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SFATE IRRIGATION IN KONSC - ETHIDFIZE

EEVIEW OF METHODE FOR IMPEOVEMEHNT

OF SPATE IRRIGETION

TNTRODUCTION

ackground

The FKonso pecple of Southern Ethiopis have & long
Ristory of the ei ion of the rainfall that
Zalls on their land by trapping, diverting and impounding
runoff through elaborate systems of terracing and

The traditional homeland of the Konso is in a highland
1f rising above dry savannah. It is in these highlands

mass

that their sgystems of traditional soil gad water
conservation are most developed. In receat years though,
due to populaticon pressure, the Xonse have started
cultivation in the lowlands, and in doing so have adaoted
zsocme of their highland technologies tTo the lowland
environment .

FLEM-Africa hac recencly 1“D1mmn1 2d @ new project in
xonsc which zims to build local capacity teo withstand the
recurrent drought EE”lﬂ“]Pg this region. The TRonso
Capacity Building 2Zrojsct works with local gommunities and
lozal organisations fEErEsentlng those communitiss to
strengthen thelr drought coping mechanisms. Part of this
programme is designed to address the issus of crop
oroduction in the lowlands by improving the effsctiveness
and relizbilicy of the systems of spates irrigation being

buile in thes= alluvizl areas.

From August 1999 Konso has besn in ¢

sever drought and FARM-Africa has <£facilitated an
Tmployment Generation Programme utilisi e 3

the Europesan Unicn, Christisn 2id and DFID to un
number of emergency employment activities psid on a food
for work basis. These have 1ﬁciuaﬂ work om th
Lrrigation systems, Doth in rehabpilitati
syetems and in construction at new sites.

Eis emergency phase will continue until the XKonso ars
able toc preoducz food again following the expected beig
razne of March to May 2000 The work on spate irrigation
::tes is built into the original proisct design and will

ontinue as sn ongolng activicy of the project bsyond the
emergen Y phzse

LT this stage therefore FARM-Zfrica neseds to be surs

that the technical standards being used in the design and

construction oI spate ilrrigation are appropriate and
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Mzake an assessment within the worsda of the overall
potential for spate irrigation.

Consultant's Visit Programme

The timing of the Consultant's vigit was
be during the beig rains of 2000, which sheould s
him to assess spate flows as they occur and the abili
existing systems to utilise those flows and the 4
modifications necessary to utilise them more sffectiv
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2 Diary of the Consuitant's wvigd
period of 17 days in Ethiopia i

On site, the Censultant worked undery the direction of
Michael &sefa; Acting Project Coordinator and Resource
Planner and worked cleosely with Vincent Gainey of FARM-
Africa and Mengistu Gebre, Water Engineer.

EEVIEW OF SPATE IRRIGATION IN KONSO

The Konso peopls have started te farm the lowland
areas of the Woreda in recsnt times, as they had Breviously
avoided this zone, largely because of the incidence of

They have sTart i
5, to drrigate the fertile alluvizal pl
Y bottoms,

[




The traditional technigues used =
znd brushwood spurs into the stre =
proportion of the sgtream Tlow, and w
along hand dug canals to the ZIZield ;
height and length of <these spurs i g
Jucgement and considerable exparienc r
SLTLE, It recuires a knowledgs of tl Rer
magnitude, freguency and duration .
regquirements, ares to be irrigaz=g,

the spur has bksen rebuilt. How soon thi

The spurs are partizlly or completely washed away by
unmanageable flood flows which pass on downstream to Spurs
lower down the river where irrigation suppliss are again
diverted to other areas The spurs are often washed away
before the total command area has besn irrigated and
sometimes water cannct be diverted tTo the fislds again

i =

chieved will depend con the time interval to subseguent
river flows, and the availability of the labour force.
h the spur cannot always be rebullt beicre the snsuing

Traditionzl systems are relatively cheap to build but
require ceonsiderable repairs to remain gperative. If small
—o medium flows arrive, the sgpur can pbe effective, but
medium to large floods can result in the expenditure of
much effort with wery little benefit as all the spurs may
be swspt away. Thus, the probability of irrigation of the
total command area of sach spur is variable and risk-prone.
Howsver, the basic principle 1s spund enough - that of
L [

diverting water at low stage and allowing large floods

al

-

The hand dug primary canals arse deep and narrow and
have stesp bed slopes. Thus, the high river ZIlows often
produce scouring velocities in the canals, which are guite
long, becoms more incised, thereby causing some £fislds to
go out of irrigable command.

=

hzre there is inadequate control at the canal int
antial and unmanageable proportion of the rive
diverted ifto the canzl, widening and degpening

subs
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and 1ir

i
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of the river channel. Thisg has cccurred on the uppe
River. Canal slopes may need to be modified, bhut ¢
be taken to insure that the ¢

czuse gedimentation i tha
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lands generally receive
suppliss within the ommand area
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proportionzlly oxr by blocking the cana
ith temporary ssrth bunds and zutci
=

Withkin the Ted and
controllad oy an g smail
certiary canals M might
expect Lo S22 on = L Irrig 1os B, b bunds
about 300-400 mm hign forming the basins This 1indicates
that the scils do not have the water retention capacity to
neld & single spate application TO mature the crops grow
and that two to four applications may bs reguirsd. Thus
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iz witally important to have the ability to repl

Water rights are determined by the communiries and
sgem to provide fair and eguitable distribution and usags
of available water suppliss to =all the participating
farmers.

The construction and replacement of the spurs and
distributicn of flows through the czanals are commenal
activities organized by the farmers. Costs are shared on
the basgis of nenefits regeived, which depends cn the area
of land ownsd by =sach farmesr, 1ts elevation, and ifs

-
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proximity to the irrigation intake.
BAEIC CRITERIZL FOR SPATE IERIGATION HEADWORES

The basic criteria for satisfactory performance of
spate irrigation headworks should be to:

ri]

(1} diwvert zll flows up toc the design capacity of the
rrimary canal;

(2) permit continued diversion whilst surplugs wadi £lows
bypass the canal intake;

{2) dincorporats a sedimsnt excluder to deal with bed load;

4) remain undamaged by largs floods, or capable of repair
guickly and economically; and

(5] econtinue to function with aggrading and degrading

river bed levels.

L major headweorks incorporatinge g permanent weir,
zanal head rsgulator, ssdiment excluder sluicsway zand a
Dreachanle bund or "fuse plug®, is usualily reguirsd ©o meet
all these crigeria, but tiese would be much too costly for
chz small areas commanded by the propossd 1Mprovementc
schemes and lower cos=t sclutlicns are required.

The design of the low cost h

&
ancomplicated, so that they can ke consc 3
farmers themselves, with some additional materizls, labour

il



and machinery and with a minimum of technical supervision
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znsure tThat the can ntal g
semi-permansnt and that the traditiomal diversion b
spur would be damaged less freguently.

Some river training grovanes will be reguired upstream
tc provide some pretection to the intake agasinst out-
flanking and groynes will also be reguired downstream to
protect the canal kenk from scour by river flows, as the
canal bank rises from the river ped

Provision of a settling basin and a rejection spillway
may be reguired in the headreach of the Primarw o

help in managing the sediment entering the canal syst

to reduce the damage which can be causad by excessive flows
entering the ungated systam at high river flows.

Each diversion gite will have differsent
ﬂha*abuerlst-ﬂs Plans must clearly he gpreparsd ino
ollaboration with the farmsrs as the improved spate
leVISlDH works would be operated in a manner to L C]
loczl fermers Zre well accustomed.

The design flood discharge of the spillweirs: {or
intzkes) will bs chosen for a return period of 2 to 5
years. The length of the conﬁreLeKmﬁSD;_v or rTook=fill
diversion weirs (or intakes) will be dscerminsd from the

broad crested weir formula which may be taken as:

¢ = 1.70 LH*®
= desgign flood discharge in m'/s
length of weir cres:t in meters
= total energy head ip meters above the weir
gxest, with 2 mayximum of 1.0 m; Lo restrict
energy dissipation reguirements.

=)

whers

Tl
I

3
L}

The canal full supply discharge is determined by the

whers ¢ = design full supply discharge {m'/s)
A = n2t commanded zrez (he)
W = average irrigation application depth (m).
E = verall irrigation efficisney of the whole
svstem
N = +ihe average number O hours per Crop ssason,
that the river will flow 1n excess of Q.

Ls there is very little hivdrological data for the two
rivers, the design of each improved intaks w k i =
developed. in collaboration with thes fsrmers, who have
knowledge of flood flows and their characteristics, as well

5
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timation o the sadiment tra
and inadegquate provizion for sediment exclusion
ection at canal heamworks;

o
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& insufficient provision of totsl diverszion cap
from tChe river or wadi and neglect of investme
r ili

downstream areas which have a reduced p
receiving spate irrigation;

L] underestimaticon of canal bed slopes and sediment
LTXansport capacityv:

& inadeguate assessment of the zize and capacity of the
irrigacion inlets to the fislds dus mainly ¢ =l
migunderstanding of the probabls duration of the spa
flows and the reducticn of the flood wave in the
irrigation channel a= the wave swiftly pass
downztream in the river or wadi.

The consultant's general overview of the technical
ms with hydraulic structures and canal systems on
schemes in Yemen are set out in his paper on
itional Spate Irrigation and Wadi Development Schemesg"
nted in the FLO/UNDP wozkin paper on "Spate
ion", 1%87, which iz attached at Appendix 2 for esasy
nee.

i

'l
i

0
W ot o

H f[l L'h‘.'—_l I—'

I'I}f”

1 *-j'ﬂ H

Fhol4 (b oHom

i =i
Ho
i -

il

The consultant's "Concepts snd Design Philosophy for
‘rricgzation Improvement Schamss" zre set out in worked
s using dats from schemes in Yemea and Eritreaz and
ched at Appendix C. The consultant reviewsd and
ined these concepts and desi ign Isatures Lo Menglstu
in some detail during hi i
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The comnsultant's specific commsnts on the technical
croblems with diversion structures and canal systems on the
tragitional spate schemes in Konso are given below,

L general description of the soils in the Yanda River
area is given in a report on "Development Prospects in the
Southern Rift Valley" by Land Resources Division (LRD),
MOD, {Ref. 3), which classifies the area as one of the



Much of the arsa ¢f the Upper seg ses
gently sloping fans. These border th and
have beesrn furmed from materizl deposited Dby
intermittently flowing streams originating in the
hills. BEoth the ﬁdEl anc the Gato (Yanda) tributariss
flow imnto the Sagsn Valley BCTOSE exTensive fans; hers
in conseguence the flood plain is restricted. The

materials on the fans ars derived from basemsnt —ooks

and pbecoms coarser in texture away from the river.
Solls vary from glay loams on the more level areas at
the foot of the =fans, to sandy loamg, coften with
gravelly layers, on the more undulating land towards
The hills, The sliopes would precluds ierg“'imﬂ on
2ll but a few of the more level sites bordering the
Elood plain. Nevertheless, there iz scope for
diverting and spreading floodwater across certain of
the largexr fans. Indeed, this is alreacdy done bv

several farmers of the Conso tribkes irrigating sorghum
near the point where the Gato (Yando) River snters the

valley."

A portion of a map pre EE-_EQ in the LRI Report at
E=Z:3, shows the ecoclimatio nes in the KEonso areas and is
attached at Figure 1. The ¥& daLev area is categorized as
semiarid or =2rid lands having some potentizal for
agriculture e.g. cotton, beans or early-maturing cerezls.

The LED Report at =®ei:3 alsoc presenced an average
rainfall isohyetal map covering the HKonso Specizl Woreda.
4 copy of a porticn of the map is attached at Figurs 2. It
would be interesting to find out whether rainfall records
over more recent years have gsignificantly altered these
average isohvets.

The existing Yandafero irrigaticn scheme consists of
izs of some 27 small intakes and canzls from ths Yanda

& ser 3l

Fiver. These are shown on the sketch plan at Figure 2,
preparsd by Foreman, Worku Karaffo from Jarsso, which shows
the general layvoutr and other iInformation. Mozt of these

intakes were severely damaged by recent Zloods.

Vince Gainey's Report (Ref:1) ziludes to an sstimated
potential irrigabls area of soms 4, 000 ha fzrmed by about
£,000 families. Th irrigakle a&area iz probably over
estimated, because the wheole lastersl fan of the Yands down
LC Tne Segan 1= about 4,000 ha and it 1s highly unlikely
that this whole area is suitable for irrigation and ghe
water is availabkle to do so The topographic map of the
Yanda lateral fan is shown at Figure 4. Each sguare of the
grid is 1 km' = 100 ha and on this basis the total area of
the lateral fan was estimated at about 4,000 ha. The
irrigable area is probably of the order of 1,000-1,500 ha.

7



The numbher of families bensfiting £rom the ne
neasds to be agresd WVincent's Report menticns - nesrls
4,000 families; Michael spoke of zbout 1,000 snd if the
figures shown on Worku HKaraffo's sketch ars numbers of
farmers, then when added, the number excesds &, 000 farmers

The recesnt lzrges flood in addltion To awesepling away
most of the intakeg, hag also fcaussd very sgvers eroizicn
thereby deepening of the bed of the river by abgut 3-4
metres 2nd as =z result several spate diversions intakss can
no longer commano their former areas This ercsion of the
bed extends from the flood plain of the Segan for some 6 km
up the Yanda

Zround 19935, the local NGO Mekane Yesus (MY) conducted
g survey and feasibility study for a dam upstream on the
Yandsz The preferred site is betwesn Gandavla mountain oo
the right bank and Komboroti on the left bank., Two other
gites about 1 km and 1.6 km upstream of the preferrsd site
were also surveyved. The preferred site would have 2 large
resexrvolr storage volume, with side spillway on a low
gaddle con the right flank. The consultant was hooing t
see this feasibility report to get some information on the
catchment area, hydrology, water resourcss, =tc. o©f the
Yanda at that =ite, but without success.

The ¥DA are anxicus to procesed with ths spate
irrigation improvement scheme and the MY propeosal would
provide control for the spate flows, but 1ittls fu
action seems to have besn taken to implement this proposzl.

i

The most pressling needs Zor zssistances on thie schems
=

(1) redress the severe probplem of erogsion of the river bhed
to pring previously irrigated areas back into command;

{2) improvements to tThe gpate irri ion intakes;

(3) »possikle improvements to the primsry diverzion
channels;

() providing improved river kank protection work.

i1l EBEiver Bed Ero=siocn

The czuses of this erozicn of the bed are not clear:
se2 photograpn on the cover of this report. It might be
partly due to larger floods with more intense peaks, czused
by roadworks and ercosion in che catchment, or it may be due
The bypassing of an obstruction in downstream channel which
has caused the bed slope to adjust to the new flow regime.
It may be of interest tg note that gimilar bed and bank
erosion 15 cazking place in some Yemen wadis, notably wadl

Mawr, mainly due to degradaticn in the catchment.

Iy

What are the possibles short term and long term option
for redressing this natural phencnsnon?



The tTopographical map of the Yandafero arsa at
el
nd

shows the B80 and 00 contours andé the discances be
them is about 3 km. Thus, the ground slicpe in the vic
of a check dam site would ne arocund X to o]

2 the cut in the bed i= about 3-4 m znd rthe widens
deepened channel downstream is about 6 oesn

dam would have £o be sited about 500 to 200 m downstream of
the start of the cut, to chesk fTurther er 1 &t

But even if the check could be immediacely put in

{1 RS R

jal |'.|. rt |.:'..

point

clace there would be some further cutting back until
sufficient ponding and siltation occurred to creats the
negegsary backwater effect.

The hesight of dam would have to be about 3 m abovs
ground lewvel at the selected site and thus some 9 m high at
the despest river ssction. A conceptual outline of a check
dam of this height is at Figure 5. There would be flankin
embankments 3 m high at the river section, which would en

pEA]

L

at ground level 1 m higher than at the river section
Gabion spillways would be installesd at both ends of these
diversion embznkments.

Site surveys and investigation are reguired to

determine the length of the embankments and their
zlignments and the upstream and downstream side slopes of
the dam anpd flanking embankments. The slopes shown on
Fig.4 have been used as it is assumed that the £ill

material would be borrowed from the upstream arez of land
adjacent to the site and its suitability has not been
checked.

rt
2
[ F
]
rt
n
B
o
m

Hydrological data will be reguired
suitable lengths for the gabion spillways.

It is unlikely that the necessary funds can be raised
and sarth moving eguipment mobilised (scrapers, bulldozers,
wheel loaders, etc.) in the next few weeks or months to
implement the work and it would be difficult to raise money
for this purpose when it is realised that the storage
volume of the check dam will be filled with silt in & few
yedrs and a new channel or channsls will be established
arcund the embankments.

This i mnot a sustainable proposal =znd is not
recommendead ,

The farmers have partidlly accepte
phenomencn. They have already commenced wo
vption and the only one which is sustainable 3 e
can implement immediately. They have started to construct
new and longer intake channels from the eroded and 1

=]
ot



river To Ccommand new Areas. Thage new Cans_
need more and petter bank protection =g ths

s rise cut of the river bed
lird option iz long term and concerns the
of & storage dam which was the zublect of a
v study undertaken under the auspicss ol Mekans
The site would be logated betwssn Gandsvla mountain

I
right bank and Kombkoroti on th

L
-
"
r
H 7
=
140 1=
I
ik
=
&
F
0

= r control flood flowe and relesase warer suppliies in
3 i=2 guantities to farmers downstream. Their

rorks would thus be much lIesss susceptible to

Such a dam with its spillway and ocutlet works might be
ZiZficult to Jjustify in economic terms as the area which
——ulg benefit incrementally, might only De of the order of
_.500 ha. However, the social and humanitarian aspects may

more weight in the context of the prevalent Zood
ges in Konso.

on headworks pxr "ldlﬂu all
.. One to command ri ight
aft bank areas.

long term and concerns the
i

“:1&5 shown 1n Figure
and the other, the 1

Zach headworks would comprise: =z diversicon weir, =&
cnzble bund, =2 c¢snal head regulator, = gedl me“-
r sluice, =z g2 g basin, sedimant

ediment ‘settlin
tor and rejesction spillway. L description of ths
oze and design of these works is given in Zppendicss B

f S B e i |
{18 Pl O IO A 1

(ETILE i SR N 1 (6

Drimary canals from the canal head regulators would
diszstribute water to the existinog canals systems and to
extended areas downstream. Separate intakes from the rivar
would ng longer be necessary.

2 full feasikbility =

tudy of this outline gproposal
d be required as such s

woul pate diversion headworks might
also be difficult to justify in EFDWOﬂiv Lerms a5 the area
which could benefi t 1ncreme1tally, mi gb* only be of the
order. of 1,500 ha: ch emphasis would have tCo be given to

:;e social and humdﬁltarl&ﬂ aspacts of the situation in
Konso.

FAEM could s = e o —pu =
Irom internactional agenciss such as UNDP

(21 Improvemencts U0 the Spate Irrigation Intakes

Unfortunately, there is not mach scope £
the ‘brushwood diversions frzom the river becau
virtually no boulders in tchis reach, it has
gravel bed and there is no gnimal or mechans
avalilable, only manpower.

ar _IT“:'"‘Dv
=2 ‘there

10



-~ be imporisa LO LOE sitss LG0T
es and masonry &aid CORNCLELS
greater QEegres o= rechnical

1l tnesse OpTilOE would b=

ion to the relatlvesy gmall BIrEaE
and  none  would he  ezzlly

S5 without Some ouLsine

Jauaily, Earmers have animal powsr for ploughing.
—~nis power could he put TS siterpnative use with gcrape
meards for rapia replacement of diversion munds, in sand
and gravel river rneds, after a =1pspd had washec out the
sund Ses photograpins &t Figure 7, showing dam rebuilding
.o vemen some 50 YeaIs agg, after a flood had washed alcsd
oihind unfortunately, vandafero farmers do 1oL use ploughs.
~he farmers on the Tano uss OXED and ploughs, nut thne bed
m=terial in tne Taho ie mainly boulders, cobbles and
gravel, which is unsuitaple for SCrape boards.

possible Improvements TO che Primary Diversion
Channels

gl

Uncil thers 15 betiter control of Ilows epntering the

primary canzls it is difficulc To sugygsst improvemsnts in

canzl design. It 1s highly probable that. from practldad
=xpETlence, the farmers have adopted the shaps (assp 21

narrow), =and the length of the ‘neised cut chamnel, T©O
parcially control the ZIlows entering the distributiocn

sysSTem.

one means Of providing Detiser control of ©
s to provide & rejer

cenrering the primary canal isg T reion
spillway in the head reach of the diversion cnannel. Thers
ig clear evidence that, 1ln some CasSes, rhe farmers provide
thig facility or that ~he channel naturally breaks back the
~he river at high intake Zlows.

Notes on primary canal de
Simons and Albsrtson canazls 18
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4) River pank Protection

rarmers regard thelr 1and as a priceless A&SSEL and
protection work is therefore given a high priority oY

hank

them. However, The armourlind of river banks O resist
srooion and sSuDseguent 1ogs of agricultural land is costly
and difficult TO jiigrify in coomomic terms as WaLsly not
1and, is the malor limiting factor i1in spate irrigated
areas.

Suenh river bank protection and training works are more
readily justified:

° where viilages, bridges, roads, canals and diversion
scructures nesd a greater degres of s=curity.

e o o




In practice, nowever, accocunt has to be tzaken of
envirconmental factors and the progressively deleterious
effact of doing nothing to check erssion and reciaim land
Moreovar, specific action will be necessary in some Cases,
—o safeguard the proposed improvements td the distribution
system whers these may be threatened by river bank erosion

Typical erosion concrol works zing boulders and
gabions zre shown at Figure &. Both the gabions and the

i'hl

n works in the
lower Yanda. The works 'Duld De esxpensive nd could not ne

a1
£
boulders would have to be importaed for su
i
sustained by the farmers without assist

r‘1 q

AT
arl

[J

Zppendix D iz an extract from a FAD Preparation Esport
on a Second Land and Water Conservation Project in Yemen

prepared by Salah Rouchiche; FAD Forestry Consultant. Thes
project proposal was to experiment with the use of
vegetation to asgsist in wadi bank protection. Pages 27 &
28 of Appendix D describe the proposals and rational. The
plant Tamarix aphylla was to be used. It graw Ia:L“a‘*l a1,
the wadis. It ig suggssted that Lowland Grawa be tried as
an sxperiment in Yandaferc, instead of Tamarisx.

The use of vegetation may be justified becauss it can
withstand normal floods and when damage occurs in large
floods, it sprouts again and regenerates. Okssrvations in
the field indigate that vegetation redu ’ﬂa the flow
velocity, causing sediment to be deposited in front and
behind the vegetative barrier. Coarss ssediments and silt
transported during high and medium flows mix  with
vegetative debris at low flows combine and build up to form

a natural protective structure.

The diffieulty is in trying to establish the
vegetation where it is needed to assist in protecting the
river bank as natura‘ vegetation in wadis ususlly ocours
where the flow wvelocity is low and sseds are d&DDElLEd and

covered with enough sedimesnt to cause germinatilon.
Unfortunately, these =ites are 1ot wherse the bank
protection is nssdad.

Vegetation <can only be established where it 1is
regquired by planting cu:ziqg deep and giving them
protection against scour and wash out. Illustrations of
how this might be achisved iz shown in the Figures attached
to Appendix D. The vegetation would be planted in good wet
zo0il =zt the bottom of the varicus ssctions of ditch and
backfilled with graded material ranging Efrom Sand
mmediately above the soil, through gravel and shingle to
Lerge boulders on top:

fu
|

It is suggested that FARM discuss this subject and its
pogsibilities with the Yandaferm farmers co see i1f thev are
receptive To carrying out trials on selected and agresa
sitez, f the farmers show ﬂn e*es:, pilans would be
prepared in close consultation with them on the basis that

- |
[ {8 ]



ThEBEM  would  assist with  the provisicon of  boulders,
supervision and any echnipal assistance that may De
IECSSSEYY. The farmers would provide the labouzr FAEM
wioald mo:i: r the cutcome of the trials

There gre two diversion sites on the upper Tsho REiver
“hat once commanded t©wo guite large areas First, at
Hagayawa left bank intake gite, serving the Merssa ares of
ahout 1,EGG ha and farmed by zbout &£00 families ang the

¥y a
area of some B0O0 ha and farmed by about 400 _aﬂ_Llas. Both
intakes were completely destroved by large floocds and
reguire reconstruction, which will be difficult and costly.

The upper intake for Kantada will reguire considerable
sarthworks or a guite long (70 m} and high (4-5 m} masconry
retaining wall to Separate the diversion canal froom the
river flow or both may be reguired. The reconstruction of

P

he intake will be difficult for the farmers to carry cut
without assistance, but the cost may be mere than FAREM can
readily find. & survey of the site is needed initially.
FARM could talk to the farmers to find out how they might
be able to help. It iz repeorted that the Regional
Development Office at Awasa have plans for a Dam or Spate
Breaker upstream on the Taho.

At Hagayawa intake site, the river has taken a course
downlt the ganal and by-passed a loop of the old river bed.
This will be costly to rectify. The command arszs served is
about 1,200 ha and may be large enough to justify more
permanent headworks in concrete and masonry on the 1ir
indicated in Figure &, Certainly the remzaining cana
section in the head reach geems large enough to fus

rl

'_I
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e a gabion headworks mi
circumstances as boulders

on site and in the vicinity. Figure ¢ shows some tvpical
improvements that could be adopted for this traditiomzl
spate canal intake and Figure 10 1s a sketch showing
improvements to traditicnal spate diversion works using
gabiocns. Both these Figures show right bank offtakes, but
gt Hagavawa the canal is on the left bDank, =so theses Figures
would have to be studied when turned through 180°

Tha reconstruction, whether in masonry or gabions,
ds car::u] study and detailed survey of the site is

Lower down the Tsho, near the reoad, there are tLtwo
11 spate diversion schemss T Beayde and Fuchucha
Severzl small offtakes serve these potential irrigabls
areas wnich total about 225 ha.



re fertils snd sasily workable sility
1 development close to the river ]
1 i & depth of about 1.5 metres

iver banks. Main crops

—he glliuvizgl macerigl of the

are maize and socrghum.
imated that 100-150 families are farming in
The Zirrigation intakes are Gtemporary diversion

structures built by the farmers from stone and brushwood.
211 of thesze siructures were badly damags¢ by recent

floods. The Zfarmers report that, when the intakes zre
intact, the peak flows of the river, which is sufficient to
reach the 1ntake, only cccur for two to three days at a

time when the river is in flood.

