Sustamable growth including the. niaximization of positive impacts of

~ development and the minimization of potentlal envnronmental hazards. The

NWRMP iacluding the need.for an integrated envxromnental protect;on

- program and related strategies and countermeasures are suggested in some

detail in the Chapters as mentioned above. In particular, the provision for fish
ladders and other passage ways for fish movement up and down stream should
be carefully- exammed during the stage of project identific ation and
preparation, and when a negative conclusmn is a given to the project economnc
viability as a whole, thxs project may be subject to suspension or cancellahon

- For reference, a proposal on the techmcal cooperation program “BIA
Study and Environmental Momtormg Program for Dam Projects” to be assisted
by the external agenczes which should be carried out during an early period of
the National Water Master Actlon Plan by 2000 s complled in Appendlx 11-9 of
Chapter 11,

4.5 NATIONAL WATER MASTER ACTION PLAN TOWARDS THE YEAR 2000
4.5.1 BMR Pr’ogramfdrthé Exist_in'g Dams - |

: (1) Estabhshment of Integrated Waber Management Rulein the North Region

The surface waber of the Hadejla and Rima basins in the North region

..has been mosHly developed by the existing dams. The outline of water resources
.development and service area under the existing dams is summarized as

| follows‘ _
o “Mtem - © - HadejiaBasin . Sekoto-Rima
. 1. Potential surface water- . (MCM) -~ 1,700 2,500
2. Numberof ExistingDams  (No)’ 14 8
4. Total Reservoir Water o ‘ o ' -
(1) ActweReservOuCapaclty {MCM) 3,010 : 1,660
(2 ‘Available Rese:-veraler {MCM)- 1,130 810
4. Puabliclrrigation :
< (1) Potential Area .- S (10%ha) o 4L « BO
R ) ActuallmgatiOnArea - {10°ha) 15 .8
8. Privatelrrigation 7 - o A
1 (1) Potential Avea Sl (10°ha) .- S BB 34
(2) Actuallrrigation Area  (10°ha) 34 C18
6. Water Supply by Surface Water B :
(1) Actual Supplyin 1091  © (MCM) 71 68

() Water Demandin2020  (MCM) _ 253 - 82
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“As i$ clear in the above table, - the Hadejia and the Rima basin have
large available reservoir water of 1,130 MCM and 910 MCM respectively under
the large active réservoir capaclty ‘The available reservoir water, however, has
not been used effectively for irrigated agnculture due to madequabe irrigation
system in the service area. The actual public wrlgatlon area in both basins is

21,000 ha agamst the potentlal area of 91,000 ha. Although the domestic water |

“demand towards the year 2020 will increase to 335 MCM a year in both basins,
this could be satisfied by the available water ol' the existing dams, FMWRRD
intends to implement the 1rr1gahon systemy at the undeveloped servicé area
towards the year 2000 and the water supply agehcieé will implement the
waterworks to respond to the increasing domestic water demand towards the
year 9020. The water management in both basins for the effectwe use of
reservoir water, howeVer, is rather difficult as compared with that i in the othel _
basins of the Central and South regions due to the followmg reasons:’

- Potential surface water decreases by Saheliah Drou'ght
. - Active reservoir capaclty in the dams of Tiga, Challawa and
" Goronyo is very large against their reservoir inflow, '

Some of the existing reservoir dams located in the upstream basin
of the Challawa and Goronyo use the surface water preferentially
for the service area, as a result the inflow of the Challawa and
Goronyo will be decreased. :

- Large Fadama area lymg in the downstt‘eam of damsxtes requires.
the water to be released from the reservoir,

- - Large seepage loss will take place along the rnvers between dams:te
and Fadama area. - :

If the integrated water management rule is not set up by solvmg the
above problems, the reservoir water will be released randomly, as a result the

water management in the irrigation system and waterworks in the serVwe aréa
could not be made adequately -

With this background, the mtegrated wqter management rule in both

basins shall be urgently set up as e:tplamed in 4.4, 3 The water management
study will be commenced firstly in the Hadejla basm wnth the i‘ollowmg items:
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(a) - Data Collection Related to the Study by the Inventory Survey
(b) “Installation of Gaging Stations

- (e)
(d)

(e}

0
(g)
(h)

)
@
S works,
k)
. ineluding OM érganization..
e
' (m) Im'plerr_ien'tat.'ion program

S Ny Sub-Surface .
Site . Rainfall/Evaporation = Surface Water  Groundwaler
Damsitel -2 : 4 -
Along River: T ' 6
Wet Land - . K
Total 2 10 5

: 'Topdgraﬁhicai survey and discharge measurement at gaging stations.

Hydrbl_ogica_l anélysié by the runoff model at the represental;i\(é damsites.
Water balance study at the wetlands. | '

Water demand study for irrigation ahd water supply in the service area as
well as for the wetlands.

Integrated reservoir Ope'rétion study for Tiga, Challawa, Watari and the

other medmm scale dams

‘Rehabxlltatlon plan for the exnstlng dams, irrigation system and
. waterworks.

River lmprovement plan to minimize water loss

Preliminary demgn for the above rehabxhtatlon and river improvement _

Formulatlon of the mtegrated Water management. rule and OM plan

_Envlronmental Impact

rl‘he guldelme for the mtegrated water management study is as shown

U in Appendtx 4. 1 Work scheduie for the abOVe study is as follows:
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Item o 1988 | 1997 | 1998 | 1999 | 2000

| 1. Hadejia Basin < e RN WEm—— '

(1) Review& AnalybeofData e ' L

(2) Data Collection

(3) SiteSurvey -

(4) Installation’sf Gaging
Stations

(5) Water Management
practice

(6) Formulation of
Management Plan

2. Sokote-Rima Basin

A

(2) Rehabilitation Works
(a) ~Ordinary Réhabilitation Works

The ordinary rehabilitation works will be composed of the items as
mentioned in 4.4.2 (3). Dam and Reservoir Operation Department in
FMWRRD has carried out'the survey to identify the defects of the existing
dams. Accordmgly the rehablhtatlon program for the defects will be nrgently

_setup in the followmg manner:

- Review of mventory survey result by site survey aud 1dentlficat:on
of the size of rehablhtatlon works,

- Classification of the rehabilitation- works from view pomt of SIZe,
‘urgency and execution method by RBDA force account or by the
contractor on coxatractbasns S

Detailed design and construction plan for the rehabllltatlon works

- Provision of constructmn eqmpment 1f RBDA or OM office
: 1mp]ement the works. :

- Execution of the wqus;_
{b) Particular Rehabilitation Works

As for the partxcular rehabllltatlon works in the Goronyo and Bakolori
dams, the survey, analysis, detailed dcsngn constructzon method, Spemﬁcatmns
for construction shall be éither executed or prepared by recrmtmg the
consultants.
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'.The'reh_abilitatidn-wdrks will be exécufed by the contractor under the
supervision of the consultants.

) Rehabilitation Work Schedplé

. The réh‘ébi'l:itation 'work s’éﬁedulé is set up as follows;

 Mtem | 1996 | 1997 1998 | 1999 |- 2000

[ 1. Ordinary Rehabilitation Works

(1) Review of Inventory
Survey Résult

 |{2) Detailed Design/

-t Construction Plan -

* | (8) - Procurement of

. Egquipment |

1¢4) Exeeution of Works

- 12, Particutar - \

, Rehabﬂ:tahonWorks _ .

(1) Survey and Design e e

{2) Executlonof Works

4.5.2 _ Preparation of the Medium and Small Package Program
| (1) - Preparation_ 'Method'

, The medxum and small dam package program wnll be prepared by the
' year 2000 aiming to 1mplement the program after the year 2000. One model
- river basin with pnonty to prepare | the program will be ﬁrstly selected by each
RBDA and FMWRRD although JICA Team proposes tentatively the selection
"’gmdehne and the proposed basin at ¢ach RBDA as described in 4.4.4 (6). The
" preparation work of the pregram afte~ selectnon of the model basm will be
f ‘camed out by recrunl;mg the _consultants

(a) Master Plan or Pre- Fea31b1l|ty Study

The basinwude master plan or the pre feambnhty study w1ll be made
~prior to the feasnblhty study with the followmg purposes:
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- Identification of a number of the proposed dams and summanzatlon
. of their outline. . . :

- Analysis of the potential surface water reseuree's

- Study of the water balance of the potential water resources and the
available water to be developed by the propOSed dams.

- Selection of the prlonty trlhutary basm and the representatwe
dams for the feasxbnhty study. - -

Formulation of survey and study items for the feaszblhty study
(b) Feasibility Study

The feasibility study will be performed in the above selected tributary
basin and the representative dams. The representative dams will be cﬁenfnpbs'ed
of three to five medium and small dams with ‘diffefent size. The study'i\‘\'r:ill be
made with the mternatlonal feasibility study level mcludmg hydrolegical
analysis, reservonr plan, preliminary désign, cost estlmatlon envnronment'
impact, progeetevaluatlon ete. '

{(¢) Formulation of Paek'age Pregram

In accOrdance with the feasnb;hty study result the package program is
formulated in the following manner;

- Outhne of all proposed dams 1dentlf' ed in the master plan will be o
réviewed based on the data of the feasnblhty study for the_
representative dams.

- The proposed dams to be’ 1mp1emented w1th pl‘lOl“lty are Selected
‘based on the above reviewing result and taking into account the .
project and budget size, project ecencumy, urgency of each sub '
prolect ete.

- Package pregram w;ll be clasmﬁed mto the sub package program
consisting of three to five preposed dams, .
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(2) Particular Attention for the Study

{(a) - Reservoir .

- Actwe reservoir capacily will be planned with 60 to 70 percent of
~ average annual inflow, The reservoir with large active capacity

against average annual inflow will ftot be filled up to the full water
level in dry year, as aresult the reservmr operat:on will be difficult.

" Damisite t6 be able to obtain the large reservoir capacity by low

dam height and short dam length will be selected with the pnorlty

“for 1mplementatlon

Dead water capaclty in the reservoir will be carefully studled
taking into consideration sediment transport based on the size of

“the catchment area. Small dams under the large catchment area
“shall not be selected. ‘ -

The service area shall be located near damsite.

(b) Dam Standard Section

" The center core type fill dam as sho\vn in the Database Drawingé (24)
wxll be applied for the proposed dams takmg into account the prevention of

' seepage water through dam foundatmn and the stal:nhty of dam bady.

' () Splllway

Splllway wnll be planned thh the non controlled weir w1thout gate.

| The emergency splllway will be planned if there should be a suitable site.

(d) Intake and Outlet

-

' Intake elevatlon shall be placed s0 as to carry out the grav:ty
‘ irr;gat:on from the reservonrtothé service area,

'Intake mll be desngned with dr0p inlet or inclined inlet instead of
“the mtake tower in order to mmnmlze the oonstructlon cost.

"'Outlet condmt will be demgned by remforcecl concrete without steel
"f’pipes, because ‘of the: low reseerr water head of 15 to 25m
" (mediuny and small dams),” B e



(e) Construetion Period

The medium dams will be constructed in two years, while the small
dams in one year.

(8)  Work Schedule fbr the Study .

| | Work s&edﬁle for the s_fu_dy‘ of the packagé pr’figraﬁn ,\"._ri-ll.b?-as follows:

, Item _ 1996 1997 | - 1998 1999 | 2000
1. Model Basin with Priority ‘ :
(]) \{aster Plan Stucly

Data Collection &
“ ¢ Review:

Site Survey i .
Analysis & Study . —
(2) Feasibility Study ' ' _
‘Topo-Survey ' gaa———
Géological Investigation —
Constriction Matenal '
Survey
- Analysis and Study
(3) Preparation of
- Implementation
2. Additional Basin Study

4.5.3 Gui_deiiné for Water Management, Dam Planning and OM Work

" The integrated water management study in the North region, the j
rehabilitation works under OM office and dam planning study for the mednum
and small dam package program will be mainly unp]eméntéd by the s year 2000,
In order to carry out the above study and works ~smoothly and pmperly, the
-gu:delme is prepared and gwen under Appendlces 4-1, 4 2 and 4- 3

It |s necessary that NWRI in Kaduna shall emphasnze the study to
formulate more detalted gu1delme for the p]anmng and desngnmg and to
upgrade the dam engnneenng through staff trammg. It 1s also necessary to
request the forexgn techmcal aid to fulfill the above work in NWRI,
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' 4.5.4 Implementation Program

‘The implementation program for the study and works by the year 2000
is summarized as follows: |

Item 1996 1997 1998 1949 - 2000
1. Integraled Water '
- Management i in the north
region
(1) fiadejia Basin
(2) Sokoto Rima Basin
2. Rehabilitation Works
(1) Ordinary ,
Rehabilitation:
(2) Particutar
Rehabilitation
3. Preparahon of Medium
and Small Pam Package
Program E

(1) Model Package
¢ Program

(2) Second Package
Program

4.5.5 Terms of Reference for Water Resources Management and
' Medlum/SmaII DamPackage Pr0gram - '

Texms of Réferen(’:e for the water resourees management in the upper

Hadejta and for the medmrn!small dams package program is prepared as shown
in Appendlces 4-4and 4 5. o

