Whlle asstnczated extension services shall be provided to individual

~farmer to establish farmer’s orgamzatlon such as WUA and farmer’s
cooperative. These farmer’s orgamzatwn would provide the following

“extension serwces'

Loan Prdviqio'h and Op'e'ration 'ol‘agricultural credit

- . Procurément of agrncultural mputs sich as seeds, fertilizers,
s chemlcals, agricultural equipment and man power

- - "Sales promotion of _agncultural products

Q 5.4.9 Water Bemand at Intakes

Irr:gatmn water demand at intake in 2020 for the 1rrtgahon servme
area of 1 ,500X 10 ha mcludmg emstmg and proposed projects is estimated at
16,750 MCM comprising water demand of 13,470 MCM in-public sector and
3,280 MCM in private sector as shown m Table 5.4.5 and 5.4.6, and as

summarlzed below.
Existing Proposed "Total
Sector Area -Demand Demand  Area Demand
(103ha)  (MCM) - (MCM) = (103ha)  (MCM)
Public © 320 3,850 9,820 1,120 13,470
Private 150 0 1310 11,970 380 3280
. Total . 410 4960 11,790 1,500 16,750

5, 4.10 Implementation Prdgrém '

N Rehab'iiit_ation wc_.'rks'in- the Bt Pumi“e Canal System

Rehabilltatmn works in the ex:stmg canal system covermg a service
‘area of 70,000 ha will be carried out by the RBDAS The works aré planned to

be completed by the year 2000.



(2} Additional 'Cr;mstruction Works in On:Going Public Sector Ptojects‘

. There exnsts on- gOmg publlc sector prOJects covering a total service
area of 250 ,000 ha. Of this, about 100,000 ha comprising of individual project
with service area of more than 3,000 ha each have not formulated their
irrigation plan or construction plan.. Proper feasibility stucly and detailed
demgn work for these irrigation systems are. reqmred prior to their
construction. Tt takes seven to eight years to complete the 1rr1gahon system
takmg into account two years for the l‘easnblhty, two years for- the detailed
design, one year for tendermg work and four years for construction.

Consequently, the construction work will be implemented during the year 2001
to 2005.

Projects required ¥/Sand D.D,  Projects required D.D.
" Project Areéa to be studied ¢ha) Préject - Areatobe studied (ha)
Middle Rima Valley =~ 5300 _ Bakol_on_ o 11,000
Zauro Polder 11,200 - TadaShonga o 3,200
- Iushi " b,000. Doko : . "3,000 - -
Middle Ogun . _ - 12060 . - Savannah . . 6,000
. LowerOgun 12,000 - Mokoloki = - - 2,900
- KRPI : 4,000 Igbere ' - 3,000 -
Gari 4,200 ‘KRPI 1,000
- ¥ Potal ST 837000 - Total - 42,100

‘The remaining on- gomg projects coVermg 150,000 ha mamly comprise
of individual projecis with a servicé area of less than 3,000 ha, and those whlch
have their construction plans worked out could be implemented munedlately
during the period from 1996 to 2000, '

(3) New Public Projects

The service area of newly proposed pubhc projects reaches 800 X 103 ha
‘and these projects will be implemented after the lmplementation of the existing.
projects including large-scale projccts which require. large: mvesl,ment The '

projects with dams, primary pumping statlons and coastal creck system shall .=
be implemented in the fonomng manner; ' - :

- The proposed nmgatnon projects are Sassified in accordance with
the size of service area in large, medium and small-scale. These
service areas are defined at more than 3,000 ha, 500 t0 3,000 ha and
less than 500 ha respectively, Among the prmects with dams
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covering a service area of 705X 103 ha, about 45 percent of the
- whole area belong to medium and small scale -projects. - For the
qmck yleld of the lrrlgated agriculture outputs, the medium and
small seale project will be 1mplemented prior to large scale
“irrigation projéct during the period of 2001 to 2010. After the
- ¢ompletion of medium and small scale prajects, when the detailed
feasibility studies are completed and the pre-conditions to start the
projects inclusive of overcoming of the various problems as stated
in para. 53.5 are met, the implementation of large-scale projects
could be started.

< The proposed dam - prOJects with main ob_]ectwe of wetland

~ irrigation will take a multipurpose function to upgrade the rural

- jnfrastructure for future development in conformity with National

3 'Perspectwe Plan including the objectives to achieve the rural water
supply, mini-hydropower and ﬁsherles

- The projects with prlmary pump and ¢oastal creek system will be
“implemented only after the year 2001 with an average
develnpment rate of 30,000 ha during the succeedmg five years. .

" The implementation progran is shown in "I‘ab'le: 5.4.7.
(4 ':-Privatia' _If_'rigat.ion Prd'grams .

Under the private 1rrlgatlon programs, the service area of 600X 10% ha
s proposed This progtam shall be implemented with the appropriate
coordmation between the FMWRRD and the FMANR and will be commenced
in ‘1096 at a development rate of 20 000 t0 30,000 ha per year. The project area
will be converted to the public’ 1rrigatmn schemes with prlornty The
1mplementauon program is shOwn inTable 5.4, 8 :

5. 4 11 Future Overwewm Irrlgated Agrltu!ture -

It may be notéd that the xrrigahon pro_;ects can contnbube greatly to
the mcreased incomes and agncultural productzon as compared ‘with the
ramfed agrmulture. In addmon the 1mgatlon is more, reliable and allows for a
‘wider and more’ dwersified choice of ¢ croppmg patterns as well as high-valued
'fproductmn, in other words, lrrigatmn can help make yneld increasmg
_innovatlons a _more attrachv_e mvestment propqmt:on_ but this dées not
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guarantee the crop: yiéld intrease; As is examined in para.5.3, the overall
perl‘ormance of existing irrigation projects has been dlsappomtmg because of
poor scheme’ cOnceptlon, madequate constructlon and’ 1mplementataon and
ineffective management The medlocre perl‘ormance of the irrigation sector is
also contrlbutmg to6 many socio- economic and environmental problems;
however, these problems are neither inherent in the bechnology nor inevitable
asis oﬁen argued.

‘As is stressed in para. 2.6.3 of Chéptef? ‘Sector Report, the water
resources sector m ngerla is current]y in the * Expansmnary phase, and it is
anttcnpated that in line wnth the NWRMP the positive implementation of
meidum-and small scale irrigation projects will be carried out; as a result, the
water resources sector in many river basins may enter into the "Mature” phaSe
towards the end of NWRMP period, the year 2020, and thereafter. In this
future, as high levels of the costly inputs are added to farmland to sustain the
yield increases, the seeurity and efficiency of irrigated agriculture will become
more important to the farming in Nigeria. Water will no loniger be plentiful
and cheap, and it will be scarce, expensive to develop and maintain and
valuable in use. the high-cost water, however, will be an incenti\re to use water
more efficiently, because the single most important factor limiting the adoption
of proven irrigation and drainage technology is the low cost of water. Moreover,
if farmers have the opportunities for high-value uses and can make proﬁts both .
of the Government and the farmers w1ll invest in nrrlgahon

Tl‘us water dllemma to produce more in a sustamable way wnth less :
water may paint to the need for demand management mechanisms to reallocate
existing supplies, encourage more efficient use and promote more equitable
access. In future, the competition among agriculture, cities and mdustry for
limited water supplies will constrain the development efforts in nge_rla.
Despite the water shortages, the misuse of water will be widespread: . small
communities and large cities, farmers and industries will also mismanage the
water resources. Surface water quality will be deterloratmg and groundwater
will be pollubed with the aquifer overdraft cities will be unable to prowde
adequate drmkmg water and samtatlon i‘aclhtles, waterloggmg and
“salinization will be dm‘umshmg the productivity of irrigated lands; the
decreased water flows will reduce the hydro potential, pollutmn assimilatmn,
and fi sh and wild habitats. At first glance, most of these water problems will
not appear {6 be dlrectiy related to the agncultural seclor, Asthe competluon
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conflicts, shbrtéges, waste, overuse and degradation of water resources grow,
the policy-makers will look mcreasmgly to agrnculture as the system’s safely
valve.

