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2. PHYSICAL EESCURCES

2.1 Hrdrolowy of Che Wabl Bhebelloc River

2.1.1. Imtrodiction

The hydrology of the Wabi Shebslle river bedin 19 determined by two  Tainy
ge0scns.  The Fireab rolny seuson comos in March, April and Moy ond the aceoond
rainy season in July, Auguslb ard Seplember.

the runoff pattarn in the ¥Wabd Shekelle river ak Gode, ns 4 con@sequence, shows
tro Flord scasons. The colhwracteristice of thezse two [1oxd Seesons  aTe
different, which oarn ke explained by the ocourcoes of Lwe typee of nunoff.

Thae first type of nnaff iz very grociwl ond is genernted] in the mountoins
Ghich Toru e Horth-Wesboern bomdary of the river tasin (Arussi and
Chercher}. The mainfall pmbtern 1n these povocolne 1o pegulac with  low
coefPlebents o varloation. The two rainy seasons penerate Flood—mves with
meclest peaka. The second flood peak 13 goncrally the highesl. When bhe [loed
pralks leach Gexle they have been very mich =themaated,

The socoond type of runoff 13 of 8 more vehement character amd hra the Torm of
[lie=hh [loomds, whiclhh pre fensreted by heavy rainfell in che North-Faatern At
central part of the cebchment. Theae Mash [loade genereally ooour o the
Firzo rolny seoson durdng Aprll orc Moy. The mony rivera which carzy these
flaeh floods, like +the Dekebks and Bhe Fafen, are intermitient end ere driF
Juring five months of the year.

The result of thls rooofl patbern ie thot the sovwond [lood scascon in Gale  hag

the largeat flood volume, whereas the higheat flood peaks generally oocour in
Cle first Flood senac.

The Wabhd Shebelle river bagin vas extenaively studled by CEISTOH frem 1067 1o
1872 (Wuebi Slholelle Survey, Yalume 1[I, Hydrelogical euovey of the Wabi
Shebelic bosin, ORSTOM, 19F3). aAlthough the survey vas besed on 2 very ghorkt
rericd of cheervacion (L1967 to 1972}, the hydeological stody is still
considered vory valuable ond of o good alatddaed. Mow that obmervations exisl
until 1985 {althoueh in some cases with conziderable gepa) it 13 neceasary to
reagsgess the wooer avallabllily wnd Lhe wourence el impacte of Fleoda.

In the Following secbions  bhis resssegsment 1s moade  moed  the uater
avalinbilltice el [loods are etudied in order to reach design eriterim For

the irrigatiom Aystem, the diversion welr, tho flood pmbtectlon swordee  ard
oukfnll strueluros.

2:.02, Anelyeizm of exiating infommetion

The WEDA supplied emmaAries of hydrometio discharee doca of Lhe &tations
Dowlola Toridec, Melbka Yakens, lLega Hids, Hamaro, Tmi, Gode and KeleFfo. These
diacharge data heve been cnloulnbed owramlly, u=sing » rabing tsble, reconder

charcs, uwnd UWeo deily gruge readings in case the reconler Failed to register
or wes degtroFed. The Ffollowing barchart showa the dats pendlabildey.

Ltk



Table 2.}, Data availebill by

drainnge YTear

aren 7 G BD 70 71 72 73 T4 7B 78 77 78 79 80 B1 82 A3 B4 EF

{lmmz}
Dodola Eridge 1035 x!{ﬂ}:{}:{}:x}ﬂ:ﬂ}mﬂ}:{}:{}ﬂ:ﬂlmﬂnﬁxx
Melke Wakunoo 1388 xmﬂmmw:mmnm{mmnmmnmnr
TLega Hide 20473 Hond oMM oExX MM X
Flarara Gagdd oMM MM ONE I XX
Imi S1EA0 b S
Gode 127300 HONor IOf MM 2Or M MW OO0 MY W ¥ X ixxx=<
E=lafo 133100 b ool

Althouzh the data of 1967 to BiT3, which were analysed in the ORSTOH report,
proved 1o ke of good guality, inconsistencics starbed to arlse wheh analysing
Lhe rimofll dats of 1976 cormrds, Comparing cho enmiual nmaoffe of Dodols =od
Mzlka Waknno, one firds & sood corroletion Crom J968 ko 1975 [zee Table 2,2.})
Eul  » poor eorrclatien for the following yeare! the correletion coePficienr
for the early and the loter vears are 0.9% and 0_502 respecbively.
Mirthermore it con be secn in the Leble thuk the roatios bocween tho relative
nmcila, shich  sheald be more or lesg unity, show cohaidersble deviakicm in
Iater ¥yeora {with extremes of 0,69 end 1.30).

Walle evamining the runoffs of Gode, cven larger inconsistencics were FPowrmd in
the  wears from 1975 orsmrds, Az the Gorde runoff doce are of oracial
lmportanes for the deaien of the Code irrigatlon scheme, the reason ofF these
inrcopaistencies had to Lo tharowhly rnalyaed.

Ile main inconsislencies appear to be rejated Eo Fhe reting ocurves wvhich have
beeti uaed.  Tigure 2.1, shows Lhe dischorge messliremerits khich were ussd far
the OMSDX report and  Lhe roblrg  curve which corresponda with  these
Measurars=nis.  An anokaly swhich cccurs in Lhe raclng curve, wnd which wes alsa
dizsruzsed in the CESTOM report, L= Lhe uprartl inflectlon in the curve For Lhe
lhigh diachavges. This phenomenon can he taplained by the bosk-rmter yhich is
inlrochured] by tho narrowing of the river At Gule bridge and by che posdible
nectmulolien of debria around the plllars.  Unlil 1975 this set of ourves was
ueod for the mefF ealevleblons hub §n 1878, the munofTs Here caloulated with
one  single  curve without considering the ufurd section. This 7Fielded &
mimm dlsclarge [or 187G which wes [arc ton high. Boceume the recorder aleo
Faltered during Ehe 1976 Flood =nd the sheerver did nok minage to read the
maximiu  weter lewvel,  the maximum weter Lovel bad Lo be resssessed.  The
maxlenm pauge readlng haz been estimabod by NEDEOD to e 7.2 m Correaporyling
with n discharge of 1,190 m3fs [see Figure 2.1,

Aftcr  the upelresm  revomer had ceased bo finetlon in 1977, the EEUE iNE
glation was  moved dosmstream of che brides. The rating of the gaugn only
glerted in 1582, re=zulting in the roting curve pre=entod in Figure 2.2, Thic
rating curve alas shows an wward inflection,  This may¥ e explalned by
decrasse of the bobtom glope dowmstresm of the gauping elte. At rhe ERUEINZ A&
#lle the loltom slope is relatively large, which results in raplds at 1w
[lensz. AL high flows, however;  the rapids are evboerged bv & Beck-tmtbtar from

the dormatrean resch which has s modsrote Elopa and consequently higher wmter
depbhb.
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Table 2.2 Correlatign betresan The rumoffa of Dodoln wed MHells Yolmns

