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ENTRODUGTION -

The study was performed according-to-the-specifications-get by the 'terms of
reference, which state, page 3:_ V. Technical Assistance:

1. Following the completion of the water resources investigatlons 1n the
North West Region, the Consultants would “provide techifcal assistarce
to the P.I.U. (&rto locate, design and supervise comstruction of the
50 small-scale irrigated fa included in the Project. The work would
involvéddoils lnvestlgatlonrﬂékhe detailéd design 6f the indfvidual:™
irrigation systems and advicddo the farmers on their operatlon and
maintenance. . . e s

I D T S — - —— ——— — - - - . . -~ N 4
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2. The Consultant would also provide technical assistance.... to the P.I.U.

for design, procurement -and “supervision-ef-construetion-for the,i g;gation
syst to be 1nstalled for the Geed Deeble Horticultural Statlon.

For reasons completely outside the Consultant's control, the water resources
investigation has not yet been undertaken. At the request of the P.I.U. an
initial group of 20 farms was studied. These are located in the Jaleelo and
Xunbaweyne areas where preliminary- fhvestigations revealed. the existence of
unexploited water resources and soils which could be used for irrigation. Even
though the characteristics of the wells have not yet been determined with any
degree of precision, the Consultant was requested to carry out a topographical
survey and study of the irrigation networks. Because of the anticipatory
nature of this work, a great many solutions were studied so that subsequent
adaptations can be made to deal with any situation which may arise once the
wells have been drilled.

Similarly, with regard to the Geed Deeble experimental farm, as it is not known
what the vield of the planned borehole will be, the development proposed is
such that it may be adapted to meet any circumstances.

o0o
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PURPOSE OF THE STUDY

This study was aimec¢ at preparing technical specifications and estimating
the investment costs involved for developing irrigation networks on 20 onme

hectare famms previously selected in the &reas of Jaleelo and Xunbaweyne, as

well as for the Geed Deeble experimental farm.

It is based on the standards defined in the following documents:

Technical Notes no. 1 (Addendum to the Progress Report mo. 5),
August 1981;

Irrigated Garden: Technical Note - Financial Note (provisional
document drawn up for the P.I.U.), April 1982.

NB. In this note and the accompanying drawings, the 20 farms are numbered 1
to 16 and 18 to 21l. Farm no. 17, though originally selected, was abandoned
and replaced by farm no. 21 because its owner is not in permanent residence.
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SITUATION OF 2C ORE-HECTARE IRRIGATED FARMS
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SUMMARY AND CONCLUSTIONS

20 ONE HECTARE FARMS

In view of the low yields obtained up to now from the traditional
wells dug by the region's farmers, it was taken for granted that
storage tanks would be required to carry out rational irrigation.

However, with the new deep wells which will be drilled according to
modern engineering practice, there may be the chance of using other
solutions.

For the time being, the systematic construction of storage tanks on
all farms is to be discouraged until the new wells have been drilled.
Analysis of the 11 alternatives shown in the following block diagram
demonstrates that it would be advisable to proceed with development
cf the farms in two stages.

a) lst stage (all farms):

. Installation of a 18 m3/h motor pump unit with a total
delivery head of 17 m;

. Installation of a delivery pipe made of aluminium sections
laid on the ground and with rapid acting couplings of the
ABC type*;

. Construction of the irrigation network with canals lined
with flat stones set in cement mortar.

The average cost per farm of this first stage is SoSh S5i 000.

b 2nd stage (farms where the capacity of the wells is inadequate):

Constructicn at the start of the irrigation metwork <f a 36 m3
storage tank.

The cost of the storage tank is SoSh 45 000.

;oivanised steel pipes, which are techninally preferabie, can - nbtzicd

vk =rieive nrice.



BLOCK DIAGRAM OF THE H SOLUTIONS STUDI-ED
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GEED DEEBLE EXPERIMENTAL FARM

The farm's irrigable area is 10.2 una. The irrigation network (with
earth canals lined with masonry set in cement mortar) requires
119 m3/h of water for 6 hours' irrigation per day.

The borehole(s) which will suppiy the network have not yet been
drilled. It is not therefore possible at this stage of the study to
determine and evaluate requirements with regard to pumping, water
supply pipes and possible storage tanks.

The cost of the irrigation network itself is SoSh 140 000, or about
SoSh 14 000/ha.

All thlngs being equal the comstiuction of. storage tanks enabling
irvigation of the entire farm causes a rapid.increasé in the above
cost 1f the yields from the boreholes are~less“than 119 m3/h. With

an available Cischarge of 80 m3/s, Lhe cost of the tanks is

SoSh 34 SOO/ha A yield of 80 m3/h would be enough to irrigate two
thirds of the farm without any storage tank (thus with a network cost
of SoSh 14 OOO/ha) L &

A decision on the area of land tgxbeJégulpped canlanly be taken when
the characteristics of the boreholes are- known, and- in particular the

- yield, as well-as £luctuat10ns in this yleid*fram SHE" Séagon to the

next. . ) L : el Nt R LT

Vo I T

However, it should beamoted that considegable sav1ng§rqan be made
in' investment costs if daily irrigation periods are extended, With
the same dischdrgé of 80 m3/h Instead of 19" m37h'it is in fact
possible to irrigate all the farm without any storage tanks by
irrigating 9 hours a day during peak periods :

1005
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20 ONE HECTARE FARMS

STANDARDS ADOPTED

Water recuirements during pesk month 250 m3
. Net volume to be distributed each day 52 m3
. Gross volume to be distributed each day

(allowing for 80% network efficiency) 70 m3

BASIC DATA

AVAILABLE WATER

As the wells have not been drilled, it was not possible to carry
out pumping tests to determine their exact characteristics. If data
obtained with regard to the verv shallow traditional weils in the
area are extrapolated, it may be assumed with a reasonable margin
or error that the new wells will be capable of providing = vield

of about 5 1/s.

To give safer estimates, the fcllowing three situations were
envisaged:

well yielding a continuous flow of 5 1/s;
well vielding 5 1/s everv cther hour;

well wielding 3 1/s everv third hour.

FARM STREAM

The farm stresn (raditiomally nsed by farmers in this _..i.: s very
low, cof the c¢rder of 2 to 3 i/s. This is verv likely du:- 1o the
limitations cn pumping imposed by the wells available. .: more warer
were avaliable the farmers would naturally nave used & zvesier [arm
stream than thut used at present. This must be the air - “resting

mare eZficizsne welle and reticns . irrigation networks.



The following network calcuizzien: ire based on nypotheses regarding
the yields available from the new wells or storage tanks as well as
on the type of soils. which sre sub’ect to much erosion.

Two situations were envisaged:

. 10 1/s farm stream* - ths upper limit imposed by the tendency
of the soils to erode:

. 5 1i/s farm streawm - lower limi: corresponding to the situation
with wells giving ccontizucus v ields. This is the flow which the
canals must be capable o7 concovd

In the absence of test resu.ts, vhe upper limit of the farm stream
was estimated empirically ar (( 1;¢ bv allowing for the erodable
nature of the sandv soils found ¢n the farms. With traditional
irrigation methods, even this flovs mav he excessive, z2nd it wmay be
necessary to take certain precauticons either by dividing the flow
.in+thHé “eanals " into two distinct farm streams of 5 1/s each, to be
used by two farmérs, or (which would be preferable) by using siphons
wwhictv-wowld “énable a farmer to divide up the flow as he saw fit.

P =00 N - -

‘The mdin -advanctage of this alternative is that it reduces irrigation
time (to half that required with a > 1/¢ discharge). The main
disadvantage is that it costs more 2s the camnals have to have a
grdater ‘capacityv. It therefore appeared worthﬁhile to consider the

.nEtwork- désigned for a 10 1/s fiow so that each farmer could compare
for himself the additicnal cost involved and the time that would be

‘saved. -+ -

IRRIGATION TIME AND NEED ¥OR STORAGE TANKS
With a farm stream of 10 1/'s the theoretical irrigation time to
distribute 70 m3 of water wruld be | 2 36" 40", or about two hours.
With a 5 1/s farm stream the time would be about &4 hours.

Leaving aside the particular case ci a well cﬁpable of vielding a
continuous 5 1/s. rauiecnal irrigavion [or two or four counsecutive
nours would require i r

irrigation network (u

is aszumed that irrigaticn wculd be

intermittent felionwing z voohm impeses oy the well* ) .

* The practical Yzyvm strear oo Che L d e e farmers oo contrel thelr wealsv
supplv. During “he appreri i be able ¢« reduce the irrigacion
flow as they wish wirhout ul.:s L0e cperation oY the irrigation
networks. The advantage ! -~te possible iz that zhe time devoted tro
irrigation operations can he 1 rime for uther farming activities,
and reducing losteos throaesi ~tdotrat e die e malc i Adisrritutrion rurrows,

bl Thiz oractice. ~hich v 0 o b e e Tup e crior aomsirzincs o the farmer and

incrfascy runnise Cosoor P . et Comet owakeer Gasey: which reducs

necvory ari ol an
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FARM EQUTIPMENT

The farm equipment will include the following:

a well;

a motor pump unit;

a delivery pipe;

a storage tank (if required):
. an irrigation network;

protection against runoff.