The main techniczal reguirement at these =3i
improvements To the spate irrigation intakes and primary
diversion channels.

The areas commanded by each intake rangs from about 10
to 25 ha. These small areas would have to be served by a
single primary link canal taking off from an improved
headworks upstream. This would be the only way of
justifying the inputs and the effort tha:t will be involwvad.

The general arrangements and layout of an improved
spate diversion hesadworks, designed on the basis of using
rock-fi1il, boulder riprap and filter £fabric (such as

N

Terram), is shown at Figure 11. It is possible that such
2 structure could be built by the farmers, under the food

for work programme, with superviszion provided by FARM.

The following notes give some suidsnce for the desian
=1 =

of a rock-fill (tipped stone) headworks.
{a) The intensity of the design flow over the spillweir

should not excesd 3m'/s per metrs. This intensity of
flow can be partially controlled by setting the top
level of the breaching bund at about 1.2 metres above
the cregst level of the spillwelr, This will allow for
about 0.3 m of furcher flood rise while the bund is
being over-topped and the breach is developing.

(b} The average weight per stone of the top laver of
stones should be about .07 tonne which is eguivalent
to a =2ieve size (d,) of about 2.25 m. The thickness of

the top layer shouid be zbout 1.1 4, .

3

(¢} The underlayer thicknasss under the tipped sitones of
the top layer should not be less than the top-stone
seive size {d4.), and thzs median =tons =zize of +his
underlayer should not be less than 1/ of the top-
stons size

-
il



g Scour protection at the end of the weir and downstream
of the zbutments, bassed on a £alling apron principls
15 IIECESSETY.

= In the top layer of stones, no stone should prooruds
py more than half its diameter above the design
surface profile. No holicw should be lieft below the
design surface proiils if it can be Zilled without
infringing the above conditicn.

) in areas where accessg 1s reguired the surface should
be evensed wp with smaller materizl after thoe
conditions in (2] have been satisfisd.

& detailed cits survey and data on hydrology and river
£] v for ths

[ S
LOWE 28 'D'»_A-.Je...\_,_l_ﬂ_.. h__I:.-lT"lELL,:LDI" Nnecessar:
preparation of a plan for a specific sit

ALSSESSMENT OF SPATE IERIGATION POTENTIAL

L

Yanda BEilver

The Yandaferc area has z potential irrigabls aresa of

ssibly 1,500 ha., which might be developed with the
cnstruction of two gpate diverszion headworks erV'd ng alil

he facilities shown in Figure €. Ons to command right
nk areas and the other, the left bank zreas.

Primary ﬁaralﬂ from the canal head regulators would

distribute wat to the existing canals systems and to

:r::nded areas dOmnstreaw. Separace intakes from the river
culd no longer be necessary.

feasibility study of this outline proposal
ired as such spate diversion headworks might
difficult to justify in economic terms as the area which
culd benefit incrementally could be relatively small. Much
emphasis would have to be given to the sccial and
humanicarian aspectz of the situacion in Konzo.
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FARM could seek to generate interest in such a study
from intermational agencies such as UNDP/FAD, IFZD and ADE.

5.2 Taho Biver

The reconstruction of the two improved spate diversion
neadworks to serve the Kantads znd Merssa areas, totalliing
[ serious consideration. Site
Ty study would be necessary as the
uite sxpengive.
5.3 Segan River

5$.3.1 Lowesr Sagan

Th is a good potential site for (spate) irrigaticn



a7 Segan Gstes [(Tebslz and Kochelis) on ths lowser Segsn River
abourt 13 km from its confluence with the Weito River, ges
Figure 12. Thers i about 1,5006-2,000 ha of land which
could be commanded Irom thg Seganl, which i1s virtually a
perennial riwver, A IZul]l feasibility study would be a
prersguisice to any irrigation development AT present, &
small portion of this area 1s used for grovwing maize and
sorghum and the remainder used mainly £for livestock and
Ca

At Burgitcha (Kochelal a group of farmers divert water
from the Sesgan, into 2 small canal zbout 1.5 m wide & 0.8
m deep, To irrigate their fields. They use stakss, logs
and brushwood to divert flow from the Segan. They irrigate
their crops two or three times depending on the tyvpe of

soi1l.

clagssified in RBef. 2 as "Semiarid or sri

This area is d
lands where, despite relatively low or erratic rainfall, a
combination of zltituds and lztitude or lozal s=ite
conditions confer some potential for agriculture (e.g.
cotton peans or early maturing cerezls) . These arszas are
characterised by dryland acacias, with some broad-leaved
trees or shrubs." This is =z fitting description of the
Kochela ares.

Tha farmers in the arez have tTaken the first sceps in
developing the land Zor irrigﬂted agriculture and should be
encouraged and given every assistances.

At Segan Gete (Tebelz), & gated intake and the head
reach of the canal i1s being constructed of mason The
canal capacity will be about 1.75 w'/s and is intended to
irrigate an area of about 200 ha in the first instance.
After this initial development it is intendesd to expand the

schems to take in the Burgitcha (Eochela)? aresz.

There will be no NEiF or other stracture to divert ths
low. Thus low river flows will bypass thes intakes as
only high river flows can be taken in. One of the
disadvantages of this design is that the higher river flows
will transport & wmuch higher concentration of sediment,
much of which will be deposited in the canal system.
The Higher river flows will he more difficul
control at the intake gates, but provision is to be
for g rejection spillway at & suitable site on the
reach of Che canal.

o =
i
o f ot
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5.3.2 Middle Segan

The conzultant was Got akle to visit the Middle Segan
arga due to an impassable road, but the following extract
1s taken Irom Vincent Gainey's report of Zugust 1998
Refl).

"The Segan River is z semi-permanent waiber course on

iR



the sastcern boundary of Xonsc with Borans There 1s 8
oromising diversion gite adiacent to & bridge across the
Zegan River into Borand.

This =ite has already been developsed by tThe local
farmers who are irrigating about 120 ha from =z number of
sources including the Segan and from ephemeral streams

flowing out of the hills to the west.

There are about 150 farming families growing maize,
sorghum, potato and sovbeans in this scheme area.

Again, the most important techni cal requirement =at
this site is improvements to the spate irrigation intake
and primary diversion channel.”

The Mid-Segan area definirely has potencial for spats
irrigation development but the extent of the possib
command area has not been determined.

CISCUSSIONS AND TRAINING WORKSHOP

£.1 Professiconzal Discussions and Training

The comsultant had three sessions, tota lling about &
hocrs, of discussion and professional training with
Mengistu Gebre on the techniesal E&Spects of spate irrigation
englneering. The concepts znd design features given in
Appendix C were reviewed and explained in greater detail.

€.2 Workshop Feedback

A workshop Session, which lasted zbout 3 hours, was

also held with discussion group of 24, comprising
Development Assistants, Foremen, EGS Supervisors & Farmers,
roblems which they encountered were discussed and possible

solutions reviewed with the group. Potential development
sites were glso considered

5.3 Possible Visit to Yemsn

2 visit to Yemen of a selected group from Konsc might
be usefull znd informative. The group could go to Hodeidah
and wviszit Wadi Mawr, Wadli Rima, as wsll as some of the
small wadis on the Tihama. They wiil then see both the
traditional gpate irrigatien i practiced on the small wadis
2t pressent, as well a5 <he major sSpats irrigazion
improvement schemes of Wadls Mawr and Rima. &L lesast thras
days on site in Yemen plus travelling time would be
required for szuch a vigit
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SUMMAEREY OF OBEERVATIONE

L

7.2 Observations on Minor Improvemsant Works

It 15 suggesied taaf FRREM discuss the posgsibilities of
vegetation to asgist with rlver pank protection

th the Yandaferoc farmers to see 1 they are

to garrying cut trials on selscted and agreed

If the farmers show Iinterest, plans could be

n close consultation with them on the baszis thazs

d assist with the provisien of boulders,

oI an any techpnica agglstance that may be

The farmers would provide the labour. FARM

itor the outecome of the trials,

On the lower Taho river an improved spate diversicn
Aeadworks might be tried. The general arrangements and
layout of such a headworks, dsesigned on the basis of using
rogk-fill, boulder riprap and filter abric (such as=s
Terram), 1s shown at Figure 13. It may be possible that
such & structure could be built by the fzrmers, under the

food for woxrk preogramme, with supervision p*““lded by FARM.

L detailed site survey and data on river flows are
eszsentizl iniorma tl necessary Ifor the preparation of a
zian for z specific Ei:e.

7.2 Bpate Irrigation Development Potential in ¥oanso Woreds

The proposal for a spate ilrrigation improvemsnt scheme

in the Yandafero area concerns the construction of two
spate diversion headworks D“Dviding all the £facilities
shown in Figure &, 0One t“ Cowwaﬁd ight bank areas and the
other, tThe lefit bank area

ibility study of this outline proposal
1 such =pate diversigon headworks might
be difficult to justify in economic terms as the area which
could benefit incrementally, might only be of the order of
1,509 h=. Much emphasis would have to be c;ven to the
social and humanitarian aspects of the situation in Konso.

o
u
n

FARM could seek to generate interest in such a study
from international agencies such as UNDR/FAD, IFAD and ADE.

The rEZEnEtIuC:iDD of the two improved spa
headaworks to serve antada and Merssa a v
some 2,000 ha, d rxes serious consideration. i

survevs an a fezsl ity study would bs necessary 25 th
structures would be guite expensive.

There is a good potential site for (spate) irrigarion
aL 5egan Gete (Tebelsz and Kochela) on the lower Segan Biver
about 13 km from itcs confluence with the Weito River, see
Figure 1i2: There is about 1,500-2,000 ha of land which
could be conmanded from the S=gan. which is wirtuslly a

18
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Diversion Bund Rebuilding in Yemen in 1830's
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APPENDIX X

of Visit of Spate Irrigation Consultant
for
Review of Methods for Improvement
of Spate Irrigation

Dep. Heathrow 21.30 accompanied by Vincen
Gainey, 2rogramme CIficsr, 1| :

LYy, Addi=z Zbaba 08_45, Exrisfing neeting
Farm-&frica 0Office by Amare Mengiste, PIo]
-aari;ﬂa:or for the Xonso Capacity 2Buildi
Project. Dep. Addis 11.45. Arr. Shashamene 1
znd overnight there.

Dep., Shashamene 06,00 ArT. Fonso

Meetings and discussions with Vince

Mircha=1l Assefa, BERescources Plannsr and
bt |

11
IR [

0w
5]

H

: f
! L e LN
Mo m el o

Project Coordinsteor and Mengistu Gebhrs,
T::r:gr:i.ne‘—-:r_. Discussed WVisirt programms snd =S
irrigation problems encountered by th:—: farm
Later, the group wisited Eolme and Bus
areas to se€ traditional land use ald pV“ Tl
ir: the higher lands - terraces, water spreadis
small steorage ponds.

M=oy -

=

i

1

-
Mo

o -

]

o m

'
i -
I

R

iiSit programms agresd. Visited Jarsc in
;andafe;o area to see traditional spate
1rrigation and land use practices in the lowland
Greas. AISC saw very severe deepening of the hed
of the river vanda, about 3-4 mﬂivns, whic

exrends almost from its confluence with the Segan
Lor scme § km up the Yandz. Zs a3 resulr severz]
spacte diversions intakes can no longer command
Lhelr former areas. Discussions with COMMUILE Ty
members and practitioners. :
Afternoon, visiced Beaydse and Fuchucha on the
Taho P’VH* mlt MEnglstu Gebre to see traditional
spat irrigation intakes, which wers badly
uamagmd by recent flood flows i

Discussions of cutline concept for dealing with
the river bed erosion problem on the Yanda.
visited Segan River area around the confluence of
rhe Yando with the Segan.

Concept plan for check dam on the Yando prepared
for discussion.

Discussions in office, then wvisited possib
sites for a check dam on the Yando for t
purpose of arresting bed erosion, whi:h_ is
causing severe damage and loss of commana at
several traditional intakes.

fternoon HKonso Ofifice.

|_I
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findings and proposzls for training and worksh

]
i

Morning, training to proiessiconsls - digoussions
with Mengistu Gebre on Several &speCLS of spaite
irrigation. Lfrernoon, Workshop sessicn with
discussion group of 24, comprising DR's, FTOoOremar,
EGE Bupervisors & Farmers - discussion of
problems, possibls  solutlons and potentizl
development Sites.

Vvince Gainey dsparts ¥onso. Visit to upper Tano

3
areas with Mengistu Gebre and two farmers to sSe8
cwe intake gites. First, at Bagayawa left bans
intake s=ite, serving the Msrssa area of about
1,200 hz and Zfarmed by about &00 families.
Sscond, an upper intake site serving the right
nank Eantads arsa of scome 800 ha farmed by about
400 families. BRoth intakes completely destroyed
by large floods and require reconstructlion.

Afternoon, wvery useful further discussions with
Mengistu Gebre on some technical aspects of spate
irrigaticn engineering.

o
'_l..
[{4]
ot

potential sites at Segan Gets and Burgitcha
& Tebela and FKuchale Kebele on the lower
iver apout 6 km from its confluence wit
T A few thousand hectares of land
an be commanded from ths upper Eite

at
&. Rpn intzke and canal is at prefent
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Department, Awassa, Lower down the
river at Burgitchs, farmers have bullt =&
craditional diversion and canal and ares
irrigating a small ares for growing maizZs and
sorghum. The remainder of the arsa ig generally
used for liwvestock and cattle rearing. g2ix hour
round trip.

8]
ey

=

m
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P

u

visis to WMiddle Segan area on road to Yabelo had
o be cancelled as road impassable at river
Crossings. vigited proposed dam sites on uhbe
vanda. The preferred site is between Gandayla on
+he right bank and Komboroti on the left bank.
The other 1 and 1.6 km
upstre lLarge reservolr
storag idlia

afternoo ngistu Gebre
on further hni - : irrigation
engineering. Di 51 indings with Michasl
rsselz

Winding up meeting. F o - Overnight
=

Depart Shashamene. Return to Addis.

fing with John Fox and Amare Mengiste in
ffice. Report preparation.
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Iraditional spate irrigation and
wadi development schemes

E. F. Camacho

Warer Conzol E

nginzering Consuliant 1o

FAT

Former Assoctiate Sir Willizm Halerow and Parners, UK

inzrod L'IL‘T]UTL

P1EImposiant in arid f2gicas, such as the
rtoF the Arabian peninsuiar, where catch-
i chvand stesp and the annual raimfall—which
400 mm in the mountainous arsas—ix

on and these ars the main source of tmigation
here 15 very little direct rainall on the lasger
- Iozated in the deftas of the wadis, whare
etevial i)t have been deposited

ipatan greatly affects the velibiood of the
Cizse regions as they are larraly d-\,pnaer
e and a.u-rnﬂ |'|.|_'|5a_r_]" iy "r‘» e 1 ne .-’l

i

avz?nghts: butin E:nam] Lhrr{

al¥ accepted system of water rights in sach

sgicnsthereisansed forbeercontrol of spate
Pimproved irripation facilites o stabitize,
g, thearrculural ares under culivatiznin

no ; thus aliowing food crop cultivation. mainly
"ohun..and perhaps a cash crop feotton, melons eic.) by

Traditionalirrization methods
“iomalirrigation methods 1and to be clementary bulin
s are effective toa limited eusnmniy. Logai
radinonally build an earthen bank or “Cgma’ of
malerial across Lhe low flaw chan :1&1 of the wadi,
oiectof diverting the entire low flow channal af
fiihgz abjectof diverting the snure low stage of
v 20 thair fields. DLIF'T'"‘E[ldT:TJ spate. as thers
aspillveay, the¥ogma™ts sither broashed
v oritis over-tepped and breaches as the food
2 such ocoazions amajor section of the ™ Cigma’ is
ten before its total cominand arez has b_-.,.
waler ;annﬂr theretors be diverizd again
suntilthe"Cemsa™hasbaenrebuilt. How soon this
zifectively achievad will depend on subseguent
-2k foes, availability of machines or animal power and
' ' e "Ozma” cannot be rebuilt before the an-

svstem of divarsion is by short isngths of
Ks projzcting ino the wadig in the form o
iwh deflect a pornon of the spate Sow over the

£ szasonal raindall produces spate flows of

adiacent felds,

The radilional systems are relatively cheap o build,
but usually very expensive to maintain, Theiniizl camital
cost and the annoally recurreni maintenangs coste are
often the same. 1 small to madiem sizs spaies armve, the
“Opma’ can be effeciive, but medium to large sputes gan
gsult in the expenditure of "nw h efforrand monsy wilk
very little benefin. as all the "Ogmas” and spurs ars swept
away Lo the sez or into the desas

However, the basic

principle is sound enourh—that of divering watzr atlow
stags and of allowing larpe spates o sessuneheckad.

The primary canals taking off from the
large capacity (duty) in ralzlian 1o the arsn
cause 0f the shortdurzlion of the space flows. Thes nr'u.n
canal sub-divides to smaller canals 85 it reaches the
gable area, and furmers exercise raditional form:
trol so that the higher lands receive waier fira
lving areas are then irrigated after the upper lands have
received & sufficiant supply, or when flood levels are oo
'lj'ﬁ.-".

i have g
irrigated be-

Thers are virtwally no permanent szucror
control and distribution of spate lows in the oo
Daversions are made by blocking the zanals
taries with temparary earth bunds and cutling them when
demands are mat Irrigation suppiies withimn Lha :u:rrqmzr-n'_l
areg gre distibeted on a fisld-to-field basis, the basin
sunds {about 1.0m highi being breached once an adaquate
depth of water {about €.5 m net) has bean applicd to the
fizld,

Thzzonstruction 2nd replacement of the “Oemas™ and
distribution of Nows theough the canals arc commuonal
activiiesorganized by the farmers. Cos sharcdonths
basis of benafits rezeivad. whick depands on the ared Bi
fand, its evaiuation

per
supply.

for 1ha
nat svsizm,

and distribu-

and itz e %1

3. Characteristics of spate hvdrology and
establishment of fiood warning systems
Spalehvdrolopyiss Ha_racmmzc' by El"'L&L\ILF.ClL anin the
and frequency of Boods whick dirsctly mfluenca the
avatlability of water for agriculurs in any one seasom,
Croppedareasand cropproduction vary considerablvover
the years bocause of the larre variation in wau:l run-oll
from year to year, season to ssason and dav w dav. In
addizion, the wadisare subisctioy fC‘-.__::[ﬂ'l_]_'[bt!l:-l:ll,'_lsl'qk'hi.l:h

- P e
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—:zeor destroy imigation souciures-and agricullural
T.zzi hvdrographs shamcierisuzally indicawe a sharp
m =a¥ discharze but of short duraiion, A fiow s

od one hendrad times 1o 18 min-
iInYAR. OnWadiTusan,PORY,

;1959 iroressed from 14 mYys o
2 WY ads

CiiimtEimonchoes an ingreass pii 5] tmed.
i I 1‘“". the flow rose from 114m?
- J.a vinerease of 30 times, The peak

'G E0,
opesofthewadispre vary slcep—upio 1 peroent
—zoavmizproduzes high velocites. The sedimentload s
n, from 310 7 percent by weight with
5 f'D"'l silt Lo the very large bc ]dc-.-s.
rash igofien a very sericus
125 craate Blockages in the canal hﬂad
d zediment =aciuders, and are difficult o
sa-mefnes the waler rocedes; thus the Dow islost, Exist-
vachinge for
cnowdiversionweiron Woadifima, 6800 m
al the canal head regulalor in one night,
L.*.muqr.mr:“-*lhuuaccm.n of crigcal

s -2ndwarks ere generally inaccessikle lom

=

el it .i-ll

¢ floating debris and trash,
data have bc..urr e availabie [rom the d fr“"-
'ﬂs in VAR, PDARY and Saudi Arzhia, litds
d coordination in hydromerric data collec
RE ks evident

= towesingipht into spale hvdrelogy and the possibic
srzossuon of & Hood waming system may significantly
L WA METALa Nt mdm L"'.‘:L.hDﬂ.bUL'I.h[.-

ShS pEDERsE

et of surface and ground waler reiourtes is

mast crucial aspects for the develepment of

zationand, freguenily whenfeasibility studiesare
d, there {5 litde or no rainfall or flow data on

i
i

- £ zament. A preliminary asRessment
-0 s 10 be made while dats are being coliected, and
.3 nzs o be caried ot by corralalion with other wadis

~=izh ravereeardsol Nows and groundwaier avatlability,

: ;'.";-:-.-',;nl o docige whathor the datz colizeted in the
*howzar or twe fall inlg the categon '-’“fa dow, wel or
z2 vear by corrciation with data [rom ciher similar
wgsame way, sedimeni ranspos L :TI...&'. be meas.

dcompared with datz
be pﬂs'r "m e meest ure éu'-- 5

from otherwadis 2z it might
__i.-".n ra—-En -;_-lf

oy :ri-::-:si.nmmd.
A= overall water balance needs Lo be prepared when
: tzmative development concepts are being studied, A

nizal Background Papers: International |

VErY ERTIONIMENS Wwalsr T‘a'r.'m"t: for the Abven Deli in
PDRY isshowninTabie I luindicaes tharamoreafd
irigation scheme, whichreduceslosses and |
walgrrocharge, wiil resullin asmatiarground
gpmant. Benefisenadela.wide bazismustbe
zszessed for sach oplion.

Teble 1| Overallwater balance in Abyan Dol (him?

Surface Ground-water
Water recharpe dis-

T
Criasad

InNow (mean annual)
Wad: Bana +1562

“Wadi Maszan e
Wadi Maharia 2
Toal =108

Surface water use/losses
Metconsumplion
(500 mmon 13 200 ha)
Wadi Sagpage Lesses -G
(30% of infow)}
anal and Fisld Application
Losses (23% ol inflow)
Escape toSee, 0VS of Ogma Sada -20
(10% of inflow)
Totai

Groundwater absiraction/losses

From Wells for Tmigation -£D
(Mol ol Beturmn Flows)

From Wells for Domestic Usz -5
Ewvaporation and Evapomanspiration 230
Lesses from Shallow Waier Table
Subsurface Outflow to Sea and
Adjacent Areas

Towls +105 105

Tha rapid #xpansion of deep tubswelis has consider
bly lowerzd groundwatsr levels in several wactw and iz
very seriousihreatioareasof permanentagriculiere, Older
and shaliower walls have dried up 25 water iovels hn
dropped below pressnt pump inakes
water quality for imigaiion has alse wkenpla
areasadversziyalioct nﬂagu_L,ILLraJp':d
water extraction therafare reguires close .rr::ns'.';:i:g_-_ ar
continuous ga collection,
The ¢riticat points 1o keap
which overall concept to adopt for planning purposas ars
first!y,thata greatdeal ol flagibility shouid e builttnio e
overail schams desizn bacause of the general pavciiy of
data and zecendly, that the planned '**'-m’:mprr-cﬂl musl b
based on g realistic watzr balance which will
overall wadi produstion per tnit of water,

Groand-
Cirount

in mind when desiding

P maximize

Lé
—a



3 Soilsond land capabilisy
ThE mast imporiant fasoe ir 50iclass
Lo i3 ;i-ﬁc xuam'“ cndgncappacity. T

emes 1z based on this and 2

nwad -ic-vﬂ':(;"r‘:"fs usuatly
._1-"--5. ls 2z silt-laden fload

' m~
b bg i b R

4"! 2 o svorage for thy
At & area until n‘,:l vaments 1o the diatri.
slem ﬂ:ﬂi"—“‘l“:tf.r: Lt

Tradi spate imigation is baged on g figldeto-Tiel
sormofdismibutonand thougha feld may be filled 102
crﬂ the wiler 15 pot allowed o stand feng
|“:buiareL|4:n" ghundizcurandthe water
d transferred 1o fizlds downstrzam, Thusit
..Lﬁ".‘,:‘“‘":'.'l"l"‘[ field requirement of mors than 40
2% envoanacieally nﬁ ‘"r:u-.lcmly utilized, dus 1o the
cororoiention casacity of tha soilz and wilk the tradi-

5 of spate irrigaton,

eand water rights

clutaly esseniial aspects of any feasibilily
rovernenl of spate brigation, A cadnsiral
inelandownership and astudv of wat :'rig_his
cd.notoniv forpraperplanning and designofthe

ian 3‘-31-2"'# and :ﬂe*aurg nrocedu "’“,

zlternative cropping patterns for wadi
-:-h pment

patterns will bz posiulated at the
sige andwilldepend toavervlarga extent.on
¢ which will become availzbic as a
oinof the development plan adopted: Such a planned
pattern can only be enforced on Saus farms, but
.‘_'1. farmers witl only change their cropping pat-
onse to market demand and an improvement in
! Ly of receiving an imigation supply, Chaly

bizr his subsisience is no lonpger at risk wiil the farmer

snoe-tg P‘-g'mr valua craps.

cropping patiem will comprise a variety of crops

$oo0 oz bananas, frel trees, vegelables =1 :I'._L can b

cwnonthesmall arma{about tDpercent cflt.zie'“ﬂ 2a]
Aihzunparvsachofinewadiwhichcgnbeimipaedalmost
cersaniiy "M hothe spring fiow from the wadi bad. A
oriharaned (about 30 porcent) fan Srow WO CIOT .:;.; e
TH Ty Hﬂ:::.—*v“ronﬂr:w remairing 60 percent will only
Cproducs one CIOp per year ona single imigation,
= will have & probehility of irmgadon from 30
o 70 parcent Thearea imigated from growndwater
ave 5 crapping intensily possibly slightly aver 200
sniand will be abie te produce 2 varizty of high valus

[

Ecur_nmit developmeant concepts
LN g.&' bl gL s T I
sible construciion of a sloregs
ij'“\m“ soostly, ihacght
laung '”'u- highlv wariatle
ey Sharp pedss, intoan glmasiparsn-
Thc: heavy silt load carrizd by the
foodswould, T L',rarea.apm. rYaiT
ardloal ke order of 3 percent pas annom
of the Sou.r Slacy Arabian i
'I.H-EIL."" command ret ah.m e

CeaCoy oLy

s oHmicain

a0 1LOWE On

Fregu

..;h_a,.l.-: :

ERGrLgaradla

"H‘ Wl Ll

Rt SRS
500 GYE TS

r:-'.i-uz: a'

ticnand "*'HF'L naac=oithe perenn; 2w AL SLPT i
wauld requirs 2 complete change in traditionz 1rr|;:.l an
andzp ]...u|[l...rutp"'-"1.l es. Azineraservgivsilicdup, large
fiood Nows wouid begin to overiop the spilbway mers
frequentiy and the wadi irrigatign system woulg gradeally
revert to wraditiona! methods of diversion, The consirus-
tion of a slorage dam somaetimes deprives farmers in ihz
tower wadi area of their former supply of spate waicr,
however ematic it may have been,

&.2 Spate breciers

A sazie breakerizasmall dam wilh arescrvoircepasity
gav, Bmota 15 m which would b sulficient to abserntha
largar spates wizh high peak lows thal would olhenwise
wash away almest all of the "Ogmias” of the raditicaal

svstem, Thess larpe spate Aows would be immediately
roule ulnr ugh the spale breaker and the sl“rag: would o2
drawr down in2104 davs, perfarably before the ensuing
spate arrived

h,lfaﬂunav:l spate breakers, besides De ng vory cosliy
have a very much shorter life thar thet o
voir, die to rapid seditnentation,
smallersiorage capacity, thelowrativofstorage voleme o
average annuzl {low velume, and high sediment Ioads,
The proposed spate breaker at Kholz on Wadi Zabid in

VAR wesastimatedtohaveans rc’LW*H[-'- S ity
and was therefore not implemen

pors

&3 Schemer for spaie diversion with wadi traini
bank protecion words
The walgrsesources of the Yemen Tihamz wadis 3!
(nres fairty chearky defined calepories:
1 the base Mow and minor spates;
ii.  spale fiows
it grol..t:i'a'a'-“‘
T*:e.b'ss;ﬁc

abm.wu psn::r.m. the radit
2 varizbledegree of probehility
Grocndwaiar is absiracied both in vaditionally 1ori-
zated areas and rainfad areas of the Wadi, i
inlensity iz aboul w0 crops per year,
Inorderionntimize the pseofsurfaceand rocnds
within a situation of water balance, alternalive conoenis

e et
ates

Space Irrigaiizn



PRl R T
sl

ramaximizethe overal! valus of wadiprodae-
won peruni of water and inecanomic tenns, need 10 be
phty cxamined and discussad, Thealizrnative with
nestovernll projectafficiency or the lpwesi 2os i par
igaied wilinotnecessanly bathabasischeme o
Oz factors, both cconomis snd soclal, are very
nd also need 1o be carefotly considered.

eni concapis forutiizanon and diversion of

o~
=49

o
-

o
L

[ g

I Wadi Zabid the conzopt of improving spate diver-

nzriy had tocope with the lergar uninanageanlz spates
fzwe been provided with 2 mora reliabis means of diver-
teir fields. These farmners have bean given a2 leas!
if not more, atenticn than the farmers in the up-
r Efeas who in the past heve basn able to menage the
fow and small spates withou! gragt dilficulty, using
trediuonal metheds. The incremenial benefits 1o
rewill therefors he o
2!

slatively small.