Funnd Belotive Bienfl

107 Gm3 e st F/menn Ratio Bl /mean Ratic Tqoff/mean  Raclo
Yrooar Dewlolo  Mallkm Drdolo  Malke Dodela Melks Dodsls Hellnm
1957 il G 1. 187 1-212 1. L.227 1.¢12 (.01
1967 20 oG 1,087 I.18% O.82 1.087 Y.187  0.52
1969 240 1]cf ] 1,127 1.075 1.015 1.12F 1,973 J.15
19760 284 g24 1.148 1,148 1l.00 1.144 1.144 l.o0
1871 £0Z Q5 L.2%7 1.184  1.14 L.277 1.1%0 1.14
T2 pini et {052 e 1.0 1.052 JAEE 1,21
173 160 289 T4 S0 1.03 12 LTOE 1,02
1854 128 EE AT AT 1.m 579 LA730 1.0
1475 prlabi All Akl 1.007 0.83 o1 1.007 0§,B3
14976 (47 g22 0EA LI73 0.86 JEGE LTTA O-MB
1977 281 L1411 L. 20 L.753 0O.69 1.0 1.737 0.6
I'F7R P4 ql15 - T 1.012 0.96 N L. 0, 6
1579 148 678 +BT1 A3 D.BD JAT1 841  O,R)
1950 167 BEd «FE9 ARG 0.89 . TGE L1« R
14941 187 (1]-}8 4T ARR .09 R4T 868 0.99
Lan2 251 TAR I.[E% Ald L 1.135 L334 1.3D
1985 i 1102 1.734 L.4aGE 1.19 1.734 1.468 1.19
1984 172 8 LT LA2 1.23 . THD G¥  1.23

Maan 21 el 1,000 L. Qoo L,ale 84 -WHD 1.all
n G4 2a% il 28 .23 23 . L
Y=ARLH YaArl B Y=AREYFE/T) ¥Y=4ArKX'H
hE 5. 1A% LE -394 aF R.190 A= 1.005
= LHZH H= B2 [l -, FANA M= TT1

R= . TR R= ik Te= R84 Li= -G0H
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FIGLRE 2.1

RATING CURYE OF UPETREAM
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The prablem wlth the runoff caloututiome from the dabts thot have beon eabtherad
since 1598 4m thul ke matlog curve of thoe upstresm sectlon wae continoed to
b used until  bhe doanslream gechbloan sme rabed in 1982, This  vileldod
canpletely coratie mmoll= for tho yasrs 19739, 1980 end 1881, Sircc 1981 the
oW TALiim curva hat boon used ot Uhe upasrd Infloction of the mting ouree
for high [1ocs has ol been obaerval. Therefore, Lhe high flavws e heen
rradperated. hurtheranre, tly pinimmm flos recorded after 1979 appear to he
awh kigher Lhan the ofhen recorded before 1377, TC can Le eswn it Flgurs 2.2
Lhnt The raling mmve hos oo oessurcoenie for low [Icwa.  [n sandy rlver beds,
mil  level= nmy LivctuRte considerably, whlch haz 2 Jargm influence cn the
recorded dicgturges, erpeclolly =t 1owe Tlows. In bthe ares of Lhe gauge, where
neceleralionm  dum to mpide and dooulifrations due to lmek-wmtars alternately
moowr,  bhe varlablon of the bod leval may o unpredictible,  Therefore it ls
proposerd Lhak  Flovw  neasurements b vurried oirt, ot lumat twdee ponthly,
Ehreicdwnal  zha  dry  sem=on. The naeffa of 1979 to (983 hove to be
retleuleied o tThe bagis of Foos 2.2, taling ioto accoant thol the cume 1s
oot wlld Ior 1w [1es. T Flow rualf caloulaotlons shoold B baced on
ruwlT meacurcnils st 1o Flosa i omsible in the aawe ycar.

Frir the calolstion of  the tmler wvmilebilicy (Cuptar  2.1.3) only  the
nuneffs ol 16907 to 137 Are uscd wunlil the remalning seara wiil be
recaleulated, Bar the Tlood analymim,  howwever, the mogl recent  perled
contally vory imertent [looda. Therefure the maximm flood luvels have been
alwmlracted from Lhe omiginal olwarvarm booklec ord wuoed for  the Crequencs
analynls of the Flomds (coo Chapter 2,1.E6.0.

2.1.3. Pomthly mnolfe ad smtsr goepllobiliky

Daceir  Lhe mont roccnl debks hase been s o b= ynerelloble, the wmber
Avallability han been atadied on Che egin of the dats of 1967 to 1977, Foro
Lt reliabllity of the water oymilebllity this sco of 9 vaare i nocepteble,
Tevaus: il il genemlly considered fhat o 70 Lo E0X reliabhilicy i=s edequmte
Fear irrigetien purpoocs, TWith 7 years ¢f dals thia estlowte van b= mds with
anfficienl wurany, Forciermors 1t s boon shovm in Table 2.2 that  the
gecond Set of duts (rom T977 to 1980 hus almost the some sveeage rearly runcfF
a2 Lhe Firsk amk ot Melks Welkana, red, us will he ahmgp Turthweron, the Floss
ot Molly Wekana have vory much inFlustoe an the low flos an Gode, Therafore
Lthe uze of Uw O yemars of records for the determinotlon of 1he w@ler
urailehilily at Gode is peraiassiklce,

Tan Tshlc 2.3 e meeffa heve Lot wl swed resultlng Ln wnler svailabilities
kilh prokabilitioy Iesed oo the Gougslon distribifion (porml disetribrtion].
The wpplicat 11ty of dw normal discrlboation hys besn ftested ond  Cowd
Juatificd. lhe reealts hove boen rrmmented In Figure 2.3, Tt can e s0ch
Elwl sater amdIabillly constrainks wlll oocur in DecembarT; January, Feboumry
and Morch.  Althmigzh in most yesrs there ig pufficient vater in March, in

exceptinmal yuurs, when the scound [lood ees=rm skarte lule, there mer be
considervide shnrtpces.,
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Table 7.3, Hater pveilshilitiow ond rellobdlitica U fran s s e a'lr“:-:"""""