479



TABLE4.2.1  NUMBERBY SIZE OF EXISTING DAMS

poloe fwe [ ovo v o | ow ] rota
1. Dam Height |
>50m : 1 1 0 0 0 0 0 0 2
~50m | 1 6 4 o] o 2 o] 3. 186
15~30m 7l a2 8 4 o | 4 1 9| 45
<15m nfos 9 9 1wl u | | oer
Total . 20§ 32 21| 13 7| s2| 12| 23 160
2. Dam Length | o
>3 km ' 4 2 1 0 0 0 o 81 15
3~2km 1 2 0 0 6 9 1| 10
1~2km 0 8 5 1 0 3 0 37| 20
0.5~1km 6| 7 4 4 0 0| o 1| 32
<05km 9| 8 8 81 o 81 5. 3.} 49
Total 20 | 22| 8| 13| o a| 5| 2] 126
3. Reservoir Capacity
>po00MeM |t [ 28 1] e of of ol 2| e
500~1,000 MCM 1 o| 1] o of of o 3
100500 MCM | '3 3 0 0. 0 2 0 3 |1
© 10~100 MCM 3 14 9 i of 5 i 1| 44
5~10MCM 2| a| of 2| o 1| o 3|
<5MCM 8 8 5 8 1 24 1  2 | s
Total 18| s | w| | 1| 3 2| 22 | 132
4. Reservoir Area | ' ' :
>100km? 3 3 2 1 0 0 0 31 12
50~100 ki 1 0 ol ol ol 1| o] ol 2
10~50 km? 3 4 1 o o 2 0 8 18
5~10 km? 2 é 3 0 0 1| o] 4 16"
<6 km? 6 40 ul 10 0 8l 1 6. | 46
Total w | o w] o w] | ol 12 L] 20| o
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TABLE 4.2.2 ~ EXISTING NOTABLE DAMS

s § “Active . | 1 Dam o _ N
“HA . " Dam Capacity | Héight . Objective Completed Year
B (MCM) | - (MCM) | o |
1 |Zibiya T2 |2k Teri/W.S 1990
1 |Zobe 170 18.9 Irri/W.8 1933
1 |Bakolori 403 | 480 I /HP 1082
1 |CGoronyo 833 | 200 feri/ W.S 1984
1 ., | Kainji 11,500 65.5 HP 1968
1 |Kubli 62 23.0 *Teri 1992
2 Ké’nlagOta 200 320 S (331 UG
2 - |Asa - 344 | 210 WS 7.
2 | Kagara - .39 31.0 WS, uc
2 {debba 11,000 | 400 H.P 1983
2 |Omi 220 | 430 Irri u.e
2 |Zaria 298| 150 LA 1974
2 |Kangimi 59.3] 192 W.S/feri 1975
2 |Shiroro 6,050 105.0 WP 1989
2 |Suleja 485|278 WS 7
2 | Ussuman 100 | 450 WS 1984
3 " {Balanga .63 41.0 Tred 1987
-3 . |Dadin Kowa u110 .| 420 beri/HLP 1988
3|k 325 37.0 Trri 1982
4 Doma- 28.5 15.:7. ¢ Irric 1988
- 8- |lkere Gorge - 565 - A15 Feri/ W.S/H.P ' Uue
6 |oyan 254 304 | Ieci/WS/HP . 1083
-8 |Erinle 926 ) 270 WS 1989
'8 |Gari 203- | 220 Irri 1980
8 ' |Challawa 900 . | 380 Ii/WS 1992
8 |Watari . . - 927|198 i 1980
8 - |Tiga L ouses | o412 Iri/W.S 1976
-8 | Kafin Zaki | 200 | g00 | oI uC
8 |Tomas s66| 137 CIeri 1976
8 |dakar 545| 143 CTred 1976
g Alau 106 | 95 Irri/W.S 1992

. dreei: Irrigation

E W.S 1 Water Suppl
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TABLE 4.2.3  DISTRIBUTION OF EXISTING DAMS ON SHA BASIS  (172)
Irrigation Dam _ " Water S_up]ily Dam
SHA Large Small. | Tetal | ' Large "~ Small . Tolal

o INe| Ac | No| Ac | No| ae: No | Ac | No [ Ae | No | A¢
HA-1 - 10t 121 ' 1 121 ' -
102 170 1| 170 N RS

103 403 . 25| 1 25

14 [ 1| 933 ol 1] 03] 3 5 2| 8

105 | 1 1 20| 2| 953 I -

109 - R B 5 B! 5

110 1 1] 1 1 3 6| 3 6

11 1 2| 1| 2 o 1 0

113 1 ol ‘1| o of 1 0

14 | 2| 15 12| | B - ‘-
Sub-total | 6 | 1,702 4 23] 10 [ 1,725 2 8| 1 36| 9 44
HA2 203 | 1| 200 1] 200 1 16 1t 16
204 o | osaf | o 2] a4

205 1 o] 1 ol 1| 19 M 19

206 1 - e 43| s 3| 3 46

207 | 1| 18 i 18| B -

208 | 1| 220| 2| ‘18| 3| 238 1 12| 1 12

209 i 3| 1] a8} | -

211 3 ol 3 9l 1| ‘80| 1 3{ 2 33

212 ol 1| o se 1 59

214 ot 1] 2| 2 27 2 27

216 of 1| . of 5| 195 15| 195
Sub-tetal 3| 438 srli2 | 489 14| 324 4| 18]aa| a4t
HA-3 303 | 2| 335 21 33 | N .
304 | 2] 1785 | 2 |1785) 6| ne| 7| 12{13| 128

305 | 1| 63| 1 11 2| 10| AEE NPT IR
e _ | S 4 1| 4
Subtotal | b5 2183] 1 7 6|21 7| 120 7 12| 14 | 132
HA-4 401 ol T 0] 1 3} 4 4] -6 q
403 | 1 2 1 1] 2 | N S

- 406 2 4| 2| 1 ol -| -

a1 | 1] 29 ol 1] e 1 ol:1| o

408 _ __ . EE IS | 41 oo
Sub-total - 2 31| 3 41 5| 35 1 sboe| | 2| 7
HA-5 501 1 ol 1] 0 . 0] - -
502 1 of 1| o BB I ) O Y

504 . ] a3 of 3 0 [ IS U Y 1 IO
Sub-total . [ 0 ol 5 o' & 0] o ol 2| ol 2 0

Remarks : AC Active reservoir capacity (Unit MCM)
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TABLE4.2.3 OISTRIBUTION OF EXISTING DAMS ON SHA BASIS (212)
: o Irri:gatio'n Dam . Water Suppl)’} Dam

SHA ' Large ~ Small Total Large Small |  Total
No | A¢ | No| A¢ INo| Ac [ No| Ac No| Ac | No | Ac
HA-6 802 | 3| 8241 7 9t 10| 833 3 i} 3 11
603 1 7] 1t 7 ; ;
604 - - 1 sl 1 6
605 2| 123 6| 20| 8| 143
607 - . | 1 gl 1 9
608 - 1} 20] 6| 23| 7| 43
- 610 = - : _ B! S R U S |
Sub-total | 3| 824| 8 16| 11 | 840] 3| 143[18 701 21 | 213
HA-T 702 | - -1 1 2] : 1 2
703 2 ol 2} o 4 o]l 4] o
705 1 of 1 0 -1
706 | 2 of 2 0 1 ‘o 1 0
Sub-total ol ~of B o] 5 0] 1 2| 5 o] 8 2
{HA8 802 | 1 203| 2 11| 3} 3i4 1 7 1 -1
803 | 4| 1082} 1 6f 5| 1088| 1 6] 2 13 3| 33
804 | 4| 1,883 | 41,883 ' I B
8051 1|20l 1| 20} 2]252 -1 -
806 | 1t | - 1 18 1
807 2 24| 2 241 1 25 1 25
o83 | | 1] we] 1| e8] | b
Sub-total 10 [6e18] 7| 267 17 [5885] 2| 40] 4 260 6| 66
|'Total 29 |10796 ] 42 | 368 71 |13,164) 30 | 1739| 53 166 | 83 | 905

Remarks: AC Active reserveir capacity {Unit MCM)
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TABLE 4.3.1

CAPAGITY IN EXISTING LARGE IRRIGATION DAMS

~ COMPARISON OF RESERVOIR INFLOW AND ACTIVE RESERVOIR

. HA _ Dam = Rgsez';«?é%gaﬂo\v Aggi'\(.':!%ig;acily Ratfai;)fal:;?;wl\ Rema’rks
A1 | Jibiya 260 121 2.1 O .
HA-1 |Zobe 240 170 1.4 e}
HA-1 | Bakolari 760 403 19 k-3
HA1 | Goronyo 660 933 0.7 x
HA1 | Kubli | " 160 62 25 | ©:
HA-2 | Kontagora 270 200 1.4 0
HA2 lOmi - 960 920 12 O
'HA-S: ﬁalahga 86 .63 1.4 O
HA-3 | Waya 29 15 1.9 o
HA-4 |Doma 2 285 0.4 X
HA-6 |Ikere Gorge 1,020 E65 18 o
HA-6 |Oyan ) 2250 254 8.8 O
HAS |Gari 120 203 0.6 X
A8 |Challawa 420 900 0.5 X
HA-$ | Cuzuguzu 92 216 - 1.0 A
HA-8 | Magaga 24 172 14 O
HAS. | Watari 65 927 0.7 K
HA-8 *| Tudun Wada 18 16.6 | 1.1 A
HA-8 | Tiga: | 830 1,845 04 %
1A-8 | Bagauda T4 209 2.0 o
HA8 |KafinZaki 1,060 2,500 0.4 X
HA8 |KafinChiri 36 246 14 o
‘1A { Tomas 59 56.6 10 | A
HA-3 |Jakara 56 B4B 1.0 A
‘HA8" | Garara 46 20 2.3 o
HA-8" | Alau/ 164 . 106 15 o
Remarks ~ Mark ‘©. Abundantinflow O Moderate inflow

A’ Poorinflow

% Insufficient inflow
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TABLEA.3.2  EVALUATION OF EVAPORATION LOSS FROM RESERVOIR AREA  (172)

Reseivoir

Active’ | Reserveir | Pan-Evapo | _Evapo-Loss 'E'\ré po-Loss. ) _
L ISR v il BN IR i vt IS ERes
o | o | e @ | @=0x0xed | ©=0+0
HA1 | Jibiya - 260 121 26 3500 - 364 30 'O
Zobe 249 170 45 - 3,500 63 31 | O
Bakoori 60 | 403 g0 | 3000 96 24 _
Goronyo * 660 033 | 200 3,500 280 2 | o
Kubli 160 62 94| 2500 9.4 18
Bubo at 5.1 115 2,800 - 129 51 o)
Mairawa 24 53| 16 | 2800 18 u | o
HA-2 | Kontagora(?) 270 200 ag 2,500 39 20"
" | Kagara 10 38" 58 2,800, 73 BT
Omi 260 220 25.7 2,500 257 12
Zaria 450 29,8 8 | 2800 g 30 | o
Kangimi 1,800 593 66 | 2500 66 T '
Tagwai a3 265 65 2,500 . 85 21
Iku a2 | 362 43 | 250 43 12
Suleja 4z 485 14 | 25500 74 15
Usums 260 100 8 2,500 8 8
. |TunganKawo ¢ 34 21 4 2,500 4 B CI
HA-3 |Liberty a3 15 11 2,800 12 8
' {Balanga 86 63 1 2,800 123 20
Y Gowon 30 24 5 2,500 5 a1
DadinKowa | 8,100 1770 | 300, | 2,800 336 19
Gubi 45 35 59 2,800 66 19
Waya 29 T 45 | 2800 5 29
Kii 4,480 825 | o 2,500 110 34 e
L&nlané 31 3:5 0.6.' 2,500 06 - l7 o T
Tenti 22 9.8 4 2,500 4 st o
Cham 20 65 18 | 2500 . 18 28"
HA-4 | Pankshin 12 2.8 05 2,600 05 18
‘ Poma =21 - _. 3,0. 22 2,500 . - 22 9 e
A6 | Ikere Gorge 1,020 " 565 53 2,000 424
Oyan 2250 |21 [ a0 | ze0 | ez 1
Asejice 1860 . | 305 53 | 2000 | 4z BTES
Exinle 360 75 164 | 2000 134 a7
Awon 88 84 - 2,000 L6 19
Eleyele 11 55 16 | 2600 - 1.3 24
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TABLEA.3.2 - EVAI._UATIDN OF EVAPORATION LOSS FROM RESERVOIR AREA  (2/2)

Reservoir A_ch;\-? Re.senoi_:"_ Pan-Evapo | _Evapo-Loss Evapo-biss
T I I Rl e L
_ - ' © @ @ @ B=2%®X04 | ©=B+D '
HA-8.| Tundan Wada 18 166 35 3500 49 30 O
Gari 1 v120 | 202 332 | 3500 465 39 o
Challawa | *420 400 100 T gs00 | 0 140 133 O
Guavguru 22 215 64 ] 8500 s a2 o
Magara 24 172 37 | ss00 82 30 o)
Watari: 65 o2 | 196 | as00 2724 30 0
Tiga *830 | 1845 173 3,500 249 30 O
KafinZaki = - | * 1,060 2,500 235 | 3500 329 a1 O
Kafin Chiri 35 246 8.4 3,600 us |- 48 O
Tomas s 56.6 15 3,500 21 Y] O
Jakara 56 45| 166 3,500 232 43 o}
Galala 4B 20 Cra | as00 1.6 8
Alau _ 164 -+ 106 5 3500 70 66 QO

Remark (1» Evaporationlossindiry seasonis éslimal.ed.b'y the foilo'wing assumption
{a) Averagereservoirarea duringoperation; Reservoltaréa X 08

