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1.0y  Introduction

[During the past two decades, the Government of Yemen, represented by the Mmistry of
Agricuiture & Irrigation (MAI), and with extensive donor support, has developed and improved
spate irrigation systems including construction of diversion weirs, irrigation structures and canal
headworks throughout the country and mainly in coastal plains of the northem and southern
sovernorates. On the other hand, some 120 small dams have been constructed mainly in the
northern and western governorates under the dam construction program executed by the
General Directorate of Irrigation { GD1) of the MAL

Now. the government. represented by MAIL does not have the resources to operate and maintain
these schemes. This situation has led to deternoration of the spate imgation svstems with
dwindling water distribution and hence agricultural production. Also the systems are increasingly
vulnerable to damage by tlash floods in the wadis. There are also problems regardmg small dams
whereby most of their designs were not based totally on technical and engineenng considerations
with no plans for O&M and with poor supervision by the GDI and/or the regional projects
authorities wiich were charged with the responsibility of construction of these dams,

Consequently the government has agreed with IDA to identifyv, prepare and then contribute in
finance of a Participatory [Irrigation Management (PIM) project which aims to gradually sobve
the above mentioned problems by rehabilitation of spate irrigation systems and establishment of
Water Users Associations (WUA’s) that will eradually bear the responsibiiity from the
zovernment with regard to O&M functions and expenditure for the spate irrigation systems (o
snsure long term sustainability and efficient utihization of Yemen's scanest resource; WATER.

As part of the preparation of the PIM project it was agreed with DA that 4 sepunar will be held
sometime late in [998 to highlight and discuss some of the aspects and components that are
crelated to the said project. In this context this paper on O&M expenditures was prepared by a
the local consulting firm (Ghavth Aquatech, Lid.) to be presented as one three background
papers for the PIM seminar. The other two cover the social and organizational aspects and the
lezal aspects of spate nmigation systems.

2.0 Scope and Objectives of the Study

The scope of this study 18 to assess the feasibility of =stablishing water user associations
(WTJA's) in spate irrigated areas and small dam schemes.

An important element in WUA parucipation is the &M burden that these associations would
have to share with the government. Thus, the objective of this study is to answer questious from
the various study areas regarding the O&M budgetary requirements, actual budgert allocations
made to the concerned irrigation departments (for 1998), the sources of finance mcluding
contributions by the government and by farmers (if any), and other questions relevant to the
financial side of the O&M issue. The study had also to reflect the level of the current O&M
sernvices and to esumate the oprimal O&M budget required per hectare at 1998 price. It also
axplores the possibility of reducing the O&M expenditures of imgation systems as the WUAs
take over the responsibilities for irrigation service,

For this purpose. four representative spate irrigation systems were selected. These are: Wadi
Zabid and Wadi Rima’ systems representing the Tihama region. and Wadi Tuban delta in Lahe
and Wadi Bana in Abyan representing the systems of the southern coastal plains,
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3.0) Methodology

The study was carried out by a team of 5 local experts: a water resources specialist an agro-
cconomist, an irrigation engineer. a sociologist and a legal expert. The work was based on
review of collected project documents and reports on the selected areas. including a study on
PIM m Lahej and Abyan which was prepared for the WB by Saif er. al.. (1998).

During the period 17-27 July 1998, the team made field visits to the four selected areas in
Hudiedah. Lahej and Abyan governorates to coilect data on the social technical, financial and
legal aspects of the O&M services, including data on the expenditure for spate irrigation
systems. Questionnaires were administered and the study team held meetings and discussions
with the Chairman of TDA; with senior staff of W, Zabid and W. Rima’ : with the directors of
the MAI offices in Aden. Lahej and Abyan: and with senior staff of irrigation in Wadi Tuban and
Wadi Bana.

Discussions, mterviews and questionnaires were also held/ administered o a number of Q&M
staff and to a number of farmers to get their response on the concept of establishing WUA s and
their future rple in contributing to the O&M costs. Data analysis and presentation of the results
and recommendation are covered in the subsequent sections of this paper.

+.0)  Operation and Maintenance of Spate Irrigation Systems

Obviously. after an immgation project is completed, its benefits will be realized only ifthe
operation and maintenance activities are satisfactory, These activities. depending on the nature
and components of a project. are usually not easy to organize and implement since they require
skilled and technical staff at all levels, adequate guidelines and standards. specialized machinery
and equipment. proper information and monitoring, and comprehensive svstem management
with the required financial resources.

In Yemen, like many other developing countries, most of the requirements for Q&M ure not
adequately met and suffer from a number of problems and constraints. Consequently, under
these condidons the spate irrigation systems do not-perform etficientlv. and investments
detertorate to such an extent that water delivery and distribution can become unreliabie and the
farmers may revert to iraditional methods. Also. in such cases major rehabilitation works
become needed prematurely. Annex {(A) describes in more dertail the O&M status at the four
spate systems covered in this study.

+.1)  Operation and Maintenance Tasks

During the ramy seasons, the spates flow in sizable discharges ranging from low to very high
floods which last for relatively short periods of time. ranging from few hours to several days per
spate. Hence. each spate flow has to be efficiently diverted in time with no or minimum damage
to immgation structures and canals networks while avoiding flow of water to the sea in the
coastal regions. This is the first main objective of operation task. The second main objective is
that after its diversion. the surface water (spate or base flow) has to be distributed 1o the
agricultural lands within the command area of the wadi in such a way as to maximize squity and
benefits to the irrigators according to the approved water allocation plan which is usually based
on the applicable water rights and its agreed-on medifications.

Similarly, maintenance of a spate irrigation system is another important management task for
diversion weirs. irrigation structures and canal networks. To some extent there is an overlap
berween some of the operation tasks and maintenance tasks and it is important to coordinate
between them. There are three main types of maintenance: routine, periodic and emergency.
Wadi Zabid project inspection and maintenance schedule is enclosed to illustrate the vatous



O&M tasks required for the different components of the project with periodicity of carrving out
such tasks (Annex B).

In general, the O&M tasks are entrusted to Q&M sections under engineering departments of
rural development authonties (RDA s} such as Tihama Development Authornity (TDA) or to the
irrigation sections of the MAI offices, as is the case in the southermn governorates (e.g. MAI
offices in Lahej and Abyan govemnorates). On the other hand. there are a number of foreign
financed agricultural development projects which mclude spate irrigation development
components and for which O&M manuals for the related spate svstem have been prepared to
help and gwide the concemed RDA’s to establish the pertinent O&M units for the respective
wadis.

4.2}  Operation and Maintenance Expenditures:

The annual cost of O&M, including repair of the irrigation systems. will depend mainly on the
tollowing factors:

a) Number and type of diversion and control structures and other small irrigation
structures and bank protection works,

by Capacity length and type of main and branching canals with the related
irydromechanical mstallations.

¢} Nature and frequency of spate floods during the year.

d¥ Nature and degree of repair works being carried out according to the different types of
maintenance.

z) River behavior during spate.

f}  Extent of command areas to be irngated under the svstem.

z) The extent to which the normai operation and maintenance practices are bemg followed
and implemented, which depends to a large extent on extent of technical and financial
support by the zovemmeut.

h) Degree and nature of participation of farmers (beneficiaries of irrigation water).

Generally the annual cost of normal O&M services should not exceed 3% of the present worth
a1 3 sVsten.

(¥

Ay D&M Costs In the Studied Areas

As mentioned above the study covered four representative areas under spate irrigation sysicms:
two in the Tihama region and two in the coastal plains of the southern governorates, Analysis of
the O&M costs and the main findings of this study are briefly given subsequently,

3.1} Wadis of the Tihama Region

First, it must be pointed out that both of Wadis Zabid and Rima’ are centrally managed and
financed under the Southem Region Management (SRM) of TDA. Hence, each project will be
reviewed separately but anaiysis of the O&M costs will be combined for the two projects.

5.1.1) Wadi Zabid Spate Irrigation System

Wadi Zabid project, which was completed in 1979, covered agricultural development tor a total

irea of about 17,000 ha. The irrigation and mirastructure improvement works of the project.

which cost about US$ 39.2 million, comprised the following;

- Five diversion structures each typicallv consisting of a concrete diversion weir, one or two
canal head regulators. two sluiceways, an earth fuse plug and upstream and downstream earth
cunde bunds armored wath riprap.

LA



- Canal distnbution network. totaling about 123 kms in length. of which about 41 kms are new
or teconstructed canals in parts that are connected to pre-existing canals (32 kms) and all are
along 16 irmigation canals with 178 structures serving a net area of about (5,200 ha.

The 16 canals and the two tail branches of Wadi Zabid are grouped into three canal groups each
having separate turn of irrigation as shown in Table (1)

Table (1): The spate irrigation system of W. Zabid (source: Wadi Zabid Agricultural Project,
(Operation and Mamtenance Manual, p. 2-3. March 1980.)

Served by Bank Side | Lengths of Main : Prionty period
B S e
Mo, Wadi Canals in Kms | ° e spale {rmsmtion
I 1 Roda L 1 23 25 19 Oct-2 Aug. |
|1 Bunay R | 0.3 i | mcluding base |
L Barry R | ) 270 | flow from 19
2 Mansury i’ | 0.4 | 1080 Mar. to 2 Auz
K Gerbeh & T4 540
2 Rayvan R i3.5 i128
[ 2 Bagr E 76 ! 430 |
' Sub-total | ! 9.1 L e
i 3 Mawi R | 14.7 | 160
=43 Ebry L 5.6 510
E Yusit R 101 =0
| 4 Trerhazl L | 9.4 1080 : b3 Aug -15 Sepr
! 4 Gereh | Centre | 3. | 250 i 5
| b4 Bira | 1L I o4 ] 1330 JI
! i | "Aadi Masery L] . = et |
| Sub-tatal | K ALY dlas [ 3%
| 5 Sharabi | R 7.3 3ol i i
| 5 Mahram £ 2.0 | 174 i
3 | Haram L | 38 ki’ [+ Sept-15 et
s ' Wadi Am I = 250 i
Wadi Bed 120 | '
Suir-total i 19.7 [ 145D | |
f | Toal | ‘I 122.9 | 125 | 1w

The system also comprises a total of about 94 km of gravel surface roads; of which 21.9 kms are
access roads to diversion structures and canal bifurcation stroctures, 10.9 km are canal roads
(service or mmspection roads) and 60.7 km are farm roads serving farm villages and farm lands m
the project area.

The O&M section, for Wadi Zabid Project was established by TDA in 1979 waithin the
Ensmeenng and Imgation Department (SREM) at the town of Yabid. as recommended by the
O&M manual prepared by the consultant.

For more than 300 vears, water nghts in W. Zabid have been practiced accordng to oid
iraditional customs based on Sharia’a principle “Al-ala- tal- ala™ i.e, the upstream field is given
prionty for irmgation before the downstream lield. The priority dates of spate floods and base-
flow for each canal group are shown in Table (1). Under this strict system of traditional water
rights, the downstream beneficiaries can irrigate their fields only during the above specified
periods and only if the flow is surplus to the upstream areas,
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Earlier. the consultants proposed an alternative water allocation plan with dates slightly modified
from those of the traditional water rights, to be implemented through a committee formed by the
local authorites. Unfortunately both the plan and the committee failed to work or to be adopted
by TDA. This is due to recurrent violations of the water allocation plan bv some farmers who
were not deterred by government authorities, and the fact that thers was a conflict of interest
with the large water users in the wadi

The O&M section is in charge of O&M services at the diversion structures, other hydraulic
structures, and canal distmbution network up to the gates offtaking from the main and feeder
canals up to the field tumouts. The farmers responsibiliry starts from Held tumouts by delivering
water through field ditches then irrigating their fields by ponding spate water lavishlv on their
field basins. Trrigation tasks place from one field to the other in sequence according to warter
rights,

On the other hand. it was reported that. for some vears. the farmers in Tihama region including
Wadi Zabid used to pay 2% of their agricultural production income from spate irmigared Jands as
a sort of cost recovery fees to wagibar (zakat) department. In any case, this “fee” contribution in
o the O&M cost (which is no longer paid) together with the system of its levv. doesn’t seem 10
be an efficient way for sustaining the systems. Firstlv, because it is mostiv collected from the
small farmers but not the big ones and. secondly. because it never reaches the TDA. and it has
no otficial records of the collected amounts.

Un  the other hand the study team observed some technical problems which negatively affect the
system. These are ;

1} Sediment load brought by the spate floods to W, Zabid is high. Model studies referred to by
Camacho (1987) indicated thar sediment concentration measured aiong Mansury-Ravyan-
Boger canal (max. capacity 40 m’/s) reached 18,600: 4,500 and 1.620 ppm at discharges of
10. 5 and 0.5 m'/s respectively, This causes the toilowing problems:

1) large deposits of coarse sediments with boulders accumulate heavily at the entrance of
head regulator, especiaily at diversion structure No. 1. to the extent that when tloods
recede, the baseflow ilows over the weir crest mstead of flowing through the head
regulators. Consequently, every season the O&M section has to remove these huge
sediments/ deposits to allow the wadi flow to follow its normal course.

) large amounts of sediment (mainly fine sands) are deposited with debris and trash along
the main earth canals mainly due to inefficient functioning of weir sluiceway. Similarly,
these deposits have to be removed by the O&M section which does not have enough
operating machinery or resources. Unfortunately, the sediments and deposits excavated
from the main canals are not needed by nearby farms and it is not economic to haul it
to the middle of the wadi bed which is too far from the canals. Consequently, the

i department dumps such deposits along the embankments of the main canals and
mspection roads. This creates other problems whereby canal embankments get higher,
and during rams the sediments fail-back to the canals. Also, there are difficulties in
using the inspection roads that are covered with the fine sands excavated from the
canals, especially duning the rainy season.

¢} most of the sit and fine sediments of the spate water finally settle in the fizlds which
are ponded with water to a depth of about 1.5m to get as much water and silt as
possible, With this traditional practice and the fact that most fields are not leveled, then
due to accumulated siltation the level of the upstream fields which have priority for
imgation becomes higher than the level of the field outlets offtaking from the main
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canal, Then, to imgate such
earth bunds (Ugma) just downs
water level to enable them to ir
of water to the embankments
depriving the farmers from irr
may cause scourmg around a s
repaired too,

The concrete bodies of diversion
voulders and stones brought by flood

Some of the tumouts are of smakb

Such turnouts have to be replaced by

Due to the practice of field-to-fiel
farmers enjoy longer ume priority
from excessive ponding i the fiele
roads thus damaging it by “man-n
villages.

Cropping patterns in Wadi Zabid he
crop but with higher water requis
areas where farmers enjov priority o
10 months, '

Some farmers cultivate cropsin la
The problem is that these areas a
iraditionaily thev should be resirict
onlv,

There is a report by the Director of SR
some technical proposals to mitigate tf
by consuitants with the required funds fo

3.1.2) Wadi Rima’ Spate Irrigation =

The Wadi Rima’ spate irmigation svst.
umigation  works were constructed as o
system was designed to regulate and con
haseflow in the wadi below 2 m'/s and
The irrigation works consist of the follow

‘ds adjacent to outlet, the farmers have to construct

:am of the outlet across the canal in order to raise the
sate their fields. This practice can lead to overtopping
© the canal and may cause breaching of the canal and
tion till the canal is repaired. Also overflowing water
1 structure such as a drop which will then need to be

wetures 1 & 2 have been affected by abrasion by

e compared to their respective areas 1o be imgated,
25 with larger diameters,

mgation. and especially in the upstream areas were
water nights, it has been reported that surplus water
sins is diverted by farmers to the adjacent inspection
» small floods™ which sometimes even threaten small

nifted from cereals to banana. which is a better cash
nts, This situation prevails mamly m the upstream
ter rights (from both baseflow and spates) for about

ratches and strips along the wadi bed (cailed Gudal,
:xpanding and  are irrigated from spate water while
o their onginal areas and be irrigated Tom basetlow

Zabd covering the above mentioned problems with
amages. This matter needs fwrther study and desiens
plementation.

m

serves i total command area of up to 2,000 ha. The
f the components of Tihama IT and IV Projects. The
| irrigation during the perennial baseflow season with
ring the spate season tor flows which exceed 2 m'/s .
g Components;

- W i i A . . P 1o . - 5
4 weir with one offtake with a total « iivery capacity of 15 m'/s with the following structure

sub-components:
= dam wall across wadi Rima’,
¢ a flushing structure.
s an intake structure,
» 1 sand and gravel trap.
* an gjector structure for sand a
» an orifice to limit the dischare
* i aide spillway to discharge ex

1) main distribution strucrure bifurcatin
the south main supply canal which ftds 9 canals along the lefi bank of the wadi and the other

Aow through a siphon (capacity 10 m'/'s,

aravel,
nto the canal. and
55 Water.

