =z =

Q =—XR3xA xS?

1
Where:
Q = Design discharge in m3/sec,
1/n= Coefficient of roughness = 45 for ex-
cavation in dry.
S= 40 for excavation in wet.
R= Hydraulic radius (A/P)
A= Cross sectional area of canal = (b+2d)
d



28

yﬂ| ﬂ EV g}ﬁ)i [ @u| 5M|
afey J-n.m-ﬁgél 3 el : 2 ol

Sauoll @laiwy jlz; Hlas] pi 28 9 1is
o> = 29S| powgell Elioy §uil) £V 9,
YY - T éuall (58 Sainll ddc Cu> .0V 1V
sdioo oo Lasll oapui « oYWV Ludoauel
10U @nigoll alall wls wlp=l g slacVl Jgoll
oVl 0in Jiod aucl )l g @dgonll g bl / s lihe saama o
Ll Olsgudl 239 sl Cus .auouldY
oo Galiow o UgSe 3layVl (58 aioge pS
g acl)3)l 8,39 «(£) ezl slo)W aslall aspll
9SSl 9 aslall 5,l90dl 8,159 «(Y) auslga=el &gl
iluws¥l vgsll duingan (T) sl «()) sbypS) N A= 5.
(1) skl deall blis (T) Lostall anliy] @ Ral s RRR Ry * Sk e,
(V) ol @loYl (1) vloys ol acls| - pMeVl | JAE Piel W oalll

SlaVb palolell o

1Vl B\ Sauoll Ul Llios : i —— i
soge 8yiall nmmsell 4l o pazll o (PR NNCEIEESIEENGmIN ®
S ATV putbauel = — - -
e cesl (sl olbg=dl oleiw| o (ICPAC) ailapbi g duill syl Sy0 plany
(aalizoll wlelhsll) slacVl Jgall Sgiuwe w>9Jg,3up)l 9 slo VI wloas wljls] 8o welall
LYW Gudnc] — g9y 845 2o sinlous il il g @dlall ols wlpsdl g slacVl Jgalb
dudl ol Jdg>  gwladl  algloe e world) awlle)l slo)Vl dobhio lwl, sle
9 pY WV o> — 19iS| 8,8l Csouwgoll (Meteorological Organization - WMO
Ledo> Blog) Jgogll International) we=d) Joudl  ap=oll o
11> g aedgiodl wlblow)l LoMsiw| e da=iodl WLVgJL (Researches Institute - IRI
»95S| 8ial) gdginll sl ap=>lgal sulaill Bl osildl sloyVl S0 9 &Syl
LY WV oo — e ells g Elolb dusl) aowgodl Wl
ol ,SUL pasdl ple JS wloasio &W Sgins
dole wlaile @lioy jusi wbiiell 0dd Jio
ol de Bgdgll 9 S Lol doall uis
Jooll




29

— 29S| ) 8,1,=dly ;UaoM (sowgall duall

SVl o8V (oY WV oo
duil) &V 08, saiell  oldled | 8 9
Jou pY WV puocuws = 20938] 8 sl (swomwgoll
Wliaabs g aill SV 5 0 oo e i ;91 U4l
PY\V/+A/Yo — YY 8,:8)l (56 Lal (ICPAC)
SV Jg> swoul8VI JolSil o> Joe disjg
b oo Joduall ap=dl a9 osmiwl Suall
Sblgs 8,15 (9 5yxell paaill g clacVl Jgull
ilsgudl wilsdl zuogl 18 ¢ lia .olasl
Vsl iz lowd Ulsgudl @y 098 Sl 59l
Wlsgall Lgix) Hladl Jga) paioell (silusVl
dibac 955l 2oy 8 (3] .. csdaawgll iy 31
il obo JSLino dp>lgal &gl oluss sl
1 Wad) &olyiwod] il Blaal go Luiues

i puSe il ooyl pal wils cus

JIVUNTENNE VI VA K SVCI URREVUW! VN Iy W |

t oIS _aUsl byl awSsi b coms oY1V
oVagos ool Jghgl amye Jlois| o
z)Q>‘\” el J>lgw ae bhwgiodl Bges
on 29bi Hlaol Jsha Jlai>| 15 Lo
dihioll 28 lowgioll wes o lwgioll
9 13 .Ulsgudl Lz ansliodl augisl
SW ely>] @us) 8 ,UnoVl o
8,1,> ol>,s Sl sgu Ol g8gindl oo @
oo wslel 5 bwgiall Gu wilis adle
9 lugsV aoslinll aihioll lac lowgioll
3sinll o 3] eVl szl J>Lw 9 Lyl
sl g ahwgio 8,)L,> wls,s Bguws Ol
Jowgiall oo

(F2017 s — 2531 51 Al (rane gal) fpall

(p2017 saanas — 2 gS)) Maddll (pan gall 5l




30

(1) Judl Jgi paga Jgi g glial] dnadl

[T 25E
- MNILE RIVER BASIN
{ \
©  SELECTED CMES
* NATKINAL CAPTALS
MAICR ROADS
1 ARAB REP. Y b5
OF EGYPT ! Y
B o Y &
i
h, \.?\\
b e B SAUDI
Red
o \( ARABIA
\3 Sea t
E | - \" =
Bt st Y
H“'\_ T
CHAD &M
| ERMREA:Hhe, ol
-0 :.mnmﬁ-';‘\;.‘:_ + % REP.OF "™
Lo by N\ ,\ YEMEN
= e \%«_ —
ke ¥ DiBoUT
.,"'.D\IN'MI
L, A
L s::u-\* -
T Sl ETHIORIA
AFRICAM
REPUBLIC
DEM. REP.
OF COMNGO.

Ubolasuuw) aolbioll adodl wloliVi
1aS ol oluodl

Qu09S> € Anlain (@9 (ol wgilall alail,
aady Lsle BlasW 1908 ole (58 lploc Wiy
adoall LVl (89 oluadl wloliziwY dolaio
cdogi wladliall oo lole i ol s
o Sicudd dadless Wy b 12T ple (8o
(sSicuds aclgd)

dazinll poll &bl (ol wgila)l dusgin
1ave ple lploe wln (Bwsbudl @zl
adlasl ool 12V ple (si> ©aoiwle
a>Wo el olodl wlolaziwY 8axinll poV
oo wadlg dgs VY Jldg adgall ¢s,lxally
ag> YV g ulsguudl lpios oy asdgll 0id
wo,le Jgs ¥ g lugdily jae lpiw oo wusiiol
S¥,009 LSy comall (ad

a8Vl Lsle Yodl @anll LsgsoS wdslo aal

(0)' _n_o__Lo_x.oli..)

1A0A80

ol Jg> S bl s 8,3Vl 8xa)l JMs
&oyi ol b Lpiads (sl sgaudl 15lg9g
oo JS sde lpiluls Lugsl &gy Lpsold]
04D 99 Angill 1w avlsg raog Ulsgul
el olabixy Juasdl yo,e0 Bguw 89l
auogis @slall ol aclsl slow Juidl olwo oo
Juidl Log> Jgs Lasy causd wsl sl (g, bl
aoldly sigledl HbVI adlail oo lpodlgo (58
o juao S J89 yog=ll Jgs gz duogao
Juidl pog> 8,5le (souny

bl Judl pog> 8,5k OB pgleall (0
o Bl Juogdl Wags 1999 Lu)lbo diw
9859 sbiiiowl Ve Judl pog> Jgs gee>
paboi) (88 (098 (smwdo (dogan) bl
gSU )|).b! V99 ,_J.u.” W ,o|.).1.u,uo p|.)..>.1.w|
wooleill o Glgiw e oo ST Ay @gs
wlogleodl i wyes Judl Log> Jos w
£8 ggoxo o dlgo OW Jg> BMURJ Laxilg
JUas Yl coandl Jga) silodl ooV gleis 35lo
asy by silo Linie sunis @l> (58 anusol|
> iioll duogacll (s wl,l,all 3Ll



8l

) ruo9=ll
Op>l legyie YY oo T-5 gg,uinodl g
asloll 5,lgall <ly39 pudzo @nwly Joc aaxS
el sle Lussil @yl lpiusg Judl poe> Jgal
Judl pog> 8,5k L8 s LS9 @
-1QQV o 8yuadl (09 sl @izl fn e
Yooo
Yool -Yeoo o ad>yoll @izlll o5
YooV = YeoS o poglanl @ [usly o
phgo (sle SVl aey 8)y,85 sl Cu>
93| (88 3lgo W e Lo (85lo £5) sgill

YooV
P o Wod JS wuas guwogs (1) Jgaxdl
Al 95 Jail) i ga Aaliwa 4l gal)
(& k)
0.5 ' 14,500 T
0.8 [ 23,000 | k) i) gag))
18 ' 55,000 ' Lig
0.7 [ 20,500 ' 1ail g
3.8 ' 16,000 L35
7.7 ' 232,000 1A 5
153 ' 462,000 o i) £ garall
48.7 ' 1,425,000 g
14 475,000 Ol gaald ot i
12,1 ' 368,000 (e
9,9 [ 300,000 [ s
3,030,000 AL £ ganal)

Col) i Judll g e gl5 4a 1 s0aall (2007)

UlsguadU adldl 390l 2uoss (T) p9, Jeasdl

dad) B il i | el e dadl s ]
% (p.2) Ll | sl
(2.p.2)
bil 59 7.0 1966 wapay il
60 037 093 1925 e
0.60 1.30 1964 L pid
02 3.00 3.89 1937 suly da
0.02 10.80 11.00 2009 gaA
0.0 36 36 2016 | sk ol gra

Y8 puboael 3o Ligils 8386 o)log
olad olly el Ugiladl G adMel
Oladlesdl wgila) YAVA ple) Luud dadles Lais
osibsll 0gilall yogai gl VI sem Y ail sde
aJoall wladleall 8 83,lg)l wlol;dVI (Ssla)
olin sadleadl i o YYg V) Wbslally
&leill Jgadl lozls wloasleel (sJgull &)l
l1udg Loljidl Jiosg Jgeaodl ay,lw Jhaig (sJoll
Jasdl of sVl L) (5= Vg &,lg)l &gl (sle
.asdgoll Joal Blasb V|
rddl yoo> Jod w velrildl wileg yuino
Qg guing,ulpdl wlwl,Jl ggrie o
(8o Lugsi)ratv
Logsl &S Lies 12T LUgSil &) @
g9pxire YY o Joc dbas (slc asdlgally
(DY ) gginos eadl (sle Lugsil Sl o
sowwdo siglei Hlb| slasl olsdl -5
ol g9 o Losll Jgal (igild
il g9
Ya94q Ll jog> 6,0l @