) Evaporation from large surface area; Awnnual Pan-Evapo. Value % 0.7

(e} Evapomtlon during dry geason Annual Pan-Evapd, Yalue X 0.7 (Wetseason, 0,3)
(& Rafe:  08X%07X07 =04 ' : _ '
{e) Evaporationlossindry season, -Arca X Pan - Evapo. Value X 0.4

(2) Evapo-Lossratei is estimated as follons
Evapo-Lossindry season + Active capaclty (Reservoir inflow) : :
In case, reservoir inflow value is smaller than aclive capacity value, reservoir inflow value is adopted for
available feservoir cap acity, because active capacity is not filled by reserv:r inflow,

3) MarkQ sho“s presenlmg high evaparation loases.
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' TABLE 4.3.4 EVALUATION OF AVAILABLE WATER IN EXISTING DAMS (UNIT MCM)  (113)

© e |Reservoir] Active | Bvape SCareyOver. | e Reservoir Water Use in Dry Season

'Hj\ Dam Objﬁ_?“e ' ! ow Capgcisy [‘O'Spf‘ : C&pact}y Resin'lqif Bowrstream Water] - Ireigation/Water Supply .
Y i _W.S. @ o @ ]:;':,e :JS;?&;;{L RORE) lt;:)e (5)\:_?52;% @1:315) Irrigation s\’;;;?;
11A1 _ :

1010 { Jiblya olo | 20} 1 33 15 18 67 20 | 13- 54 s | w2
1020 | Zobe s ] o ‘265 170 % - - 104 | 22 82 48 34
1030 | Tute o | o 4| s 13 4 8 0 0 c 8 3| s
1040 | Gusau ole ]| w!l 3 0 0 o 40 0 0 &9 19 | 30
1040 | Bakalord o - q9s | ae3 | 139 | - 326 < roe 222 222 o
1640 | Mziruwa ot 24 51 ol 0 3 ] 0 3. i 2
1050 | Goronye o]0 | ‘1o 5i3. | 842 . - 3 S sz - 216 203 | 13
1050 | Wurno O - 750 2] 8 | o 0 14 0 0 4 7 0
1690 { 2ury _ = lo 420, s o | e 0 10 o 0 10 o | 10
1100 [4SmallDems | - - 0 - - - - - 5 . - 5 ] )
1110 | Bin Yauri o | - - 21 0 o o E3 0 0 s o | s
1119 | Nasks ol o 13 2] o 0 o - 3 0 ) 3 2|
130 |28malipans | O | 0 - 4| 1o | o ] 5 o| o 5 2| 3
140 {Kubli ol - | 1] el o 10 6 47 10 5 42 42 o
.| Sublotal ' 3852 | 1,955 | 62 ' 28 981 272 709 584 | 125
HAz| ; : i ' _

2030 | Kontageray | - | © 35 16 4 10 2 w | 10 1 a o 9
3030 |Kontagora()- | © | - | e8| 200 | 38 - - 189 -l n 118 118 0
2040 | Asa 4] 184 .34 1 10 3 L2 0 0 24 I
2040 | Offa” - o 97 . : - 3 0 0 3 0 3
2650 | Ero o|e 149 19| 4 |10 2 13 0 0 13 6 1
2050 | Oshin ol - - -1 - . 5 0 0 5 5 o
2660 | Kagera .10 40 38 7 | 2] s 23 | = 5 18 ol 18
2060 |Begoma | O | ©' | 150 s | o o| o 15 0 o 15 s 9
2060 {BitwinGwari | O | © F 150 3t o | o] o 15 ol o i5 5| 1o
2670 [Guzan o | o . g | 4 20 1. 13 o 0 3] 10 3
2080 | Ommi o |lo | = 226 | 26 - | 20| 44 150 20| 30 120 wo | 2
2080 |ikote. ~jeo| =2 iz] "2 | 2 z .| o 0 a a 3
2080 | Kpada 0 - - 1] 3 20 3 3 | o 0 3 8 0
2050 | Aparike ‘0|0 3 ¢ o 0 ] 1 ) 0 § 3 T
2090 | Kerawa o - B -3 0 0 K5 3 ¢ 0 '3 3 o
2110 | Zesia - - | o 450 30 9 ) 0 2 6| o 21 o | 2
2110 | Kargi e |-l = 3 ) ° 0 s | o o s $ o
2110 | Ikara o-]leo 32 3 0 ) 0. 3| o 0 3 1 z
2116 { Matari ol . 236 8 2 ) 0 é ° 0 6 ¢ 0
2110 | Baxi o | - -l os| e o} o 5 o 0 5 s 0
2120 | Kangimi 0| o | 1800 53 7 | el o 52 | 10 5 'H 22 | 25
2140 | Tagwal ] a 33 z7 ] 6| m ‘5. 15 2 14 o] u
2140 {TunganKawe | © | - a1 2} 4 - . 18 1 17 17} o
2160 | Jabi’ < 1o 8 ‘s o |l o ] 10 o| o 19 o |
2160 [lkn el e 3| 4 |2 7 25 10 3 22 0| e
2160 | Silefa . le "4 41 17| 2 10 32 1w | s 2 29
2160 |Pedan -l - 51 0 ) 0 10 0 o 10 10
2160 | Ussuman -1 o 260 wo | s c 0 100 0| 20 80 o | a0
© | Subtetal s 935 | 140 -1t 8 .} 81 705 3807 | 325

Remarks, Mark * shows déﬁ\s haviﬁg!ess [nflaw than active reservoir fapacity.
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TABLE 4.3.4 EVALUATION OF AVAILABLE WATER IN EXISTING DAMS (UNIT MCM)  (213)

ongective [ AR, | Bap [ AR |Apaiabie | Reserwolr Watar Usein Doy Season

HA Dam i P — -‘t gi‘gﬂ Downstfeal.a'llWater ltr:gauodelerSupP!y.
| 1 |ws| @ ® | 2 |g|o-oxa 2° Pl I Bt frrigation ;ﬁ;;‘;;
HAZ 1 ' ‘ ; .
3630 | Biu o | o . 10 3 | 2 2. 5 k! 0 s 4 i
2030 | Kini O -1 4480 3251 o | 1w a3 182 ) ‘o 182 182 o
3040 | Liverty - o 33 15 1 || 3 it ) 0 1t 0 1
3040 | ¥. Gowon - | © 30 24 5 20 16 19 2 14 0] 14
3040 | Gubi - o L 45 35 7 20 7 23 0. 2 21 L 3
3040 | Waya ¢ | o " 29 w5 | w 2 o 0 0 10 8| 2
3040 | Dadin Ko wa (&3 9] 3100 | 1370 | o338 10 177 1,257 20 251 1,006 g0 | 106
3040 {Teati - - et = | w0 1 1o 1 5.0} o 5 o] s
3040 [6SmaliDama | - | © . . . 2 - 10 et o 19 0| 10
3050 | Batanga O - 86 63 12 20 13 as 8 ¢ ‘38 sl o0
3350 | Cham 0 QG © 20 7 2 ] 0 5 0 0 & I3 1
100 | Lantang - O © 31 4 0 0 Q. 3 0 0 3 o-] .3

Subtotal 7,876 | 2,280 | 433 726 1,565 ’ 255 1,316 | 1,138 | 174
MA-4 . T i N
4910 [Panksin - lo 42 3! 0 ) 0 5 ) 0. 5 o | s
4010 | 5SmaliDams | . | © . 15 o | o 0 15 | e 0 15 LY
4030 | Bokkes olo 16 2 0 0 0.1 .3 o| o 3 2| 1
4060 | Neka ©lo 4 2 0 o] o ¢ o -0 4 3|1
4060 | Umogidi e | o 12 3 0 0 0 3 0 0 3 2 |
4070 | Doma o]0 + 21 30 2 | 2 4 1s 0 0 - 15 - 12 3
4070 | Lafia o | u . - . 5 [ o 5 ol 5
4089 | Nasarawa o fg1 1| o o 0. 5 | o 0 5 o] s

Subtotal 203 s | 2 'R 55 0 85 19 | 35

JHAS . : ' : R

5010 {28mallDams | O | © - 6 K 0 -0 -5 0 o 5. 2] 2
5020 [1Smallbams | @& | © . 2 e 0 0 3 0 0 3 2 {1
5040 |4SmaliBems | © | © - 8y o | o 0 10} e 0 9 g ] 4

Sublotal : 16 0 0 18 0 18 10 8
HA® . ' I
€020 | 1gbojatye ol o 38 5 0 o] o 5 el o 5 3l e
6020 | ihere Gorge 0| O | 1020 | ses | a2 10 57 465 |10 | 45 " 420 300 | 120
£020 | Oyan e | O 250 254 3z o "o 222 ) 0 222 170 | ‘52
6020 |onxic) o | o 200 3 ol o 1 0 0 1 1 0
€020 |OnXd () o |lo | 1w 1 0 o 0 1 o o i 1 o
€020 | Fawfaw -]l o 16 i 0 o] o i o ¢ 1 N R
€020 | Ighohr elo 20 i)l oo 0 o . 1 |0 o - . 1 o
€020 | Sepeleri {A) ¢ | o 57 2 0 o .0 2 o ) 2 2 ¢
5020 | Sepeteri(m) o | o 54 1] o 0 o t | o o 1 1 o
£020 |Awon - | o 88 8 0 el o 8 9 0 8] o] s
€020 | Lekan Ace o | o 14 1| o 0 o 1 0. 0 1 1 e
6020 | Opeki . o 180 2 o | o o 2 0, - ) ‘ol e
6020 |Mekolekibiv. | © | O | ‘5150 of ‘o 0 0 0 a 0 2 2] e
8030 | Oke Odan Lo e 13 7 ¢ 0 0 7 ¢ 0 7 5 |2
£040 |Eleyele O 17 6 ) 0 o 6 | o 0 6. 0 §
6050 } Asejire O | 1880 3 0 of o it |- e 0 31 o | a

Remarks, Mark * showsdams having less inflow than active reservoir ¢apacity.
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TABLE 4.3.4 ' EVALUATION OF AVAILABLE WATER IN EXISTING DAMS (UNIT MCM} (313}
g Reservoir| Active | Eva CarryOher | 0 iante . Resszveir Water Use in Dry Season
A Dara Objective rflow |Capacity)’ lﬂsp: H(:apauly _ Reser!;oir Downs!r.ea‘m\‘-’ater Lerigation/Water Supply |
BN B IR - fRate] Cepacit 2&55 ata ] . a . ;
1ol ol e [epda =0 |G slElors primie s,
6650 | Flirle (1) - 0 360 ) .8 9 ] T 0 0 87 o 67
€059 | Otin -teo 310 s| o] o]l o 5 |9 o 5 0 5
6050 | EknEnde -loet a0 ]| -5 o | o o - s | o o 5 9 5
6050 | Ayiva - lo il 2 0] e 0 z | o 0 2 0 2
6050 | Elinte (2) - O | sw " 4 0 | .o 0 4’ 0 6 4 0 4
6650 | Oba N 15 4 o |0 o 4 0 o | 4 0 4
£650 [ Esa-Odo ot o] ass - . - - - 0 0 0 Q. o
€070 |Owena o le | = K} 2 | o o ] 0 o 7 2 5
6080 | Egha - |l e 670 20 2| o 0 18 .0 0 18 K i3
€080 {Owa -le 9 - - . . 2 |e 0 2 N3 2
6050 | Ado-Ekite -l o -9 9 'z | 2 5 e 0 5 © 5
6050 | Ojirami . o “10 4 1 0 0 3 ) 0 3 .0 3
6080 | Ayede -1 @ .20 - L. - - 3 0 ¢ 3 0 3
6080 {Tkare - le 9 a "2 teo| 2 s | o 9 4 ‘0 4
5100 [Ikgeta -leo 260 i - f . 5 0 9 5 0 5
Subtotal 14,263 | 1,033 91 .61 © 891 ' 46 845 459 | ass
HA _ _ :
1020 | Obudu lolo 15 2 ‘el o 0 a ) 0 3 1 2
7030 [6SmaliDams | O | © - | 6| o 0 ‘20 10 0 20 '8 12
7050 | Unibpars G| - - BT B 0 5 0 o 5 3 -2
7060 }38maliDams | @ | © - ‘a ‘1 0 0 8 0 0 8 s 3
~ |subtotal - ' 15 ] ] 1 0 N o 36 Al 19
HA-S| : . . ’ .
8520 | Gari O] 0O *10 203 47 | 20 24 19 0 ¢ 49 40 ¢
8020 [RrasimAdema | O | 'O . 1 s 1.0 ) 3 | e 0 3 1 2
8920 | Tomas ot 6 3 87 25 - . 25 - ] 19 19 ¢
2020 | Jakara o] - 85 55 2% - - 24 - 3 21 2 ¢
| 8030 | Karaye -1 e 1% i5 3 |2 3 e © 0 o, 9 9
12030 | ehetlawa o|o 60 soe | 136} - - EXT I N 130 200 130 10
] 8030 | Guzugurs o] - 22 22 ‘9 | 20 4 ‘9 0 0 9 e ] o
2030 | Magara o|o 24 1 5| 20 3° 9 ) 0 e | 7 2
| 5030 |watari e | o '75 ] 92 32 - . I 3 17. 11 0
2030 | Marashi o - 9 6 3 | 20 1 2 0 0. 2 2 0
| 8030 |Pada ol|lo 13 i 5 | 20 2 4 9 0 4 2 2
-1 8030 | Kango Ol e g ‘8 4 |20 2 R 0 0 2 1 1
8040 [Tudunweda | © | - 18 17| 5| 3 3 o o | .9 9| o
| z040 friga O | © | 910 | 1845 | 270 - - we |- 270 430 | 280 | 150
8040 | Baganda oto Tq 21 5| 10 2 14 0 0o 14 4 10
© .} 8050 | KafinZaki (5] - T | 2500 £00 - - 860 - - 310 550 550 1]
8050 [Calata e | - it 20 2 10 2 16 | 10 2 14 .14 0
| sota | Kafin Chiri oqo 35 25 | a2 | 20 5 g8 |0 0 8 3 L
Jaa76 | warwade 0.j0 2t i0 ‘s |} 0 4 [0 o 4 3 H
8130 |Atau o106 166 | we | 7o || m 25 .10 3 22 iz |10
Sublotal ; az83 | 5938 | 1,062 6 |:ziz2 Cqer }o13es | mazs | e |
Total - L B ased - |1z.045 | 2408 433 | 6454 - 1,381 5073 3,759 11,314

Rer‘mrks §)) ‘Mark ® shawsdams havmg less mﬂow than aclive rescevoir capacily.