ypaT July Aup, Sep oL, How, L, JRL. Fob, HMarcl: ApE. Moy Jiarme Tobal
1947 /64 Tl6 - 582 - 3y - a5 - 1t8 kL i) Sl 95 ¢
19G8/65 274~ [+ [ 4718 287 - 162 112 - 51 - 128 . wa - 26l 7 477 - a3 Jape
1560770 241 - 8Tz - 414 - 1A% - 114 at - 42 - 52 - 4L - al1) Joa - (] 57
197y T1 144 - s - G611 174 - 175 £ o= 22 23 - 2x) ™ - My . P
IRTLfTE LI 503 - 440 JEE - 240 R - q0 - g5 . T2 - 403 - B48 - 140 ¢ 2204
1972/TS ary - Bl3 - 433 - lag - 178 52 - i i3 -] T2 220 ol 22038
1972.74 jia 152 - 375 90 - 46 16 12 a3 G - 297 - on I o3 - ol o b
1OTLFTS 20 286 AT . 16T e 20 13 ) f 1dr « iss - 114 ¢ 2023
LS?B/YG . [ I ML GaT 2B - &7 2 1z 14 L Bog - 2000 - 225 ¢ LM x
1976/ 77 2T . LI 536 -
K &b 253 546 483 236 ! 70 M 5 161 415 576 154 x4
" i) LLS o2 117 165 T2 34 O 7 azr aBl B .}
E‘l? -3] lEl -lg FE]. -92 I-DE IEH lrU‘ 1l=B rTB |HE 15‘1' -32
RZl 408 G624 Rl 5 453 L) 1) 5 gz Bh1 [ e 216 IR
E TS . IF) L] 121 119 64 zl I8 LG 21 9B 24 100 360
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Fartunmtcly 1he piotwre will improve whep takicg loto agcoot the gffect  of
the Mellhu Waltarms deg shich will gamerale 5 mlnimas s [lenr. The delha
Wakfna dam hea leen stodied by Technepromesxport and the repork wma  publdghed
In Momcow in 1985, They rocomesmded o Bulld the dam with & notal hlgh valer
level of 2520.7 m, which rorresponds sAth a8 guarantesd oubtFlow of 19_2 mifa,
Arsuming  tlwb doring the dyy months the outTlow of the dum will be 19.2 mifa
inatcard of Lhe natural [low seosured et Lhe geoplng gike, Table 2.4 has besn
Arirm up arelyaing the wmtor avmilobi]itisg befure ond oltar the constraTtion
ef tha danm. T omdur to fdeLermine the Tuture ¥low al Code, the natural Flow

AT Helks Wobeang bes o sibskrocted frok the Gode ppbwral Flow and 19.2 mdfa
Ias twien adited Lo Yl rosalt-

It own b= ecem that e Lo Ioames on the uny, LUwe diachocge may doop  under
19.2 mifz,  These lowsam are the losses whiah veler the prement alcuation
oncurs Hith the Malika Wshww das boing opemmlionsl, the ko [loes  =owd
cmmoqueritly the lomacs dun Lo esaporation mnd inflltrakion will  increase.
The Inf¥lteation inorescem doe fto the inoPesses in depth ard the ayvsmporution
rncreames duer Eo bhe Inopwese in width, The 70X asturel Tlous in e dor
pericd] ore 10 the order of 10 mifs ond tha redulatod Flesm ars about  deuble
tlwt waluws, AL these Tigmea, the Incremge in width end depid st gencrally
amll. At the 8% [lm=, however, the 1mcresse of the flow L Tows to [Ive
Limes the natical Tlow. llere Lhe increpae in widbth iz ao longer neellyable,
Asaunine an mverEge angvase of 10 m, with & rivar length thronph the 1o
lande of 700 b, hie implles an inorea=6 of gres with Tx15%Bm2, With &
monlhly eviporation af [0 mo khig implism A monchly lnoTeoss of evaporatlon
Ly 1MID7G aR. ‘MThie is o very Aamall gumbicy snd no ressan for oomoceom.

SET11 it w1l b fecorAAly PO oainbaan o bee flow aAloop the river 1o
guiranlee wibkor ymea fwmgleeam at Godes, Helafleo and Mostahil. The mloimm
flov: recorded wlbth 0% relimbility vam 2 0373 1ln Mueah, IF chae diverslon dam
In imrAlk, ihe guoe minimo ¥loes should bo oaintained w1ith BE roelisbilits
during Yhe oriticol mench, It will dopsmd on thoe weter Tequiremonts  which
will he Ehé eoibieal month, bBut in thet ponth a bree (oW of 2 md/3 wili have
In e mintaaned,. In the remaindne panths, the [low vhich pamsce the damp will
bm  eore Lhmn £ mdSs. 1o nrder to be ella co pelock the oritieal menth, in
Toble 2.4 2 base (low {(Gb) of 2 wi/a hos boym mpbatrasled {rom the BOE anwdl TOR
1ems [, Tha B reliability wintmoo £low im thon 15.8 mS/e in Harch  and
Thoe 700 reliukbillty minimop Tlow ia 20,0 mdfe in Januser.

2.1.4, I=ureme levelw and Flowa

As Thun boen pointed out hefore,  the ewallshls data ocomtein eeveral
inconadelennics slth peasamd to cho sater leavels Tecorded at Godes bridg:, the
myor Gmommlslemey 18 cvumed by Lhe chonge of the paging eection from
Umstrwun o dosmetoeem of the bridec, Also the Eape in obesrvalion  betweoen
1976 aewl 1978 =yl betpeen [983 aredl 1P88 cause difficulcles. Ard Cinadly 1%
uppeiew]  that dirdoe  Hw flocda of 1976, 1970 and 1987 the highcat water
Tevels pers pot olmerued.

Thi= et of diffioculiie= doe= not malfe it cerf Lo anfly=me the frequencr of
flooding At Gode bridgo. It ham been posmibla, hoswver, o pATLly overcoms
e probless, either Ly sActurake mrvcys And ocalculatlons or by faar
antlnmtes. In tho following paragrepha the vempog@ition of the frequancy
Aletribution on the bagie of ditfforent plecss of indomatjon i discussed.
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Table 2.4 4nter pywlliokl]l]cy ofter consbtnaetion of Melko Wuabono Dom

[moFE in 1076 @3 Aoy na

L3 1 [ 1

r Tharmmbeer ' Jemmry ! Februmry ' Farnh

| ! H 1 ! ! ! j i !

1 1 Mol ! Gods ! ! Melke ! dQode ! ! Mellm | el T ' Melln 1 Code

I Code ! Wekama ! fufure ! Gode ! Wakona ! fobwee ! e I Wodenne ! fubure | Gade ! Wokonin | Pubyre

! . | f— I g : ! !
1357 ! 243 1 22 Pooavl ! ! L 1 1 ! ! ! L
lage 1 113 i 1G 1 148 r 85 1 11 r125 r o I4a : 29 L N [ 1 EME | ! T f J2E
= 154= N ar . I ! T r b1 ! i r (X} LI i ! 41 113z i 495 1 LG8 r LI
107 12 H Iz ! &7 ! 47 ! 23 ! T r a2 L Lz ! &g ! 154 1 (L] ! A8T
1971 ! £ ! L3 TO112 ! a3 ! 12 ! TE ! 22 r 23 k "9 , Zl ! 12 ! B
s ot S ! 13 ! [+1F) ! 40 r 15 ! TE ! Ah ! g3 I 108 ! 72 ! 4n ! B3
1273 ! 16 ! 12 r o5 ! 23 r 11 ! ¥ ! 13 ! 2F) ! L r H.4 ! =.9 1 53
1374 T 20 ! 13 ! LA ! 12 r i ! ¢l ! .3 ! 9,2 ! 92 ! 16 fi 2B ! TL
1975 | 25 ! 9.1 ! BT d 12 ! 1l ! 22 l L] ! 10 ! 4h ! 2.8 ! 4.9 r 17
19¥6 ! 4 ! iT 10 1 14 ! 1 ! B 1 o 1 h.g ! 47 ! 4.9 ! 12 ] 44