- In general, the agnculture is not only the largest water user in terms
' of volume, itis also a relatively low-value, low- efficiency and highly subsidized
water user. These facts may force the Government to ret‘hmk the eCOnomlc,
social and. envnronmental 1mpllcat:ons of large-scale pubhc funded and
operated- irrigation projécts. Once estabhshed the irrigation projects become
some of the most heavxly substdized economic activities. Despite these huge
mvestments and subsidies, the irrlgatton performance indicators are falling
short of the expectations for yield increase, area irrigated and technical
efficiency in water use. Tt is usually said that as much as 60 percent of the
water diverted is wasted, and this excess water is causing the waterlogging and
' salnmty Moreover, the stagnant water and poor drainage is escalating the
incidence of watér-related diseases. In future, the agriculture will often be
unable to compete -economically for the scarce water. The urban cities-and
industries can afford to pay more for water and earn a higher economic rate of
return from a unit of water than does agriculture; Under this ¢ircumstance, the
agriculture will be obliged to give up water for the conversion of high-value
uses in'the urban and industry sectors. In this oceasion, the irrigators in some
areas will be asked to. pay for the water they receive including the full cost of
water delwery and payment for po]lutmg the water resources

_‘The irony is that the irrigated a‘gricultme‘ is expected to produce much
- move for the food security in future while using less water than it uses as it is;
“in other words, enceuragmg the mnovatwns in water-saving technology In the
 water resﬁurces sector; various demand side policy measures ¢an help shape
‘the decisions that encourage ‘the water-use efficiency; however, while
appropr:ate pohcnes and: regu!atlons are necessary for the improved water
. pro&uctw:ty, a variety of additional water-saving measures are required in the
| irrigation sector an essentlal component of the sustainable agricultural
development Some water -saving measures involve taking more advantage of
“the sclcntif‘ ie, engmeermg ang techno]ogmal advances in ‘soils, plants and
n'ngatwn practices, as is exammed in para. 5.4.5 of this Chapter. Other
‘measures focus on admimstratWe and managenal reforms to improve
efficiency,; mcludmg the decentralnzatmn of pubhc :rrlgahon agencles and a

576



greater reliance on the farmer-owned and- operated lrngatmn both of which
are examined in para,12.2 of Chapter 12 of the Sector Report.

Para, 2.6.3 of Chapter 2 of the Séébor Report indic_ate_s that the current
emphasis on macroeconomic policy reforms and economie¢ liberalization in.
Nigeria would have several important implications for the irfigatictn sector.
One of the most important is that the era of large direct and indirect subsidies
will be nearly over, and moreover the recognition of the value of waber and the
high cost of turning of a water source works into a service delivered to a farm
will makeé {he water sector a prime t‘argét for i‘u'rtliér policy reforms;
nevertheless, the irrigation sector will remain a resource- hﬁng‘ry one in this
transitional permd and the irrigation to be successful will consume large

quantities of the capltal and foreign exchange and tie up the scarce skilled
personnel. .

Like many of the public sector personnel, the irrigation managers
should take a fine line between the tighter control of ﬁnance, the need for more
positive and active leadership and the better planning of resources alloeations;

‘on the one side, and the contradictory need for more ideas from participating
farmers, on the other. While the financial pressures are likely to be the
dominant influence, the irrigation sector as a public agency will still rely upon
the budget allocations to obtain the financing for project implemerntation, As
the private sector disciplines may be applied {n the irrigation sector; the policy-
makers will find that: (1) the agencies become more supportive of the farmers’
own efforts and less inclined to make all key n:l"é(:ision's’l:iéfoi'e informing the.

~ farmers or their grotups accordingly; (2) the management seeks more consensus .

or priorities, more information about the basis of decisions and a commion view
of external factors affecting management (8) the irrigation schemes seek and .
receive more autonomy, (4) the financial responsnblhty and accountabxhty of
irrigation managers mcrease, and (5) the managers Shlft focus from their
government depending upon the amount of ﬁnance generated by amgatxon
service fees. O . - : |

Followin g are some of the { ssues t emérge in the *‘-Matui‘e" bhase:

¢ The natlonal water resources pOllthS wxll be shlftmg from '
 “Projects” to “Pohcnes" and thls trend is hkely to continue and
even aceelerate, _
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‘o Water may become a test-bed for the economic reform,
liberalization and accountability.

& Qiven the water scareity and its value to urban societies and
industries, the water resources sector will be less dominated by -
irrigation, ‘and its multipurpose use will be more widely
acknowledged

e Irrlgatlon isa servxce with users; it is not a productmn industry.

o At the level of the irrigation scheme, the process of water policy

s formulatwn assessment and appralsal needs to include more open .

- groups that are the represéntatives of pelitical, technical,
managerlal and most nnportantly water users associations.

. -These pollcy groups wnll be consulted before the pohcy selectlon
- and then provide the feedback and adjustment in the li ght of theu'
- expérience.

¢ The policy groups will ldental‘y the optlons consistent with the
national policy framework, as opposed to the measures to protect
-and satisfy special irrigation interests.

¢ The goal is to identify a broader range of the water policy options,
to have less ‘policy by crisis” management and more resilience in
the face of outside pressures.

In conclusion, the irrigation that is an essential component of the
sustainable agricultural development and faces the challenges confronting the
public and private sector economic activities will allow for the better and more
diversified choices in cropping patterns and the cultivation of high-value crops.

“Successful irrigation is a crucial determinant of the future development in

Nigeria because of its influence on the supply and price of food. As the debate
over the water policies sharpens, it is increasingly important that the

, 'agrlcultural policy-makers help shape the nature of the debate and influence
the pohcy decnsmns ' '
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55 - NATIONAL WATER MASTER ACTION PLAN TOWARDS THE YEAR
2000 '

5.5.1  Preparation and Implementation of BMR Program for Existing Public
Sector Systems :

The water management in éxisting canal system is not well operated
due to the defective facilities and poor institutional arrangement of public
agencies and farmers. The réhabilitation works including invéntory work of

: 'exlstmg canal facnllues, preparatmn of detailed desngn and construction plan,
provision of constructlon eqmpment and the lmplementatmn will be achieved
by the year 1998. On the other hand the 1mprovement program of water
management m canal system mcludmg that at on- farm level shall be
progressed with a sufﬁc1ent coordination between the FMWRRD and the
FMANR. Work schedule for the above study is as follows

‘ Item - 1996 1997 | 1998
‘| . Rehabilitation Work

A
Y

0 In_véntor'y Survey i

(2) DcsignlConstrucl_idn’plan . 4 —
(ﬂ) Pr:bviSi%mofConst. Equip.- | : ___.,.H_. '
4) Ex:ecuﬁéndeork' ' .' _ ol e ]

2. Improvement Program of Water e
Managemcnt '

"y

5.5.2 Implementation of_On'-going Public Sector Projects
(1) Implementation Method -
The service area of on-going public Se'ctor_ projects reach 250,000 ha,

Out of which, medium and small scale projects with a service area of less than
3,000 ha cover 90,000 ha. These projects shall be implemented urgently after
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completmg the detailed desngn. The remaining 160,000 ha belonging to large
‘scale pro_]ect such as Middle Rima Valloy, Zauro Polder, Hushi, Middle Ogun,
Tower Ogun, KRP. 11, Gari, etc. shall be progressed into the detailed des:gn
stage after completlon of their feasabnllty studies. :

(2} Work Schedule

: Work schedule for the study and 1mp1ementat10n of above pl‘OjectS will
be as follows: -

_ W VOV T . 2001~ | Service
Item 1996 | 1997 | 1998 | 1999 | 2000 o5l Aras the)
5. Medium/Small-seale Peoject| : - L 90,000
Detail Design S '
~‘Construction

2. Large-scal‘é Project -
a) With Pump/others - : . :
Feasibility Study _ ' ' 60,000
' Detailed Design ' N S o '

A
Y

Tendering

Construction

_———

A

b) With Dam _ _
Peasibility Study ST S . : : 100,000
Detaited Design '
Tendering g ' N S—

Construction - : : : o SN SR

5.5.3 Preparation of Public Sector Projects
(D) H"‘P'_i'eparatioﬁ M:etiiod' |

The medmm and small scale xrrngatlon package program w1th
- reservoir dam, diversion dam and pumping station as a water source faelhty
‘will be prepared by the year 2000 aiming to implement the program after the

‘year 2000. One model river basm with prlomty for the preparatwn of the
programn will be firstly selected by each RBDA, although the JICA Team
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proposes tentatively selected basm at each RBDA, sich as- Danzakl Gbako
Awun, Kilange, Katsina-Ala, Mamu, Upper Ogun, Osse and Aya basins as
describéd in para. 4.4.4 of this Sector Report. The preparatlon work of the
program after selection of the model basm will be carried out by recrmtmg the
consultants.

(a) Pre-Feasibility Study

The pre- feaslblhty study for the basin with a catchment area ol" about
10, 000 sq.km will be made for the followmg purpose prmr to the feasnbllnty
study

Analysis of the poténtial surface water resowurces. .

- Identification of a number of the proposed water source faclhtles and :
summarlzatlon of their outline.

- Study of the potential water resources and the available water to be
developed by the proposed water sour(:e faCI]lt!ES

- Study of potentlal irrigation prq;ects and summamzatlon of thelr
outline, _

- Selection of the representative 1rngatlon prOJects with different
scale for the consecutive feasibility study.

- Formulation of surv'ey and study items for the feasibility study.
(b) Feasibility Study

The feasibility study of representative projects selected through the
pre-feasibility study will be carried out. The representatnve pl‘OjeCt—S will be

“composed of three to five projects with the service area of medium and small

_scale less than 3,000 ha, The study will he made w1th the mternatmnal o
feasibility level mcludmg hydroloegical analysns water source faclhty plan,

prehmmary des:gn, cost estnmatmn, envnronment nnpact assessment pro_]ect
evaluatwn etc ' '
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- (¢) Formulation of Package Program

- Inaccordance with the feasibility study result, the package pfdgram is
- formulated with the following manner; -

- 0utlme of all potentlal irrigation projects identified in pre-
feasibility study will be reviewed based on the data of the
feasnblhty study for the representative projects.