(2) A aluation va‘lue of DAM, descnbed by bold letter in Ll\e hb!e is eslrma!ed by the reservoiroperation sludy resu!t ofthe JICA Team.
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TABLE 4.3.5 EVALUATION OF DEAD RESERVOIR CAPACITY & SPILLWAY

FLOOD CAPACITY BASED ON CATCHMENT AREA - {(12)
_ . b Deéad Reser‘\’o:ii Cépacily' : Spillway Flood Capacity -
HA Dam Cat;‘:;;ent Re;?e‘:m é:;:\i;ii .- ] Spe;iﬁ; - i :.Speciﬁc T |
' kn?) | GoB | MCM) ggfc‘g‘; e | Remark (',13‘?;22) o {Remark
HA-1 |Jibiya - 37100 26 | 12 21 1o 2,200 06
| 2obe 2,309 45 o |7 60| @ | 1087 05 o
| Bakotori- 4857 80 | 403 a1 190 3,150 o8 | -
Goronyo 21445 | 200 | o33 | 9 10 | o | 150 o1 ®
N 2ura 3,170 235 5 1 10 @ | 4 o1 | @
Kubli 791 9.4 62 13- | 330 522 o
Rubo 17 us | 21| wea | ia | O | 22 13
Mairawa 120 L6 5.3 0.2 30 ) 43 04
Nasko 52 06 20 06 230 4o 08
HA'2 | Kontagora (2) 2,000 33 | 200 140 1,450 O | 240 0.1 ®
A 418 . 344 86 190 - . '
Ero 610 . 185 L5 0 | e .
Kagara 158 58 a8 5 630 O 197 1.2 -
Omi 1,640 267 | 220 14 110 3,550 2.2
|zaria 3,200 8 268 | 18 100 - -
| Kangimi 14,946 66 | 593 | 148 | 20 : i
Togwai 110 55 | 265 18 1330 , - .
ka 144 a3 | %62 | 65 | 900 o . . .
Suleja - 148 74 | 485 35 490 e} . - o
Ussuman 1,315 80 | 100 20 300 . ]
Birnin Gwari 594 2.0 32 | os | @ 56 o | e
Apariko 21 40 o7 | e | O | 13 64 | O
Ikara 108 . 3.0 oa | 0 | & | 4o a7 :
Matari 1,090 36 82| 44| s0 | @ | 180 17
Tungan Kawo 166 4 210 | 16 | 120 | o 85 05
'HA-3 |Liberty 13 | 1 5 | 80 | 0| e 0.8
Balanga 385 n 63 | 10 520 | O | 2500 6.5 o
Y.Gowon 100 5 2 6 | 1200 | o | 2| a5
[Dadinkowa | 32700 | a0 Fureo ress | eso | O | wuto 0.03 ®
Gubi 119 59| 35 3| 30 | : .
Waya 106 45 17 4 760 - O - <
Kiri s2700 | 1o { a5 | 200 | e 4,000 01 | e
Langtang 104 0.6 3.6 1.1 210 19 08
Tenti 9. 1 | 98| 42| wo | of m 19
= Cham 66 18| 68 15 5 | o 30 0.5
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@ Speclﬁc Yield ofSp:lm ay Flood = Deslgn fiood capacety & Catchment area

- (_3) Marko

@ Mark@;

Large deslgn capa¢11.y

Small desngncapacity

o ;4;93 .

TABLE 4.3, 5 EVALUATION OF DEAD RESERVOIR CAPACITY & SPILLWAY
H.(}OD CAPACITV BASED ON’ CATCHMENT AREA (2/2)
. _ Dead Resen'oirCapacily Spillway Flgod Capacity
HA. D m (_:m;}r];?ient Re;:;oif C‘:;;l:j)' Precion Specific i Specific :
A _a (km‘!) -[Kmf] (MCM) g;gf;; (&3{32?;?; Remark ([::;?g:) (m-‘o;:iijl’;:ﬁﬂ; Remark
HA-4 |Pankshin 136 | o5 238 12 | 150 165 1.1
Dp.a 66 92 | s0 | 75| 2500 o 63 11
Naka S 5| 2 | : 05 | o0 o 6 05
Imogidi 40 10 18 | on | a5 100 | 25
Lafia 146 08 0.1 0.1 10 @ 170 12
HA-§ |Ikere Gorge 4,620 - 53 | . 565 i25 5414 e} 6,850 S 3
Oyan 9,000 | 4o o54 | 16 36 | @ | 340 04 | ©
Asejire 7424 53 | 305 24 6 | @ | sa30 0.7 :
Elinte 12007 | 164 s | 19 25 e | 152 1.3
Egbe 2,389 . 203 21 23 © 453 0.2 ®
Awon e 90| sa] 1s | 130 255 1.0
Eleyele 42 1.6 6.5 15| no O 368 8.8 O
|exeknde | 883 59 a5 | 10 20 | ® | s 10
HA-8 |Gari 1,165 332 | 203 1t 190 . S
| Chaltawa “agse | 100 | Teo0 | s0 158 ssso | 10
Guzuguzo 106 . 64 | 215 31-] 588 | O .
Magaga 119 a1 | w2} 28] a0 | O
Watari 653 96 | ez | s | s | - | )
Tiga 6641 s |85 | 123 | ave | s S
KafinZaki 5300 - | 235 | 2500 | 200 755 O | 1460 03 - @
Kafin Chiri 225 | ‘84| ‘28| 65| &m | O -
Tomas 586 | a5 | ses | s poams | :
Jakara 559 | cae6 | sas | 109§ %0 . .
Gabta | Tas2 | wn | o | s | uEe | .
Alau 405 50 | a0 64| o [ @ | am 0.1 ®
Remarks | : (1} Speuchwl& ofSedlmenuramport = Desagn dead Capacnly +{Catchmenlareax50 years) .




TABLE4.3.6 . DEFECTIVE ITEMS IN THE EXISTING DAMS

Dam _ Ccmtent
Zobe (1) Alittle seepage through dam {nundallon and determrated concrete at ouﬂet
(HA-1) conduit. L _
Bakolori : (1) Larje seepage through mlet chamber of rmmhydro power plant (suspensmn of
{HA-1) plant operatwn)
Goronyo (1) Large stepage lhmugh dam foundahon ;
(HA-1) (urgent need of remedial “orks {rom viewpoint of dam safet,y)
Kubli (1) Scouringat the downstream of spillway.
(HA-1} (2) Incomplete gate installation at the outlet
' (sluu:e gate can’t be closed).
Bir_hin Gwari (1) Dam Collapse by flood over topping at dam due to small splllway flood
(HA-2) capaclty. :
Kiri (1} A httle seepage lhrough determrated concrele at outlet conduit.
{HA.3) _ o :
Langtang (1) No Resérvoir storage dué to !eakage through reservoir area and dam
(HA-3) foundation.
Doma {1 Broken pumping equ:pment tolift up the reservoir water. Upga admg works .
A{HA-4 - of gravity system instead of lifting walter by pump.. _
Ikere Gorge _ (1) Seepage through concrete,]omt of ml;ake tower due to poor concrete placmg :
(HA-6) method, ‘
Kafin Chiri (1) Seepage water lhl’ough dam foundation.
(HA-8) (2) Large vegetation and guily erosion on dam s]ope

(3) Large sedlment dep-osxt atl approach canal of spillway.

Birnin Kudu

(1) Seepage water through foundation.

{HHA-8) "|(2) Large vegetation and gulley erosion on dam slope.
(3) Broken bridge connecting lo intake tower.
(4) Deteriorated booster pump for water supply_ :
Galala (1) Scouring at the downsiream of spillway . : '
(HA-8) (2) lncreasmg of dam height due to insufficient reservoir capacll.y agamst much
reservoir inflow. _ _ _ _
Ba‘gaudé (1) Treatment of meandermg channel at the d0wnstream of Splllway to release '
 ftood smoothly.,
(2) Backfillat the borrow area located at the downstream toe of left dam
embankment. : ‘
Other Small Dams | (1} Many sediment deposﬂ. at the reservoir upstream and at approach channel of

spillway.
{2) Some seepage water through foundatmn
{3} Large vegetationand gully erosion on dam slope.
{4} Large aquatic weed covering reservoir surface water.
{6) Sweeping off of riprap material by reservoir surface water.
{8) Defectof gate and valve to be repaired.
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TABLEAAB

EVALUATION OF RESERAVOIR OPERATION
FOR KATSINA-ALA HYDROPOWER DAM

. “{unit. MCM)
Reservoir Reservoir | . Outflow Out flow Total
Month inflow Storage from Inflow fromstorage ' | .~ out flow
Ko @ @=0-@ | . @ @=0+®
6 1,670 0 1,570 0 1,570
X 3,060 0 3,060 0 3,060
8 3,710 450 3,260 0 3,260
9 4,450 1,000 3,450 0 3,450
10 4,400 1,000 . 3,400 0 3,400
11 1,820 0 1,820 ) 1,820
12 700 0 700 % 175
1 260 0 - 260 516 15
2 130 0 130 645 15
3 170 0 170 605 775
4 240 ) 240 535 775
5 700 0 700 75 5
Total 21,210 2,450 3,260 2,450 21,210
Rc’marks; (1} Average monthly runoffin 1980s is adopted for the reservoir inflow.

(2} Reservoir with the capacity of 2,450MCM is filled with the nch inflow from:
August to October.

(3) The reservoir water stora ged in the above three monlhs is used for the pcm er

outflow together with the réservoir inflow during dry season from Decamber to -
May inérder to increase the power oulflow in dry season.

(4) The power outflow indry season decreases (o 25 pereent of that in wet season
due to small reservair capacity. :
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APPENDIX 4-1. ~ GUIDELINE FOR THE INTEGRATED WATER

. MANAGEMENT STUDY iN THE NORTH REGION

The i'n_te'gr'ated ﬁéter}nanagement study is to be carried out with the
following guideline:

Preparatory Work :

(l) Data to be Collected and Surveyed

a (é_)__ ',Outlme of the exnstmg 1mgatlon pro_;ects such as locatmn planned

(@

j(a)':
b
{(c)

@

' projected service populatwn and water demand, supply capacity and
- dimension of the existing waterworks, actual water supply volume
. under the exlstmg waterworks, ete.

(g)

(a) -

(b)

Map of 1 to 50 000 scale
Aerial photograph n the rwer basm if avallable

_Hydro]ogncal data in’ the basm on daily baszs such as rainfall,

evaporation, river runo?f

Outline of the exlshng dams such as location, reservoir area,

- reservoir capacity, H-A and H Q curve, dam dimension, spillway

ﬂood capaclty

area, actual irrigated area, croppmg pattern, irrigation schedule,
lrngatlon water demand.

Outline of the emstmg water supply pro_]ects such as location,

Outline of the wet land condition along the downstream river of the
damsite such as the river slope and width, branched off tributaries,
agricultural area, present water use, water right, ete.

If the above data are not available, the inventory survey mcludmg
the snte survey shall be carrizd out to collect data :

Reviex-: aiiil Analysis Bé‘s'éd on t};'e’ Colletted data

~ Runoff analysis t.y formulation of the runoff model at each damsite

and the control pomts along theriver.. o
Revnew of the water demand for imgatlon and water su pply
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(c)

- (D

3)

(1

)

Analysis of the evapoi'atién and seepage loss from the reservoir.

(d) Analysisofthe ivat_é'r loss along the downstream river.,
(e) ~Alternative water allocation to the downstream area.
Review of the outlet dlscharge capaclty based on the reservoir water
‘head and the opening degree of gate or valve at the out!et
Site Survey
(a) Selection of location for the gagmg stations to be installed at the
upstream river of the reservoir for the inflow observatlon in the
reservoir to monitor the reservoir water level, and along the
-downstream river of the damsite to monitor the released water from
“the reservoir. In addition, selection of location along the river to
- install the momtonng well to menitor the water level for the sub-
surface grovnd water in Fadama Area
“(b) " Identification of the deteriorated and defective facﬂlty and structure '
' to be rehabilitated in the existing dams, _
(© Survey for the sedlment accumulation’ coxid:tlon at the upstream
' ‘and surrounding area of the reservoir.
(d) Survey for the downstream rviver condltlon at the river reaches
. “which take place the large seépage loss and have many branched off
‘ channels ‘ _
(e} Survey for the present water use condltmn for the 1rr|gat10n and

Water supply in the servnce area

Installation of Gagmg Statlons and Momtormg Wells and Hydrologacal
' Observahon A : -

Installation

(@)

(b)

Provision of the hydrological equipment,

Design and construction of gaging stations and monitoring wells. .