THE WELL

Study of the wells and drilling.techniques.is outside the scope of
this report. Thé 1:500 drawings included .in the appendix show the
well locations in accordance with the recommendations made by the
hydrogeologists. The location of the wells is of prime importance in
determining routes for the de11verv pipes, which must of necessity
run to the hlghest pOLnts in the farms. Lo

In the absence of measurements, it was assumed that ddr;no dry weather
the Level o: water in the well would be -8..m below grounc level.

Whén a well 1is being constrﬁcféd, it is recommendedxthat platforms
be prepared at the outset which will enable the motor pumd units to
be placed different levels so as to follow rises and falls in the
water table level.

THE MOTOR PUMP UNIT
The motor pump unit must be compatible with the émount 7 water
available and be able to *alse it to the particular tot: deliverw

head of the farm in questi on.

The characteristics of the motor pump units must be suc. ~hat the

noininal discharge is 18 m3/h*_ i all farms with-a torei i=iiverwv head
varying from 12.5 m to 17.5 m from one farm to another sz table 1).
Civen the slight difference in de?‘verv head from one -+ = to arotner
and the advantages to be derives “vom standardising the¢ -~cuipment,

it would he advisahble to to sel=czt a single medel from :.° -hose
zvailable o the market which ~cv:i: bL: adapted to all :'.. ~=atvious

Ccilrcumstances.

Yhese characteristics wiil have ~ . he the following:
1

Nomir:z ! discharge: ' 1& m3/n.

Total delivery nead: ST



The diameter of the pump outlet at each : = the same as t?

diameter oi the delivery pipe (see table tor pump will b:
connected to the delivery pipe by means ¢ rced rubber tub.
& m long; the diameter of this tube will to the require-

mernts of the farm in question (see table

1.3.3 THE DELIVERY PIPE
Zwo possihilities were envisaged:
water would be delivered to the hig’ of the farm in
£

order to supply a gravity network ¢ large diamete
_(4") pipes (with or without a store;

water would be supplied to a pressu: rk consisting o
~smalt-diameter(3") -pipes (without . .ank) .
1.3.3.1° ‘Supply to the, highest part of the farm t. zravity network

{with or without a storage. tank)

Table | gives details of the calculation :rious diameters
of delivery pipe which will need to be i 1 the farms. The
calculations were carried out on the ass. galvanised stee
oipes being available on the Hargeysa ma - adopting the
=inimum diameter for each farm which is with the lengtlh
of pipe to be installed. The diameters =z DWS:

2" for pipe lengths of between 0O ar

2 1/2" for pipe lengths of between 1;
2 3/4" for pipe lengths of between m;
3" in the particular case of farm : > delivery head
makes this diasmeter necessary in s; ipe length of 1l:¢

than 210 m.

i way of comparison, an alternative wa: salving quick
cennecting aluminium pipes imported frox = 2 1/2" and 2
sives are not standard, the dizmeters & che evaluation

2" for pipe lengths of berweea 0 =z

o R A

3" Ycr all other cases.

1.3.3.2 “ater supplied to a pressurised network torage tank)

' Tni: alrernative, whkich wonld recuire c cing 3" alumini
.1pes in e=very case, coule iy e ador characteristics
- othe wellsg 2llowed fny 0 sornrdiamus e 5 1/s for four

CansecuLive hours.



The diameter of the pump outlet at each farm will be the same as the
diameter of the delivery pipe (wee table 1). The motor pump will be

connected to the deliveryv pipe bv means of a reinforced rubber tube

6 m long; the diameter of this tube will be adapted to the require-

ments oI the farm in question (see table 1).

1.3.3 THE DELIVERY PIPE
Two possibilities were envisaged:

weter would be deiivered to the highest peint of the farm in
orcder to supply a gravitv network consisting or large diameter
_(4") pipes (with or without a storage tank);

. water would be supplied to a pressurised network consisting cof
-~ smalt-dtameter (3'*) pipes  (without ‘2 storage tank).

1.3.3.1° Supply to the highest part of the farm to supply a gravity network
{(with or without a storage. tank)

Table 1 gives details of the calculations of the various diameters
of delivery pipe which will need to be installed in the farms. The
calculaticns were carried out on the assumption of galvanised steel
pipes being available on the Hargeysa market and by adopting the
minimum diameter for each farm which is compatible with che length
of pipe to be installed. The diameters are as follows:

. 2" for pipe lengths of between 0 and 45 m;
2 1/2" for pipe lengths of between 45 and 90 m;

. 2 3/4" for pipe lengths of between 90 and 210 m;

3" in the particular case of farm 21 where the deliverv head K
mekes this diameter necessary in spite of a pipe length of less
than 210 m. : -

By way of comparison, an alrernative was costed involving quick
connecting aluminium pipes imported from Zureope. as 2 !X and < 3 4
pipes are not standard, the diameters adopted for the vvaluaticn wara:

1

N T

2" ftor pipe lengtihs of between [ and 45 m;

P

3V for &ll crher cases.,

' ’4“’2. T A ‘ . ’ . : : : o
1.3.3.2 Water supplied 1o a pressurisec rnetwerk (without storage rank)

This ziternative. which would require quick cdnﬁebfing
plpes i every <fise. could only be zdopted if the charzc:ie
.- . e}

of the w7 T e Ty Yo oaenrsmpecs digcharge of ZoIos o
consec:tive .«

s lumininm




Table 1

. SEITING OF BASE SLAB OF SIORACE TANKS = &

CENGTH OF PIPE FROM WELL 70 STORAGE TAMK'= L

. DTAMETER OF (GALVANISED STEEL) ?IPES:"‘O 3E INSTALLED ="®‘
_ DELIVERY EEAD = H  ~ A '

..AF__...,.,_A._.___

A ;
2 I
GL .S8m Water level min, - s
“J = head loss in *hé pipes where
el H . Q=S 1/8 htd
LA L~ o A

Farn No

(m)

SIS P D
:.L._éo‘_‘]_g}**' L0 -058) % (570 35y
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g3
{0-,825)%%
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figures
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10.¢
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O
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06"
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15 . 45 3.10 17 as
16 s s 50 i 2,90 PR 25
18 : TS 50 20} 148 i 135
19 . ; Nl 20 3.60 ! I u3
2 . : M 20 5.60 K LoH )
21 : : 3 207 YR R A
S o ;L
Pipe diame:. v g2 | oo g oaegs| @ !
- — e ’ ’ R
Toral lengt™ i - ' 285 156 A ey
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1.3.4 THE STORAGE TANK

The dimensions. of the storage- tank must be such that 70 m3 of warer
will be available to the farmer during irvigation periods.

The volume will therefore be equal to 70 m3 minus the quantity of
water which the pump can supply during irrigation. This gives the
following possible cowbinations:

PumD opeTat Zvery Zvery . )
aration Cont L
P op other hour “hird hour -aneinuous
. v
Farm stream = ° (1/9) 1 501 5 1w 5
Irrigation time" {h) 2 4 3 4 z A
Volume supplied by pump: O s - ' .
Jme supp YPUTR sy Y 1 36 8 6 36 72
during irrigation | !
. -Volume. .of -tank : Am2).{-- 52, |- 34 5z | 36% 3% 0

Mathematically: speaking a tank with a volume of 34 o3 wculd be adequate, but
in.practice, with:the pump- functioning.everv rthird hour it will be necessary
to have a 36 m3 tank as-shewn bv:-the following =xample:

- y- EXAMPLE USING A -STORAGE :TANK- WITH A PUMP OPERATING EVERY THIRD HOUR
.+ .+ i~ . ---AND A 5 1/s FARM STREAM
Supply Water Volume
to tank leaving of water .
Hours Observations
from pump [taok (5 1/s {n tank
L Sdmdye o ffarkm steam | - (m3). | -
- 36 | Tdnk £ille¢ night before
V708 0 Y 1w | a8 36
SRR TR SR e 8
9 eo"i0 | - 8 o
10 to 11 ) ‘18 16 :
mMesa3 - | = ] ' :
13 to e 18 ' : NS
14 to 1€ - ' - v
lé to 16 h 55 16 - -6 Tarnk ready Tor aexi day
Total S 70° -
Tn this- particular case 2 34 m3 =z »oadd ot d et Tuowater Hyorhe
ernd 0% -the third hour of irrigac. - ~hoes o oo JuopnaR Tt rr the puamp

¢ould be brought iute operation.

** Thig solution can be eliminated :rom rthe cuvs -~ ar with continuous discharge
from the pump a Zarm stream of = ., : c2uld b upplisd wichown having recourse
tc a sterage tank.



1.4

1.

1

THE IRRIGATION NETWCRK

For the purposes o[ comparisor, three possible solutions were
analysed: o )

“a network of open canais;”
a network of 4" non-pressurised mobile aluminium pipes;

a network of 3" pressurised mobile aluminium pipes.

NETWORK OF OPEN CANALS WITH A FARM STREAM OF 5,.1/s OR 10 1/s

— g.

leen the sandv nature of the 50115 on Lhese fanms, .a $olution
involving unlined canals can be*ellmlvataa.irom_Lhe,anrset as this
would result in excessive water losses.

Amongst the possible ‘types of Tining, the only otie” req41r1ng labeur
and materials available in the area would be masonry set in cement
mortar, 'stone being plentiful in the Treglof. v e

The drawings given in the appendix~and the’'typital longitudinal
profiles and cross sections wer®: prepared on the@aSsumption that
canals would-be lined im this -manner. : C

THiS "arrangsment tan be~ iged with 6T Without a storage tank, and in

the second ¢ase thte delivery ‘pipe would lead directly to the start
of the network instead of emptying into the tamk.