-

330m long) to

=
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part of the flow is bifurcated to Hudayd canal along the right bank of the wadi Lengths of
canals, number of irmgation structures and net irrigated areas are shown in Table (2).
Table (2): The spate irrigation system of W. Rima’ (source: Wadi Rima’ Irrigation System
Water Allocadon Plan, DHV. pp. 30-33, The Netherlands. March 1984)

i Mu. ] MName of Structure/Canal Length uf.‘f‘la_in :.md . i N?mhur ol h'rigamd i
gk Branch Canais in (Kms) | irvigation structures TTREIET
| U | Al-Mishrafah diversion weir i |
|2 |Main supply canal 4.30 an B0 |
| 3 |Main division structure & siphon 0338 . 2
4 | Morth bank canals | o400 3 [ 2520 i
11, Al- Main |
; ' 2. Al- Hudavd E
i % |South bank canals . 32.00 72 I
| | 1. Ashr ' i 570
| |2Fani | | | w0 |
| 3. Malki & Nadal _ | T
: |4 Zawran | | 1,200
5 | 3. Yusfi [ | 320 |
i | 6. Mussatfivah | ! 170 i
[ {7 Mawsh | 920
| I % Sarwan | | 70} _
| Total | 45 88 = 101 - Loon |

A water allocation plan was simulated by DHV consultant on the basis of avatlable surface flow,
water losses in the convevance system and a gate operation scheduie. Nine computer runs were
made to investigate the performance of the rraditional and the new Wadi Rima’ imgation system
under wvarious scenarios regarding the sate operation schedule and other parameters determining
water allocation to the primary canals. Then it was agreed with TDA to adopt computer run # 9
wiich simulates the performance of the new system on the basis of a rotational schedule during
basetlow and modular division of the flow at the siphon during spates,

The O&M is camed out by a unit under the Q&M Section of the SRM in the town of Zabid.
irrigation from baseflow and spates in W. Rima’ is carried out according to traditional customs
based on the above mentioned water allocation plan. The irrigation system of W. Rima’ doesn’t
suffer from heavy sedimentation probiems as in wadi Zabid. This is because the irtigation works
included an efficient flushing structure and ejector structures for sand and gravel. The command
area of the Hudayd canal comprises the farm of the army’s “Agricultural Supply Corporation™
which insisted on TDA to allocate for them 30% more than the delivery capacity of the main
supply canal (iz, 7.5 m'/s instead of 5 m’/s as designed for the Hudavd canal). The corporation
cultivates about 3,000ha of bananas upstream of the right bank of the wadi while few big land
words cuitivate  anothier 2,000ha which is irrigated from the south main supply canal in upstream
ircas aiong the left bank of the wadi Bananas have ligh water reguirements and, as in W. Zabid,
sinct application of traditional customs of water rights and unlimited cultivation of bananas
upsiream bring about problems of mequity in water allocation to the downstream Girmers.

5.1.3) The Q&M Expenditures for Wadi Zabid & Wadi Rima’ Projects

Al present, the government funds all O&M costs of the irrigation department which handles the
D&M of w. Zabid and Rima’ svstems . The farmers in Zabid and Rima claim that they pav for

T ee

the O&M by paying 2% of their crops’ income on top of the Zakat. TDA officials envisage that
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levying water charges equivalent to 2% of gross value of agricultural produce would cover the
O&M costs. However. it has been confirmed by TDA staff that many farmers were not paving
and what has been collected never reached the TDA. Now, however, the above mentioned tax
levymg system 1s not working. Thus, O&M costs are presently covered by the government only.

A} Allocated Staif Salaries
I'abie {3) shows that the totai number of staff in the two wadis is 97 with total annual salaries
amounting to about 8.3 million YR

Table (3); The 1998 W, Zabid & Rima statl’ annual salaries (source: Trrigation Department,
Zabid. TDA. July, 1998)

Paosition MNo. Annual Salary, 000 YR
l- Head O&M Sectien _ L w0
2- Civil Enginears | 3 ! 132
3- Survey Technician _ 1 , k32
|4- Maintenance Tachnician 2 216 !
|3~ Mechanes - 13 1,092 |
|6~ Electrictan Technician L ! 84 ;
7- ‘Welder Techuician 2 i i
2- Mamtenance supenasor z 192
|*Ja Electrician (velucles) | 54
' 10- Laboratory Techmician | 1 iy '
|L1- Laborer Supervisor ! ! i
12- Cooling Techmcian i pisk i
{ 13- Tires Technician ! 7iv
! i4= Carpenter i il |
| 13- Plumber |1 | W
{ 16= Drover Heavy Dury Machinery | 35 I L0 |
I 7- Vehicles Dnvers i 1 | 12
18- Labor Chief B 120 |
[ 18- Mantenance Labor 26 L3560 |
{20~ Watchmen | bt | Faia
| Totai | 97 | 34840 |
= 3.090 Million YR for W, Zabid and 3 394 for W, Rama’
B) Requested vs. Allocated Operation and Maintenance Budgers

Operation and maintenance budgets for wadis Zabid and Rima’ irrigation svstems for the vear
1698 are presented in Table (4) which shows that the total allocation (YR 3.9 million) is onlv
30% of what was requested by the rigation department (YR 13,53 nuilion) for 1998,

Table (3)"summarizes the data of Tables (3) & (4) and shows that the requested budger for the
staifing plus O&M in Zabid and Rima is 948 YR per ha (1998 prices) whiie the allocated budger
averages 333 YR per ha. Thus. what is budgetea is onlv 0% of wiat the imigation depariment

requested.
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Table (4): Requested and allocated budgets for O&M of wadis Zabid & Rima’ sparte irrigation
system for 1998 (source: Imigation Department, Zabid. TDA. July, 1998).

Ttems | Unit ] Otv. | Requested | Allocated |
WADI ZABID
{4 Irmpation Structures | { | |
|. Rehabilitatson repair of sluiceways of Mansoury &Bunay canals | ¥ I A0 09120 | |
I Faphfill around side of drop structure #2 in Al-Ravvan capal & | N 300 | ELE200 i _
rasine bank wall alone 100 m section ] |
| 3 Farhfill and compacting sides of drap str, #1 Maws | | &0 | 262 800 !
| 4 Eartnfilt around drop str. #4 for Gumay canal & raisine 1ts banks | " | 180 | 288000 | |
3. Greasing and oiling of wates of tumouts and outlers | aames | 179 | 112,800
| 4. Pamnting of iron pants of gates & birdies of 1™ & 2% canal prouws | W2 | 530 | 120480 [
| 7. Cleaniny sediments from canal intake tor the 2 canai groups L | S L0 1.315.000 |
| 3. Repair sears of mam sates | Mo, |7 | 330,000
: Subrtoral | ! I 24833400 |
[ 1) Canal Nerwark 3 | | |
[ i Desilting, reshapmng & backfilling of hanks of Al- Ryvan canal M 123800 3823000 |
| (along & km) i ' i
| X Tresilting & reshapmy of Al-Mansour canal (along 1.1 km) 19720 1a47.000 | |
| 3 Desaitmy & reshaping of Mawi-Yustl canal (along 24,5 k) | ! 1033 | 303 200 I |
| 4 Repawr of pipe gears | MNe 36 | 1200000 | |
Subtotal | | 7.405.200 |
Total for W. Zabid i | 10.328.600 | 2.000.000% |
WADI RIHTA
(b Immation Stractures i I | '
I 1. Repaur of weir body { M3 | 4 L 29160 I
1 {Greasing of oates, | ga | 30 0 14000
. 3. Clearance of sediments and other deposits = l:::' | Qi (00 .
[ 4 Protection earthwarks for lands downstream it the = canal vank | | BRI ' 22000 | |
Subtota| | | 392,060 i
| b Canal Metwork i | | D |
| 1 Hepair of Al-Hnkh dromage stracture P w3 | 75 | 190.800 | |
| 2 Hepair of Al Musatiah bridae I | 3 | 133800 |
I Mepawr Al- Sanwam - Al- Yusafl canali | ™3 | 0 168340 |
| 4 Desilting & Cleaning of canais [ L Lnonn] 1484000 |
[ 5 Clzaning of Al-Agqum from the middle of south canal | Davs | 13 | 189000 |
| n Cutting trees | &m | 8 | 1351800 | '
| 7 Repair of sear wates | No. | 16 : G 000 |
Subtoial | 2.311.040
Total for W, Rima’ | 3.203.000 | 1.900.000% |
| GCRAND TOTAL (for hoth wndisr| | 13,231,700 | 3,900 000+

= The Q&M Secuon has no breakdown of the actual expenditures at that time,

-
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Table {3): Requested and allocated staff plus Q&M costs per ha, for wadis Zabid and Rima’
(source: lrrigation Department, Zabid, TDAL July, 1998},

! Item '?;:E,EL o ! Net
CArea (hal

! REQUESTED

| Staff salaries (1998) | s4s4000] 33 | |

| Q&M costs (1998 prices) : | '
Wadi Zabid [rmigation Sysiem 19.328,0000 47 | (5215 |
Wadi Rima Irmgauon System I 3203100 15 J 3000 |

| Taral | 22015700 100 | 23213

| Total cost per ha | D48 |

' ALLOCATED (uctualy

Staff salares i 1998) | 8484000 50

| D&M costs (1998 prices) | ; 3
Wadi Zabid Irmganon System | looooool o 1e 14,213
Wadi Rima Irrigation System | L=oogoo) L3 | 3u00

| The actual Q&M budger allecatad to the irnzauon department for 998 | L2584, 000 !

I Esumated Q&M cest per ha made to the wngation department for 1998 | 533 |

A regression model analysis of the O&M cost of Wadis Zabid and Rima structures from 1988 to
1997 which was carried out using the data of Table (0}, indicared that 63% of the Q&M cost
change for wadis Zabid and Rima’ is refated to time wile 335% is related to other tactors, The
mzan of the O&M costs is YR 2,56 muilion and the Q&M cost has increased at an annuai rate of
about 20%. based on the data provided by Zabid Irrigation Department, Summary autput of this
resression anaivsis s shown in Annex (O,

[t 1s reaiized that regression unalysis requires at least 13 vears of data. but the consuitants had to
settle tor what was avalable. Notice also that the data used are for the gl mamrenance
costs. Moreover. it should be pomnted out that salanes were not included in this analvsis because
of lack of data (time series) on this part of the cost.

Table (6): The O&M cost of Zabid and Rima from 1988 o 1007

] sy Actual Cost u!' [rrigation , .-"Li..“._HI:Ii.CAJST. .uf]rng,:jtlon Total !
Structuras Mainenance® | Canals Maintenance= 8 W
1988 | 08,972 | 1133457 1.442 409
1989 | 31631+ 507 .94 914 254
1990 134338 1.078.342 | 1.312.680
1991 127 384 369318 1.096,702
1992 T 498246 1,161,823 1,660,069
1903 6780990 1,244 782 1.933.772
1904 | 355,388 | 1209548 | 2135236 |
1905 | 1.091,368 | 1,080,840 3072014
1996 | 1.212.631 | ! 080,546 3193277 |
1097 | 3,468.780 3045 570 5,814,400 |

* Source: Irnigation Departmant, Zabid, TDA. July, 1998
3.2} Wadis of the Gulf of Aden Region

ifrom this region. spate imigation systems of wadi Tuban and wadi Bana in Lahej and Abvan
zovernorates; respectively, were investigated as two case studies for O&M costs.
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.2.1) Wadi Tuban Spate Irrigation System

The wadi Tuban spate irmgation svstem lies on a delta consisting of an alluvial fan with its apex
at about 35 kms north of Aden. The average annual low m the wadi is about 125 MCM and the
average total irrigation area is about 8,000 ha. The O&M services presently cover only 6.606 ha.
The wadi is partly irrigated by a2 modern system up to the field outlets. and partly imigated by the
traditional system.

As detailed m Table (7), the imgation system compnises mne diversion weirs with tvpical nead
regulators and sluiceways and lined mam and secondary canais for a total length of about 1034
kms with 1630 irrigation strucrures,

lable {7): The Spate Imgation System of Wadi Tuban-Lahej

i Name of Weir/Ugma Length of main & 'Tm'."h"'_r e | Irrigared Arca I

i ! branch canais {Km) | LR i {ha)

| | STrucres

| 1- Al-Arais Weir '1' 52.00 576 : 73 |

12- Ras Al- Wadi Weir | 4730 338 -] 1.718 |
3- Beizag Weir | 3330 113 | 1.325 |
4- Faleg Weir | 1.653 3 | 326 =

| 5- Hadaram Werr ! L3 40 ., 42 | 543

|6- Bustan Weir | 1,00 : 16 5 747 |

| 7- Mugahed Weir I 1,05 _ ) : 174 !
- Al-Munasirah™ i = ' ' 2.1007* |

' 0. AL What Ugma® | s ' - | 1.233)

| Total | 163.40 ; L6300 ; b.Gil6 ,

*Command areas under Al-Munasirah & Al-What Cogme are  mesidy aroundwarer irnzated & are not
mciuded 1n the total
source; [rmganon Section. MAT Office, Laley Governorate, July, 1998

These works were buiit by the Yemem-Soviet Projects duning the period 1971-38, On the other
hand a new weir called Al-Fageeh and Lafiah located downstream irom Falag weir is presently
ander construction with fimance from LWCP. The wadi Tuban proper passes through the most
upstream diversion weir called Al-Arais then it ows 9 kms downstream to Ras Al-Wadi weir
where 1t gets bifurcated mto two wadis viz, Al-Wadl Al-kabir and Al-Wadi Al-Saghir (which
literally mean the large and small wadis, respectively) to wards the night and left bank of'the
wadi respectively.

The status of the Wadi Tuban Spate Imigation Svstem is deteriorating and level of Qd&cM is
poor, This is particularly true with regard to maintenance of weirs and other structures and the
canal network. Unfortunately maintenance has been neglected since the stoppage of the Yemen-
Soviet projects in 1990 and due to the_mnnual decrease of govi., fimds allocated for O&M
services. Therefore there was practically no maintenance for the svstem for the east 8 vears. This
15 manifested by the fact thar there is a program for replacing 26 old gates for 6 diversion weirs,
The gzates of the mam and secondary lined canals are originally of bad quality with a suff hiting
mechanism and  bad handles. However these gates were damaged and looted by people without
any clattering measures by the local secuntyv authomies. Now there 15 an urgent need for
replacement of 33 gates comlpletely or in parts for the canal distribution system.

The maintenance for the 2 types of gates requires a budget of about mil. Y R 37 3. Maintenance
for conerete structures and for removal of heavy sediment and deposits (about 124000 m’)
requires  a budget of about mill. Y.R 11.29. The govt. funds ailocated for Q&M within the 19938



budget for the Lahe; MAT office is about mill. Y.R 63 of which about mill Y.R 63.2 for salaries
which 15 too high and only mill Y.R 1.8 mainly for operational services for implementation of the
seasonal water allocation plans according to traditional customs as explained above
Consequently the allocated O&M budget for the Lahe] MAI office should at least be doubled on
the short term. From the field visit the mission observed that these requirements will cover a
total command area 6606 ha. However if rehabilitation and irrigation development works are
implemented for Al-Munasira weir and Al-Waht Ugmea and few parts along the two wadis (will
cost about Mill. Y.R 300 as a second phase for development) then the system wiil be equipped
10 trrigate a total command area of at least 8000 ha..

3.2.2) Wadi Bana Spate Irrigation System

The delta of wadi Bana lies at a distance of about 60 kms NE of Aden. The average annual total
flow is about 160 MCM and the average annuaitotal irrigated area is about 19.000 ha. The
Wadi Bana spate irrigation system consists of 3 diversion structures viz. Batis being the most
apstream  weir followed downstream by Hyja. AlDivvo., Al-Makhzan and Al-Graib weirs
whereby the delta extends for a distance of about 43 kms 10 the Guif of Aden. These weirs were
mitially buiit during the period 1933-1966. However they were seriousiv damaged a number of
rimes durng high flood vears including the 1982 catastrophic floods which aiso affected other
regions of the southem governorates. Consequently Batis and Hyja weirs were rebuilt in 1985
and 1987, respectively, through the Yemeni-Soviet Projects with modified designs based on new
data ol the high floods., The other weirs are presently destroved and not functioning since 1982,
Consuitmg frm (W.S. Atkins) which has studied flood damages in Wadi Bana has proposed and
recommended implementation what they cailed “option B” which comprised: a new weir at
Divyo with 2 main canals supplving Divvo. Nashera and Makhzan areas in acdition to wadi
traiming and fieidwork for a total capital cost of 10,1 miilion Dinars in 1983 (about miilion ¥R
500 in 1983 prices). The estimated cost of the weir which is 1o be constructed at a new site
shightly downstream of the present site was recently updated in a study by Saif et al (1998) at
abour USS1.05 million, Unfortunately none of these recommended works were implemented.
Since 1983, However. presently the Divyo weir command areas are served by the Diyyo canal
which is fed from a gated control regulator that was built in 1983 to act as a divide structure for
the Diyyo and Nusheera main canals, The spate irrigation system with command areas, canals &
sirictures are shown in Table (3,

Fable (8): Wadi Bana (Abyan delta) spare irrigation svstem,

WEIR |

Main and branch canal ; [ . ; |
leiiashis. (Kin} | Irrigated Area (ha) Number of irmgation Structure
| 1. Hareis 3.2 i 10,600 10 |
|2. Havja L 2,400 3 ’
3, Divyo == 3.620%
4. Makbzan Man-{unctioninge
5. Gharaib Mon-functioning "~
Totai] .2 | i5.020 | %

sourcz: mymtion section, NAL Cifice, Abvan Govemorate, July, 190§

© althouwsh Divvo weir 18 not fnctiening, this ares 5 imgated 5y Divyo mam canal whuch is t2d from the

control regulator and diversion structure,
I'he Imgation Section under the MAI office at Abyan is in charge of the Q&M services for w.
Sana spate irmgation system which consists of two parts, The first part covers an area of abour
+310 ha aleng the west bank of the wadi, with modern irrigation network consisting of main,
secondary, tertiary and quaternary canals. The O&M section delivers water up to the secondary
-anais and  the urigation inspectors guide and help farmers to deliver water through tertiary and



quaternary canals which has outlets irmgating fields directly. The second part covers remaining
areas under wadi Bana which are frigated by traditional methods.

It must be stated that following the 1982 catastrophic flood. this section was re-organized and
supported with a fleet of heavy earth moving machinery and staff through the “Traditional
irrigaton Project” which was urgently established as an emergency project for rehabilitation of
ihe seriously {lood-damaged area which has almost paraivzed the irmigation systems of W, Bana
and Hassan in Abyan governorate.