Discharge Meaéurement and Rating CurVe_

(a)

Discharge l_n'e_as'ul'eihe'ht atgagmg statlon |
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(b} Review of the existing rating ¢urve and prepatation of new rating
curve based on discharge measurement at the stations.

(3)  Water Level Monitoring at Wells

Monitoring of the sub}gurface water level ai@ the wells in wet and dry
season.

3. Reservoir Operation Study

(1) Operation Study

The alternfttwe reservmr operation study based on the dlﬂ‘erent water

-.demands

(2)  Optimum Reé’ervoir Operation Rule -

Formulatlon of the optu’num reservoir operatmn rule based on’ the
above operatlon study. - : -

4, Water Management Practice
(1) Reservoir Operation Practice -

" {a) Reservoirmﬂow observatlon.

 (b) Outﬂow pract:ce based on the proposed optlmum reservoir operation
' rule taking mto account the reservoir inflow,

. « &) '-'Momtmmg of the reservoir Water level ﬂuctuatlon based on the
~ above 0utﬂ0w practice '

| (d) "Data compllcatlon based on the above practlce and mombormg
| result ' |
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(2) Monitoring Practice for Released Water from Reseivoir

5.

~ {a)

(b)

(e

Simultanecous monitoring of the water level fluctuation at the
representatwe gaging station along the river based on the different
released water from the reservoir such as 10 m¥see, 30 m¥/sce, 50
m¥sec, etc,

Simultaneous monitoring of the ﬂuctuatlon of the sub surface water
level at the wells based on the above dlscharge '

Monitoring period of six months under the continuous outflow fromn -
the reservoir,

Establishment of Watér Management Plan

(1) Analysis of the Water Managemeﬁt Practice =~

(2)

(a)
(b)

(c)

The reservoir water level fluctuatlon comparmg the reservmr
operation rule previously set up.

Analysis of the water loss along the river based on the momtormg
result at the gaging stations and wells. ‘ '

Review of the reservoir operatlon rule takmg inte account the
analyzed water loss along the river,

Preparation of the Optimuin Water Manag_e,m_eht Plan

(a)

(M)

(d)

(e)

(0

(&)

(h}-

Forrulation of the optimum water allocatlon p_l_an,- taking into
account the water loss. |

Formulation of the standard outﬂow gundelme in wet and dry season
on 10 days basis.

Preparation of the réserveoir 0perat10n rule curve

Preparation of the guldelme for the outﬂow m the abnormal dry
season with less reservoir inflow,

Formulation of the rehablhtatmn and upgradmg plan for the
existing dams,

Formulatlon of the river 1mprOVement plan to mlmmlze the waber_
loss. '

Preparation of the operation and maintenance manual for each dam.
Preparatlon of data compilirig form for the water management
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APPENDIX 4-2. ' GUIDELINE FOR PLANNING OF MEDIUM AND SMALL

DAM PACKAGE PROGRAM

1. Master Plan or Pre'-Féakibili'ty'Study

'The master plan or the pre- feaSLblhty study sha!l be perl‘ormed at the

{a)

(b}
. (c)
)y

4)]

@

by

e

" model river basm thh the priority at each RBDA,

(1) Data to_b‘e“cgnééttd |

Aerial_.Photogréiph and the map of 1 to 50,000 scale.
Hydrologiéal data in the basin or the adjacent basin.
Socio-economic data at LGA in the basin,

General geologlcal map in the basin,

- Existing waler resources projects mcludmg location and outline.

Other necessary data.

(2) Pr'eparato'ry Work'fdr the Study' in the Ofﬁce

DlVlSlOll ‘of the basm into the several tr:butary basms with the .

- catehment avea of 1,000 to 2,000 km? on the map of 1 to 50,000 scale

and measurement of thelr catchment area.

‘Study for the basin salient feature such as the basm topography and

geology, tributary system land use, s0cio- -economy, ete.

Study for’ hydrologxcal condltlon such as aerial rami‘all and

evaporation, annual average runoff, sediment transport, peak flood

L dlscharge, ete, Preparahon of the guideline for the specific yield of
” ,annual average runoff (mim), peak flood dlscharge (m%/see/km?) and
- sediment transport (m®Kkm?) in order to estamate approxamate

(d)

e}
- 50, 000 map

: Measurement oi‘ catchment area, reservonr area, dam helght and
o _dam length at the findmg damsite on the map of 1to 50 ,000 scale;

(O

reservoir inflow and. reservoi. capamty

Study for water ‘demand in service area and réservoir water use
under the existing dawms, :

Fmdmg of the proposed dams and sérvice area on the map of 1to

- 4-2-1



(@

* (h)

@)
®

‘Approximate estimation for the reservoir inflow based on-the

catchment area and the specific runoffyield..

Approximate estlmatlon for the reservoir aclive capaclty based on
the reservoir area and effectwe reservoir depth, : _
Preparation of the guideline for the’ effective reservoir depth takmg
into account the reservoir dead water depth splllway overﬂow

“dépth, and daim free board,

Classification of the‘ﬁndmg dams Iiy :thé;rese'rvo:ii‘ aii'd dajﬁ"size

‘Drawings the location, catchment area, reservoir. area, damsnte, ete.

for the exlstmg and proposed dams on the map 'of 1 to 50,000.

(3) - Site Survey \Vork_

The site survey work is bo be carrled out ‘with the expert of dam

hydro]oglst geologist, soil mechanist, agrlculture, irrigation; socio-economist
and topo-surveyor under the team leader with capablhty of the water resburces
development plan. -

{a)

o)

(¢)

(d)
(e)

(h)
(i)

Topographical and geological condition at damsite and reservoir
area, especially rock outerop, gully erosion, vegetation, ete. |

'Overburden depth atdamsite by providing’test'pit or hand auger.

‘Water level and runoff fluctuation: at rwers by observatlon and

mterwewtolocal people,: - _
Lon gntudmal survey along the proposed dam axis. _
Longltudmal and cross sectlon survey in the reservoir area to

- estimate the reservoir capacity. (Longitudinal leng!;h of 5km along
- the river and ¢ross section interval of 250 to 300m) .

(g)

Selection of gagmg statlon snbe for the surface water observation.

Agr:cultural and socie economle condltlon survey at the servlce area
by questionnaire. : : .

Beneficial mtentlon jsurvey for the prop_osed da_ms'.

Environment survey in the reservoii and §efvice_'5fea; -

(4) Analysns and Study in the Oﬂ‘lce Work based on Sxte Survey :

"()

Hydro!oglcai analysis for menthly rainfall; evaporatlon and runoff
~and deslgn flood capaclty for Spillway

4-2.2



(b

(o)

(@)

: Study of the reservmr dlmensmn and preparatwn of H-A and H-Q

curve.

Water demand study in thé Ser\iice area.

Simple reservmr ‘opération study and available reservoir water for

~ the service area.

(e)

[0
(2

(h)

(i) _*Approxlmate dam constructwn cost based on the dam embankment -

-volume,

Water balance study in tributary basin based on the potential

- surface water and available reservoir water use.

Dam standard Sectioif and dain'éinbahkmeht volume,
Potentaal irrigation area and domestic water supply quantlt,y by the
proposed dam, :

'Environment impact at the project area,

(5) Selection of the Representative Dains for the Feasibility Study

In accordance with the above study, four to five representative dams

will be selected for the feésibilitj‘étudy with the fblloWing conditions; i

Dams cons:stmg of the med:um and small dams with the
representatwe size. -

Dams’ w1th pnorlty from viewpoint of the project economy
‘Dams without environment problem,

Dams with easy condntlpn for the sur\rey and study such as

: accesmbxhty to damsite,

2. Feas:bllnty Study

The feasnblhty study shall be performed for ‘the above selected

'_:representatwe dams based on the mternatlonal standard ‘The particular

attention shall be pald for the followmg items, -

(a)

'-(1) Su‘rve'y and Iiwestigation Works v

Preparatmn of‘ ae‘nal photo map of 1 to 10,000 scale covering the
yeservoir area, damsite and service area,’ {Average area of b0Okm?/
¢ach representatwe dam)
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(2)

(3)

(4)

(b}

()

@

(e)

Installation of bench marks at damsite and topo-survey at the

damsite {Plain map scale of 1 to 2,000) ‘

Installation of rainfall and water gage and continuous cbservation
atstations. . . _

Geological survey at the damsite by seismic prospecting, core
drilling and test pits. _ , _ :

Soil sampling at the borrow area and its mechanical test in
laboratory for construction materials.

Hydrological Analysis

- Runoff analysis on daily basié by preparation ef the runeff model.

(a)

(b) Design flood capacity analysis for spillway based on the unit
hydrograph,

Reservoir Plan Study

(a) Preparation of accurate reservoir H-A and H-Q curve,

(b) Reservoir operation stndy on 10 days basis.

() Formulatl(m of the reservoir operatlon rule.

{(d) Estimation of available reservoir water i in wet and dry season and

alsoin wetand dry’ year.

Preliminary Design of Dam aﬁ&_ Abpuftéﬁani Structures

(a)

D':im Body

- Dam foundation treatment method based on the geologlcal
investigation result. : o

- Available embankment material at reservmr area- and borrow
area from viewpoint of quantity and quality. el

- Analysis for flow net and equnpotential lme and dam stablhty'
based on the standard dam séction, : ‘
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.

(6)

8)

)

Outlet and Spillway

- Hydraul:i_c and structural analysis. : ,
- Application of simple structure for intake such as drop inlet or
inclined inlet. |
- Apphcatmn of outlet conduit by reinforced concrete without steel
pipes, taking into account the low water head in the medium and
small dam.
T Appllcation of Ogée type weir w1thout gate.

: (5) Construction Plan a-n.d.Cdslt‘Estimate

- Constructlon method and schedule on the contracbor basis or
force account basis of RBDA.

- Cost est:mahon preparing the bill of quantity.

: OM Plan .-

 OM organization, equipment, facility and OM cost.

(1) Environment Impact

Reseitlement problem in the reservoir area.

(a)
(b) Water pollution problem during construction,
“(¢) Variation of the river flow at the downstream after completlon of
- dam, _
. (@) Other ecological problem by dam construction. -
Pfojec_t Evaluation
(a)  Water cost to be devélﬁped by dam.
(b) * Economical and financial analysis for the project cost.
(¢) - Evaluation of farmér income generation and job creation. .
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3. Guideline of the Other Pfoiéct Facility

The following praject fac:lhty will bé stiidied in the service area under
the medium and small dam; :

(1) 1rrigatidﬁ'0aﬁ513§§tém_ .

“Main canal w:th the deSLgn discharge capaclty of 0 5 to 3 m® f sec by
- conerete lining or stone pitching

- Secondary and tertlal_'y canal with earth canal.
(2) Village Ponds

- Fivetoten v:llage ponds for ﬁsh culture and garden irrigation at each
village i in the service area.

‘Ponds to be constructed with the surface area of 1,000m?, the depth of 2
to 3™ and the capaclty of 2,000 bo 3 000m3

(3) L.G.A,Supporting Facility
Hatchery center to feed fry for fi sh culture
- Sapling center for reforestatlon L
- Agrlcultural extension service center.

(4) R.B.D.A. Construction Center

- Construction equipment.wbrkshop.

- Construction and OM office.

KEX:



1.

'APPENDIX 4-3. GUIDELINE OF OPERATION AND MAINTENANCE FOR

 DAM

Technical Materials to be Provided at OM office

(1) Report of feasibility study, detailed design, ete.

(2)

Map and Drawings:

- 1/50,000 map showing catchment area of dam,
- QGeneral plan map at damsite, o

- Location map of gaging statlon for ramfall evaporatwn surface water,
ete.

- Dam 10ng1tudma1 section drawmgs along dam axis showmg geological
condltmn

- Dam standard sectmn and £ross sectu:m drawmgs ,

- Drawing showmg Iocatlon and structure dlmension of dam

instruments and relief wells.

. Structural drawmgs of intake, outlet and splllwaya

= Structural drawmgs of gates, values, mini- hydropower p]ants
. 'Drawings showing reservmr H-A and H- Q curVe |

- Drawmgs showmg outﬂow dnschqrge based on l‘eservmr water head

(@3

: :'and opening defree of gates and values:

- Drawmg showmg leservmr operatmn rule curve

Baéic Da'ta: _

- _'Hydrologlcal data atdamslbemcludmgramfall evapmatlon reservmr

“inflow, peak flood discharge, water quality, ete.

Reservo:r dnmensmn such as catchment area, reservonr surface area,=

5 reservou‘ capaclty, water level ete,

v J.Dam dlmensmn such as dam helght and length sp:llway desngn ﬂood

_ capaclty and overﬂow depth outlet dlscharge capacity

L - ‘_:Gate and VaI\re dlmensnon such as umts w:dth length, mobor capacity,

" 4841



- Service area outlme such as irrigation area and water réequirement;

population and water demand for domestic supply, water rlght of
downstream area, etc.