- . Irrigation-projécts to be implementéd with priority are selected

~ based on the above reviewi:‘ag result and taking into account the

- project and budget size, project economy, urgency of each sub-
project, ete.

- - Package program will be implemented with budget scale of 600 to
800 million Naira, which will cover the medium and small scale
projects of 10 to 15 units and 1mgahon area of8 000 to 10 ,000 ha in
total

- '.Package program will be classified and sub-divided into the sub-
- package’ program’ consisting of three to five projects. The

implementation perlod of the sub- package program will need three
years

(2) Work Schedﬁle for the Studﬁ |

Work schedule for_ the study of the package program are given below:

tem 1996 | 1997 | 1998 | 1999 | 2000

11 Study of Model Basm wnth Pnonty -
B (1) Pre F‘eamblhty Study ' —
"7 Dala collestion and reviéw R
Site Survey o —
Analysn_s and Study ' '
(2) Feasibility Study ]
Topo-Survey - B
- Seil survey ¢ SRR AR —_
Secio-economic survey
L Analysxs and study N
3) Preparalmn of lmplementallon

vl

o 2. -AddltmnalBasinStudy:'. SR S < N ECIER S



5.5.4 Preparation and Implementation of NEDP Expansion

The expansion of NFDP will be made to the existing rainfed area in
the wetlands. The FMANR has a _resp'onSibility for the development of this
private sector program and will carried out the following prepai‘ation for the
expansion with a campaign for lrngated agriculture to stlmulate farmers

participation to the program. :

(1) Hydrological and Ilydro-'geological Survey in the Proposed Area

Maxlmum water level of related river and contmuons inundation
penod : -

- - Fluctuation of gm’undwaté’r‘ level and yield of grd_‘li‘nd\:water
@ Staﬁda'rdiiation of Project Facilities

Intake faclhtnes dlstrlbutlon canal and on-farm famhtles

'I‘ubewell and pump .

(3) Guidance to related Farmers

- Operation method of project facilities
- Establishment of Fadama Usérs Association (FUA)

| The unplementat:on of the program will commence at the beglnmng of
“the year 1996 since above préparation may be set up prevmusly by the FMANR

and will continue by the year 2020 with a development rate of 20, 0{)0 to 30 000 .
ha per annum,

5.5.5 Guideline for Irrigation Planning andIOM of Publié Sectbr 'F."rojetts
The rehabnhtatmn works under OM offlce and’ plaﬁnmg of the
proposed irrigation package program will be mamly carried out by the year

'2000. In order to carry out the above study and works snoothly and prOperly,
_the guideline is prepared as shown in Appendix 5.2 and 5.3,
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| 1. _Rehébitilali@n Works

~ Ttisnecessary that the NWRI in Kaduna shall emphasize to formulate
the more detailed guideline for the planning and design and to level up the

| irzigation engineering through staff training. It is'also needed to request the

foreign technical aid to fulfill the above work in the NWRI.

5.5.6 Implementation Program

“The nnplementatmn program for the study and works by the year 2000
is summarlzed in the chart given below: ’

Item | 1996 | 1997 | 1998 | 1999 | 2000 [20017

2. Implementation of On-going Public
Sector Projécts '

(1) MediunvSmall Scale Pro.
(2) Large-scale Pro. with Pump : _
(3) - Large-se¢ale Pro. with Dam - : -—-

3. Preparation of Public Sector Program
(1) Model Package Program
(2) Sé-:bn_d Package Pr{)g!‘am_ — ' Fem o

4. Preparationand lmplementalxon of
NFDP Expansion

Medium / Small scale irrigation project shall be referred in para.4.5.2

. of Chapter 4.

5.5.7 'Prioﬁ'ty Programs for cOnside‘ratioh by External Ag'éncies

Careful conSlde!’atlm‘i has been made for the needs and categories to be

_ asststed by the extemai agenmes, and the pnonty has been given to two

programs on the bechmcal c00peratlon basis which should be’ umplemented at

‘an early pemod of the National Water Master Action Plan period by 2000.

vansmnal Terms of Reference on two programs are given below:
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(1)~ Water Resources Management Program inthe Upper Hadejxa

Ref para. 2.3.2 (2) (a), of Chapter 2, and 3 2.2 (2) (b} & 3.3. 2(1) of
Chapter 3 of this Sector Report.

(2) Preparation of Medium / Small Dams Package Programs

Ref. para.: (3)of 8.2.2 of Chapter 3 of this Sector Report.
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TABLE 5.1.2

EVALUATION OF IRRIGATION AREA IN EXISTING MAJOR PUBLIC PROJECTS

HA

Projéct

Water Sotirce
" Facility

Avatlable
Reservoir
Water .
(MCM)

"Unit
Water _
Pemand

Ierigation Area

Agency
Plénnéd
(ha)!

JICA
Estimated

JICA
Evaluated
tha)

HA-I

o Wurriol_uni‘oPoldér

Jibiya

...............................

N EETTEELYS Aroissaianasdasnbidintin

Swashi Valley

JibiyaDam
Zobe Dam

Goronyo Dam

..... PR P A T TRY

...............................

BakoloriDam | 2

..............

o 3800

- (ha)

e deliadl

HA-I

Kontagora
Guzan

.................................

................................

..........

Kéntagora Dam
GuzanDam

.......................

.| Tungan Kawo Dam

...................................

.............

AT

.................

Abewminniasdapan

.................

.................

emirsiadacanadan

HA-TI

................................

...............................

Kiri Dam
Dadin Kowa Dam

...................

BalangaDam |

IS SRR e TR

..............

.............

R T IY a

................

................

HA-NV

.{Poma Dam

................

..............

HA:-VI

MiddleOgun
Lower Ogun .

ASepeteri

Ikere Gorge Dam | 300f 14,

OyanDam

.................

SepeteriDam . |

.........................

HA-VI

Tomas

_|South Chad

GariDam .. . . |...A4
Tomas Dam

................................
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TABLE 521  DIVERSION WATER REQUIREMENT OF IRRIGATION PROJECT
a) Publie Irri.galiﬁn Projects - :
. NetIrri. Water | CropIntensily - | Seasonal Diversion Water
]'I A | Season Re_quit__ement_(mm}- _ (%) Net Irri. Requirement
) Rice | Other [ po =1 Other Water Wet Dry | Total
_ " | Cereal | - Cerea! |Req. (mm){ (mm) | () | {mm)
Il Wet 664 116 10| 0 90 170
: Dry ............ N i 10 ........... 0 .......... T e e sist sl i 60
[ wet [ 141 0 30 o e 7 |
Dry ....... sisl 540 25 .......... B ey RN sl toea | 1’]40
M| Wet | 225 13f 30 0 80 § __
e e[ 614 .......... S e 160 T 30
V| Wet 140 19| 30| 70 60 |
....... Dry 909 ......... 52,9 .......... 25 .......... 55 5:2b -------- 126 1,040 ..... 1.160
V b Wet S50 OfF 90| 10 50
L o R T R pad e ol ol see ] isee
M [ Wet | 151 o] 90 10 140 _
.......... Dry ......... e sl e FE s R BRI Tigo
Vif Wet 26f 0 90 10 20 _ |
R 5T 853 ........ VETd sttt ol s a5
M | Wet 683 137 10 90 190 _ |
i R Dry R R G e D Rl PET TR R
" b)  Private Irrigation Projects _ : .
NetIeri. Water | CropIntensily | Seasonal Diversion Water
HA Séasén nguirement{mm) ' . {%) Net Fri. Requirement _
N R Rice | Other | poo | Other | Water | wet | Dry [ Total
o R | Cereal . Cereal | Req.(mm) | (mm) | (mm) | (mm)
I [ wet | e6a| 116 10 0] 150 -
Dry ........... o R e o R 310 ........ prod sl e
0§ Wet | il 0 80 0 110 | B
..... Dry .... e 540 ......... e 50 ............ o st gl s
W | wet | 225 13 80 0 180 N
‘ ..... Dry ......... i ‘002 ......... il o ol el 620 980
V| Wet [ 140 19 80 0 110 . '
S B 5 ...... s R o sl sl T T i
V[ Wet | - BOF 0 sof- . of 40 -
6 ¥ BT 464 ............. o T R R st ag] ‘io
VI | Wet | 1s1|. o 80 0 120 T
_ T N e 422 e o ; 10 ........ siot e 66(}
MO Wet | 26] 0 - 80 0 200 ' L
........... Dry ........... 853 ........ yETE et ol sl wiol s 480 s
V| Wet 6831  137| . 10 70 160 _
e Dry ............. i R ga | sl et seal el ssel 56

"6.89
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TABLE 5.2.2(1) ' IRRIGATION DEMAND OF EXISTING PUBLIC IRRIGATION PROJECTS

Annual Unit

Facilities Completed

‘ On-going Total
‘HA ) WaterRep. | Ayea. | Demand E Area | Demand | Area | Démand
| m¥ka) L go0ha) [ MCM). [(1,000ha) | (MCM) |(1,000ha) | (MCM)
1 9,600 8 | o 52 - 500, 60 580
s "”"“1"1",'&6'{')"_.” g e e T R e
S B e R e 15 T o s
e B Rt B e R R B o : :;?.6*...
T T B o o e e 20 o
B T e T T It s o "“mi%.é'ci""
..... 0 R el 7 T R 130
..... T 27 e 63 R R oy e
T e ol o o B e o
% - 22 21 8 79 100 100

TABLE 5.2.2(2) mmGATION DEMAND OF EXISTING PRIVATE IRRIGATION PROJECTS

R B AnnuaiUnit. .Ex'isﬁng

HA Water Rep. . ——— - ——— S

. (m¥ha) . | Area(1,000ha) { Demand (MCM) |

1 8,200 | 35 | 330
, T ;51855 ........... S e
S T 9800 0 ....................... e
w ............. ”00 DRI 3 20

e 5400 ............................ o
B 'é;i;'ii{)"' ........................ e R 0
....... w s | e o

S 5:665'""“_" 93 ................... Lo
S W e D T ......,..,...1._;5.1.6 .......