:Jadl yog> 6,5l
il Lavg,b g lesl JMs 8)5leldl 8,85 w el
1> o &S9Se whhly Asug VAN Lulo (59
LU Ly 8l g lns) asloll >lgoll Jgiuno 5,9
£ loix (58 8,500l (sle @adlgall caoi (sJgoll
ol pos=dl Joad asladl s)lgell <ly59 pud=o
1999 ple Guslo w8 il oMl
ol bl ahwly 8,5lall proi
Bieis (sle W,dng
ioaoad (VI 8,5l punsiis
(olegyiro A) &S yiinall @5l g0y -]
&S o)l awoiill wlegyio by -u
aunplly augsVl duapll) auc all olg>W

(algiwVl

Jo) ugilidl amwgoll ugleil U VI



R LT

32

[ )|

B yies i b gall gl gall
(1) Qligul] g i

a8Malld (ad yigis 4 il (g9 « LpilisSo go Jolsing lpsd ey sl @itan WLVl b

Bl aslhio JSu daulSuwll pailazlly deubll asudl (sle &2l Jinyg ausloic! lagis
0l £33l 148 Jglauw .2Vl oMsae ¢ aiiug Olws)l ou @Ml ppel lapo Gl
SslasdVl blauly olSewd) adl,2el oliwiel]l & @iosedl é il @l Holic
a,ily @il paslasdl go duols S 595 ausgi bd bl Jgls (dilaioll OISl
8l,0ll gog Lsde s GlwlSsily auchy)l wleoizoll S5l auclozmVl ,lgsVl gu5e5 (sle
lis Jis ol s Wl ol asin ads wlasl JS ol ,SUL ozl . gossoll i J31s
9 @ladVl duwidl pleg (sawlowdl gloizVl ple slg) dic a4y Bgigo 9 A Byizo 5L
Ll seloszVl pllaily 2oV Jolge &Slo ow @slunll @8Malb dslll (sd aul ,Lawy

99 ol glnall (b @y, alcld Bl,bl
OISy 3] ol &y igilly csilicll oWl Jlso
s dcl )l alole)l Seall oo 7 Y @i bo
Lol Byis 08 %0° g céuoldl Ulaldl guos
opilesite (59 Glasyg slmall g Ly )9l
wwlabgoS ol a,wVl dauisVl (9 o aolzl
oS,y @aisVl o aswly daillay e
£33 caucl)l ue @iVl oo gure osd S
Qaleiodl whldl gigid Gpibilywl o
Alall ploo ol auwiy (pprine Joun

R IR)

L O e
Mol MRE

e T

lyxe sle L5l (08 Uga> [5o> 81l usls
9 aowlowdly @slaidVlg acloixVl sL=ll
Joow le @bVl JSas 3 ol cdgll
)l 9 @lolell Sgall o 8,8 @ Jliall
ol s .liel gaadly gVl Jleo o9
oedosi BLLYVI (88 5w sdSUl sasll oo ZYY
J=1s 138209 Bl o> 8led) ol cus sl
18 G o bowgiadl (58 B eiay Jyiodl 2,59
595 dle 8ol wali (Gogy Joc dclw 11 sl
Joleall goizoll (58 9530 Uslaisly Geloisl
Jiioll U359 2,5 Jo=l) dsgp> v 6,5.00




33

§
v

ek o lasls i plledl (58 (abloll el
go @,laall 8ol S| wlblasl wlwl,l
OVl o S 5 £9idl popie byl 13 =)l

J=,)l Ugs a>g 81,0l wladVI (89
ol LoVl (sle gall blaw] pi Bguws
Olsgadl (28 @Vl bl 9 8,0l Lpasls
G 8 Awhul goixe sle Sl
JUs oo w0lB,S0 > ol s> o Ulsgul
aodluolly scloi=Vl goglly HlgsVl pusds
a=wYl ollesll 8 slell Loy posi sl
29> &uliwe 9 oselyyll pwlall gg,u0 --$\9
w9 weall bla 5l oo w@wasSll « Ju> o
BBl adlog , lpxdlee Jows oa))l gl
aalioll Ul 2Ll .ol ooy Loged!
sLadl wslis (sJoVI @ )all (o auclyiy duge,
gogll 1is pi>  SJWb ainolpdl lgsVI jas
ouilly gogll 138 ow bulgy)l S aglo

Aaliol (s 835Ladl Bl,eVlg auladlg
awlll 0id ol pu,SIl es,lall olus| waalig
dadlw JMs oo Lode gall bl Bgw
50805 5l 138 lpiorss o Lglis wYlio
slacVl o5 89 Lo =i VBguwg duwl,nl) ple
w9 awhll olesize)  weloamVl el
&sloieVl @slaoll @Ml lgel yuwd aglso
9 wilell plrig 4p> o wisy 9 VLYl G
o9 2oV pubais Juw 9 531 dp> o alaill
Bludl bl baos il Lol @sas 9 Reuxoll
il Sl sylge oo 83lewdl Sae (sde
Js1s 80ll goy (sde 55,0 Ulsgudl (5

Awll Cssoizo (8 &l plall

owlwl (sde asubll sl sl pasuiws
oodiung — whaxlly oboll ;1008 - (swgs
809 &by aslaidl Lol,eV dephll ool
a)lao S J81 asyn bl awaias s
les oo wil wloasdly JgoVl oo Ji=,
oo oolg (el 8L oo opiSes Ol
duapdall 5)lg0ll 8)l5] Ul (88 Gplind Lass
Al d,uw 89 L owoliaundl wlegozxog
syslall Y1) - Yedo oled aclyslly &icVl
Ol 8ol polW acl,ylly &Vl aolhio o
W p sl gsl50dl G 395,00l Wlas bawgio
JYe =Y gl sbaw s ol iy Jls,
pac ol weladl 13s o LS Lils g3sig
&=Vl 5)lgall o 83lawVl (88 blgLuwoll
dgza)l ganiar) Of i 389 olaall (| Gadg
Mol sde cbuidl Jga> 89 izl G
Vg caucl,ill wlayzall e 1S il axloyl
elid] bl 2ol Loud slsy sl Oladdl (59 loww
il wliell sleiy lowd selll 2ol (8
lode>g clpmwluwl g0y lpich; sludl (Jow
el @ pgii Lo o & Lluis VI @l dgzeall LS

)lg0 o ullay Log
lobiodl p cwols il olwldl JS oV
el oo @alizo (sblio (58 audzoll ol dgall
JGs Y 8ledl ol el @bl Jgall (58 @olsg
ags> aS) i b giows Vg 5)lsell oo lpla>
bbbl ST 50 b @alizeol] @il zuol (8
oy goiid| ol 905 od @I o D
alizeoll auiully dsudll @)lsSUly g,=l
9 aoisdl gwlyug 3)lee e U=l doupls



34

( Hall jLaaII)

wasi osde 0,Ul bluiwY (segog09 (sole
ag> (sle obljog rany Ulsgudl Judl csslg
ol Ol a2 il e T Lussl by
. a8ly asus> il lis

ols &gxS lugsl 3> oo Ul sde Vol (84
Us Ol Ladlb aslodl s,lge Jeiws Ol 5bow
s b ol oSeuVg 5,51 Jgs (sle gV
oo g Jadl spd Hhi ol a9yl Jsll
Wy UL9 oV W>9 , Ao wvg o>W
oo ldi>g e vl e ulsgullg
S35V Judl Goe> Jos oy lidg ,Jaill ole
lugssl OV s gaogll s s 3l 13s oo
2 baw GV Ll sly (58 @sslg (sdaze duolo
Baixi Olowo (599 yaell slps| (59 8,05 a0
gl dagill

Ll ely=] asy adl £l g9 yuito Lugai] wlag
ol sle wlwhal 0is wasly , autug duele
; eanll Joay 1o i o) sl gosie
swbow adl 0L olwhl 0is wrpbl LS
o bogd] aapw lodio yang Ulsg

Bozis Ol yae 8> oo Ul e Loy 84
obll o lpra> (a8 (59 audl slis] o

Qopo 854S, JL&;W e olad (sl sgaudl juisd
plell adlall JSiiy loins cauoisdl IS, oo
il OlowVl pal ol asls,) sewlly
Laseaslo ladls sl V| (lpsbu) oubnlaseall 295
L, Ul csde csawlawl JSin 3550 oo ow Ja=
oo 8zl lgall Ol Wg ol wg
L coluludl 048 i @ugow &1)lieS 39iuwll
wsde Jasdl 13 paisy Vawes] old e Ll
| 8,05 Vbl (58 diey b =t Sl
seduwdl 048 Jiod UeSH o> avls (g,
ol Llo=ll Jos (sde yuSeny )l e 35U
SVl Gleao ¢l @1be 9 &yis el Jgall
wswsu Yl dapdl aw . el L&;LCpLoj sl
2dgi uoye) Aad seaw &WW o d>ly 98
Yo a2 (sle @aig , Lugsl (8 @il eIl a8lall
Juidl S5m0 (sle ailsoundl 39zl o TioslsS
03uiis Sym9 , dugsYl sl Jols )5V
&g, widlw adlbyl &Sl aawlg
csSo0l Vo> whlde 0 (slg> aslin| aalss
0gSs Ul pY+ 1V ple (8 alosS| e g9gi0g
sudlelly iy 91 (s ailog oSl 9ol ST oo
Joi sl 390ul) &l pllell Sgio sle
as,pSJl @aslall

Tslel cowSe Olionws s @agill 1w 5o 139
Lowss aall Olaslgall (59 Ty apwliw
.. yang Ulsgudl ol Jawl sdgs wedlgal
osle aulsoVls dulall 0,6l alazoll ,goVI ells
ol o Lhg . pasg Olsgudl coanll Jgs
OlS (sowlowg swoMel guzo oo g9)nirall lia
Vs g (bl 8o (59 agog o LY




35

Sow @uidliod ab daxe Ulaic (sle StowVl
2wl wwoow, Ol gloizVl ae oo Laapill
@l adl caseall Jass a5l Sl Olsgall
QogS=) (swoew)ll g8gall (58 Auouni pig
9 Ulsgudl paw olel loxicg .Olsgudl
Olsgall &s)lee Y1V ple gilo 58 8,0l
sy sad OVl Judl Syzmo Lugas] Jug=al
3 e alsgundl @ogSmdl cac )l <ol
ol

aowd Tuge Ulsgudl g0 OIS 288 alde
Olsgall 8ogS> cuddg « &ylal dio dagill
Jlylb cold o awldl s oo asil sl
oVl wlelis W )Ves Ugado ) + douis wlase
Oluogi (sle sly Ulsgudl g0 UISg )
asdgiodl 1lgal Lo Lol 1S)sly duidg s
A low Wi e pudy il o
PRI e 5 sl Of Olsgull juisis
LS 19 saall 13 (s causdy ) d3as50ll
Wels loesg @Ml &l wlioglas pes s
leo BLbLYI go>g pledl gl JuSis 9
woslaill WVg>g (auwlogliadl Wl pudaisg
sl yoe pud I o (S99 pes Jla LlSy
OlSe , 0duaii J>lo o> (59 ggninell
Olp>g i 8 1SV plpwYl Olsgul)
285 Ol Il Lussls rans Ulseuudl o il
&:3939 pob 2l (s &Ml sluws)ll slaly LoVl
989 , ouxializo Il Ol 2 essbwall Bles]
w9 aoSuiodl UeSiiw Lugd] ul Jgall Lol /Y
OV 595,0 Jgd 929 (&, lewly £b,pSIl ©lslol
&gl o wldlasl oS Jlwodl 0id
Olydell Jlsg .egriall @l S e
podl plle 8 WldlVl oid o oo
oo snlol aw sbypS Sy e,V
8,S 30 udg iy 9] Lgixg .oSlaclg Juslul
92398l o Lol aw sbypS clhid pole