Distribution of water from one canal to another

Water can be distributed elther bv means of cla551c sheet steel
gates sliding in grooves cut into the canals at the places showr
on the drawings, or else by means of impermeable tarpaulin stop-
logs which do not require any special arrangement 1n the canals.
These stop-logs consist of a rectangular piece of material 0.40 n
by 1.5 m with one ot the shorter sides folded over |5 cm and sew:
down, thus forming a sheath through which a rod (a pipe, concrefe
reinforcement bar ~r wooden stake, etc.) 90 cm long is introducec.

In order to shut »ft the canai_and thus. dlvert_ low into the
lateral canal, tte rod is laid across the canal.on the waste banks
and the tarpaulir simplv pressed bv. hand agaipst the bottem and
¢ides of the canal “a an vpstrean direction. The water pressure on
the tarpaulin s «nough Tto make is adhere perfectl: to the nangi
without anv further weasures heing vequired, thus curting ~77 &a.-
Zlow downstream.
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Ihe.same-procedure as above can be followed. However, whereas
with metal gates is is simply necessary to create grooves at
-the points wnere there are to be cpeninge, if tarpaulin stop-
logs -are .to be used a 1.50 m section of canal should be created
vegdeaeh opening as this is recessary to cbtain the required
watertightness.

.-The openlngs for warer distribution te the plots &re not shown

an the draw1ngs These will have to be decided ons dv one as a
functlon of the arrangement adopted for each farm's cropping

. pattern.

It should simply be pointed out that in the case of citrus
plantations, the openings should enable the irrigation of two
rows of trees at once, thus requiring ore opening every 14 m,
while in the case ©f pdpaya plantations and vegetable crops,

.- Openings closer together.(ﬁor-example 10 =) would be preferable.

Whatever the farm stream used (10 l/s or'5¢l/s)J traditional
Ltrlgat10n~1nvolving,diver31on of all the flow from the feeder
canal into:.the plot will require some form of S0il protection

e where the water enters .the plot. This will consist of dry

Y

T

stones placed manually by the farmers and rearranged or made
up whenever necessary.

- Sl e FA D

;Siéhon iffigation

hlth thla forq—of 1rrlgation, no Spec1al arrangement is required
on the feeder canal. It is simply a question of placing a tar-
paulin stoplog immediately downstream of the area to be irrigated,
so that the water level in the canal rises and it is possible to
divert flew into the plot via siphons-crossing the wascte bank of
the canal on the side where the land to be irrigated is situated.
A practhcl solutlon-would involve supplying che farmers with
sections of plaSth tubing ! m» long and 25 to 30 mm in diameter
which car eazsily. be manipulated and primed.

The number of siphons needed will be- determined ewperizentally
by the fzrmers in the following mzuner:

_placd ng stop~log 1in the feeder canal;

vewe mtwmr T e

zilowing tne warer .ecvel uo rise in the canel ur-rresn of
Zhe step-.0g;
priming arc arbitrary number of siphons in thie upstiream
rezch (for example 10 siphons),

Abserviryg tThe bBéhaviour of rhe water level in thv vunsl and
flow through the siphens. If tnhe wacter leve: in tre canal



stabilises znd_all the siphons remain in coperaticn, tne
number is appropriate. If the water level i:a the canal
continues to rise and tends to overflow, then the number

of siphons is insufficient. . If.the water level ir thne canal
drops to the point where several of the sipheons zre deprived
of water, then there are too many siphons.

By repeating the operation with a differernt number o siphons,
either fewer or more, the Ifarmer can*rapidly determine by
himself the correct number ‘of siphons to -use.

It should be noted that a farm stream of 10 1l/s s easv to use
with sipnons. This form orf irrigetion ¥is thereforc strongly
recommended as it -removes the need for “any diversion structure
in the canal,. prevents ‘problems of ‘erosion -and improves the
farmers' technical capacity and control of ‘the wa:tsr supply.

1.4.1.3 Regulation of flow im the -canals

In the case of a netwdrk supplied by a’stdrage tank, the flow
delivered by the gate valve at the tank varies, with the same valve
.opening, in accordance with the kevel ¢f water Am the tank. The farmer
"will*be able to Increase ot reduce ‘the flow “4n- the canals by altering
the valve opening from time ‘to time. Table no. ? 'gives the means of
‘estimating the inflow to ‘each :farm network w1th heads or water in thre
~-canals of between 5 cm and 17 cm* . :

In the case of a2 network supplied directly by the deliverv pipe,
where there is no storage tank, the farmer will not pe able to
regulate the flow. This will be imposed by the pump unit in
relation with the level of the water table in the well. However,
table "2 is- still valid for* estlmatlng the dlscharge used.

L.4.1.4 Sizing ‘of canels

As can be seen from table 2, the same flow can be cci-eveo wIrh
dlf:erent depths of water: from one- canal to another.

However, as the variations -involved are or the orde:

centimetres, it was felt better te adopt a single cz:: . .3 = secTl
for a 10 1/s farm stream and a single one for a 5§ 1/ = ::7 sorc

taking into account the most unfavourable circumstar - - RIE L

l, [ v . : ; — . S e e
., i “asimum depth L t
H ¢ . Depth of cunal B : oo
I Weter .
‘ {cri
! [Cm) ‘ t
1 .
| T T
10 ‘ 17 : L. 20 i :
| . o : |
5 : 12 15 i |
| . S ot
fope appénd?s "oy ~oprjc ] cveoe secvionsd,
TU- M Zrogreme st e Fo e o1l : il ZomoLlwnetrear of che
w1 Foooman v S iy slor 4 nal t
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1.4.4.2, Network.operation (Example of farm no.

1.4.1.5 Setting of canals

AN L P AN 1t VAR MW A W WA WP T e NAie, 1T < e Y TN L

"'Land in the farms ‘to be irrigated is often steeply sloping and for

this reason a compromlse solution was _adopted in order to achieve the
' (contradictory) aims of limiting: canal slopes as much as p0551ble

(to reduce the water veloc1ty as much as possible and thus the force
“6f erosion at the entrance to the plots):and the helght of the

embankments (to reduce the height from which the water would fall -

causing even more erosion - the areas lost_for the canal land takes

and the amount of compacted Fi1l to be used)

; 1
The sclution adopted means that in--a- few: cases-the canals have- to be
set at elevations lower than the plots to be irrigated.” In these
particular cases, the plots in thelr_present state will not be ,;
commanded by the irrigation canals,- and 1t will be necessary either
to level areas which are tpo :high (in thé case of vegetable crops)*
or else create deeper basins-which-the w ter—can- reachvia-excavated

furrows (in the case of the c1trus and p paya plantatlons)* : i
z . |
: )

1.4.2 NETWORK OF 4" DIAMETER NON—PRESSURISED MOBILE ALUMINIUM PIPES WITH

A FARM STREAM OF . 5 L/s T

S - - - e e g L T SRR
- — = —t i em—— = = —— s prp—
S A UG Y ———— v o - X

This is a“variant of the network of openicanals and usés the’ same
dayout.  Water circulates- byngfav1ty~thrcughﬂfhe—pipesv~exther-from
the storage tank or by direct ‘connection’'at the end of.the delivery
pipe. However, with a network of th;s type the farmer may modify:
“the layout as he wishes. in ordertp brimg the water to' the footiof

each tree or to the entrange to:. each plot without having recourse to
. —earth. distributrion f—uq.‘-rews. o s e+ -+_ -

Y

'

This system constitutes a ‘limiting’ factot for .the farmw§t£gggﬂig

" . Comparison with the canals. A 10 17/s farm stream would . require a;

5" diameter arrangement which is not competitive due tothe high:

-~ -- . investment-cost-entailed.- In-contrast-with—the canals; -which—can;

be constructed using local labour _and “with locally avajlable .. {
materlals, alumlnium pipes ‘have to be imported from Eufope.

R S H

. - H
)

N
— g S

B Wb

1.4,2,1 Comp081t10n of the network - _ ' g - i

(
_._..}
“The network consists of 6 ‘m. long pipe ‘sedtions and flttlngs 4" 14
diameter. These are fitted at ‘each end with watertight :ABC type
quick acting coupllngs which are -simple: {O”jOlﬁPﬁP”—*—”““'““'

.1 .= cf. plan of the fafm).

e rmde gt — e o I e e at e e s e — e e e -

The- pipes and flttings are comnected up. as far as the section of .
network which is to irrlgate the farthest plot (S3).

e h L eee e e e e A ame . L v 4 PR e CA s U KM TRy S A SR, e

* It is felt that this work should be carried cut by the farmer as the areas which are not

Rt [ S ]
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The network is then supplied with water by opening the gate valve at

the storage tank (or by starting up the pump if the development does
not include a tank).

When the depth of irrigation in the plot has been reached the last
6 m section of pipe is disconnected and the adjacent plot irrigated
(without flow being stopped).

These operations are repeated until the area commanded by the section
of network (S3) has been completely irrigated.