(4) Operétidn manual of gates and valves prepared by manufacturers. -

(6) Listof O/M equipment and facility inciuding operating condition, -

2. Reservoir Water Operétion
2.1 Hydrologitél Observatiq:n Maha.ge'.me'n.t
(1) Installation ofGaging Station:
- Several rainfall gagmg stations wnll be mstalled at the dam31te with

large catchment area taking into account proper distrlb‘utwn

- Automalic water level gagmg station is to be installed at the ‘reservoir _
and the upstream river of reservoir in large dam with henght of more
than 30m or reservoir capacity of more than 50 MCM. -

- Staffgageistobe mstalled atthe river and reservmr of other dams

- Particular attention shall be paid in selectmg gaging station site, as
cross section and river bed at the upstream river of reservmr changes
by backwater of reservoir and sedi ment deposit. -

- Original gaging station mstalled pnor to dam constructlon shall be
‘checked from the above v1ewpomt The statum wxll be replaced if
river condition is not suitable for observation.

- When two to three large rivers flow into the reservoir, gagmg statlon
at each river is to be required.

(2) Observation and Data Cmﬁpﬂatio’n:

- Continuous observation shall be carned out at statmns

. oM ratmg curve for dlscharge estxmatlon shall be checked and
- amended bydlschargemeasmement -

- Accurate water level observahon and discharge measuremént in wet
~ season from July to September shall be carried out, sincé potentnal
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reservoir inflow is defined by wet season runoff and reservoir operation
rule is to be set up based on wet season runofl.

= Periodieal measurement of water quahty in the reservoir and sedunent
_ transport at the upstream river of reservoir sh all be carried out.

2.3 Reservoir Operation Study and Rule Curve

(1) Reservoir Operation Study.

Reservoir operatton study shall be carned out based on reservoir
mﬂ(;w, ramfall on Teservolr area in wet season, evaporatmn from reservoir
area, downstream water release, water ‘demand in service area, etc. Computer
program for reservolr operatlon study is prepared by the JICA Team and

submltted to Data Bank of FMWRRD

. {2)  Reservoir Operation Rule Curve

Reservoir operatmn rule curve as shown in Flgure-l isto be prepared based

'on the operatlon study result. _
' The rule’ curve 1s cmsnshng of the upper cuwe for ordinary year and the lower

curve for dry year. 5 o
. FIGURE-1 RULE CURVE
<+ Full Water Level .. -

“Upper Curve

Water le_vel ﬁnder _Qperalion

"' Lower Curve

Low Water Level
e ]
o 1 M. iz 1 2 3 4 5 6 1 8 9
} _{{__ 7 DrySeaSOQ e WetSeason l
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Reservoir Water Level Mnniboring and Evalﬁétion: :

- Fluctuation of reservoir water level ‘during- operation shall be

measured at least on weekly basis and p]étted on the reservoir rile
curve, :

Remained storage capacity at the end of week month and year shall be
“estimated based on the above water level and reservmr H-Q curve.

When the plotted curve as mentioned above will be at the lower
position than the reservoir rule curve, it is judged that the reservoir
inflow is less and taking the dry year pattern oF !arger outflow than
designed one.

- When reservoir water level i is placed at the full water level or desngned
: operatlon water Ievel the proposed service area could be sufﬁcwntly

irri gated

' When reservoar water level 1s not recOVered at. the end of wet season,
‘the proposed sérvice area at next season w:ll be reduced based on the .

- remained storage capacity in the réservoir and as a c(msequence, the

reservoir operation is to be made by the lower rule curve.,

2.4 Outfiow Control

- Outﬂow from reservoir is to be controlled by gate and valve operatmn in

accordance with the water demand, water head of reservoir and opening

| “degree of gate and valve. Outflow'shall be nieasured on dally basns and

summarized on monthly and its value is evaluated as compared wnth
designed water demand :

When supplement irrigation for wet season’ cmps is carried out, the
1rngatlon requirement will' change by effective rainfall amount in
service area. For example, servnce area w:ll requn*e none, or less _

irrigation water durmg ramfall '

Therefore, ontﬂow control in wet season is carefully made by obtammg
information for changing water demand by rainfall, otherwise éxcess
water is released from reservoir and it is not only water. losses but
brings about water loggmg problem in service area.

The dry season irrigation is to be made by the desngned 1rr1gatxon
demand, as there will be no effective ramfa!l . .

It is necessary to control the outﬂow by mamtammg close coordination

with OM staffm service area,’
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2.5 Flood Discharge Management at Spiliway

| - In Oget type spﬂlway {non controlled splllway) overflow depth during
" flood spilling period shall be measured and its flood dlscharge shall be
estimated with hydraulie formula. (C- L- H2)

In gate controlled splllway, flood dlscharge shall be estlmated by gate
opening degree and reservoir water head.

“In gate spnllway, partlcular attentnon shall be pald to gate control to |
prévent abnormal flood release to the downstream which may cause
flood damage : :

- When large flood appears at splllway, ﬂood alarm shall be given to the
'downstream a:‘ea o

3. Monitoring work in Dam M'aintena'nce

(1) Settleniént of Dam Embankment

Settlement of dam embankment is measured by installing bench
marks on dam crest and slope. In addition, appearance of crack on dam ecrest
and slope, and surface slip on dam slope shall be checked.

{2) "Séepa'ge Water

- Secepage water level and quantity shall be measured by dam

. instruments and relief wells. Fluctuation of seepage water line

dependmg oh reservoir waber level is'to be drawn up on dam cross
section drawmgs :

Seepage water quantlty is measured by weir installed at the end of
drainage dltches to collect and guide seepage water, .

- When' the" reservo:r water level ‘draws down, the upstneam slope
condition sitch as pheno.nenon of surface shp, abnm mal depressmn,
- erack, settlement ete. shallbe checked
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(3) Others

- After spilling flood through spillway, sediment and log accumulatxon
at approach channel infront of spillway, and scouring at stilling basm
and downstream river shall be checked. :

- Scouring condntmn at the downstream of outlet shall be checked
periodieally.

- Sediment deposnt c0ndltlun at the reservoir upstream area and river
- reaches mﬂucnced by reservoir backwater shall be measurecl

For this purpose, bench marks shall be installed at both banks of

reservoir area and river. Measurement of sediment deposnt is made by

measuring the elevation of deposit with top- survey, when the reserveir :
water level reaches the low water level in thé end of dry season. )

-  Seepage water through construction Jomt sourmg and fissure of
concrete surface, settlement of structure, etc at concrete structure
shall be checked at the outlet, and splllway. .

. - Mechanical parts such as gates and valves shall be periudically
inspected and repaired. Perwdlcal _painting and mlmg works for
egquipment shall be carried out.

(4) Report and Data Analysis-

The above monitoring result is summarized on report and dfé‘wings_
and submitted to agencies in charge of dams such as headquarter of RBDA SID
and SWA.

'l‘he followmg 1tems to be. analyzed repalred and rehabllltated
urgently shall be nnmedlately reported to agencies concerned,

- High seepage water or rapid in-’:rea'sed séepagé line at dam
instrument and seepage drainage ditch, Particular attention shall
be paid for appearance of turbid seepage water.

- Phenomeon of bmlmg, spring and water level increasing at the dam'
down stream area and swamp area.

- Large erosion and gulley phenomenon on dam s!ope and abutment
as well as reservoir area.

- Large scouring at the downstream of spillway and outlet,
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(1),

- La‘rge sediment deposit at intake mouth and approach channel of
spillway. -
- Defect of conerete struclure to be urgently repaited.
- Large aquatic weed accumulation at intake mouth and spillway
approach channel.

. Damage of mechanical parts.

- - Others f_'rom viewpoint of dam safety. .
Rehabilitation Works in Dam Maintenance
Counter-measures for seepage water through Dam Foundation:

- Swamps and stagnant water aréa being found at the downstream area

of dams shall be filled with soil materials, otherwise mosquito and pest

_ will be generated in those area. Seepage water through dam foundation
“shall be guided by dramage dltc’nes to the river.

f_: | Large depressmn and excavated borrow area at the downstream of dam

shall be backfilled with soil material, otherwnse water head between
reservoir water level and elevation of those area bewmes larger and
accelerate the plpmg phenomenon. :

| When dams show relatwely high seepage water which could endanger
- .- dam structure safety, counter weight berm mstallmg filter drain will be

required at the downstream dam toe.

‘When dams present high seepage water w1th some piping pressure,

grouting or slurry trench method will be applied for rehabllltatlon.
Those works shall be made at the lower water level of reservoir in order

o minimize the mﬂuence of reservoir water head to the hole and
trench: | -

@) Protection 'W«?.fk on Darn Slope:

'-' Developéd sheet. ahd gulley erosion on dam slope shall be shaved and
“refilled with compacted earth material. In the easy eroded area by

rainfall, catch drain of rain runoff shall be provided on dam crest and
berm on dam slope. Catch drain is to be protected with riprap or dry

- stone p:tchmg

437



. Dense vegetation covering on dam crest and slope shall be removed.

- Where riprap material on the upstream slope of dam is sweeped away
by wave of reservoir water, rehabilitation of the protection work with
hrge size riprap materlal shall be camed out.

(3)  Protection of Scouring Place:
Seouring place at the dow'n.stfééni"'cf""sljill;way' and outlet is
rehabilitated or upgraded with wire sausage, gabion wet mansory or concrete

structure taking into account souring energy of sPﬂImg flood and outlet
discharge. : : :

Stlllmg baSm to dlSSlpate scourmg energy will be constructed when
scouring energy is large.

(4) _RetnoVal of Sedimem Dcpdsit: '

If sediment deposu IS found at the approach channel of splllway and
downstream of outlet, the deposit, shall be qmckly removed otherwxse the flood
: and dlschatge could not be r_eleased sqio_othly to t_he downstrgam

(5) ‘Remedi.ai works of concrete Structure: N

Determrated defected and broken concrete structure due tb scourmg'
energy, foundation settlement, etc. shall be reconstructed

6y Repair or replace of Mechanical Itéms:

‘Mechanical itemis, such as gate and valve with dc{‘éc"ﬁ cfrbi?oken part

shall be repaired or replaced.
Emergency st.an'd by diesel generator shall ‘e provided for smooth
operation, as electric current often goes out durmg opcrat:on of gate, valve and-

pumps

(D Oth_é'rs:
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 Access road, hghtmg system, control house, OM Office, ete. are in poor
condition, so that remedial works for those facilities will be required.

-  OM equipment such as vehicles, motor cycle, survey eqmpment
hydrologxcal equipment, construction equipment is not sufficiently
provided in OM office. Those equipment shall be strengthened in order
to carry out the smooth OM works. -

- - Alarm system for flood to the downstream area will be required in large
- dam espec:ally in dam to control flood by gate.

5. improvement of O/M Organization for Dam:

oM orgamzatmn for dam shall be 1mproved takmg into consxderatmn '
ofthe followmg 1tem5‘

- Strength of OM staff mnsnstmg of hydrologlst topo surveyor, water
controller, mechanics electrician, ete. in large dam o

- Strength of Natmnal Water Resource Instntute in Kaduna in order
"t analyze, evaluabe and respond to the rlsmg problems of dam
| brought from OM Office

- Strength of coordmatmn between dam OM ol‘fice and othel agencies
- managing water demand in service area.

-~ Allocation of sufficient funds to OM work.
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APPENDIX 4-4 © WATER RESOURCES MANAGEMENT PROGRAM IN THE
'UPPER HADEJIA

1. Background

" The Lake Chad Basm extends over the Sahel and Sudan Savannah
zones and is broadly divided into two: (1) the Hadepa / Jama'are- Komadugu /
Yobe sub-basin and (2) the Yedseram Chad sub-basin, both d;scharglng into
the fresh water Lake Chad. There would be presently many problerits and
several eonstraints for adequate water resources management due to the recent
downward trend of Basin rainfall under severe Sahelian drought and also to the
alarming prospect of drying up of the Lake Chad. In particular, there are an
extensive Hadepa Yobe wetlands along the middle part of this Basm which are
composed of swamp, grassland and woodland created by the passage of the
Hadejla and Jama’are Rivers. The area floods annually to an extent

determmed by river discharge, and this has supported the diverse socio-
economic activities, ' '

In view of the mherent geologlcal structure and less rainfall
availability prevailing in this Basin, the surl‘ace runoff yneld in the upper
Hadejia/Jama’are is rather hlgh and large- scale water abstractlon schemes in
‘the Upper Hadejia Basin that were based upon an international adv1ce in the
1960s due {o the need of expandmg irrigated agrlculture at rapld population -
growth rate have constructed 14 large and medium-scale dams with a total
active reservoir capacity of 3 X 10% cu.m which is about twice as much as the
inflow. Tt appears that at present a large proportion of the surface water
resources are trapped in these reservoirs, and many of them are always
maintained at a full water level with the fear of less incoming flow resulting in -
a fact that the reservoir water to be released for downstream is evaporatmg
This evaporation from 14 reservoirs amounts to 500 X 10'S cu, m that is
equivalent to about 30 percent of the potentlal surface water resources In
particular, the construction of two large dams at Tiga and Challawa Gorge has
restricted the extent of flooding and groundwater recharge for these wetlands,
and this fact remains that the water management over these wetlands has
become an increasingly complex, technical, economic and political issues. ThlS
unfavorable way at existing reservoirs would have been caused mainly by the
lack of inflow monitorings and proper reservoir operations rules and partly by
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less water'demén& for the 'ulidérdéVeIOPment in downstream public it"rig'ation.
projects. ‘In addition, less emphasis has been placed upon artificial flooding
over the downstream wetlands. The TUCN-funded Hadejia-Nguru Wetland

“Conservation Project as initiated in 1985 is taking a central role in encouraging
" the open debate on the present and future water management issues that are

critieal to the effective conservation of existing biodiversity.