BSlais ya0 o9, sl audl adgi polaxl
b aols sl adludl LBV o wlyisal
8515 £l3=1 Blre] (sJLlg 0,lipi] anlSoly Juaiy
e ol, Olyiss dg @lsgadl oL,V o
oIl Bapi (sl 81511 aglliodl Lpitonwlo Lugus]
e ppio Jgazll (JUlg Guwilsgud] g
ol b LaslJl S yanll wdgoll 6150 ablgo
wsilsgdl 3ol aciule b o8 GulwVl oo
Al qp=g) wlgiwall JS - sdes Jolsl
A8 ra0 wgo Ul SUL azdl Sy .auesV
228, el oliy @ ol)lacl e lazb gl
B9zl (sl Wl wlelesl ;o &1L galo
Jiows csewlw VI esaidl 016 cUS gog , duse, I
GV @slinll asainll Taos ol3dVl 89,0 (o9
o oSl Al Jio cuized au>oll Ll Jioy
Jlaodlg 3lgall g1y Ol Olsgudl (5> o S
U|>9_~uJ| 29 . . L&w U)'|9;9 ol :Lu.u| BT
pes Azibiwyl axllas (i sl ol
ablge 8L> e US LuSsug siloll ol
SsLadl osls,  saig
LoMel ,wilo e 3, aull bladl g
ovbuwd e WiVly wxall aidglailog
: a9lbllg olwoll slode o yolisVl (Sgd
38 sulsguadl wdgall O ¢ro Lolel L5 Lo /)
»¢ Jgd 98 wgo | i) o)le0 o p
aagil 3w 3l 218 Olsgudl VY &3S pumo
oned a2y SI) Yo ple gug) Yo die
il olel boaie (6l 99 ol oo baad
Ml G ol Lpide Lugudl (59 (silsganll
&alVl) angil Swd Olsgull pes e pllw
s @il wsall @il 289 (Lpsdg
lpsian 9 sulsgad| @oumns ais,gly 3l
. sJo V|
5 (Vo)) plel Guudi o0 00995 spiis (599
ailodl 5)lg0d) 159 20> o joS Al st
w5l plps (sl colS .0lsgudl (58
lps89 &y,0p0l usiy) JoVI LU g loiz



36

oo HuS)l @i 288 Il wlsgad) JoVI
IPOE auoall cluzdl &z i, e Sop=l
oo S 8% 199 .ol oM Ulouwa)
oWasdl vlin wluogis pusas pudi JUs
g 9 &aily «Ulsgdl o Lwlwl &> zéoll
0ol de oWl 0is usss Ulows 5>V
i85 Wluogi) lolod Lugss] wliiol 239 .23l
b el oWasdl oid <aalS asly IPOE
o< Vbl oy , Vgl aig Hllo w)las
3485 Agylioy aslizoll ausll ol=ll (8))b
ol wle wluogilly wlbg=lell ois JS
B9 o0 0508] 0idg aglhholl bclaSIl g8lgll

o> ol Gw
P> 29 Ludl @oMw ggog0 WSy liug
B> ol ) lpil adlais] e cuaxdl auwols
AW bl (9 590 ywladl ;log A (suzol
Jusaiily s odl Olgiow 3leis 5350 S,
Obsgd) gasVl sl Ol e J& b /s
oo Ol Jgir wsSo Lo V) dsun dw gd
9ol OV &lsg HuSIl ! Olsgud! 2dlo
2550 ST e suy anwlg U sosdios 8 yueall
dausoll il weSs i 8,uSUl wliwiod] ¢o
OlS S awll px> 20 WS aily ;6,008
gl s s Uy Bgw Y ST ,all
Olsgudl 58 3V sgadl aud U5 Sl

el g lasilg oluoll @8l asi oz Loud Wl /o
ran sl Judl oo Juai o > Wadiano
OV s wsole Gwlwl (sde Y Jgd gp8
oSl ASUall & i3> (sde doisi oluodl A3l
, aculdl (sle awous sallg (Kinetic energy)
Jouss sull (Potential energy) gogll aslbg
ol Lscel 1516 (Gradient) ,edl OMao (sle
dow wlia,gi oo lp=g,> e obell dcyw
(Qusbly 5ue All> iy ) oo WeSiw anpill
ol 0o 0l Thes awolSl @slall cils 13],
panV e o009l (sixg amgaiYl s9a=l o

o) o doigs b (sigu=g aubl,aeuall
el oo sbpSUl el e isb
ewol Wlsgadl Ol Ul L 8,LoVl oo 35 Vg
woolall plall dio Luss] cbypS) Ujidne
gl dw JosSo ol Judg @alSil Heauug
w09l ddsi eS| ol asug

aow slo oo @l sVl adloas! ol /Y
o 2re il Hbleoll &loYL anpill
silly adgiodl J3V5l loss| ooe Ugazglill
0,50l @S0y iy ,dVI U,all dalhiol Juai 18
2uxo wwole ol (sl auws V

o 8 a2 (59 Ty Llo VT @l oluodl 5 0
b 59 oluodl px> VL &, lially dapill
cwsSo o Hlde V0T e by el Al
dw 8z 0luo waed o ST Selud (g
el ol douauwg dowo W] 13led ,aapill
Ul Olipuns 09 auudgudl asladl ol
a2l &ladl ol dagdl ow Hlpiug wsuololl
bole s Jld O] Seuyminelly Sl v,al
2185 5S35 LoS) S dw £0, 4+ + o ST pgdll
o oo p) (d93ul) adgnll auogaoll
oS . solodl Usll @lu o o ST Ll
aJUaVl &S il Lpiog anollell wlS il ol
> s (oidlw @S 5) ol i (sl
Soadl el 3] adlelly dwglal Lpilgie
Jodl o L3S lpizooww papi oISl
Opaiw logs] ol sdiz asl Vg o],V
GoMow Jogig dw sle HVos Hldo o
2ozo Olodw /5 vbad e s LS ) .
Ll 59 olol) sugiladl uzdl/Olodw 2ol
(QENISY

JyJ; @ahio @agill Jow ashie culS ol
o 9 gy Sl popeg,ll Ul Y
wuaeo Jld ulS by anpdl 1w ashio
Jeladl (s 92l @oMow @lao <ilS a8lg



317

oM, Jid olS 28g , blguwdl g5 28lg, a1
Olsgadl Cgizes Jull sdlel @Vg (59 ,olllg
cold 19g éu,lasiw)l @bl JUs olu
alaid 2 0 @alizeoll dubgll ©logS=l
i Jowi wdb (sidly Maoge (59 Olsgul)
98 1is alais)l audg ,oluswil waio
9 aalizeall OlogS=l Jgud (sle puoly Jus
Logs asliell dusad Ulsgull

g Ol lpiSey yae Ol o lafd Ly Lo /V
o9lesll Lol ue Lugsi] go Syl wlyluso
G /5 Joiy ol pSxill Lxli 23 Lyl
lodlb &wnsll Jgas Ol yao edlo oo ud al
OVl oy Ol wwg |, au,lw wloglasl O
Olsgadl 385 Olg ,23lg)l LoVl ©loglaoy
lou ol iy 8)l5] (sde Lugiily raog
J>9 phoVl Jag pexdlas 2o wowlis
cdoll Olgww dsleioll &gl M
8,15] Jld weSs Ul L wl Sl Jaeaadly
M Jodl o & ysiine (aauidg @S idio

S8V alls] wsde o)l lSoy duodVl oo s
AUl 595 (sily Ly wlyigall Clowly auludl
a,8),0)1 Joall auoly wlas> a>gi 89,0
guodl Jgs o adlandl (09 o)lai 39>9 pas
asllell Llasll g Jgogll auilSoly wuanlly
lis ,8LbYI go> Bgs> (sle hdls sallg
sloaeVl Wgs 1wl (sde pS=dl piy VI Cogaivg
05l dixlll 0isg ausll axlll ,,8 e
o, ppd Wil wsuddl ppize ppd s e
ous 18,585 331 o Vg (slasl g8lg)l (59
Joledl aeS 9 Saxidl peSyy bV

Al 0 51,8 g0 sl

byl (si> o smo9 )l o9, rioghSIl (59
ol pgbydl oy sioglSIl (89 pow ), Y
28819 /yi09lSl 89 pew VoA Sl sl
o yioghSIl (09 baad o) Wlb ol
bysie] 131 13 ,, wolg=lg £l oluodl SISis]
oY oo J8l OMuaoy s LanVl Ll ol
o Loils Judl 55 Jaw 03] ,olSUl (08
alle 2l sall gogll @lay Jlowidl ol
wlS 1Bl i awlle)l olwlell &,e

Lo anolSUl aslall
i ool Jo> elill agus gsiose /1
Ol ago sJ @blio (8 Ulodw /> 3, Jgiiw
o el absi oSS pd Jgsiw (s Ashio
Loile 12T adlail pai 9 Lugsly wlsguul
les> WIS Masoges Jgsinh i csuiaio O
oiwl boauie YA ple s> Ulsguudl o
powy pi W89 Lol logsiosny Lugsil logale
pS=dl @loy due Lugasly Ulsguudl (9=l
old 2,55 il ysall Al (sle bl
3A€ 39>9 p&; Ulsgudl 590> (o uislaioll
ashio J>I> adloid] aulsgudl Jlall o
ailsgudl JLall o dacq Jesis (s
oo Sl 5 ply Muoge adlhio (sd dugizl
JWsow)l o aalizoll aubgll wlogS=
Waogy Jgiins oo adbio s &lue
Az gosll s wls b ulsgudl 5|
e a8),0)l da>¢)l dolhin > Sl
losiwVl oo dgyeall 3932l Luluwod! pac
33V (sugsVl Hgiwall Hao 1990 ple (58
Josid iy pal8Yl @iy b (sillg
SUl Gusladl pldYl powl oo Yoy sodlly
pig , Logol asowley s Jé @ )c
(O3l Judl) SU o suyedl e52l pulbVl
pald] ol pubaell @l dw (i o>
Josis s e Jatio pul8l 9p9 Muoge
9,b »pi (sde g (sl Mawoge @iy diouoleg