Flow into the network is cut off by closing the valve at the tank (or
shutting down the pump).

e A RGN T ar TRV AT R, g et & e —n—— e e

The pipes are :transferred from section S3 to section §2.

i - The network is once more supplied with water, and the process repeated
b o -as-before-until--the entire area is-irrigated-
] ¥ g .

i

1.4.2.3 | Features of the network

The fact that pipes are moved from one section of the network to
another reduces the total length of pipes by over 50% as compared
with the lengths of the corresponding canals.

i
'

In_coptrast, becau%e of the fragility of the equipment (resulting
.in breakage, loss,. damage to joints) a large stock of spatre parts
should be:envisaged. =~ : .

Deiails of the various parts of the network at each farm are given
in table No. 3.

}
i ) .
:1.4.2.4 . Setting of the network

:m—u—mwﬁ~-Ne~par€&cul&r~se&ting~is requi;e&-as~the"pipe5“are simply“piated on
3 the ground, avoiding particularly high points and rough ground. "
; . . ;

174.25 TFlow regulation and measurement -
With this arrangement, it is impossible to measure the flow. It is

. up to,the farmer to usé his experience to judge whether the flow

e s s et~ B R E R EGEV E -0~ inadequat e+ -Hetwidl~have ~thesame-means as with a
canal network of modifying or accepting the flow delivered (depending
on whether or not the farm is equipped with a storage tank).

b i b Wempemme  mEmi, o e TL BAAM s e e n T sAes p -



Table 3

ITEMS FORMING THE MOBILE ALUMINIUM-PIPE NE:WORKS

(Units). : : -
Il
6 m pipe| Female Tees 1 - ‘ Bends
Farm No j A Cap Seals
sections| coupling In line :At end |. IR .goou: - us°f
of line | NS N . NS
1 37 1 1 1 2 2 (*)
2 29 1 1 1 3
3 28 1 1 1 2
S 30 1 1 R S JET
s | b 1 . 1 1 2 2
6 29 = ) G R AR s I 2 .z Eh
7 Lply: 1 - i 1 1 S R L2 v
8 31 -~ 1 1 1. [/ JES. RN
9 29 1 1 1 2 2
10 . 29 1 1 - SRR = T3
11 33 T 1 : b 1 3 .=
12 36 1 1 s woo Hlendd
13 41 1 1 1 2 2
A4 34, 1 1 ol ER: o 1 =402
15 30 1 1 1 2 il 12
16 31 1 1 1 2 2
18 33 1 1 1 2 2
19 27 1 1 1 2
20 29 1 - 30 s -
21 29 1 1 T 2
Sub-total | ~ 653 | 20 e | 13 |0 a0 b3 117 .
Spare
parts (10%) 65 |(50%) 10 [(100%) 6 [(100%) 13](50%) 10 K(50%) 22  [(50%).9 | (50%) 400
SRAND 718 30 | 1z ] 26 | 30 | Tes 26 | woo

(*) The pilpe sections and fittings are delivered with seals.



1.4.3 NETWORK OF 3" DIAMETER PRESSURISED ALUMINIUM PIPES’ WITH A FARM STREAM
- “~~._ .OF 5 L/S

ﬁ:Thls network is. ldentlcal to the previous one except that the pipes
-are 3" 1n dlameter instead of 4".
Wlth the same dlscharge of 5 1/s it therefore requires a greater
input pressure than could be provided by the delivery pipes adopted
L—up to: now (cf table: no. 1) and even less by the storage tank.

It therefore needs to be supplied directly by the delivery pipe, and
this must be sized so that the residual pressure at the start of the
network will be compatible with distribution of a 5 1/s farm stream
to all parts of the farm.

This condition i5 met at all the farms* with a 3" diameter delivery
pipe. This is the same diameter as the network and can thus be made
of the same mobile pipes.

The start of the network is in fact the pump outlet in this case.

In the following'costed section bf thé: report, the ideas of ‘'delivery
pipes' and 'irrigation networks' have been kept in order to give a
better understanding of the differences between comparable quantities.

[ PO P = 24 R - Lot e
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105 L. 0p PROTEGTIOH AGAINST RHNOFF»~ S R ;'?JL'

o, Tie s s T LRI L : e
© o _Qbservation ef sqil behavleurJac Jaleelo during and after the heavy
-- -.: - :.rains which-fell-im the region at. the start= of ;May 1982 led to the

» fellewing major:. cenclusmns*r sos i

e

~_h;_—r< R R e

. In places where the runoff was channelled along flow paths,
gullies formed very rapidly and there was considerable headward

erosion;

In places where the water lay because there was no outlet, it
F -rf~qj~ ~'d18appeared within two hours. When questioned about this, the
CF sl ~leca} farmers .confirmed:that. this was:in: fact the period of
submersion. o ..

In view of these observations, the idea of an intermal drainage
network con81sting of ditches was abandoned as the effects would be
more damaging than beneficial. ) S

.. ~On ~the ~gther -hand; the farms.should.be protected against water from
A;1u1-~upstream, whieh can.cause- con31derable damage to crops and development
- warks.-- . ... e S
A surrounding ditch is not to be recommended as this would require
disproportionately extensive rockfill protection at the outlet into
the togga, which is always close to the farm and forms the only
possible escape. It is therefore preferable to protect the farms
with bunds on the sides which are exposed to runoff.

* With the exception of farm No. 21 where the total delivery head at the farthest point from
the well would be 18.5 m. Though higher than 17 m, this is still acceptable if there is
slight decrease in discharge during irrigation of this remote spot.
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1.7.

L

COST OF DEVELOPMENT WORK

SUMMARY o g e T

The information used in preparing the cost estimates was obtained
bv means of enquiries carried out in Hargeysa by P.I.U. employees
in May 1982 (with regard to the supplies which can bé obtained in
the region) and by reference to January prices in France, increased
by the cost of land and air frelght via Djibouti (1n the case of
imported equipment and mzterials). Poenow

All possible combinations of the VatiOUS cases- studied give 11
alternatives which are analysed and costed in table No. 4,

ALTERNATIVES TO BE ELIMINATED-(cf. table Noi &4): =ne

- .. IR R s W e .l

a) Alternative No. 11

Although second cheapest, this solution has to be eliminated
because of the uncertainty surrounding the real capacity of. .the
wells to be drilled on the"first-20. farms. Thig-alternative,
which involves direct connection to the motor pump unit, calls
for. a.continuous discharge:of:5-1/s which-.cafihot ‘be guaranteed
at present:. It must however-be borme-in mind ifi thHe event of
similar development in the future-where the. atount of water |,
available can be guaranteed beforehand.

®)  Alternatives 4, 6, §_and 10
These“solutiuns which call for imperted -mobile aluminium pipes,
are more. costly.than the.samer SOlucions 1nvolv1ng canals dug by
local labour. :

c) Alternatives 1 and 2. .: f oAl
These solutions are technically the best becatise they provide
a farm.stream cf L0 1/s and thus short duration-irrigation.
However, it ls Ielt that they should be eliminated because of
the high invesiment cost involved.



S T

SUMMARY AND COSTS OF THE VARIOUS POSSIBLE COMBINATIONS _

_ e " o - N
R T . = s Altérnatives
AN - fc . PR tor ,
SUNNER ST > S B EE s o =
4 ) - w - * _ 3 E h K ”_ = “T. 7
Cost of ncm 20° m»wsm in Sogh x 10 | 2292 | 2126 | 2088 | 2457 | 1922 1026 | 1395 | 1149

Motor vcsﬂ c:ﬁn Tar ey

s ) oA ‘
ST SEEIRININEAE ' |y
. o o AP B .
“ != 1 | Buried Wm:m:%mww scégl pipes 1 ' h &8
Y. | dia. 2v, 2 tn_.; 2 344", u SR & ﬂ w
2 | Mobile aluminfum, vaw wmﬁa on nsm . .wmm | A, S T DN A ‘ “_
: ground - .:m._ N.t 3k Coran E 8 L* V1 - co ﬂ
ST N, 4] T S A
o 3" dia. _=ov:m mpcgu.:u.ch__ whvmu Hmﬁu N No: . . 111 . F
. on the rﬂo::a S i ._., g b o ) o
, . . . '
52 m3 mnowmmm. ‘tank, mo« :nwmmnwos_. g H ow..w .v : . , BE _
v with a 10 :m:_mmﬂs .stream ,. | AT . A .
’ o ) 3 % I . : S I -1
. 36 m3 storage tank”for :qnmmn..,o: B xw.wm T I S S
oo E Rt L with a 5 1/s fam Mnﬁwms RO B . 1 : L & ®
. ST S MY S - 3o N " )
i T T | Masonry lined: nmcmwv. : k _

D

13
S g le=1w01s T

i [ R R 1 SRR

N . v Masonry lined, nmﬁmym .. . 0 g ) O )
Delivery : [ Graviey Fdu | T TURIEEE L S “e | ® |1 e o ®
to vwn.ﬂm ) - ..” 4Ln - HA [ P s § .