Wwadi Fima the main investmeaniin irigation works

was made in aneffon o convert a raditional spate irriga-

T araa (0 g convenlionad perennial iyrigation schema.
ne ol diversion eapacity is 15 mY/s from asingle weir
~.nznz 2flaks. Thecommandsd areats about B 000 ha

the wadi who eiready had 2 high probabl
and the means of managing and diverdng the 12l
smail fipwe that they reguired.

The farmers lowes down the wadihave apparsniy not
receivedacmuch assistancoasthey mighthave sxpacted 12
gecfromthe formal orodect works. Thizisevidenced by the
farmers' insistence that their raditional diversion works
ffrae wadi offlakes) and canals must be ratained and cul-
verts or aguedusts provided, where the raditicna! canal
crozses the new canal from the headwaorks. The seleciion
of the schzme seems to have been based oo the averall
efficiency of the irrigation sysiam,

In Wadi Mawr one weir with an offtaks capacity 040
m/sisheing provided incommand an area of some 18000
ha. Here again tne imigation duty of about 21 seefhz is
maore approprizte for a perennial schame than for spale
imigation. The investments in irrigation works ars for
impravemertsinabsiractionofhase Jowand smallsoaies;
10 4 large extony, significant improvements to traditional
works, which altzmps to diver: larper flows downsirzam,
have been omitted, Further diversion works will evenia-
giiy berequired downsiream.

A review of the overall wadi development con
snoutd therefore be one of the main jssuesto be decided 10
Piese | of any feasibility sludy, This is hinked with the
assessment of water resources and the optioual watss bal-
ancz. Benefits on & dela-wids basis must be thorooghly
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of cach Option e snsure 1han the wotal water
rgusad othe bestadvantags of the farmers
erright aree and within an overall water

W wEl

silzndifficolttoshow that spateirigation schemes
tzolean normal economic lerms. The proposed altar-
ovall show estimared retums of less than 13

I Butsome form of improvemeant works muost be
mizZowtifonly on the basis of social need, Inany event
2nial benedits from improvemeants to spats iri-
Tiinemesars generally limited by the constraints of
clewatering, the water retention capacity of the sail
= roolzone. In the lower reaches of the wadi the
=r prohabilitizs of irtigation reduce further the already
11 remental benefit and call Tor unconventicnal
-Atons i we are o help farmers to improve water con-

D zones where water is an absalutely vital com-
fity. spate spreading schemes have a special signifi-
oz in slabilizing agrnicoltural production and generally
moreving the well-being of the peoplz in those areas, The

rasuck for the selection of @ spate scheme should par-
nuns be the option which gives the most effective wiiliza-
ional ke total surface waterresouree viglding the highss:

value of praductinn per unitof water asthe leasicost this
is cansidered & suitable vardsiick then, with the depree of
reliabihiny of imipation of the raditonal command arcas
reduczing from the lopiothe lowes areas of the wadt, soalso
will the scale of invesumant have w be reduced from &
conerate weir and headworks with a deerae of securin a
the hzad of the wadi to the raditional, simpis but large,
diversion bund at the lower and of the wadi, A range of
divarsion structures reprasenting reducing lavels of -
vestmentand increasing levels of risk neads o be desipned
tematch the lowerdegree of reliability olimiranon further
down the wad: giving iower retums,

The concepl of BO percent probability of rrrigetion
usualiy adopted lor perennial schemes s unaccepiable for
spate schemes, Scarce water resources are oo veluahle
and every means must be devised 10 use them offezuvaly,
Thus, the third diversion strusture might COmprise a rola.
tvely short rabien weir with a breaching bund capahle of
withstanding floods with a retum period of say five vears.
The weir would be attached to a canal head contral sroc-
ture and sediment excluder providing rrigation on one
side of the wadi only. Any downstream wairs might be

zsigned for floods with even lower retumn pariods.

The traditicnal diversion bund, “Ogma®, has no spill-

O AN AL IEo

pprsEey

Fipure 2 Skercivof proposed
smprovements io traditional spaie
dlversion works using pabions ' 2

ol

Spae frrizanion



] . o Samirat vorsionceasesifihe
= il : et The volumo of
= I o diveried can be sebstamizlly
1 g g s e Ulway capaciyinihowade-
= atez =f waizr availability and arzas (o g:u“..

- !.'Ll:::i Naad hvdrographs fo

1 3 diverted and aroas irti-
. = mstalilng e pormanent
u I:ulc oot & modsst

1 Lir I.|' areas fmigated, where
s Silhway capacity i instailed In
F | ssignzoftheigw-costheadworksmust becapabls
3 k] Tharmers with same enswitisd

1 "";f:-,' techrical supervisian.
- #i {L” - «.

z= n2 I, which show the kin provameonts
=~ —--- 122 forincorporaiion in araditional spatt diversion
1 % IITE abien headworks (such as shown in the
— 3 ;_.-3_'-u-'--J‘.:jI:-:i'rer.‘-'ur? cdintheopma’ at
- izzamalmake woeléprovideawoirofabout 120

1 Pt intzkeal10-20m¥scapac-

iceway of about huil the intake
Aning Croynas mey be r“"uh*d
meproteciiontathe hoadworks againg

2 zrovaes may bereauired downsleean: o

Tl
i » zamal pank (rom scour by wadi fows,

3L AT d radizionai spate diversion works would
1 czmoted 1o the mannar to which the Tocal farmers are
B smmastamed .;_t:-undwf.:lulc'.b:hu lasrosst 'Lerannt

socozrnanwairiozheightjustbelow the lowestlevel o
- zzmo’vie wuboul 3.5 m above the crestlovel of the
| == Trisoundwouldbesxiondedacrossthe sluiceway o
= " : -:z:zniegual o the orest level of the weir. The canal
= 2uld alwavs sermain opan. Thus, aninitial small
T - - ocuid e divened o the canal intake and on atising
—— ~o27 zzlnz canal reaches i6s design capacity, the bund

2y wotld be cut 10 divert some of the
4 laad and conira ofthe nising (ood level. As
creases o hundacrosz theweirweuld be
"'-,-J:rw ol Lh: canalinke, slulceway
a0 the “Opma’ would be over-topped,
229073 the lurzer Noods 1o pass down the wadl, The

— L o=:"and nondewould be replacsd by bulldozess whien

red o r:::-:-j:s

1 I ithe"Opmaisaver-toppedat
_ = ddisiance{romihe gabionh THE,
onjagainstscour, itisanticipated that
~- = Lwall adisining the "Orma’ would
o 3 ail butamaar Nood
= anningand phasing of development
DL inmizmancpemgnl pianaing
=" =f management plan wi fl make she bestuse of
SuTTal compenéris in optimising tha valoe of crop prs-
=T conioaopor e ol walee in ths overall wadi area, The
- 3 renentsinclude:
x. s-falral Eackground Papers: Internalional 1

surfacoan

OoEToundwaiey FesQUILRs
=
i

L

[

o

[

il the data en water rosource
managemeni piaaning can aow I::c de.
computer maodel which would _.u.:‘;~
watsr managemont foralernetive series af diversion iy
and selaci thabesranion. Tne model would:

O ppumize and sclectoiftake and conal capaciticy:

W delermiing thz rmw] o trrigation of the arcas
commeanded by cachdiversion work, thus pruvid
e type anl Luht}l‘vn':l'c'u.l"ﬁc orkswl
justificd and the degres of rullub ily of the works
which has o be accepied if capizal and oparn:
L‘"‘JIS:]..'E[Dh:]“;‘.ﬂ'{"lsc-ﬂ""[‘:‘r' s on-u““I slionship
1o the benalits likely 10 be dorives;

hichzante

2 assistin planning groundwatar recharge we !
oplimizing cporating proceduras i minimise losszs

10 the coast ordasart
The programme swouid simulate the passsgz ol o num-
nerof hisiorica) or synthasized fioods overa Lypical S"ri'"-'

Forasclection ol any number of welrs 2nd
anal 5'!”&5‘? ine PTOEramMmE DGEss

of yoars,
combiralionof ¢

fload in each your down the wadi. Atcach we
civeried tnto the supply canzl Mor the duration

Aaad, The remaining Aood water is possed cown i
and bed inssesand Mload aventualion for tha wadi reach are
deducted. The Nood hyvdrograph is then relormed al il
pexbwerr, takingoccounl ol thedntervening bed losses and
Miood attenuation, and the process repaated

In each yoar, valumes of Nood water divericd o oas!
aroz will be accurmuclaled. When the tolal woter reguire-
menl lor ascasanal imigation en anarea has beensatslicd,
ne furlther watsr is divertad in that ssasen untiball efthe
arcas with waler rights have boen irrigaed

The programma soutpul wii pravide the u:cur*ui:"-"!
4-—rau:‘td1~.cr.cd:ﬁ-ca:r groa zommaaded by miain canals
foreachof the sensans considared, From this ouiput
iatal area irvigated by sach aliernaiive undercach co
ration of caral sizing can be determinad. By iho arcs
irmgatedand I":'r'*'::-l""’:nl vofirigation. thon

priate scheme for spate dwv ersion and conwo! can be rc-
omman

Gz Ph""""E;Ir‘ﬂ'l"'*"":-_';'n""'-"

It is probably beter 1o plan and imploment spae im-
proverment works in Lwo separate phases, The (irss phise
woutd pravide diversion and contral of spate fows and
deliverirrigation supplies o discrete groups of irmers i

Lol
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rmey have been accustomed (o diverting,
farmers huve gained complete confidencs in
< Jrvarsian svsram, the next phase should be
il d. Thizsecond phass would improve
abol thefield rrigationsysiem in the
rzzhicto orow maorethun angcrop. Thefield-
[ auoncould bechanged o asystem
2 ".!."_:':=_".::'x-’.'i::]1'-'"'1[1=-“ suppiies lo guch eld, or
i croupingsal figlds tnan atpresent. Adler
--zizdevelopmenthas besnin aparation foca few
sutrements fnrminoraiieranons andimprove-

iT

zzend phases
2 znd O and M eastsif miner diswributaries and spate

gould be very expensive in both

< arz required lor each and every field of
res. Land levelling cost would be addi-
ribution costand onit levelling cost would
seowith larper fizld sizes. Inorderto keep
sondary works walhinreasonabizs limiss, an
acceptable size of imigation unit has o be
Lthisraisas the quesiion - what 1sa manageabic
spate witer Tor a small group of furmers 1o
rtraditonal methads, witl some inter-fields
smprovements? The largest quantity of spate
small groupof farmerscould probably manage,
ary from z single mler seructure, would be about
chagroupcouldimripatzsbomdthectarasin
rvwn, dzpending on the vaniatien of the flow,

bl \_.,_umrl's"l"lfldICJSCD"lLFGnLj by @ single distri-
suon strucure on the diversion supply canals o be pro-
il i:-. the first phass, could vary from 500 w 1 000
cwhilein the second phase, the distribution canals
Jnthe srroctores would supply unitsof about 40 bectares.
Soumsof farmerswould stilthave alarge partto play in the

ik Desien nf spate schemes
" Diversion weirs and canal headworks
dversion weirs are buili across the wadis 10 raise spate
1ooa level that will enable the desipn full sepply
fischargs to be diverted through the irrigation canal head
dator befare the food overtops the crest of the weir,
T ne weir crost level nead only be raised slighttv above
iz averape wadi bed level for command purposes, but for
Hizient sluicing of bed load atlow flows, itneeds tobe at
|zus11 3 maboveaverage wadi bed level, Thisheightisnot
tenlfor sedimentdischarees athigh wadi fows, butitmay
1ot bz possible to set it higher if excessive cost ol energy
drzsipation oo the diversion is ke avoided,
The weilrs are non-rogutating, ungated structorss de-
sienzd {or permeable foundations. In recenl years they
ave been construcead with crests diat slope towards the
“9“'I head regulator and sluiceway , 1o assist in maintain.
ing the approach channel in front ef the headworks,
The desizn of the wairs entuils the deermination of the
simga/discharge relaticnship, lood discharges for varous
return perinds and width of waterway, The crest level,

i Background Papers: International 1

headwater and wailwatsr rating curves, intensity of dis-
chargs, afflux, high {lood level and free-board cun then all
b2 calculated, Thedownsiream sulling basin Iex'-a':un-ju:.e
dimension of the energy dissipatar and :11 pUrisRance
including the depth of shest piling and length of L‘I..nmI-
aprons, willthen bedetenmined ant 1":513:1,\'. arainstuplil:
pressurss and exicgradisnl,

The canal head regolaior is designed 10 run at full
supply discharge. with very linle afflux (around 300 min,
justbelores the flopod water overtops the weircrest. The full
supplv dischargs will have been decided al Lhe planning
stage and the dimensions of the head reach of the canal
determined separatzly. The width between abutmenis of
the canal head regulutor i3 made approximately cqual o
the bed width af the canal, to avoid flaming as far oz
possible, and to provide a skimming weir effect with the
maximum intake atlow heads. The gate openings and sill
level can then be calculaed far the fell supply discharge
and full suppiy level with minimum less in head,

The canal bead rerulator will have to conform 1o simi-
lardesign criteriaasthe weirand the salz downsircam Moor

evelshould be checked for full supply discharge under Lhe
following two siluations:

L. with upstream water level at the weir crestlevel, and
il wilh upstream water level athigh flood level,

Condition (1) will be crincal and will determine the
sufe downstream floor level of the regulator, The velocity
al the 2nd sill of the canal head regulator must be chacked,
The valueof the Froude number forthis position should not
exceed 035,

The canal head reguiator is setal an angle to the sfuice-
way forito funcuen effectively, Thisangleis dependznt
on theparticular fzaturss ol the sitz, burmay hevaried [rom
almast 0 to 90 degrees and may best be determined by
muode] studies if the magniwde of the work: warrants the
expenditure.

The contral of graval, shingls and boulders carried inlo
the canals by waler diverted from heavy sediment-laden
spate [lowsisavery inportant feature in the designand op-
eration of wadi irripation hewdworks. The prebicm isone
af conducung as much as possible of the stroam bed load
matenial throush the diversion siructure, thereby avoding
15 expensive removal from the canal.

The diversion headworks therelore meorponile a scour-
ing sluiceway between the weir and canal head regulator,
which is intended 1 provide good scouring action across
the frant of the reguelator and (o inletcept as much as
possible of the wadi bed load carried by the spale water
beingdivenied forimizaton, Thesluicoway alsuassisisihe
sloping weir in maipiaining & channel w the canal head
rzgulator.

The parformance of this tvpe of sediment excluder ot
spatediversion headworks on wadis could beconsiderably
improved by designing the approach (o the cunal ulrum'
and sediment sluice withacurved converzing channeiand
oositioning the weir al the upsirzam end of the guide pier.
In addition o these changes, the bank protection wall
should be extended upstream (o prevent any pronounged
and unfavourable approach [rom thatside. These Ondings

were the result of model studies ar the Hydraolics Labora-
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nversily of Southampton in 1878 and Figures 2108

masisand cwlcome of the stady,
s elfeclive method of sediment exclusion is
becontinuoos shyicing adiacent lo thecgnat
ccuoneboui 0 dooress 1o the dirse-
However, this is nog possible in the
regions of the Arabizn pc-"iras-~la:
wicing izoaly pcss.n = whean Oows in Lhe
f"ll sapply discharge of the canal, as
anywilerwiichcouldbe diveried would notbe
[niermittont cluleing ls gometimes praciised
- m2nwadi flows are ess than the divarsion requirement.
2 sodiment ejecior givas np prolection agalner the
sinoad™ which evestually is deposited in tha felds.

czarser fraction—heavy sands and pravel carried in

wer jzverof flow—rweill alsq erniler the readreach of
2 should be removed by incorporating lined
asin: and sill cjectors a shoel distance down-
h[‘.‘id wiarks,

znt sluicing, tha raguirad siui:c fow should

o ona-half the canal flow, with the upstream
Irzomoweircrastlevels It may not e possible (o set the
atalevelwhichizideal forsedimeniexclusionat
rowady Dews if excessive cost of the diversion
viided and operational procedarssmay have
22 maninled instead, tooreduce the sediment intake
g the shoo peak Nows:

{5 grds u_-f'"s"'u..,l. he curvature eflocis of the sluice
oo velocities should not be (oo low, hense
soifow 5h-:u|dr.s: bz togiarge, Thzsillizvelsof the
arczenerally setaboutC.6m ol Ombelow the
nezznal head regulator,
iama Doveloomand authority of Lhu YA has
Cyegrs ) fhe
eofspalzimigationsschamesin
W adi Rima. Due 1o e sloping weir and
RraoWediRima, the Dowin:
zily tpseneds "1 haH r'*y..-|=-[:ur is consigerably higher
Proaves ag, intensity lorthe wadi, Thizconcenization

githe ae:i““ at and brash wwards the head.
iz Iikely 1o become blocked wilk

(=
':n

the forobey

Ly

Sedimient
fancsnirallon o

VAR

Probativie of
piven discharge
bemg exereded

Probability

(pprm)

1,620 5.5
2.2 585
23en 152 212
3380 151 e
3,500 TEn 2SR
< 200 5.4 PR
&,300 a0 2.5
a,1e0 g 72
1400 28 3.4
600 23 0.1
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higherthanmihzwadi Asthe 5,_‘ dgpfer bR bpclatgelal

in mc head reach of the canal will be much :-:53
wadibrrauseofis Nauersiope, '-r'}'ﬂ'l_DCIS'.['.L.""!CI.rE'E-;l:S._'
secdiment will occur in the hm.u redch and considerabiz

excavaiion wili be fraguenty required unless corractive
Mmaasures ars 1aken
The TDA suprcestiorns for medification of

signs, inorder pallevialesomaoltheir Oan

ameme

futoce de-

.--..;r:abi:n'.;

H

head wallzabove the szour sluize pares should he

omitted to imprave tne throughput of sediment and

Lrazh;

i, overlow Lype, falling leaf gates, hinged along Lhe
ficer, should beinstalisd inthe scour sluice, with top
lzvetolthe gatesatweircrestievel, Thiswill 2nahlz
sediment and irash to flow over tha paies during
higher flows:

B tashrackswithsuisblodicarance devices shouid be
inslalled in fronvof e main canal head repulion

tv. alinedsciling basin sheold be provided in the head
zach of the main canal;

V. thet L:lcpz.n:hehza-ir:u’n:. thecanal .-"r:':u.ci';\:
ircrzassdic .1..'ni£ ve velocit

vi, Bsedimentejecior should be p"wmr-r* al tha and.af
the 5='!‘1|'1; bazin;

vil. areiecdonspiflweyvicdeaiwitheoxoessivedischurges
tnipthe l"l-.hJ' cang! should be provided,

will, -1ke scovrimg sluice and welr should be tinod with

.-;...."E.‘. 54] T"‘ZZIL."‘l 'i‘.: al "f‘Si"‘ D". farg M e

wadi 15 in sr*n.le a
Ougiuations in the daily wadi Dows whigh

TCCOsHIUNIS

gesigning canals for a vening discharge rather than the
mora usual steady Low slates. The canal u:si;r- s

Spaterrigeiion
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L ihan those ind

wertha srdon rj-":r‘

zrownionsused far I:""'"'I""‘ai !
inly from Indiz and Pukiswn, wihere scdimen

srelionswers hought o be nimilar, lh:shmprcv:u
- arreotas sediment congenyations inthe wadis of
Howzzioen drabian pemmsularare much largerthan

s= zarered for in canal design on Lhe sub-continent at
> TOA now prefers to use the Simaons and Alberson

,f.'-r'ﬁ.':- a3 their cquations are D 'HL-:E‘. Cn a maore
~eomznsive range of Dield dawsand covera wide '-';ri-
tloacs someolwhich, inTDA sapin

feavy sedimeniconcenirationscamicd h'.
v projels,
38 :r-.:qutr.:u-'.'rq]k*':iccfctlsii“.gsc"-‘" irrigation ca-
apether with knowledpe of their sediment concen-
15, bed sicpes and informution about scour of silia-

Unrowvide & eseful insight inte Neture design, Sueh

heen carried outon the Mo '"IS-U"'-‘-'}q van-
as adesign

{1he Wadi Zabid Project, which b
Jsoc, shownin Taple 3.

Cathebisise f hiskindoldata, the TDA considarsthal
oy siopes should be designed for 75 percent ol the
capaziiy but olowing adequote section for Tult dis-
Thavestima ¢ this witl gensrate velogities of

cofl2dm

le that
g -rzoin predicr than that by the Simons and Al-
reon mothod, Some acceplabie s.ousmay oecur al peak
.;arashur-... ne, but the zamziswilihave E"e..{’*r
""1ng capacily during the prow coominant 1o

;‘ll'nl'n:nl:] lLJD"'lC'lLl: si ign thz bed slope [or 73
aarmu seems very saf2, 45 O 'hr

: dapgut? phr:crt.,. thz 1.'1‘1-’
Tho oeleam ......Lrﬂ of canzl bed slope is probably th
Rl .-r.,“r-f-':r-'dﬂs-_;n:ac orthat -rf‘. r"fn"‘me'mcn
costal and its & as The eatentlo
whisch vanal &l W;*c_j.fm ron...lu a] ground slopes wiil
ormane the magrnitude of the cartha orks and the size
and nemaer sfihewater control siructures, [fsieepercansal

tha 1-------I Falut B

agl oLk,
Tharemodeiling of the raditianal canzls in the middle
soachofthe Wadi Zabid arcaprovides semeuselul indica-

1775 for futere design, The bed slopes of e raditional

-l Backpround Papers: fnternationat ]

o a Moy

cvedsomesortofrooime avar

gt ] e e TR
e meinod o SIYLIsion, ars

ganaly;
the wears thal accueded » ith
shownin Table 2 zin s, A channebwhict

m-yaarstability iocansiderad 1o b" nre

ESEOTAT VO

'tn

I,

Tahle 3 Bed Sjopes of (id Canals, Wadi Eabr‘ X ‘-.R

Cangl nlavimur Capacity Average bed
imis) {m/m;
slumsery 40 1R
Rzyvan g0 3.7
Bagr 4 3.7
Gerhaz 50 3.9
Mawi 30 <8

The Wadi Zubid o adelled with 2 bed
widihwatar depihraid o“:'ﬁ']: i ar-:f cdsiopesranging
.frc:-m*:.DCm.n-:}L.{l’JU:.S'=u1 ays farsedimentexclusion
ars provided ac the headworks of these Canas butaro nal
very elficientas the sills arenot doepenoughin relution 1o
the sills of the head regulators and the g2ometry of the
forchay and sluice channel is unsatisfactory, Sedimeni
cisction works were not provided, Heavy depesitiantook
o lace inihese canals ufter the first vear of operation. Regu-
lar excavation of the head reaches is required to keap the
intakes funcloning and sediment has o be remayed
the firs: 2 1o 3 kms of the canais almost 3"1'1u‘lll\' The
cansls in their middle ar.ﬂ] swer regches arg modifying
mc:rcrcss-seczmnsand auginingsemnemeasurs ol ch.ihb.-
riwm with bed slopes of 1 '“-.. motraskm. Allthe indics-
r3are that mauch siasper bed slopes arg necessary und
hisvery imparant issue requires furthercarcful sludy and
consideration,

103 fmarovemontais | Seid syciems
I was suggested carlicr thatdiscribulioa cang

clsand zentea!

slruciurss o improve ihe ficld trripaton system should he

carricd outiniliadly inarcasthalarea L]c.cg O LWO CLODS.
1:1 grder to Keep the cost of Lhese s :c:mu'u-} works wilhin
rezsonable limils, it was alse sug ; ted that cacn nlel

slructurs SHC”.]'I r!’]:’ units 2 af o

minordisteihut m*s andslrucic r\.s'wo.ldh: ahoulleor2m
gilt ._I‘II“.-,H."'.?T

Jsezcapacity sothatthe farmunitcouid baimi
artwa,

Oin some spate schemes Lha Lim

Ljor. nis been aver- astimated and

yoooross Lie camal soothat Ihe
:.rr:l..! alitheir noads are mel, Thoss

23izn for spate condr-

'llL"‘"I:hElﬁ Lhd\ Cj
arihe indications of inadaguats g2
1_[-' ne.