595




TASLE 5.2.3  IRRIGATION DEMAND OF EXISTING IRRIGATION PROJECTS

‘Public Sector

Private Sector

Total
HA Area | Demand { 'Ar'ea;; | Demand - Area -Deﬁ-;a;nd
{1,000ha) | (MCM) | (1,000ha) | (MCM) [ (1,000ha) | (MCM)
1 60 680 35 a0 | 95 '.6_0_0_ _
........ R B ) R B
R s o i i R
e T T I ST e s
......... e B e R B g
B T e T T o e
..... R T R 3010 T e
e o B e P o 1?40
Total 320 | 3,650 150 | 1,310 410 | 4960

- TABLE 531 ' CAPITAL COST GF MAJOR EXISTING PUBLIC IRRIGATION PROJECTS =

. Irrigation |WaterSource| .- . .. . |ProjectCost | Evaluated
Project Area (ha) . Works Mode of Irrlgailon $/ha) Term

Rakolori 23,000 Dam  [Gravity (8,000na)and | 24,500 | 1990
: Sprinklers (15,000ha) ' '
KRPI 14,000 Dam - |Gravity 12,200 1990
Balanga 1,800 Dam Gravity 3,700 | - 1990
Kontagola 11,000 Dam  {Piped Network 6,200 | 1988
LAIP 3,850 Pump | Primary pumping 8,500 | 1987

withgravily ' :

Data Souree; Irrigation Su.b-Sector Review, FAG/WP-CP, 1 992
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TABLE 5.4.1  NUMBER AND AREA OF PROPOSED PUBLIC IRRIGATION PROGRAM

Hydrological Area (HA)

* Proposed Projects Unit

1. Number of Projects

Peiriiniuriaisd AR AUTTPIOPTORTUIFLINN FITINITPITSEY IEISPIRE FRITITS TYRTTRTY FRISICES SEIRELTH SRCLECEL: RECRAAN ARAEhibt Moy

B T TR cr e PP PR LT SEEREEEE RSN thhhhill Rl N PN R T Ty I Y Lt EEEEETTEN LEEERE LS

Large/Medium Dam 150 75| 40} 50| 10] 40| 30} 0} 260
Sma“ Dam 50| 230 110] i60] . 35| 100] 115 20| 820
Sub-Total 65 . 305Y .150| 210] 45] 140| 145] 20] 1,680

.....--....-................-...................... IUUUTRIAUS IOTURUTY TPV DRNITI IFPIUION AT CITTITIE: CETEETTEY EERETETNY CERRRELAEN

.....‘.4...-.-.-..............n.......».......4.. IO PINY Sy Yot 3 Freres TETETTE SYRLETEN EECERTTE SRLEERER! ARESRAGAN Rl ey

anary Pump - 15] 35| 16} 35} 50| 35| 100 ol 285
.................. Coas{alcreek Rty R Eity i 35 R s 35
s Sub -]'ota] - | ...... 15 35 15 35 35 35 100 ...... 0 ..... 3 20
13T0ta] ............................... 8 0 340 165 245 130 175 245 20 1’400

TR USRI TURTUTPESPRIURT PROPSTORTITTY EETETRTEEINIE EINLECIE EXLATALE AARRhbbl RESAAhit! RASLARRE REbRAREl R
.v...-.-...-x....‘.....---......-....i...‘-.-.z-... PUTUUUUTONY TP PR TETETETS SRR SENTEETEY EEEEEEEEY EREEh bR Rl tinramanan
TR UIPP I TPoTppser IFPRTEPIPPYRY PRTTTITN REXTETEE TERRITLE ARECELIA ARAShabil MSdialit RiihAhil SEha

2.1 Under Dam

ieam e Eireabadimner i batitraiateirebitrioanaiatadinlendiinierindy [YCIEFIE P IO YRR B FErerLn B PIPPER PETERE [TY CESTTEIT) EERECPEIT

) LargchedlumDam mooha 40| 170] 100| 70 15| 30| 35| 0 460
T Smalbam mooha""'{s' 0| 0| “so| 10| 30| 35| s| 25
.................. Sub'l’ota‘i e i R Lo e e o B e
...... 22UnderPumpand0thers
................... e FFP o E G o .....l_.g N R s R
.......... é};;;i;i'é;;;i;m_ ....... Tt i e R e
............ SubTOtal 'i'd'ﬁ'db_ﬁ;' 5 m il T s e e
Za'mal 'ilé'f}ﬁ'i{é{: eo 250 135 130 50 70 100 5 e

;-'9-'97' -_




 TABLE-5.4.2

[RRIGATION AREA UNDER FROPOSED MEDIUM AND SMALL DAMS =

PROJECTS

' Hydrological Area (ﬁA)

Vv v Vi. Total.

Small Dam _

2. UnitIrrigation Requiroment (103 m3/ha) - o
' ] 96 114 134 116 138

3. Proposed Irrigation Area (103 ha)

1 I N -V
1. Available Water for lerigation (MCM) | _
large/MediumDam | 430 1,930 1,310 800 200 500 470 0 5,640
| 135 830 395 576 140 405 465 55 3,000

146 132 ° 96 -

Central East

South West
South East

Galma

Shemankar Ankwe and Katsma-A]a
Dgun and Oshun

| Aboine and Aya

: Mayolne,BeI'wa, Kllahge Il’awal Mada,

Large/Medium Dam - 4 170 10 70 i5 30 35 0 460
Small Dam 15 70 30 50 10 30 35 5 - 245
Total 55 240 130 120 25 60 70 5 - 705]
4. Number of Project E _ -
Largef\iedmmDam ‘15 75 40 60 10 40 - 30 0O 260
- Smalt Dam - B0 230 110 160 35 100 115 20 820
Total 65 305 150 210 45 140 145 20 1,080
TABLE 5.4.3 MAJOR BASINS TO BE oevuoveo IN PROPOSED IRRIGATION PROJECTS
' WITH DAMS
Region Major Basin/Area to be developed " Remarks |
NorthWest | Gulbin Ka, Danzaki and Malendo Southern river basins
North East Yedesaram .| Southern river basins
Central West Oshun, Awun and Gbako Karaml and Tributaries of Niger and

Kadunarivers

Tributaries of Benue river

Upper basins of both rii.'ers"‘

Tributaries of Créss river -

- 5-98
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TABLE 5.4.7  IMPLEMENTATION PROGRAM FOR PUBLIC IRRIGATION PROJECTS |

Project Program

Unit

lmplémenlalioﬁ'Schedu!e_ '

i. Implementation Area

et iimenrriiieinanaidideanantninidaninentiinnrabil

....................................................

...................................................

3.3 Ground Total (3 1+3, 2)

...................................................

.................

................

. (1) Rehabilitation Mil. N
i (2)CanalSystem MﬂN
R TR rce Yo s ............
"""""""" Pumpand Others | Ml N
reriane O R B

Maaee s hambarenburaneacrpantarriarar ot nsenranandecduninnini

ﬁﬁﬁIIﬁ(ﬁ?ﬁ)ﬁﬁﬁl}}i}}?éﬁié%i@%i@i%éﬁﬁIffﬁflﬁfl | Ml N
Sub-Total Mil. N

................