! ! ! ! ! ! 1 1 1 ! ! 1
i [1-1a] ! Tl : 1% 1107 ! HI ! LG ! TL . 0d ! 1% ! H1 ! 161 L 39 i 175
g ! () ! 4.0 ! G 1 24 ! SZ.h ! 213 ! 5B ! 1% 1 47 : 207 - ah ! 173
Cy I ! +28 1 Bg ! . BY ! < A A ] ! 1.0 ! Th ' .52 ' l.n= @ a1 ¢ 1,00
Y0 ! an 1 ! 73 2 o2 ! ! nd ! 25 r ! 53 s 53 £ ! RZ
B0 1 14 ! 1 B3 r 1€ ! ! 52 ! 6.2 ! ’ 16 r 5 ! ! 44

1 X L ! ! r L [ r r ! !

Discharpe in m3/ 4 |

! | r ! H | | ; ! ! | 1
o I Eh.d ! LI=L I IE.B ' 1 ZE.G 1 RE.2 : H Ji,6 1 Ed.L 1 I Gi.6
T 13,3 ] P27 | u.Z Y I 22D o1a-1 | ! 24,11 1 L9.5 2} L Y
Qa4 ! .2 i ! l9.H I 5.4 ! LI 2 | x E.8 1 ! 15.9 | 1.2 ¢ R AT
{1 1—Gh! | I 23,4 | i 12D | f ! 22,1 - f AT
QHO—h! ! ! LV.E 1 ! R R : ! ) LT ! '15.5
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Teble 2.5 showm the peek flows and maximm geuge readings amd hoss the valoss
WAL urrivid wt.  For the years 1968, 1963, 1970 ond 1971 m origirsl saage
rcadings sere prwmenl bt the peak discharvges could be oblained fpaw the
RETH  report,  These peak Tloos hove besn convertod tn guure readingm  Uning
the rating curme of the downstrows wection {Figure 2.2), For The mars 1572,
1872, 1979 mnd 1975 the mowimm guuge readings at the upstrvem sectiom  wmre
avallable ul the WANA.  These wero corverted ko flowm, wsine the Ups Lraem
rating curve (Ffguee 2.1), wnd then converted to gavge levels at the
duvwnrbrens  eectlon 1ming Lhe mating curve of Fipume 2.%2. In 1976 mo  peak
Flow wus recorded because the retorder did mot redlster wter levels over 5.0
n. By plotting the hnbmersph ww Far ag it hed Been reglotered and by
cxlrapolating the hydmzreph {wee Figure 2.10), an ontimate of T7.70 § boy been
abfalmxd which could be tramaformsd Lo & dsmstoean goure reswdine in the sone
WRY na described alxmove.

Vor the year VITH, 1850, 1981, 1B0A2 and 1980 gauge readlnes wero avallable et
Wldw,  plthowrh the reedinss in 1965 sesn rather uneelishbls. The 1865 flao=d
Iavel wvas ammurubely ehoalecd during the Field wviebl,

The Tlood pembio of bthe remiining yware: 1977, 1978 and 1984, are mere
eatlontea 10 Lhe noulodge Hwt no (loods occured during these yoarm,. The
valuea hova been ndded bo i1l in tha pnps so me to be uhle 60 allclbats  the
et Frequency o the hlghest reconld floods,

Tabtle 2.5 Mavloum gaugc readingg and peak {lovm ab Gorde

Fircimmww Fonpd e Prah Hrod s rawlinag
Yo cld Emups dierhArge THH BNl ronking
{m}) {mi/a) {m)
1868 GO0 1,10 11
1 LkEhE 480 2.78 14
1870 5 J.05 12
1371 430 2.50 16
1872 2.92 46l 2.70 15
JuTa 2.17 anD 2.0 18
a4 2.448 - i) 2.3 17
197H 3.78 G20 3.20 [ L4
1976 70 19 4.20 a
1RTT BAD 3.3 1|
lg7Tg =230 X 4.5 |
1871 o0 e .0 )
180 1020 . A3 |
L@l 1300 G.41 )
1685 101G .25 5
1943 i [ e £.5 [
1584 i x 3.0 13
1984 Lotk E 7.2 L

A ! cxirapolabed from observalionm
¥ ! estlnoles
B i sreey

Tha provhoe which hbas teecn (ol loseed o ather rialy. Therefore buao checke
verc e o during the (leld Vlalt avd one vaing reinfsl]l dete,

20




When looking for fleod arks of he latest flowd  several PAcpls  wers
interrmod  alwul Lhe mugurrence of [loacds,  Lhedr reygobrasce ol Lhe highest
Flood wnd the relative keights of the £lowida. All imterviessd people wereed
tEat  Lhm [925 Flood ews the Lighesat of theo 8l and une pereon sl Gode  wesl
wvillage clalmal ko have lived theoa for 25 poears and rever have expeorionced a
filowml mn birh A= Ly iakent gne.  Theo were eough Flosdonphs scoamd o
cbhtein w rlear pichire of bhe extent of the 1385 (lowl {gcew Chapter 2.1.3).
This pervgon recallod Lhat B tines durdng thoese 25 roirw ke hod to evemmtbe bhe
villuge and wove hi@ outdle to highesr groamdse. He alao slaked bpat the $lood
Elain  wunl undsr walar dardng Lhess Flnexds, He Intlinncoed the 1NAR Tloee]l uam
the highest ome Lollowsd Ly tha 191 Flocdd the 1878 [lood and o flood
cwatbhiere near 19660 Aldhenaph thin rypm of  inforenliom ia aaly parlly
reliabls, su people Lemd  to exmyyerets Flooda in  Hweir cosscbraoce, it

orsent  pulficient woyrreapondorrsy wlth the sovalloble recock:; Lo merib
credi b LI,

The ainfell of Lhe geolem] cAatohmont of  the Walll Zlebe]lls, which is
reapitaible for bhe flush Floods, wme roughly oialyeed, 4 detollod wnnlysis
is not oseille bteeduge much infofmatbon is lasking and  Lhe natemrlk ofb
raiTgagce 35 nob dénws swersh to wwlyse poind minfell. The Tto-asotbily
£y ATparal Lo pive the lasl ocorrelakblon wilh the flonds, prolably hecaims
it Influnees aoil pwivlure  ae) wonpegquencly it ruael T costfficient i
Lncruoamed, Tolde 2.0 1adesd shows thet 17976 ard 1981 hed the highest rainfoll
in Lhe fooe] sewson and ol 19749 and 10ER aleo conlsad high. T puneral e
pirtise vorresponds rulhoer wall wilh Table 2.5,

Tenle 2,0 Hayvmm wo=monthiy roinful]l in ke csotmal colvieent of the hahi
Shedu-11la fema)