Cross coatral strestares inshe minor distributarizs ané
Neld inletsirucivres shouid bo h:'.':-L 2 simple a8 posaiole.
Smail drop structures contoiled with stop logs af large
gated pipes about 1 mto 1.5 m diameter, could beaperaie
by groups of farmersiftheirbasic method of irripation had
nothaen »e.rm.l cmuch, Farmerswill wishiocentinuzlo
divert the whote Now of the miner distributary in e and

[



-
ol 255l -ir.: cf:n'.""w:‘ invalvethem inwater distriu-
| A-griad . Thus, miner cenals of the arde: roflin
- | oomesaalh ::1.-::5_a=r'- netd inlzts o impatz atout 301c 50
v meeti theirrequirsments The figlc-lo-
- b, S -~;.":;ia.-? seimproved oy addiional conts!
- - =z amiimprovementin lhester fiotd irrigation by
. i
_. 5 ; e from inception as
£ i Lha J:’;‘igalllﬁﬂ sysiem. Thess roads ére
- ankmentsand surfac thgrevelandiing
= |he wadi, A rclights communicalions ho
T 13 23zEnU :' for good spate irvigation *r.:—:agﬂm ent
- in of iz much shorer lime available for aling
. T s¢ and radios ars reguired 1o COORE! fizid
=SELI it azch other and with supervisars sl The
g | - -~ _ri-ation network must be dependabis and mustibe
EE 5 ._-.:-_..'*."q--;ndwa.x agcondition, The systemshould
2 diz :o*xrmr.;uumstg all imporant diversion
- it ot Lon Si2E plus n-::c ], unils ingzlied in rh*
Shiy ficnance personnel
= h a"s“ 1on a.P.m:c-r-.: dquarisrs.
-
Conjunctive useaf groundwatsr and spai?
Tarcambliadibse of groundwaler anc spais irrigation is
1 _-= discussed buslinle pracussdat Prﬂse. Inthz Abyan
— E - PDAY,outofaspate area of some 20 000 ha, less

ric] Z-'_ roopset Both sources. [n Wvadi Tuben the area of

- c-- unzlive use is larger but still ond Iy raprIsents a very
:mu!l pareentage of Lhe. spate arce. Does such a sysiem

T mysntho use of scarce waler resourtes? Theansweris
- -- —iame Lywiilceraintyingreasebenets perunit ol fland.
Trzusent l:l"""l water sources mustbecarefully consigered
Thel wadiareas, where the probability of spata i
b | gaLion ._u.,.,vautilﬂ"-"mcn 1o 30 percent, wouid be
— nolztor dwaterdevelopment, providedinerewas
smiahlod ': In such arcas the design of the tubewell
. i etk e M 1tinto the 2xisting spale sysiam with
_ 3 .~ mains and hydran:s buried in the fieid bunds.
= intions fur the design and operation o {such
- workad out and the crapping paliem
” anring and design of spate
—— i £ ave been :.:'n:D""I.Ii':":f'
| pngerzslimasion ':rf maximum feod i the design
3 concEpl
_ Z inadeguaiz provision for sediment sac lnsion and 2jec-
tcanal headworks,
- Z msufeient provision of wtal diversion capacity from
\he wadi and neglect of investment in downsiream
* <+a35 which hava a reduced probakility of spate irri-
= - ;:;:::‘.
~ L ndersstimation of canzl bed slopes and sediment
-

rafispocl Cagacily)
nadayguale 855255
im‘;a:mn inlets
derstanding of
fiows and Lhe
imigationchanneiasthe wavs

the wad

3 F‘lperaﬂun and maintenance of spate irTigason

il i

3 ﬂ.""‘.'ZII ynde rs:an:;i.rl* ' ]c“a1 L!'Elf_'I:,Jl.‘b.i and walz
nghisin r;hll,':r L the nesw opsrating rales;

= sediman: and rash exciusion, ejection and rovaling

clearance;
& rganisation and stall;
= finance and recovery of wate '-::h'g':s.

ke avoidance of dispuies after impiemenuilion, Lhe
misuse” of waler Sy upstream useesand, INS0ME L b
furrners i downSicaam Arean, TeQUires & Very Tick
standing and appreciation of the traditional witer f
and pperati ng arranpements at the plaaning swage. The
reeammended scheme should give carsful cons: {1"’"!:"r'
1o the sovial :-'n-ﬂh.auc..a any improvements in the
\em and traditional concepis shauld not bediscarded wi lr
pul very good | -su Geation of a)! aspests of davelopmeant.
Fa-mersatlheailendof the radizional sche messhouldnot
be deprived of what linierights they had o water withow
some compensation and withoul good reasen, such as
cotimisztion of benefli per cnibof wassr.

The effecis of s2dim en' concenwations in un.ﬂ [low
on the operation of spate 3.,-1-'11‘55 is mantgned above,
1 h:s: p'ob]tmsk,r he aliaviated by improved desizn but

they cannoibes mnurcdp logether, The cost of mainic-
nznce con only be reduced o what may be considsred an
accepiable level.

The sstablishmentofan O and Morganisauon wittine
necessary piani, squipment, U-D*‘Lﬂﬂos and wilh trained
gialf to run iielf E\..sxuj;._;,.ai vl .ng:r lT-.;" anticis
pated. Senior O and M stalfs hpuld b*‘ senton exchangs
vigiis 1o nearby countries whare spait & h cm,r
ated. Inmany developing countrizs O and ! 4 will nest

Inesda

relizble sour emmrmgﬁ.:u.rﬁn cylokespihs machinesin’

oparation. O and Mmancalsars srepared by thz cansull-
anie for their project. These shauld be revigwed annuaily
and smended as the need arises
The anaual O and M cost of spale imigall

shsuid notbe snuirely dependant
sralrevenue. Ttisusually the fu
financial consraini. & pract .
gnd instituled forrecovening L"m cost pref
well -5_-|b1.s ked procedurss, Involveme
Associations or groups of fwmers in o EJ.HD' M shoul

£
=]
3
=
¥
T

g bhe

En-:ourahhd.

12, Organizationand management

Theinstrument fordeveiop nmentofspateschemasnect not
pe so different in p,sm.upi: [rom d'sat required by olher
major projecis; butingroer treliave helcad on the Chicf

Spatelrripaiion
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dhiz Depuly of coordinatingithe tiforls s'“'hc-
= Loious desasiments, it may be werthwiile 1o consider
- samsing he developmenl agency oo a Moncilonal basis
iZT '.!*..";n by dlscipling, ¥ish agricuiiy
-
-
- e | Sy e e d Lo 4 1¢
N ksl L,-\-E.--..-. ducguuit l-.l_.'l'lﬁ i ..'\.-j-{” o
= wansiilibes,
- . Concepts for improvements inspate system
cuing und management
s yppraach Lo spatg irrigacion and wadi development s
i in prder o stmuloe discassian on coonscmic
: I.,‘" E “'QP‘HI'\-"lIQ'
—_— zsont day spale schemes are mersly imprevements

smes as spate irigation has been ;-rnc.md for thau-
9 s of years or the alluvial coasta! piains of (he suth-

Aniam Peninsulas, This [agt should nat be over-
yolemsal diversionhave beon developed bY
m::.:'.m.c aver tho centuerics, 10 ulilize
Ssurce 10 thamaximum,

Gavelapnenl concepis
4 hg mast imporiant issees 1o b decided during
Sihe foasibiiity study i5 the appropriate develop-
sepl Lo be adopled for improving the tradizional
w2 irrigalion svsicm. Should adam ws ﬁ SLOrAECTOsEr-
: ic consirucizd or a spaie breaker and series of diver-
~n siruziuras ar one of more diversion weirs with wadl
v and bank prolection works?
T.—.:S“c 0, 16s r~'1|\,n] and economizaspecisal thealier-
should bereviewed duringtha praliminary
e for oplimal

maln

- Gbiveconceps
omnEsak .-h::' should mc;udnau: paliy
<» ol surface and groundwaler, within a waier B}:.|"J"-£“‘,LU
o overailagniculivral product u".v:: unitofwaer
canonne erms for the benalty of oll the fanmers
i v walor rights arca,
Thswillentngich ':JI"'C.:CD"""‘E""IU‘IEJ"""'EIprUiS.., 1Tl
Soagn cificionzics, optimal spate application deptn Tor
[ dian and extensive versus inlensive use of

| Sumie questions that arise immediasly are:

gup 1o benzfit {rom the invest
5 .L.l_hny"r_

fienvesimenlin g

o RareEss
.x.”* W

gy s
L fazililies

zsbiould &

sde (o oltzin tne bestreloen pﬂ'

~hestimeansofspreading Lhe :-c"c islone
m Lhe total waterresource withinan overs

ol wenier hzzl:mc-:’.’

':;.'.n H:urr.r*- lo be usad for improved consorvas

o lotal waler resource?

I conjunstive use of spale and groundwater .:m"-

sthevaiue of the apriculural producticn perun:

Cechnical Background Papers: Internansnall

ol wale:” and
=1 it ohasing of the img
:.1.*"""]'1*"'=ral Nas
na second florimprovements in I.'1“ i3

wWark, '

wergont \n_-n_".:;

]I.'}"'v'-;‘x diw

.-'||- Hirustgres

Wisnolpossiblainacanomic leorms IO cantrolit

maximum Nood, Thus diversion wairs sH:J
ranztheadworks, sedememtercinder sluices and sadimen,
canwal worksonone i el dAn "|“:;,".;:'-.L. qantwilivin Tuss

bund onthe other Dank.

A weli-developed traditzonal
mighihave, perhaps. 20 or 30 or mor
canais olllnking from ¢ 1
improved Lo provide h-:“"r contre] of spate flows then it
fmay b ngcessury Lo Consrucisome S o S diversinn sl
sarestoreplace the 2010 33 radivcral effinkes mihe wudi,

Eachdiversion would command an arep with adiflar

ni prabability of irrigation, As the prebabiiity af irrigs
ton reduces from head o it of the wadi on unalysis is

ho wadl,

nocessary o delgrminc an SonoImiC cul- I poviny for
impravemants in water controb and diversiar.
The cut-off point, howeser or wheraver devinel, -.-.-'II

generally notbe acceptad bvy the farmersandiney EETTHE!
conitnee toreconsoust theirraditional wuraalr- *!-H B
wadi, if no improvements are camied oul
imdicalion thal enginsers should alwaysbe
and means of providing betier patz coms
rud.u;"d lavel af investment in diversion and disir 1
worksinthe middleand lawerreaches of the watdito manch
Lh* Lower retwrmns from thesa arcas
In sny evenl the increment] benefils
ment slnsm..,lmc:rmﬂ schomes are gon
the constrains of a ':-'T'"ﬁ.. \'-L-L..l.'l'”" iz
capacity ufﬂ“‘ soiland 1""!"‘DL 2onc. Tnthe fower reach
of the wadi the iower prababitiies t:-f irmigalion r"f'v
furither the already limited incrementatbencitond coll It
unconventional salutions if we are to help farmers L2 e
prove wateT control
Toc [rstdiversion work ot L':'u*:
hoveaweirwilhadesicnzapagits forthe 1in20 yearfloo
Therange of Ci 'c-rs.mnsl:.:,l,.lru,adow..:- 3 \nnu.'d'"'
weirs with doesion capacities of shomer ol L'" ol
reflecting accepiance of an increasing degres
reduced ievels of investment Lo match the towerd
Firrtgation I'L"m down the wndl
Thus, [or cxampie, the lust twe div
wres might l1_.. a relatively short gabice weir with ¢
breaching bBund cepable of withsianding 2 fNoadan Lite
lower wadl, with a return perind of, say, 3 veass.
Much marsdateolisclion. raszarchand modal 1256,

STale )

& aeoking wiys

Butalamu

atinlt

f.:m imprave-
ity limited by
(Ve l-||- ﬂnrnnl_t\_—l

head ol the wadi cot!d

Sha
. |
i

roliability o
TOUUTOS.

Aty
T
P
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31En ELrLa-

"['._-.'In o

ase4s 10 be dene on sedimant conlral at
headworks.

Diversion structuras should
sedimentexclusion. The gaamerry atlhe canalhe
should provide 2 converging curved _.p'*.'
the scomcnt sleiceway, which should have a capacity ol
about /3o 12 thatalthe full suppl ydischargzclthecanal
beadrzgulater, Thediversion wa irshould be posilinnedat
the upstream cnd of the guide picr and the hank proleciion

Tl




AF beexieadad cpsucam 10 p.‘e'-f'cn'. &Ny pro-

Zoeaad untuyva 'I,1|:'I\..ﬂp-| ":I:L..l.l

: wairsisiikelyiobe
'.:-it}pr::cen: "'haf LS, e net Consump-
v abaout c...:ua.r{! af

-, i‘_ 1 q'wrr-qfl.

1 narg .gbrom{ivra*r

olis - wadi bed s2epage and canal losses.

_oonrel! waler nalanze woold allow somewhal

>eunl ¢ shetrzoiion than for schemas with
fficinocies,

S ek 0 B I T ]

)

P 4

g aeplicalion dent
anplication depsh for 2 singie rrigation
ropeaf400 mm netstored in theseil, This
a5 the fizld 1o field sysizm of imigation
£ s0il5in spate arzas

- pram ey
A ) sl

onndosimuch asthe overace

:D"-’J._.L.._ ionandal :.r;:\.rﬂ:.,afurspam
wiler recharge

chemes, with snsu_'lw designed
ot appear 1o oplimize the valee of

v
WWELET

reslpnsive r-pau: ko :ach-n withthe
i panal losses going (o proundwater

wiier and groundwater on the
is10be deprecated asitwilinotcptimize
s-enit af watar, Spate walzs could be used
vears ontuhawelllarme forleaching purposes
sve soil texture,

T'Q-

velopment

: croziooment concepi lends itself (o a phased pro-
> for implamantation. The first pﬂas: could pro-
Zrsion mj:@nu:lafsnﬂ'-eﬂawsanicelmrirrjga-

-=:ionzsiothe existing canal sysiemsinquantitiesthat

zrmers hava been agenstamed Lo handiing.
canzl offizkes should te
z growps of farmers respensible Tor each
ihey have demeonstrated thal théy can
v without difficulty, Sut undar general
ihesiry concermad, Whenthese farm-
o4 compiete conflidznce in the improved
cinthenextphase shouid be planned incigse

- .

of the newy

5 . ase would improve dismibeuon and

h '-A“"': neceasary, anthe vaditonal canals, Inths

-=ozwhizhzre able 1o grow more than one crop, the field

D22 svsiem eould be changed to a system of small

- isisariesdelivering supplies tosach field or atleastio
smalisg ;.—h- Jpinge of felds than at pressnl

':'E-ﬁ#"_'r';.E.T:.H'E.'QW"
rc:-. minoe "‘ll.l: at |u:ms, ='.*

‘“H_Dl’

mare r-.;:-,,.u.,nalc and wo! :5'“:,1\"‘: comt .-u.:i-'_-_
cal ipvolvement in tha axza unal ali systoms wars anens
ing properly.

Above 80 percant of ihe Lol comman
receive only oo Ircigation par yoar of i2ss and
menis wosks o deliver waterby minar canais tc f
willnotbe justfied. Inordertoke c;:u.r.: :omfar Finges
menis 1o secondary works within rezsocnable lunits,
economicaliy scceptable size of srrigation unil hag o
docided and thizraises! .L.qr‘*r*n whalis amanngonh
guan:ity of spatz water for a small growp of farmers fo
hardle, using radidonal methods, but with some inizr-
fieldirrigation improvements? The larges: fow wouldhe
abgut 2 m¥/s delivered from a single inlet struviurs. This
flaw could imigale ebout 40 heclares n oo Goy or e,
depending on the variation of the [low,

- B L

el b—r-':'l WMol

11,82 Water righizand aperaiing procedires
Improvemeant works as outlined above wil bein keeping
with rradilional water rights and operaling prov:
The improvement will be in control of spate fows.

Ti‘:us,[hacn"mam“ eascony "]l"d 1::.':15‘r iz
bulipn sIrucre
vided in the first “hasz could ‘-.an r rom ,:h '.r 1
hectares, whilz inthz second p'lﬂ:.b. h*uctr,ohu-r.- Aile i
and the structures would supply units of about 40 hectares,
G'D..lpsmfta:m r5could then continps to hove a large par
1o olay with the management and diswibution of water 19
their fields in both phases,

The farmers' cominued involvemant in operation anid
mainterance is absoiutaly essential

Spatelrrigation
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Appendix 2

T ORCLOGY

INTRODUCTION

S

5% There ace only three raingauges inm or near the catchment of Shesb and
none for Wadi Laba, Unfortumazely, daily reinfall dats for ths Sheeb scations
unchrzinsbls, and the available monthly rainfall data, although covering

che previous 23 yearg, ends in about 1933.

g 4t the time of the Formulation Mission, according te The Department of
“ater Resourcez (DWE), ne flow gauges nad ever operated onm the wadis
contributing flows to the Project areas. Thus, in the Formulatlion RepoTt mean
annual Slows were estimated on the basis of the isghyetal map in Working
= and assumed run-off ceefficients. ‘Estimates of freguency

“ow on this basis ars given inm Working Paper II. HowevsX,

i the meantime inscalled 2 Tecording scream gaugs on Wadi Lsba, just

of the proposec diversion structure, and decalls of cthe firsc

vations from this are cdlscussed below,

FLOOD ESTIMATION

i Again, at the time oI rhe Formula<ion Mission, there had beesn no
sravious flood studies in, or relevant to, the Eastern Lowlands, and other
that mentioned balow, no records of any historic floods in the Project

zrzzs, The only relevant data on floods were of a reglonal neture, given in
“z=igus reporzs on Ethiopian and Southern Arabian rivers, inmcluding the
Hzlcrow reports on Wadis Jizan and Dhamad in Saudi 4rsbia and Wadi Surdud ino
Ysmen, =nd those by Binnie, also on wadis in Yemen.

In the zbsence of any hydromesesorclogical dars for tha catchments of the
~vcisct areas, the choice ¢f methods for flood estimation was limited. There

5

-2 = 71U =T £ et =T i w4 -—mir i zae which hes bas snoliied £ : 2 =] g
-2 z number of standard empirical formulse wnich have Desn 2pplled LT similas
s in such areas, including the Ryves' formula and Creager's

ch treat maximum floods primarily as & function of the catchment
Rl

1.l=

s method was developed inm south India for 'areas mear hi
ormula provides an envelops of world floods, The modified B
computing the maximum

Ll g2nd other

cerministic method may also be used I

eguires a subjective assessmentc o

\-"' 1]
serameters such as the run-oif coefficient.

5. Bowever, the magnitude of the maximum fleod, iz ot
crizicel To the design of spate iversion works, &s iz no intention of
iesignd the works to withscand this. The reguirement is to know the

tivelv short return periocé In order to sslect ths

Q



[}

Meazn Annuel Floed (miys) = 3,27 Cabl® ggriw

i Binnie =&l

Beturn Period Growch Tacztor
(years) (>mean antusl Zlood)

Ln
p—2
L

-2
]
[P]
i

B. As the Binnie formula is the most relevant for the project catchments
this was used for estimating floods at the proposad diversion sites.

g, The preoject area at Shesd receives spate flows from three distiner
the

whlcn

tones: the main source, Wad! Lzba: Mai Ule, =z gagsraze wadi
north?; end cthroughk a oumber of minor wadis o the norzh of

o derived the following growsh factors #

I Tloed formuls

further

bt

1ol

inflow

EpP2ar to contribuce anly a small proporcien of the total
into a depressicn lmmedistesly o the west of the irrigsted zrea.

10, The project area at Wadi Labka receives most of itz inflow from char
wadi, zlthouch the commend arez of Ghadim Halib an the left bank of Wadi Labkz
also receives a ceontribution from other minor wadls {see Figure 4 in Workine
Paper 1.

11. The carccnment charseseristies of the project srezs, down to the assumed
position of the Iirst diwversion on each wadi, are given in Table 1 wnich alsa
Enows the estimated flooads from Bionise's formulz,

S
H Bimmie and : Feasipiiity Szudy Zfor Long Term Wadi

=

Behabilization, Seuthern Yemen: Finzl Reporz 1888,
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Hean anrual floecd w' /8 =18 3l0
3 wear flood o/ 240 465
10 wear flood w/s 153 £80
20 year Zlood mi= 500 033
30 vear Ifloeod w5 T4 1 420

HISTORIC FLOODS

125 For comparisen with the estimated floeds inm Table 1, the Fermulation
Mizslon iavestigated an histerie flood which was reported to have cccurred in

Wadi Laba in about 1970. According o membsrs of the Baite this was the

largest flood ir living memory, and the Mission was shown ths kigh flood level

2T & point in the wadi just upstream of the site of the proposed céiversion
g

WOTHSS,

13, Thne gross sscotion of the wadi szt this peint, and &t 2 point scme 100 m
snEsTream, was surveved snd ths cross sections plotted, The discharce was then
computed using = computer programme for sclving the Manning squation;

= 1701 s g e
gischarge in m'/s
= cross. sectional zres of flow Inm

where

o 0
I

~- gross sactional ares of Ilow divided
wetted persimeter of flow, inm
5§ = slope. of channel

(w]
bt
it
-y
[14]

@ o iz a dimensiorless coefficient which depends on the roughness ol the

15, Yan c& Chow gilves the wvalue of n ned
meterizi and condition, from which the feol for

the cross section surveysd at Wadi Laba:

2 ibout halfway betwsen the proposed site of the diversion works and che
recently instcalled stream gauge.
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=5 Bank irregularities for the cross section concermed are 70T significant,
sazuss The racio of bank to wetted perimeter igs small, and =so the
ceme=Ihurion —o overall @ would also be small, say 0.002. Thus the range of

would ba O.0&0 to 0,072

for a bed width of 68 m, a bed slope of
ne computed discharge, §, at the depch at the
ire, was 481 m'/s for n = D.040, and 281 m/s

lv the selection of a walue for n is critical and rsauires soms
Trom Table 1 above it ean be seen thet & £ of 48l m/s is
s flood of escimated return period about 15 to 17 years, and 2
ie eguivzlent to & flood of estimaced raturn ariod about
Conversely, if the historic fleood was assumed to have & TeIuln

20 years {ie Q - 300 /51, n would have a value of 0.40.

UCE ON WADI LaBa AND 1904 SEASON FLOODS

-]
o

k=l
e
=1
1

new pauge on Wadi Laba during the 1984 flood
snown in Figures 1-3, The provisional

g bpe coniirmed, &8

who wara

the gauge. ars net vet satisfled That the

seen. there was a large flood on 22 July whigh swept the
I -
fnit

away’ and as & result

i+ is not known whether the record shows the peak stag

ngducer swept awsy belore the peak was reachaed
cime he provisional rating curve is tzken as being

coz-=ct and zero oo the hEyg sph corresponds o £.0C on The rating curve,
—v:¢ Flpad hed veachad a magnitude of sbouz 450 w/s by the time the rezerding

; ; , ; S 2
vpper estimated magnituds (48l /sy of

shzv the flpod ssTimates above ars ol the

: mis flood incidentally slso ceused considerabls loss of irrigabls land
1

appears to have been diverted over the land oy the

iy Sheebh, as 1t

permanent diversion structure recencly bullt by Moa.