[ I
|..4,650] 3100 o)LL R
X U ) I T I ‘if'?;éilfﬁr
1..7,680] 31000 " 0] o]0l 10,780
| ide} " doo| BEGY T di6| " 780| %,516
.......... e 4'030 5-890 7’020 8'150 25'1"0
|....Toof 4480] 6,450| 7,690 "8,030| 47,650
....... T80 " 7880] 6,480] 7,690 8830|3843
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TABLE 5.4.8 - IMPLEMENTATION PROGRAM FOR PRIVATE IRRIGATION PROJECTS

Service Aréa and Project Cost

Unit -

:lh‘lptemehtation' Schedule

2006

2010

90616-
2020

L lmplementalmn Area
1, 1 bxlstmg Pro;ect

..........

ceisnaninunrferantdaqain

' © 5105



APPENDIX 5-1 ESTIMATION OF DIVERSION WATER REQUIREMENT

(1) Potential Evapb—tranépifation

Potential evapotranspiration (E7To), generai_iy recognized as fairly
reliable index in calculating consumptive use, ¢an be determinéd by a number -
“of methods, such as the cvaporatlon measurement with evaporatson pan and
the apphcatlon of empirical formula based on the clnnatologncal data. In the
project, the ETo values are estlmated on the monthly basis, based en the
climatological data obtained from The Natlonal Atlas prepared by FGN in1978
by applymg Penman Method

" The Penman Method is the mﬁst complete theoret:cal approach '
showing that consumplive use is insé¢parably connected to incoming solar
energy. The formnla representmg the pobentlal evapotranspiratwn is shown'
below‘ ' '

ETo = CW.Rn (1-W) - f(u) - (ea- ed)

radiation term aerodynamic term

Where; _

ETo = potential evapotranspiration in mm/day

W = temperature-related weighting factor

Ru = netradiationin equivalent evaporation in mm/day

flu) = wind-related function | |

(ea-ed) = dilference between the saturation vapour pressure at
mean air temperature and the mean actual vapour
pressure of the air, both in mbar '

C = adjustment factor to compensate for the effect of day

and night weather condltlons

Accordmg to the above equatmn, the monthly ETo valves are
calculated and its result is tabulated in Table A.1.1,

S



(2)  Cropping Pattern

 According to NWRIS, major crops in Nigeria are sorghum, millet, oil
crops, maize, rice, wheat, etc. in North zone, maize, sorghum, rice, oil erops,
millet, etc. in C'entra'_l zone, and maiZe, sorghum, rice, ete. in Southern zone.
Among such crops, rice, maize wheat, and vegetables such as chillies, tomato,
onion are irrigated crops. Rice/ _ricé and rice / other cereal and vegetable are

‘the predominant cropping pattern, For the estimation of irrlgation water

demand in’' NWRMP, rice and maize are ado'pted as a representative one of
other cereal, and the zonal croppmg patterns, cropping intensity and average

crop coefficient consndermg croppmg calendar are assumed as below table:

“Cropping Pattern and Croppin g Intensnty

Pubhc Program R T Private Scheme
ysne - A'. Wet Season - | Dry Season 1 - Wet Sea_i;or} " Dry Season
= " Rice Olher_ Rice ()_lljcr Ri¢e Oth.er_ Rice Olh.er
S 1 Cereal ~ | Cereal Cezeal | - | Cereal
North - 1 &V - 10 90 | o 50 10 10 o) 50
Central | 0,W,N | 30| 70| 261 55 80 0 0| 50
South . | v,viw| 90| t0] 70 -10 80 0 0 | . 50

(3) Diversion Water Requirement and Water Demand

Diversion water réquiréniéht:sare' estimated by thé following
equation:

DWR=(ET crop+Pe + LP-Re)/IE

- where;
'DWR ! diversion water requirement .
- ETerop : crop evapo-transpiration
Pe 1 percolation loss
" Re 1 effective rainfall
IE ¢ irrigation efficiency
LP = i water forland preparatwn .

The estnmated annual net rcqmrement are shown in Table A 1.2and

the dwefsmn requirements are shown in Table 5 2.1,

o B12
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TABLE A1.2

' NET IRRIGATION REQUIREMENT (1)

HA- 1 o | L
May Jun. | Jul. | ‘Aug. | Sep. | Oct. | Total

1) Rlce (Wet) CUURUTR S INSRPNSN [NURTRURPIN OSOTY CORATETON TR DR
FTo (Referencc Crop Evaporatwn) i 1 il : 64 ....... e 162 ........ P R
: l{c (Cropcoefﬁclents) e 05 ...... cosl et D ¥ 014 e
@ETcrop e 97 B e R B e
@Perco)atwn B e v 120 ....... 106 e 14 e
@Landpreparahon ........ ?5 ?5 ._ e _ ]
®®+®+® 75 232 ....... P 281 ....... 260 41 1,178
@Eﬁectweramfall 51 ......... 67 ....... e 162 ......... 100 8
@ Nehrngatwn Requirement Ve ies | 163 191 160 33 ....... 664

2) Other Cmps

O Net.:rngahonReqmrement o s 31 0 <0 BN TS
Nov. | Dec. { Jan Feb. | Mar. | Apr. 'Tdtél

1) Rlce (Wet)

® Net 1rngatxon Requ:rement

eterlurancainrnsifinvariaraian

eecmtanidnar

TEYTTTITRRY T TR I

2) Other Crops

_(_ff?g ®+®
@ Fffcciweramfall

..........................................................

@ Per- lrngatlon _ _




TABLE A1.2
HA-Ul

NET IRRIGATION REQUIREMENT (2)

1) Rice (Wet)

. O Net m-lgahon Requirement {) 60| 38| it | 3i o 41
2) Othercrol}s . F T P cisdi]eirencdnanrafonneriranaas FETROTTI X cerimra e
h.’l‘o (Referencc Crop E\aporation) 165 134 113 108 129 162

® NetlrngahonReqmrement ol "o of o 0 ) "o
Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | Total
: n Ruce (Wel;) ' RRTSURNN ISUROTOOIO STSUIORON: HOISIOUURNS NUNVRUICIN R
hTo (Reference Cl‘op Evaporatlon) 139 145 169 173|180

5110

® Net lrngatlon Requlrement T 73 174| 208 254 205 0
_ ) Other Crops | - _ -
E‘i‘o(Reference CmpEvaporatlon) 139 145 ....... 169 1?3 ....... 180 .............
Kc(Cropcoefﬁe:ents) 025 ...... s 098 ...... 087 ...... O
& ETcrop I RO IO 35 112 ...... B 151 ......... 5 4 .......
. o
A @ Eﬂ‘ectwe ramfa]l , Y 2 18 ) 35 ..........
1% *\!et,lmgatwn Requltement T a7 s | s 0




TABLE A1.2  NET IRRIGATION REQUIREMENT (3)
HA-1I : : .

May | Jun. | Jul | Aug. ] Sep. | Oct. | Total
l) R:ce (Wet) -

® NetlrrlgatlonReqmrcment ' o 72 2 Ty 0225
2) OtherCrops o '

..................‘....;‘................................ T B T R I RN [ETTITIEISNT] (ISTTTITT s U Oy e

e T LT T . e P O A R

Kc(CropCoeﬁ”lcwnts) . 005! 054| 096 1.07| 059 0.08 o
() b’l‘cr()p C . : ' 32
@ Per-lrrlgatwn " 4(

riemesiraniassaiadasinrrnsi i rninaaninigraneaia

D=0+® o cas aan | st ize| U8R a4 Ess
@ Effective rainfall 861 108 143| 159 142 84|
® Net irrigation Requirement | 0] 13| 0] el o] o] 13

. Nov. | Dec. | dJan. | Feb. | Mar. | Apr. | Total
1) Rice (Wet) ’ '

b’l‘o(Rei‘erenCeCropP‘vaporahOn) 163 ....... el T 196 ........ sos 1
Kc(Cropcoefﬁcnents) B B B B R T et -
(DI*.Tcmp ‘ 82 ....... o sl o 2 1 -
OPercolatlon ............ B ..... 30 ] R o R
& l,andpreparatlon 75 75 ...... _ R il il

: R 233 ...... P Ry S 5 1'047
. b .._.. Pl Ry S 3 5
® Netirrigation chulrement SV T 23‘2 o) aar|T o 1,002

2) Other Crops ' ‘ B B
F‘To et Crop Evaporaho po R A TR 168 183 ....... T R 202 .
Kc(Cropcoefficlents) ) e 098 ...... sl A
(DETcrop .......................................................... al . 29 ....... P B R .
@Per—lrrlgahon ............................................... sl .._ Ry BR o
®:®+® | 121 ...... 129 ....... i 79 ....... 171 ......... i 661
OEl‘fectweramfall 0 ........... - 0 i 38 o
@NehrngahonReqmrement OO IORN Gl el RS B PO R Lty

CBeiefl




TABLE A2 NET {RRIGATION REQUIREMENT (4)

HA-N . L
| May | Jun. | Jul. | Avg. | Sep. | Oct. | Total

1) Rice(‘Wet) N ) N |

ETO(RefemmCmpEvapormon) ........ g 113 | a8 e

® NetlrngatlonRequuement 0 19 e T s 17 o '.i4('):
0} Other Crops ‘

.......‘.................-..........-..................‘. vivanmineeeerrsaniordiiaRinanrdra i faorcarrainenoranaeitioy A Y T TET AT TR N

...., SRR FOTTTRROCAN PPN MFVIIRIIAIE IEPPERNEICEY TETTPSTTRTTE SETITELLALH

Ke (Crop coefﬁc:ents) : 005]. 054| 096| 1.07] 053] 0.08 E
@FTctop ........ 2 108 BT R o
& Pet-]rng'ahon s ) 40 ......... e s Rt i
©:®+® .............. ........... 7 T ) R o T o
@El‘fectweramfall ........... e s T | e 5 R
@NetlrrigahonReqmrement o R BTy ) i IRy Sd S

1) Rlce (W et)

' (5) Effechve ramfall 3 . : o _ 421
® Netlrr;gatmnReqmrement i3 1151 209|252 ~.201) . o) - 909
- 2) OtherCrOps . .‘5;_- ) . o . S _.

| ETo (Referené'e C!'op Evaporatlorn) e s [ 1601 1a3] ise| T

wiminrserraafevicrnsdidnadininrrarioroiminniasaean




| TABLE A.3.2  NET IRRIGATION REQUIREMENT (5)
HA-V L -

May Jun. Jul, Aug. | Sep. | Oct. | Total

1} Rice (W'el‘)

........................................................