N A AN mobile mwcgswcs —t%mm HmE on; S e . _ ) %

. . . ” {785 : _
o ! : nrm ground - § 343, 1/ S ,h..‘ ? RSN B . ° o i _
i = H il . 1 M N iN — ” i
‘ . o . T
mobile E:a»i:_w plpes laid Qn .
c:am Yegsure V o . & 52 X :
; m. n m muﬁm ground - o = “_.c zm AR AR A f ﬁ
e R m.. m " 1 hour's operation
. , o .1 hour's stoppage
Pump ovmg:cs for 4 hours' pumping a day delivering 5 1/s - %) - or " 4 hours' continuous operation
-1 hour's operation
2 hours' stoppag
Farm stream distributed per farmer 10 1/s 5 1/s :
Irrigati 2 hours"
rrigation time nw:.nwn._.:m us 4 hours' continucus operation
-operation
Volume of storage tank 52 m3 . 36 m3 No tank
- e S
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1.7.2 ALTERNATIVES TO BE DEFERRED (cf. table No. 4)
.. R e e e [ O 3
a) AlternaC1ve No__§ o o .
This-ts technically similar-to alternative No. 5 -but-more co%tly
simply because of the cost of the galvanised stgel pipe, which
is double that of the mobile aluminium pipes. Such a difference
in cost is not Very Yealistic 'and thé Ppricés obtaiped in Hargeysa
for galvanised steel .pipes.should-be. checked ,-for example by
) fquestlonlng other suppliers. With similar or even slightly ‘higher
costs, galvanised steel pipes are preferable “to aluminium pipes.
‘The latter, laid - on the-ground, are—mbore -vulmerdble and can -
cause interruptions in. the watrer supply.,. which practizally never
occur with burled steel pipes.
Mea B e e S i ?:..__..__.,..___ LL .
b) Alternative No. 7 | . .
z TSRV SN DU SO S — - H
Same remark as-above-with -respect-to—alternative-No. 9. -~ . =
...... R U U O P ) SR 1
. ’ i
:1.1.3 ALTERNATIVES TO BE ADO'F‘TED ’(EE“’taBle ZIY TH Con
O S
a) Alternatives 5 ang i ’
These two alternatlves are ldentlcal .apart from the fact that
No. 5 includes the construction of a storage tank and No. 9 does
'ntrt, givinga 'dlffEI’ETfC’E""in"CUSt of “SoSh 896" 0{)1}
Thls dlfference in cost is sign:.fxcaut:,L and is connected 51mply
with the well capacities, which are as yet unknown. It is felt
Fhat the .decision of whether or not to fconstruct the storage:
tank should be taken only when full information isjavailable!
The consEruction of sforage;tanks'should thé}eforeinot be
started before wells have been drilled and representative
pumping test results obtalued by equipplng the wells with Lhé
. pumps whlch will flnally be allocated to the farms.
1.8 -CONCLUSTONS . - 1

In conclusion, it is recommended that the canal network be lined
with masonry and designed to convey a yield of 5 l/s, and thar it
be supplied initially directly from the deliveryv pipe Irom the pump
(alternatlve 9). This pipe will be in galvanised steel or sluminium
pipes depending on the market -survey carrled out in the meantime.
Operation will show whether or or not it is necessary -at each Zarm
to construct a storage tank. This may then be constructed (alterna-
:tive 5) on those farms where the wells will not provide a LﬁnriﬂuOUS

yield.



Chapter 2

GEED DEEBLE EXPERIMENTAL FARM

STANDARDS

The cropping pattern for this farm has not yet been defined, as it
depends on the available water, and this can only be determimed after
the borehole(s) have been drilled during the second part cf 1982.

The proposals contained in Technical note No. 11 of the feasibility
study (Research and Extemsion, p. 29) will be taken as working
hypotheses: '

Peak daily i
. Total water requirements
Area water requirements (m3/day)
Activity (m3/ha/day)
(ha)
Net Gross* Net Gross*

Orchard 2 30 37.5 60 75
Nursery 1 60 75.0 - 60 75
Vegetable 2 S4 70.0 108 140
Seed Xion 5 66 82.0 330 410
Wind break 1 30 37.5 30 40
Total 11 588 740
Average per ha 1 54 67

*  Assuming 80% efficiency.
It is therefore justified to use the same standards as those for the
small farms, namelv:
Water requirements for the peak month —_— 1650 m3
Net volume to be distributed h d B,
ibu eac ay 55 m3

- Gross volume to be distributed each day
(allowing for 807 efficiency) 70 m3
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2.2 BASIC INFORMATION

2.2.1 IRRIGABLE AREA

The total farm area is 15 ha. Leaving aside those areas which are
not suitable for cultivation and the land to be used for access,

the net irrigable area of the farm is 10.2 ha, divided up as follows
isge apppndlx below):

e :“Area B T Di»?gﬁ. O — 3.0 ha
Area C 3.5 ha
Total 10.2 ha
2.252: ﬁWATER REQUIREMENTS_ 'f4*?”3 :
i L iiacor ognlses oLl foontie o :
=ioe l ea ‘thé basis of- 70 m3/ha per: day durihg péak perlodb, the water
requlrements will be as follows:
s3I viiso APef A et i T & ‘ =" 3:7}{70:"— 259 m3/day
o Arsa B’ — 37670 = 210 m3/day
Area C 3.5 x 70 = 245 m3/day
Total - : 714 m3/day
o - 'Jdn a farm of this Eyge, thenlrrmgatlen tima is. determlned by the
length of the working day, ie. 8 hours.
;i; S in order to aL%qg for lost time and othet farm actixitles, the daily
'} duxation of 1rtigaeion -operations. has .been- fixed -at 6 hours.
Feh_neT ol ToT w0 rieRt

| g+ 5 1 e U8 o i + b 8

,2’2“&” '““ﬁESIGN’DISCHKHCE"DF”THE’BUREHUKE(S)

The porehole(s) must. meet water demand over the perlod of irrigation,

P ke, L T T 714 m3/6!hours = 119 m3/hour (= 33.1/s)

‘l‘ o o . ) .:' ) . e
iZ.ZéQ.l Dlstr bution of yield from the borehole(s) . ;

| : ! i : : ,

oo . . Area A — 258/6 = 43.17 m3/hour (=12 1/s)
: ; .Area B ———— 210/6 = 35.00 m3/hour (= }0 1/s)
L Area C. .sm————————_. 245/6.+.A0.83 m3/houz (=il 1/s)

Sw sl Toral e 071476 = 119.0 m3/hour (=33 1/s)
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2.2.6

2.2.

7

.continuous.yield of 119 m3/ha_. .. .

*

FARM STREAM T

In this case the farm stream is automatically limited to the above
values, namely:

. 12 1/s for Area A
10. 1/s for Area B
11 1/s for Area C.

.,

These farm streams can easily be utilisgd on ‘ai”eéxperimental farm
which has an efficient technical management. Initlally, if required,
the above flows may bé divided up by d6ubling the number of farmers
pradtlslng 1rr1gat10n (6 fhrmers 1nsteéa'of on the farm).

IRRIGATION METHOD

The system will involve gravity irrigationy: using masonry-linped
canals and tubular siphons, with water being supplied on a
continuous basis over the six hours: during which irrlgatlon is
practised each day e e sl Ilbw ereeemas men

This means that the. Jborehole(s) must be. capablecqf delivering a

i e ——— - . S e ¢ ———

STORAGE TANKS

If yields from the boreholes are less than 119 m3/hour, a storage tank
will have to be constructed at the start-of edch nétwdérk (A, ‘B-and C,
cf. drawing in the appendix), whose live storage capacity would depend

.- on “the ‘real discharge from-the boréhole(s)

s

By way of indication, the following table gives the volumes of the

tanks which-woild be requ{red for the three areas “£or° ylelds from the
boretiole(s) -varying from 30 ¢fo -100 m3/hour -and provfdtﬁg water on a
continuous basis throughout the period of irrigation:

Volume of.stora;é ténk B Time caken Total Dé;igé
Borehole . (m3)% . o .| to fill tank| f‘
yieTd * |- - R e Ly T oGl dftert © pqu
(m3/W) . L S RN - irrigac1onv operation
Area A Area B Area C Total (hours) (hours)
30 195 157 183 535 18 ) 24
40 173 CoA39 1.2 | 424 Qooioo2n Tg -
60 A 129 104 121 353 6 12
80 S - 69 §: 1o M SR v A R 9
© 100 o o4 s 34 1 B b 7 B | 7

By linear, interpolation it 1s possible. o calculate the-tank volumes for any
other borehole yi«ld.



2.3 < FARM EQUIPMENT - - :

The farm w1ll be equlpped with the following:

.. one or several boreholes,
E'."Jone or. several pump units;
o onguor:several delivery pipes;
3 irrigation hydrants;
3 storage tanks (if required); -
. 3 dirrigation net%sfksf;"

oo FL e protectionsdgainst i runoff.

TOw B LT maR T TR T

2.3.1°_7 " THE BOREHOLES, - PYMP_ UNITS — DELIVERY PIPES - IRRIGATION HYDRANTS

The:boreholes do not form part of this report. As their location
and the elevation of the water table are not yet known, it is not

possible at this stage of the study to formulate reasonably accurate
working hypotheses.