L

S -, -y sy
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o NBECE their datum could be in error by
1% wauld kave been censiderably more than
unlikely Decause €l WEE

and compared It with taat measured fer thg
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take more chan a visit of & day or so
ggenrial that flood studies be carried
the pre-construction phass of the project. The recent work of NRCE
zusz= be compered witzh the information Zfrom the 1270 fleod, and ths cross
re-surveyed —o pick up the nmew high water marks. ot this respect My
Yohannes of Mo& knows the exact location of the sectlons surveyec.

which wac considsr
m the assumptions regarc

1994

4
1

¢ zlsp cezused extensive loss of agricultural land because

diverted by tne MoA structure,
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ag; == toere iz,

tructures which can be

will no doubtT De

sTEusTUTes. The

3 ELTUCTUres on thoss

b3 air snt by stockpiling, at oz

s-- ==z si=sz, the full reguirement of locally availsble materials, such &s
sem: z-2 send, and signifying cheir agresment to providing the agreed
e Whers there is pe such support frow Farmers. no

. e == vhe grzucte

- =z men-ipned, the abjective of Imprevements To the exlecing spate
ms is —o eanance the annual probability of irrigation over the

command, thHus inereasing the srea irrigated on average each

ih

es proposed under the Project are semi-permansnt only

[

-==_.: =7 =he breaching bund), in vears of average floods cthe structuras
- - the same wavy 2f a permanent welr, and volumes diverted and arsas
in the same propoctions. Thus while present
estimared a+ around 35%, 2 conssrvative "with
i Laba and Mei Ule, and 60% for

= 7 summarizes the hydrolegiczl Zfeatures of the Froject arsas and
‘2z 2= sstimats of the mean annual runoff welume in each of the areas.
~owe =he Mission estimates of the areas presently under command from

wacis being comsidersd, Tabls 6 ehows an estimate of the average
ztad anmually without FProject, and, &s =2 =Tesult o improved

, with Project.
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Table &, Esnmare of Averaes Ares Irppsted Annually Witk apd Without Proisz:
Sheeh
Wad: Labka Toul
S cmne Kras Pt Wadi Laba Ma: Ule

Withou: With

Without  With  Withow!  With  Withowr YWith

£ 3Z.8 9.25 37.5 B985
Zaves i3 63 35 63 as A
=gt 30 44 3 a0 25 5
5 = 20 a0 50 50 a0 50
el Imrzanan Efficiency (G 15 20 15 20 i3 i
Laeey=s 3 550 3550 3550 3 E50
+reszp= Gross Ireigavion Reguirsment I3 66T ITTH) 2387 IV TS0 27308 o7
—smmand Ares {hald 2385 640 [ 845 4670

= 4r2z Imipated Annually ¢ha) T8l 1 934 13k 34 =80 1121 L 40D 417
rrrzantre-of Command Area i3 8t 21 53 36 a5 3 73
tyen - F153 - 204 - GE0 - 2.7

Toe diversion efficiznsy is the percentzge of the annual spate flows that can be diveried for irrigation, the

rematnder being wadi sespage losses end flows passing dirough the sediment sluiceway and over the spill weir o

Cownsiream users or w the sca,

Th= overall spate irrigadon efficiency is the convevance/distribution efficisncy muluplied by the fisld application

sffiziency, averaped for the whole area commanded by the diversion headworks.

Sverage Sross spale ITTIEAUOD TEQUITEMEND is e average net irrization requiremsnt dividsd by the overall
irrigation effiziency.
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Cropping Intensity (%) 183
=3 Two levels of effective zainfall were considered in estimating the net
cTrigezicn regulrement, based on

the pecurrance in the Project areas of the mesn monthly reinfail;

an

swpected To be excesdsd
ig much less than the mean

the "dependanle" r=infall,
shout Zour years out of Ii

l_h_gnt1or IﬂUL_:EmPW* based an the latter repressnts the

iz used in sizing cznzls and struccures, For th
irrigehle zrea however the met Irrigation regui

nean ctive rainfall is considered, From Appendixz 3, this
£ Te oe abou: 3 350 o'/hafannum,

E 2=z can be seen from Table &, the tetal incrsment in izrigable area ino
! "with Project" Is estimated to be just over & 000 ha nec; chs

£it from the proposed infrastructursl improvements would therefore
= the zpzzl crop production oo this area.

VI, ARPBANCEMENTE FOR IMPLEMEKTATION QFERATION AND MATRTENARCE

et will be executed by MeA, which will estabiish, under the

he Head of its ?rorramming and Flanning Deparcment, & Froject

as that will comprise the Heads of all departments comncerned,
ths i be programming, budgeting, supervision and
21l Project eccivizies., Impilementacion of the component for

ne wilt be under the direcs controel and supervision

the Soil and Warer uowcsfva:ior gud Irzigation Division of Mci,

:af:ea aﬁd
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& EASTERK LOWLANDE WADI DEVELOZHMENT BROJIECT
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- SPATE IRRIGATION SCEEME:
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&
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. A.. Storage Dams
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- 3 Sheeh Diversion Weir Design
l. Headwater and Tailwater Rating Curves
_ 2. High Fleood Level and Freshoard
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i <. Determination of Deptns of Scour and Protection Works
2. Stilling Basin Design
N 6. Design of Weir for Sub-surface Flew
Z. Cansl Head Requlatar
- 0. Sediment Control Arrangements
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Design Tarnles for Simons and Albersson Tvpe 1 Canal

Design Table for Simong ahd Albertson Tvpse 2 Canal

Design Table for Simons and Albertson Tvme 3 Canal

=is £ Degigqn Tabls for Simons and Albertson Tvoe 4 Canal
Tw=ls I3 Desion Table for Simons and Albertson Tyvpe 5 Canal
FIGURES
=—== Wrz =1 Tvpical fleood hvdrogzaph for Wadi Leba showing increased
flow welume diverted.
fSoEE ERp T3 Shesk Spate Irrigation Scheme — Diversion Headworks -
Ztage/Discharge Relationship
sTo=s WEE -3 melationship betwesn B and g for different walues of s511%
facter “E
toe=s WEI =4 Downsirean protectier works and launching zpron
Fioo=a WEZ Flow over Weir — Dimsnsicns and g cls uses in energy
balance eguation
Tizoss WP -8 Batis of tailwater depth to D for Basin Tvee T
siorre WPEL= T Length of hvdraulic Hump on horizeontal floor for USER
Basins Type I, IT and ITT
TiToss WEi o= B Chart for determining Exit Gradients
I_ToTs WEL = B Troposad Diverslipn Welr for Sheskb Spats Irrigaticn Scheme -
Preliminary Cross Sacticn
Sioume R - 1f Diagram showing flow net under a weir and distributicn of
oplift pressure
TiTuize WBE — I Recommended proportions far 8 USBR Tyoe IT Basin
ToToss WEZ = 12 Model Headworks Studies - Uniwvaersity of Southamoton, UE,
e
fogure - Wodo— 13 General arrandgsments of propesed Shesbh
worLks.
T s i 14 putline of Shaeh sediment exeludsr slyice - Tongizudinal
section.
Tozuzs WBd o~ 15 putline of Shaoaph pane’ haoad — Tongitudinal

ssotian.
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STATE BF ERTTREI
9 ELSTERN TOWLAKDE WaADI DEVELOPMENT PROJECT
. FORMULATION REPORT
% Working Pamer TT
: SPATE IRRIGATION SCEEME:
DESIGH PHILOSOPHEY AND CALCULATIONES FOR DIVERZION WORES
-
& Es CONCEPTS FOR IHMPROVEMENT OF TRADITIONAT, SFATE EYSTIEME
2 svstems have been developsd by Iarmers cover the cemturles, to
cnssrve —heir wital water rescurces to the maximem. One ol the
N T nt  is=ues to be decided during thes initiel phase of the
= “ity study is the appropriate development concept To be adoptsd Iox
9 - i he traditionzl spate irrigation system. Should & dam with storags
=25 = constructed or & spatse breakser and series of diversion structurss
: - s more diversisn weirs with wadi training and bank protection works?
- E: smcial, technical and economic aspeacts of The alternative concepts
B reviewed during the preliminary appraisal. Tnese should include
o TS == for optimal use of surface and groundwater, within a rsslistic
and £ nable water balance, to maximizs overall agricultural production per
= 2o water and in econcomic te=rms for the bensfit of all the Zarmers within
Thg water rights aresd,
cholices concerning overall project Iirrigation
- ate application depth fer a single irrigatlion, and
intenzive use of land. Some guestions that arise immedlately
. * which is the target group to bensiit from ths investments and why was
it chogen?
* =rz should the investment in lrrigstion facilitiss be made to obtaln
2 —he best return per unit of water?
B ’ iz the best means of spreading ths bensfits to be dsrived Irem ths
e 1 wWatTer resource within ah overall water halanca?
_ * what methods are to be used for improved congervarion of the total
watsr rasource?
‘ . - ] a - = r ] £l = 1
* will monjunciive uss of spate and groundwatsr cptimize the valus of the
e agricultural producticn per unit of watex? and
= . is phasing of the improvement works to ke advocated? (The first phase
fonr wadi diversion works and the second for improvemsnts in the
— distribution network.)
- A. Storags Dams
- 3 ~“he poscible constructien of & storage raservalr on the wadl would
srzvids a costly, though technicelly attractive, means of regulating the
- v variable spate flows of short duration with wery sharp peaks, Into an
3 = perenial irrigaticn supply. Ths heavy £ilt lead cazrisd By the Zloods
i . nowever, cause a rapid loss of ressrvisr storage et & rats ir the ordor
== : psrcent per annum. Ground water recharge would also be severely reduced.
[ ]
z The large storage dams would command relatively smell aress and involve
- = capital investment wper hacteres, in additisn To the oost of the
= sutiesn system, Also the cperation and meintenance of the perennial
- supply system would require 2 complete change in traditicnal irrigaticn
=rd acriculturel practices; and could l=ac to intensive rather than extensive
L
-

E




zz =% Zand, when in fact water not land is the limiting resource.

roegervoir silted up, largs flood flows would begin to overtop the
== s sre freguently and the wadi Izrigation systsm would graduslly ravers
x diversien. The construction of 2 storadgs dam is
in the downstream areas of the wadi of thslr Iormsr
p no#ﬂfer eratic it may have been,

B. Spate Ereakers

iz 2 =mall dam with & raservelr capacity which would
Tes with high peak Ileows that would otherwise wash away
: earthern bunds of the traditional systems. These large
sc27= flzws would be immediately routed through the spats breaker and the

d he drawn down in 2 to 4 days, preferably befors the shsuing

fortunately, sSpate breakers, basides besing wvery costly, have & very
life than a stocrage *ese“vmir, dus to rapid =zedimentation. This
the smaller storage capaci t}, the low ratic of storage volume to
1 flow wvolume, and the high sediment loads. A proposed spate
Thola on wadi Eabid in Yomen was sstimated in 1971 te have an
fz of 5 toc 10 years and was therefore net implemented.

2. ahemss for Spate Diversion with Biver Training
and Eank Protsction Works

Ter resources of the Eritrean wadis fall into threes fairly well
== gqoriss:
= base flow and minor spates;
A spate flows;
5402 groundwater.

flow and minor spates are generﬁlLV sufficient to provide two
usually The first rateon of sor ~ghum or fepla"thg rith maize,
=711

5 to 30 percent of the traditionally Lrv'gatEu arsgas With lmproved
~rrizaicn methods this arsa could increase to about 30 to 40 percent.

By

flows provids lFr

gation for just over one crop on  ahbout &3
thea hra_ltlonally r =1

igated area, but cnly with & variable dsgras

-

rtually no groundwater sbstracted for irrigation in the sp
Shesb and Wadi Labka. In are=as where groundwatsr is
ing intensity is generally about two crops mar year.

s ; view of concepts Ior improving traditional spate schemes MUsST be

_ned the zssessment of water resources and the optimsl water balance.
the total water resource must be assessed for each eptlon o
the total water rasource is being used to the best advantags for
izhir <ha water rights arsa of the whole wadi and within =
2 water balancse.

nes, wasre waeter 15 an absolutely vitel comodity, improvemsnis
] i

= = have a spﬂ---'--'I gsignificerce in stabilizing - altura
= gensrally p—Fv;nu the well being of the pscple in thess
gstick for hne selecticn ol & spate improvement schems sheould
cption which gives ths most eF:echlue atilizaticen of the total

vielding the highest valus of production per anit of watsr at

If this were considered & suitable yardstick thehr, with the degrese of

-
=




Wiorkno Faoer TT

Dage 3

of irrigaticon of the traditional command areas reducing from the
;Gwer araas of =The wadi s=ystem, so alsc will ths scale aof

pe reduc=d. Thus & concrete welr ancd headworks

¥ might be jus:i:ind at the nhead cof the wadi,
s earth buné zould he Justifiaed at the lower end.
rapresenting reduced levels of investment and *nc*;asing

_=Ve to be designed te match the lower degrees of relizkility
=5 er dcwh the wadil, giving lower returzns.

z “hsre must be farmer participation in the work if costis are to be
e anZ thus the designs cf low-cost diversion works for the lowsr ceaches
e wadi must be capable of constructicn by groups of farmsrs with some

lzkbour,and with the minimum of technicel supercvision.

preliminary estimates of water availahility at diversicn sites,
alveis of typical flood hydrographs indicate that vel umPﬂ diverted
_rrigated can be censiderably increased by installing some
small spiliway capacity in the traditional earthen diversion bund

‘gurs WPZ - 1 shows an assumed but typicel hydrograph of a floed with

2 .ro pericd of 5 te 10 wears that could ceoour in Wadi Laba. II the
e improved diversion works were provided, comprising & 33 m'/s canal
==ad gulator, a sediment excluder sluice and a permanent diversion

the indications are that the flow volume diverted could be doubled

TE, In order to caloulate the improved diversion ratic with a higher degres
=Z acrcuracy, the following dats and site information would be reguired:
* The neadwater and tallwater stags discharge curves Ifor the wadi with

~he traditicnal diversion:
r

* age dischargs curve at the hesd of the traditicnal primary
iocn channel and the stage (lewel) at whick it will bresk Lack o
i or de savere damage toc the agricultural lands;
» The headwater and tailwster rating curves with the improved divarsion
headworks, (ses assumed stage/cdischarge relationship shown at Filours
Wed = 29
* A 3 1 1 | 3 e 7 H 1 B e
* E series of actuel floed hyd-ographs of various estimeted return
oaricds or an agresd typicel s=pate hydrograph for the wadi;

Howawver, it cen be confidently predicted that an improved headworks,
igned in the manner cutlined in this Werking Papsr II, would at least
double the flow diverzion capability at ths site.

II. DESIGH OF SPATE DIVERSTON WORES

A. Generel Beculraments for Soete Diversion Works
he reguirements for improved spate irrigaticn diverszion works are a
gediment esxsluder sluiceway and a2 cansl hs=ad regulater. The
ion ciftake should be set at an angle to the sluiceway for 1t to
effzctively. The probler iz one cf diverting the low flows and

ing &= much as possl le of the wadis bed load matsrial through the
‘-n structure, thareby reducing the cost of its remcwval from Tis canais,

Fy It is not possible in economic tesrms teo provide diversion wsirs fer
spate irrigation schemes which will control the probable maximum ficod. Thus

Led




should have the canal head regulstor end sediment sxoluder
lank and a breachakbls bund on ths other Ilank.

= The design of the weir entails the determination of the headwater and
—z: water rating curves, intensitiesz of discharge, differentisl heads, high

Sloof lsvels, fres-board anbd top levels of ths fusinles dike.
tilling bagin level and dimensiens of the energy dissipator and
es, including the depth of cut-ofifs and length of Ilexikle aprons,
be determinsd and designed against ucplift pressure and exit
A safe exit gradient calsulated according teo Enhosla should be
and protection against scour should be provided according To Lacey.

ne following caleuleticons are intended as & worked exanple only and ars
indicative at this stage, i.e. they must bs repeated at the detailed

sTage after checking all paramstars.

Z. Sheek Diversiocn Welr Design

Ir the case of the proposed Shesh welr design, & tentstive estimats of
lsed with a 50 year return period could be of the order cf 800 w’/s. Ths
diversicn reguirement will be about 33 m'fs to irrigate about 1,700
on the right bank, and 10 m'/s for 500 hectares on the left bank, for
T cah maturs on Spate irrigation. Clearly, the diversion welr must
ed with a breachable bund and & design flood discharge of 300 m'/s,
return pericd of about 6 years, ls recommended. The weir would be
metres londg; Lif it was mads mucsh longsr it would encroach to too
sxTent onh the weterway reguired, when the bund breaches, to pass a
gay 350 oumecsz, having a return periocd of about 290 years.

F The ipncremental benefit will arise IfIrom better control and diversion of
= medium floods and allowing the larger flcod flows to pass virtually
;2d, 1in the same way as traditional schemes do, but withesut rsgular

iversion weirs are censTtracted in wadis to raise the flood fiows to =

=2 that will enable the dasign full supply discharges to ke diverted through
== canal head regulator before the flood overtops the <rsst o the weir.

weir crest level needs only be raised slightlvy sbhove The avsrage
level for command purposes, but far =fficient sluicing of the bed
- lgw flows it needs to be &t lesast 1.5 m ahove average wadi bed lawel.
neight is not always ideal for sediment discharge at high wadi flows,
may not bhe possible to set it very much higher if excessive costs aof
dissipation on the diversion weir are to bhe avolded.

2T the proposed Shesb diversion site, the preliminary design can be
rassd con the folliowing levels taken from the site survey plan:

- Lowest wadi bed level = 32.0 m.
- svarage wadi bed level = 39.5 m.

levetion of the invert (floor level) of the sediment sexcludar
12y should ke set at thes average wadl bad level or apout 0.20 m above
the low fiow channel, i.es.szhout 25.3 m.

< s ne =2ill level of ths canal head regulator (CEE) should be set about
51 azove the invert of the sediment slulceway, i.e. at about 40.0 m and
Es level of the weir should be s=t at absut 1.3 m abovs the sill levsl
s nal head regulator, i.e. at 41.3 m.

s The walr will Dbs an ungated tructure designed for permesakle

foundations. The crest of the weir should be designed with a slight slcps

=
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lengtn with the £all towards the CHR and slulceway, To assist L
ine the spproach chamnel in Zront of the headworks, and in =learin

b s o
wens depasited downstream of the sluice. The weir crest level at ths
—ment te the breachable bund should be set at 41.6 m, giving the
lo;e gf 1 in 200.

o Zssuming that a design flood discharge of 300 n'/s with a return period
2 y years, is adosted for Shesk diversion works, Dassd ohi & peak
nal £low of 32 cumegs, & peak ssdiment E_LluE flow of 20 cumecs
weir discharge of 300 cumecs, then the design intensity of Ilow
weir should be kept fairly low and restricted to 3 to 5 m'/s per
will allew for a larger dischargs to safely pass over the walr

breachabls bund is erocding. Adopting a design intensity ef 5.0
length of mascnry/concrete weir of 60 m would be reguired, ass uming
icient of discharge of 1.7, and & fleood riss above the crest oI about

ol

dwetsr and Tailwater Rating Curves

will be important to establish a good hsadwater and tailwater rating
;udiqg an assumed retrogrsssed downstrsam wadl bed level of about I

ipw flows.

stage/discharge relationship and the headwater and tail water rating
be determined by the faollowing procsdurss anc computations:

iy The srocs sectisnal sreas and the wetted perimeters are measured
for several stagss of Ilow.

(2] The hydraulic mean depth R = A/T can then celculatsd Icr each
staga.
L3 ) The average flow velocity in the wadi is ther calculated for each

stage, based on Manning's formula:
v o= 1/n o+ BUES w giel

where ‘n'is the Manning roughness coefficient and ‘&' is the bsd
slope.

Yalues of Manning's 'n’ are based on expsrisnce and empirical
dats. V.T.Chow has proposed a useful method of assessing 'nof
He breaks down 'n' into & number of fastors vc'athg Ta the
material invelved (n,}, degree of irregularity {(n,}, variations of
channel cross saction (n,), zaelative effect of obstructions {n.},
vegetaticn (n,) and degres of meandering (m:). These affscis are
considered independently, then:
:r*.=|f;_:,-i-n-:-'r‘.~+:f1-'-r~:|r"1.=

Tahle WP2 — 1 gives suggsstad values for thess Iactors.
P The velocitiss and ths d;tha“gﬁ” (G = B*V)] ere then calculated
and a s:agefﬂ scha*ue relationshic or tailwatsr rating curve can
=

headwater rat curve Sah now be de
gir formula, for a mssonrcy and cancrete

L™

0 = Diszherge in cumecs

L = Length of the welr in metres and

E = Total enegry head above crest in metres

=
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i Eowaver, in crder 1o relats the hsadwater curvs To the failwater fating
- —-z —ne crast level of the weir muast Iirst e detarmined, as indicatsd
z-=v=, i.=z. Ior Sheeb it will ba 41.3 m.

- ir aporoximation of The tailwatsr rating curve ati the propeosed diversich
ks Eno ne

¢ indicated in Takle WEZ - Z which alsa gives the headwater and
1 well as the canal, sluice and wair flows for wadl
T 700 cumeeos.

i

seliminary headwater and tallwatsr rating curvas are shown at
- 2 including an assumed retrogressed downstream wadi bed level of

zzzut Z.0 m arcund the exit of the sediment sluics.

z ZigH Flozod Lievel ang Freebogard

- The abutment walls should have a freechoard of 1.0 m above the 20 year
flood level, and the afflux far the 50 year flocod shoula be checked

the design top level of the abutments. A preliminary estimate of the

=l of the abutment walls is about EL. 45.0 m, ses Figure WP2 - 2. This
= checked for Sleod flows of 536 and 796 cumecs with the bhreaching bund
ramoved.

The breachahle bund should =slcpe from the top of tThe abutment betwesn
ir and ths breachable bund (Z21. 44.3 m) down to the upstream design
Zloed lavel (43.3 m). I+ sheould be made from the wadi bed materizl.
nad material shonld be selscted for the length of bund rising from the

high flood level and any coarser material avellable, such as gravsl,
¢ and poulders should be used in the length adjscining the zbutment o
£ i The upstream slope of the bund, generally, should be at 1 in 3 and

slope at 1 in 2 with a top width of about 2 m maximum of

Dezorminaticn of Depths of Scour and Protection Works

. The zbutment betwsen the weir and the hreachakble bund must be protected
st deptns ©f scour in acceordance with Lacey's formula:

(5]

Bo= L.35rgi/EyY?

=

scour in metres;

= Discharge in cubilc metresz per sscond per metIs Iun

= Lacey's silt factor = 1.76 y 1

= The averace particle size of the boundary material in the wadl hed
cr channel, in mm.

C-a L0
[
13
X
T
't
= o
0
Ik

Aa Lacey's silt factocr for different bed matariasls is given in Table WFZ -
2 aud the relation between R and g for differsnt values of silt factar I are
ip Figure WP2 = 3.

by a grading anslysis o apaut

ial taken from the diversion sits.

a
.
s}
rt
:
5
s ]
o
o

[SIN S

D, tccording to Lacey, the scour can be gatsgorised in four classss as

W=
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Reocommendes Sccocur Depchs

Clags & Straight reach 1.25%
Clas= B Moderats Dend 1.50%
Class C Sevare pend 1.75®
Clazs D Bight angled bend 2.00%

ne fcllowing assumptions and calcoculaticns will indizats how the design
and necessary protecticn, regulred Zor the abutment betwessn the
breachable bund, may be determined Ifor a floed with a retarno

=2 £l WEdTE.

g, = 536 / 110 = 4.B7 m'/s per metre.

I = 4.75 for medium gravel (for heavy gravel *f¢ = 0.0 and far
coulders ‘I = 12.0); an analysis of 2 large sample cf the bed
ial &t the site is regquired te check the silt factor '£'. Then
aepth R = 2.31 m.
g5ign scour 4epth should be taken ez 2R = 4.682 m bslaow ths
mated high flood level of akbeout 43.3 m.
slevation of the design scour depth = 43.3 - 4.62 = El. 38.68 m.

fvundation level of thes aputment wall to be set At tos of
ream outoli.
ion af tos of eutoff of the weir = 1.25R below tzilwater lewvel
the design flood;
hen for @ = 3.0 cumecs/mand £ = 4.72, R = 2.35 m.
ilwater lavel at 328 cumecs | + sluice} could be about 1. 41.7
The tailwater rating curve hes not vet been determined. Thersiors
e of cutoff should be at:

41.7 — 1.25R = 41.7 — 2.%4 = EL. 3B.76 m.

= {}

toe of cutofi and the foundation level af abutment wall are very
z_ocEe gnd can both bo s=t at 38.

LI
3

cut off depths upstream and downstrean af the welr are determined
n to the calculated depth of scour (R) given by the Lacey sguation

=

the design of the cut-oiis it will be sufficient to take them down
of scour egqual To "RY on the upstrsam sids and 1.258 downstream.

Tocr the proposed Sheeb diversion weir the reguired cut off depths ars
LDelow for a critical range of fiood flows and assuming that the silt

-

I" = 4.75 at this site.

]
‘s Welis UfE WL | DJE WL TE b 1.25R I8 D/5
k T low olanar clard’
| Cumecss ElL.m. Ei.m. [T ) e El.m. El.m.
o 3 4 5 £ =33 E=i-%
d | 290 43 .3 41.6 2.4 3.0d 40,9 3g. 8
dJ ] S2t 44.0 s b el 3.8 0.9 8.7
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i *or the design of Zlexible sprons upstream and downstiream of the welir,
zth of scour So bs guarded against should be 1.5R and ZR respestively
= lgeal concentrations of flow. These scour depths are messured below
sod levels to whiech they apply. If the upstream cut off is taken down
(E1l. 29.7 m] the depth of =cour will be guarded against and nc
retection mey be necessary upstream. Howsver, this must be checksed
<he 1 in 20 vear fleood of about 530 cumess. The breachine pund will
topped and the breach will ke ueV=laD_ﬁq -~ deapening and
upstrsam flood level could be ahout EL. .0 m. Assuming a
wead on the spillweir of (d4.0 — 41.3) = 2.7 m, the intensity of
Z:zcharge over the weir will be g, = 7.54 m'/s/m,. Based on thase assunptlions,

i owill be discha*ging abcut (7.54 * 50) = 452 cumecs and abaut 100
will be passing th cugh the breaching bund. For this case the raguirsd
i

s

1 would be ngsd to be at E1, [&4.0 - (1.5 = 3.1}] = El. 3%.3 m.
downstream scour depths at the diversion weir are shown in

for the design high flood lawvel, assuming the Lacsy silt
at the selected diversicn zite.

= b
I
5 g Weir D u/s WL /8 WL - kR Z.0%% c/is |
) Scour H
1 = fogta) T El.m ElL. W s T ElL.w l|
. z 3 4 i = ; 7 Bed-h
3313 aad 43,1 E 4i.2 2.3 3.6 4. E 32,7 I, E

pon an l:fErbEu filter 5cJacen: to hhe end gnrl, and -then by e
ron, see Figurs W2l - 4.

= launching aprans are provided to prevent the scour hole moving too
he cut off wall and the downstream Zloor of the structure and thus
it to be undermined. It is essential that ths stone teo be ussd in ths
g apron should be large enough to remain in plagse during the pesk
On the basis of experiments, the U.S. Bureau of Rsclamation has

sz-oonmendad the following rslationship betwesn the welocity of flow and the
T=zn diameter of the stone:

Ve = 4.%15 id]

wWhars

flow in m/sec, and

Va = average velocity
5] stonse in metreas.

d = mean diameter oi th

I Fh

CEES The above sguation holds good for stones with a specifiic gravicy of
. L., most stones.