ETO (Refe fence Crop E.vaporallon)
Kc (Crop coeﬁ"iclenls)

W B A R At babanine et amrarar it AN

@ Pcrcolatmn

O Land preparatlon “-.”.“."f-_“.f.i.hl = -..........u.- revarda e
D= (D+O+O

® Effcetive _ramfa]l _ - _ :
® Netirrigation Requirement
2) Other Crops '

B P N PP PP S S

B R R B S T e S Y

.........................................................

T i e B ] B B B
@PT“OP """"7":'""""?64 B Rt e ) R
G e SO ) e et e B
T N — ) B e B e R
FOR o o e s e e e e ) R
"('.é)"'"bi'é't';Fr'{g'}eiil'c};i'iiéé;'iji}éﬁiéiii”"_ ........... ] ) Ry ] e

] Rlce (Wet) _ i
ETo (Refer nee Crop Eva poratmn) 139

........................................................

o thmp ‘
@Percolahon ........

@ . ],andprep S e 5
@®+®+O ...................................... 75
T e T RIEIRRE S i
'® Netirrigation Requirement | 64

2) Gther Crops

ETo (Reference Crop ]:.vaporauon)
“Ke (Crop c0efﬁclents)

...........-u-.-....4...........................-....'a..
...........................................................

D e L L T T T I S

.........................................................

@ Net 1rngal|on Reqmrement
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TABLE A1.2  NET IRRIGATION REQUIREMENT (6)

HA-VI

‘May | Jun. | Jul. | Aug. | Sep. | Oct. | Total
D Ru:e(\Vet) ' '

@ Net;rrlgahonﬂeqmrement | 0 27 54 | 68 ‘2 B | '151

2) Other Crops

B S L R T SAR Uil EREELTARACI] AARRELtd B B T T e T

................-...4..-.u..............-....‘...-u.... [ ST P e e BSTTITILEITT] OTTTITEITIRY SFITPRPRITTRY TP PR

Ke (Cropcoefl:.clents) _ 005| 0b4| 096| 1.07] 069 0.08
(DFTcrop ..... e L 5 68 98 ....... o] e ]
@Perlrngatlon ................................... ol 40 Rl Sl Rl S - o
®:®+® .... il ] 08 o e Gl Gl i
@Eﬂ‘eclweramfa]l 127 ....... bl il ) it
"(qé‘mNehrr:gatlon Reqmrement .......... s sttt e ,

.' 10 Rlce(Wet)

e NetlrngatlonRequwcment : b4 166 162 225 B VT FR ) T
-1 ) Other Crops ' ‘

rainesvapabiiial ...u.....1...“.................4....u. N ETITTITITIE NPT SR TETTIRTE S TP PRI

¥ (Reforonco Crop Bvaporation)| |""'128| " "130( 161 "165) 140

N PN Kc(cropcoemclents) : .. ........ ......... 6 "'2'5 ..... '!6."‘-};} ...... 6:9& ...... (.). .aé.’:.ra .s....‘(.,.'.é. eieranrares
& Pei- Irngatmn N -1 R - - -

L RO R RICY T Y BT ) L
@ Effective rainfall . - 3 _‘ 2 22 66 82|
® Netlrngationllequlrement : 100] - 08 136 - 79| o] 422

B4



.........................................................

TABLE A.1.2  NET IRRIGATION REQUIREMENT (7)
HA-VI |

‘May | Jun.: | Jul. | Aug. | Sep.- Oct. | Total

1) Rlce(Wet) _ T
ETo (Reference Crop Fvaporatmn) 137 119 1| - 106 1] 121

P T e E I LI T T [T P YT S T TR PRy

s (Crop coefﬁcxents) . R S - 05 103 ...... 116 093 7] R
OETcrop 60 “4 123 ....... el 1? ......
@Percolahon T R ] R 7 R
@Landpreparatmn 75 15 — ...... “ _ _ .............
B (D+()+O . R 165 1?4 ....... oy 162 .......... 7% e
@Efl‘echveramfall e 145 ....... o 182 ....... 207 ....... PP
@Net]rngahonRequlrement 0 ........ 20 ......... 5 SN s 0 T
'2) Olher Crops _ ‘ ' : _ '

FTo (Referenco Crop Evaporatlon) ----- 137 ------- ISCY B TEE A 106 lll 121 [
Kc(CrOpcoeI'Ec;ents) e 054 Y 10? ...... 059 ...... 008 ............
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TABLE A1.2.
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APPENDIX 5-2 GUIDELINE FOR PLANNING OF IRRIGATION PROJECT

1. PRE-FEASIBILITY $TUDY

Pre- feas1bnllty study shall be performed at the model river basin wnth the
priority ateach RBDA, : :

(1) Data tobe Collected

(a)
“(b)
" (c)

()
" {e)
{))

{g)

(h)

Aerial photograph and the map of 1 t0 50,000 seale
Hydrological data in the basin or thé adjacent basin

Socio-economic data including administrative boundary, number of
villages, total population and houschold, farmers’ populatlon and
househo]d at present and their movement on the LGA basis,

So:l and land use

Agrlcultural data 1ncludmg crop area, croppmg mtensnty of major
crops and yield of erops per unit area on the LGA basis.

Existing water resources projects including }oéation and ouﬂihe o
Crop water requlrement diversion water requ1rement and dramage
requirement per unit area based on the existing :rrngatlon projéct

report. -

Construction cost for the irrigation and dramage cana]s and on farm
work from the BXIStI ng 1rr;gatlon pro;ect report. :

(2) Preparatory Work for the Study in the Office

(a)

(b)

(c)

Division of the basm into the several trlbutary basms w;th the'
catchment area of 1,000 to 2,000 km2 on the map of 1 to 50,000 scale :

and measurement of theu' catchment area

Study for the basin sahent feature such as the basm bopography and
geology, tributary system, land use, socio- ecommy, ete,

Study for hydrological condttmn such as aerial ramfall and

evaporation, annual average runoff, sediment transpart peak flood
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(d) Stu
- theexisting water resources projects.

_ (e)..
station, ete. and service area on the map of 1 to 50,000 map.

(g
“(h)

- (i)

discharge, etc Preparatmn of the guideline for the specific yield of
annual average runoff (mm), peak fleod dlscharge (m3/see/km?) and
sediment transport (m3/km?) in order to estimate approxlmate

' avallable surface water.

Study_ for water demand in service area and present water use under
mdmg of the pmposed water source fac;htles such as dam, pumping

Measurement of catchment area on the map of 1 t0 50,000 scale.

Appmxnnate estlmahon for the river runoﬁ‘ at proposecl water source
f‘ac:hty site based on the catchment area and the specific runoff yield.

'Appmxnmate estlmatlon for the avallable river runoff at the
proposed site.

Drawings of 'i;_he' _locatib'n, catchment area, réservoit area, damsite,
ete. for the existing and proposed projects on the map of 1 to 50,000.

(3) Site Survey Work

The folloivinfg survey is carried out for the downstream service area
where the proposed water source famlltles such as dam and pumping station have
a p0531b111ty to be constructed. The survey is made on the basis of a map of scale

‘ 1 50 000 and aemphotos

i

(b)

Topographicel and geo_iogical ebnditit‘m: at water source site
Hydrological condition by observation and interview to local people

- Water level a:nd funoﬁf 'ﬂuctuatiop at water source site

- Flood and inundation damage in the service area

-1. ! (C)

(d)

Present, water utlhzmg condltions at the farm land by rainfall

' mundat:on ahd streams

Selectmn of canal ahgnment and locatlon of the weir and pumpmg
- station to be related wnth the reservoir
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(e)

o

Consideration of the :rr:gatnon method newly mtroduced at the
termmal

Sonl and present land use

" The survey at the representatwe places in the servxée area is only

made in accordance with collected data: When the unsurveyed soil is
found at the field survey, such sml condntnons are assumed by

observatlon survey

(&)

Vlllage socio- eeonoxmc survey at the service area by questlonnalre

The 1nterv1ew with the chlefofthe v1llage and farmers will be made

- ata representatwe village in each sub- hydrologleal area. Subjects to

be interviewéd consist of history of village, relationship of village
pe0ple, socio-economic conditions, agriculture, livestock and fishery

~ conditions, problems and difficulty in villages, and necessity of

develepment. - The information collected in the interview will help

_the selection of the proposed project with the first priority.