38

bl ¢y g g 1)1l shil gl 313139 i T

sHl oo alSe

wldhio wblu> ao.d 9 ((Indenting) pgll
H 9 .(Crop Water Requirement) Jiolxoll
pariii) &u2>s0 pasS uidy bl LIS Cooasiiw
8,59 JSJ ol 8,5 slsl

pue> dla Bl ggrine Bl M
98 WS .SyJl 8,15 Jleel sde ayls] ol
10Ul Jgasdl (s puno
&wdoll 8,0l
8,59 »1AQs-1aY0
.(MOIWR)

(IWC) s,Jl olo @ud p)A9A-1990

SGB) g£9,xix0ll 8,5l 9 S,Jl 8,159 oY+ +0-1299
.(& MOIWR

wixiwo bulg) 9 Syl 8,159 oY) =Yoo
.(WUAs & MOIWR) olwoJ!

ailall  s)lselly s,

CPREYN]

&9 Olawso Jid UsSi Ol x> ppoll oo
2995 | Jgogl) @,lsYl o auall a>lll o
Sl g)line (89 aols Guesliel) Sl oo
2T o a2y S 8552l £9,uin0 Jio oSSl
&l cu> plladl o ashiall (58 )l &Line
Ugado +,9) Ulad Ugdo T,V (sllg> ai>luwo
> bold Tes 8,52l opino waaly (LS
cwol o> Lapdl 9 Obseudl (58 Sl &b
Olsgadl 58 5,1 gyline o yaell Bages
Bl b sl Jie Syl olals 9 g
8 TaS Lolaso] 8,52l goymire Apis 18 g
osJl Sl Low auclyzl &=loVl g oluodl 8,l3] slsl
Wagi il awwdell lhuidl o el
9 uSJ 9 JoVl giogl) pllaill giog 8lsiww] ()]
o Jr pasi Sl ypby o gogll Wl s 2o
ade OlS low lgwl gogll ol Lusell (sle
sawowdoll gogll Jud=i (sl @awlull s
ol dpzdl 3axi g 85l ggyine (89 S, U
passs JM> o olod) doududl 8,15V 89w
Aewlball Sl ulee (399 ©lwowdoll slsl

JLwVl 9 2l
A=l LVl o 2uie b dwlyall 0id
wlwS wbly wle waiw| Wil @yl 9

s 9 .acg)pedl wlsluwll g oluwoll

lewld pi sl 9 adsall olwodl WleS

Lo, o wos il 9 )lew Ul auce

Tsbow] awlwsdl @ousll oo JS &

H.G. Farbrother) I,,,l6 &Llus (sJl

hylg, 9 € 9 ol d)Is] pY+1E-Y 1)
.(WUAS & SGB) ool LSO Ao
5aall Lewanhll

19251994 (MOIWR) 2Ll 3,151y 5,01 55139
#1995-1998 (IWC) &)1 olus aen
1999-2005 (SGB & MOIWR) § 5,41 5131 5 &)1 3,39
22006-2010 (WUAS & MOIWR) sLll jsuiieies Lasls; 9 &1 339
42011-2014 (WUAS & SGB) sLll pouiien Laslsy 5 § 9,401 5515

9 Ulaell LsSe o Yo slg> (1aVE




39

3l 0dd wipgb 9 01299 ple 9 aspll
&l > olodl wihslan] 88 8505
sl 7YQ oluodl (A58 bhwgio =
oIl @b 20T g oludlbll plail i
Jeolzoll wlolis] Glws (& °
€o)nio OyId] :pY+e+0-1949
>lgadl 9 Sl 6,159 9 85l
ol

60
%0
40
30
2
&bl el pYAQA ple 9 10

oSl ool 8,05l €9 )rino .

WATER SURPULS %%

JS U5 (9 Loy oladl 35| (e & MOIWR

1970-1994

axxl S 9 .Sl anghin
8,052 gorinn 8,05 Lgi,Ul (sl
wolez| e adstuoll Jozi gabiws V il
i o) Syl obo Ul Gu> b @Y
89 wo ablaodl ax=ll wilS o .lpislasw
83> sl glizy 9 Ao Sl ol Ol s 5l
9 wiluo 9 pladl (e 8 bl adle auss
ek V 8055l £9,uii0 8)l] Ul 9 alieiss
g 5,0l @l § a9,20ll 0id Jio ,udgs
d29, iz aogSdl S (gluall 1ia J=
&zelll >,38] 9 .gog)l 14s 8,15V Sgiuwmll
eliao 5,20l wlgsll &luo o Jusuis p Ol
aawlgs (Lol asidl) cggrinall 58 sl
SLall sla] pi Gu> 59 18,32l Egynine 8)l5]
Bl] e (Ll aSieidl) a8l g dpnns )l
Lelash 8,50l JMs @il aasMo Sy 9 .6,150)l
wslho ¢ low sdel obwll wlslaol wuls
770 9 2TV olwodl 58 8503l oowgin &L G
Wl sle « Jeoleoll wlslis] ¢ wlulbl
TS Ledwi S, ol apss 6,58l 03 JUs
289 8yuS 8)0a olwll Hua | @loYls
Ol olgall o wwdall &l awbyy spi
RY+++[1999 ple (b pwgo ol (sad 8,08
(x5S0 yio Ugado £+ Jlsall clab)l duoS cusl,
ow b zeliw dsle @bVl px> Ol u> 9

aind Lollg 2ulil

-~ =4==Indent =@i=CWR

Iwc SGB & MOIWR WUAS &
1995-1998 1999-2005 MOIWR
2006-2010

WUAS & SGB
2011-2014

auiloll 5,lg0J1 9 S)J1 6,159 101 QE-19Y0
o Wgguun ailoll 5)lgall o Sl 8,50 s
o> 9 Aol SHl el Blo o Jusiiss
9 85910 8,52l €950 8,5 &S ;Lo oS
Gl oo Jisdl Sgiae (e oluwll guje
sl &S Ol u awhall Go 9 .81
awlwVl pudll Jg> audsio <ulS s, ol
labll plaid @il 71T 0,18 (8,8 hwgios
WAL N RUICIIVES RS UWC SRV L VOWET TR/ I
o S,Jl olo wislao] wolS (8 uell 04 89 9

.SHl olddsio sle =L09.Q_C

S,Jl ol @ud :91999-1990
zlaS 1290 ple (8 Sl olo @ud cowls
‘ool Lpsis sl SslasdVl =l dw b
Syl eV &luall ¢ Jusiil @IS ol cus
lpeox i sl oluodl pgw, Lpubasi Ol
sl 853l ggruino I3 pe oucsliell o
ol obodl pgw) Rox> 9 Jraxi 59 Juinall
Slilsaall @yl cu> @zl 0id gl pac
e Sl obo o, @S pacy adssoll
5 0 9« pinluo JSin @leall g Jusind] Jloel
elgs] Ul Sl Lo pusS JSiiy oSl slsl paas]



40

sl Loy sl 8159 Ol SSUL szl o g
Sl 8,15 audoc s J,lan sl whlsVl oo
: o
Sohais sl wleg el @olell 8,1Vl (1)
a>Luoll 9 a9 pusadl wlls] sde
3oVl g
o< Aggaunll <b,pSIl o K5 uall oo (Y)
blgdl o ausidl ©LVI ¢ wlelbll olaseo
agd o sd 9 .5,)l wlilos) dolell 8,5YI(Y)
goliel) bl 58 sl ol 8)l5] e
Sl wldec 8,15l Ol Wl palzs o .S, Sl
Wlasgll o (gawuiidl Jowi 82>lg 8059 Lo
.S,V
Josy Sl aSdg,nlpdl woxdl S50 ()
Syl oleo 8,15V izl pcll j8¢5 sle
lady olodl 8)lsls wlolb)l dules Jio
a8l el zwly
ATV e ple (8 awlys ol clidl s,
iyl 038 59 9 8 33| £.9,uir0 > pusiil
Jeis) csauiy)l cwadl OF sJgdl lidl [SS
> ¢ bl gudaidl g8 oY 0 ple wgild
lpaodss L8 lpsibuo 5 wlgaall slac] (s ail
Us (ol @loYL .obedl Cswaiows kulg,)
sLiawi] (59 dslssio oS3 pd 8,180l OF 8l S5
Sldsgae Ja5 0l s (60324 S,Jl 8a>g
oleodl (swaiwwo bulg, | 81580l o S
ol 13g) 9 Sl 81590 595 ol U-V-‘? S\
owdipge Ol a8 usle Jis oSy R
il g aaludl OlewVl Gusd vgyies )l
8,15y 8,00 Jloc g 4ud auals 39>9 pac s
ol clidl (ool o .oluadl 1583 9 Sl aulac
Jsadl DM o V| gl J> oSew V » ail
slo 9 (oY) csdoadl clidl) «isewlndl
)L 3zal pY ) plall JUs (8 o (U3 (sl
9 9 8,05l g9 uino 8)l5] | SHl a>9 Jan
Sl 8,59 J> 05 oY 1) plall o (SJUI ol
aclyill 8,059 Jl sl ell 9

olsbyl 01 JS .S o owMo A (sJl T
e 13a 5138 9 )l Olgid Dl (sle i
Jrogi 8,08 > oo (sSloyupll wlgisll elsi
2l o sl pailazl o W yue 9 ol
Jlocl 399 pii wolS adosll ois ol ,SiL
9 orwdipell Vo] =i g asds asluw
835 Jud oo 63330 wlidi go 8,p0)l Jlosll
shol (i gogll 1is saiw] s go 5 .5,

LY+ 20 ple) 8,52 g9, im0 Ueild

9 olwoJl wodzuiiwo bulg) (oY e ) e-YeeoT
ilall 5,l90Jl 9 Sl 8,159

ailsgudl @ogS=l cudb (019N plall (58
olgell pusii 8 8acluwoll» gl il cro
XISV PRV L WSt [EVE RPN T [ VOWIN|
J=>VI algh o C\Jo-wsm bh> gog 9 8,05l
ol asdleo J>VI 8,masll wlsh,>Vl e Wins
PESCC ST [ WIH ROTWEEY FERTL PRV |
oSol5all slac] (s (oY1 +) (ol Ll
&,15] (9 ppShril 9 Jrolxall )Lis| (58 & =l
Joell lal> g Giuyell o waell wase g .l
5 Oleogdl 0ia @bl dslaell ol o
oo Syl ©lgid 8)ls] 8,59l Jusi pd S o
ol il wlolueYl jusd cous,liell Jud
i sl 9 b3l goynine 8)ls] 1o lalw
S 8o 9 .6,p0 Jlocg aud aels> 59>9 pac
ol s> oY+ 20 ple 58 gilall oo 189
Blydl s SuS)l g syl wlgiall 8l
g Syeall wlgll Ol > 8 Sl 8)l59
w9 Bl s olwodl (swasiue bulg, ]
0id JM> g .aun8les a8Mce (399 S, Jl 8,159 0
Wlgicwdl Saw sde olodl Wislan] wolS (8 uell
oSay 9 wwelho 98 low (el blS:wmkll
717 0l olodl (58 83031 hwgio ol @asMo
Jwolxoll wlslasY 785 g wludlal) acuwill
8,158l o wddniy oY+ 20 LI VB (S o g
8052 g9 riito S)) dladio d3>9 sliwl