3T Generally it ils assumed that the stones launch at a slope ol IV to ZH.
Tne length of the flexible apron should be at least 1.5 times the depth ol
zzcour below the downstream flcor levsl. Assuming the downstzeam floor ITor
Zhsst spillweir is ss=t at sbout E1. 3%.0 m, then the langth cf downstrsam
=i ble apron should be 1.5=(32.0 - 3E.H} = 3.2 m.

The thickness of the apron should bz 2 times the mean diameter of the
the meximum average wvelocity Va downstresam of the weir could he
/s, then the mean diametsr of the stone d = (.26 metrss. Adopt
nean diameter 0.30 metres and & minimum thickness of apron should be

EI

. Sfilligs Basip Design

illing basin are reguired below hydraulis structurss such as weirs,
excluder sluices, canal head regulatorsz and other canal eonirol
& ito reduce high velocity flows toc & wveloceclty which will not causs

=
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ive erosion of ths natural Tiver bhed or Zownstrsam channel. Fithout
3 f updermining ef structurss and
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iliing basin with a horizental floor oi approplate length for a

i1 o
it

Jump is a very efficient means of dissiwpating energy. An estimats
spth of Ilow, the velscity of flow and the Frouds number le :equireu
B The sTilling pasin. This is done by cerrying osut an SnSrgy balanc
the Top of thne weilr, where flow conditicns are governed by the weir
. and the and the: downstream tce of the weir, neglecting the lossss
rictian and turbulence between the two sacticsns. The snergy balance
] iz expreszzed as follows:

D+ 3+ (V/2g)° = D, + (V./20)°

B0 The above dimsnsions and symbols are shown diagramaticzlly on Figure

o The left gids of the energy bhalance eguation can be determined since all
1ns parameters are kneown, but the right side ¢f the sguation has to be solved
sTsratively; =since 0. .and V, ere interdependent.

The depth of Ilow and the velocecity 2t the botiom of the weir slops
ue_ermlned, the the Froude number at the downstream toe of the weir
leulated from the following eguaticn:

P, = V.

TR

Froude npumber is a dimensichless perametsrz and the ratio of
ez to gravity forces. When it is unitiy, the water is flowing at
apth and thus a hydraulic jump cannct form.

practical desi gt. cf snergy dissipatsrs is bassd on hvdraceliz
but becauss of the use of va r'mus haffles and other tvpes of

f the

ocks to stabilize the hvdraulic jump and shorten the length
ign of stilling basins ies done empirically using the =
=5

farsnce ig the Hvdraulic Design cof Stilling Beszins and E

= 2rs, lished by the USBR in 1983. The recompmendations and sti
c=zins proposed in this refsrence ars summarized below.
Sasin Tyme: 1

I'hies has & plain horizontal besin on whick the hydraunlic Jums can

form.  There sr-s no chute or bafile blocks, but a small end =ill is

same:Lmes provided. Ths formation of the jump on the stilling basin is
governed by the following sguation:

D= 0.5{[L + (8 % E™ -1)

e guatisn iz chown graphicellyv on Figure WP2 - 5, which may be
s2ed as an altarnative to the aguation.

Zeving alrsady determinsd 0. and 7., the conjugate dapthk i flow
downstrean of the jump, I,, can now be calculated. This tailwater depth
Zo the hydraulic jump will only ocour if the water lavel in ths channel
downstream of the stilling basin, which is governsd by the downstosanm
sectisns and conditions, is at a higher level than B,. If this is nos
The cass, then the stilling basin floor level must be lowersd end the
cazloulations repsated until satisfactory cenditions ares achisvrsd.
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Wner & satisfaceoyy jump has besn determinsd, tThe graDis civen oo
) vaz WPZ — T can be used to calculate the length of the jump. Ther
length of the sti ng bagin may be Taksn as the lengin of the jump
2c decmryined above multizlied By 1.2, to allow s factor ocf safstv.
Szzin Tybe 2
This tyvpe of basin is used on nigk spillways, large cansl strusturss,
BT for Froude rumbers above 4.5. The basin iz eguipped with chute
“locke and = dentated end =ill which allows a reducticn in ths bazin
lsngth of about 33% over Basin Type 1.
SE=>n Typa
ype iz ussd on small spillways, ocutlst works and small canal
~tires where the velooity at the upstream end of the basin does nat
d4 15 to 18 metres per second and ths Froude number iz aboves 4.3,
iump and stiliing basin length is reduced by about £0% owver Basin
] with chute bloszks, baffle piers and solid end sill.
2=zin Type 4

basin is used tc reduce sxcessive waves cresatad by imperiect jumps
ie chosen when —he Froude number is in the rangs 2.5 tc 4.5.

‘ad USBR Basin Type 1 incocrporating & sclid end sill 1=
r 211 thres wadis, because of the severe abrasion that 1is likely
«n the chute blocks and baffle piers, dus to gravel, shingle an
iv the bed load trevelling &t high velocity.

; caleulations are presented as a warked example and mIight
he propessd site at Shesh diversion welir:

sezign max. head oo welr = 2.0 m. = H

3= 1.7 % (23*" = 4.8l cumseos/m

vel. of approack = vV, = &.B1/2 = 2.4 m/sec.

It

.29 m. = H

vel. of approach hsad = (V,}7/ig

LY for weir plus

downstream of weir &t high flood level ([HF
s, (from Table WPZ - 2.1y, = 290 + 20 = 310

Taiiwatar lovel for © = 310 cumecs, Erom Takls WP2 - 2.2 iz =a
1.5 m. This is a very rough appreximaticn as a tall water T
s has hot been determined from wadl secticons downstIszeam o
cranosed weir site as described in section 2.3 above.

regrassion downstream oI weir of only 0.5 m, as +hs hreachacle
Aivorcion bund features, will allow movement of sediment past the
ccepmtire for flpod flows in excass of 33E cumscs, wihlch will tend €
rerlzce downstream bed scour and stabilize the bed.
Thersfcore, assuming & design tailwater level = E1. -
T “umps height 0; = 1.3+ h =3.0m,
—“hus, try fligor lavel of stilling basin at 41.0 - 3.0 = EL3B.0




Page 1.
£ =_ 2.3 m hbelow welr crest levsl
Czing The snergy halance eguatisn gliven abovs:
.o+ % (VW 2a= D 4 (V) 2g
2.0 4+ 3.3 +%0.28 = 5.59 = ¥ + (v.)Y2g
Ty b, = 0J5B m. Thus V. = 4.81/0.48 = 10.02 misec
.+ [W,)%f28 = D0.48 4+ 5.12 = 35.580, which is close encugh to I.5%.

Trom Figurs WP2 - 2.5, for Froudse Ho. = 4.

The jump height = D, = &.0 * D0, =

T

WL = ZE.0 + 2,88 = 40,88 % 41.0,. €
—han the unregressed TWL of 41.5 b

Aant 2tilling basin floor levael of EL. 38.0.

Zefavipg te Figure WPZ2 - 2.6, for the Tyvpe I basin, for a Frouds No.
Supiic g : v _
Ed s

4.83: the Yengthk of the stilling bagin L = 5.%83 = p, = 17 m.
2llowing for a safety facter, the reguired length would be 17.im * 1.2
= 2005 m.

soain, from Figure Wp2 - 2.8, for & Typa IT basin, for F,o= 4.862;
—ongtn of stilling basin L = 2.80 *# D, = 10.94 m.

Tor the present, adopt the Type I basin generally. The Type IT baszin

e

would ba subject to savere abrasion that is likely To geour to the
-nute plocks and denteted end s5ill due To gravel, shingle and boulders
in ths bed lpad, travelling at high wvelocity. Maintenance of the chuts
clocks and dentated end =ill would be difficult for the farmers.

w @

1

of Weir for Sub-surface Flow

loar Lendgth
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= total length of impervi
T

¥nzszlz"=s theory for safe exit gradient. h= critical condition for se e

=2z iz at crest level of the weir and tThere il= no
w for the proposed diversion weir at Sheeb the
: o tructurs may increase at the design high flood level. This
susT cheoked when the tailwater levels are determined, and Juarded sgainst

e z wertical out off wall must be provided at both the upstream and
<rsam ands of the impervicus flcor. The proposed flosr lsneoth and depth
I downstream out off must be checked for safe exit gradisht.

1 &t sach point under tThe Iloor. There iz a certzin resicdual up iit
and 8 ecertsin rate at which the head iz being lost, indicating a
gradient. The pressure gradisent at the exit pocint is galled the exit

The purpose ¢f the desigr Isngth of impersvious f1 is to restrict
radient below the critical walue so that the scil particles are not

4]



-- 3Z=, iz ziven ny the sguaticn:

I R |
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|
il

[1+ [1 +{bidy }""1/2

Ge = The sxit gradient which sheould not exceed tThe figuxzes
given in the Table below.

H = The head diffsrence across the structure in metres.
4 = The depth of the downstream cutoff in metres.
b = fThe length of the struzturs in metres.

2 ar 2 known velus of H, the upstreanm head, ths valuss of H/d and b/d can
-z determined and the exit gradient can be read off the graph at Figure WB2 —

¢ wiil bs obviaus after inspection of the above eguation that if d =
valus of Ge becomes infinity. Thus it is sssential that & vyertical cut
nould be provided at the downstream end of the flocr.

B To safeguard ageinst piping and undernining of the fleor, the exit
iant must not be allowed to exceed & certain safe limit fo differsnt

ac giver below. The skjective of the design is o keep the uplift

4] res as low as possibls, consistent with safety at ths exit, in erdsr tc
“==p the loor thickness to & minimum. Thus the downstream cut off depth and
&

an acceptable exit gradisnt determines the minimuem oversll length oI th
impervicous Iloor.

Type of Boil Saf= Exit Gradient
= R Yoaed
Il__ = e = —= —— —wl;?
Very Zine sand or slit /7 te 178
Medium & fins sand 1/8 to L/7
|
|
| Gravel k coaerse sand 1/5 te 146
Boulders, shingle & gravel 1/4 o 1/5
Very hard clay %o soit olay L2 Lodd3 ,

Hy

T L safe exit gradisnt at Sheeb diversicn site, which has a wadl bed ¢
boulders, cobhles, sningle, gravel and Coarss sand, would be:

T Thus,by trizl and error and refsrence teo the chart al F_gure WEZ - B,
the floor length and depth of downstream cut wif can be determined.

TE. When § = 2.3 m and Ge = 0.20; read off wvalue of b/id Ior givan values oI
B/d and Ge on Figurs WFI - 8.

[




cuteff Depth 4 Hid bia %
fm} _ i
— — l
L5 i 220 4.0 |
. 220 1,63 13.0 Z6.0
Z2:5 L.32 g0 2000
3.0 1.10 5.0 15,0
[ ) (.54 | A5 1253

& floor lengthk of 20 m and a downstream cut off of 2.5 m would provide

& =afe exit gradient, Ge = L1/5 = 0.20. Tha floocr length recguiraed icr
satisfactory energy dissipation and ths cut off regquired to protect against
scour depth must now be determined and checked for sxit gradient. The

upstream cut off provides an additional safety Zacter.

B How check for Lane's weighted creep ratic. Lane aznalysed a lards number
f structures on pervicus foundations and evclved Lans's Wsighted Cresp
h

1eory, where the welghted creep length (i) 1z given as

L, = 1 = ¥
5!

where
M i= the sum of all “he horizental contacts and all the sloping
contacts lesse than 45°
¥ iz the sum of all the wvertical centacts plus the sloping
contacte gresater than 43,
F2 Te epnsure safety against piping, (L] mu not be lesss than € * H.

i

whare £ iz the seepags pressure head, 1.s. ths dif
and dowmstream water levels, while € is an empiricel coefficisnt depsnding
the nature of the scil. Values of € - safe weighted creep ratios, for
differant kinds of soil are given in the table balow.

o

lLane’'s Creep Coefiicient

Material Safe welighted
cresp ratic vCn
Very fine sand cr silt B.5
Fins sand 7.0
Coarse sand 5.0
Gravel and sand 3.5 to 3.0
Bowlders, gravel and sand 2.5 g 3.0
Clayey soils TPt 16
B0, Chasking the cross-section cf the propossd divsrsion weir shown on Fig.

WeZ-2.
Sum of the wverticel creep lengths V= 2 + 2 + 1.8 + 2 = 7.8 .
Sum of the heorizantal ¢reen lensths N o= 30.0 .
Total creep length 1. =¥ + 8/3 = 7.8 + 30.0/3

Differential head aczoss the welr at the design
b=fors ths breachatble bund is cut would be (Ed)

4
ol
crance betwesen the upstrsan
iy
b




= 8.8

-1
(hu)
]
1

reighted creep coeflicient C L./Bd = 17.
hesd moross Ths Weir with rco flow aver The welr,put wizh
weir ocrast level and no flow downstream would be e s

17.8/3.3 =

1}

condifion C

5 LB

rs, gravel and sand 27

0¥ for both cases. A check must b= carried out after an analysis

ced macterial at the propossd diversion 81Te.

Tressures and Floor Thickness

-

chickn 1888 af tne Iloor is
b
waTer upstream. mhc determination of the uplif

caleulated on the basis of uplift
ich iz caused by sespage bensath the hydraulic structurs, due to
ft pressucs at the

gtructure iz possibls by several methods, Four of which are:

oy raﬂn* cal method,

Usinc Lans's weightsd creep theory.

Distributing the head loss linsarly down ithe upsTrean outoff;

Letw=en the toes of the upstrean and downstresam Cut offs, and up
—he dewnstream cutcfs To ths downstrean had level, and

rhosla's method of independent variables.

method is the best of these, but it 1= a very oo rlex theory
f palculations. Khosla's curves have reduced thiﬁ werk, but
je diffieult to understand. Lane’s toeory and Method (4iii)
and reculres very slementary caleulations, wr-ﬁr can be
sing a graphical method.

ng to Lane's theory the uplift prosssure atbt any point on the
n be computed from the formula:

Px =B [1 - L./Tu]
~s=rs Px = Uplift pressure on the foundation at point X, in fset of
waTar.
& = Head of watsr on the bass in f=et.
1, = Lane's wslighted cresp length, calculated as focllows:
L= 1/3NH + ¥V
whare N is the sum of all the no"lzon,a; eantacts along the
tase and all the sloping csntacts -&B than 45* and V is
the sum of 211 the wvertical contacts Diuc eloging caoantact
greater than 45%.
L = We;gbbed cresp length up to polnt X.

pressures ars usually
a weir, wnere there is little depth of water up
The critical cases oooSur:

wnan —he upstrsam watsr ‘eval iz at

greatest &t the uUpstrean end o the
stream of the

¢ weir crest levsl no flow over

“he welr and the stilling bas g dry; anm
&t design dasign meximum fleed flows, Just belore ths breachskls
~upad is ovaertcpped

&z the most :rit*cal secticn is at The tae of the weir slope, th
~21 secticns along the stilling baa;n should he checked so Th
'aa;h flosr thickness can be progressively reduced as the uplil
E For rigerous analysis, the shape af ths nydraulic jumo
ed, acoording to the shapL prﬂf;;ég given in USBR E¥ No I

1&
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2 famtor pi saefety (FoS) against uplift pressurss, uging Msthod

the weir at

Tz-al creep length = Z.3 + 30 + 3 = 353.2 m.

Sie length to A = 2.3 4+ 4.0 = &.3 m. gr = 6.3/35.3 = C.178

A length to B = 2.3 + 2.0 = 11l.3 m. gr = 11.2/35.53 = §0.320

CE length to € = 2.2 + 14.0 = 16,3 m. gr = 16.3/35.3 = D.462

cx length to 0= 2.3 + 18.5 = 20.8 m. gr = 20.8/25.3 = 0.5B3

Bl lsngth to E = 2.3 + 24.0 = 26.3 m. gr = 26.3/35.3 = 0.745

! length te F = 2.3 + 2%.2 = 31.5 m. gr = 31.5/35.3 = {.BSZ

Je=rn the distribution of uplift pressures along the base of the welr has

uplift pressures and the resisting weights may be
selscted critical peints. Using the symbols given in Figure Wk
factor of safety against uplift may be caleulated from the

iy
Il

TaE Wweight o
Upward p

Tos o= fd +t) = (d, * EY
[E: — {(H; = B;)* gr}ld,
e =g ]
d. = density concrete - 2.1 tonne/m’
d. = desns ity water - 1.0 tonne/m,
+ = thickness of stilling basin at selscted point
gr = gradient of the eguipctential liness, i.s. the nuxber of
sguipstential lines upstream of the selscted point divided
by the total number of sguipotential lines.
i,, H. and H, are the heads as shown on Flgure WeZ - 1o,
The thicknese of the base =lab is then adjusted to give a Iactor cf

gainst uplift of petween 1.1 and 1.3 depending on the degrse oI
- tc which the soils and other parameters ares Known.

(1 Chneck Fof against uplift when no fleow over the weir, but with
+the U/5 water at weir crest level.

FoS = j2.4 * 1.6} + (1l .+ QY = 3.84 = 3F.8B4d = 1.73
rZ.5 - §12.3 - G.5,¢ 1783714 [2.5 — DQ.2B]1.0 252
Thaeraefiore O
Point B
Tos = (2.4 # 2.0% 4+ (1.9 =* 0 = A8 = 4.8 = 1.13
[5.3 = (6.3 - 2.0)0.323]1.8 [5.3 - l.06)1.0 4.24
Thersfcre O

o
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s=Eimg Dager IT
= BoanT B
1 Tos = (2.4 x 2.0y 4 (1.0% 0y = 4.8 = 4.8 = 1i25
= (5.3 = #5133~ 2,010 4623]11.0 [5.3 - l.43]%1.0 3. 85
Thereicrs 0K.
- zrint D
Tc2 o= (2.4 % 1.6 + (1.6 Qy = .84 ___ F 3.B4 = 1.37
(4.9 — {(4.9 - 1.86)0.388}]1.0 [£.9 = 1.%471.0 2. Dbe
- Therefore OF
ToE o= oA w102 o4+ (1.0 % 0 = Z.EBE . o= _2.88 ='1.41
_ (4.5 = {{&.5 = 1.2)0.745}3]71.C [4.5 = 2.4611.0 2.04
Therefore 0
e Foine b
_ Tos s [Pol ok L) o (1.0 = Uy = 1.2 = _1.983 = 1.E5
[4.1 — {{(4.1 — D.B)0.852}]1.0 [4.1 - 2.%471.0 1.1¢
.. B E
_ 2] How check FoS against uplift when the design Iflgod is passing
over the weir, just befors the breachable bund is ovaertopped or
=i cit.
PEAnD A
52 Tog = g2.8 0+« 1.6) + (1.0 * 1.0) = 4,84 = AL B4 = L.16
[4.5 — (4.5 - 2.6)0.178}11.0 [4.5 - B.3411.0 £.16
Thersfors OR
b | Foint 8
= TaZ o= (2.4 % 2.0y + (1.0 *+ 0.48) = 5,28 = §,28 = (.92
(7.3 — {(7:3 - 2.48}0.32%11.0 [7.3 - 1.45)1.0 5.76
) | rnarefore unsafe. Incresse floor thickness te 3.0 m at peint B and
2 check again.
ToS = (Z.4 0+ 5.0y 4+ 1.0« C.4BY = T.68 = _7.88 = 1,14
T [E.3 — {(B.2 — 3.48)0.3211.0 [8.3 - 1,5431.0 E.76
B
P -
feint &
} | ToZ o= [2.4 v 2.0y o+ (l.0w 3.0) = 7.8 = 7.8 =i )iFh
2. 7.3 = I(7.3 - 5.0)0,462311.0 [7.3 - L.08]1.0 5.24
Tharefore CF.
2cine D
-
= =5 = 2.4 = 1.2y 4+ 1.0+ 4.2) = 7.08 = _7.08 =1.37
[6+5 = {[6.9 = 4.2 ]0:5693}1.0 (BB = lea5il« 5.15
WE
) | Peint E.
i Tos = 2.4 % 0.8} 4+ (1.0% 3.7) = 5.E2 = _5.82 = 1.30
[6.1 = {(6.1 = 3.7)0.745}]11.C .1 - 1,.7811.0 .31
_ z
o ¥ P el o]
Paf = 24 o® FoBY * 1.0 ¥ 3. 7] = 5.52 = 5.6 = 1.42
;| [6.1 — {{6.1 — 3.730.892}]1L.0 (6.1 —2.14)1.00  3.96
Thereicre 0K
==
| o, Capal Head Regulazoxr
o L B =
-
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-z =anzl nead reguleTor (CHERY should be designed to pass ths full
- = - with the upstream level at welr crest lewsl
— i Toz z-Zs- of magnitude of heed losses are likesly to be as follows:
- > ws=ir grest to upsirean o the CHR 0.15 m
=Z2. l=zssesz through ths CHR .30 m
Tz=zl heed losz from welr corest to FEL G.45 m
-— : Tzz zill level of the CHR should ke set about 1.3 m below the crest
2 This would provide about 1.15 m depth an the s111 which
- o keep the loss in head through thes rsgulator low, at the
& skimming weir effect which would divert the top layver of
— the intake bay whsn the ssdiment excluder sluics was 1o
Tor Snesh CER the siil level has been set provisionally at E1.40.0 m.
- iminary determinetion of the full supply discharge for the Sheesb
_ = imary canal, bhassd on anelyses of schsme watsr recuirements and
low duration, is given in Sectisn E3, as 33 m'/s
the canal head regulator full supply dischar-ge of 33 m'/s
_ nsions of the head rsach of the canal nas been detsrmined
= = 0 on Simons and Albertson design takle for Type I canal,
= TEETe-ERS iz indicates that a bed width of about 11.5 w and a walter depth
ey e et 1 will he reguired, for & bed slope of 1 irn 1416 and with sids
— Z between abutments of the canal head regulator should be mades
= rial to the bed width of the canal, To aveid fluming as far as
= O o provide the skimming weir effect with low wvelocities and
o with Ilow head loss, furing small wadi flows.
e supply discharge of 33.0 cumecs for
o == o 1,20 m, the width of free opening reguired will be:
- I = IF 07 e I BT o= EEGT ma
= #3 gate cpenings sach 3.0 m wide, with 4 piers sagh 0.75 m wide;
o= widtn between abuiments will ke 18.0 m
= - . & i 1 x ' 5 i 5 i
: canal head regulator will have to conform to similar design criteria
- - a&=d the stilling basin floor level should bs determipned feor Zull
= Zischargs under the focllowing conditions:
- . -
L] with the upstiream water level at welr crest level; and
iz hisY i the upstrean water lesvel at high flood level.
== may be critical and mey determine the sals downstrsam
the megulator.
Condition (11)
s - - Tz
2 = 33 cumecsy g = 33/15 = 2.2 cumsss/m.
Val. of approcach =V, = 2.2/3.3 = 0.67 misec.
il - - ) I
YVel. nead = (V)% 2g = 0,02 m.
izzume maximum sanal wster level = 2/3 % 1,15 m = 0.77 m akove 2111 of
-
L7
o
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- 45

1.70 m.approx. and assume height of end
try stiilling basin level at Q.77 - 1.7 -
w i1l level cf CHR, i.e. stilling basin lavel = 3§

z2i
n.

=

4

£

tz=- uzing the energy balance sguation, which is sxpressed as fsllows:

B. + 2 + (V./2ag)° D, + (V,/2g)°

Toso: Lo+ 1,33+ 0,02 =4.85 = DB+ (V.)}/Z2g

ther ¥, = Z.2/0.235 = 8.36 m/sec.
L2385 + 4.4 = 4,70

= 0.235)%% = £.1¢

fpr F = 6.16:
= 1.90 m.

40.77 minus stilling basin level of 3B.67= Z.1 m = jump

A

-

—=ngsh stilling basin Irom Figure WBZ - 7;
' for Type II hasin:

Ly

- = 4.2 %D, = 7.98 m
Yzw chneck for Sheeb CHR - Condition (i):

= I3 cumecs; g = 337153 = 2.2 cumecs/m.

trzom= manimum canal water level = 273 0+ 1.15 m = 0.77 m ghove gill of
IZF 2T Qo= 33 cumess, i.e. at FEI, 40.77 m.

2=z watsr depth = 1.70 m approx. and assume height of end sil
s==u= o,4 m, Thus, try stilling basin level at 40.77 - 1.77 - 0.4 =

szzin using the energy balance eguatian.

TmEDs 1,15 + 333 0+00.186 = 2.

[a4]

7= D+ (V)/ig

Trv D. = 0.33 m; then V. = 2.2/0.33 = .67 m/sec.

o.o= (V.)'2g = B.33 + 2,26 = 2,60. Cloaz enough.

f
]
Il
in
=
(4]

1
1
o
on
-1
183
o
r
Lay
Ly
st
|
28]
f
I

minus stilling basin level ol 38.67 = 2.1 m & Jumo

ZanzTh of stilling basin from Figure WP2 - 7;
Zcz F o= 3,71 fer Typs I - natural Jums:

18




= 5.7 * b, = .01 m.

T

Mow refer to Figurs WPZ = 1l:

|

Hzight of dentated sill hi, = g 2D, =02 1. 90 = D38 1,

Szicht of chute blocks = 0.3 m.
Width gf blocks = 0.3 m.
Spacing of blocks = 0.3 m.

‘4. The velocity at the end sill of the CHR must be checksd and should give
roude number af less than 0,35,

Mo

SIZ, AT the &nd =ill of Sheeb CHE the Froude Ko. at condition {(i1i) is 0.29.

3 = 1.16 misec.
= 1B

Vel., at end sill =

o jlad

1.5

12

[4a]

: = 0,29

4
{g = 1.58)%"

rroude No.

o[-

Therafaors OF.

he downstream wing walls, the tops of which shauld slope down, at about
., to the canal bed should be joined te the canal sectian by & bowl-
guadrant in anticipation of unaveidable kank scour.

canal head regulater =should be set at an angle to the sediment

=3 sluice for it to function efifectively. The angle is partly
eR= t on the particular Isatures eof the site and may wvary from about 30
Zz £0 degreesz. This angle and the gecmetry coi the approach channsl to the
et = orks may best bz determined by model studies if the magnitude of the
woirks warrants +the expsnditurs. as a guide, 40° sghould be generally
azceptalkls on many sites.
D, Eediment Contrcl Arrangements

1. InTrodaction

Flood irrigation systems have evolved, in some casss over centuries, to
water to be diverted from unpredictable fleshy flows carrying high
t concentraticns. The fesatures of traditional Intakss that enable them
ut thisz function successfully acs

L R Pl

| Ths diversion spurs or bunds ars out or prsached when the Ilows
entering cfftakes becoms excessive, and thus the very high sediment
concentraticns, carrisd by the larger flocd flows, -&ré€ mokt diverted te

cahals.