Subsequently, after completion of that project, most of the machinery, squipment and starf were
left for the irmgation section, thus making it in a relatively berter status with regard 1o provision
of O&M services. For this reason the level of O&M services in this wadi is moderately adequate
under the functioning weirs and is certainly better than that of wadis Tuban and Zabid. Despite
this fact, the irrigation section of Abvan. like other sections, sutfers from the problem of the
unwarranted annually diminishing funds allocated for O&M services which can not cover ail of
the areas under spate irmgation system. Also, this section needs relatively high capital mvesiment
{about 30 milion USS according to 1983 prces) to implement works proposed by Atkins
Consuitants. On visiting the Hyja weir. which was in operation. some technicai problems were
observed with regard to the curved weir crest which has 1o be modified to improve water
delivery from wadi flow over crest to the head regulator and upper intake of Ahboush canal.

3.2.3) Estimate of O&M Expenditures for Wadis Tuban & Bana Irrigaiion Systems

\} Allocared Staif Salaries

The allocated budgets for staff salaries in Lahej and Abvan are 2iven in Table (9). The
ailocations (64 and 29.3 million YR. respectiveiy) clearly reflect the overstatfing resuiting from
annexing almost all of the ex-Yemeni-Soviet Project staff at Lahei 1o the MAI office and those
at Abvan to the irrigation section of the MAI oifice.

Table {®): Salaries of stafl at Lahej and delta Abvan Irigation Sections, 1998

Name of Post | Nn, | Yearly !

: “Wadl Tuban f

L. lrigaton Engmeer (Msc.) | : | 63 4ai

2, Assistant lrrisation Engmmesr | i | 2467071

3. Agmcultural Economist | l i 146,172
[4 Admin. & Finance Staf ; 18 | 2435400 |

F Techmician sl 22205784

o, Carpenters and Masons 1i4 | 15,975 456

7. Watchmen 74 i 7,589,040

8. Extensionist of irmimtion a0 3,419,502

%, Dnver vehicles i 40 - 4,697 460 _1
{ 10. Zervices labor ! {0 1362144 |
j Tatal | 186 63967479 |

Wadi Bana

1 Head of 0&M Department 1 ! 180,000

I Head Assistant 2 i 312,000

3. Head O&M Section 4 | 4, B0

4. Covil Enginesrs 11 L.3a4,000
13 Assistant of Heads Section | 3 390000 |

4. Mechanic | d Lag.oog |

L#
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Tabie (9): Continued

MName of Post Mo, Yearty
. Technician 17 1.224.000
& Welder Technician 17 1,224,000
4. Imgation Labar | L62 L 1,664,000
10 Communicanion Technician i il 168,000
11, Labarer Overszer i 4 2EE.000
_ 12, Draver Heawy Duty Machinery 22X 2,644,604 i
| 13. Driver vehicies : 10 ' 72000 |
| 14. Area Overseer I 13 |.380.000
{ 1% Maintenance | v 3880000 |
l6. Watchmen ! 17 ( 1020000
Total | 708 i 20,472,000 |

Seurces: Imgauon Section . MAl Offices, Lahey and Abvan Governorates, Juiy 1508

B) Requested vs. Allocated Operation and Maintenance Budgets

The O&M services for Wadi Tuban spate irrigation svstem are undertaken by the [mgation
Section of the MAI Office in Lahej. Unfortunately maintenance has been neglected since the
termination of the Yemeni-Soviet Projects- and the annual sovernment allocations for Q&M
nave been decreasing, This has led to deterioration of the irmgation system with poor level of
(3&M services.

The spate bmgation system needs rehabilitation and maintenance on shori- term and long-term
basis, The most urgent maintenance works required for irmigation structures and conal network
are shown in Table (10). Also budger lines ailocated for operations (recurrent expendinires) ure
shown m Tabie i 11) while the O&M cost per ha is shown in Table (12),




Table (10): Requested and allocated operation and maintenance cost for 1998 (*000 YR)- W,
Fuban and Abyan delta spate irrigation systems.

- lteis | Unit_| Ouantity | Requested Budget] Allocated Budget |
_ Wadi Tuban_ R

a) Irrigation Structures
i) Provigion & installation of 26 new

fabricated pates for 6 weirs:

[- Al-Arais Weir prales i 5HRD

2- Ras Al- Wadi Woir e 3 2,040

i- Falap, Weir rales 2 [.he0

4- Hadarem Weir rates o 5,880

3- Bustan Weir gates £ 5.BR0

G- Muopahed Weir rates 3 28940 P
Sublotad] | P 234807 .

11 Maintenance of small structnres of
irripation systems under:

I- Al-Arais Weair wadis RN

2- Beizag Weir 700

3- Faleg Weir W e 2,800 e
Subiotal : 4,400 I

by Canal network
it Provision & mstallation of gates new or in
parts For canal tursonts as follows:

o pow gales for itrigation sysiem of ples 13 G G
Al-Arais weirs
o pafe lifting scrow system wilh handies mise 25 2,000
fior Plas AW adi irrigation netwok
= gate lifting screw systam wiih misc, 15 1.6M g
handles for Buzag irrigation network |
Subtotal| | | 10220
i} removal of sediments & other
deposits fram main & secondary canal
I- Al-Ajais Weir M 30,000 1.160
2- Bag Al Wadi Weir A1 2220
3+ Beizag Weir 201000 Q6)
4. Hadaram Weir 20000 1,500
5- Faleg Weir 8,000 B
- Bustan Weir o000 | 450
. Subtotal _J.124.000 6,890 —
A TOTAL o 42,500 1,801 »*
= Wadi Bana —r
a) Irrigation Struciures —— e
Provizion & Installation of new pates to | pates 13 13,600
| Weir and tswaingawal | |
|1 Spare parts for Canal pates — 225
¢) aperation cost for eathwork maint. ** _ 11129
L d) Mainl, of structures®* L300
TOTAL 26454 3 G(Hh =

Sources: Irrigation Sections, MAl Offices Lahej and Abyan Governorates, July 1998
*+ finance is covered by the Land and Water Conservation Project (WP}
#+  axiracted from 1998 requested budget - [rrigation Section (Abyan)
*+% this is the only allocation for maintenance and recurrent expendituras



Table (11): Allocated recurrent expenditures for the Agriculture & lrrigation Offices Tuban
(Lahej) and Abyan for 1998 o

T - o ____ Annual allocation, 00 YR
Item . Budget line  Wadi Tuban | Abyan Delta
|1 |Commuodities, seqvices and office expenses | i6 i R
2 |Fuel, lubricants & maintenance | 240 2,016
3 | Dmps, food and commedity expenses = oh | 48
4 | Rents for lands & buildings 0 0
5 | Water, electricity and communication g4 108
| Maintenance expenses ) 300 768
7 | Transport and per diems . 84 i
B | Training expenses L i} I _ i
9 | Other services expenses = = 0 _ 348

Total ) 1,500 3000 |

Spurces: Lirigation Section . MAT Offices, Lalej and Abvan Governorates, July, 1998
Table (12) shows that the requested O&M budget for w. Tuban is 16,403 YR per ha at 1998
prices while the allocated hudget is only 2,956 YR per ha.

Table (12); Requested and allocated O&M costs per ha. for wadis Tuban and Bana spate
irrigation systems (source: Irrigation Department. Lahej and Abyan governorates. July, 1998).

']'uh;u {(avea 6,606 ImJ- _;"u.h}':m tarea 12,400 ha)
em il YR 1 v | ¥R [ %
REQUESTED
Stafl salarizs ( 1998) 63,907 470 o | 20472000 78
Operational expenditures {1998 prices) 1 1800000 | 16 e00000| @
Maintenance costs ( 1998 prices) T azssean | 304 26.454.400] 13
' Total| 108357219 | 100 50526400 10D
Total cost per ha| 16,403 480
- ALLOCATED (actual)
Staff salaries ( 1998) 63.067470 073 | 20472000 | 942
Operational expenditures (1998 ‘}'_rrit"z:'sj | R0 M 27 . I 58
Maintenance costs (1998 prices)
B Tolal| 65.767.479 | 100 | 33,072,000 T
N Tetal cost per ha | 905N 2,522 ]

F

Ius the allocated budgets for wadis Tuban and Bana are only 61% and 52% of the ambunts
requested by the respective Irrigation Sections. And most of the allocated budgets are salaries.
However, these relatively more reasonable percentages. which are better than Zabid's and Rima,
do not reflect a better status for O&M, but rather the abnormally high number of stafl'in these
systems and the high allocations for salaries.

In essence, the govemmment is financing part of the O&M costs of the irrigation department in
delta ‘Tuban-Lahej and delta Abyan. The farmers in Tuban were obliged to pay an irrigation fee
of 100 YR/ feddan/ season (225 YR/ ha. / season), for spate water and 500 YR/ year for each
feddan (1250 Y.Rha/Y.R) that is irrigated from baseflow. According to the governor of Lahe|
decree no. 14/ 1996, the collected fees are to be depaosited in a bank account in the name of
[ .ahej Drrigation Section to be used later for O&M. This decree was enforced for one year only,
then the Ministry of Finance insisted that revenues should go to public treasury and the process

ceasedl,



6.0)

Analysis of Optimal OQperation a

and Maintenance Budget

In order to compare and analyze (he requested and allocated O&M budgets. optimal O&M
budgets have been prepared for the four spate inigation systems. These were based on proposals
in the Operation and Maintenance Manuals which were available for two systems ( Zabid and
Rima) and as correlated with collected data and field  visits for the four systems taking into
consideration scope and type of 'O&M services as governed by the nature ol the wadis,
structures, irrigation systems, and total command areas,

6.1)
A) Optimal Staffing

Estimations of Optimal Budgets

]

For the four systems, optimal stafTing with annual salaties were prepared as shown in Table (13).

Table (13): Optimal stafling and costs for the four spate systems in wadis Zabid, Rima, Tuban

and Bana (1998 prices).

------ Monthly “ W. Zabid W Rina® Wadi Tuban | Wadi Bana
Mamte of Most Salary || Moo | Annual | Mo Annual | Mo, | Aonual | Moo | Annwal
VTR Salary Balmy Salary Salary
) | | 000 YR OO0 YR Qoo YR | | '000 YR
| Dhrector of Q&M Sccinm 0 1 240 I n 1 2440 1 24101
2 Administrative oflicer T L5 _] |1 __-I g 50 _| B | £11 | 15l )
3. Accountant ' s ! 140 | 150 | 1 180 L | 1su
I Stoickeeper ] T R ETE I O T T T
5. Head of operation wnit Giig/CEY | 20 || 1 | 240 ] 240 BTN 2400
. Head of BMaint. Unit. (mech. .I'IETE]' 0 4 _E'f_LE_;_ T n r 240 | ?,I[}P_
7. Civil Enginecr 20 | 240 | Mo | 240 | 241
8. Hydrologist \ Metizologist 30 T N I T T T T
0. Canal Water Master T | qsm0 | 10| 1200 | f0 | 1200 | 12 | L4d0
10 Gate Operator T s [ [ [T | e o | oco [z | 1as2
11. Chief Mechanic 10 ; 120 R | 120 | 120
12 Assistant Mechanic 3 ? 192 | 9 | 2 | 192 | 4 | 3m4
13, Forman - Struciures & Gales = 2 | an B! bl | 90 I 5'16
19, Forman - Farth works 8 | a5 I | 9 1 96 | 1 96
15, Heavy Machinery Diiver 10 7 | m40 & 720 I 840 Lo 1,920
16 Heavy Truck Driver 0 || 4 | as0 | 2 | 210 | 3] 360 | 7 | 840
17 Vehicle Driver (4WD pick-up) 6 || 8 | 6 | 4| 2 | 5| 360 | 10| 720
18 Surveyor E | is0 : L | 180 | 2 | 360
| 19 Laborer (O&M) s [ 20| 1o | 12 720 | 15| 900 | 30| 1800
[ 30, Watchman/ mutrﬂ o g { 240 4 1 9w 13 432 1|-[+ 240
| 21, Chainnan 5 2 120 . - 2 120 7 120
CTotal E T one0 iR GoT: 84 7.536 116 | 10,968 |
* Driver for 2 bulldozers + 2 mator gader 2 front end Ioader | 1 hydraulic excavator or deag line.
* The abave list has been prepared hased on expericnce and stafling proposad by consultant
B Optimal Operation Budgets (Fuel and Fashricants)

Optimal costs of fuel and lubricants for operation ol the optimal number and type of heavy

machinery and

vehicles for earthwork maintenance and transpoil, on

average year,

Wl

sstimated for the four systems. The equipment requirements were assessed so as to undertalke
carthworks including clearance of sediments, trash and debris, maintenance of earther flood
_ete. With the required transport including water distribution,

pru[cc‘!n_m works, service roads, ..

[




Table (14): Annual Cost Fuel and Lubricant for Operation of Various Units of Tleavy Machinery
and Vehicles for O&M Services of Spate Trvigation Sysiem (1998 Prices)

(:us_l___i_l_i (YR) Monthly ﬁpm ation

* Daily consumption s based one average § hooes of operation per day

- ety el
Ttom Dl fjuf Fucl Lubricants Total Total Awnnal cost
conspmption T
g of aperation in Y. R
—_— | inliters o e i
1. Eulldpacr (128 size) ~ 288 diesel 86400 17,00 93100 | Ta4 800
2. Bulldozer (D6 size) 216 diesel | GAB00 8750 73550 |  3ag4u0
3. Motor Grader 216 diesel H4800 B750 asae) SA8. 400
4, Front-end loader 180 diesel 5800 7750 61550 402,400
5, Hydraulic Excavator | 180 diesel | 54000 7150 61550 | 402 400
6. Dump truck (15 tons} 40 diesel 12000 050 17650 141,200
7. Water Tanker (15,000 1) __ 40 diesel 12000 5650 [ 7650 141,200
8, Pick-up 4WD 20 Petrol 20000 1400 | 22400 | 179,200

** e year is estimated for 240 days afler excloding Fridavs public holidays and about 2076 of this year Tor repair and
maintenance and of season time for machinery & vehicles

Table (15): Annual Cost of Operation of Machinery and Vehicles (Tuel & Lubricants) for Q&M
services of Spate Iirigation System for Wadi Zabid, Rima’a, Tuban and Bana mn 000 Y R (1998

Prices).

B o Annual cost | . o ._T_ o i e - B
[temn : Woach Zabidl Woaddi Rima Wadi Tuban Whadi Bana
ol operation '
per it i piz e ey

Qy | Cost | Quy | Cost | Oty | Cost | @y | Cost
1. Bulldozer (D3 size) 7848 | 1 | s4s| - | -] -~ - 2 | 15696
2. Bulldozer (D6 si7e) 5884 | 2 | 11768y 2 (78] 2 17ed | 4 2353.6
3. Motor Grader 58841 2 | 11768 1 5884 ] SR8 4 2z 1176.8
4. Front-end loader 4024 | 2 ug4R | 2 984 4 1 4024 | 3 1477.2
5. Hydraulic Excavator ~ ao2a| 4 | osa8| 1 | 424 3 | 9848 2 | O9R4x
0, Dumip truck (15 ions) 2] 4 5648 2 2241 2 2824 7 ORR.4
7. Water Tanker (15,000 1) 1412 2 | 2824 1 1412 ] 1 1412 2 | 2824
8. Pick-up 4WD 1792 8 | 14336 4 | 7i68] 4 | 7168 8 | 14336
0. Grease for weir gales LS suo| Ls | 250 LS 768 | LS | 400
Total | 7438.8 44078 4459.6 103064

'}

Optimal Maintenance Budgets

The third component of the optimal budget covers the costs involving no earth works e.g. repair
of concrete for weirs & other irrigation structures, bridges and maintenance, painting .. ctc of
hydromechanical installations. The cost was estimated according to the nature and field status of
this component for the four irrigation systems. Tor wadis Tuban and Bana these costs are shown

in Table { 16).