41

2o asloll 5,lgall 9 Sl 8,150 caxs S,31 8,0
alolS ©loguro

aoil>
Sl 8,05 9 8,58 Ul uw Ewldl 0dd o
i) 9 Syl oleo 815] (58 JuadVIl 8u8)l (o
Jd o Jsiwedl (8 SVISLaYl 0id Jio
Sl plai (08 Btwso Olomsi Sl Gaks
asub HlucYl 59 33Vl 8,52l o (59
8lelro g0 tegyuirall paoudi soleo 9 g9 uisell
il g axlaoc)l Ulol geosd @alizeoll <,V
V| pis V éwowdoldl olasidl <l,>] o .l
9 a8l L)l <> 9 dlaso wo sl aey
oo @alize wliuc) gg,minoll o aalizo clz=
wlzadl whacl bo 13] L(aulpidl 9 Jawsll g @l
i Ul L lhwedl by 0l sacly zol
g9rsirol) 1>lg w89 (59 umJ 9 )2 8)9.0
Oleogi purdi (s « S>3 &>l o 9 .aleSL
il g a,bavcw)l wlp=dly @Jaadl VS
ol .Sl ol Laslas HLaeVl (8 isb ol
oluall 8)l5] (59 uc)lioll aS,)Lie Jio aund
0id &S ¢8 Ld Jlpuwdl oS) 9 cppo ol
SoleoWo pgd (sbasi Sao Sl sl g &S, Liwol!
9 gorirall deub (sle seisy alS lia Ul

awld paxdo e 8,le Jlaodl lia .
Impacts of legal) Ulgic w=i a3Vl asll
and institutional changes on irrigation
management performance: A case of the

( .Gezira Irrigation Scheme, Sudan
o aloVl axwdl e Jga=l .
JeoVl e Jolgdl Sy wlasMoll <l

.ahmedhayaty@live.com

9 o)l ggyuinn &)ID] 1 pYe1E-Yelo
ool Lo zwiuwo buly)

S 1Sl g @ Jl Olgaall colS 6,58l 0id (9
S 20l Olgall Lovw 8,55] £ minn 8,l3] wazs
8,15 Jai 03 29 9 .oluodl oo baylg,) g
gorsiro 8,13] sl Sl 8139 o oSHl pluwdl
Les)ls] pio @wisdl Llasl geo Ol oS 06,5l
0 5940 3¢ &0 olwoll (swoaxiuo bulg) juc
s 830 8,58)l 04 Wapi opumid)| uabgall
wislan] 8505 lwgio UIS s> oluadl Wislas]
ol acwlwVl doudll oo 70T g ZA+ olwll
gl sle «Jwoleoll wlolas] ¢ wlulbll
Ll 28] smnwboll Jpaedl 13s ol Gasy
olodl 8,15 <lsl 88 oz S 550 o (sdgdl
lowVI (Ul gogll Jai] «2lls o paniidl (sle o
il 8,20)L &)lan

oluadl oo bulg, i Ay OF (s
8)ls] Juisd o 8lll uo)l Lsle Sy o s
izl udl 9 Syl plai 9835 9 SHl oo
&Syl wliiuoll g wlgal s (59 Loy
2> ol a8 oo 19yl 5 wlabaioll
el oo peyl sle L sboVl paaadl e S
9 wiei (sl olodl (swaiwe buly, i
Vil 89 uc)liell dcgozo) oY) ol
ol oaesliedl 8,08 ,Lis] J=1 o pS2l e
oS00l o @il 048 Ul ue (S, ol 8,ls]
LV ggruinnll (s auinizdl gyl yuSss V
2> csle auaidl g @adlodl GuinsUl o dogein
S,3Vl wlegozoll y990 o bo 1 g cslguw
el Ol wlwlal Las ©,S5 18 g .£9,ill
1a> Ldoc gay ouc)liall &S Lire (s gusoll
&b 2Us 8o 6 pzall Oleguiod) @il
olwhs Wb 5l b 1SVl wleg il
Juasi pi oV ple lps Jolag dusly
o Ziwe bulg) J> pi Cu> pY ¢ 20 ple wgild
8,52l gg)mio (59 SHI 8)l5] wale g olioll



42

? .< A M 1
> 3293/ el

AP

VS bl zlasY
sac* b (+,+9) >yell 8,5 pl>glSQA
3,5 b Ugdo Y,V = wgdo (Y+) ulseull
sac* b (N )l o3 el=elSh e
o> ob Ugdo +Y = Ugdo (Y+)ulsLull
sae *ob (4,0 2)s0l) zed el ols E-
2wl b ugdo VY = wgddo (V)ulsull

2Bl o JSw Ol sz psdl Jl g3ly oSU
JoVI g8g0Jl prod)l Jized yusti 38 @ogleoll ells
aaslall o S,V M)l Bliol (saizs 18 o
JoVI  LplSiiw @slendl g ULV (o LS (59

sVl Csusi

Je 3oies (sdxo glo] 8,41 o b Uguo T,V
S,U (silo 3,908 HlaoVl sde Ve oo yuSI
glasll 59 abuiv aslaid] aS,> (sB); olwo)
Srbo sl Sere o awleld JSy nelyll
asleall &l 06,1 Joow oSJ .Saulss g cua>
s o 98 anilall ywl, le zedll old
o @orll &3> B)ss pd auol 18 g dllsoll
azl 9 i JoVI Ll el s Jis)
Ol o b g woudal alJl is Jsbs gladi
106 ) @uodell Goxdl 9 wlwhll (gos
aJlall Us,lgo (sde 0,5l 9 aslie)l blasVl juss
oloMe oo S Jgsd... @il ¢ asloll g

-_-_.__ A T g \ /"‘ = _:1;‘ '/ w7

A

VW PIWESTINCIA PR W PN REAVNERN]
s g5 L5V auogdl ppiMoleo (s Lwlll
9 VL weaiSy 9 lpiblpd Jgosll amay
Iginodl (s> c@uogall adlall Moleall Bl
Omiauo>g dwns>) Jio 8,51l wels ol o
w9 ol dld o) de ,ew (55§ =
o aadl oblw=l 0is Jlac| oo LY dLl
Mt 9 Lols lpiuwoaV aghoall wVsleoll
ol 989 Wzl 03 Guly sle slall il 9
«dloll ga» «dldl ga» o JS pliw 9
Gileo ey 3,908 9 «@dld,)l 9 LoVl ga»
9 ¢ ST g WladSUl &ls susi Lo JSu aaa> g
lid 9 daazioll sl olwhal (s
ool 9 83k (sl ,bgall B 3,90l
Jelay Jbo 9 3> o Jiw b JS 9 aldl [ia
aslo| 5,50l 1ig) pubasll 395,0] plol aoz>
Tas waay il g Joledl ,s3SUl oy o Juald
Jogdl cls Ly bl wlg=dl Jbo i) 31
a3eVl aodaio Slwlys ja85 (8,03l o wl,)
Mpsww bo bwgio l (FAO) aunllell aclyyll o
15+ (o3> g awd 8,8) Ml o pazuill
aS AtV lpleolss dudl 8 ply>glsS

2wl &S e g 3> aS)e 88
Jlacly £1290 pledl Jud colS awlyall ois
UsSy Ao Ugalo Yl U)la wlsiwdl sac ol




43

Jloanll 13 (58 p>355 g &blasi pld,l g & Vsleo
L g Al is Ly (sbazy il @l »)lsall
i.pig o lpd 5905 wls)u.owdus.w
Syl @5lanod i 315 oo wlw=l
Olgyras Huold (585 (pow A+XVA+) adde ol
adawl (s> ... 3191 0 oo ST Sy Jjie)
wlbluo 9 .. Ui adai pibesSly 9 il
souball @y adai Sslgl g S8l (6 53l
9 ... WLVl g o=l pilgl 9 (plo> g r>l9s)
ael) S8l Al o Ugeslall LIS b sps)
w9y 9 wow o Wil i ppeo Ugloxy
Ol &l @?9)W@SQ>.|9>9
(w9 sl (9 Byl alb o low
>S9 o peill el lowbus| oo Jo
lpioud o phreid o e (slles 9 Ul alll
Oloaizll g0 oS Sy v W bz Lo US 8
a0l acl3)l 8,0leo (sle aoadl o 0,91
Mo il 9 85,0l @dlel b paidl JUs
T ailgSo Juoles 8,95 g i 0385 s
9 Wil plasiw] (ogd 039 plle (58
. wluazol|

oS raliwVl oo Sl plol o plaaiwYl
JMell o wloSIl ol ,d95 ol 2ol wlS
Js ¢SS olodl §S JlgoVl oo Lolle of Lo
il 850dl oo B3l Juow Jus
a=i| 3920 Sl 8,08 Juolxoll Lo 2oV
S > S dle wld daslwS wbed o
I olwoll Ly> ki 9 Wllw> g Wbl o
8,900l =5>ai b 59 Lplsab

9 olwadl Wl 9 o)l o 20 cljx>l b
anghio oo = Vey> 98 Sl (sligdl oVl
asoioll Olwll 9 (8833l g Joladl ooVl
g aolzl aslso 5,90l lig) bew (sl b
&l ¢ ade alolS)l @bslxoll ¢ dopoll
olwly weSs V ol g .. lud by V colgs
0sSs Ul 9 wilSedl wd)l g 2l (9 dwiSe
al> (58 Sslell pazidl Ay ywsolo 8lg
L 98 g sl aus iy Sl pazadl &lls ..
bui> 150 . T8l bowash T ... asb> gl
o Ap>9 sV 9 $%clagll (58 Lbolosl juusi 0
Lo oSow Jd (Lwlll) abaSell ol §SS
lpdez Tushi 2wVl (sblo ok zli] Wbl
Sixo 3930 o0 BLoB 01z Loy ausls ,iS]
Ugadiy B 9 shxall puldl oSow 18 9 SRiso 9
oMl e




44

ML/ SHab
Al sl=dl
ToghS 1+, YA (slg> dunzoll d>luo gl
ua)li—w@%é):&vw@é&ﬁskuo
1) pose b 9 Byw Y190- Y8 Jgb (oo
9 lugsl g0 Ulsgudl 391> (sde Voo VYO
B3V il sioVg (08 8,udazdl cls=l Las gas
aVy o8 g lpili=l plase ol V| B)ladll o
b0 duoxo W, Licl dozoll sloic| i . low
9 ©1AVA ple (o9 (Biosphere reserve) (Sg.>
Ramsar sloic| pi oY+ +0 pladl 58 1,540
Sa>| 9 g8 duaxell Ul Wg,20ll (o .Site
lpi,=a JUs 8,5l Heudall dowgall B kI
90 9 Lol 9 bl oo

Ac 3 93d1

ot gl yail] eniae

il § el ]

Jolg2)l pal ol aueudd)l Olosodl Jios
GBoJl Jios s5pd cs>liodl el ap=lgol
ade slby b of Glazdl s wllassll s oo
eubll Oloxoll V)2 9 Aueubll )leSI
Ll 9i SVl Si w2Vl o wllue Ler
Slgall 9 Seuxl gl @lox) cuans
bdluo sblo @lozd o @dlall § @bl
Olsgundl psiy &zl J>lgawll &losg oluwll
oo Wyp il deu)l Gloxell oo dis
dyeuhll Gloxoll sl 8> .amsall 1l
Olozeal b aucloiz] 9 @slasdl ¢ duin wlwV
ppatig 93l o gl polaiol (sblio s
NI VIV IR VOWLY BV VI FUWP-Y- S 2t
blodl (9 bl waals (58 el g clgpll
aeub)l Olosell cowol WS . L) dasloll
il g @izl g adzoll aslowd) a3l g3lgo
ol (po L3S sLaid] (89 ppusi @9
Dinder National) awgall ;00| oo s
Sax| [l bbb Loyl B, sl g(Park
9 dyp0 SVl auogall Olioseol!