Z Canals have very sts=ep slopss, and thus a high sedimsnt Transporting
capacity.
E2| Thers are no permansnt siruectures in canals te pond or retard Zlows,

nad
thus minimising the possibility of ssdiment settling con the bed.

[}
(Le]
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5 Ee:i;us sedimsnt problems have been encountered mes Whers
=t raditiopnal intakes havse besn replaced with i and gated
= i inuaﬂeﬂ. Problisms include lo=s of oontrol over low flow channsls,
= lving from the inevitable rise in bed levels upstream from & permansnt
weoLT, and sxocessive canal sedimentaticn.

Traditicnal systems do not usually suffer from these prokblems. The

nment of diversicn spurs can be adjusted to follow changes in the lccaticn

flow zhannsl, and bed scour in large floods maintaing average ped

Canzl sedinsntation is minimised by the exclusion of high flowg and
ecp ctanal slopes.

intake structures described herein ars intended ©o retain thase
featurss. ﬁouever the intrcducticon cf m splillway sscticn to Lhe
enable farmers to divert water from higher river flows than in zhe
thesse higher -1ows carry higher ssadiment concentrations soms form
over both the size and the concentration of sediments admitted te
necsssary.

allowing section describes the aedimant contral structures that are

or sediment control

. The sediment concentrations that can be transported by a channsel raduce
= discharge is reduced, and alsc reduce as ths channsl slepe becomes
ks Tnus when a pFﬂﬁcrtlon o the flow in & wadi is diverted toc & canal,
ically both the discharge and the slops ars snaller than the wadi,
uction in ssdiment transporting capacity results in sediment settling

= zanal bed. If sediment loads are high, siltation will rapidly start
= luze the canal capacity. The cbhjective of sediment control iz to matcoh
E range and sediment concentration of the sediments that are admitted

analzs o that which the canal can u-ﬂnﬂdﬂrt+

Transporting capacity of & channel alsce cdepends stroncgly on sediment
For very fine sediments, the t*aﬂapcrtirg capacity in traditional
is. vary larue and silis and clavs are usuzlly transported through to
There is no need to contrel sediments in this =ize range, which
ragarded as a valuahle source cof fertiliser by fZarmers

(R I [

_%. [parse sediments, which zan be transparted at medium to large flows in
ne river, will depocsit in the nead reachs of canals, and should be axcluded

2 = intake. The =size of s=diment thet has ts be excluded depends on the
slcpes and discharges of the canal and some other factors, but in spate
zchnemss it is usually sufficient to exclude all sediments larger than coarse

Sediment control structures

The intake proposed for spate schemss includes a curved channel ssdiment
uder, The purpose of the excluder iz to divert the coarssst sedimsnis,
nich meve on or near the wadi bad, away Irom the cansl inteke.

_7. The performance of the sadiment excluder structure depends on koth
nt =izes and hydraulic conditions in the wadi. It can be predicted,
uT the technigues invclved ars somawnet too complax for inclusien here.

L I P )
i
I
¢

The excluder will only bes cperated during periods when the wadi
s the panal flow. Thus intakes will often be operated for consi
without sediment =sxelusion. Thers is also the possibilify
will not ocperate the excluder st Eigh flows, by not upe"_ng the
gate. Therefore some form of sscondary =ediment control is needed
% canal sedimentation iz to be minimised.

20
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- ejectors ussed in persmnial irrigaticn systiesfs are
memz : schemss as they reguirs water to be wasted Irom The

and would have control gates that would nssd T¢

~hat & simple ssdimsnt settling basin is pravided at the
+e canals. The purpose of the settiling hasin igbo trap
that pass through the intake, befars they settle in ths
rtling basirn can be constructed by wideninc and despening
= Smos point a littls dewnstrsam from the intakes, a distance of

= e o 1 widsh, where the turbulence introduced at the headworks
a2z Zs=cavsl, wauld have o desilted at intervals.

2 - a=vantage of & bacin, over the alternative of allowing sedimentation

: = tha- some deposition can be accommodated before the flaw
canal iz reduced. The sams quantity of sediment has To bs
canal in either case.

crmended thas settling basins are included at all Improved
: works. The leading dimensions of the basin ars determined by
-z which are too lenghty for inclusien in this Working Papsr.

in
Ly

Ze<:wor- guxcluder sluice

-z -riimzred above, the control of coarse sand, gravel and shinglis whilch

- . -2 v:gd in=s the canals py water diverted from the hesavy ssdiment
_s-== Zl--4 Zligws, iz a very important feature in the design and cperation of
: -=---v2Z spats irrigation headworks. The problem iz one of conducting as
=_=- 2z =wsssible gf the stream bed load material through the divsrsion

== .-z, trereby avoiding its expensive removal from the canal.

igation headworks sheuld therefiors Incorporate & socouring
weer the weir and the canal head regulatecr, which i1s designad
scouring action across the front of the regulator and to
n as possibls of the wadl bed load and schie of the coerser
iad in the lower layer of flood water being divertsd far
sluiceway will also assist the sleoping wair in maintaining
21 <o the canal head regulator.

formance of This type of ssdiment sxcladsr at spate divversion
waciz cen be considerably improved by designing the approach to
frake a2nd sediment sluice with a curved converging channel and
she weir at the upstream end of the guide pler. In addition e
“ur=s, any bank protection wall should be sextended upstream Lo
pronounced and unfaveurable approach flows from that sigde. Thess
che result of model studies at the Hydraulics Laboratory,
Southampteon, UK, in 1578 and Figure WPZ - 12 illustretes the
sutcomz of the study.

crinciple of the curved channel excluder iz that the secondary

isvelon a heliccidal flow pattern which cause a large proporiion ol
=lase to The bed to move towards ths convex wall of tThe channel
1 a8 relatively long skimming weir on the cuter or Concave wall ol
sver which the divertsd supply must Ilow to the canal head
mhe amount of sediment sntering the canal is thersby reducsd.

7. The most effective method of sediment exclusion is considered to be
ing adjacent to the canal head regulater in a direction about
the diverted canal flow. Thie will not be feasible in the wadis
s conTinuocus sluiszing is only pessikle wpen flows In the wadil
1 supply discharge of the canal and this anly coccurs for a small

2
+he tims during the meain irrigatien season. Howavaer,

21
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sluicine mey be passible when wadi flows are lass than the

ficient sluicing, the reguired sluice fiow should be
the zanal flow, with the upstream water lsvel at w=‘
sxclusion will bs less sffective at higher wadi
;ever, opserational procsdurss cosuld be instituted te reduce the
4 ot diment, for example, »py¥ clesing the gatas of the cenal head
== _=2zzy for A short while.,

£z

o the sediment excluder should be designed for a flow of about
he CHE discharge with the upstream water lewvel at welr crast

_=v=.. IT iz recommended that ths minimoem width of the gaze shmuld be 2.
==Tr=g T2 reduce the p“qub_l'tV cf the opening being blocked with trash. The
2=z nezight should be about 2.0 metrss high sc that all flows less than the

s
== Zull supply discharge can be contrclled up to weir crest level.

_Z.. In order to preserte the curvature efiects o Lﬁﬁ =laice channel and
Eeﬂancawv heliceoidal flow pattern, design velocities should not be

==z low and thus depths of f-am qkauld nat be too large. The floor level of
o= z_ziceway should be sst anpout 0.8 ©o 0.8 metres below the =ill lsvel cof
—-= zzral nsad requlater and at avaragc wadl bed level or about 0.3 metres
zzve the lsvel of the low flow channsl.

_égally, a headwsall snould mot bs constructed abeve The sediment sluice.
ion will improve the throughput oif sediment and trash. The scour
= snau id be designed so that the boltom of the gate can be raised
ign nigh flood level and in the event of mal-Iuncticn, for it to
forces associated with spilling over the gats. Bowever, dates
desoribed above cen be gulte expenzive and in corder to economise
imes necessary to provide headwalls and orifice gates.

sediment excluder at the headworks gives no pTDLe::;Dn against the
it mr1ﬂn will sventually be transperted to the fislds, p:cv1deu the

s designed with suificient slope. Some of the coarser frasilion,
q gravel, carried in the lowsr laver of flow, will alsc anter
of the canal. The cobjective of the ssdiment sxecluder is o
ruantity of sediment, which wltimately has to be removed by oXen
ocr by mechanical excavaticon.

&

.-*]l'l"

ii. A zimilar series of calcoulations teo those reguired for thse design of the
ity the canal head reguletor will bes necessary for ths design of ths
1Liﬂe In additiecn & check must bs made to ensurs that the
: Tloor level of the energy dissipat O“ is 50 designed that no damage
w ur if the sediment sluice is left fully open at all stages of flond

following calculations apply to the design of the gtiliing basin of

ed sedimsnt eXcluder =liuice at Ehesh:

= eluiceway should be about 4.0 m wide and would have 2 gates each 2.0
13 1.5 m high and the sluice spening would have a headwall, to raduce
of the gates which would octherwise be reguired.

formula generally adopted for submerged crificss on medium sized

Q = C ¥ & {2rxgrh)®°
where D = Discharge in mw'/s;
A = Gete opening in m*;
n = Differential energy hesd in metres; and
C = Coefficient of discharcge.
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proximate values of € for siuigze and regulator openings in masoncy

Tor apenings up to 1.8 m wids

scessses in the nisrs C = 0.62
Detwesn 1.8 mand 4.0 m widse o= .72
over 4.0 m wids co= .82

Eowveluve of € = 0.7%2 was adopted for the sluice orifices.

nead on sluics gates at the design HFL =

BFL assuming that ths gatese is lefxr fully

0= 0,72 % 4,43 + 4.0 * 1.5 » (1,35)"% = 23,82 cumecs.
1

24 .0 oumecs

if the orifices are not submerged and the supercritical Ilow
he watsr downstream, away Irom the openings, then the head on
s will (4.0 - 0.73) = 3.25 m and the discharge at HFL assuming
g are lgit fully open would he:

]
L}

T2 7w 4043 = 4 % 1.5 % [3.23)° = 34.5 cumecs.

crovide for higher discharge of Q = 34.3 sumecs.

vel, of approach = V. = B.B2/4 = Z.18 m/sec.

approash head = (V,)%/2¢ = 0.24 m. = ha

i
cluice, (from Table WPZ - 2), = 2B8 + 34.5 = 32

isvel for @ = 327 cumecs, from Table WEZ - 2 is EL. 41.6 m.

& regression downstream of weir of only 0.3 m, as breachable
sion bund feature, will allow mevement of sediment past the
cture for flood Ileows in sxcess of 330 cumecs, which will tend to
ace downstream bed scour and stabilize the bed.

Tenl
Therefore, design teilwater level = EL. 41.30 m.

D, = 4.5

=]

try floor level of gtilling basin at 41.3 - 4.5 = 1. 36.8 m, say
]

ill level of sluice = 3
Tilling basin lavel =_3
& =

[0 o
[ e

n below 2ill lewvel of slulice
Using energy halance egustion:
D, + 2 + (V)29 = D + (V)%

4+ 2.8+ D.11 = B.81 = D + [V,)32g

.91 m/zec

L

Try 2, = 0.79 m. Thus V. = B.62/0.72 =1



g — =

*/2g = 0.7 + 6.07 = £.86, which is close encuch o 6.81
S=orTe 3 = 0.7 m
T=ouzde BEL B o= W AY * DL)YE o= 3,82
te~=t stitling pasin flodr lavel at El. 35.5 m.
=lszring to Figure WFZ - 7, faor the Tyvps I basin, for & Froude Ho. =
-2l; the length of the hydraulie jump, L = 5.78 ., = ZZ.EI m

[
pa A

adopt & stilling basin flcor length of
w & factcr of safety.

Zeslgn max. head oo =ill of sluice = 2.0 m, = h
z = Z0/4 = 2.0 cumece’m
~torzx. vwel. of approach = ¥V, = 5.0/2 = 2.5 m/sec,

22 water Jevel = El1. 30.8 m.

jump height D, = 2.3 m.
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=
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It below weir crest level
Yslng energy balance sguation

.7 B+ (V)Y ig = D, + (V)8 2g

I - 2.8+ 0.32 = 5.12 = D.+ {V.)/2g
=y B = C.53m Thus ¥ = E5.0/0.83 = 9.43 m/sec

st D, = 0.3

L
Lt
=

o
1
i

Troude No. F. Volle ¢ BT o= 4014

From Figure WE2 - 2.5, Ior Froude No, = 4.14:
The jump height = 5.2 = .78 m,

B, = 5.43 % D,

) o
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o
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the regrsssed TWL v

T

M
£ o« W

ratar level for Q = 20.0 cumecs, Irom Table WPZ — 2 iz =1.

downstream of weir of 0.6 m. Therefors,

0.48

33

sediment excluder design for normal maximum operationel

=I7= 2% welr crest level, i.e. 0.6 * 33 = 19.8 cumscs, say CUmEcSs.

LA om.

design

m.

o |

Ly

and



<22-2 b= less than the unregresssd TWL of 30 by 0.1 m
- cne =2Tllling basin floor level still nesds further review
Slations for upl f pressure, exit gradient, scour depths, flskible
szt . Ehould ecarried out on B Elmiler basie to the weir.

necessary To line the scouring sluice sill, walls and glacis
3 abrasicn of tThe concrets by cobbles and gravel travelling
At Sheeb and Wadi Labka this kind of damage would he

ehowing the geometzy of o typical spate irrigstion
with a curwved channel sediment excluder of rconcrste and
Tion for Sheeb iz shown in Figure WPZ - 13. Typical cross-
proposed flood diversion works for Sheeb are shown at Figures

t=c_m=nt sluiceway desigr deteils
Velcoities ipn the curved channsel
== The leadine dimensions of the intake structure will nave besn set by the

cribed earlier. The widih of the sluice channel at the gats
ve besn set so that the sluice discharge i=s between 0.3 and 0.6
discharge. In this section the procedurs for cheacking the
idths for ths curved channel is described. This is necessary

1 the curved channel does not reduce towards
iz in fact gdesirable.)

The mean velscity in the curved channel is at lsast egual to the
san velocity in the river upstream.

= . &Ll evalculatiens are carried out for I cases; firstly whers the water
-E7E. 13 at welr crest level, the sluice gate iz fully open, and all the river
--=¥ -z passing through the intake structure, and secondly when the watar
L T bund breaching level. This is usually the weir crest elevation
135 e 2By

. Thes Iollowing prossdure is sucgssted:

z2) Eelect & represantative erose section for the river upstream fronm
The intake lecation.

=) Carry out & slops ersa calsulation to detsrmine the mean velocity et
cross section when the dischardgs sguals the sum of the sluize and

Iculate the mean velodity at the sluice gete secition of the curved
This iz caleoulated from the width ef the curved channsl, the
flow, and the eslulece discharge when the gate is fully cpen.

heck that the veloeity celoulated in () is sgual to and prefisrably
sr than the velosity calculated in (b)),

Zepeat the procedure set cut in (c) for a location helfwawv along the
mming welr, whsrs the dischargs can be assumed to be the sluice
.sohiarge plus hali the =zanal di SChnIEE; and at the sntrance section
ers the n1s"havze is the sum of ths canal and sluice discharges.

2m
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= widzhe of these sectisons can be adjusted as regulred toc ensurs that
k=

in the zurved channel does not

E. Primsry Flcod Canal

ne design of spate irrigation canals and distributaries pressnt soms
ems LDecause o the need to take every cpportunity to divert
iever the wadi is in fleood. There are large fluctuaticns in ths
v wz2di flaws which necessitate designing canals for a wvarying discharge
-2<nsC Than the more usual steady flow statae.

canzl design must provide satisfactary transpert of a nighly
_z sediment load without sautsing significant scour. The chocice of shaps
i slope are key factors in the cesign.

the opening for the zanal head regulator should be designed for
=2 Iull supply discharge, the dimensicns of the canal should be dnsigned far

AT the ful1l supply discharge, because significant scour should not
<he relatively short time that the canal flow is in the range of
of the full supply discharge. The sediment depositad during the
cf flows will tend to heal any tandency to scour.

the Yemen suggests that che ﬂlopes sna l_ be Dased on tnE canals
schargs capacity reduced by a factor of around 0.7. This is because
ls operate for most of the time at discharges that are much smaller
rzximum capacity. The cross section, particularly the provisicn
d, has to be adeguate for tThe maximum dischargse, but if ths slops
by the maximun discharge will toc small at the most Irsgusnt
'suqarg y and sediment deposition will scour. {Larger slopses are

maintain “regime * in canals as the discharge is reduced.) As
flows are usually only mainteined for short pericds, and will be
righ sadiment loads, there is little chance of serious scour problems

23, It iz not anticipated that the canals in existing traditional irrigation

5 will be redesigned. However in some schemes canals will have to be
i, and in others the existing canals may not bs capable ol passing the
d Ilows.,

Where sxisting canals sre performing satisfactorily the design of anew
should be hased on the slopes and cross sections of existing cansls,
ng they are te carry s=imilar discharges. I the discharge capacity is
- shanged then the design tables presented in the next section can be
= Howsver in this case survey data should be used to select the design
tnat mestly closely predicts exist conditions.

ful

A& rejection spiliway, to deal with sxcessive dischargss which could
ths primary canal; could be installed, if necessary, in the head reach,
eppropriate site dowrs ream of the CER.

Finally, if new canal control structurss are to be previded they must

ignad s=o that ponding of flows is minimissd to so as to reduze locsl
nentatien. The basic requirements for standard canal contral structures
they should be fairly simple in design, £lsxible in opsration,
in m=aszurement of f{lows and cepable of trensporting its propertion
Imsnt load.

2. Design Tablas
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=T an “he Simons end Alkertscn, 1960, reyims

vive manal design tables bass
& = E

~isps ars presentsd as hle

S5 —he Simons and Albertsan eguaticns wele developed from a much wider data
==— -cyaring & rangs of canal typss ~harn =he more familiar Lacsy eguations,
.= have = number of other advantagss. The mest impartant of these is that
--=+ distinguish between canals carrying modsrate and high sediment loads, and
-o--~zssfully predict the slspes of axisting stable traditional canals. {The
—azzv =quations were developed for canals cazrying nc mors than 400 mom of
ssdimant. )

ISt The tahles present ths Iollowing ganal paramefsrs as & function of
il :’.a:gi—z I

b, the mean width, (m]

4, <the canal depth, (m]

v, the mean velocity, (m/sec)

2, =+he canzal slops, [(m/m)

s, The side slope, (m/m)

Manning's "n", derived from the predicted velocity, hydraulic radius

and slops

LR mables for five canal types ars listed:

Type !, Sand bsd and kanxs

Tvpe 2, Sand bed and cochesive banks

3
i
i

(%]

, Cohesive bed and cohesive banks
Type 4, Coarsse nonechesive material
vos 3, As type 2 but with heavy sediment load, 2000 —o 8000 pom.

zarpls for type 5 canals is the most generally applicable Io
. the Eastern Lowlands of Eritrea, wherse sediment conosniration
- excead 8000 pom. If canel beds are formed fram very Coars
gravel cobbles and boulders, then +the type 4 takles should be
s 3 table may be appropriate for canals running through cohesive
i generally are not applisakle in the Sheeb and Wadi Labka areas.

oo oH

- 57, guidance as which table is most appropriate is pest obhtainsd Dy
ing predicted clopes and widths with those ocbtained from surveys of
g canals. {The discharge of existing cansls can be estimated Irom

2 palculations using Zlow depths Zor meximum flowe estimated by

Primary Canpsl Design

creliminary estimate of the Iull supply dischar
is determined by the formula:

0 & Zaid oo Rk W
Er N
where O = design full supply discharge in m/=;
A = net commanded area in hectares;

27




= sverags irrigation applicatiecr depth in metres;
= = gverall irrigation efficiensy of the whole system;
o= averags nunbar of hours psr crop seascn, that the wadi
Ilows in excess ol tThe design cansl discharge.

: InIzrmatiszsn cbhtained by the Missicn from fazmers in the area and from
=Z_-z=_=z oI the Mol concernihe the Iregushey and duration of Zloods in Wadi
=-2 'z summarised below:

. Abgut 15 floeods ococcur st the proposed diversion sits at Wadi Laba

* About 5 to B flocds occur in & dry year at this sits.
- The Zleod flows run for abpout B hours and the recessiorn flows

last for about 48 hours.

2 In 1977 there wers 20 floods in the period July to Sepiember in
Wadl Laba - & big ficods and 12 medium size floods.

= In 1284 there were 15 floods in July - Septanber in Wadi Labse -
10 mig Zfloods and 5 medium size floods.

- an analvesis of the duration of flood Ilows entering Foro Dam
indicates tThat the median duration {50% probakbility) is 11 hours.

To obtain a preliminary estimate of the full supply discharge
left bank main canal the fcllowing essumptions have besn nads:

- a net commanded area on the laft bank of 1710 haectares, for the
Bizurs, Errem, Dogoli and Difa a&areas.

- & peak water reguirement of (.44 netres applied to this area in
two or thres applications, during the period July tc September,

= an overall irrigation sfficiency of 30%,

= and 2 flow duration of 210 hours {15 floods flowing con averags

for 14 hours), at or near the design discharge, in the main Zlood
season July to Sspbomber.,

Q = Z.00) o 0T

i 33.]1 cumecs
0.3 *:21

o B ]
+
L]
L
=N
1

say 33 cumscs
-27. Thus the canal should be designed for 23.1 cumecs {33 + 0.7).

-Z%. The sediment excluder sluioe should have a capacity of about 20 cumscs
= 0.6} whan the upstream water level is at weir eoraszt level and ths
dtk of the gate should be 2 metres to reduce the possikility of
being blocked with trash,

TowWi
bay

The dimensions

of the cenel, immediztely downstream of the canel intaks,
ny & Zimons and Al

Rlbertson Type 5 canal, ere given below.

i
1
L

Full Supply Dischargs (F5D) cumess

=1
Ly
=

Cenal Design Dischergse - gl =tul=

1]
i
it
Ly

Bed Width (L) m

28
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—=z=l Slgpe for ZZ:l cumecs = Q. 000708 (1 im 1.418)
t==va. Zlnope in Head Reach = 0010 1 im 1009
Iize slope =195 3
=S at 23,1 cumedg = 40 m
== (v = 1.2% mf=
=i~z Manning's eguatiot: Zor the channel dimensions adopted above then:
T_zw Depth (v) at 33 cumecs = 1.70 m
s=n Veloelty (v} = 1.42 m/s
fannitgts "By = Q. QL3

Ln

=2 Lavel (40.0 + (1.1

* 0.667) - 1,7} = ELl. 39.07

Tnz srimary canal will supply both the Bizurs/Errem and the Dogoli/Difa

< z-=zas, & flow division structure will be reguired a short distance

=2z of the settling hasin to provide sbout 20.0 cumecs to Blzurs/Exrem
= 13.70 suinecs To Dogoli/Difz areas.

Flow distributer could teke the form of twWo metsr flumes, with the
] +he Bizurs/Zrrem outlet aporoximately 0.10 m lower than that

Agszuming a2 1.3 m depth of Ilow on the crest cof the Bizurs
m on Dogoli, then four gatss sach about 2 m wide and 1.3 m high
i for Bizurs and three gates sach 2 m wide and 1.2 m high could
Dogoli/pifa. The differesnces in heights and widths will havs
whan the irrigable command aresas and flow durations have been

sz Tshus Primary Cenal Desidh

_ofzzmaticn cbtainsd by the Mission from farmers in the Wadi Lakka greas
izls of tne Mol concerning the freguency and duration of Iloods
iz summarised below:

. Water flows in the wadi for about 45 days;

run for akout 5 hours and the flow takes absut 7 hours
The flood rises to its peak in about 15 teo 30

L On avsrags B teo 10 big floods soour sach year and the diversicn

works break and heve to be repairsd about 7 Timss a vesr.

= to obtain a preliminary estimate of the full supply discharge
main canal the following assumptions heve besn made:

- et commanded earss on the right benk cf 1030 hectares, for the
anir, Abararas and ARtombass areas.
- ceak water reguirement of 0.44 metres applisd to thiz area in
iz or three applicstions, during the pericd July teo Sepiember.
- 1 overall irrigaticon eificiency cof 25%,

a flow duration of 150 hours, zssuming and averege of ¥ big
ads and 4 medium size flocde flowing on everage for abownt 12
=

at or near the desion dizscharge, in the mein fipod seaszon
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Trern the canal full susply dischargs should be
Q=2.77 = 10890 = :0.44 = 35.4 cumecs
0,25 = 150
say I5 cumecs
TR Thus thse cazrnsl should be designed Ifgr 24.5 cumscs. (35 = 0.7).
B The sediment excluder sluice should have a capacity of about 21 cumscs
LS crest level and the
o

Bl
when the upstream water level is at welr

min-mum widih of the gate shouid bhe dmetres to reduge ths possibility ¢f the

inTake ¢ blocked with trash.
.7Z. The dimensions of the Wadi Tabka canal, immediately downstream of ths
s2nz’ Intake, adopting & Simons and Alkesrtson Type S canal, are given below.

[l

Full supply Discharge [Febi 35 cumess
anel Design Discharge = 4.5 oumscs

Bad Width {&) = 12.9m

Cznzl Blepe for 24.% cumecs = 0.0006%6 (1 im 1,437
Ratysl Sivpe in Head Reach = 0.010 {1 in 100}
Zids slope =1idn 1.3

Tlow Depth {¥) at 23.1 cumscs = 1.43 m

Mzan Velocity (v) = 1.30 mis

Uzing Manning's eguation far the channel dimensions adeopted above then:

Tlow Dawpth (¥v) at 33 cumecs = 1.73 m

Mean Velocity (v) = 1.43 m's

Manningts "n" = 0.023

Sed Level (46.86 <+ [(1.2-*= 0.667) = 1:73) = EL. 45.67

primary canel will supply both thes Gamahir, Abarars and the Atombasa
nd arsas., & flow division structure will be reguired soms 200 metres
rzar of the canel head regulator To provide about 25.0 cumecs to the
2/Atombasa aress and about 153.0 cumecs To Gamehir ares.