Table (16); Estimated Optimal Maintenance costs for wadis Tuban and Bana systems in YR
{1998 Prices)

- Hm:’” [ wadi Wadi Wadi | Wadi
o Zabid Rima __Tuban Bana
Maintenance and tepair of concrete structues | 1,840,000 | 1,478,000 | 1,544,000 | 2275000
and mechanical installations _
Average net command area 15215 8,000 8,000 19,000 |
&M costs/ha in YR 121 185 [CEH T
n
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D) Cost of Annual Depreciation of Machinary, Equipment and Vehicles

A fourth component of the optimal budget is the depreciation cost of machinery & vehicles used
in the maintenance activities in the vmious wadis. An attempt was made (o estimate this
component by caleulating the cost of new equivalents (in 1993 prices) and depreciating them
over 10 years (about 10% per year). These costs are shown in Table (17)

Table (17):  Estimated Annual Cost of Depreciation of Teavy Equipment and Vehicles fm
Spate Trrigation System in Wadi Zabid, Rima’a, Tuban & Bana

Ttem Unit _ Wadli Zabid B Wadi Rima ' Wadi Tuban Wadi Dana
FL;;;':: O | costiss [ costuss | on fL‘shsi Oty EJ"::
I Bulidozer (DB size)  |230.000 | | pogoo [ - | -] 3 460,000
"2 Dulldozer (Do size) 165000 | 2 [ 33ogo0 | 2 | 430000 | 2 330000 [ 4 660,000 |
3. Motor Grader 130000 | 2 | 260000 | 1 | 130008 ] 1 | 130,000 ] 2 260,000
# Front-end loader 170,000 | 2 | zaopoo | 2 | 3depoo | 1 | 17o000 | 3 510,000 |
5. Hydraulic Excavator 150,000 | 2 | 3vopoo| 1 [ 150000 ] 2 aopooe |2 300,000
6. Dump truck (15 tons) 60,000 | 4 20000 2 | 120000f 2 120,000 | 7 420,000
7, Water Tanker (15,0001 [100000 | 2 | 200000 | 1 o000 || 100,000 | 2 200,000
& Pick-up AWD | rsoo0| s 120,000 | 2 eooo0 | 4 | eooun | 8 120,000
Subtotal . 2020000 | 4 | 1230000 | 1210,000 2,030,000
Misc-equip. (20%) - 404,000 26,000 | ] 242,000 586,000
Total B 224000 1,176,000 1452,000 3,516,000
Ammual depreciation cast at 242,400 117,600 145200 351,600
10%0 in LISS D i oy s I
“Anmual depreciation in Y R DAL 19,926,000 19,602,000 47 A66 D00
| (3=135Y.R) " . 5 ; 1

) Summary O&M Optimal Budgets

Ouce the components of optimal budget were derived they were then summed and a 15% of the
total was added to cover other miscellaneous O&M cost. Consequently summary O&M optimal
hudget for the 4 irrigation systems were prepared and presented in Table (18) below,

Table (18):  Surnmary annual optimal budgets for costs O&M services for spate irrigation
systems of Waids Zabid, Rima, Tuban and Bana m 1908

ltem of Expenditure Cost in YR

T Wadi Zabid | Wadi Rima® | Wadi Tuban | Wadi Bana
| Stall Salaties T oveop0o | 6,072,000 7476000 | 11,208,000
2 Cost 't_\‘pr:ratinn of machinery and i 190,306,400
vehicles  for earthwork  mamtbemance, A8 800 4,407,300 4,450 600
waler allocation .. elc - e
3. Cost Maintenance & repair mainly for
concrete  works on weirs,  structures, 1,840,004 1,478,000 [ 544000 2,275,000
bridges, hydromech.  installations, in
canals. =
4. Cost of depreciation of machingey, & 74000 | 19,926,000 19,602,000 A7 466,000
vehicles annual at 1004 —— .
6. Sub-total 51,062,800 | 31,883,800 33,081,600 71255400
7 Other  miscell  O&M  expense | 1.650.420 | 4.782,570 4,062,240 106,883,710
estimated at 15% ol above. e ; =
Total - 3,722,220 | 36,666,370 | 38043840 | 81943710 |
7. Average irrigated area (ha) 15,215 8,000 3000 19,000 "
8, O&M cost per (haj in ¥.R 3850 | ase3 | 4764 4313

Therefore according to above estimates the overall avernge optimal O&M cost per ha is about
YR 4,432 (say S 32.8) at (5 = 135 Y.R)



) Estimated O&M Cost of W. Zabid & Rima Based on the Investment Costs

Tahle (19) shows that the investment costs for wadis Zabid and Rima’ systems were LS5 39.2
and 26,59 millions, respectively. The present worth of these systems was then caleulated using
an annual depreciation of 3%,

Table (19): Estimated present worths of wadis Zabid and Rima systems.

Compunent Cost  in million USS fl'?'a";‘. Present  worth  in R
prices for w, Zabid & 1986 | million USS (1998)*

L., L prices for w. Rima’) Heri‘cd {"rm,}
- Wadi Zabid (compleded 1979) L N

Diversion | & all of its equipment 8,30 ) 4.73 1,700

Diversion 2 o 13.00 e 7.41 2600

Diversion 3 11.30 044 5,200

Diversion 4 ~ _ R L m 4,000

Driversion 3 360 o 2.05 1,300

Wadi Bed - T 32.34 415

Total e - o 15215

Wadi Rima (completed 1986)

Salaries and Technical Assistance ' .12 i 219

Equipment 1.95 .37

Civil Works E 1117 ] 14,84

Chperational Cost .35 (.25

Total 26,39 1865 8,000

* hased on an annual depreciation rate of 3%,

s Sauree: Basic data of cost benefit analysis. TIOA Davelop. Projects 11 & IV, W, Rima’ Completion Report. "86
Then, the O&M cost were estimated at as 2% and at 3% of the present worth, as shown in
Table (20).

Table (20): Estimated O&M costs of Wadi Zabid and Rima systems, based on investiment costs,
at 1998 prices.

Spate [rripation S}'S":‘:; Present Waith, Estimated oplimal O&M per ha.

- Million 155 based on 2% af "W Based on 3% of PW
Zabid (15,215 ha} " 22134 1936 USE (YR 3.964) | 43.93U8% (YR 5913)
Rima (8,000 ha) 1865 | 466USS (YR 6.204) | 69.92USS (YR 9,442)
oy both wadis token together (23,215 hay 4099 35.21Us§  (YRAT6T) | 5297 LSS (YR 7,151)
vy requested to estimated (budget requested - .89 13.26
for both wadis = YR 948 / ha) L
%y allocated to estimated (budget allecated - 1118 744

| for both wadis = ¥R 533 /ha) ___ L |

Thus, depending on whether one uses the 2 or 3 % of the present worth, the annual O&M cost
at 1998 prices [or wadi Zabid ranges from about 30 to 44 USS (YR 4,100 - 6,100) per ha. and
for wadi Rima from 47 to 70 USS (YR 6,900 10 9,400) per ha.

For the two wadis taken together, the above 1998 estimated cost per hectare were estimated 1o
range from about 43 to 53 US$ (4,700 to 7,200 YR). Compared to the requested budgets for
1098 (YR 948 per hectare), this represents only 13 to 20 % of the estimated, while the allocated
budget (YR 533 per hectare) represents only 7 to 11 % of the estimated cost, While compared

with the overall average optimal (4374 Y R/ha mentioned on p.) it represents 89.3 to 59.9% ol

the above estimate at present worth of 2% and 3% respectively.




Unfortunately the consultant could not undertake similar exercises for Wadi Tuban and Wadi
Bana due to non-availability of data conceming capital costs investiient for these two spate

irrigation systems.

) Summary Optimal vs. Allocated Budgets

a summary of the total optimal annual O&M budget for the four systems is shown in Table (21),
together with the allocated budgets for ease of compatison.,

Table (21); Summary of the optimal vs. allocated O&M budgets for 1998 for the [our spate

irrigation systems (in “000 Y R},

Wadi Aalid Winds Bama’ Woadi Tahem Wi Tana
Hem ol Boapaniditire Cpliml 1R I pimial 1908 yrtareeal (R il (IR
Aanmual Agmnnal HAnniinl Al
5 Thanilget 4 Fuoslped Fhudget d Fhudg Budgit o Pz get Tl et o Randge
ISl Saleries U 06D 0 | 607 3304 | 759 | 63oee | 11208 | 297n
_I { "'|'I{'T:'-!E IT. :.r|:|:i|i1:|n v adiicles o -. ?-‘?'-!E; o _T_l_'m__ "m;- “-T'T‘.-"::l_ 14556 1.8 FrvRie 4 3600
ol K pnavint cnoee
3 Mainten. of weirs, stowctiueres, bridges, 1,840 | ATR g _'I.Ei T 2375
Tevebrommedh. installations, oo, e
Cosd recovery of machinery J‘Eﬂ_'j_ 195 246.0 = _TDfIE:E.-':-j_ 474460 g
Sub<elal 5100618 Al H??_"-.E_‘ 3416 712554
THher mmiscell &M coeds [ulilitics, office | 7659 41 AR ST | AnT1 24 106 B 31
renb, ele ) ot 5% of tha todal i
Totnl &M TRriaaE | 7amn | seowedl | 5294 | JWIZEY | GRiG7_ | MBRl | 33072
Mg nel eonrnand area {ha) B 15215 | B0 L] [EXIT]
04 Coet {Tha L D466 | 4583 0.662 1313 174
Al 7 Oplimal % = 121 i 114 : 4036
Alloe Optimal % Wi Balaries 14 i R 51
¥ Optimal O8N budpet values are laken from table (18} !

b) on comparing the optimal vs. the allocated O&M budgets for each of the four wadis, one can
easily see that the salaries component shows some abnormalities; namely:

o the wadis Zabid and Rima” have allocations of about 59% and 55% respectively lower than
their optimal. On examining their stafTing list it is noted that they are generally understaffed in
total number and in some posts and unbalanced and overstafled in others (e.g.. drivers and
mechanics),

¢ funds allocated for salaries of Wadi Tuban and Wadi Bana stall exceed the optimal budget by
about 8.49 and 2.63 folds, respectively. This is due to overstafling resulting from annexing
almost all of the ex-Yemeni-Soviet Project staff at Lahej to the MAI office and those at
Abvan to the irrigation section of the MAI office while this latter section has been already
supported by staff’ and equipment under the ex-Traditional Irrigation Project (1982-89).
Consequently this has led to a misleading percentage increase in the allocated over the
optimal total O&M budget of 172.8% and 40.36. for Wadi Tuban and Wadi Bana,
respectively. Tlowever, if comparison of the O&M budget is made without the salaries item,
then the situation will be more realistic wherehy the allocated funds of YR 1.8 & 3.6 million
for wadis Tuban and Bana, respectively are only 6.11% and 5.21% of their respective optimal
funds (W/O salaries) of YR 29446440 and Y. 69054510 respectively,

¢) the irrigation departments which operate and manage the vatious spate irrigation systems in
Yemen are facing serious problems of inadequate funding for their activities. 1f this issue is
not solved then the sustainability of the spate systems will be undermined and their life wll be
drastically reduced.



7.00 Q&M of Small Dams Trrigation Schemes

Before the feld visit the study team reviewed various reports on the status of smatl dam
irrigation  schemes. It was found that such schemes do not generally include irigation networks.
They are rather used as storage lakes to recharge the groundwater aquifers. In the dry season,
farmers are not prevented from tapping thei water hoses into these reservoirs and pump the

water by small submersible pumps for irrigation.

There has heen no record of community organization to improve the use, desilt, or rehabilitate
existing structures.

7.1y Visited Schemes
Field visits  were made to three of these schemes in Taiz govemorate, The findings are

sunmnarized below,

1) Al-Amirah Dam Scheme

Al-Amiralt dam was built at the same location of the olid dam (washed away some 45 vears ago)
situated north of Taiz at wadi Arsoum near Sa’afan village, The new dam was designed by
Water Power Consultancy Services {India) Ltd (WAPCOS),

The small dam under this scheme is earthfill type with a clay core. The height of daniis 11 mand
its width is 167 n. It has adjoining spate flow structures 116 m long and consisting of a small
spillway weir and a breaching bund {Iuw plug) . The reservoir's total design capacity is 785,000
m' with a dead storage of 50,000 m’, The dam has 2 irvigation conduit pipes with outlets with
lengths of 75m and 50m situated at right and lefl side of the dam. Both are irrigating a total area
of 176.4 ha downstream. The scheme has neither canal nor irrigation networks downstream and
therefore there are no Q&M services.

Presently this scheme comes under the responsibility ol the  Governor's Office at Taiz with
adhoe technical supervision by the Southern Regional Agricultural Development Project
(SRADDP), Tair.

It has been leamt that efforts are still underway to organize the water users roles in the process
of equitable water allocation with the possibility for installation of modem imgation network
which will then need O&M services,

On the other hand, garbage fiom the city of Taiz is disposed on the side of the wadi course, This
canises pollution of water flowing to the dam reservoir and deterioration of the water quality.

b) Damum Irrigation Scheme

This scheme lies at Al-Damum village, Mawiyah distiict (governorate of Taiz), at distance of
about 17km NE of the city of Taiz. The structure, which was also designed by WAPCOS, iz a
stone Tace rubble masonry dike with a height of 17m from lowest wadi bed level. The mdth and
length of crest are 5.2 and 61m, respectively, The reservoir’s total capacity is 160, 000m’ with
live and dead storages of 140,000 and 20,000m°, respectively.

i
The dam inigates command area of 31 ha. of land through a conveyance system consisting of
main supply pipes of 3174m total length and diameters ranging from 200 to 75mm, discharging
design flows ranging from 29,1 to 3.84 I/s from head outlet to irrigate 6 irrigation sub-units
(shaks), through branch lines deliveting water to stilling wells at the head of the distribution
network,
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Ihe last stage of implementation was supervised by SRADP. However, during the field visit the
team observed that there were technical defecis in the installation of the irrigation network
which were noted then by SRADP representatives in order to follow up with the supplier for
repair. The beneficiaries of the scheme were observed to be in hmmony and are in agregment
regarding their participatory functions in irrigation by rotation and O&M services.

) Al-Gunaid Small Bam

Thiz small dam, which is lacated in Mesrakh district (governorate of Taiz), is privately owned. It
was built by Al-Gunaid family in 1995 using their own funds with little  support from the
government. 1 is a masonry structure with a total reservoir capacity of 750,000m", It has 3
outlets with three main galvanized iron pipes of 8 inch diameter. This scheme was completed in
1006 and the owner of the scheme s still in the process of negotiating with the beneficiaries
whereby he is proposing to inigate fur them against 25% of the cost of crop production

7.2y Problems of Small am Schemes

The main problem with the small dams is that these schemes are commonly built without
inrigation networks  and without muoch community work to organize the heneficiaries fin
cubsequent operation and  maintenance of the reservoits, Thus, in most cases the water stays in
the reservoirs and the farmers are satisfied that it “recharges” their wells. Oceasionally. the
[avmers would pump the water out of the lake using small portable “ventrifugal™ pumps,

Given that there is no formal community organization to operate and manage these systems onge
they are built, several difficulties arise:

a) impact on spate-water  rights: sometimes. when there are no irrigation networks, the
heneficiarics are deprived of the spate sater which they used to get before the dam was built,
I et alane the similar impact on the water tights of downstream riparians.

b} reservoir silting: the life of the structures deereases since there is no organization to desilt the
lakes. The lack of operation rules. and Facilities to discharge the water and clean the lake
hottom create obstacles for desilting,

) not enough stuidies of sites are carried out.
d) fragmented planning for dams and water stiuctures in general. The government should

identify one department only: epg. the Dircctorate of irigation of the MAT to be the only
bady in-charge of the program of small dam schemes.

8.0)  Conclusions and Recommendations
8.1)  Conclusions

1) Status of the Water Sector as a Whole and Spate Irvigation: The scarcity ol water in Yemen
is a well known fact. which requires a well defined and proactive role on the part of the
government to dircet the development of this sector. Tt is envisaged that the government role

should focus on:
a) defining and implementing a strategy for managing water regources,

by providing an  adequate lepal, regulatory. and administrative framework for water
management and development,

) goiding inter-sectoral allocations and

d) developing water resources in the public domain,



Unfortunately, most of these functions have not been adequately addressed for the past three
decades, It is only now. after the country has fallen into a water crisis, as evidenced by the
fafling water levels in many basins and water shortages in several citieg, that an agenda fin
action is initiated (Towards a Water Strategy, September 1996), together with the
catablishment of the National Water Resources Authority (NWRA). Indeed. the developed
Agenda for Action only Tightly touches on the issue of spate irrigation and utilization of
curface water. While, it remains to sec what the current mstitutional framework for the
planning of water resources can do to improve planning and coordination among the varions
key plavers in the sector.

2y Status_of _the Spate _ Structures, Equipment_and Machipery: the existing systems mie

experiencing severe deterioration. as evidenced byt accunmulation of sediments m the canals
(especially in the Tihama systems). partial damages by floods (to the extent that some welis
went out of service, such ag Diyyn and Al-Makhzan),  erosion of parts of the systems,
destiuction  and vandalism of gates and canal turn outs (especially in Ban and Tuban
systems). Another problem is that many equipment and vehicles are not operating, simply
because of lack of funds for maintenance. spare parts and repair.

3 Statns of the Operation and Maiitenanee Stafi’ - there is overstafling m some O&M
. f g

departments { Tuban and Bana) and un-balanced staffing in others (Zabid and Rima).

1y Financial Resources (or Budget Allocaitons)!

5)

o source of finance: it is saft to say that the only finance for expenditure on the O&M of
the spate irrigation systems is the public budget allocations, The entities in charge ol the
O&M  of these svstems do not receive any fees or charges from the farmers as
contributions to the cost of D&M,

o sufficiency: the technical and adwinistrative departments in charge of the O&M are facing
huge financial constraints due to the large deficit in the budget;ie., large difference
between what is abocated and what is required to adequately cany out the O&M and
rehabilitation tasks for the existing structures. For instance, while the optimal O&N costs
per ha in Zabid and Rima™ were estimated at 3859 & 4583 YR the budget allocations arc
only 121 & 14.4% of the optimal (4. 14 & 6.4% without salaries).

o nature of allocations: besides being limited, the Gnancial allocations are largely to cover
calaries (more than 90% of the budget in Abyan and Tuban). This is due to overstaffing in
some departments,  Additionally, in most systems, there are no finds (local or
international) to rehabilitate and repair damaged or washed away components, or for
flood protection works, or to construct the system structures which were not completed,
despite the fact that studies and designs are ready for some.

Sustainabiliy of the Spate Structures: the above mentioned  difliculties constitute a real

threat to the sustainability of the existing systems. Undoubtedly. the expected service hle of

these structures is reduced.

Role _of the Local _Autherities; the local authorities realize the importance ol farmers
contributions to the O&M costs. Upon a proposal by the lrrigation Oflice in Lahej. the
Governor of  Lahej issued a decree (No. 14 dated 14/4/1996) which, among other
regulations for drrigation, included an onder to collect JOOYR per Feddan pes irrigation
(about 250 YR per ha. per iirigation) of land irrigated from spates and S00YR per Feddan
(1250 YR per ha) of land irrigated fiom perennial baseflow. The revenues were to be

ki
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)

deposited This decree was implemented for one year only (1997) then the Miniztry of
Finance ohjected, claiming that the revennes should po to the public treasury.

In Abyan, the oflice ol the Ministry of Agticulture and iigation, alter consultation wath the
Governor's Office, had propesed an internal vepulation for irigation in Abyan Delia,
including the collection of irrigation fees, But the implementation ol which was postponed.