I -~

A rough calculation_from a. borehole situated 400 m from the farm*

[

....and with tha water tab}e statiomary.at -30 m gives the following
rasdlts (with a. yield Qf 119 m3/hour)

b L

.. .6 diampeter pipes | ———— = ——————— 400 m
ﬂ'" . 5" diameter_pipes. e : = . 160 m
LT 4" diaméter. plpes —_—— — 180 m
o : TOQal .deliyery, head —_———— 66 m

This purely hypothetical calculation underlines the importance of
”“““"“—“'“Equipment"fot“tht'Bbtéﬁﬁté%‘zhd‘aellvery pipes, whosé components
. wsael vi(modedl of pump3l numbet ©fimpellers, power of motox, diameter of
T~m—m- ~——pipesy “water “hammer  protectist, Type of hydrants, pressure regulators,
‘ o ndischarge negulators,‘etc ) reéquire special study, and this can only
;--~-~~—"4be-un&ertaken'wheu‘thE“uhaTECtETistlcs of the boTehdles (ie. locationm,
elevation, dmscharge, drawaown) are known exactlv '

L
b o e e Y e e e = e
|

b I N [
D : e e e 1 e i - -
'2.3.2  _THE IRRIGATION NETWORKS - ... . . .. r
;. - _.On thg_basis Of thQ al;grnazlyes stndled for the development of the
! 2Q one hectare.farms, the irrigation networks for the éxperimental
S farm will consist of earth. gamals limed wirh flat .stomes set in

cement mortar.

* Diagram: T
Borehole ' Network C Network B Network A
11 10 1/s 10 1/s
o 400 m Il/s 160 m K 1680 ™
. !
33 [ 22 /e o b
GL: 10.0 1/s 19,70 ! 71.80 22.50



The setting for the bottom of the canals is'given in the longitudinal
profiles contained in the appendlx. T

The dlmen51ons of the canals are the same in the three areas and
identical to those shown in the 'typical cross section' for a 10 1l/s
flow ie. with a depth of 20 cm (the most unfavourable case being

that of the last section of canal Cl in "which' the 11 1/s flow is

conveyed normally with a depth of 17 cm; leaving 3 cm freeboard).

2.3.2.1 Distribution of water to thegplets  -

R

The canal layout was designed so- that. water:coudd:be distributed on
both sides of the irrigation canals.

Distribution by means of siphons is felt to be the only solution
which can be recommended for an experjimental. farm. The.method of.
using stop—logS'and tubuiar siphons is the dame as”that for the’
20 farms. , ) -

- RN - e - .y

P - - - - . L - . Y
s [ LA B . P .

2.3.2.2 Regulation of flow in the camnals

In the case of netirorks supplled dlrectly erm the borehole(s) the
flow will be automatlcally regulated by~ the flow reguiator installed
at the outlet from the irrigation hydrant.’ o

In the ¢dse of metworks supplied from storage tanks, water supply
to the canals will be Tegulated by means éf the tank dutlet valve.
The foITowing table gives the method of eSfimating ‘flow entering the
networks with depths of water ifi” the canals of between 5 and 16 cm.

- ot . R P . TS SN T P o S

mr—— AE LG s e S
Far S FLOW IN 1/5. WETH A DEPTH OF WATER IN cm IN: ‘THE CANAL OF*
o z _Area; RS . DR EI . < P s |
stream ‘ J‘ - - K
SRR ¢ oo |34 6 k-7 B| .9 ':lo, AL A2 13 fkiAs } 15 | 16
- “ :‘ N . {4 7~ R N - . T ’ e NP .o Y
1-oo-| AL J2.5] 3.00 4.5 5.5 7.0 8.5/12.5{12.54z"
12 1/s A
A2 | 1.5{ 2.0| 2.9 3.0 s.0f 5.0] 6.01 7.0 8.5{10.0{11.5{13.5
Bl [2.0| 2.5| 3.5{ 4.5| 5.5 7.0 8.5{10.5|. _| .
10 1/5 B o ‘ I PRI A
B2 |2.5] 3.5{ 4.5 6.0 7.5| 9.5|11.5
11 1/s ¢ {cr J2.5{ 3.5/ &.5| 6.0 7.5 9.s{11.5] ~

h Caete
The measurement is to be taken at least 5 m downstream of the storage tank,

i when the water level in the canal has stabilised This _table is only valid
for the’ start “of the networks.

), '




2:3.203- Settlng of canals B
As with the one hectare farms, the se

oo v ok DY QLGS LoWer elevations..than .that. o
' In order to irrigate these particular

‘be*ddopted a5’ described for the one h

. B e—— ¢ - A — it e st e .t e = e ot e

Frn e . ek ema e P

2.4 PROTECTION AGAINST RUNOFF

TTL PRE “fdPm-is ‘par€fally protected atip:

7 on ~thogeé “sidés “most frequently expose
the farm itself.

© -Théde Binds i Which dre noét mainitafned

= 'be~Tepalred and—exten&ed . ?- AN

3% ZeG. £ T Afat ‘”?J PSS B

Ioln. 'Ef'éhé farm‘hés~beén Severely eféded dur

FCSI I CUW LfFPm EHE bo&n&afy G£ #hé&’ fatmi ThIS P
¢. toutalk fhé “drdwing - LA Vthis SS#p6t thé ‘togga b
and flood water strikes the bank perp

future this erosion may reach the lim
done to prevent it.

. To meet most urgent needs, it is reco.

immediately to modify the togga bed b
bank and dumping the excavated materi
to erosion. Such action may in itself

Eooue 2 imafnbenadée (d¢cording “to “thie “amdunt
LT Ts3lE s £Egod) . JE$Ta “furtiter ‘measurie ; “tHe ‘ero
DE.L L TO B ﬂby<}afge ‘dfaerer ‘ToekFEEE “¢(between 3
rset pusTfu¥fher pEOtEction ‘but ‘does not allev

maintenance described above.

2.5 COST OF DEVELOPMENT WORK

At the moment, estimates can only be
and these give the figure of SoSh 14:
tares or about SoSh 14 000/ha.

To this must be added the cost of the
water supply line(s) and possible st
may be obtained to within an order o
following formula*:

Cost of storage tank = Live stora;
(in SoSh) (in

* This formula is derived from the cosi estimates for
calculated for the 20 one hectare farms anc from a cCt
volume of 195 m3.

canals in pl-
».b ifrigate
sameé methods
(see 1.4.1.5°

1 bunds const
and also wit:

amaged and st

e eastern st
d is now only

%

towards the
In "thé"” very
rm if nothing

a bulldozer t
1annel on the
3rat. present
there:is per
servedlafter
1d ‘be protect
TH¥s would f
for the peri

'-k

etwork itsel
irrigated he

pump unit{s.
e cost of tl
adopting th:

13 + 21 000

storage tanks
up for a maxii



2.6

For example, the cost of storage tanks for am avallable flow of
80 m3/hour (see § 2.2.7) is obCalned as follows: ™ -~

. | Areaa |. Area B. .| - .Area.C Round

- : ' B figures
Volume of storage tanks (m3) 85 69 80 -
Cost of storage tanks (SoSh) 72 850 63 090 69 800 200 000

In the above example the cost of the netyork increases from
SoSh 141.000 to $oSh 341 OOO and the .per.hectare cost from
SoSh 14 000 to SoSh 34 500. e L
However, this example.calls for two important .commguts. Firstly,

with an available flow of 80 m3/houn, it is: .possible to irrigate
areas A and B (6.7 ha) without a storage tank at a cost of

SoSh 14 000/ha. Secondly, if .it was decided with this same flow

te irrigate area C (3.5 ha) it would be necessary to,gonstruct
storage . tanks.,In -this-case che cost of .the threg tanks would have to

be .put down to -area C alone, whose marglnal Sast - -would amount to

- =i Lol A

SoSh 71 OOO/ha ST Ll LSS s T B Ut il roout 2iae

. =. . TaT . ol Tt LT oo ownl G

CONGLUSIONS . ... o

PR PRI e el - e

-Once che borehole(s) have been drilled and their cha;pcterlstlcs
deflned it will be possible to sel&pt the most suditable alternative:

either adJustlng the area irrigated to .the avallahle‘flows or else
irrigating all .the farm (10.2 ha)..by constructing -the,-necessary
storage tanks. T I, ©arm

— e PR AN

006" T
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Appendix A.l

ONE HECTARE FARMS
SPECIFICATIONS FOR THE MOTOR PUMP UNITS

On-line motor pump mounted on a metal frame;
Direct flexible coupling;

Tropicalised &4-stroke diesel motor;

Air cooling;

Power of motor: 3 hp;

Centrifugal pump;

Discharge: 18 m3/hour;

Total delivery head: 17 m;

The delivery orifice must be capable of taking flanges with
internal diameters of 2", 2 1/2", 2 3/4" and 3";

Suction pipe in reinforced rubber 6 m long equipped with a
screen and foot valve;

Delivery tube in reinforced rubber 6 m long, with diameter
varying according to the diameter of the flange on the delivery
orifice.

o000



Appendix A.2

ONE HECTARE FARMS
SPECIFICATIONS FOR THE DELIVERY PIPES

GALVANISED STEEL PIPES

Supply

.2, 2 1/2", 2 3/4" and 3" pipes 6 m long, threaded at each
end;

Assembly by means of a pipe coupling and sealing compound.

Laying

. Excavate a trench 50 c¢m wide along the pipe route (depth of
between 0.5 and 1.0 m);

. Place 10 cm thick layer of sand at the bottom of the trench;
Smooth the sand layer by hand;
Install the pipe,

Carry out pumping tests to check that there are no leakages
along the pipeline;

Cover the pipe with sand (10 cm thick layer);
Backfill the trench;
Mark out the pipe route by means of cement bench marks placed

at points where there are changes in the directiom of the
pipeline.



ALUMINIUM PIPES

Supply

. 6 m long pipe séctions of the ABC type, with male and female
- -rapid-action.couplings and seals at each end; diameters 2" and

. P | R
T 3.‘17.."-"‘"; T T

Laying

Assemble the pipes laid on the ground simply by pushing them
together.