[r— . e o = ———

ear LTI Qubreiare Tageliero b IR} momThe

1959 157 & 112 Ap=il May
LUz 179 137 10 April Moy
1971 133 LTR 110 LED Apcil May
1972 217 g 153 April May
1273 118 | 67 114 April My
1974 z2Y 28 137 124 Aryril oy
1974 136 157 147 140 April Moy
1974 274 ZEG L5865 &47 April May
LasT 257 April Moy
1974 2} ) Apcil May
1979 i L May s
1980 1641 105 135 Anrcil May
1941 458 273 202 344 Horch Apeil
1LRZ 1RG 131 R Apcil My
1547 412 1% A4 Lan Apcil May

e e e —— ey b

wilh regard co Lhe [losw, wnoihsr caplicabion arderes by thee Juol el LU
Tlond plein  i= imudetod dorioe the hivh [locds sand thatb part of the Tlos
pusswl  hy the Gode gouging scchkion throueh the right. bank Tlaod plaln. Thas
peana that ol hish Ticeds B cersain ammmb of Flow deould b wlled o LUhe
dinchurge oblLained feom the ratiog wuirves. Thim hue been done for the 1981
mrek 1AHB ¥innda, oho Juskllicalion of which wid] T given in Chaptor 2.1.5.
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Th= w0 reskiogs of Toble 2.5 of both the peak-flows and the caximom HR e
readings. have  been ailjecled bo freduency aoslvses snd i oppuarcd that  kEhe
fambiel-I extrems volucs diskribullon  gove tlie best Tib oo Lolll peak-Flowa mnd
Eunge  veadings. The Toag-ZPearson twpe 17T distribalion alse produccd o
rexscnuble Fic oo Uw pesk-Flme date (soee Tuble .7, Tigures 2.4 andl 2.0,
lThese Freguency  ddatribubicrns wili ke ousod o Chupler Y.1.68 o doerive ohe
deslgn  dischardes  for the diversicon dam and the probection of  Lhe  poojeclh
area.

2.1.4, Fleaw] samrver and siope e caleolulions

The rooont coourrencs ol Lhae highest Yool an record, che 19835 [lood, olfeted
un excel lenk  erporbunicy Lo sureey e propgfulion of o gjor [lesd Llicoogh
the proJocl  woow. Figure 2.0 showa a 1:103,000 map of the project ar=u
supplied by che WEDA, Tt showes conconr 1ines wlcle one welee Lofecvel anld o oa
ek of poinTe wocre e oovers Bed lewel Jwe oeen socvered.

Uzing  this  map aeel wllibiooel suswvers o Woe progocl ares, @ Lesgl Ledinodl
rofile of e rives bad ood river harders has been cbtained (see Figure 2.7).
Four clear Plocd marka Lieve Taqsg surveym] mod Loe ooosdoon saber Teve] al che
gauze  dowichbredm  of Gode Lridee was known Lo Lie mesponzible hydromslLeisl,

Thear  poralliod Uw deawing of bhe cvrve which links the maximm wabterr lowels
redchunl dusing L 18945 Flond.,  The interpolation of che floodl marks has been
idore uelng o bockhenlos coppulabion model.

lewoking at Fiouweo 2.7 several peeolloribics coo e olmerved., Twe  rather
sEdler: dreps in Lo river hec exiat downskresam of khe diversion dam sile  woel
aw Gode bLiricdge. AT koth sites rocl oulborops con ke found in che river  Led
mhich oauss  rapids 4o the Flow, Alac 16 appsars thak st thess =i1les  the
bankee  ore Liigl coough Lo contain Lhe {low. AL vlie inleredliale el 'i:]'lF'-;'
water Leswels of chae 1925 fiood wppeur Lo bave oveclopped Lhe lenbis. Anovher
Voeonoienon iz ceused by Tthe Gode Totidpe. Thiring kigh Thows the dizchuorgo
caratity nT  bhe Tridze bowopecs considerally loess chon she napaci by of  Lhoe
criglool  scclicn wnd o poagibly decrersed even more by accuowlaled debris.
Thiv pAu=sea A comiderable rize i the upotrooay wacer levels and Introdeces o
heck-waler bich exleods several sdloctLors upslooom. AL othe Trldge itself
Ligl: welocoities musk have nocured Aue ko a locol deen in waterlevel of  shoul |
Ehree perers and 10 1 probably Lhanoka Lo Lz solid fowsdalion in rocls chec Tn
pillare oern wacheed ooy ducieg Lhe [Lood,

A rerazen [for coacern is The overtopping of the right  bankk  upskreson Gocde
liridge, Thiz means Thar khe Flow which 18 recorids] at bhe sechbion during
Floowls 1w rol e sliole discharpe of Lhe Wabi Shebwelie, Tha soew laprens at
Lher diversion dam site. o ol 1eft henk of the mosc apEtream ol tre veoy
lerpe meanrlsrs, aboul L2 lun upsirews: of Lhe diversion doe sice,  proof was
fowrad, during  the survey, of Flond wmber entering the Flood plain through o
Hully.,  PFurthermore it oan be obecewesd Crow Che verlal plocegiaphs that  the
Flood pledn al Uwl point praobahly aiready conwvera Flood cabters praocesdlihg
Froa cven [urlher upskbream. It coy e clearly seen that an old branch of tho
river Tallama the Taft bank Floosd ploin oL Gede Wemtl, cresscs the river ab the
main Sralitn 2ile wnl hoen fellows che vight hanle Flaocd plain of Code Soull, Lo
Join w river egain several Kilomecers dermstream ol Gode edidoe. iz
brirsly 1w very ald =nd 10 Ehe rerrsin che velief of chis rver el and  LLs
levees has beer oroded Lo Lhe cxienl thwl il ie hoedly visibic,
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Tnhle 2.7. Frogquency oomdi=es of Hebi Ehelsllc ot ade Bridge