Fermers' Willingness to Confribuie to the O&M Costs: farmers in the four wadis are willing
to contribute to the O&M costs, provided that equity in water allocation is ensured and that
they receive their shares; even ilit led to modification of part of the inrigation schedule which

'is based on the traditional system of water rights. ‘This is to increase efficiency of use of the

diversion structires and to take into account the changes in croppmg pattemns.

Cost Recovery: imdoubledly, the collection of inigation fees proportional (o the cost
recovery tequirement is o desirable issue to ensure sustainability of the systems. However,
satisfving this goal remains dillicull 1o achieve on the short term, particulmly that it comes
after the system ol irtigation fees collection (which was enforced in Lahej and Abyan prior to
independence and continued till the emly nineties) has been abandoned. and when the
recommendations by the consultants of Tihama systems, regmding the collection ofirrigation
fees have not been taken. In o other words, the issue of collection of irmigation Tees hasg not
been taken seriously by the government except. perhaps, lately. and times of cconomic
hardships to the farmers and consumers, Henee, we are led (o conclude that the best that can
be achieved  at these times is to get the firmers to contribute to the O&M costs, but not full

cosl regovery,

and the lerigation Offices to implement the water allocation plans, deter offenders, and to
protect the structures and their components, '

10} Structures Rehabilitation: it is estimated that the capital cost required to rehabilitate the

Wadi Tuban and Wadi Bana systems is abouot (900) million YR 10 is also essential that funds
he made available for wadis Zabid and Rima to solve the many technical problems. especially
the sedimentation prohlem.

H.1) Recommendations

[y owith respect o waler resources managenent: awater strnlegy, which contains a clear

policy  on spate itrigation, should be adopted. Tt is also recommended 1o compose a
coordination committee with members lom the Mimistry of Agriculiore, NWRA and the
necessary sub-commitiees at the governorates levels,

with respect to the Q&M costs:

a) it is necessary to adopt the principle of collection ol irrigation fees from the farmers, as
was the case in some wadis in the near past, in order to increase revenues and move the
cuttent systems 1o closer to sustainability. 1t is proposed that the fees become 500Y R
per ha. per irrigation for spate inigated lands and 1000 YR per ha. for baseflow
irrigated lands ‘The state would have to cover at least 50% ol the optimal cost per ha.

) it is necessary to commence, from now, social work to increase farmers’ awarencss
with respect to necessity of contrihuting to the O&M costs. I is also necessary in any
rehabilitation works to abserve traditional water rights and to involve the farmers in the
planiing for the works! structures.

[
|
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1)

vole of loeal authorities: 1t is abseloiely important to capitalize on the two Tecent
experiences with respect to involvement of Governor’s offices in the over-seeing of needs of
these sysioms,

with respect to the cost of rehabilitation works:

a) Farmer's role: it is not expected to suceeed in convincing farmers to make financial
contributions to the cost of such works. Mevertheless, they still have a vital role to
participate in the planning of these syslems! structures and in organizing themselves to
operate such systems.

hy Government tole: to seck finding, 1educe overstafling (in arder to reduce the costs of
O&M born by the farmers). and activate the role of local lnw enforcement authorities to
protect the stroctures and eosuwre implementation of water allocation plans.

¢} Donor’s role: to initiate an appropiiate mechanism for financing, in such a way that
allowvs involvement of O&M Departments and the nuclet of the WUA s which are to he
formulated. An emergency project is needed quickly to make simple and necessary
repairs’ reliabilitation works, '

9.0y References

I- Camacho, BT 1987 Traditional Spate bdgation and Wadi Development Schemes, in

Mroceedings of Subregional Expert Consultation on Wadi Development for Agricullure in the
Natural Yemen. 6-10 Dee, 1987, Aden, PDR-Yemen. A UNDP-FAQ publication.

2- Chandhry, M., et al 1990, Economics of lrrigation Development in the Republic of Yemen:

Evaluation of Some Case Studies, Sana'a, July, 1990

3- FAO. 1994, Agricultural Sector Review (Yemen), Executive Sumimary.

- Lackner, 1L and Vincent, L. 1998 Participatony Iriigation Management, In “Spate Irmgation
l 1 B g ] e

i Yemen”, a report for the Economic Development Institute of the World Bank. the
Netherlands, 8 April, 1908

S Saif, A, M. Participatory Spate Trrigation Management Study i Labej and Abyan. MAL

Aden, March, 1908,

f- TDA. 1980, The Wadi Zahid Agricultural Project. Operation and  Maintenance Manual.

-

Tipton and Kalmbach, INC, Denver, Colorado, LISA, March, 1980,

DA 1997 Department of Trrigation, Zabid  Oflice, "Annual Report of 1997". Decembe
1uay.

8- The World Bank. 1982 Irigation Scctor Study. YAR, September 28, 1980,

O- The World Bank. 1997, User Organization Sustainable Water Services. Washington, I C.,

LISA. April 1997,

-

L



[IIIIIIIIIIIIIIIIIIIII

Annex (A): Technical Aspects of the Operation and Maintenance of Spate Irrigation Systems

Lhis annex examines the technical aspects of the O&M status of the spate inigation sysiems
which were visited,

I} &M Functions:

I developed spate irmigated areas, the O&M fimctions are undertaken for diversion and
hvdraulic structure, for water control and distiibution, and for the canal network of the nrigation
systems, I Yemen, generally. the O&M functions or tasks are entrosted to &M departments
of rural development authorities (RIDAs) such as Tihama Development Authority (TDA), or to
the irrigation sections of the Ministry of Agriculture & Irrigation (MAT) offices as is the case in
the Southern Governorates (e.g. MATD office in Lahej and Abyan Governorates). On the othei
hand, there are a number of foreign financed agriculiural  development projects which have
included spate irvigation  development works and consultants have prepared O&M manuals for
the related spate irtigation system which has helped and guided RDA’s to establish the pertinent
Q&M units for the concemed wadis,

1.1y Operafion:

During the flood seasons the spates flow in sizable discharges ranging from low to very high
floods which last for relatively short periods o time ranging liom few hour to several days
Iherefore each spate [low has to be efficiently utilized i time with minimum damage to the
structures and canals. while avoiding flow of water to the sea in case of high floods. Also.
another main objective of the spate operation services is to ensure equitable distribution of the
available spate water {rom the most npstream point through the canal networks up to the fields
downstream. To achieve this, the O&M Depaitment has to prepare an annual spate water
allocation plan based on inigation schedules {or the different crops within the command area of
each diversion structure, In modern spate rrigation projects, some activities have to be done
every season amnd  prior to water actual operation and allocation. For diversion structures tasks
to be done include flushing sediments through sluiceways and checking that the gates are
operational. Also cleaning canals from sediments, weeds, debris, trash ., ete and repairing any
defects in the lined canals and mamtaining and lubricating gates of timmouls and outlels to ensure
its proper operation.

In the traditionally spate inigated areas, the farmers (in anticipation of spates) have to build the
required hunds “Ugmas™ across the wadi in onder to direct the entire low stage flow of floods
into their  fields or by nmking temporary bunds or spurs (obars) projecting into the wadi for
deflecting a portion of the spate water to their adjpcent fields,

1.2)  Maintenance:

Maintenance of the spate irdgation system is an important management function. To some
extent there is an overlap between some of the operation tasks and maintenance tasks and it is
important to ensure a degree of coordination hetween them. There are three main types of
maintenance: routine, periodic and emergency. They are defined and explained below.

a) Routine Maintenance: This is the simplest type. 1 shall be carried out daily based on regular
inspection of structures and patrolling along canal distribution system, This will require
carrying repular repair works including the following activities:

» cleaning of silts, weeds, algae and debris from canal bed, gates and trash-screens,
e removal of any blockage of flow in canals due to Togs, accumulated debris., ete

il
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o minor repairs of diversion structures and other small hydraulic structures e.g. canal drops,
intake structures division and distribution hoxes. . ete

o cleaning of gates and greasing and oiling gate lilting mechanisms, 4

o tepair of leaks due to seepage in earth canals

« backfilling and compaction of eroded eanal embankments caused by overflow or leakage
of canals.

Periodic Maintenance: This type comprises the comprehensive cleaning and reshaping of

canals and repair of structures and service roads. Some of the main related activities are;

o clearance of heavy silt deposits especially in main structures and canals including
removal of weeds and trimming of side slopes for earth canals,

¢ painting of canal gates every year (every (hree vears al most) with gauges if any.

o inor repaits to conerete of headworks and repainting exposed steelworks as for canal
structures, 1t will be necessary 1o test the gates over their full range of travel.

+  pitching and reprap works at structures have to be regularly inspected and repaived as
NCCessary.

»  reset boulders, mattresses, gabions and replace where needed.

o  repaiting of service roads within the irrigation system to ensure continuos good, access
of Q&M services with the required machinery.

e maintain or reconstruct earth bunds “Fgo™ across wadis and emth spurs diverting
water “0bars” required for traditionally spate irigated areas,

The timing of maintenance is important in that it should be effected with minimal disturbance
to irrigation. Also, careful planning is a must in order to make best use of time. Wadi Zabu
Project Inspection and Maintenance Schedule i enclosed to illustrate the various O&M
required for (Aunex B).

Fmergency Maintenance: This type of maintenance covers repair of heavy damages such as
breeches in structures or canals which will require prompt action to prevent prolonged
chortage of water or extensive damage. For this maintenance the required men, machines and
materials have to  the immediately provided for the work. Of course in the event of
catastrophic floods more urgent actions will have to be taken.

sample inspection and Maintenance schedule for Wadi Zabid project is enclosed to illustrate

tvpes of O&M tasks and periodicity of their implementation.

%)
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Field Visits to Selected Areas:

e Consultants team visited a number of selected representative areas to acquaint themselves
d to collect data regarding the operation and maintenance (O&M) functions and expenditures.

IThe wvisits covered 4 spate irrigated wadis 2 in the Tihama Region and 2 in the southem coastal
plains, The mission also visited 3 small dams in Taiz Governorate. A brief description of these
visits with the main findings from irrigation and technical points of view are smmarized below.

5
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1) Visits to the Tihama Region:
12 team traveled to Hodiedah (17/7/°98) where it met the Chainman of TDA and other senior

e
il

ficials on the next day. The mission was briefed on TDA project activities including O&M of

spate irrigation of the wadis and available data and reports about wadis Zabid and Rima’ were

hmitted to the team. A field visit to the two project areas (which are both under the southerm

cegion management unit, SRMU, of TDA whose headquarters is situated in Zabid.



The team arrived to SRMU in Zabid on 19/7/98. Further data on the activities and O&M
expenditures of the unit, with special reference to wadis Zabid and Rima’ projects. which were
visited during the next 3 days. The results of visits to the 1wo projects are as follows:

a) Wadi Zabid Spate Trrigation System:

Wadi Zabid project, which was completed in 1979, covered agricultural development for a total
area of about-17000 ha. The irdgation and infiastructures improvement works of the project

comsist of the following:

- Five diversion structures each typically consists of a concrete diversion weir, one ot
two canal head regulators, two sluicewavs, an earth fuse plug and upstream and down
stream earth guide bunds armored with viprap.

- Canal distribution network awith total length of about 1229 kms, of which about 41.0
kms is new or reconstructed in parts that are commected to pre- existing canals (81.9)
and all are along 16 firigation canals serving a net area of about- 15,200 ha.

The 16 canals and the two tail branches of wadi Zabid are grouped into three canal groups each

having separate tum of irrigation as shown in Table (7). :
Fable (1): Trrigation structures and drrigated areas in the canal groups of w, Zabid spate

irrigation systen.
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The project has also constructed a total of about 94 km of gravel surfaced roads: of which 21.9
kims access roads to diversion structures and canal bilircation structures and 1009 ki are canal
roads (service or ingpection roads) and 607 ki are farm roads serving farm villnges and fann
lands in the project.

The water resources in the Tihama wadis including Wadi Zabid generally fall into three fairly
clearly defined categories:

o Dascllows and minor spates that are  generally suflicient to provide two crops (including
hananas) per vear on about 30% of the traditionally inigated areas which may increase to
40% with improved hmigation,

e Spate flows that may provide an average irrigation for just over one crop on about 60% of
the traditionally irrigated areas but with a variable degree of prohability.

o CGroundwater is absteacted both in traditionally irrigated areas and rain fed areas of the wadi
with cropping infensity of about 2-3 crops per year.

In Wadi Zabid for more than 600 years the irrigation water rights have been practiced according
o Sharia'a basic principle “Al-ala fal-ala’ t.e. the upstream eld is given priorily for irrigation
hefore the downstream field. In this regard the baseflow from I8 October to 29" March is
allocated to the upper delta service area denoted as canal i_n_mp-[ in ‘Table (1) above which also
enjovs prionity of spate irigation duting the perind 29" March through 3" August with the

1
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middle and lower delia service areas e canal groups 1 and I, respectively given priority on
dates shown in Table (1) Under this teaditional and strict regulation the beneficiaries of the
lower ateas can irrigate their ficlds only during the above specilied periods and when the flow in
the pertinent canals exceeds that of the upstream arcas Unfortunately this situation does not
flfill the expected equity for the downstheam irtigators and poses the need for flexible
recongideration of the regulations of the traditional “Al-a"al Fal-Ala’a™ practice in order to attain
better equity in water distribution and better utilization of the modem spate irigation system
which was not there countries agn,

The Q&M department was established by the (SRMIUI) of TDA as guided by O&M manual
prepared by the consultant which has also included an altemative water allocation plan with
dates for irrigating the 3 canal gronps slightly modified from the dates of the traditional water
rights.  However this alternative plan through a conumittee formed by local authorities have both
failed tn be adopted by TDA. This is due to recarrent violations of the water allocation plan by
sonme Tanmers who were not deter by authorities and the fact that there was a conllict of interests
with regard to some big water users in the wadi. Consequently, this situation has resulted in a
sort of disappointment to Q&N Dept. and to the downstream fanmers where all have felt hat
they have no choice but Lo strictly adhere to the centuries old tradition of water rights practice.

The O&M  department is in charge of O&M services at the diversion structures, other hydraulic
structures, and canal distribution network up to the gates ofltaking from main and feeder canals
to field winouts. The Tarmers responsibility starts from field twmouts by delivering wate
through field ditches then imigating their lands by ponding spate water lavishly in their field
basins, The O&M department can never undertake all the required tasks or even parts of it
elliciently. This is due to the session problems facing the section of which is the very limited

finds allocated by the govt, which also diminishes every year in addition to the problems of

inadequate and depreciated machinery and lack of incentives to skilled staff. On the other hand,
it was reported that the for some vears the farmers in Tihama region including Wadi Zabid used
to pay 2% of their agriculiural production income from spate irrigated lands as a soit of cost
recovery fees to wagibai (zakat) Depts. Any way this procedure-which has stropped recently- is
a poor and random methad Tor levving tax from fanmers, Also there are no official records of the
collected amounts and nothing  has been paid to TDA. Data on required allocations and ;"IL:[[I:!]
expenditures of the O&M  department has been collected by the agro-economist to be covered
by the paper on “O&M expenditures”,

Based on the field visits, collected reportz, meeting and discussions with TDA and SRMU senio
stafl the following technical problems have been ohserved:

1) Sediment load in Wadi Zabid is high. In this paper Traditional Spate Trrigation and Wadi
Development  Schemes “Mr. Camacho referred to model studies whereby the concentration
of sediment was measured for flow discharge ranging from 0.5m'/s to the maximum of
d0m'/s  along Mansury-Rayan-Bogr canal of Wadi Zabid. ‘The sediment concentration
reached 18600 ppm at 40 m'/s and 4800 ppm and 1620 ppm at-dicharges of 5 and 0.5 m3/s
respectively. This high sediment concentration  causes problems for the Wadi Zabid spate
innigation system at three levels as follows:

i) Large deposits of course sediments with stones and pebbles accumulate at the entrance
of head regulators to the extent that when floods recede, the basellow of the wadi llow
over the weir crest mstead of flowing through the head regulators, This is because the
floww wadi changes its courses due to the high accumulation of deposits, Consequently
the O&M Dept. has to remove these Targe sediments and deposits every season o
allow the wadi flow to take its normal cowrse to the head regulators.
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i) Large amounts of sediment (mainly fine sands) carrying debris and trash are deposited
along the earth main canals due o ineflicient finctioning the sluice ways of the
diversion  structures, Also vegetation growth and seeds in the earth canals hinder thei
capacity and  efficiency. Again the O&M Dept. has (o clear the canals from sedipents.
debris, trash the vegetation and then reshape the cross section ofthe canals. This
operation needs a lot of work  and efforts by the O&M section which does not have
enough machinery and resources wnfortunately the sediment deposits excavated from
the main canals are not required by nearby farm and is not particle and economic to
dump it in the middle of the Wadi which is far sway from the canals. Consequently the
department  dump  such deposits along the embankments of the main canals and
mepection roads. This creates other problems whereby the canal emmbankments get
higher and higher atd duting rains the sediments fall back to the canals: also there are
difficultics in using the inspection voads that are coverad with the fine sands of the
despised sidemen s especially at time of rains,

i) Most of the silt and line sediments of the spate water linally settle in the farmer fields
which are ponded with water 1o a depth of about 1.5 to get as much as possible of
water and silt. With this traditional practice and the fact that most farmers don’t level
their ficlds, then due to accumulated situation the level of the upstream ficlds which has
first priovity for irdgation becomes higher than the level of the ficld outlets offtakimg
from the main canal. Then to dvipete such ficlds adjacent to outlet, the concened
farmers construet just downstream ol the ontlet an earth bund (g across the canal
in order to raise the water in the canal to a level that will enable the farmers to wrigate
their fields. This action may lead to over topping water to the embankment of the canal
and may cause breaching of the canal and then depriving all larmers from irvigation till
the canal is repaired. Also over flowing water may cause scouring aronnd a small
structure such as a deop which will then need to be repaired.