“ PR -~ - - S ~ o
[ 2 — - —~ -
<~ ar r - &~ N
Sida. JIETC ! . A -
v . B 00¢ .
R iz gpnc = L A= wrT oo ae L s iy
2. .
o B
f C -
~ ~ 1 -~ - -
z B ) - =
- - . Se - -
> e i - [ -4
v - o -
- = -
= -~ N - - - ~
[T -~ - - - - - -
SR Boow 3=
- - o 'r o - — - -
ERE A SO AP - = -
2 ¢ Y - -
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- : - = - o
St
e B [ - -
- e fig LI EF04 - i =



10.

11.

Appendix A.3

ONE HECTARE FARMS AND GEED DEEBLE EXPERIMENTAL FARM
SPECIFTCATIONS FOR THE CONSTRUCTION OF STORAGE TANKS

Construct a horizontal platform at least 10 m x 10 m at the point
planned for the tank.

Compact the platform with a frog rammer or vibrating roller.

Level the platform to 0.4 ﬁ’below the level of the base slab of the
tank.

Peg out the tank.
Excavate the foundations.

Lay the foundations, using stones larger than 5 cm in diameter and
less than 15 cm, set in cement mortar containing 250 kg of cement
to each m3.

Construct the base slab for the tank, using stones greater than 15 cm
in diameter set in cement mortar containing 350 kg of cement per
m3, up to elevation -0.05 m with respect to the final level of the
base slab.

Position the 4" outflow pipe equipped with the valve and pipe bend,
with the pipe invert at the final elevation of the base slab.

Construct the walls of the tank In masonry identical to that used
for the base slab up to elevaticom -0.05 m with respect to the final
height of the walls.

Pour a concrete finish 5 cm thick (using 350 kg of cement per m3)
on to the base slab and crest orf the walls.

Fill in joints between the piecer of masonry both inside ard outside
the walls using a cement mortar .~ntaining 350 kg of cement par m3.

[wi®]e!
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Appendix A.4

ONE HECTARE FARMS AND GEED DEEBLE EXPERIMENTAI FARM
SPECIFICATIONS FOR THE CONSTRUCTION OF CANALS

Compact the soil along the canal layout over an area extending 1.5 m
on either side of the canal centre line (using a frog rammer or
vibrating roller.

Construct an earth embankment compacted (as above) in 20 cm layers
up to a level at least 20 cm above that of the bottom of the canals
as shown on the longitudinal profiles. The crest width will be 1 m
and the banks will have a slope of 1/2

Excavate a canal at the top of this embankment with a trapezoidal
section and banks with a 1/1 slope. The bottom of the canal will
be set at 5 cm below the level shown on the longitudinal profiles.
The bottom width will be 15 cm.

Line the canal with flat stones set in cement mortar comtaining
250 kg of cement per m3, respecting the slope of the bed as shown
on the longitudinal profiles and the shape of the canal as showm
on the typical cross sections.

Fill in the joints between pieces of masonry with the same cement
mortar and smooth off the surface to remove any roughness and

irregularity.

Finish off the compacted embankments so that thev conform to the
typical cross sections.

0Qo
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Appendix BI

COST ESTIMATE
ONE-HECTARE FARMS

Price o ‘ . Jn1t Cost
Description Units Quantity .
No price SoSh

MOTOR PUMP WNITS (20 farms)

SUPPLY

Diesel moior cump unit equipped with reinforced
flexible draf= tube, screen and foot valve. u 20 20 000 400 000

Delivery orifice:

2" dia. u 9
2 1/2" dia. u 7
. 2 3/4" dia. u 3
3" dia. u 1
Reinforced deiiverv tube, 6 m long:
2" dia. u 9 1 000 9 ObO
2 1/2" dia, u 7 1 000 7 000
2 3/4" dia. u 3 1 000 3 000
3" dia. u 1 1 000 1 000
FPixture collars u 80 50 4 000

TOTAL STUPPLY 424 000




Appendix B2

COST ESTIMATE
ONE-HECTARE FARMS

Price ) . Jnit Jost
Description Units Quantity X
No price SoSh
WATER SUPPLY FROM WZILLS TO RIETENTION BASINS THROUGH
CALVANTISED STEEL 2T?ES (20 farms)
SUPPLY
Fixed supply pipes to Zields made of galvanised steel
(ir 5-metre lengths) including couplings
2" dia. u 50 900 45 000
2 1/2" dia. u 100 1105 110 500
! . 2 3/4" dia. u 100 1 210 121 000
3" dia, u 40 1 415 56 600
TOTAL SUPPLY 333 100
LABOUR
Skilled worker 1) day 20 20C 4 000
Labourer (1) day 180 80 14 400
TOTAL LABOUR 18 400
!
TRANSPORT ‘
for reference (perscnnel mransporied withn the fielc x
and canal teams) 0
CE¥ERAL TOTAL 351 500

L




Appendix B3

COST ESTIMATE

ONE-HECTARE FARMS

WATER SUPPLY FROM WELLS TO RETENTION BASINS
IN 2" AND 3" DIAMETER ALUMINIUM TUBES (20 FARMS)

SUPPLY

Mobile 2" diameter lengths :

Mobile 3" diameter lengths
Female couplings 2" dia.
Female couplings 3" dia.
Joints 2" dia.

Joints 3" dia,

Unit weight
50 U 3.0 kg
: 240 U 5.8 kg
7T 0.5 kg
136G 1.9 kg
: 3070 0.003
: 150 © 0.06

3.0 kg x 50 = 150 kg (+ one 50 kg case) - = 200.kg
5.8 kg x 240 = 1392tkg (+ two 100 kg cases) = 1600 kg

0.5kg x 7 = 4 kg
1.9 kg x 13= 25 kg

0.003 kg x 30 (+ one 20 kg case) = 60 kg
0.06 kg x 150
1860 kg

PURCHASE PRICE FF :
50 x 103 5 150
240 x 163 39 120
7 x 19 133
13 x 33 429
30 x 114 342
150 x 15 2 250

47 724
Transport in France 5 000
Trapnsport France-Djibouti 1860 x 10.3 20 000
Transport Djibouti-Hargeisa 5 000
Contingercies 20 % 15 500

22 724 FF

[0

186 000 SoSh




Appendix B4

COST ESTIMATE

ONE-HECTARE FARMS

WATER SUPPLY FROM WELL3 TC PRESSURE NETWORKS
IN 3" DIAMETER ALUMINIUM PIPES

Unit weight

SUPPLY

Mobile pipes in 6 m lengths 3" dia. : 29C ¥ 5.8 kg

Fenale couplings 3" dia : 200 1.9 kg

© Joints 3" dia : 180 T 0.06 kg

4,8 kg x 290 = 1682 kg (+ three 100 kg cases) = 2000 kg
1.9 kg x 20 - = 38 kgi .
20 =
0.06 kg x 180 = 11 kgh + °ne 20 kg case) 70 kg
2070 kg

PURCHASE PRICE FF :

290 x 163 . 47 270
20 x 33 660
180 x 15 2 700

50 630
Transport in France 5 000
Transport France-Djibouti 2070 x 10.8 - 22 400
Trensport DJibouti-Hargeyee —— . 5 000
Divers 20 % 16 600

99 630 FF

= 200 000 SoSh




Appendix BS

COST ESTIMATE

ONE-HECTARE FARMS

Price ) ) . Unit Cos™
Description Units |Quantity )
No price JoSh
CONSTRUCTION OF A 52 m3 WATER RETENTION BASTN
SUPPLY
Rockfill for foundations (100 mm < D < 200 mm) w3 3 180 540
. kfi £ fl d sid
Rockfill for floor and sides a3 " 210 5 040
(200 mm < D < 400 mm)
. Cement 1 5 5 000 25 000
. Sand m3 14 180 2 520
Gravel o3 2.5 - 210 525
. 4" dia. galvanised steel pipe 1m 1 300 300
. 4" dia. cast iron 90° bend u 1 300 300
. 4" dia, bré.ss valve u 1 1 000 1 000
TOTAL STPPLY 35 225
LABOUR
Mason - Site foreman (1) day 12 300 3 600
. Mason (1) day 12 200 2 400
. Labourers (6) day 72 80 5 760
Watchman (1) month 0.5 700 350
Surveyor (1) month 0.5 1 800 900
TOTAL LABOUR 13 010
TRANSPORT
Land Rover station wagoz {12 davs x 80 ka) kn Q60 3 2 380
TOTAL TRANSPORT 9 880
GENERAL TOTAL FOR ONE RETENTIC:N BASIY 51 1185

or 1 022 000 SoSh for the 20 ‘arms




Appendix B6
COST ESTIMATE

ONE-HECTARE FARMS

i Unit Cost
Price Description Units Quantity ] o
No price SoSh
CONSTRUCTION OF A 36 m3 WATER RETENTION BASIN
SUPPLY
Rockfill for foundatioms (100 mm < D < 200 mm) n3 5 180 540
. Rockfill for floor and sides 3 20 210 4 200
(200 am< D< 400 um) "
. Cement 1 4 5 000 20 000
Sand o3 12 180 2 160
. Gravel m3 2 210 420
4" dia. galvanised steel pipe 1m 1 300 300
. 4" dia. cast iron 90° bend u 1 300 300
. 4" dia, brass valve u 1 1 000 1 000
TOTAL SUPPLY 28 g2¢
LABOUR
Mason - Site “oreman (1) day 12 300 3 600
Mason (1) day 12 200 2 400
Labourers (6) day 72 80 5 760
Watchman (1) month 0.5 700 350
Surveyor (1) month 0.5 800 200
TOTAL LABOUR 17 010
TRANSPORT
Land Rover station wagon (12 days x 80 km) km 960 3 2 330
TOTAL TRANSPOET 38C
GENERAL TOTAL FOR ONE RETENTION BASIN 44 390

or 896 000 SoSh for the 20 farms
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Appendix B7