2. 'Outline of the Proposed Program

" During the cdurSe of the Natiorial Water Resources Master Plan Study
conducted by the Japan: Intematlonal Cooperation Agency, the unfavorable

performance of larger pubhc irrigation schemes has been highlighted.
:Un_doubtedly, the most successful would be the Kano River Irrigation Project,

but whilé the farimers’ skills have increased over time, newly perceivable

- problems of a lowrate of return and aﬁ_inér’e_asing level of operating costs due to

the poor level'of OM over the past ten years may ultimately render a significant

portion of the scheme inoperable. ‘With':thé implementation of Tiga and
~ Challawa Gorge Dams, the total arca flooded over their downstream wetlands

has been greatly reduced, while the existence of these dams has led to an
overall reduttion in the variability in the extent of flooding, and this has
signifi cantly reduced the leve! of risk for the wetland farmers, - However, this
appears to have had serious 1mpacts on the agricultural productmn and water-
related environment as a whole because the large-scale flooding formerly
distributed the available water over the large wetlands and thereby effected

the v1ta1 shallow-groundwater recharge

T In acwrdance with the ‘rec‘ént 'progres‘s of ap'prof)riate small-scale and

a local ]evel fadama: development in'a form of the private irrigation schenie as
‘ 'supportcd by the World Bank and the EC, a focus has been given to the
‘ -rehabllntatlon and improvement of Hadejia- Yobe: wetlands in view of the
immediate local’ human needs and food se(:unty " At present, part of these
"countermeasures has besn taken by the Hadejia Jama’are RBDA under the
: pohtlcal préssures. to release the limited flow from upstream water storages
'--:;durmg wheat—growmg season. It is’ hlghly recomrhended that in view of a
. surplus reservmr capaclty in the Upper Hﬁdejla Basin, the floodmg over the

Wetlands to be made posmble by artificial flood releases from those dams in the
wel season should be maintalned to make p0331ble the production of rice, dry
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season agrlculture, fish, grazing, wildlife as well as bmdwersnty and shallow-
groundwater recharge in ¢onnection with the establishment of an approprmte
surface water and shallow-groundwater monlwrmg system ' SR

- Because of a comp!ex nature in estlmatmg the water demand over the
Hadejia- Yobe wetlands, a series of test re]eases from the upstream Tiga and
Challawa Gorge storages in a trial- and- -error manner may be one of the most
feasible options to identify the volume and timing of artlﬁm_al flooding through
the examination of an interrelationship between. surface ‘and shallow-
groundwater on the. basis of simultaneous hydrological observation work
throughout the area. To thisend; a flow depletlon and conveyance study would
- be made possible to quantify an appropnate level of the artificial ﬂood releases
from the dams, In view of the urgent importance of this matter, the' Natlonal
Water Resources Master Plan has called for appmprlate 1mp1ementat|on of the
Study on the Water Resources Management Program in the Upper Hadejia to
be carried out under a framework of the technieal codperation: program from
external multmatmnal or bilateral agencies. It may be noted that this Study
should be a model for the recovery of wetlands functions, a result of which ¢could
be applied to other cases including those of the Sokoto-Rima.,

3. Terms of Reference .
3.1 Objectives

General objective for the Technical Assistanes on the Water Resources
Management Program in the Upper Hadejia Basin is to prepare a feasible plan
on the artificial flood releases from Tiga and Challawa Gorge dams for the
Hadejia-Yobe wetlands. More partlcularly, the follmeg speclﬁc objectlves
may be involved: - - : S :

- Test reléases from upstream dams for snmultaneous hydrologlcal
and hydrogeologlcal obseryations after installation of the related
| gages and preparatmn of the topographlcal maps B

| - Selection of the mos!; feasnble opttons to fdentnfy a scope of artnﬁc:al _
ﬂoodmg through aseries of the related studles
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. Formulation of an mtegrated water management program
_ mcludmg the rehabilitation and improvement for existing facilities
- and the river improvement proposal

-‘.'Preparatlon of a feaSIblhty report mcludmg posmble‘
" implenientation program.

- Transfer of the planmng skills and technologles to Nigerian
personnel in ngena and donor country.

3.2 Agendies

_ The executmg agency wnll be the Hadejia-Jama are River Basin

'Development Authority, Kano to be led by the Federal Ministry of Water
Resources ‘and Rural Development in cooperahon with the National Water
Resources Institute, the Federal Ministry of Agr:culture ‘and Natural

_ Resources and the State Governments concerned. This Program will also be
‘carried out in close consultation with the National Water Restmrces Manpower
Training Program to be mtroduced ina separate manner,

3. 3 External inputs

The external agéncy will dispatch a survey and study team of experts
_wnth the provision of equlpment and materials to suppori{ proper
jlmplemenlr,atlon of the Technical Assnstance Program. The team may be
‘composed of the experts in the field of leadershnp, water resources planning,
-:hydrology, hydrogeology, river, dam and reservoir, irrigation and dramage,
‘socio- economy, agrloulture and ﬁsherles, and environment.

' :3 1 Scope of Work and Imp!ementatwn $chedule Proposed
Ma_]or lbems to be mvo]ved in the Study and related nnplementmg

_' schedule during the proposed pernod of three years from 1996 are ‘described
' belowV
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Item

1t Year’

3rd Year

4 |7

it

4 .

1

8. .

Data Collection
Review/Analysisef Rélevgiﬂ. Data:

Meleorotogy, Hydrology and Hydrogeology .

Waler Demand and Use
Water Loss along Rivers
Reservoir Operations
Water Balanie along Rivers
Site Surve_jf:

* Prefile/Gross Sections alang Rivers

Selection of New Goglng Station Sites
De!‘eelive__Fac_ility of Dams

River System and Moxb:h'ology

Water Use i

‘Installation of Gaging Stations:

‘RainfalVEvaporation (2}

" Surface Water {10}

Sub-Surface Water &)
Arrangement for Gage Observation:
Discharge Méasurement
Preparation of Raling Curves

Test Releases l'rqr_n Upstream Damns for
Simuvltaneous Observations:

- Qutflow ol_‘Reser'\'m'r Water

,SurfaICe Water Level glong Rivers
Sub-Surfece Water Level along Rivers

~ Formulation of ln(egraled Water

Mensgement Program:

* Reservoir Operations Rule

Water Allotation end Distribution
Rehabilitation of Dams

River Improvement

OM for Dams and Rivers
Reporting:

Inception St

Progress (1)

" Interim (1)
" Progress (2)
) Interim {0

Draft Final

: Fihat
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¥
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'APP.E'NDI‘X 4-5 PREPARATION OF MEDIUMISMALL DAMS PACKAGE
' PROGRAM

1. Background

The JICA-assisted Study of the National Water Resources Master Plan
(NWRMP) has reviewed that the Federal Government of Nigeria has "placéd the
primary focus on large-scale water resoutces exploitation facilitated by the oil
boom for food. production; howe\rer, actual status is that the hunldmg of
irrigation systems and related practlces under large dams mostly in dry North
has proceeded more slowly due to serious shortages of skilled and expenenced
manpower. With a view to mobilizing the water resources as Called for by the
National Perspective Plan, the NWRMP has been dlrected, apart from a
comprehensive rehabilitation and impi'ovement works for existing water -

_storages, to implement a series of the proposed medmm and small- scale_
multipurpose water resources development projects to meet water demand
anticipated in various sectors concerned in such manner as (1) self-rehance (2)
human-centred approach and (3) focus on household. productlon umt in
* informal sector on the basis of maintenance of envirommental protection as well
~ as the improvement in implementing c’af)ability of the Gt‘)v_érnnie'n_t agenciés

and the strengthening of institutions to facilité;te more effective cooperation
* and greater participation of the local pedblé_'(!oncerhéd.' ' |

It may be noted that the history of irrigation in Nigeria has been that
smaller-scale and decentralized schemes have been more suceéssful from the
cost-benefit and environmental standpoints than larger s’ch'enit_"_as.’ In line with
the specific strategies involved, the NWRMP has been established to provide
medium to small-size water storages at 1,084 sites Jocated over the tributary
basins in response to the demand predlcted mamly for’ irngatmn and water
supply and partly for mini-hydro and aquaculture, on the premise that the
priority area should be shifted to the Mlddle Zone with empha31s on irrigation
and to the Southern Zone on water Supply These sites have been examined on .
the 1: 50,000 FSN maps with short visits over some tributary basins with an
area of 2 to 5 X 10% sq.kmm where a suffnclent coverage ‘of immediate
downstream wetlands is seen for grawty irri gatmn These’ mulhpurpose dams

commonly of earth-fill type will be censtructed by the River Basin DeveIOpment
Authorities (RBDAs) on force acconnt basns for small and 0n domestic
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contracting for medium, and relevant joint costs will be ‘allocated among the
responsible agencies concerned. '

" The NWRMP has given a p_reli_t_ninary guideline on the size of medium
* and small dams to cope with the above-mentioned functions:

Medium Dam  Small Dam

Dam Height © .~ 15t025m - below15m
_ Average Active Capacity . 35MCM - BMCM
‘Maximum Active Capacity 50 MCM TMCM

While the proposed 264 medium dams with the catchment area of 50 to
B 500 sqkm havebeen confirmed on the 1 : 50,000 maps, it would be difficult to
identify the small dams on these maps in view of the contour interval of 15 m;
thus, only the number of small dams has been distributed in potential river
~ basinson the basis of its catchment aréa (10 to 30 sq.kn) as well as the location
of farmland and village as are observed on the 1: 50,000 maps. Basinwide
dnmansmns of the medium and small dams as identified for lmplementatson of
the NWRMP are shown below:.

Items R — R . Tiifai

1, Medmm!)am o BT s S

(1) Number 4 74 39 53 14 41 29 0

{2) Active Capacity (MCM) 700 2,940 -2,600 1,250 340 910 830 0

(3) Available Water (MCM) 480 2,140 1,460 890 330 830 . 590 0 6,720
~ ForlIrrigation = (MCM) 430 1,930 1,310 800 200 500 470 0
- For Water Supply{MCM) $0 . 210 150 %0 130 330 120 0

.................................................. S T e LR R R R e L A R R R R LA Sl

"2, Small Dam _ : _ ; .

(1Y Number . - B0 2300 10 160 35 100 115 20 1820

(2) Active Capacnty ('ﬂCM). 250 1,160 650 800 176 500 576 100, 4,100

(3) Ava:lable Water (MCM) 159 920 _ 440 840 160 . 450 520 60 3,340
- For Irrigation C(MCM) :135 830 1395 575 140 - 465 465 65 3,000
* For Water Supply(MCM) 16 90 45 66 20 45 55 & . 340

z---.p.-.cn-a.-........-.-u-.-.---y.-.-.-nn'-....----.,.....-'.--.-J.....u...--..‘.4.-.-4--'--...'-.-..;...-....-.--'.u...--i----......i .........

3. Total _ . o

(1) Number 64 304 149 213 49 141 144 20 1,084

(D) ActiveCapamty (MCM) - 950 4,090 2,640 2,050 515 1,410 - 1,205 100 12,960 -

(3) Available Water (MCM) 630 3,060 -1,900 1,630 .490 1,280 1,110 ~ 60 10 060 -
Forlmgauon L(MCM) 565 2,760 1,705 1,376 340 905 935 55 8,640
ForWaterSUpply(MCM)f 65 73007195 166150 316 116 b - 1,420

oy

‘Notes: (1) Rate of nmgaiion v.ater for the total avaﬂ&bre water for the medmm dams Is given takmg ln'Lo accountthe
large waler demand for the waler suppTy in the South tegmn
" HA-1,2,3and4 +90%, HA-5and6 - 60%. HAT - 80% :



(2} Active capacity and available waler for the Srﬂélldams afe estimated:
Averageacliveeapacity.....ii.... 5 MCMAunit
Averageavailable water........... 3 MCM for HA- and 8
4 MCM for HA-2, 3, and 4
- 4. 5MC\5 for HA-5,6, and?
Lrrigation water.................. 90%forihe above available waler

‘Prior to adequate i_mplément_atwn of _t_he p'roposed small and medinm-
sized dam projects, a series of the sub-basin wide pre-feasibility and feasibility
study should be a prefequisite to examine the possible site location and
relevant water mput output for eaeh dam and formulate a package pmgram of
the dams to be lmplemenmd with a high priority from the technieal, soeial,
economi¢ and environmental point of view.

2. Outline of the P'mposed Program

‘The NWRMP has identified 264 potential sites for medium-sized dams
and 820 sites for small dams to be built along the tributaries throughout
‘Nigeria during the NWRMP period through office work on the 1 : 50,000 FSN
‘topographical maps along with short fleld visits to some poténtial sites:
therefore, subsequent pre-feasibility study for site identification and full-scale -
feasibility study for preparation will be required for ordérl} implenhe'ntation
When executing a series of these procedures, a sub-basinwide approachis a pre-.
requisite to prepare an appropriate medium and small dams package program
~ in order to verify well-balanced allocation of the water resources in a partacu]ar
basin with the priority sub-pmject ratmg

The first step to be taken for this long-range :mplementatlon program
durmg the NWRMP penod is to carry out a pilot study and preparation of the
medium and small dams package programs for some basins . where the
fundamental technology for selection and plannmg of pobentlal sub- prog,ects
~should be developed as. model. To select these model basins, the follow_mg
criteria have been prov1ded. | ' ' ' "

- Potential water resources ..t Highinamount
- Existing waber resources development S Fgw in number -
- Potential medium and small dams proposed Mahy in number.
- Population density : :  High

- Per capita farmland N | :  High .