Due to the practice of field to field frvgation and especially in the upstream areas were

[irmers enjoy longer time priority of water rights, sometimes and after excessive ponding of

water in the licld basins it has been reported that farmers divert suplus flow to the adjacent

inspection roads thus damaging it by man-made small floods which sometimes even threaten
amall villages.

Cropping pattern in Wadi Zabid has shilled from cereals to banana which is a better cash

crop but with higher water requirements.  This case mainly prevails in the upstream areas

were farmers enjoy longer time prionity of water tight from base flow and spates for about

10 months,

Some farmers cultivate crops in land patches and =trips along the wadi bed (called Grelrid).

The problem is that these areas are expanding and are irigated from spate water while

traditionally these type of land should be westricted to their onginal areas and be irmgated

from base fMow only.

Watdi Rima” Irrigation Sygsteme:

The Wadi Rima’ irrigation system which serves command areas up to a total of 8,000 ha was
visited on 22/7/98. The nrigation works were constiucted as one of the components ol
Tihama TV Agricultural Development of Wadi Rima’ phase-11 The irrigation systen was
designed 1o regulate and control inigation diing the perennial baseflow seasons with
baseflow in the wadi below 2 m3/s and during the spate season whereby flow in the wadi
exceeds 2 m3/s . The inigation wotks consist of the following components:

i} a weir with one offlake with a total delivery eapacity of 15 m3/s with the following
structure sub-components:

i3



dam wall across wadi Rima’

a flushing structnre

an intake structure

a sand and gravel trap

an ejector structure for sand and gravel,

an orilice to mit the discharge into the canal.
aside spillway to discharge excess water

i) Main distribution structure and siphon (350 o1 long)
o main supply canal (max. capacity 15 m'/s) offlaking for the weir to the distiibution
structure
- a distribution structure bifureating flow through a siphon (capacity 10 m'/s) 350 cm
long to the south main supply canal which feeds 9 canal along the Tell bank of the
wadi and the other part of the Mow is bifureated to the Tudays canal along the right
hank of the wadi.

‘
The Q&M is carried out by a unit under the O&M section of SRMU at Zabid, irrigation from
haseflow and epates is carried out according to aditional customs as in Wadi Zabid. The
irrigation system of Wadi Rima™ does not suffer from heavy sedimentation problems as in Zabid
This is becomes and ejector works included an efficient flushing structure areas ol the | Ii,ti yed
canal is irvigated by the military, Agricultural supply unpmq!mn which have |11*1|-il:,{! on TDA to
allncate for them 50% of the delivery capacity of the main supply canal i.e. 7.5 m'/s instead of 5
s ae designed for the Hydayed canal, ‘The ¢ n||1umtmn is ciltivating about 300 ha of bananas
upstrcam of the right bank of the wadi while few big land fords cultivate another ha irrigated
from  the south main supply canal in upstream areas along the lell bank) the wadi. Banana case a
high water requitements and as in Wadi Zabid strict application of tiaditional customs of water
rights  unlimited cultivation of bananas upstream bring about problems ol equitable water
allocations to downstream farmers.

The establishment of water users associations {WUAs) that will gradually take over the
responsibility of O&M of spate inigation systems is a subject that will recovered by a separate
paper, Hover the concept of establishing WUAs was discussed was discussed  with govt.
officials at TADA and its SRMU and also with a number of farmers.

i B Visits to the Southern Wadis Hegion

Pfhe team  traveled from Taiz to Aden on Friday 24/7/98 and met with Dr. Abdul Aziz Saif who
had previously headed a team which has prepared a report on participatory spate irrigation
management in Lahej and Abyan, The repoit was issued on March 1998, The nussion has
ahtained from Dr. Sail clarifications regarding few points on the study and then he was briefed
o the TORs of the mission and its field program for Lahej and Abyan. Di. Sail also has lent the
wission a copy of annexes 1 and 11 containing field questionnaire of the fiecld survey that has been
mdertaken by his team in Lahej and Abyan, As Dr, Sail’s study contained a lot of technical
aformation and data about Wadis Tulian and Bana, this section of the report will concentrate on

technical matters regarding O&M,

‘= hackground information, it must be stated that two important “Agricultural Development
Boards™ were established, one in Abyan in 1948 and the other in Lahej in 1954, mainly to
ntroduce cotton crop to be cultivated for the first time in Yemen and under spate irrigation
“stem in each of Wadi Bana and Hassan in Abyan (nnder Al-Fadhli: Yafa'a Sahil Sultanates)

Wadi  Tuban Delta in Lahej (under Al-Abdali sultanate). In general the board was in charge




about the irrigation works and services and agrienlural development (including cotton) and
exiension seivices in the area. The water allocation ol base flow spate was carried out in both
Wadi Bana and Tuban according to traditional customs (Al-aala Fa Al-a”ala) asin Tihama
Region further more in Lahe) these was an agriculiural council and a cownt that were established
and organized by a sultanate decree,

In this respect, the O&M services were included among the irrigation services performed by the
hoards. The O&M functions of the hoard nsed to cover any existing weir or small hydraulic
structures and concrete worke However, the cost of board services including that of the O&M
nsed to be eollected fiom the farmers as irrigation fees based on irvigated ateas. The boards used
to provide short-term eash loans to the fanmers 3 times during the cotton season: the fiist loan is
provided on sowing, the second on thining and weeding and the third at harvest time. These
loang  are repaid by the frmers on installments during the season and usually the last installiment
and inrigation fees are deducted from price of cotton produce which the farmers were obliged to
cell. Until independence of the sonthern Governorates from the British and the Sultans in 1967,
the above mentioned svstem was operating  successfully  with built-in elements for its
custainability whereby cotton  acreage has incrensed and the traditional cereal hope ol sorghum
continued to he the main food gain for the local population and the main source of fodder (o
livestock.

After independence land Agrarian Reform laws of 1968 and 1970 were issued by the new
Republic ealled then People’s Republic of Sooth Yemeni. Under the agrarian relorn many
agricaltural lands in different governorates weie conliscated including spate inigated areas in
Defta Abyan and Wadi Tuban Delta. Most of the confiscated Tands were redistributed Lo new
farmers or ex-tenants called beneficiaries “with lease contracts for lands they don’t originally
awn,  Then these beneficiaries were organized in agricultural cooperatives under govt. and party
control. These in about two decades ( 1970-00) a new land tenure system has been established in
the southern Governorates. At the same time the above mentioned boards have been dissobved
and were replaced by two Public corporatioms for Agricultural development one fro Delta Tuban
and the other for Delta Abyan. There two corporations in coordination with the MAI offices in
Iahej and  Abyan took over the responsibility of O&M services that used to be taken by the ex-
hoards but without recovering any costs from the heneficiary farmers to their cooperatives. Then
by early eighties the responsibility of the O&M services for the spate irigation systems was
completed transfer used to the irrigation sections of the MAT oflices.

In Wadi Tuban and Wadi Bana region the floods oconr mainly in two season which comcide
with the rainfall season, The first loods season starts as early as the second hall of Febrary to
the first-hall of June (Seif Season). The sccond season occurs from July to first half of Octobes
(Kharif Season). There ishase flow in the upstieam patts of the two Wadis which at the end ol
the Kharil season starts generally decreasing till it ravishes completely before the beginning ol

the next season,

e system Tor planning and distribution of spate water and hase flow is similar for both Wadis,
A annual water allocation plan s prepared by an irfigation committee (1C) consisting
representation of MATL ofice in the governorate, local authorities and farmers. The 1C also
prepares schedules of irrigation for each diversion stracture (weir or traditional wgmier) with its
conmmand areas for each canal. The implementation of the water allocation plan of entrusted to
the irrigation section of the MAI office allocated to irrigate field based on the traditional
customs of water rights (ala’ala fala’ala). However the 1C have established some rules to fullill
equity fro the downstream irtigation. These rules or procedures are based n the concept that at
flond times, spate water will not be diverted to the fields that have received water either from




base flow or from earlier floods. Also Kharil season spate water is exclusively allocated to lands
that have received no water during that vear. and only when these requirements have been met.
the previously irrigated lands will get additional amounts ol water.

During the period 25-27 July, 1998 the mission hasg visited the spate inigation “system in each of

Wadi Tuban and Wadi Bana and have met with the divectors and the respective engineers and
. . - . i . . . - aiinm S
staft of MAI office in Tahej and Abyan. The main findings of these visits are sum margined

below,

i) Wodi Toban Spate Ierigation system.

The Wadi Tuban irmgation svstem lies on oo delta consisting of alloviim fan with its apex at
about 55 kms north of the city of Aden. The catchment area of wadi Tuban is about 5090 ¢m
and the overage annual flow to the delta is about 125 million cubic meters (MCM). The total

irrigated area in Delta Tuban ranges  from 3300 (o 15400 ha, depending on the availability of

water during  the floods season. However the average annual irrigated area is about 8000 ha.
The first modemn spate irigation stiuctures vis-a-viz, Ras al-wadi and Beizag diversion weirs
were built across Wadi Tuban in 1958 Then these two weirs were rebuilt with another new
diversion weir with lined main and secondary canals for a total length ol about 1654 kms by the
Yemeni-Soviet projects during the period 1970-80. On the other hand, a new diversion weir
called  Al-Fagech and  Al-Fiah located  downstream  fiom Faleg weir is presently under
construction with finance from LWCP,

The Wadi Tuban proper passes through the most upstream diversion weir (Al-Arais) then flows
downstream to Ras AFWadi weir where it gets bifireated into two wadis: wadi Al-Kabir and
wadi Al-Saghir, The largest of the Wadi ALKabir (lows soutlwardz from Ras Al-Wadi weir and
through Faleg and Mujahid diversion weits up to Al-Waht area whete there ngma and very
rarely reaches the sea at Hiswa village, The wadi Al-Saghir flows south east wards from Ras Al-
Wadi wetr passing through Beizag, Al-Hadarem. Al-Bustan and Al-Munasirah diversion weirs
and then forwards Al-Munasirah village and increase of very high floods it may {low further east
to desert areas. Wadi Tuban is partly birigated by a modem system with fined main and
branching canals up to field outlets. The remaining poart of the wadi is irrigated by traditional
methods. Technical features and command arcas of the above mentioned diversion weirs in Wadi
Fuban spate irrigation systems are presented in Table (2).

Fable (2): Technical features and command areas of Wadi Tuban spate irrigation systen).
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The status of the Wadi Tuban spate irtigation system is deteriorating and the level of Q&M is
oot This is particularly true with regand to maintenanee of weirs amd other strugtures and the

in




canal network. Unfortunately maintenance has been neglected since the stoppage of the Yemen-
Soviet projects in 19090 and due to the annual decrease of government funds for O&M services.
Therefore there was practically no maintenance for the svstem for the east 8 vears. This is
manifested by the Fact that there iz a program for replacing 26 old gates for 6 diversion weirs,
The pates of the main and secondary lined canals are originally of had quality with a stifT Tifting
mechanism and  bad handles. However these aates were damaged and looted by people without
any clattering measures by the local secunity authorities. Now there is an urgent need lor
replacement of 33 gates completely on in parts i the canal distribution system.

The maintenance for the 2 types of gates requires a budgets of about mill Y.R 37.5
Maintenance for concrete structures and For removal  of heavy sediment and deposits (about
124000 ') requires a budget of abont mill, ¥R 11,29, The govt. funds allocated for O&M
within the 1998 budget for the Lahe] MAT office 1s about mill. Y R 65 of which about mill. ¥R
622 for salaries which is too high and ounly il Yo 18 mainly for operational services los
mplementation  of the seasonal water allocation plans according to traditional customs as
explained above. Consequently the allocated O&M budget for the Lahej MAT oflice should al
least the doubled on short term hasis, From the field visit the mission observed these
requitement will cover a total conmmand area 6606 ha. However if rehabilitation and irrigation
development works  are implemented for Al-Munasiva weir A-Waht Ulgora and few partd along
the two wadis will cost about Mill. ¥ R 300 as a second phase for development. then the system
will be equipped to irtigate a total command area of at least 8000 ha.,

The governoror of Lahgj issued a decree (1 1996) 1o organize the process of irigation of
apricultural lands in Lahe] Govemorate, The deciee contained formulation of an irrigation
council yet to the appointed-which will work with advisory capacity to the MAI office. Also
based on this decree farmers have to pay nuigation fees of Y.R 100 for each feddan being
imgated by spate water per season (either “Scil” or “"Kharif” season), while irrigators from hase
and spring fMlows have to pay a fee of Y. 500 per year per feddan. The decree stated that
collected fees has to the kept in a commercial bank i favor of irrigation section MAI oflice to
the used [or Q&M of irrigation system in Delta Tuban. The mission was informed by MAT oflice

that such irrigation fees were collected for one vear only,

Ihe irrigation engineer helieves that now the participation of farmers any sort of cost recovery
fior O&M cannot be fulfilled. Tt is clear that adequate funds should he allocated by the govt. fn
an amount not  less than mill Y. R 100 per vear to improve elliciency and to cover the required
uraent maintenance. On the other board the MAL office should solve the problem of the present
over stafling in the dndigation section especially in the posts which requires no skills (eq
watchmen, admin. & financial supporting stall) and this is a pre-requisite for any participatory
approach to the farmers, Only then the farmers of Wadi Tuban may source paying the above
mentioned fees and then they will gradually accept the idea ol establishment of water users
organization  which  will have to be canied out-under the recently formed multipurpose
conperatives for legal seasons as explained by the senior stafl of the MAI oflice.

bh) Wadi Bana Spate hrrigation System.

Delta Wadi Bana  lies ot about 50 ks NE of Aden, The catchiment area of Wadi Bana is about
7200 km® and the annual total flow in the wadi is ahont 160 MCM. The total irrigated area in

the wadi ranges from 12000 to 24000 ha. depending on the availability of the seasons floods
however the average annual irrigated area is about 19,000 ha. There are 5 diversion weirs :

Batis, Al-Hayia. Al-Diyva, Al-Makhzan and Al-Graib wen serving Wadi Bana through canal



distribution system with total length of about 800 km. These weir me initially old and were
severely damaged by the flood.

Consequently the Yemeni-Soviet Projects have rebuill Batis weir on 1985 witl n JEw design
containing a fuse plog and with a capacity of flow over weir crest of about 5000 m'/s, Most of
Al-Flayia weir was rebuilt with a moditied erest design, During the mission visit it was observed
that - Al-Diyyo and the most downstreain weir Al-Giaib are not operation being seriously
damaged by the eatastrophic floods of 1982 and latter by the high floods of 1959, Tn fact in 1984
consultant W.5. Atkins have recommended to rebuild Al-Divyo weir at a new site slightly
downstream {rom the old weir with a tonal cost of § 1,631,404 as updated in the recent study by
Quil’s team. Table {3) shows command areas, number of farmers and other technical features
related to the diversion weirs and irrigation system of Wadi Bana. The Wadi Bana spate system
consists of to patrts. The first parts covers a area of for 510 ha along the west bank of the wadi
and is equipped with a modern frrigation network up to quaternary  canals. The other part
covering the maiming areas of the wadi irrigated by traditional methods.

Table (3): Technical features and command areas ol W, Bana spate inigation svstem.

ER THyersinn [ver Mo Mlain Mol Tatal lenpihi N" of lemgeth aof Aciunl M, nf
Weir widr canal rannls of gareal thmd strpcfores seryices copnen il farmers
capacily capacily roails nren (ha)
s s iy s -

i Elatis = B[MIO A0 | T T R 1 o) 1.2 [014100 FELT)
2_|ihj» a0 5 ' 10 1 LD 2400 724

3 oJabbyse {1 . = o IO 707

4 Ad-Muokbizm | P _ (J_I

5 | Altiraib _ ) (336274 e
6 Tednl e | [ MR s lobzy

Motes * Although Divyu wein is not Tunctioning, this area in deeigated by Diyyvo canal Trom a gated conlrol
regulator bl in 1993

“* This area is mainly irrigated by groundwater and therefore not including in the tolal

As the case in Wadi Tuban, the irigation department (1) under the MAL office in Abyan is i
charge of the O&M services for Wadi Rana spate inigation system which covers an average area
about double that of Wadi Tuban, It must the stated that during the eatastrophic flood of 1982
this (1)) was re-organized and supporied with a fleet of heavy earth moving machinery and stall
thrangh the “Traditional Irrigation Project”™ which was urgently established as an emergency
project lor rehabilitation of the seriously Nood-damaged areas. For this reason the level of Q&M
services is eonsidered to be moderately adequate and is certainly better than that of wadis Tuban
and Zahid. Despite this fact, the 1D of Abyan, like other departments, suffers from the problem
of the unwarranted annually diminishing Q&M finds, Also, this department needs a relatively
high capital investment to rebuild Al-Divauu weir which commands an area of about 3.620 ha.