Chmle]—-Erpe I Cumlx:]l—type T Log-Tearaon 1y ITI
Antim] maxlmm lsvelg Jomuml mecclmem Flowa Junniesl meimam lowe Lo -=lenr=n
) = 12 cLEve
H Tn Sy H in] O MEnH = T, Gl
LB 51E2 1.0156 18 S1E2 1.02206 ST_LE - +344
HEAN = 4.043 MEAK = ¥76 ELEW = 142
LOGEAN = 1.320 LXETAN = G .65 ALIETA = 1048
5T.LEV. = 1.546 ST T, = 1| BETA = O0E
LET  NEy = ATl IJOGST . Ol = A4 O TR = .24
norted discritancion anrted dl=crdlmiciem norls digtributien
Year L ¥ p w ¥ r i r F x p
1374 P -1 .084 053 ima -1.0A0 053 1 150 051 2RA0 Nilrl)
1974 el ~0O, K12 i Tt anrf —0n, G112 « 1005 3 1B « L0 ELA | erdL
1971 .66 ~O.514 . 158 4710 —tr, 515 LGS H {30 . 158 TGO 563
1972 2.0 =0, 44 e 460 0,443 a1l 1 A6 211 1006 . THG
IIGa i =0, 283 r Gl 480 =,288 s i L A By 255 1250 A23
1584 3,00 —, 142 P15 b —~.142 +318 i 554 dlE 1600 JEL
1970 3,05 L0001 +dEH B 001 JEB ) SO0 - 368 1780 =976
L9E7 3,10 +145 L1 B0 143 A2l B rllu] 421 100 -503Ee
1975 2.80 231 ATE G20 ogl 474 q BED A7 2ia -4
L1377 350 443 +Ba30 BB} A5 B2h 10 GEQ «EEG 2500 LNG
1aTa 4,04 B0 ETH Ban 04 079 11 B30 |
193 4.50 . TTH 632 uan TTE B33 12 ag0 532
197 5.0 3045 izt a7 363 684 13 oTo .Bad
14982 E.25 1.136G . TATF 1014 1.1B3 .TaT 14 LOLCk R )
1970 $.40 1.4:1EF .THY 1020 1-442 - TED 15 10210 .Taa
1970 £ . 21 1.TEL BiE 11440 1.TG1 312 I 1kaq T4z
10a1 Gudl 2,108 -1 1300 2. 106 . B35 17 1300 05
1033 T, 240 2.91% LT 1800 2.018 947 14 180K LOLT
y=a=(x=b} ¥=ne{x-h}
B=.872 n= J[O2ST
b0IE= .24 l=mInsE= 601
Prabalnl 1oy of non Prakabilicy af meg
excaaianea 990 nxogedancs D00
thinkiles 2150 fuontbdle= EO0TF
Frohablllcy nf non Praobability of non
excoelanes L9495 Fonodanoz (Y93
Ehentilo= 2385 Guanclle= 2350
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In pmaly allindal rivers Lie overtopping of banks s a regularly  socuring
phermmenon. 70 m piver im in o dymooic equilibriue (o regime) it haz  been
whorm by Leomold oL ml. (P64} thoo banklull stege hus a probability of emoo
In 1.5 years. The Wi Ahwbelle in Lbe projuct arces vay not be ponsidered
purely alluwial. [l flov is domiomted by ¢ &Gm ook outcrom amd it
Krciropholody  Appears b be rowtricted by sbeep cohamlve bapk of an old
alhmind cerranc whigh hag been dapositod mges age.  Wichin che steop  benMs,
enapciAally sl Lhe inner heewls, levees oop be foasd of mardy setorial covered
Ly 1rwes Ml indewed are Flocded alvowt ycarcly, Theer are the sllhovial
leveeg within thy conotrainlne Feudd.

Th: otérp cohoeive Tunim eartop with o lamser frequency and ,  beeed om looal
informuliszn,  thiz Peequensy i= estinated oz onoe  in Gwven ¥omrs,  This moune
thut  bhe 1980, 198! end pamsibly the 1978 Flood must hevo had  highsy  Latal
diachaurgss 1han ¥t kould follos {rom the rating oo,

Jhe gumnticy of overlouwl Flow cap e estlboebted, elthousbh only through ©ough
pRloulation. In 31985 it im csLimmted thal e ahercl-flow with 4 saximm depth
af e seiter hy—ppemod the wgir clle. Accorilng bo the oonlour mp  (Figure
2.0) thi=z roemwlts In o wldih of flow of 1,800 m, resulting in & CroRs-
recTioral erb of L,BOO x 172 = TR0 m2. With o bed glope of 86 3 1074, o
hrdralle mediumm of 0.7 a Aand w Chezy roamhress of 3 V3fu this rlelds =
diecharge of 60 mife,

AL the piver asclion VEecll n alpope—ares cploalation bas been mpde.  For that
purmese theeo  crocs-feclions bova hecn moversd dounetrewn of tho  diverslan
flon mite. These aroaes-actlinns apre prégwnted ln Figure 2.8, The relatian

Tweef, rross=-Srctldnoel esrco BRd Waler lovel 1A pressnied in Pismaee 2.9 AL
pection 3, Uw oTove-reclional peos A swe 400 nd st the pomb of 1995's Elond.
The attod perioctsar P ammmcs fo 90 m o aod Lhe Chegy Toughnesz ©C has boepn
wesmod as 481Tvs. From Figurg Z.7 cho slopd can b measred, prodecing
[ = 5.7 v 107-4. Crning Cwzr'a (nramla.

Q = Arcey L EET

the dinckarpe Q bacgees 1180 c3/8. It oan be seen in Figure 2.9 that the
ureas—goclional  arep incregses in vpslranm dissntion mnd thut  the wveloolty
fecreunmn  propertionally. Ruch decresge in velocity corresponds  with  Lhe
wmetreps denpuse In waler oorreces slope vhich iz cmmsd by the rapid
dovmestraem  of crecs mection 3. Alding the Plow through the flood plodn e
the abtovre calomleted flow, m kotald flow ol 1,620 wlfa 1@ obtalned.

The rtoling olve of Floo= 2.2 peochoys & dischare= 31 Code bride= af [, J00
mass.  Wich 1,620 m3/m ab 1he welr site, 1lis mesnc that a Llew cluoowgh  the
ripht bank oml-plain of 300 wl /= must bwve by-pansed Lhe Godo eecticn. “Thie
fls: enlora the right boch flocd-plain &swatresn of the projectod aiphon and
returne teo thoe river devmatream of Gode breidge.

Croclwling thie eection i s writh peotioning Ukat 4 lat of uncertalnllen
olonit the pemk-floss of the 1985 Clood remeia. The estimate of the pepk-fiow,
vhich Jws a high influsnos on che frequancy analysie prescobed carller, s
suscepllble  tu dismugslon. For the Plowl eatoblienoent of the flopd  poak,
profesaicnal  aninlilop and professioskl  expacience hed 0 be lewnt  upon
bemvily, Tl resull howver iz oonsidered on arceploble estimace under the
iven ol rmimetinces,
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2.1.6. Desipn levei pad design hydragraph at the diversioo dum sits

For  1he de=ign of a mdujur river work snfFinient coloty has ko be nrovided Lo
Buarantes bls existence mer 1le projecled lidetims.  For the diversion dem s
lifetima  of 00 peurs iz projected.  Tor the dicorsion dom bwe alternecives
are reing considorsd;  a arrage eocnippen] wich novable goled vnd o [ixed weir
fHee Chapher 6.

fur the safety of a boorage, o desisn Elood of crow in 300 vedrs in umed.
Wich A poarz ol olbscrvulions e exbropolelion of Ehe Cunbel probcabilityr
drigcrilwblon Lo oo prebabilily of 170 years is acceptable.  (ver the 1ifetima
all the Marrage chis asnoal probabilizy of ocourence resulte ln o guorsoboee of
e Ehat  miwh o0 Tloaed 9111 nias Lo esrneodlon] . Tor the harvrsgre rchln 45 an
unancapnable pids. Tlweeelore,  LL Le pesowwecodes]l Lo oonsioeet o0 spillway
st lBiory i Llee dike whick liok= Lhe cbw Lo Lo cscoarpmenl . ol u sile sl
winiowl domsge iz expecled. The impacl of sech an overloppioe will  Lss
disenage] In Thapror 2,10.7,

For the fiwerd] wrir opriom A design diacharge of once in 60 yesre will be
Aalrris e, Fup w Cimed wolc pille wldibiome]l speid Lway peowisions,  Lie Dassar]
[ar dumage, in case the design flood] i exceeded, ia lesz than [for e burrage.