Tl e e e Bblell o381 o 83515 9 cOlsgll
_,% % ”» e 59 ol L8] 08 @noeall

\ ¢tk wore] & SUBAN Lo ple) wad adlai]l a=s 1AY0 ple
- 4 T e oo dasaoll @Slandl Jud oo NATY
o~ _ o sley aumdall s)lgell Glas> ol

\ ghalai e

Jl LpisSJ a8lasVl 03 8,s5 Ly 9l

= i Dinder National Park Ares didl abdlxoll 9 @l oLl

P S, silgiw] b ool Elio saom
oy o0 2 g Slazdl il (] @il 4
Yo )=l ax)s lawgio &y Cus guigs ol
powgo lprse) B> 9 5> 9=l UGSy 9 Wdo a5

ol puedy (sl Lyl (59 anlall
Blal (9 awlbwVl Loyl jusig &u,losiw)
A3 els g ¢ Laull awdll oyl U cswllell
9 Aol 8Ll goii Adus> o plocaVl
eloily a=sJsS VI pladl goxt) Tk aslaioll



45

By 20l 508 @l Gllgsdl ey Csowluwl
oo legi OA s> (sle Sgixi ool ol
ool oo leg YV ohuseadl g bVl
ekl o legi Yo o Sl g 8,08l

8,08 Acgozxo Auoxoll a>glgSHVI plail y97
Wleoi=ol) (ecosystem services)wloazdl o0
>aS WS 9 Lplg> 9 draxodl S5y Ginsi sl
Oloazdl Jouis 9 .aole Ulsguud) Wlgall o
Jowzll 9 JloowVl (58 Jiosoll slig)l doraoll
el o @i csidl @gaVl g 398g)l s
Oleoizoll lposxiws sl 9 eVl Las
22 9 wblagll jblxo Jdsi (gMsS ad=oll
9« Aozl olwoll Gisi | @loYl gloll
dozo Riod wloasdl oid JS _wl, e
S @ low OMddoy ;50

9 s>9JeSOVI plaill _Ui oo pSl e g
&y abisl asly wld auedbll 5)lgoll
ool Jg> g J51s wiSell (sl Jio 6,000
asl),-Jl 5203 9 £9yuiiol] e 1eall o blell &l
. }JI CL]:Luu\” 01D wWoId 18 g . aVl
I e, Vi ,&g‘u 2ol 3

@bswsauoi-\g &3l> 9 shoo o)
e52l (28 UsSH ol WVase (slel g Huodgs
Veoo LAY G 2ol o (o8l (sugixll
3 sl ol olwVl 6 Ly Ji5
Johbd UgSy Cu> po Ave (sl Te e L 2ol
ool i 10890 9 84382 S 3 ot slao
P 9 )y Qi Aodail M

s gl plail -

olewdl ol -

6,p.0)l plks -
oo S slacl 3925 WVeVl Ulolail ko
3903) a3Vl ol & lao au,dl wllgasl glgsl
aJlel lpde souisi wsidl acwlwVl s)lgoll
oo ailell dols g lpio Lwalasl

J8 oo plid)l o Sl ool il
Olsgudl JMéiw| dio @alizeo)l wlalull
lp) o Lidl s 6 awmal LSVl Y
w9 augll Ll sble ge wlas asl
0o ACgi o Ayd gy lp) Aol Lyl
UAROMI0 (1 )pT 39219 (ueudall 5lg0ll G
S+ oo ST g (0, g ,ual) dwosoll Ulus

saaall Jiss il 5 (ol 8yu) dusunds dsao

W00 58 a5l llgsed) UsThgialad] 1l

"w;,g, .\pywumqwlomw Ll

; i RN




46

Olesizoll w8 el g Eomeoll ausll
8,l5] Jlxo 59 doxoll doslioll adxoll
wwole ow b dyxall JUs g .aueubll 3)lgall
9 aulodl >)lgodl 8,159 wias pY*10 g Y+ +Q
asloll Lols>VI 8)l5] ggymise sbypSll 5 oS,
Qalivell dogS=l 9 (sdoadl bl o Jugens
I 9,0l Bad 18 9 .Ulsgudl angS> g
Slucwdol| 3595 ¢ >leall JioVl plaziw)l
i) axlaoll Ulxol g @lall old ad=oll
Oleoziwn) @olaiwoll ¢ alolSiall 8,l5VI
ggrinndl 55, Al Ashio (59 9 .ol
3l duezo (sle bheall (o azdl (sde Twlwl
OS] abadl Gigell Jow 59¢5 JMS o
ool (sle bheall Judad ool

8,0l ol a,adl wlsapell | asloVb
pladl sde 1SVl sagall d wlewll Bla>
b plaidYl po 1 V i ool (il
©lgloVl o8 (sle lpeogs duzudall Cliozoll
sblo Julii 9 csiadl 0519l Jaa> (o8 lpinodl
olwhdl g wemdl chab eUs g gliodl s
oo sac Jls. alSiiodl Llowl @9 ,20) dunlsll
&Sy gl Wzl 58 10 Loy sl wlwl )l
olawoll Gla> 8,8l b)) Il ol (58
au>9J99 9001 9 &u>9)9,3upll 9 duslindl Wl el
oo duozeadl il plaill (sle o,Ul pusdi 9
uoceall aslodl s lgadl 8,15] unuss =

[y

Glos> Lo, @iVl 0id o =l 8,180
Lpule blasdl g duosoll

31> 35U 9 Guad=odl ULl sac 5L &0 9
oVl 5> pggin o waSlall guai] yaoll
98 VLuiYl ) Lael VLusYl e Jjeo dusnbll
i g @l sle abslaall (suzoll Bagll
e abdlxoll (e Joodl 9xi oVl
sl gl wls (58 Josll 9 s>Vl ggidl
wleioxoll axlgi sl 8l JSlied Jgl>
sac els bVl el (28 g .aozeoll alarsoll
el wdnpiwl il agesill olegydall o
)Nl Guoxo Guoid ggrie  Jio Wleoizoll
slgall o anul) eVl Gulzoll alawls,
2wl oo Jugois 9 ansull 8Ll 8,15 9 ausplall
&locd sl 39,00 g silos VI daziall ooVl
wle sl JSiy gosiall o1 o @zl
@uneol) doslinll adxoll wleaizell il
oy il Hblxol) 3> gog Wi &S g
oladl g ool el s ool Lpd
oVl 9 anls oVl Glolaziw] (8
quzpdall (selyoll (sle Jgill g (lp) anslioll
3305 9 905 9¢ Awlgazl 89l (59 83LJI s
wsowlbwl JShin o3l sleac] ¢ adVl aclyyll
2wl 2dsl 38 ¢ duazodl J3Is 5,lgell (sle

I IEN ERNOWES S WS TRV B WEE P

Fe



4

4
ol Gl b g 0 il i e 14

230 g Gleod . -
Ggzedl ada=o slisl o owlwVl Gapll uls

M|)>9D=L,JL>09>¢,J|)S)»9=L@LUW9)W|
SloVly g,liedl oo @yl ¢ alell Sl
pu aawly wluell Lo wlx sl aalizoll
9 orwlidll 9 Jbell o dcgoxo o UgSw
os>bl Saclue 9 sl 9 Oyl sailw
9 Wb Lldxi e wluel 0ds .uixlll o
a9 20 (silo wSWilSo Judxi 9 B> LSLls
o)l 9 bl auoS
2S5y Iladl bl Juk=idl piy ©
19,b 6y bl
aclw Y< a0 aell cow,i t aaw MS /)
Wz 9 bl Lo 134 9 clodl saai
Qgio &5 1 +0 8)l,> ax)5 (59 Vel (59
aclw YE 830J

ool ooro lnrga

sl @S wsl; 15] ¢ plo T aizd Jiow
e (Pan) sehll (sl plo TV Jiodl 8,Loll
iU yimeg,ule Joc s a2 ez pl,> 0¢
a,d0 dlghwl (58 gogi g lgio pl,> 0°
oo B sbo ade a9 plo Vo0 lpisw
£ 359 yog,ulpll slp> dawly 9 ilgal
9 @y=ill o (VI ($B> AVl (59 wlel )3
i el,8)l (58 po3)l dacliao i ol as
seall )=l Ja

Soil) @, ovsb)y)l Sgixall -
: ( Moisture Content

ey Jaxdl (8 isl aic auell Uje 99

el (28 ooy d2s Sy>l by lpijg dub,
pi aclw YE 830 140 8)L,> as, (58
au9b )l Sgizo Ll

olwodl 6393 wiliousl Jul=dl -
:(Water Quality)

a9,20) slodl Jd= a9 e Luas J>slg
LW oleodl 839> 3325 sl Lolie)l @S
.U|9._,>J|9 C)L_LLJIS

> i o)l 9 Il 0dd gao> 9
o Jlogl dacluio 9 ouiédl @awly Josoll
0id &l Ugogis cull il Bl
2ol gog 9 wylxdl 9 Jd =il

J>> gog) 99 1piaogetodl jlg> /Y
g9 39=90l Cswaldall 548 55 @9 20) aiuell
o9 Aol Rog pu tdyiedded]l /Y
sl 538 auell aclw Y& y9,0 a9
dawly gall d cowyioll bl
3 o uodl
Turbidity) : é,9S=Jl ywld ;> /s
whe Las 5l s Jssl (Meter
9 orilio diall (59 sexall (salall 5455
Jogll clpw sl 3305V oo slpsdl 1is
aiell Jsls( Sand) ale,)l dmeS @820 o
el Jouse oy 9 pxxll slodl oS ol
s o oy el oo s eloy
9 Dish (s9 aiell gogi U5 a=g Jo Y
8a0d 9 &ugio @) 1 +0 81> a=,5 (9 U9
sl Ujes pi aclw Y
Particle)oldl uljusdl Jud=xidl -
: (Size
dipell gogi Cus> aulydl wluel) paziuy
>4 9 @gbyl po wxi s> el 59
B8l 5 @il Olus cow> a0 Uy lpio
03 sy wply= Vo Julzeall lig) 3585 oS