Jle Primery Canal Des-gn

-"%. Virtually no data was cbtained conserning flocd fliows et Mal Ulae and
: in order tTo ebitein a preliminery estimate of the full supply
f£sr Mal Ule right bank mein <angl the fcllowing assumptions have

ot & net commanded area on the rTight kenk of 720 hectarss, fcr the
Ehorfotat end Tiluk aress,

= 2 pmak water reguirenent cof (.44 metres applied to this ares iIn
Two or three epplicaticns, during the perisd July to September.

- an overall irrigaticon efficiency of 320%,

- and & flow duratiocn of 130 hours, assuming 11 flcocods flowing on

everage for about 12 heours, at cor near ths design discharge, inm
the main flood ssason July to Seotember.

30
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nen the canal Zuall supply discharge should be

L * D.ds = ZZ2.5 cumece

M
o

L]
1
I
-1
-1

r

0.3 =«

== |51
Lar |

hus the zanal should be designed for 15.75 cumecs (33 = 0.7).

2 The sadiment excluder sluice should have a8 capacity of about 13,5 cumecs

c-I ¥ C.&) when the upstream water levsl 1s at welr crest level and the

= oimum width of the gate should be 2 mstrss to reduce the possibility of the
nZaxs bay besing blocked with trash.

The dimensione of the canal, immediastely downstream of the canal intake,

i;ii::ng 2 Simons and Rlbertson Type &5 canal, are given below.
Fizll Supply Discharge {FSD] = 22.5 cunescs
Zzral Design Discharge = 15,73 cuamecs
Bed Width (b = D0.38 m
Czrnal Slope foxr 15.75 cumecs = 0.00C773 (1 in 1,284}

Lotusl Elope in Head Heach = not known
Zide =zlope =1 in 1.33
Tilcw Depth {¥} at 15.75 cumeecs = 1.22
M=arn Velocity (v) = 1.2% m/s
sing Manning's eguatien for the channel dimsnsiohs adopted above tThen:
Tlow Depth (y¥) at 22.5 cumegs = l.46 m
gan Velacity (v) = 1.26 mf=
Marsingry gt = [0.023

Inz primary canal will supply both the Ehorfiotat, Tiluk and the Tiluk
3 nd arsas. Two flow division structure will be reguired a shozxt
dzwnstresam of ths canal head regulator to provide about 17.5 cumess
“Zl2k =and about 5.0 cumecs to Khorfotat areas.

III. OPERATION OF THE DIVERSTION EEADWORES

attendant, <hosen py the farmers committes, should be
maintenance and operation of the irrigation headwerks. He
r near the headworks in a house provided for him, and buil:s
part of the project, at the same tTime as ths diversion weir
uld be provided with & smallholding adjacent to the house.
ks attendant sheould be present whensver thers are ficod fiows
. 5= should receive propsr training in operation proceedures from
e will »2 a very importent person for achisving an effective flocd
T=22_Z7 =chzme and minimising the sediment intake intoc the systam.

the dirrigation schems will depend on the
which can bast be dessribed for the focllowing

Szzfitzion 1: When flow in the Wadi i= less than the design full suprply

il




<he gates of the cansl head reg
height to cktain the maximum disch

he structurs. ALl tThs getes szhould

= cocour when The ussirsam (ufs) leve

= pen sufficisntly To ralse the w

= ge post downstream (dfs) indica

=E Tsofition 2: When the wadl flow increases to aodischarge which is egual

han the design F5D of the CER and the sediment sluice, then ths
luder sluice should he cpened tTo provide continucus sluicing
front of the CER without reduction in the u/fs water level, which
nept at welr crest level.

"onditien 3 when the wadl flow exceeds the design FSD of the CHR and
1T sluizeway togsther, the welr will be overtcpped and The gates of
14 both ke lowsred to adjust the cpenings to provids the reguired
ths FE0Q. The gate of the sluiceway should bs kept fully open.

. ‘an 4: When the wadi flow greatly sxcesds the design FSD aof ths
i iment sluiceway, the CHR should be closed for & few hours until ths
pur asses. The sediment Zoad will be wery high and much trash may bs

the flood, therefore the =zluice gate should be Zully opened and
of the water surface and the CHE should be clesed while the psak

model tests, besides optimising the approack channal
agsizst greatly in determining ths hest operational
ricting to & minimum the entry of sediment into the canal

e



ROUGHNEESES COEFFICIENTS FOR MANNING'S

(Ref. ¥ T Ch

TRELE WFPZ2 -

o]

EQUATION

no= {n-".; 'i'IL_ +n: + oL+ ni}m-.'.

Channel Conditicns
Earth
FEock cut

Smooth

MinoT

Alternating
Sreguently

I;

0.010-0.025

0.025-0.050



(1 1 | ] L 1 a
W " U 1 . \ Ll \ . ' L L] \ L] L] L] L] " n . . .
PRy iRl Paipn s paoapy (FREN AN
PR LA L I LT I O T (R R T ] LR LR RIF W LIS B A
RN TR N
PHVERT 01 MM S e (M)
IR 4 LI L P A ALy L0 [ MYy
WM CHREST LV, A4l (M)
WEHIFTH o SSAND S0 400 (M)
WLIFTI OF CANAL TNT R IhH 00 (M)
WEIR CREST LEHGTH G000 (M)
Cd CANAL INTAKE 170
Cd SLUICE 1,70
Cd WHEIR 1.70
CANAL CUT OFF LEVEL 41.20 (M)
SLUICE GATE OPENED LEVIILL 41.30 (M)
SLULCE GATE ABOVE WS 40.80 (M)
CRNAL RISE ABOVE CUT OFF .00 (M3/S PER METRE)
STAGE  HEAD HEAD HEAD 0 CANAL @ SLUICE Q WEIR  QTOT TW LEVEL 0 (W 85) g;i;ﬁﬁﬂd
CANAL  SLUICE  WEIR T
39,730 ~0.70 0.00 -2.00 0.00 0.00 0. 00 0.00 10, 80 0.00 0. v
39.80 -0.20 0.50 -1.50 0.00 (.00 0.00 0. 00 49.080.- P - 000 100
4030 TEETY) LU, B 4.19 0.00 T 4.19 38.80 0.00 0. 00 .
40,80 0.RO 1.5 -0.50 18.25% 0.00 0. 00 18.25 3n.6o0 0.00 0.00 L.00
41,10 L. 30 2.00 0,00 33,92 19,23 0.00 53,15 1940 11,92 1.6 L*%%
4180 180 250 050 1592 26. 88 36.06 98 06 4000 35.92 6294 g
42 .30 2.30 3.00 1.00 37.92 35.33  102.00 175,25 40,60 37.92  137.33 T
42 .00 2.80 1.50 1.50 39 .97 44.53 LBY .39 271.83 41.20 319.92 231.91 :-&9
43,710 130 4,00 2,00 41.92 54,40 J8R.50  3A4.82 41,75 41,92 342.90 =21
41.80 3.80 1.50 2.50 . 43,92 64,91 _ 403,19 _512.02  _42.30  _33.92 468,10 __.‘;ﬁF
44.30 430 5.00 3.00 41.80 76.03 530,01 647.83 12.85 41.80  606.03 45
44 _BO 400 5.50 3.50 47.92 B7.71  B6T.89 T BO3.52 13.40 17.92  755.60 ks H
45 .30 5.30 6. 00 4.00 40,92 99.94  416.00 965 .06 471,490 49.92  915.94 1.4
Table WP2Z -~ 2
ST R R S et et ki v |




Tzable WF2Z - 3

Lacey's Silt Factor for Diffarent Bed Materizals

Lacey’s silt factor for different materials

Type of material Size of grain in mm Silt factor “f"
Sile :
Very fine 0.052 0.40
Fine 0.081 0.50
Fine 0.120 Q.60
Medium 0.158 0.70
Standard 0.323 .00
Sand
Medium 0.505 1.25
Coarse 0.725 1,50
Bajri & Sand :
Fine 0.888 175
Medium 1,244 2.00
Coarse 2.429 293
Gravel :
Medium 7.980 4,73
Heavy 26,100 9,00
Boulders : |
Small 50,100 12.00
Medium 72,3500 15.00
Large 183.800 22,00
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WADL LEBENA SPPATE TR LA Toa ST

| NPAKE FRONTWATEN CALUULNILON  STREADS T
DATA METRIC UHNITS

INVERT OF SAND SLUICE 4600 (M)

INVERT OF CANAL ITNTAKE A6 60 (M)

WEIR CREST LIV 48,00 (M)

WIDTH OF SAND SLUICE 4.00 (M)

WIDTH OF CANAL [NTAKE 15,00 (M)

WETR CREST LENGTH 125.00 (M)

Cd CANAL, LNTAKE .o

il SLUICE 1.70

Cd WETR 1.70

CANAL CUYT OFF LEVEL AT B (M)

SLUICE GATE OPENED LEVEL 48,00 (M)

SLUICE GATE ABOVE WS 47.50 (M)

CRNAL RISE ABOVE CU1 OFF 4.00 (M3/5 PER METRE)
STAGE MEAD HIAD HEAD 0 CANAL O SLUICE Q WEIR arorT TW LEVEL () Dif.Hea

CANAL SLUICE  WEIR (W + 5) Sluice
46.00 1. 60 0,00 -2.00 0.00 0.400 0.00 0.00 45 .50 0,00 (.00 0.5
46.50 ~0.10 0.50 -1.450 0,00 (0,00 0.00 0.00 45,50 0 L 0, L ] | S, (.|
47.00 0.40 .00 ~1.00 6,45 0.00 0.00 6.45 45 _50 0.00 0.00 1.5
4750 0.90 1.50 ~(.50 2173 0. 04 .00 2L TT 415 .50 0.00 0.00 4.0
4800 | .40 2.00 0. 00 16,724 19.23 0.00 55,47 45.80  36.24 19,33, L
18 .50 1 .90 2.50 0.50 1, 24 26.00 75.12 140.25 46.30 14,24 102 .0 242
49.00 2.40 3.00 1.040 A0 .24 35,133 212.50 208,07 46 . R0 A1) .24 247.481 X
49 50 2.90 3.50 150 47 .24 44,53 190,19 477.15 47 .30 42,24 434.01 p e
50.00 J.40 4. 010 2.00 44,24 54,40 GO1.04 699, 60 47 .90 44.24  bhH.44 2.1
50 . 50 3.90 4,50 2.50 46 24 61.91 119.98 §51.13 40.50 46, 24 904 .A9 2.0
1010 d. 410 5.00 1.00 41 .00 76,03 1104,18  1222.01 49 .11 41,80 118021 |
5% 50 4.90 5.50 1.50 5(1, 24 B7.71  1391.43 1529.38 49,70 S0.24  1479.14 1.R
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APPENDIX D

ETHIOPFIA

EONSO S5PATE IRRIGATION PROJECTS

TAMARIX FOR WADI BANK PROTECTION

Szlah Rouchiche, FAQ Forestry Consultant
(Extract from FAO Preparation Mission Beport on
Second Land and Water Congervaticn Proiecto Yemen)
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REPUBLIC OF YEMEM: Serond Land and Water Consarvation Project
Annex 5 Forestrv Component

Flood Protection Works

120. Project Description. The natural regime of the low flow channel within ¢
wadi is sinuous. Becanse of the instability of wadi beds, high speed of flow and heaw
sediment transport during spate events, wadi boundaries are difficult to control especiall;
in the meandering lower reaches. The flow pattern causes scouring and undercutring o
high and vertical wadi banks at the outer curves and sedimentation within the inner
curves, thus developing the meander further.

121. It is along the meanders that flood protection works are most needed. They
are subdivided in two categories according the type of protection they offer; these are:

- Bank-protection. It consists in armoring the outer curves of wadi
banks to avoid erosion phenomena leading to bank collapse.

- Wadi-training' aims at forcing wadi flow to follow a designatec
course usually within the inner wadi-bed, thus avoiding contact with
banks and reducing meandering. The structures used consist of spurs,
groynes, deflectors .

122, Unless expensive structures are built, it is practically impossible to provide
effective protection against damage from most of the flood events. Usually, bank
protection and wadi training structures are designed to withstand floods with a return
period of 10 years but the very high investments required for conventional protection
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REPUBLIC OF YEMEN: Second Land and Water Coaservation Project
Annex 5 Forsstry Component

works make it impossible for a country with low resources to ensure a permanent and

complete protection.

123, To decrease the costs of pmtﬂcﬂnn and ensure the perenmty of the
structures, the project Proposes to ﬂxﬂeﬂmem a different approach using vegetation in
= protective way, The use of vegetation is justified because it not only withstands
ordinary floods, but when damage occurs during exceptional floods, regeneration Is
always possible by sprouting. Moreover, observation in the field show that vegetation
reduces speed of flow, allowing for sediment deposit in front, over and behind the
vegetative barrier. Sedimentation of coarse material during high and medium flow and
of silt mixed with vegetative debris at low flow eventually builds up to form a solid
ratural protective structure. However, the distribution of naturai vegetation in wadis is
limited to sites of low speed flow where seeds are deposited and covered with enough -
sedimeni to obtain germination. In sites characterized by swilt currents, vegetation
establishment can only be obtained by plantng cuttings deep and offering them
Protection against scouring and sucking preventing them from being washed away

122, In order to get rapid vegetation growth, the experimentation would be
implemented at the upper and middie reaches of wadis, where spate is available at least
once & year. Planting would be carried out after the last spate, when soil moisture
content is sufficient for rooting and growth of cuttings.

125, Basic Design Principles. The different structures proposed are meant 1o
offer maximum protection from spate to the newly planted cutings during their
establishment plﬂaae The best way to prevent sucking, scour ing or undercutting within
the planted ditch is 1o superpose materials closely graded ar.d ranging from large
boulders at the top to silt at the bottom. The strucrures are designed to be flexible and
low to reduce resistance to flow and minimize scouring. They would eventually have their
emerging part washed away, but they should resist long enough for rooting to take place.

126, Vegetation would be installed in patierns similar to those used in
conventional flood protection structures as illustrated in Fig. 6.

- Bank protection would be achieved by armoring the most exposed
paris of the outer curves with dense vegetative cover grown under
the protection of a provisional retaining wall (Figure 7).

- Wadi training would be achieved by establishing dense vegstative
layers grown in spur patierns. Depending upeon their position within
a wadi section, the vegetative "deflectors” or "erovnes” would be
protected by the following structures:

- Provisional spur n. 1 (Figure 8) where fiow speed is minimum.

t-.
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- Provisional spur n. 2 (Figure 9) where flow is very swift,
- Provisional spur n. 3 (Figure 10) where flow is intermediate.

- Foot-Bank Biological Plantation. To reinforce the banks of the wadi,
plantations of & mixture of Tamarix aphylla cutting and Saccharum
aegvptiaca rhizomes will be gradually done on both sides of the wadi,
as sedimentation occurs untill all foot-banks are vegetated.

127, Bearing in mund that wadis are important for groundwater recharge, a
minimum of vegetative cover should be used to ensure protection.

128. The flood protection structures network represented in the wadi section of
Fipure 6 is given for the sole purpose of cost estimations. The dimensions and
orientations of stroctures as well as the distances between successive ones are determined
by the specificities of the site,

129, The bank retaining walls and provisional spurs may be subject to scouring.
It is important to be able to make all necessary observations so as to improve the designs
in the future.

130. Implementation and management will be carried out by the local forestrv and
irrigation units. Observations and technical analysis of the results would be done by ths
implementation teams with their respective research stations. 10 km in total would b:
implemented in the.following wadis: Hassan, Bana (Abyan), Kabir, Saghir (Tuban).
Beihan (Beihan).
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Appendix 1 Detailed Frojec: Featurss

Multi-purpose Plantation of Water Distribution Canals

14.

Technical Charateristics:

10 kms of canals distributed along 5 wadis,
Lay-out: on each side of the canal are 40 m long planted strips

separated by openings 10 m wide, i.e, 20 strips on each side of the
canal,

uprooting, total volume manipuiated on both sides =
2000mx3mx025m = 1,500 m3

bank reprofiling by a front loader

planting on 40 strips 40 m wide /km

each strip has 2 rows of trees planted at 4 m distance within the row
(20 trees per strip)

density of trees/km = 800

initial survey of canal secton strongly affected bv erosion
vegetation = 0.5 md/km

lay-out of strips = 1 md/km

uprooting. A front end loader with a 2 m® bucket can move a total
volume of 50 m®/hr. For 1,500 m3/km the norm would be 30 hrs 'k
cleaning up vegetation = 50 m/md. The uprooted vegetal material
has to be removed from the site to allow far reprofiling and planting,
bank reprofiling. A front loader can reprofile a strip 3 m wide over
a distance of 150 m/hour,

lay-out of pits (60 x 40 x 40 m) = 400 /md

pit digging = 80/md

seedlings distribution = 200/md

planting = 80/md

protection using vegetal material removed from uprooting operation
= 100/md

finish-up (filling up planting terrace and compacting soil to mzake the
slope uniformy = 400 trees/md

Flood Protection Works

Technical Characteristies And Cost Caleulations

Provisional Spur N.1  Fig. 8
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_-zeractenistic. Itis a structure which aims at helping vegeration establishment
===°% iz meniauion usually occurs at the inner curve of the wadi. The speed of flow is
ow. The spur is built from the bank, across the wadi-bed over a distance of 20
£= for conventional works). Its function is 10 exercise wadi-training by pushing
towards the middle of the wadi-bed:
- wotal length = 20 m
- width =
- height above ground leve! = O m
vﬂlumes of materizls 1nv01vec (i) excavated material (digging) =
40 m’, (cross-section = 2 m°, le'lc'th = 20 m); river-bed material =
33.75 m’, (cross-section = 1.69 m’, length = 20 m); silt = 6.25 m’,
(cross-section = (.31 mz, length = 20 m); planting of tamarix
cuttings,total area = 20 m”, density = 16 cuttings,/m’, total number
of cuttings = 320

™ 0TS
: digging = 2 m*/md
- silt collecting and deposit = 2 m*/md
- wadi-bed material deposit = 4 m®/md
L . " i
: wadl-bed material compacting = 40 m*/md

% tamarix collecting, preparing and planting = 300 cuttings/md

= digging = 20 md = 60 YD

- silt deposit = 3.1md = 93 YD

- wadi-bed material deposit - 8.5 md = 25.5 YD

- Wadi-bed material compacting - 1.5 md = 4.5 YD
- Tamarix plantng - 1 md = 3.0 YD

Total cost of provisional spur n.1 construction = 162.3 YD

Prowisional Spur N2 Fig, 0

Characteristics. It is a structure which aims at helping wvegeration

==zDlishment where scouring and under-cutting are stronger. ’*-imanz.h compasing the
—actures are carefully Eraded S0 as 1o avoid any sucking of silt. The structurs is kept
+ T order to allow for minimum scouring from very high speed flows.

- Total jength - 20 m,

- total width = 6 m,
neight above ground level = 030 m
- volumes of materials in m‘.lvﬂd
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- excavated material (digging) = 60 m’, {cross-section = 3 o’
length = 20 m)

»  boulders = 29.4 m®, (cross-section = 1.47 o, length = 20 m)

+  stones = 182 m’, (cross-section = 0.91 m?, length = 20 m)

»  wadi-bed material = 24.4 m’, (cross-section = 1.22 m® length =
20 m) .

+ silt = 5 m’, (cross-section = 0.25 m’, length = 20 m)

+ plantng of tamarix cuttings
total area = 20 m® density = 16 cuttings/m? total number of
cuttings = 320

Norms

- digging = 2 m*/md

- silt deposit = 2 m*/md

- wadi-bed material deposit - 4 m*/md
- stones deposit = 1 m°/md

- boulders deposit = 1 m*/md
- tamarix collecting, preparing and planting = 300 cuttings/md

Costs (labour = 3 YD/day)

- digging - 30 md = 90 YD

- silt deposit - 25 md = 7.5 YD

- wadi-bed material deposit - 6.1 md = 183 YD
- stones deposit - 18.2 md = 54.6 YD

- boulders deposit - 294 md = §8.2 YD

- tamarix planting 1 md = 3.0 YD

Total cost of provisional spur n2 construction = 261.6 YD

Provisional Spur N3 fig. 10

wcerecizrizice, This type of structure aims

at helping vegetation

"
estapbisoment where wadi-flow is of medium speed. Some scouring and under-cutring

may still occur, and sili must be protected from sucking effact.

- total length = 20 m
- total width = 3 m
- beight above ground level = 0 m

volumes of materials involved in spur construction:

10
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* excavated material (digging) = 35.6 m , (cross-section = 1.78 m%,
length = 20 m)

boulders = 14.4 m* (cross-section = 0.72 m? Je 20 m)

stones = 6 m’, (cross-section = 0.3 m’, length = 20 m)

* wadi-bed material = 10.4 m® (cross-section = 0,
20 m)

- silt = 5 m’, (cross-section = 0,25 m’, length - 20 m)
planting of tamarix curtings

total area = 20 m’, density = 16 cutrings/m® total number of
cuttings = 320

f
]
9
(g
(B I
Il

- digging = 2 m®/md

boulders collecting and deposit = 1 m*/md
stones collecting and deposit = 1 m®/md
wadi-bed material deposit = 4 m®/md

silt collecting and deposit = 2 m’/md

tamarix.cuttings (collecting, preparing and planting) = 300/md
2 Costs (Labour costs = 3 YD /day)

- digging 18 md = 54.0 YD

- silt deposit - 2.3 md = 75 YD
- wadi-bed material deposit - 2.6 md = 7.8 YD
- stones deposit = 6 md :

- boulders deposit = ]

- tamarix planting = 1 md = 3.0 YD

Total cost of provisional spur n.3 = 1335 YD

Provisional Retaining Wall Fis, 7

. Characteristics.]
*“lieTe bank under-cutring a

i=chnical characteristics of the provisional retaining wall are as follows:

tis & structure which aims at helping vegetation establishmen

nd collapse usually oeeur at the outer curve of the wadi. he

total length = 20 m (average length for conventional works, which
could be modified according to sites and 10tal widih of wadi)

- width = 350 m

height above ground level = 125 i
volumes of materizls involved:
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- excavated material (digging) = 22 m®, (cross-section
length: 20 m)

+ silt = 5.6 m’, (cross-section = 0.28 m?, length = 20 m)

- river-bed material = 9.4 m’, {cross-section = 0.47 mi, length =
20 m)

+ stones = 6.8 m’, (cross-section = 0.34 m’, length = 20 m)

»  boulders = 26.8 m”, (cross-section = 1.34 m? length = 20 m)

+ planting of tamarix cuttings

0
H

total area = 20 m’ density = 16 cuttings/m’, total number of

cuttings = 320)

26. The upper part of the bank may collapse over the spur. This would provide
greater protection to the apur and the cuttings. The materia] (silt) which has collapsed
will be slowly washed away by water flow until the cuttings emerge again.

&k Norms

- digging = 2 m?/md

- straightening bank wall up to 1.30 m above wadi-bed leve]l =
10 m/md

- silt deposit = 4 m’/md

- wadi-bed material deposit = 4 m*/md

- stones deposit = 1 m’/md

! boulders deposit = 1 m*/md

- tamarix collecting, preparing and planting = 300 cuttings /md

- digging = 11 md = 33.0 YD

- straightening bank wall = 2 md
- silt deposit = 1.4 md = 4.2 YD
- wadi-bed material deposit = 24 md = 72 YD
- stones deposil - 6.8 md = 20.4 YD

- boulders deposit - 26.8 md = 804 YD

- planting tamarix - 1 md = 3.0 YD

1
I
T
—
o)

Total cost of provisional retaining wall construction = 134.2 YD

Foot-Bank Biological Protection: Plantation zlo: ng The Banks of Species Such As
Tamarix Aphvlla and Saccharnm Aegvptiaca,

29, Characteristics. The calculations are made for a wadi section 500 metres long,
L.e. for 1,000 metres of bank-sides:

ek
[ 5%
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- total length 1,000 m (500 m ramarix, 500 m saccharum)

- number of rows 6 (1otal width 1.5 m)

- distance within rows - 50 cm

- total number of tzmarix cutings: S00x 2 x 6 = 6,000 cuttings

- total number of saccharum thizomes: 500 x 2 x 6 = 6,000 thizomas
= h

planting would be done with tamarix and saccharum alterming every

10 metres, A ditch 1.5 wide and 1 m deep would be dug mechanically
along the banks, Total volume of ditech = 1,500 m°

Zi1ch opening - capacity 20 m*/hour (Poclain type mdﬂ'h"lij
Zich refilling, before planting - Refi Ilﬂn':r would be done with

culdozer ype D6 with a capacity of 40 m*/hour
zmzsix planting, The cuttings which are 1 m lonz would be pianted
*. = degp. One man could collect, prepare and plant 300

e -.."'

s=&cizrim planting. Collecting, preparing and planiing of saccharum

srizomes at 20 em depth could be done z: 2 rate of 400/ md.

'l""

12 t2marix ¢uitings, 20 md =

anc planting saccharum rhizomes = 15 md =

Total cost of 1,00 m bank biological protection = 1,305 YD

22l Costs of Flaog Proteerion over @ 300 m Tong Wadi Saetnn

=012 @ shows, according to pasition in wadi, the Types and numbers of protection works

—22 would be necessary for a 500 m long wadi section. They are cetailed as fallows:

- N.1 provisional spurs - 4 units a: 102.3 YD Junit = 4052 YD
- N.2 provisional spurs - 7 units at 2616 YD/unit = L,831.2YD
- N.3 provisional spurs - 4 units ar 133.5 YD Jfunit = 3534 YD
- provisional retaining walls - 5 units at 1335 YD/unit = 771¥D
" 1,000 m of foot-bank bmioclcal protection {plan:ation) = 1,305 YD
i Total = 4850 YD

Cost of protection a 500 m long wadi section = 4,850 YD
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