Por We Tlocd proteckion dikes dowmstreem of Lhe diversion slooclure o desidl
Flocd of once in 20 Fears 18 congidorsd appropriate.

Aovording Lo Lhe Gubel-I Urequency disloibulion, W disclhocw: il o roesuarn
rericd of 100 years corresoonds wich A Time of 2160 midfe ard ancording ko Lhe
Tng-Pearacn  Ty¥pe TIT distrilwcicn  wirh A Flow of 2077 mifs (Ase Table 2.7},
Far kke 1730 vears Flood khesse values are L3900 od L, 017 respoecblively, glille
Lo 1720 yewrs,  values of 1,000 weed 1,45C bove boenh derived. Both frequency
diztribukions provids o good fik, Therefore the da2aign diecharges which are
reochmminded oo

21at m3ife with P{o<d= o= 0,92
1908 m3/a with PIR<= gi= 0,94
LE%0 mafs with PiGd= ql= 0.86

L P )
nonom

The  hylrographs which  correspond with  these  desisn Jdisclerodes oo T
determined by studring the general shama of [Muash [loucd wdrogrochs recorolsd
ol Guole. The ooly hydreogeopl wakcl bos Loeco rvoecaded reazonally amourate 95
Lhe April MNMood of THUTEG. In Fipure 2,10 the 1I76 hvdrograph, ol wbhiclhh e
Eighest smber levels had ko e estimatsd, 1z preasnhbed. Using the upslroum
rekting curve of Figure Z.1 rhiz hydeograph has been oomverted o B Elow

hwleogrupn.
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Thhle 2.8. 1976 zre) deslpn 1nod kydronnpha
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Flomd ot Design [Lowd LCosign Elocd Deaion F1am
T1Tl Nl LATOR weurw al 1750 vours ol L7200 yesra
(honerw ) ol S {ms/a] imi/m) (3 s

1] 1] n {1 L]
12 150 112D L2065 101G
23 1150 200 1A3% 1515
di 11590 2700 1930 16506}
AR 123G 14508 LADS | 15y
=] [{-1] 1524 1173 L1165
T2 (F1N] ata 1] T40
Ad 1 B0 T TZR [ ED
-1 na RAN &00 G0
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132 L80 320 250 250
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b BO ieh 130 110
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In onvder to arrive ol Dhe docion fleoed bydeogrophs ©ith  peeh=-Llows oF 2,700,
1,820 wuwrl 1,600 rAfn, the L1976 Mlgd Wdrofreph bus e Al tiplisd by the
ratia nof the pepli (lows [(oee Thbhile 2.4). Altkayh Lhiy vy s n ralhor
bold eelhod, L ls the weabk webhewd Uhl, with the pvajlabla InForomlioe, can
W Al ied. There 1o simply ot eaugh Inforeetion pepilable to ey wred
develep o wnik hwrragrapk- The oolhgd applisd beos i baesd an Lbe acssption
rhat the shape ol e 1976 hydrogeaph 1@ that of 8 unil bwlrogoaph with om
mdvguale: roin duratdom.

T mnlculecs bha dowigl Ievels of mekl barmmeoe and welr ullorproives and  Lhe
ke which links the hemdiorks Lo (e seeerpoent, the capmandty of the upstra
river has fo ke culoululed. Since no mrR-ssctions wrlrdis ol the dee clta
woie swailahle ab the Lime of demning up of this reporl, uee has been mule of
croml-=sectimn J iFlgpra ZLB), wpilimloyl avee B0 o GoursEream, wlith & wmiar
Isvml of 5327 £, Uw [lood plains an bplh Aldea cooecy GSHEAT.

"ha discharze cuEudiby ot the ouln okannel sl 12T mooan e oculoolaTed  ow
[ullers:

2,0 r 1074
4=

TI0 w2

125 =

‘E»14
W lln

e 19723 ndfa

Fur Lhe 17100 remre Pleod, Lhils Teaves 177 offs oo beocanveysl by bhe  Flood
nimine,

&L 1 later =Loge thens deaipn levely osn be slmidecsd with w higher defgree of

oocauoey br the Ribawl Clowd poodbing model oo IF necegsaryy Ainor adjustmenis
M) then be e,

3z

p—

—En

i

DX 1 S A

-

3



e 1.7, I pace che design flomd iz excoedod

A5 luz been moeted in the previous chapter, Ehe probobilily thal a [lowd with
an  onnal  prohabi 1oy of cxesedence of 1% does not ocour during & 500 Perrs
rericd 1a 0997523 = 61%,. Thisz leasved & risk of 295 Lol the [lood is oxceaoolsd
v ar more wimea Jduring e life-Lioe of bhe barrage. Zecause of

this rick provizions lwve bo b= made to paarances that rhe safety of  che
lurrade is nob endangered =2t sowoweal Ligler Clowsdss.,

For the fixed weir optinon the aorm] prolabidily of cxecoboooe o leon chuasen
At 2% (o= in 20 rewesd, Lhe rislke that thiz= Flocd iz sxcesded during the life
Eiees of Lhe welrnr ix 64%, wilh Wbe measures caken (see Chepter &) this rialk ia
araone]l oocceplodale,

The sululicn oo Lbe pooblos is o provide soillweys in Uwe dikes slich lick
e disversion sbooucbuce Lo e Ilign accos on ol sides of Whe eiver,

For  Lhe deverminolion o che widldy of e spiliveys, oos 11000 pears Flood
Will D wsed, AllLiowel Lhe Gubel praph owy nol e exteopololes? To suoh A
high weloe Cor Lo desien of o owgor vorll 1ike bhe dam, 4t mar be used Lo
estimate the mantity ol water which bhas ko be conoverecd over Ul splllway
et icr ol The il I mars Luis high diacharge 1= nat correclly esLioeilesl
Lhenn Llee slreelol ol dile oighl e deslroged,  bun thao Jmmlves relalively low
[Tyl ol

The 13000 veurs Clooed Jwes o colinldliby oF 90% bhat it will naol be  excooded
during the S50 vears period, Lrscopdling o The Gimbel line of Figaeo 2.4, this
[lom] morrectonds wikh A peak-1"Tme of 1,008 nifs.