( visiting the Flyja weir, which was operational. some technical problems were observed with
regard to the desipned curved weir crest which has to be modified to improve water delivery
from Wadi flow over crest to the head regulator and upper intake of A-Aliboush canal,

Preparation and implementation of water allocation plan for Wadi Bana is practically similar to
that of Wadi Tuban and as explained at the beginning of this chapter. However, the main
differences and comments are smmarized as [ollows;

1) The 11y of Abyan renders extra services beyond  the field turmouts. This is exemplified by
undertaking land leveling of farmers’ fields using 11 machinery while the farmers provide fuel
and per diem to machinery driver through the cooperatives which, years back, also used to
payv | dinar per feddan as part of a cost recovery.
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2) In 1996 {he MAT office of Abyan. in coonlination with the Governor's oflice, prepared a drafi
ministerial decree organizing the spate irrigation in Abvan  Delta (i.e. Wadi Bana + Wadi
Hassan)., The deafi, which was to be signod by minister of agriculture and wogation, was
carcfilly prepamed and it covered the main following points:

a) Formation ol an “irdgation council™ to be appointed by the minister of agriculture and
irrigation. The council is to he in charge of implementation of the decree afier adopting
spate irrigation seasonal plans prepared by 11 and submitted to the MAT Abyan office.
The council will also supervise field implementation of the water allocation plans and
the required Q&M services for the inigation syslen.

b) The dectee has reconfirmed the well-known tasks of the inigation department of MAI
office with the required delegation of authority,

¢) 1 s understood that water allocation plan will be implemented according to traditional
customs; however there is a clause in the decree which prohibits re-trrigation any crop
for the second time in the same [eld hasin during the same flood season unless it is
decided by the inigation dept

) Beneficiary per season, This is considerzd to be a contribution to the O&M costs,

Despite its positive aspects the above mentioned deciee was not signed by minister of
MAT up 1o now,

Ty The director of MAT Abyan office promized to follow up with the minister 1o have the decree
mentioned in (2) above issued, and will include payment of YR 500 fees’ feddan iirigated by
the baseflow per vear. He also expressed willingness and confidence to convinee beneficianies
to pay the irvigation fees as an interim measine.

Fwo out of five planned new cooperatives have been established al Rowah and Al-Dagag
according to the cooperative union faw. The MAT Abyan office believes that the proposcd
WUAs can only be established through such wew multipurpose cooperatives and this is
mainly for legal seasons,

3) Optimal O&M Budget

I order to compare the requested and the allocated O&M budgets the irrigation engineer
propeses to undertake this exercise against an annval optimal for Q&M costs te be prepared for
the spate irrigation systems, This will he hased on consultant’s O&M manuals  that were
available for Wadi Zabid and Wadi Rima and as correlated with field visits made for the fonr
systems taking in to consideration scope and type of O&M services as governed by the nature of
the wadis, stroctures, wrization system and command areas. The  optimal budget have been
ferived and estimated by the frrigation engineer as detailed below,

A1) Estimations of Optimal Budgets

\) Optimal Staffing

Cor the four systems, optimal stafling with annoal salavies were prepared as shown in Table (4).
T
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Table (4): Optimal stalling and costs for the four spate systems i wadis Zabid, Rima, Tuban and
Bana (1998 prices).

hlonthby W Wbl W Rima Wadi Tuban WWadi Bana
Mame al 'ost Salay Fo | Asimal | No | Amoual | Noo | Asneal | Ne [ Annual
Rl Salary Ealnry Salary Salary
N | ovavr| | ‘oo0¥R 000 YR ‘000 Y it
| Director nI" O&M Bection H | | a0 | 1 0 ) 1 240 l 241
2 Administrative officer L5 S N LN R L N O O 111 1 180
3oAccowntant |5 v s [ me | aso | 180
i Storekeeper o | e [l owe v s [ row
5 Head of operation unit (g / €15 20 ! 240 ! 240 | 140 | 240
61 lead of Maint, Unit tmech /CEY | 20 ||t [ 240 [ 0 | 240 | 1| 240 [ 1 [ 2w
7 Civil Enginect o 20 | 210 I 240 | 240 | 2 | 480
B lydiologist \ Metieologist | 20 | 1 | 20 | — [ = |1 | 240 | 1 | 240
9 Canal Water Master 4 15 | 1swo o | w2e0 | go | 1200 | 12 ] 1440
1o fjﬂiﬁ_i.lpcmtur_ | 8 i‘?__ _1I-1£!____ ] 9e0 | 9eg | 12 1,133
L1 Chisf Mechanic 10 | 0 | 120 | g | 120 ] 120
|1} Assistant Mechanic E || 2 _.__I I_“‘_i 2 192 ) 384
| 13 leu:.m '-“:’i.ml_'hlw.‘-‘ & Gates st H_ - L ff_ﬁ . i o i b _“\_\ .
I 14 Forman - Eaith wotks -_-_ ___E__ __i 5L Ui 1 ' on
| 1% Heavy Machinery Driver 10 i RN B BTG | 1920
EE Heavy Tiuck Driver 1o | d4RD 36 7 240
[ 17 Vehicle Daiver (43D pick-up) ] & 576 L1ele) [ 1} T
(e B AN I T T
19 Laborer {O&M} 5 w12 oo0 | 30 | 1800
|_"I Tl.“?El_'in:n.'!n-' F_:l-r;r.thlu_. 2 L _-_EE f __4’;‘3 1[]_. ;n',-l-[\.i
|21 Chairman 5 2] 120 120 2 120
Lutal T T es | o6 7536 | 117 ] 11,2208

* Diriver for 2 bolldowers 4 2 otor mader 4 2 fiont el leader © 1 hydranlic excavator or drag line.
* The abave Tist has been prepared ased oo esperience and slafling proposed by consuftan

B Optimal Operation Budgets (Fuel and Lubricants)

Optimal costs of fuel and lubricants for operation of the optimal number and type of heavy
machinery and  wvehicles for earthwork maintenance and transport. on average year, were
cctimated for the four systems. The equipment requirements were assessed so as to undertake

zarthworks including clearance of sediments, trash and debiis, maimtenance of earthern flood
protection works, service roads, . ete. With the required transport including water distribution,
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Table () Annual Cost Fuel and Lubnicant for Operation of Vartous Units of Tleavy Machinery

and Yehicles for Q&M Services of Spate Trrigation Syatem (1998 Prices)

o | - L{Tﬁnﬂ" ) E'hmlh.i;6|:-ur:llliurl
Ttem Daily !}wl Foel Luhricants | Total Total Anmual cost
1I:nr:|.5ulr'|}1l.||rr| of pperation in ¥Y.R
inliters | R
1 Bulldozer (D8 size) | 288dicsel | 86400 17,00 | osion | 784,800
2 Bulldozer (DG size) 216 diesel | 64800 8750 | 73550 388,400
3. Motor Grader 216 diesel | 64800 8750 | 73350 588,400
1. Frout-end loader 180 diesel | 34800 7750 | 61550 492,400
| 5. Hydraulic Excavator | 180diesel | 54000 7750 | e1ss0 | 493400
| 6. Dumnp truck (15 tens)  ADdiesel | 54000 650 17604 141,200
7. Waler Tanker (15,000 1) | A0 dieszl 120010 5650 | 17650 141,200
8. Pick-up 4WD 20 Petrol | 21000 1400 | 22400 179,200

Drarly comsminpdion is based one averapgs & howrs of apepation per day

“* The year is estimated for 240 days after excluding Vridavs public hiolidave and shool 20% of this vear {o1 repair and

maintenance and of season Gime for maclinesy & velicles,

Fable (6); Annual cost of operation of machinery  and vehicles (fuel & lnbricants) for O&M
seryvices of spate drrigation  system for wadis Zahid, Rimaa. Tuban & Bana m "000 Y R (1998

prices).
] Iem Aditial "._U'ql Wadi Zabid YWoadi Bimna Wadi Tuban Wadi Bana
| of aperation
' por unit )
b |ty | Cost | iy | Cost | Oty | Cost | Oty | Cost_
I Bulldozer (DB size) 7848 | | 848 | - =] —| 2 | 15696
2 Bulldozer (D6 size) 5884 2 | nreg| 2 [ nizes| 2 | n7es| 4 | 23536
1. Motor Grader 5384 2 | 11768 | 1 | sssa| t | see4| 2 [ 11768
4. Front-end loader 4924 2 | vsas| 2 | osaq| 1 | 4924] 3 | 14772
3. Hydranlic Excavataor o L R L Y 40241 2 R4 B | 2 OR4.8
G Dumptruck {151ons) | 14121 4 | 5648 2 2824 2 2824 7 Q8% 4
| 7. Water Tanker (15,0001} | 141.2 2 2824 | 141.2 l 14121 2 | 2824
| 8 PickwpdWD | 792|836 4 | 7168| 4 | 7168 | & | 14336
: 5 Cirease for weir gales _ T N P e N 250 LS 68| LS 40.0
_Total 1438 .0 4407 8 44390 0306 4

C)

Optimal Maintenance Budgets

[he third component of the optimal budget covers the cost no involving earth works e.g. repair
of concrete for wens & other irrigation structores, bridges and maintenance, pamting .. ete of
hvidromechanical installations> The cost was estimated according to the nature and field status
of this component for the four irrigation systems. For wadis Tuban and Bana these costs me

shoven i Table (7).

lable (7); Estimated optimal maintenance costs forwadis Tuban & Bana systems in YR (1998

prices)

o Wadi Wadi | Wadi | Wadi
. Trems Zahid Rima __Tuban Bana
Saintenance and repair of conctele structures 1,840,000 | 1,478,000 | 1,544,000 | 2,275,000
Avverage nel command mes i 15215 8,000 & 000 15,000
UM costs/ha in YR i 185 193 120
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D) Cost OF Annual Depreciation of Equipment of vehicles

A fomth component of the optimal budaet is the cost of depreciation of equity machinery
the varions waldis. An attempl was made to

celiicles pged in the mamtenance activities in

catimale
depreciating the couipment

this component by ealculating the

eostonl new equivalents {(m 1998 prices) and

already in use for mamtenance of structunes over 5 years (standand

accounting practice to depreciate heavy equipment and vehicles by about 20% per year). These

costs are shovwn in Table (#)

B Estimated annual cost of depreciation of lieavy egnipment and vehicles for spate
irrigation system in wadis Zabid, Rima’a Tuban & Rana,
[ Item Unit | WadiZabid | WadiRima | Wadi Tuban | WadiBana
[1;:;;. Oty Cost LS5 Oty Cost 1153 Oty f::-; Oty :_.J:;:f

| Bulldozer (D8 size) {230,000 | 1 | oanawo | — [ [ 2 460,000

* Bulldozer (D6 size) 16500 | 2 | 33poon | 2 | 330m00 | 2 | 330000 [ 4 660,000
1 Molor Grader 130,000 | 2 260,000 | 1 oo |1 | 130000 | 2 260,100
4 Froml-end loader 170,000 2| o000 2 ddmong | ] | 70,00 3 10000

5 Hydraulic Excavator 150,000 | 2 aoooon | 1| 15000 | 2 | Jonaoo | 2 300,000
6 Dump truck (15 tons) 60,000 | 4 20,000 | 2 120000 [ 2 | 1av000 | 7 420,000

7 Water Tanker (15,000 ) [toopoo | 2 | 200000 | 1 | roop00 | 10,000 | 2 200,000
8 Pick-up 4WD g5on0 | & | Domoeo | 2 | enmoo | 4 | eopon | w 120,000
| . Grease for weir pates mrpaon |4 1230000 210,000 | B 2,93(1,(”5{11
Subtolal o 404,000 246,000 242,000 586,000

Misc-equip. {20%) | 2A2000 1476000 145,000 | 3516000

innal depreciation cost at N TR RN | 45 200 _151.,.54]5
| 175 n USS . . o

wnnnal depreciation in YR 12,724,600 19,226,000 19,602,000 | 16466,0010
E=135 Y1) N [N ]

E) sunmary Q&M Optimal Budgets

Uter the above derivation of components of optimal budget they were added together and then
[5% of the subtotal was estimated Lo cover other miscellaneons O&M cost that was also added

arigation systems were prepared and presented in Table (9) below,

to obtain the total budget for each wadi. Consequently summary Q&M optimal budget for the 4

9). Swimmary annual optimal budgets for O&M services lor spate irrgation systems
of Waids Zabid, Rima, Toban and Bana in 1998
It-;_l'll- of Txpendinre Wadi Zabid | Wads Rama® | Wadi Tuban | Wadi Bana
| Costin YR | Costin YR | Costin VR | Costin¥ R
| Stalf Salasies (fur details see table (1) | oe000 | 6,072,000 | 7536000 | 11,208,000
Y Cod Opeation of machinery and  vehicles o fDx.‘-{rﬁ,#ﬂI-ﬁ
sabwork maimtenance, water allocation ., gte T34, 500 AA4UT 80U 50600
Cost of mamtenanze & gepair miaindy for conceels
withg i weirs,  stenctures,  hridges,  Bvdremech 1. 240 0nn [,478. 001 (T BNt A 2TE000
| installations, in canals. ‘
| 4 Cast ﬂr(r”‘p!cl’.l‘lllﬂ-ﬂ G[IJHLIHHEH tclmlu iat 11} 12 ?lixﬂgtl _I.‘J 926,000 19,602 0010 -11-!66,1]&1:1_
| & Sub-latal S10,62,800 | 31,883,800 | 33141600 | 71255400
L7 Other miscell. Q&M expense estimated at T5% of | 7.650.420 1782570 | 4971240 [n8R3T10
| ahovs P —
| Total ) - L 58,722,220 | 36,666370 | 35112840 | 81943710
B oAsernge inigated area (ha) ey o _-'_ 15,205 1. aono | LY 19000
LY O&Mcostperihym YR 385 | 4583 | 476t 4313

Mzrefore according to the above estimates the overall average optimal O&M cost per ha is

shout Y R 4374 (say $32. ) at (S= 135 Y. V)




Fobstimated O&M Cost of W. Zabid & Rima Based on the Investment Costs

= 10y showws  that the investiment costs for wadis Zabid and Rima” systems were [ISS 307
1030 millions, respectively. The present worth of these systems was then caleulated using,
sl 4|f:|1|:m'!'m'lml ol 3%

Table (10 Estimated present worths of wadis Zabid and Rima svstems.

* based on an annual depreciation ate of 3%
** Source: Bagic data of cost benefit analysis, TDA Dovelop Prajects [1& [V, W Rima’ Completion Repoft *86

N

Then, the O&M cost were estimated at as 2% and at 3% of the present worth, as shown in
Fable (11).

Compnnent En.l:i in milliom  US% (1979 Present  worth  in| Ned aren |
prices for w. Zahid & 1986 | million USS (1998)* |served (ha.) ‘
| e pricesfor w. Rima’) | :
| _Wadi Zabid (completed 1979) |
sversion 1 & all of its equipmant 830 473 ) 17e0 | ‘
[Dhemsiond . o b oo (TR s 741 _ 2600
Diversion 3 I N 1 SOSSE E 5.200
Liwversiond - _ A I s i LSS
Diversion 5 - 360 o5 ] L3ou
ol AR, | ST ;| s |
- . odi Buwt (compleled 1986) =
=alaries and Technical Assislance i1z 21 )
E([-'I.ilﬁr;!erﬂ - i - i"'F I__ﬂ R
| Civil Works T T T
Operational Cost il e WS PR
Toal 650 15 5 8,000

Fable (11): Estimated O&M costs of Wadi Zabid and Rima systems, based on investment costs,
2 1908 prices,

Spale Drripgation System Frosent Warth, | Estimated aplimal O£ per ha
I Million US5 | based on 2% of "W based on 3% of PW
Zabid {15,215 ha) B Al 936 USE (YR I964) | 4354U5% (YR 5931) |
| i (8,000 ha) _ Ll mes | 466USS  (YR6204) | 69.92USS (YRYA42)
For both wadis taken topether (3330 hay | 4059 JE3LUSS (YR 4767 | 5107 LISE (YR 7,151)
"a regueested Lo estimated {badpet -\ 10,89 1321
| requested Tor hoth wadis = Y1 948 £ oy ) e
“a allocated to estinated (Dudpet 2 11 1% 745
allocaled For hoth wadis = YR 533 / ha) o e -

Ihus, depending on whether one nses the 2 or 3 % of the present worth, the annual O&M cost
at 1998 prices for wadi Zabid ranges from about 30 to 45 USE (YR 4,100 - 6,100) per ha. and
for wadi Rima from 47 to 70 USE (YR 6,900 10 9. 400) per ha,

For the two wadis taken together, the above 1998 estimated cost per heclme were estimated to
range from about 53 to 54 USE (4,700 te 7.200 YR). Compared to the requested budgets for
1998 (YR 948 per hectare), this represents only 13 1o 20 % of the estimated. while the allocated
badget (YR 533 per hectare) represents only 7 to 11 % of the estimated cost, While compared
with the overall average optimal (4374 Y R/ha mentioned on p.) it represents 89.3 1o 59.9% of
the ahove estimate at present worth of 2% and 3% respectively,
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Dotnrnnately the consultant could not undertake similar excercises for wadis Tuban and Bana
r lack of data concerning eapital costs investment for these two spate irvigation systems,

(s} Summary Optimal vs. Allocated Bodgets
smmary of the total optimal annual Q&M budget for the four systems is shovwn in Table (12).
z=ther with the allocated budgets for case of coinparison,

Fable (12): Summary of the optimal vs allocated O&M budgets for 1998 for the four spate
nnization systems (in “000 Y R,

Iy of Bspenditige Wiaeli Fabad Woadi Bimin’ Wonli Tilams Vi Fimin
{iptimal o il [y ptimel hus Ciptimal 1848
Aaninl S| Sann) Aamnd
Thunalge ol Tl et el o Hhadget el et A g Fhriclpet d Haadpt
[0 Sl Slwies woen | soon | o 390 1506 | G1R6R | 1208 | 29072
Do tperadion of nukdinery wd vebicles fin ER Bt 20K dant R (IRUEL A5 | R [RRRERIEN  REH
etk oaintaimoee ¥ S - —
mitm of wears, sAmctwres, Inddprs, | 840 AR 1,544 ; 337S

oy, installntios, de

{ way of madvmery | 3274} | 1992640 196020 474600
[ T Subtvlal | 510628 315800 EEIETR: B i
CAher el QR ceds (lities olfice | GRaR Al | Tamrs7 ST TIARR 31
rotd, e bal A% al the hdal
[ Toaz] et TFErIe] T Wian 1] | 5294 | IKIERL | 65,067 | RI9is0 | 33092
| Avre net comsmand area (ha) 15213 ._ _‘“‘E'I_ i R 14 1810
[ D&M Cod 7ha e | Toaen | ARy | oeez | 76 R.21 4313 174
Aloc [ Optimal %5 1x 144 172.5 4036
Tl Uit v WAL Sadnrios A1 oA all 521

© Optiinal &M budped values are taken from table ()

b on comparing the optimal vs. the allocated Q&M budgets for each of the four wadis, one can
easily see that the salaries component shows some abnormalities; namely:

the wadis Zabid and Rima’ have allocations of about 59% and 55% respectively lower than
their optimal. Om examining their stafling list it is noted that they are generally understafTed in
total number and in some posts and unbalanced and overstaffed in others (e g, drivers and
mechanics),

a

o funds allocated for salaries of Wadi Tuban and Wadi Bana staff exceed the optimal budget by
about 849 and 2.63 folds, respectively. This is due to overstaffing resulting from annexing
almost all of the ex-Yemeni-Sovict Project staft’ at Lahe) to the MAT office and those at
Abyan to the irrigation section of the MAIL office while this [atter section has been EI]iTEﬂﬂj."
supported by stall and equipment under the ex-Traditional lerigation Project ( 1982-89),
Consequently this has led to a misleading percentage increase in the  allocated over the
optimal  total  O&M  budget  of 172.8% and 40,36, for Wadi Tuban and Wadi Bana,
respectively. However, if comparison of the O&M budget is made without the salaries item,
then the situation will be more realistic whereby the allocated Tunds of YR 1.8 & 3.6 million
fior wadis Tuban and Bana, respectively are only 6.1 1% and 5 2175 ol their respective optimal
fimds (W/O salaries) of YR 22446440 and Y. R 69051510 respectively.