" (h) Selection of gaging station e_it'e"fcir the surface water observation

(i)
G)

Beneficial intenti'on.survey for the project

Environmental survey in the related area |

(4) Data Analys:s and Study in the Office Work based on Collected Data and
- Site Survey

(a)

(b)
(¢)

Hydrological analysis for menthly ramfail evaporatlon and runoffat
water facility site and the servicearea

‘Study of the dimension of water source faei'litii .

Water demand study in the service a{-{ea .
Water demand for irrigation is estimated based on crop water
requirement, effective rainfall, percolatlon rate and irrigation

efficiency, The standard water deimand at each. region shall be
prepared taking into account the followmg items,
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: CropWaberReqmrement ‘

Crop water reqmrement is estimated by the erop to be introduced

‘and evapotransplratren estimated by the modified Penman formula
'based on the meteorologlcal data such as temperature, mean
' humldlty, mean mammum humldlty, mean wmd veloeity, mean
‘wind velocrty in daytlme and night and mean cloudiness.

 ffective Rainfall - | | |
* The value of éffectivée rainfall differs by crop water requirement in

paddyfupland c¢rop field, ‘field conditions, and rainfall

_ amo\iﬁt!inteﬁsity' in the eropping calender, The effective rainfall

shall be estimated on the dally basis and it will range from 70 to 80

: percent of monthly rainfall..

' Pereolation Rafe

; Percolatlon is d1v1ded into two types, namely horizontal and vertical,

| '_Therr percolatmn rates are al‘f‘ected by many factors, such as texture |

of soil, depth of top sml, groundwater level ete, In prmclple,

percolatlon rate shOuld be determmed by actual measurement

| Irngatlon Efﬁclencv

“The 1rr1gat10n effnelency consist of the following three kind

efficiencies :field 1rngatlon efficlency (Ea) eﬁ'ie:ency on-farm

| dltches (Eb) and Water‘ delivery efﬁeleney (Ec). Total efﬁclency is

obtamed by multiplication above three efﬁeleneles rangmg from 50
to 90 percent in accordance with adapted water distribution system

. and skrl]fulness of water man agement

,_(_d) .
(e)

)

: Avallable runof‘f water for the serv:ce area j. ,

Potent!al 1rrrgatlon area by vhe proposed water source facnllty

| Potenhal irrigation area is estimated by the available water at the

water source faclhty site and umt water demand in'service area.

Land Use and A gro- Economy

T ?'_’i‘he followmg 1tems shall be analyzed cn the small sub hydrologlcal

area basns to clarnfy the necessity and urgency of irrigation
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development taking into consideration:the relation between the

existing irri gation area and proposed area:

- Land use and populatmn' all areas, area of paddy ﬁeld upland
“¢rops and other land, population and its denmty, population

growth farm populatmn and household, average cultwatlon area
- per unit household, farm pOpulatlon density, ete.

- Annual change of land use: all areas, area of paddy, upland and
other lands of the specified past years and recent year, and
annual changing ratioof land use. .

-" Relation between land use and land classification: land

“classification of paddy field (5 classes), present land use for paddy
and upland ¢rops and their comparison, ahd' the comparison of
cultwatmn area and aertal rainfall in the small sub- hydrologlcal
area,

- Productwnty of major crops croppe{i area, farm household,
cropping mtensnty, harvested ratio and yield per nmt area.

(g) Selection of Service Area
The following area shall be selected thh prmrrty

- Area where the 1mp1ementatlon of lrrlgated agrleulture is
' “strongly requested by farmers :

- Area with a suitable tenure arrangement for 1rr1gated
agnculture :

- - Area to be locabed near the water source facnhty

(h}) Approximate progect cost based on the acreage ‘of service unit
(i) Project evaluatlon

- Econoinic and ﬁnancnal analyms of project economy

- Environment 1mpact
(5) Selection of the Representative Projects for the ‘Féasibility S‘tﬁdy |

In accordance with the above study, four to fiVe representatwe prOJeets
will be seleeted for the feasrb:hty study wnth the followmg condntmns‘
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- Projects consisting of the medium and small scale as the representative
size
' Projects with f)ridri:t',y:fr()m view point of the project economy
< Prdjecfs without environmental prohlem

] Prdj'écts.wiih éésy co‘n'd'it.idn for the survey and study such as

-----

2. FEASIBILITY STUDY

The feasibility study. shall be performed for the above selected
'representatwe prOJects based on the-international standard. In the
implementation of feasibility study, the particular attentmn shall be paid for the
following items: :

1y Survéy‘ and Invéstigatiojn Works
(a) Preparation of aenal photo map of 1: 10, 000 scale covermg the water

source facility site and service area

(b) Hydrological observation of rainfall and river discharge in the
 service area and at water source facthty snte with'a mstallatlon of
hydrological station,

(¢) Soil survey at the area which has been indicated as the area with soil
_problem in the pre- -feasibility study.

{d) ':Survey of prese_nl;_ land use and land classification in each sub-project
- based on the map of scale 1:16,000 newly prepared -

:__(e) Detailed agro- economacal survey in terms of items studied in pre-
feas:blhty study. :

) :'Hydro'logic‘al Analysis

(a) Runoff analys:s on dally baSiS by preparatmn of the runofl‘ model at
proposed water source faelllty site.

“(b) Des:gn flood capaclty analysns for spnllway of dam and weir based on
the unit hydrograph :
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-(8) . Irrigation Water De'ma‘nd Study

(a) Formulation of cropping pattern mcludmg crops to be introduced,
cropping calender and ¢ croppmg intensity.

(b) Estimation of n-ngatlon water requirement on 10 days basis takmg
7 into account potential evapotranspiration, érop factor effective
rainfall, SOll percolation rate and irrigation efﬁclency.

(4) Water Source Facility Plan |

(a) Water operation study on 10 day basis for more than 20 jrears.

- (b} ‘Formulation of water operation rule of water source facility

(¢) Estimation of avalla_b!e river runof!‘ in wetanddry season and a]so in

- wetand dry year.

5y Preliminary Design of Canal and AppurtenantStructu_res '

(a) Definition of proposed irrigation area

. Fstablishment of 1rngatson dwlslon such as serwce umt block
and zone,

Formulatlon of irrigation water dlagram g
(b) Hydraulic and structural analysis -

(c) Construction plan and cost estimation

- Construction method aﬁd schedule on the contracbor basns for -

medium-scale project or force account basis of RBDA for small-
scale project :
- Cost estimation preparing the bill of quantity :
(6) OMPian

(a) OM organization, eqmpment and oM cost i in pubhc agency
(b) OM orgamzatlon ‘of WUA for benef clary

() Environment Imoact Assessment (ETA)

~ (a) Resettlement problem in the related area
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(b) -Other ecological problem by the construction of pro;ect facilities -

The procedure of EIA may be referréed to Chapter 11 of the Sector
Report for detail

(8) Proje_ct:Evaluation

(a) Economical and ﬁnahcial 'analysis for the project ¢ost
(b) Evaluatlon of farmer mcome generatlon and ]Ob creatwn

(e) Evaluatlon of enwronment lmpact
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APPENDIX 5-3 GUiDELINE OF OPERATEON "AND MAINTENANCE OF
IRRIGATION CANAL SYSTEM
1. OPERATION OF IRRIGATION CANAL SYSTEM
(1) Establishment of Division of Irrigation Service Area
Irrlgahon project area 1s subdwnded mto the followmg areas in

accordant with their acreage of 1rrlgatmn area for the operation of canal.
system:

Area(ha) Responsible OM Staff o . @
Service Unil 201040 © Water Master (WM) |
Irrigation Block 200 0 400 : - ditto -
Zone | 1,500 to 3,000 ~ Zonal Officer

The OM office under a manager will carry out the water management
of irrigation canal system by OM staffs such as Water Masters (WMs) who
control farm turnout at the head of service unit and Zonal Officers who control
a several WMs in their jurisdiction. | o

While, Farmers Irrigation Groups (FIGs) are established as a farmers’
organization at each service unit and the terminal facilities in service unit are
consolidated by them. Water users Association i is also farmers orgamzatlon _ 8
and comprises several FIGs.

(2) Request and Allocation Procedures of Irrigation Water

The present procedures of request and allocation of 1mgatlon water
are not properly made because of the reasons that i) Irrigation area and
schedule to be requested by the farmers can not be estimated accurately by
Water Master (WM), 1i) Estlmatwn of 1mgat|on water by Imgatlon Blocks and -
Zones can not be made quickly and accurately, iii) Exact allocatnon of i 1rr1gatmn
water on the weekly basis at each check and head gate is very hard, and iv)
Allocation of irrigation water at each block and zone in considering an effective
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rainfall is not properly made. ‘And these facts have caused shortage of
irrigation water and inundation in the downstream area. '

In _'o.rdér_'.to execute proper water manag'ehx_eni_; for supplying

‘frrigation water to the service area, the followings are proposed to improve the
‘procedures for request and allocation of irrigation water.