Tue  [low which cvertors the spil lvay on Lhe ledt bank opn be aloce: in the
Tlnod—plasn bebiesn the weslern dike wnd the prigary canel dike.  The soorage
which  is rescrved in this Tlood plain o store e Tloods of the wadi Buey is
B0 6mS [spe Clupter 4], Thois ia fomd Lo e sulFicient o store Lhe waber
ovarlopplng the western dile as well [sec Figure 2.8 1.

e if the wadi haz & mederale [loal, thers skill is scie storage feft Lo
Wiz evenbualicy. Tt 92 mak copruoi o ouperimpase Lhe Jeslign discharge
LETD m3fsy of This wadi [see Chepler 4] on tha desipn discharge oF 171000
vears, o2 Lhub woulrdl correspond with s [lowd ol oA mech smaller feoopioredy s

A5 1nill Tes dAlacusasd Purthcren {Clupier 1] bhe water will cvnmesbe through Leeo
mtblels, one leading  through a culverl wWith L6 mEfa copocily towards Ll
mwich1ly nrea  and cae aloong e northern bourdaey of the project Losacds  che
narLhermn dewdo.

P - Frt—eme welues o madn Jrain oulloll

Tn daterminge che freqeenciez of cxcreos waber levels ot the mrin rJ.:'l:mJl.rn
mitFall, u=e on be made of bhe Cumlel graph of Figure 2.4, Lo discherges in
thiz mnve con Le converced o wmler Levels if bbe tnpogrophy of  Ehe Tiver
stretch  of che main drain eulfall is known.  Using the slope—area wcelhod =
wacelr level can T oitrituetesd bo each pook-1 Lo

w1

A



Although it s nol yot pogsible to nadte such cmlsulaticons, hecouse tha
required crosw-weotlons for the alope-wns reirulatione are not yeat aveilable,
it is poagible to mkc a peelininery estionte. The once in  aliectesn  Jeacs
Tlecdk (1885) lewel at He naboral drealn outfall 18 koo frop Figoe 2.7
1114.50 wm). Alfo the Flood level whilch 19 Fecesded ulixss?l EVAry year cup be
tatimoted. At Oede Lridge the water dapih chich im swceeded wlmost every yoor
iw 2.0 m ¢10% prohalillty in Figure 2.68) corresconding with o flow ol obout
100 m3sfs,  The prodient at Code bridge iz 8.2%10%=4 s 2t the moin draln
2371074, a fwetor 3.6 emller, Jdeplyvineg Chery's squlion.

& = capanle YT

iwnfl mosuming ), C and B M conotani@, them the #ater depith H shoold  ba
inoreae=cd Ly tTha cubic roof of 2.6 whloh pousls 1.5, The woter deplls fthen
Iwriea J.0 o for 10X protodil]l ity of non-exceaderon, Thi=s dopth corresponds
wilh o ster level of 300 =,

The 19 yenrs Fluwd crl Eha 16T [Qood may oot Be monnevted by w abcaieght line
on The Cumlw:] paper. AL 314 m the right bank ol tha viver gtarts overtorping-
The runte of rlue of the wmler level wlll then bw considsrably less. The
Cumlml graph, LUWwercfors, hus to have wn inflecticn poink. It ja ezcrimmted
thut the riehl honk starls owrtopplng with o frequency of oo In G yoara
(V076 Mowad). This 13 canalalenit wwth provies ssswsstiom. Figore 2211 nes
wlioks the preliminary Guntel gpraph.  Onre should ba oxcermized Iln vwing  this
groaph. Ik may only 1e ucod mm = prolimlomey e=tirata,

Conmidering the aoce in B wd once in 3 tear Clogdls ks decign flowds for  the
sssciant of dreimgZe problesas, on eatimnte can be made af e bioe thal
certain drainage lovels will be woceded. Tha foll=nng LWble is A
pralininary ramult, At & luter siage o demign Fleod can be rooled throwh the
projent areu gith the DAl oodcl bn supply more Q0rtain reeults.

Tanle 2.9 dradrege Ievefs gxcreded ql pRtural depin eatlall

- — - - -

/% years 1/1 ¥ehra
Ll e tion [nmratdorn Elmmllcnh Tuewtlon
fan (doym} (m} tdaym}
3L3.4 1.0 JLZ.0 1.4
AL 5 L.5 411.0 1.8
Nz 2.0 31D.0 2.0

AN the main drain outfAll will te loootad st onm kllometer downmtream of Lhe
unigting drailn, the water levels will still e 0,40 o lower wed therefora Do
gavare problews wlith dreinuge are expectad in norml yeara.,
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£.1.% Recomwemistione for rating procedurs

Tm lack of hxirlogleal data sl the incompletensss of existing informeti

iz nloays & ssricnd peoblem when wabter pesources  developosnt is p}mm.zn
Although 30 18 alumye possible w estimate hydeolosical waiysy s
}nl‘nrmum e larking, scricus efforls gheuld W made to overcoms the lrcik ._-;f
nfurmaldon. Tn the oase of this project the instalintion of the wier 1evel
recorder nour Lhe divernion dom gite tas un adequate measucs 1o malie Aure ‘I:-J'Il!.t

from  the slart of the prolect the floods and drouwhts will be  effecti
ot . effectively

Tha sention doomeirews of Gode bricdgs ma to be moed during the dey  gesgon.
This ir cerential to detormine woaber milobilily. It will be neceamnry  to
keafrre Lthe {lowz: at laasl toice monthly dueing Lhe dry pericds.

1he pere instullalion of o recorder, however, la nol sufficlent. The sectlion
haw to b oiAled by regular discha e meonsureoents, proferably by cableay,
alolf Fawres ghoald te insimlled ob tho oecorde: =itTe.

Almy rRediment  losd eiaressaty should e done for the dicemaloninz: of  the
desliting bamin., Sogpendud lomd? csasuremenls are rongidocced safficisme  for
Lhat puwpesc.  In appesadix A perobeewdalions For 2 ebting procedurre ars
auztarized, followed by s procsdure for the rating nod welyeis of sompendsd
sedlment annpics.

2 1 E ] ':'I iTIl.H.tﬂ

The rnlimate of Lhe peojuct Dres 18 duecriled by the melecTologicm] etation in
Grole boom. This Atueicn e in sperslion sloes 1967, The avallable dabta  on
trmpsralure,  telative huwoidity, daily eonmshina hours, wind gpeed, evaporation
and ruinfoll ate proecenled bo Appmrdix B, Tebles B.1 deoueh 8.8,

Trnpera buro
The menn Average broperalore ke around 28 of, with overage wmiximm el
mipdmimn tempemturas raapeclively of A5 and 20 of.

Trowdly  Apemltirg thore s o Acocoebat o0ldor ceason with  lower minlmoum
Lempiraturea [rom Novembsr tlll March 1.2, prior to the curly reiny esasnn.

BEelutiva Humidity mmd Wiradopwed

On che avurage, the relabive hmddrty be kool 56%, withoot any prowt dodly or
menth!y  wvarimtion, The oean wind maperd 13 ranging Crom 4= o/mec In the
period Juns-Juptember oocoppanisd by gouth=-western winds, aAnd from 2-3 ofaeas
im the pericd (lototer-May, maomanied Ly north eamtern wvinde.  Durlpg day
tlos genarally utrotw winds pre axperienced,

frwhing Duratich
Sumahine dupwbicons ere lewer during ithe dry susser period, shilch im

rrmunicd by relatively sirong dimty wamos. 1hm highest values oocour frol
Movember +i11 Aprhl.
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