COST ESTIMATE

ONE-HECTARE FARMS

. : Tnit ast
Price ipti Init ntit
Yo Description Units |Qua y price :a3h
STONE—-FACED CANALS (20 faras)
10 15 h=0.20 n 8 545 1p
SUPPLY
Tlat stone chips £ < 0.05 w3 200 180 36 000
Cement, t 32 5 000 160 000
Sand n3 130 180 23 400
TOTAL SUPPLY 219 400
LABCUR
Mason - Site foreman (1) day 240 300 72 200
Assistant mason (1) day 240 200 48 000
Labourers (4) day 960 80 76 300
Watchwan  For reference, the same as those
Surveyor for the retention basin works
TOTAL LABOUR 196 800
TRANSPORT
Land Rover station wagon (240 days x B0 km) km 19 200 3 57 500
TOTAL TRANSPORT 57 500
GENERAL TOTAL FOR CANALS 473 300
STOPLOGS
SUPPLY
w“atertight tarpaulir stoplegs 0.50 m x 1.20 m
with support rods u 40¢ 50 20 =00
GENFFAL TOTAL STOPLOGS 2% 200
GENERALL TOTAL FOR FULLY-EQUIPFED CANALS 497 200
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Appendix B8

COST ESTIMATE

ONE-HECTARE FARMS

Price ] ) Tnit Cost
Yo Description Units }Quantity price SoSh
STONE-FACED CANALS (20 FARMS)
51/s h=0.15n 8545 1lm
SUPPLY
Flat stome chips E < 0,05 n3 160 180 28 800
Cement T 27 500C 135 000
Sand n3 110 180 19 800
TOTAL SUBPLY 183 600
LABOUR
Mason - Site foreman (1) day 200 300 60 000
Assistant mason (1) day 200 200 40 000
Labourers (4) day 800 80 84 000
TOTAL LMJlUUR 164 000
TRANS PORT
Land Rover station wagon km 16 000 3 48 000
(200 days x 80 km)
TOTAL mANSPORT 48 000
GENERAL TOTAL FOR CANALS 395 600
COFFERDAMS
SUPPLY
Watertight tarpaulin stoplogs
0.40 m x 1.50 = with support rods 1) 400 50 20 000
GENERAL TOTAL STOPLOGS 20 000
GENERAL TOTAL FOR FULLY-EQUIPPED CANALS 415 600




Appendix B9

COST ESTIMATE
ONE-HECTARE FARMS

. iJnit Cost
Frice Description Jnits |Quantity .
No price SoSh
MOBILZ ALUMINIUM PIPSS FOR IRRTGATION 3" DIAMETER
SUPPLY
. 6-metre lengths
5.8 x 718 = 4164 kg (+ seven 100 kg cases) =4 900 kg
Female couplings
0.9 x 30 = 27 kg + (one 20 kg case) ~ 50 kg
. In-line and end tees
2.2 kg x 38 = 84 kg + (two 2 kg cases) ~ 120 kg
. Caps
0.7 x 30 = 21 kg + {one 20 kg case) ~ 40 k%
90° bends
1.7 kg x 65 = 110 kg (+ two 20 kg cases) = 150 kg
. 45° bends
2,0 kg x 26 = 52 kg + ‘one 20 kg case) = 70 kg
Joints
0.06 kg x 400 = 24 kg+(one 20 kg case) ~ 40 kg
~ 5370 lij
~ 5400 kgp |
!
T 78 163 1 117 034
T 30 33 990
T 38 134 | 5 092
PURCEASE OF EQUIPMENT FF g 30 34 l 1 020
T 65 110 | 7 150
T 26 110 2 860
U 400 15 6 000
140 146
Transport in France 10 000
Trensport France-Djibouti (5400 kg x 10.8) | 58 320
Transport Djibouti-Hargeisa .10 000
Contingencies + Commission 20 % : 44 000
1 ) | 262 466 FF
3" DIAMETER PHESSFIH.E TRRIGATION | 525 000S0SH
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Appendix B10

™

COSI' ESTIMATE

i

ONE —HE CTA.RE FARMS

-1t v reman - man

A
Py ....ﬁu..... [ - et PO RPN SR —— Tt C,...._......_.‘
in . Descnptlon Onits Quantity m. o8t
No cTaEnl 0L LT ER price SoSh
DT JER AR Y i .
MOBILE ALUMINIUM PIPES FOR TRRIGATION 4" DIAMETER
SUPPLY ] 1
. 6~metre lengths
G 8.8 kg'x T18 = 6318 kg ( +rseven 100 kg cases)~ 7000 kg B
L F'ema.']:;""c‘;oupiingé V
1.9 K8 % 30 = 57 kg + {one 20 kg case) > 80 ke
.]‘.ﬁ-line and end tees '
4.5 kg x 38 = 171 kg + (two 20 lggcaaes) ~ 210 kd
Lo .C.B.p!.fjl_ . g Rl 0 R S
97 :r | 1,3 k@ox 30 = 39kg + (ong 20 kg case) ~ 60 kg A 1o
S . 96" ‘l;ends - ‘
3.4 k"gﬁ‘fx 65.= 201 kg.,.('thi‘éé‘?’m kg cases) ~ 260, kd h
- T . B Yl i
| 45° vends Lo
2i6 kg x 26.= 68 kg (+ one 20 kg case) = 90, kg :
: ! | I o T
. Joints j | i
~e I : fig} Lol .o L . R TETE o i
S 0.17 kg x 400 = 68 kg .(+ one 20 kg case) ~ 90,3 :
. i - '
. ; 7790 :
; ! - o
o ’ ‘ ~ 7800 kg '
U 718 264~ 189 552
U 30 70 2 100
T 38 205 7T 790
PURCHASE OF EQUIPMENT FF U baw30 .- 48 1 440 |
) _ o T . 680:of: 150 9 750
- - T 26 150 3 900
U 400 21 8 400 .
_ L - - - 222 392 -
= Transport in France 10 000
Transport Frence-Djibouti (7800 x 10.8) 84 240 |
Transport Djibouti-Hargeisa 10 000
Contingencies + Commission 20 % 65 000 !
391 732 FF
4" | DIAMETER GRAVITY IRRIGATION 785 000SoSh
— e



Appendix Bll

COST ESTIMATE

CEED DEEBLE FARM

. Jnit ffost
Price . ; ;
Units Quantit
No Description ni Y price 30Sh
.o PR e e e LREIEE L PO28
STONE—FACED CAKALS I
SUPPLY B
. Flat stomes E ¢ 0,05 o .om3 i 55 | 180 | 3 900
. Cement T 9. .4 ..5000 L 45000
EE %
. Sand ] m3 36 | 180 . 6 480 l
TOTAL SUPPLY 61 380
LABOUR
. Mason -Site foreman (1) day 70 300" -4 - 21 000
. Assistant mason (1) L day |* 70 = 206 14 000
. Labourers (4) day 280 .o .80 22 400
. Wetchman (1) | momth 3. .f .0 | 2 100
. Surveyor (1) month 3 1 800 5 400
TOTAL LABOUR T 64900
dore EESETEE E  A !
TRANSPORT
. Land Rover station wagon (90 J x 50 km) |  km 4 500 ‘ 3. 13 500
TOTAL TRANSPORT ' 13 500
GENERAL TOTAL 139 780 .
STOPLOGY
SUPPLY |
. Water¥ight tarpaulin stoplogs 0.40 m x 1,50
with support rods ) u 20 50 1 000
AENERAL TOTAL FOR FULLY-EQUIPPED CANALS l 140 780
| ; R SRS N I, —— !
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Appendix C

DRAWINGS




_61...

LIST OF DRAWINGS

IMPLEMENTATION OF 20 ONE-HECTARE IRRIGATED FARMS IN JALEELO
AND XUNBAWEYNE AREA

1.1 — Farm 1

12 — Farms 2, 3
13 - Farm 4

14 - Farms 5, 6
15 - Farm 7

16 — Farms 8, 9
1.7 ~— Farms 10, 11
1.8 -~ Farm 12

19 -~ Farm 13

110 — Farms 14, 15

111 — Farm 16

112 — Farms 18, 19

113 - Farm 20

114 — Farm 21

1.15 — Longitudinal profiles — Farms 1, 2, 3 and 4
1.16 -~ Longitudinal profiles — Farms 5, 6, 7 and 9
1.17 - Longitudinal profiles — Farms 8, 10, 11 and 12
1.18 — Longitudinai profiles — Farms 13, 14, 15 and 16
1.19 — Longitudinai profiles — Farms 18, 19, 20 and 21
120 — Typical cross-sections

121 — Storage tanks

GEED DEEBLE EXPERIMENTAL FARM

2.1 — Present situation
2.2 — lrrigation network
2.3 - Longitudinal profiles — Areas A, B and C