48

AV L“.,ol.x» aob lLa /_)l_x_c!
@l IV Laglgifs g &maid aash

5325201 aoolnh

Y,Lanll Jo) Leli] oW wighka=dll

! Qowluw 0)9.00
vz JSS aoael) (s>luwedl g9, e
olssVl oz i)l il b
Bblall 03,9 dlell sblall &l;ly wollnall
G aodl 9 oluodl Ll Uloua) dnszioll
L wlblasVlg Jyd) axlgi e o
acbuws ashiodl JSJ @as,ds abyy> Joco @
. oluodl Rroxi (§bolio ayaxi (59
VN EYN] ,o|.).>.uwb L_é)LaA.” paos @
. @o;WI
Jlosiwl aelll B, laoll juplig adlla; e
go lpuwlio @e=>lo go wlVlg SsLVI
COWIVH REJW-YN
Gypai Jazaity diliod (819 slac| e
owigo @l ,UaoVl Jgha wic ashioll
dxllen) &luo wlegozo (&yall 13p) guig
. Job Jol 3LVl
A2 polasVl wlp=) ,J..a_a.o),;)_o_; .
85056 ol (sl Jghas
oVl oo Brai wilw plosaVl e
s asdleioll Qo LoVl Sslas

&5lSoly , Il gos Ll §,la> (sle Joiuw
wibodl 905 p3 oy, LpiMadg lpalo s
b>g) (wyydl 8,8) asludl éyusll JUs,
oy low (gblodl o sac 89 olodl Lwass
gl s, asle] lpodl JSlied! oo sl
awlbwVl codly ,  Losedl 6,iSg 8,k
2939 1 &pnsipll Gluwgoll o JolSil pac
. @03V Wlwl,oll
ol g0 Bkl 9 ahsMoll JSLiodl 09
pSLy o LWL b @l V] sas <Ll
oo wsdel b Bl Sgiue Ulg , ,UaoVl oluo
Jd=>Is olodl Jg=s> vy bowo J;lodl Sgsiuo
9 caoail duzadall SLlawsVl Lasig . Jslodl
09> &y it SV U325 o sbliodl pasy
8,000 Bus ol Lde hils ddown wlwl)s
. uL.Uaux“ &op:\lﬁ
: O, Lol ploid V] o axilll slgall

9 ppilSliong cuiblgoll Jjbo &lo> o

. ol oSl llis

Bg bl aamig @xgVly yolroVl Julas o

seall

9 oMolgolly ol &S,> Jupas e

LUnoVl powge

oc il Lhsdl o alaxdl ol &logll e

Mo awlio @iy 995 (sl olall oSy

Mol Jio 832l Lol iy ol izl

by

ol oo aslll aalsdl Jdas e

. wlwoddalb

oo dgaxlly @Sl sbliodl Glo> o

ileodl (s @lzosall oluodl e zulll 5 uall

a3l Blyzele wlawVly B,hllg



49

QM gwed aoyMl ulgs)l gog e
8 i loo B)landl (89 Guiblgall
of 2LuwsVl o, ol o3l of yazlly slgww |l
. Gyandl Lo (sle olino s
G)lacdl  puouwas il ploudVl e
- ool Bya0l) duc)all

J.o.c CLAIULS Saodl QLQJD hihs kog ®
. &,laadl oo JolSio

plaxiwly sowoaidl o2l plosadll e
Apeidl (89 adle 859> WIS slgo

O)lacl] ayyoul adladl  ploaaVl e
oMl yaplailly

. il

aanizoll wlpgdly obligll g wgledl e
JolSiug JSS (siliwVl Josdl posd puouaill
95 pa S,V wlsliwall a5 V (S
138 Jeslly Wlasl) duaidly , &,laoll
oo Wl UeS s9pxll i (sle VISV
aJle 8:laSq adled wls &,laoe puoas s
6, aslodl plwzdl wsSsY (sSJs
ol il anisell OULl @an,l o
JSJ &uezy0 VS pslee UlSe (58 lphaa>g
. Jlxoll 131 (58 skae ol sl

oo o dslaiwW Wbiwo seudl o
lpeocs ol dcl3l wils 9 slgaw ,UnoVI
Ssla8l e glily s e Joslly
Ml aapi (59 acluwy bow lpio




50

FLOOD FORE
WARNING SYSTEM

HERMES - Uniced States of America x

’ASTING AND EARLY

S

Project viewer —_— = —
| FEWS Verbund - Austria

/’IBV Deltores

§
”n Q\JUP

\'.-.\..

Legend e 3

Reservoir optimization for the Colorado Reservoir System production.

Flood forecasting Client: Bonneville Power Administration Client:
Active since: 2013 |

Water quality mplemented by: Delta

Reservoir management

Navigation . - a

Hydropower \'"‘

Groundwater
Drought forecasting Enabiing DeltalLife

Water information

Operational
Pilot

Stand-alone

Small system Water Information System for collection monitoring validation
and storage of water system data
Medium system Client: Waterschap Vallel & Veluwe
Active since 203
Implemented by: HiY
Large system e — ree—

.ll 48e ffCeasEas

R. ALMUTAZ A. ABDELFATTAHI

Globally Floods cause 15% of deaths
among other natural disasters (wmo), and
also 50% of water related catastrophes are
made by floods. So to tackle this dangerous
phenomena we need to understand what
floods is and what are the major causes of
floods and how to protect ourselves from it.
Flood can be defined as:

1) Rise, usually brief, in the water level
in a stream to a peak from which the
water level recedes at a slower rate.
(2) Relatively high flow as measured by
stage height or discharge.

(3) Rising tide.

| Flow and wind speed forecast for wind and hydropower

Implemented by:

Operational forecasting during mean and low water periods
(navigation related) for the river Rhine in Germany

Verbund

Client Federal Institute of Hydrology (BFG)
Deltares / Hydrotec 2008

Active since. 2005
Implemented by: Deltares

=k - - T @1&1{_\] v

System for Indonesia. Colculates water
remote sensed data and meteorological
seasonal weather forec:

Drought Early Wi
deficiencies base

¥ i

nors

We also need to distinguish between flood
and flooding terms, whereas flooding
means “Overflowing by water of the normal
confines of a stream or other body of water,
or accumulation of water by drainage over
areas that are not normally submerged.
Floods can be categorized into different
types such as flash floods, fluvial floods,
urban floods, single event floods, multi-
ple event floods, seasonal floods, coastal
floods, estuarine floods, snowmelt floods
and ice-and debris-jam floods.
Common types of flooding in the re-
gion:
e Flash floods: These floods are fre-
quently associated with violent convec-
tion storms, and are often the result of
heavy rains of short duration. This par-
ticular type of flooding commonly wash-
es away houses, roads and bridges over
small streams and so has a critical im-
pact on communities and transport.
e Fluvial floods: Floods in river valleys
occur mostly on flood plains or wash
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lands as a result of flow exceeding the
capacity of the stream channels and
spilling over the natural banks or artifi-
cial embankments.
e Seasonal floods: These are floods
that occur with general regularity as a
result of major seasonal rainfall activity,
a number of individual peak events can
occur during a flood season, another
type of seasonal flood can result from
wet conditions in an upper portion of a
catchment.
e Urban floods: Urban flooding occurs
when intense rainfall within towns and
cities creates rapid runoff from paved
and built-up areas, exceeding the ca-
pacity of storm drainage systems. In
low-lying areas within cities, formation
of ponds from runoff occurs not only
because of high rainfall rates but also
due to drainage obstructions caused by
debris blocking drainage culverts and
outlets, often because of lack of main-
tenance.
e Single event floods: This is the most
common type of flooding, in which
widespread heavy rains lasting several
hours to a few days over a drainage ba-
sin results in severe floods.

Flood forecasting and flood management:

Flood forecasting is a technique which uses

the known characteristics of a river basin

to predict the timing, discharge, and height
of flood peaks resulting from a measured
rainfall, usually with the objective of warn-
ing populations who may be endangered
by the flood.
Flood prediction in the other hand is the
study of rainfall patterns, catchment char-
acteristics, and river hydrographs to predict
the future average frequency of occurrence
of flood events. For example when we say
al100-year flood event.
Flood management: are strategies gener-
ally focus on preventing floods or reduc-
ing the impacts of a floods. These strate-
gies can be described within the context
of three overlapping activities (prevention,
response and recovery). So for a better
flood management strategies, we need to
develop a sophisticated Flood Forecasting
and Early Warning System.
FUNDAMENTAL CONSIDERATIONS
OF FLOOD FORECASTING AND EARLY
WARNING SYSTEMS:
To form an effective real-time flood fore-
casting system, the basic structures need
to be linked in an organized manner.
This essentially requires:
(a) Provision of specific forecasts relat-
ing to rainfall for both quantity and tim-
ing, for which numerical weather-pre-
diction models are necessary;
(b) Establishment of a network of man-
ual or automatic hydrometric stations,
linked to a central control by some form
of telemetry;
(c) Flood forecasting model software,
linked to the observing network and op-
erating in real time.
Flood warnings are distinct from fore-
casts, as they are issued when an event
is occurring, or is imminent.
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FEWS_Sudan as a Flood Forecasting
System:
After 1988 catastrophic floods, the minis-
try of Irrigation and Water resources (Mol-
WR) established an operational flood fore-
casting system to provide flood warnings
with sufficient lead time. The system was
developed with help of Netherlands and
started operation in 1992 and was known
as FEWS_Sudan. After 1995 the system
stopped working due to some difficulties
in obtaining the remote sensing data. Also
there were some difficulties in maintaining
a suitably trained team to sustain opera-
tion of the system, although currently the
system when operated is done so by self-
trained staff of the Ministry.
FEWS_Sudan was based on the Delft_ FEWS
system version 1992 (developed by Delft
Hydraulics which is how Deltares). And at
that time it was a state-of-the-art system.
In 2010, MoIWR with the cooperation of
Entro have considered the upgrading of
the forecasting capabilities of FEWS Su-
dan. Therefore, the new updated version
of FEWS_Sudan (Delft_Fews) has been
installed at Entro and MoIWR, and since
then, the system is operational only in the
flood season,
During the last seven years a lot of changes
have been made to the system of the Nile
and also to global sources of data and their
attributes which again makes FEWS_Sudan
obsolete.
Necessary improvements for FEWS_
Sudan:
1- Integration of new Numerical
Weather Predictions Models such as
WRF model, because FEWS_Sudan
depends on ETA model which is very
old and not stable, and it is no longer
working in MoIWR, ENTRO or even in

Sudan Meteorological Authority (SMA).
Because nowadays both ENTRO and
SMA are running WRF model for rainfall
forecast which is performing better than
ETA.
2- Integration of New precipitation sat-
ellite data such as CHIRPS, TAMSAT,
PERSIANN and GSMap data, because
the old system depends only on TRMM,
CMORPH and RFE data, and recently
CMORPH is not readable in FEWS_Su-
dan due to some changes in attributes
of CMORPH data.
3- Improvement in the hydrologic
model (HEC-HMS) that used in FEWS,
because the hydrologic model used in
FEWS is a hec-hms lumped model and
consider the Blue Nile upper catchment
as a one unit with the outlet at Ed Deim.
Also a hydrologic model for Atbara River
should be included.
4- The hydraulic model needs to be up-
dated because existing (HEC-RAS) mod-
el covers the reach between Roseires
and Khartoum only with 87 X-sections,
and it needs to be extended from GERD
and up to D/S Dongola, also Atbara Riv-
er, Dinder and Rahad reaches needs to
be included in the hydraulic model. Also
Roseires Heightening, Merowe and Up-
per Atbara & Setit Dams needs to be
included in the model.
5- Update of the available hydrolog-
ical stations along the whole system
because some new stations have been
included and some became out of ser-
vice such as Malakal, Kubur and Wed
Alhelew.