) the indgation departments which operate and manage the various spate inrigation systems in
Yemen are facing setious problems ol inadequate funding for their activities. IF this issuc is
not salved then the sustainability of the spate systems will be undermined and their life will be
drastically reduced.

4.0 O&DM of Small Bams Irrigation Schemes

Belore the field visit the study team teviewed various reports on the status of small dam
irtigation  schemes. 1t was found that such schomes do not generally include irvigation networks,
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They are rather used as storage lakes (o recharge the groundwater aquifers. In the dry season,
farmers are not prevented from tapping their water hoses into these reservoirs and pump the
water by small submerealle pumps fin irigation,

There has been no record of community organization to improve the use, desilt, or ichablitate

existing stroctures,

4.1) Visited Schemes
Field visits were made to three of these schemes in Taiz govemorate. The findings are

summarized helow, '

ab Al-Amirah Fam Scheme

Al-Amirah dam was built at the same location of the old dam (washed away some A5 years ago)
cituated north of Taiz at wadi Arsoum near Satafin village, The new dam was designed by
Water Power Consultancy Services (India) 1td {WAPCOS)

The small dam under this scheme is eanthfill type with a clay core, The height of dam is 11 m and
ite width is 167 m. 1t has adjoining spate flow structures 116 m long and consisting of a small
spillway weir and a breaching bund (fuse plug) . The reservoir’s total design capacity is 785,000
m' with a dead storage of 30000 m’. The dam has 2 inigation conduit pipes with outlets with
lengths of 75 and S0m situated at right and lefi side of the dam, Thoth are nrigating a total area
of 176,10 ha downstream, The scheme has neither canal nor inigation networks downstream and
therefore there are no Q&M zervices,

Presently this scheme comes under the responsibility of the Governor’s Office at Taiz with
adhoe technical supervision by the Southerm Regional Agricultural Development Project
(SRADP), Taiz.

It has been leamt that elforts are still underway to organize the water users roles in the process
of equitable water allocation with the possibility for installation of modern irrigation network
which will then need O&M services.

O the other hand, garhage from the city of Taiz is disposed on the side of the wadi course. This
canses pollution of water flowing to the dam reservoir and detetioration of the water quality.

b Bramnm Irrigation Scheme

Ihis scheme hes at Al-Damum village, Mawiyah district {governonate ol Taiz). at distance ol
shont 17km NE of the city of Taiz. The structure, which was also designed by WAPCOS, is a
stone face rubble masonry dike with a height of 17m fiom lowest wadi bed level. The width and
ength of crest are 5.2 and 61m, 1espectively. The reservoir’s total capacity is 160,000m* with
e and dead storages of 140,000 and 20,000m’, respectively.

he dam indgates command area of 31 ha of land through a converyance system consisting of

sain supply pipes of 31 74m total length and dinmeters ranging from 200 to 75mm, discharging

iesign flows ranging from 29,1 to 3.84 Us from head outlet to irigate 6 irrigation sub-units

(shaks), throngh branch lines delivering water to stilling wells at the head of the distribution

network

Ie last stape of implementation was supervised by SRADP. However. during the field visit the
v observed that there were technical defzots in the installation of the trrigation network
nel were noted then by SRADP representatives in order to follow up with the supplier fon
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“ficiaries of the scheme were observed to be in harmony and are in agreement regarding

sricpatony functions inirrigation by rotation and O&M services. ’

w-tsunaid Small Dam
1 dann which is loeated in Mesrakh disttict (governorate of Taiz), is privately owned It
v AlGunaid family in 1995 nsing theit own fimds wath little support from the
sooment I is a masenry structure with o total reservoir capacity of 750,000m’. It has 3
Corzowath three main galvanized iron pipes of 8 inch diameter. This scheme was completed in
“oh and the owner of the scheme s still in the process of negotiating with the heneficiaies
1 lie is proposing Lo irrigate for them against 25% ol the cost of crop praduoction,

“.20 Troblems of Small Dam Schemes
mai problem with the small dams is that these schemes are  commonly built without
cation networks  and wathout much community work to organize the beneficiaries {or
coquent operption and - maintenance ol the reservoirs. Thus, in most cases the water stays in
reservoirs and the farmers are satisficd that i “recharges” their wells. Oceasionally, the
sners would pump the water ont of the Iake vsing small portable “centrifugal” pumps.
Ceiven that there is no formal community organization (o operate and manage these svstems once
ey are built. several difficulties arise:
impact on o spate-water tights:  sometimes, when there are no inrigation networks, the
beneficiaries are deprived ol the spate water which they used to get hefore the dam was built
[ et alone the similar impact on the water iights of dovwnstream npanans.
By oreservoir silting: the life of the stiuctures decreases since there is no organization to desilt the
lakes. ‘The lack of operation rules, and facilities (o discharge the water and clean the lake
linttom create obstacles for desilting.

1 ot enough studies of sites are carricd out,

i) fiagmented planning for dams and water stroctures in general. The government should
identify one department only; eg. the Directorate of Trrigation of the MAL to be the only
body im-charg of the program of small dam schemes.

Prepared by
Fng, Anwar Abdul-Kader Girgivah

Irrigation Enginecring Consuliant
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Voo I6 Sampde Tosprection and Moaoteninnee Sehedale (W adit Zaload Progect)
. i ( ] T Twaice | 5
Feature | ‘ Tospectionand/ar Moaintenanoe Tasks Adter Storms l hlv Muonthly Veuibe ] Yeurly ™
' L ' - ! (3) - T S T M (8)
DIV, STRUCTURES ; i I i | |
Conerete Struciures v Overtlow weirs | Re;;.-“r glacis, block and =10l concrete ] i | | -
| Slutceways | Repair concrate and remove debris . | ! » s
| Head regulators i Bepair concrete and remove debrs s 1 i .
| Hendroilinz | Tighten boits and nurs. repiInl A5 required | . |
Earthworks | Channels | Operate slwiceway io keep channels open * » | {
' | Dikes { Repair erosion * ‘ 5 . ,
| Fuse plues Repair erosion N ’ [
| Riprap Reshope and reslace . | | # | 5
CANALS | i 5 :
Concrete Structures | Bifurcations Repair concrete, repair radings, remova debris . | ' . !
| l Dirop structures Repair concrete, remove debns = | | i | L]
| Tumouts Check sate fimctioning, repair eroded areas ! e : |
Earthwarks | Canal section | Repair bank erosion. remove debris and blockages, | | {
i inspect for piping seepags : " * i |

| | Patrol roads Resrade | i | .

! i Fieid channeis | Clenn. reoair srasion I ! i . | |
ROADS : ! | | .
{oncrers Structures i Box cuiverts Repair concrete ' : ] [

Owvarflow sections Repair concrate, reshoee and replace riprap . ! i . |
Pipe culverts Repair headwails, reparr earth erosion, clean 3 [ | .
Earthwarks | Embankment Regrade. repair bank srosion -
| Dramage ditches Keso open, check erosion =
GATES ! | !
Rdial Gates | Hosis Crrease tings and cablss, flush and rentace ail, .
[ fighten outs
| rates Grease fitlings. adjust seals. repant 25 necsssary | ’ |
Shde Gates | Handwircels Grease handwhes| bearings & vate stems . [
| Gates Check adjustments of guides . i
EQUTPMENT ;
Heawvy Equipment Earthmoving Drperator maimtenance |
arading shop maintenance * |
ey uipment |
Transport Trucks, light Chperator mamtenancs .
vehicles Shop maintenance i . "

* Yearly or as requried
Source: O&M Manual for Wadi Zabid Paject
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CNNEN O Simmary owtput of the regiession analysis of O&M costs for wadi Zabid and

LARY OLUTPUT V=028 1 63861 Xa 2158483
L ISTY p1 AR 463861
19 66T TRIGT

g B I ROA0AI632
| RO
P 03833

Ho76H55 342

(1]
(% A
df 58 MS F

T 0 ULIIsIBENY LITSIENID [4 73321027

A O6IRTRE]2 1L 204R5E0 |2

L 23BN
Cnefficients Standard Error t Stat P-Value

102753 8667 749841 15 L25TO50532 0803620747
ariabla A63R00 9391 120847 8758 TRIBIRTIGY 0O4nsgs24




LI I B I B B R R R R R E R BT ERE 22 EREBR.

Using a wirillen guestionnaire,

Annex () The Operation and Abaintenance Stalf Opinions o The YWEHAs

role in the O&M ol the spate irrigation sysiems, The vesulls are sunimarized helow.

a) Stafl opinion regarding the E:‘-l'EiJ]IH]IHIEHI ol WUAs:

—— — iz = S —

15 siall” fom the spate devigation depatments o Zabid, Rima,
delta Tuban, and delta Abyan were asked abooi their opinion on establishing WA = and their

1 ‘Eﬂ {'Fur TIIE‘ WU.-\ g} Mo [1g |||1':l rlm WA s) !
ﬁ:;?:;ﬁ- T -i F!‘_l."l; ........ 11 Freg. [
inlerviewed
Wiy | More secure [ the stouctiares i _f_ Capahility is not "'-!|"‘-:|I.I‘1I,';:_ 1
R E!;I;rﬁzé tI‘|-D_-5_\|'rll-'c-l_'l{::-:;h'l“ltiﬂll 1| Notor panized and not laomogemions 4
B I e | lh_ rLl]|r>||ﬁ|F1|1:1], _; o _EE_;:&?;];:'!IH'!‘IHGJL of stiuctures 3
G e - Cooper 1[11.'r_k are werk i -
srains SR I
o 27 73
b} Staft opinion rwm:ImL the current (1998) fevel of (&M,
Level | Low __-____ i _:_______m:_[r_r_'l_l__ - Gaood —E\LEFTE'EE-_
Freg. S . 8 N ! - Lerg
why iadeguants 4 ]m'. a11m;;r: [ || nevreplacement of | I T
Ludget N || equipment -
poor plannng £ || tnadeguale 5
meniloring Hance
lack of equip 1| lack of m[ui|_1 T3 B -
= 1:'-':nh:|1i.r-:1[ i i D
administralion P L L
c) the main |1m|1]um facimg the O&M {!l:‘;m[r!lcm':
o Driscription - Freg, | "
big land owners ignore the water distribution plans o 20,45
lack of finance . —— T o 20,45
lack of equipment and their crganization 7 1590
lack of expericnce ' - o 6 | 1364
lack of cooperation and government back-up of O&M dep. __ o _______ 4 5.09
lack ol tegulation = 4 a0y
disputes between the farmers - - . 2 4.35
lack of cooperation amony, the staff o 2 455
the sedimentation o 1 227
— Total 44 | 100
d): the best way to manage HH: itrigation systent,
DE.NL'.!IHEI_I__L_IE _— __ Freq. Y
Managed by the official departoents = 7 50
Establish the water use associalions (woas) with gradually participate in the 4 20
mamnagement and the costs L
The water users role should be limited to contributing to the OfMeost | 3 21
_— 1{:'1 !l —— e P e o e — e e P — ]-I |[}[}
) 1]1" best way to operate and nmrnt'nn the systems.
o vt‘s{llp!li]ll Frig o
Main SI[[ILI.“FL§ & maim canals to be operated and mamtained by the r:Iﬂp’r:!lm}ul 3 27
but secondary & tertiary canals to be operated and maintained by the beneficiaries
Independent administration and the cost to be paid by the beneficiares 4 365
Supperting the existing departinent 4 _ | .36.5,
Total 1| too

44
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{1 the bases for water distribution.

_ Description Ferequncy
The customs =z : 1= e HEL _
According to the irrigation regulations and the irripation conncil instructions 3
The upper then the lower 5
). the maintenance functions to be carried out by the beneficiaries,
_h DRescription. |l Frey Vo
Organize the beneficiaries in WUAs to maintain the branch canals (o their fields 11 19
Mothing . 2 14
Observe the flood distribution and inform aboul any misuse 7
Total - 14 | oo
h): the operation function to be carried by the beneficiaries.

H—— - Descriplion N Freg. | %
Dperale the secondary canals - 7 47
Mothing e 3 i3
Pay cost of operation only o 3 21

. Total - 15 100

ij: the works which cannot be carried out by the beneficiaries,

B . Description | Freg. | %
Operalion and maintenance of the irrigation structures 7 44
Operations L - 4 25
All works i3] 19
haintenance - _ 2 12
Total - 6 | 100

1) why works should not be carried out by the heneficiaries, :
D.EF(,'I'i_lﬂi:u_l} Freg. [ %

The beneficiaries have no experience o b 54
The beneficiaries have no equipments ¢/ budget B 5 ] 33
Conflicts between the beneficiaries T 2 13
Total . i3 100

k) The best way to organize the heneficiaries in WUA s 1998
Description Freq. | %

Meelings to convince them i 8 53
Water reguiations R 3 20
Don’t know o 2z 13
Backup the societics Seoess [ 7
Canal irrigation masters ~ | 7

Total - 15 1o
[} Answer the following questions ?
o Yes No

Was there any allempt to organize (he benefliciaries i 7
Are there any regulations or instructions for WUAs e 3 7
The possibility of making use of eld customs of the operation and maintznance 1o n 2
oipanize the beneficiaries in WUA's. '

50
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Fiow WU As can be established 7

How Freq. Vo
Thiough irrigation canal master and village lieads and the inrigation councils 5 60 |
Throngh pepole who know the cusloms 3 gl
_ Through societies _ B Lo
Total ] 1o | 100
ihe steps to start in your opinion 1998
[ . Step . ) numhber
| No opinion , _ ) 4
To add percentage lo zakah . oy B 1
té]ﬂaln the idea and legalize the system - B |
L 3 = _-]__-Eliﬁl ) ) 0

e Farmers Opinion Regarding O&M Cost Sharing

lahle {D-1) outlines the [armers nﬁini:ms on sharing the O&M costs in Delta Tuban, about 50%
af the sample indicated their willingness to pay for O&M costs, 27% are unwilling to pay. and
219, are indifferent. Farmers in Lahej area are paying 100 YR per Feddan for spate irrigation.
this will support the establishiment of the WUAs.

Table (D-1) Farmers opinions in sharing the cost of O&M in Delta Tuban-Lahej 1998

_ Weir-Area Owners | Beneficieries | Total | Ave. hold, Fed.| Yes | No [ndifferent
Al-Arais 5 20 25 3.3 2213 ]

| Ras Al-wadi 10 0 | s 1 0| 10 10

__ Baizag 1 Is | 25 3 12 | 7 @
Faleg g i 15 3 g i I
Al-Hadaram | 7 8 E 3 6 | 5| 4
Al-Bustan 20 5 25 3 10 3 1 12
Al-Munasiral 15 i 15 5 2 lwo] 3
Mugahed 7 A - 15 -4 4 | 4 7
Al-What o 5 15 : 5 5 P i 5
Tolal 92 108 200 3.9 o0 | 53| 47
L) 46 54 10H) = s0 7 13

Source: Saif, 1998, Participatory Spate lrrigation Managment Study in Lahaj & Abyan, MAL March, 1998 P 52

Also Table (D-2) outlines the farmers’ opinions on sharing the Q&M costs in della Bana-Abyan.
Some 68% of the sample indicated their willingness to pay for O&M costs, 17% are unwilling to
pay. and 15 % are indifferent, Farmers in the ares of delta Bana are more willing to pay lor
spate irrigation, often they have the spate water free of charge but they recognize that three of
he delta weirs are out of order because of imadequate financing of the O&M costs and the need
to rehablitate the system. This will help establish the WUAs.

Fable (D-2): Farmers opinions on sharing the O&M costs in delta Bana-Abyai 1998

i Weir-Area Owners | Tenants | Total Average Yes | No | Indilferent
Batais 15 10 5 7 23 5 3
Hayja 19 6 25 | 12 6 | 6 3
Diyyo i) 30 10 26 | 4
hlakhzan 25 5 k1Y) 15 15 3 [
Total oy 21 124 11 82 20 13
%a 22 13 100 08 17 15

Sonrce Saif, 1998 Participatory Spate lrrigation Managment Study in Lahej & Abvyan, MAL March, 1998, P. 52
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