{a) Preparation

The lrrigatmn flow diagram in the canal syst,em shall be prepared

‘and t& Irrlgatmn Block (IB) covéring about 10 service unit shall be

formulated in taking into account the area commanded by major
check and head gates and division/zone boundary.

The setvice area to be irrigated is accurately'éstlmated on the turn-
out basis, Farmers Irrigation Group (F1G) basis, by using cadastral

~ maps and summarized on the IB basis. This work will be made by

the Water Master (WM) coordinating with WUA,; FIG and farmers.
This aréa becomes the base for request and allocation of irrigation
water. P

(b " Plan for Request and Allocation

The reqnest and allocatnon plan of 1rr1gatlon water shall be

' prepared about one month before starling eropping season in each

main canal system, WUA shall prepare the irrigation area and

“make schedule by FIG or the member farmers to submit to the

Water Master (WM). WM shall chéeck the schedule to make
adjustment and shall arrange the schedule by WUA and

' summarme :t on the IB basis.

The 1rr1gat10n area and schedule on the IB basns shall be submltted
to OM Office by WMs.  OM office shall estimate promptly and
aceurately the irrigation requirement on the 1B basis for the major

‘check and head gates by using eomputer. - The OM office shall
- adjust the ‘estimated irrigation requirement taking into account
“the available effective rainfall and storage water conditions in

| _'reservmr, dwerston dam and pumpmg statlon before’ startmg

eultivation.

_ In accordance wnth the above eshmatnon and aduustment the oM

Office manager shall determine the allocation plan of irrigation

‘water supply to IB and outflow from reservo:rs, diversion dams and

pumpmg stations, and gwe instructions to each District manager
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" or Zonal officer. This allocation plan is prepared on the weekly
basis. , _

- The District manager or zon'al oﬂ’icer shail give mstruchons to WM
and WUA so as to keep the above allocation of 1rr1gat:on water
“according to the expected 1rr1gat10n ‘'schedule in the croppmg

~ Season.

() Actual Operation for Request and Altocation

- - Actually, the procedures for request . and allocatlon of the irrigation
~ water shall be followed in the manner ss speclﬁed in the plan on’
- the weekly basis. :

- . The operatlon may be rewsed shghtly to the plan because of some’
differences in conditions by actual irrigation area, delay in
“irrigation schedule by farmers, delay in irrigation water to reach
~farm areas due to defect of irrigation canals or misoperation of in
gate Operatlon cOndltlons of rainfall avanlable, sborage condition in
- the reservoir, ete.

- _These variable factors are carefully studied on the weekly basis by
OM office with collected data and information available, and then
the final water allocation will be made by OM Office manager and
given to each District manager or zonal officer. !

- The control of irrigation water supply will be practlced by check
7‘ and head gate keeépers under WM accordmg to the mstructmn on
the waber allocatxen . _

(d) - Estimation Method

The estimation of 1rr|gatlon water allocatwn w111 be made by
mmputer o : :

3. Operation of Canai System

Irrigated agrnculture would not be reallzed wuthout adequate
operation of canal system, The proper allocation and dehvery of water can be
achleved by adoptm g the foliowmg actmtles

- To practice the co’rféct_d_iéehai'ge_hi‘eas_ui‘éh;eht,
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- .To set the gate opening rate in correspondmg‘ to programmed
diversion reqmrement and :

- Toexecute mom_tormg and checking of canal flow.
{(a)  Checkof Watef Flow

Followmg dlstnbutlon control of irrigation water in the canals is very
important works for the OM Offices;

- ’I‘o'schedule gate operation works, _
- To compare dlschargcs between programmed and measured at the
spec1ﬁc pomts in the canals, and

- To adjust the gate opemng tate at the problem sites with large
_ _dil‘ferenCe in flow rate. '

The discharges measurement for gate operation will principally be
practiced by automatic water level recorders or staff gages, and periodical
~calibrations also are néeded to mamtam the correct relatlﬁnshlp betweeh water

level and dnscharge o

{b} Waber Distributinn Control -

“As & general rule, the water distribution control by setting the gate
‘opening rate should be done in taking into account its stream characteristics,
‘and weekly nrrngatwn water requnrement at the cheek and head gate points in
¢orresponding to farmmg actwntles on lateral basis should be decided and
_ "mstructed to the Operators in advance by OM Offices. And then, the gate

| 'operators can adopt easﬂy correct Opemng rate for the desngnated gates

(4) Water Managemeht at Or_:-fa‘r'rﬁ Level
© Water management at on-farm level should be practiced under the
‘chief of FIG and WUA to conform with the pmpo‘;ed dlstrlbutmn schedule and

“irrigation rule. 'l‘he basnc rule for water use ‘at the on- farm level is shown as
‘=f0110\vs, _ | - ' :
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- Executions of irrigation water supply in- accordance with the
planting stage of ¢crops, ' :

- Strict observance of the rotational irrigation schedule,

In connection with the nnprovement of water management at on-farm
level, the existing on-farm facilities such as farm dltcnes, farm drains and farm
roads should be improved under the support by the OM Offices. .

2. MAINTENANCE OF IRRIGATION CANAL SYSTEM

Maintenance and repair works of irrigation system are inseparable
{rom operations activities; It embrace basically, some major elements of
irrigation system management. Wlthout mamtename operation cannot be
efficiently implemented.

Most of failure in the irrigation system, especially in the
lmplementatmn of water management can be attributed to poor mamtenance of
irrigation facilities. Eventually, these lead to low water utilization and to a
loss of expeeted benefits from huge government investments. ‘

As much as possible, the original design capacity of canals must be
retamed To do this, plan for repairs, needed 1mprovements and other related
activities shall be undertaken properly. However, some actwntles like routine
maintenance may be done during 1rrlgatlon season. Along thls, the gmdelme

.or procedures for maintenance and repalr works is necessary m brmgmg out
better irrigation services to farmer chenteles. If the importance of
mamtenance and repau* works is bmught to the concern .of the. beneﬁc1ar1es,
the problem on the preserving longer the useful life of the n-rngatlon system’s
facilities could be minimized. |

(1) Inventoriesand Draw_i_ngs for Sysbem F_aci'lities

To prepare the mvenbornes of system facllltles is very 1mportant for the
operation and mamtenance in the irrigation system. At the same time, the lay
out map of service area about 1/66,000 indicated stations, type and size of
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structures or gates are very useful on the execution of maintenance works. The
followmg mvenbones and drawmgs for system facilities shall be arranged:

- Inve‘nbories of systeni facilities by each kind of structure in every
canal system

- Canal system dlagram for planmng and desngmng of canal and
related structures.

- Canal layout basic map w1th a scale of 1 to 50,000
- - Road layoutmap with a scale of 1 to 50,000

(2) - Routine Inspection of System Facilities

" The system faci'lities shall be periodically inspectéd The result of
inspection is arranged and tabulated by the fo]lowmg items, then it will be used
~ for basw data of mamtenance pian

- : Wéber source fasilit.y
- Canal system
.o Gate,

- {3) Mainbena_nce {')f System Facilities

System mamtenance may be class:ﬁed accordmg to the nature of the
work, namely

(a) 'Mainténancé of water source facility _
- (b) Maintenance of canal
~ (¢) Maintenance of structures and mechamcal facilities
(D) ‘Maintenance of service/access road

(e) Maintenance of system drain

(f) | Maintenance of pﬁmp

(g Mainben‘an'ceof farm level facility -

_ Personnel of the 0 & M, such as the Ditchtender, Gate Keeper, and -
WM are directly involved in these activities, It shall be their responsibility
- that irrigation facilitles such as farm ditches, irrigation eanals, drainage
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ditches/canals, appurtenant structures, measuring devices, gates,
access/service roads, ete., in their respective coverage are ‘ptoperly maintained.
On the other hand, pump facilities and its appurtenances shall be in order for
effective operation.  Farm level facilities, as well; sha_ll be maintained by
farmer-users with the motivation of the WM concerned,

- Prior to irrigation water releases, all these facilities much be in good
shape. Once irrigation commences, farmer-users shall not be allowed to draw
water from the canal unless farm ditches are properly cleaned and ready to
receive irrigation water. - This procedure will oblige the end-users to do their
part in the maintenance of the irrigation system.

(4) Repairand In'lpl_‘ovemeht Work

Repalrs usually undertaken consnsts of earthworks, replacement of
R.C Pipes, lubricating gate lifting devices, pamtmg, rip-rapping, desaltmg and
others. the repairing and nnprovement work w1ll be camed out the followmg |
procedures:

- Inspection of defective facilities and reportmg to zonal
officerldlstrlct manager by wM

- Preparation of the mspectwn repOrt and repalr and 1mprovement
plan by zonal officerldlstnct manager and submiitance them to the
‘OMoffices :

- Preparation of budgetary plan and implémentationbf répair and
improvement work by the OM offices on force account basis -
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