Capabilities of Delft_FEWS:

Delft-FEWS is an open data handling plat-

form initially developed as a hydrological

forecasting and warning system. Essential-
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ly it is a sophisticated collection of modules
designed for building a hydrological fore-
casting system customized to the specific
requirements of an individual organization.
Because of its unique characteristics con-
cerning data importing and processing and
model connections, Delft-FEWS has also
been applied in a wide range of different
operational situations. And some of Delft-
FEWS capabilities are:
1- Handle large heterogeneous data-
sets: Delft-FEWS provides import mod-
ules that can handle numerous external
sources of data (more than150 types)
such as CSV, XML, GRIB, Hdf5, NetCDF.
The data types include scalar and Grid-
ded format.
2- Delft-FEWS supports quality check-
ing and pre-processing of the imported
data using extensive data validation and
transformation libraries.
3- Integrate your numerical models and
scripts: The philosophy of Delft-FEWS is
to provide an open system that allows a
wide range of existing forecasting mod-
els to be used. This concept is supported
by a module called the General Adapter,
which communicates to external models
through an open XML or NetCDF based
interface. Examples of models that can
be integrated with Delft_FEWS (more
than 70 models), such as HEC-HMS,
HEC-RAS, HEC-ResSim, SOBEK, RIBA-
SIM, DELFT-3D, WFlow, Telemac, TOPI-
KAT, MIKE11 and ModFlow.
4- Delft-FEWS is a fully scalable system.
It can be run as a standalone manually
driven forecasting system operating on
a laptop, but can also be deployed as a
fully automated distributed Client-Serv-
er application, which can be extended
to the cloud.

5- Apply advanced data assimilation
techniques: this tools or techniques can
be used in assessing and improving the
quality of forecasts.

6- Disseminate and archive your fore-
cast information: Forecast products can
be disseminated through configurable
file formats and web services, allowing
easy communication to relevant author-
ities and public through intranet and in-
ternet.

7- Work with numerous specialized dis-
plays: Delft-FEWS provides structured,
concise, and highly configurable dis-
plays to help the user carry out the re-
quired tasks for operational forecasting
in a structured way.

Examples of Delft-FEWS applications:
Delft-FEWS is operational in many coun-
tries around the world and here are some
of its applications:
e Flood Forecasting (Sudan, Nether-
land, USA, Canada, Australia, China,
Thailand).
e Reservoirs management (Australia,
USA).
e TIrrigation management Planning &
Operation (Australia).
e Water quality (Italy, United King-
dom, The Netherlands, Singapore,
South Korea).
e Ground water (United Kingdom,
Canada, Colombia).
e Navigation (Germany, The Nether-
lands, Brazil).
e Drought Forecasting (The Nether-
lands, Indonesia, Chad).
e Hydropower & Wind power (Brazil,
Austria, Singapore).
e Water Information (Brazil, The Neth-
erlands).
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SEDIMENTATION IN RESERVOIRS (1)

N
PROF. YOUNIS A. GISMALLA

Background:

Water is essential for life and critical for
socio-economic development human com-
munities. Rains are the main sources of
water and rivers are vital sources for wa-
ter. Seasonality of river flows limits the effi-
cient use of their water. Since ancient times
man built dams across rivers to store the
flood water for the use in the dry season.
The registered number of large dams in
the world is now more than 57,000. Dams
are built to serve one or more of the fol-
lowing purposes and according to recent
ICOLD document the percentages of sin-
gle purpose dams in the world are as
follows: irrigation (48%), hydropow-
er (17%), water supply (13%), flood
control (10%), recreation (5%), and
navigation and fish farming (<1%).
Rivers in dry lands bring larger
amounts of sediments during their flood
times than those in temperate lands. These
sediments are sands or weathered rocks
having higher specific density than water
and are carried by the kinetic energy of the
flowing river water. Part of the sediment
load in a river is deposited along the river
channel and the floodplain and the remain-
ing passed to the sea or ocean. Therefore,

the sediment within a river reach is bal-
anced naturally in terms of sediment inflow
and outflow. Construction of dams disturbs
this balance by creating impoundments in
the river reach with very large cross-sec-
tional areas and low velocities. The sedi-
ment carrying capacity of the flowing water
decreases significantly when entering the
impoundment and all or part of its sedi-
ment load deposits. Sedimentation process
in reservoirs is complex and is influenced
by many factors. It depends on the river re-
gime, flood fluctuations, reservoir’s shape
and size and operation and sediment prop-
erties. The ratio of deposited sediment in
the reservoir to total sediment carried by
the river in a given period of time is called
the sediment trap efficiency (TE) of the res-
ervoir. The trap efficiency of a reservoir is
affected by retention time (the ratio of stor-
age capacity/inflow rate), reservoir shape,
outlet characteristics, sediment character-
istics (particle size, shape, specific gravity)
and reservoir operation.

Delta
/£

Coarse sediment
Original nver bed

Sediment deposition in a reservoir

Coarse-grained material is deposited first
forming a delta, whereas fine-grained
materials are deposited more uniformly
through the reservoir length, Fig (1). Res-
ervoir useful life is defined as the period
during which the sediment collected does
not affect the intended primary use of the
reservoir. It is calculated as the ratio of the
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initial reservoir capacity to the annual sedi-
ment yield of the river’s catchment.
Impacts of reservoir sedimentation:
The main impacts of reservoir sedi-
mentation include:
e Loss of reservoir’s storage capacity
i.e. reduction in the benefits (irrigation,
power, flood control....);
e Blockage of power intakes resulting
in reducing or stopping of power gener-
ation;
e The high cost of annual dredging in
front of power intakes;
e Downstream bed degradation re-
sulting from sediment deficiency;
e High sediment concentrations have
destructive effects on turbines, regular
spare parts are needed and stoppages
are common;
e During the high sediment concen-
trations reservoirs are operated at the
minimum water levels power generation
is minimized.

Methods of assessment of reservoir

sedimentation include:
1. Bathymetric surveys in which the
depths of the wetted reservoir bed be-
low the water surface are measured us-
ing echosounders or other devices. Pre-
determined range-lines are resurveyed
frequently every 3 — 5 years and result-
ing cross sections are overlaid and ar-
eas and volumes of deposited sediment
determined.
2. Sediment balance by measuring the
total sediment entering the reservoir
and that leaving it annually. Usually the
sediment concentrations of the inflowing
and out flowing water to the reservoir
are determined by sampling and then
multiplied by the flows. The difference

between the quantities of incoming sed-
iment and that leaving the reservoir is
the deposited part of the sediment.

3. Empirical methods: there are many
empirical methods and formulae for
quantifying the sediment deposition in
reservoirs and its distribution. Brune
(1953) and Churchill (1948) curves,
Brune - Dendy (1974) and Siyam (2000)
equations are widely used empirical
methods in estimating reservoir sedi-
ment trap efficiency. On the other hand
the Empirical Area Reduction Method
developed by Borland and Miller (1958)
and Area-increment method by Christi-
phano (1953) are widely used for pre-
dicting the sediment distribution in res-
ervoirs.

Sedimentation in Sudanese reser-
voirs:

In Sudan, rivers originating from the Ethi-
opian Plateau bring considerable amounts
of sediment during their flood period (July
— October). The sediment material origi-
nates mainly from heavy erosion in the up-
per catchment area in Ethiopia. The rate of
suspended sediment yield of the Ethiopian

catchments is shown in Table (1).
Table (1): Suspended Sediment yield esti-
mates (t/k m-2/yr-1)

Location Estimate Reference
Blue Nile catchment 480 Ahmed Salih
above Eddeim (HRS)
Upper drainage basin
s g Mc Dougal et al
of the Blue Nile and 200 - 400
N (1975)
Tekazi rivers
Ethiopian highlands 100 - 1000 Walling (1984)
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. ] ] Name of Location Year of Capacity(10° m?) Y%age

Therefore, the Blue Nlle and ItS trIbU' Dam Commission Reductian

. . . Desi Present
taries and Atbara River are the main s resen
sediment contributors to the Nile Riv- | Sennar Blue Nile 1925 0.93 037 65
er. The long term estimates of the | jebel Auia | white Nile 1937 3.00 3.00 00
Blue Nile sediment that enters Sudan [y ¢ina | atbara 1964 130 060 5
at Edc!elm I.S 146 million tOI’\IS. The Roseires* Blue Nile 1966 3.024 2.20 40
two tributaries of the Blue Nile viz. —

* Before heightening

Dinder and Rahad rivers contribute

8 and 3 million tons of sediment annually,
respectively. Within Sudan there are many
streams that contribute significant amounts
of sediment to the Blue Nile. On the other
hand Atbara river brings about 30 million
tons of sediment annually during its flood
times, Fig (3). The sediment material origi-
nates mainly from heavy erosion in the up-
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Blue Nile Dinder Rahad Atbara

per catchment area in Ethiopia.
Fig (3): Annual Sediment load carried by the
Nile tributaries (million tons)

These high sediment loads has influenced
the design and operation of the reservoirs
built across these rivers. Old Sudanese res-
ervoirs have suffered severe sedimentation
problems; these are Roseires and Sennar
on the Blue Nile and Khushm Elgirba, Ta-
ble (2). New reservoirs viz. Upper Atbara
and Setit complex on the Atbara River and
Merowe on the main Nile will not be an ex-
ception.

Table (2): Sedimentation in old Sudanese

Management of reservoir sedimenta-
tion:
Many sediment management techniques
have been applied globally to reduce reser-
voir sedimentation and increase reservoir’s
life, include:
- Reducing the sediment entering the
reservoir by managing the catchment
by forestation or engineering works i.e.
check dams;
- Routing the inflowing sediment to
the reservoir to the downstream or by-
passing around the reservoir to down-
stream;
- Removing the accumulated sedi-
ment in the reservoir by mechanical or
hydraulic means e.g. dredging, excava-
tion, flushing and hydro-suction.
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