- Irrigable area proposed ¢ “Highin SCOpt‘-.‘-
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. Increase of demand for watersupply : Highrateat
- SR 12020/1991
_ ' Surface water withdrawalrate in 2020  : High
- Convenience for the management by RBDA and
the demonstration effect for other basins in
similar nature from locational pmnt of view ! Favorable

= Access to the site :  Easy
- 150,000 FSN Maps - ' "~ ¢+ Available
. Basin area sizé for the Study o 1 Moderate

First, 17 sub-basins were screened out, and with a principle of one
basin per RBDA, the following nine model basins whmh are desxgnated at
“Priority Basins” have been identified: ' :

: : : . . ‘Noof  ~ ' Priposed Water Sopply
Basin Area  Population Surface Walsr . :
. - . . S Frégosed  Irrigable Area Demand in 2020
No. SHA Basin ROBA . :
3 . -4 . 9 Bsms
{10 sq.km) 2020(10°) {10” co.m} . 3 | 3
o : (10" ba} ©(L07 e}
P.1 M0 - Daswdki SckoloRima 08t 045 o o 1" T o 1t
©R2 m4 Gheke . UpperNigr 767 125 - . 168 - wW - 8 51
PR 204 Awia | Lower Niger© 715° - 143 107 79 . 30 ‘18
“Po¢ 7 801 Kilamge . Uppet Beaoe' 945 . T8 . 0 148 27 15 ¢
“P.5T 4bSTted Léwer - . LowerBazme . 8550 - 168 1280 a7 19 17
; ' Kalsina-Ala _
P.6 504 Mamu Amambralme 47 - 558 15 % 8 50
© P 802kka$ . UpperOgus * Bgiabetua - 2014 ‘251 0 < 20 - 86 ) 50
P8 et . Oste * BesinOwéns 1273 400 - 189 a7 s T
P.g 0 Aya Cross : 8.64 100 241 91 16 1t

Tt is scheduled that all of the studies for nine Priority Basins will be
carried out by the FMW RRD during the Natmnal Water Master Action Plan
period by 2000 with the p031t1ve parhcnpatlon of State Water Agencles (SWAs)
for domestw water supply, the National Electrnc Power Ple, (NEPA) and State

“Rural Electrlclty Boards for mini- hydru, the Federal Department of Fisheries
~and State agencies concerned for fisheries, and others. In prmciple, all of these

actlwties will ' be- supported under the prOposed Water Resources Manpower
Trammg PrOgram to be assasted by the éxternal agencws, however, in view of

‘the work load under this Prograrn the study and preparat:on for three Priority
-Basins of P3 (Awun), P.4 (Kllange) and P.9 (Aya) ‘which arée most
' 3representat1ve from the locational point of view would be duly requested

passsbly to three external agencies for more e¢laboration. It is alse .

-
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recon‘miended that in view of the past neglect in the érivir(mmehtal_ f‘actors, a
special te_chnic&l assistance program by an éxternal agency that is called at
“EIA Study and Envirenmental Monitoring Program for Dam Projects” is
carried 6ut in a separate way to support the preparation of‘ medlum and small'
dams package programs.

‘For more clear understanding on the scope of work to prepare a series

of the medium and small dams package programs, the general guldelmes and
criteria have been presented being apart from the procedures for the EIA:

Pre-FeaSibility'Study:

Installation of hydrologlcal gagmg statlons and thelr rel:able .

observation over the basin.

Study for potential surface water over the basin dividing into those for
tributary basins with the area of 1,000 to0 2,000 sq.km.

Identification of potential sub- pro,;ects to be developed by pmposed
damson thel: 50, 000 maps and site recormalssance survey. '

* Preparation of approximate outline of identified sub-rpojects including

potential surface water, number of sub-projects, dimension of dam and
reservoir, 1mgable area sxm water dEmand $0¢io- economlc condition,
capital cost, ete. o

Water balance and allocatmn study at each sub pro_]ect and trlbutary
basins as a whole based on potential surface water and water demand

Screening of most likely feasible sub- -project and tributary basms for

- subsequent feaszblhty study.

.Feasibility Studv:

Preparatlon of bopographlcal maps for tnbutary basm, damsnte and_

“service area,

. _Geolog:cal mvestlgatmn at damsnte sml survey over serv:ce area,

socio-econoric suryey, EIA, ete. for the proposed sub- pl‘Oject areas.

‘Feasibility study at mternational level mcludmg plan formulatwﬁ

- -preliminary design for project fac:hty, prcgect cost estimates and |

evaluatlon etc
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Preparation of Packa ge Program for In\plementatlon

_fPackage program for two to four sub pro;ects to be developed by
- medium dams which will be implemented by domestic contractor.

- Package program for five {o ten sub-projects to be developed by small
dams which will be implemented on the RBDA force account basis.

In order to conduct the above-mentioned study smoothly and
rationally, the FMWRRD will be directed to prepare the. gmdelmes to be
applied for the fo]lowmg items prior to the pre-feasibility study.

- ﬁj{dfblogical én_alysié.
- Reservoir .p'lan't:xisn'g'
- | :Geologncal and sml survey _
- Dam standard section and appnrtenant structure.
- Trrigation wabe:' demand and per capita demand for water supply.
- Trrigation canal sysl:em

- Cost estlmate mcludmg the cost allocatlon procedures for
- ‘_multtpurpose joint faclhtles '

- an:ronmental Impact Assessment (EIA)

In addltnon particular attention w1ll be paid to the fea51b1!1ty study of
" service COmponents under the proposed multlpurpose medium and small water
storages: ' -

-+ Socio-econotnic and land tenure condntlons in service area, especlally
_‘problém and constraint to be solved for ach:evement of successful
. 1mgated agnculture :

. Local people partlcnpatlon for pro;ect planmng and miplementatlon

- Definitive area for irrigation based on available irrigation water in
-~ water sborage and lrngatlon water demand in service area.

- Trrigation facnhtles to be managed easily and effectively by WUA.

'Multlpurpose use of water fm- irrigated agmculture, domestlc water
supply, fish culture, mlm hydro, reforest,atwn efc. Co

. Adequate project 1mplementatwn program mcludmg pmper pro;ect
- eost estnnabe and nnplementatton schedule '



- Project ¢valuation including economic évaluation.
- Institutional building of RBDA, State agencies, and b:é'n'eﬁciaries to
- implement the prﬁ;ect and- manage n'r:gated agmculture and other
activities.

3. Terms of Referénce
3.1 OIij'ect_i_ve_

General objective for the Technical Assistance Program on the
Preparation of Medium / Small Dams Package Programs to be carried out by
three Study Teams of the external agencies is to prepare the medlum / small
dams package programs for three Priority Basins of P.3 (AWUN), P 4 (Kilange)
and P.9 (Aya) for immediate 1mp1ementatmn. Major proﬁles on these basms as
demarcated in the NWRMP are given below.

HA-2 | - HA3 | . HA4

Awun Kilange . Ays
_ SHA204 |- stAsol | sHAT02
1. BasinFeatures | L ) ) - : - :
" (1) CalchmentArea ) | 50 9450 8,660
(2) Agricalture Land (107 ha) 513 . f 368 T
(3) Popalationin 2020 ) "~ 1,466, 1,183 o, 1,998
(4) _Population Density G’ | 205 s BT
(5) Agriculivral Area/Population (ha) . 098 . 031 6.36
(6} PotentintSurface Waler (MCM) - 1,070 - 1,430 4,820
RVi) PoLenhalSurfaéeWater!?opu!ahon mdy 30 - | 210 0 2410
2. Existing Dam Projects : . . . 1. »
(1) Number ' : : 2 0 2
(2) ActiveCapacity - (MCM) 35 - 0 T
(3) Available Reservoir Water (MCM) 27 ' 0 ‘54
3. Proposed Dam Projects - o ) : e _
(1) Numbes - EE S29am ] 2ias) 1o 3706
(2} . Active Capacity - oMoy | cszmaesy ] - stoem . | a5 s
3 Available Water _ - ey | asosh | 234em . - |- swrain
4. Total Available Water (MCM) | U407 234 I
15, Irrigation Component : ’ R S i :
(1) Existing Area _ (107 ha) 0 | 0 i
“(2) Proposed Area | D 16 16
{3) TotalArea - ' (10%ha) 30 e e s
{4) WatérDemand (MCM) 340 214 . 238
6. Waf.erSuppl)'Cvamponent coT N I o
{1} - Water Supply Cagacity m1991 _(MCM) c 254 : 16 P ¥
(2) Water Demandin2020 MMy P 118 N Y
(3) Increase Hateof WaterSupply” =~ (%) - ° T Y T Y
7.  TotalWater Demand - (MCM) N B n _
@4y N N T
8.  Surface Water WithdrawalRate ' (%) =~ S ' AR
{7 + 1(6)} _ - 43 ' e 10

" Note: ¢ )inthe sbove figures shaws the those of smatl dams
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More particularly, the following specific objectives may be involved;

- Pre—feamblhty study for 1dent1ﬁcat10n of possxble sites covermg the
Priority Basins of P.3 (Awun) P4 (Kniange) and P.9 (Aya) as
_ representatwes :

- Feasibility st,udy for five core multnpurpose dam sub-projects and
‘pelated service ¢components mcludmg two for medmm and three for
-small covering each of the Priority Basins.

- Preparation of a feasxbﬁlty report for each Prlorlty Basms comp)]mg
the guldelmes and criteria for selection and planmng in similar-
natured prOJects and possnble 1mplementatmn program for sector
ﬁnancmg

- Transfer of the planning skllls and technologles to ngenan personnel
- in ngena and donor countrles

3.2 Agencies‘

- The executmg agenc;es wnll be each of the Lower Niger, Upper Benue
_and Cl‘OSS Rivér Basin Development Authorltles tobe céordmated by te Federal
N Ministry of Water Resources and Rural Development in cooperation with the
~ National Water Resources Institute, Federal Ministry of Agriculture and
" Natural Resout(’:es, Natmnal Eléctric Power Plc 5 and State Governments
- concérned. - This Study wnll also be carried out in close consultation with the
National Water Resources Manpower 'I‘raming Program and the EIA Study
and’ Enwronmental MOmtormg Program for Dam Pro;ects both to be
: :mtroduced under the techmcal asmstance ina separate way.

3.3 Extemalinputs

| Each of three externa] agencles wﬂl dlspatch a survey and Study Team of |

: _:requlred experts wnth the provnslon ﬁf eqmpment and materials to support

"pmper 1mplementatmn of the techmcal as<=1stance program. Each team may be
composed of the experts in the ﬁeld of leadershlp, water resources p!anmng, _
' hydrology, dam and resewo:r, engmeermg geology, soil mechamcs, river,
agnculture, 1rr1gahon and drainage, ﬂshenes, mini- hydro, socio-economy, |
' env:ronment and project economy
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3.4 - Scopeof Work and Implementation Sché’ﬂulelprbpos'ed' '

i) - Pre‘Fea_s'ibil_ity Study

The pre- feasnblllty study sha]l be performed at the model river basin
with the pnornty under each RBDA: - ‘

(a) Datatobe Collected

| (i)_

(D)

(i)

{iv)
{v)

tvi)

‘Aerial Photograph and the 1 to 50 000 scale map
- Hydrological data in the basin and adjacent basin,
:Socm economic data at LGA level in the basin,.

General geologlcal map in the basm

Existing water resources pro;ects mcludmg lecatwn and outline,
Other necessary data.

(2) -Preparatory Work for the Study in the Office

(i)

Division of the basin into the several trlbutary basins with the

“catchment area of 1,000 to 2,000 kin? 6n the 1 to 50, 000 scale map of" :

and measurement of their catchment area,

Study for the basin salient features such as topography and

- geology, tributary system, land use, socio- -economy, ete,
- Study for hydrological condition. such as aerial’ ramfall and

. evaporation, annual average runoff, sedlmenttransport peak flood

(iv)
{v)
(vi)

(vid)

discharge, ete. Preparation of the guideline for the specific yield of
annual average runoff (mm), peak flood discharge (m"lsedkmz) and
sediment transport (m¥%km?) in order to estimate: approx:mate
resevoir inflow and reservoir capacity,

Study for water demand in serv1ce area and reseerr water use

~ under the existing dams.

Location of the proposed dams a_nd seri_ce"area on the 1 to 50,000
o, © rved G St _

: Measurement of cawhment area, reservmr area, dam helght and

dam length atthe proposed damsnt,es On thé 1to 50 000 scale map

_ Approxnmate estnmatlon for the reservmr mf‘low based en the :

- cabchment area and the spccnﬁc runoﬁ‘ yaeld
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{viii)

(i%)

(x)

()

(i)
(iii)

(iv)
| (v}

(i)

.-._(V__ii) |

. Agricultural and socio-economic condition survey at the service
‘area by queshonnaare. : :

iil)

(ix)

Approximate estimation for the're’s'er\:oxr active capacily based on
the rese¢rvoir area and effective reservmr depth,

* Preparation of the guxdelme for the effective reservoir depth takmg

into account the reservoir dead water depth, spillway overflow
depth and dam free board.

Classﬂicatmn of the proposed dams by the reservoir and dam size.

Drawn_ngs of the locatmn, catchment area, reservoir area, damsite,
ete, for the existing and proposed dams on the 1 to 50,000 map.

(¢) Site Survey Works
Topographical and geological condition at damsite and reservoir
~ area, especially rock outcrop, gully erosion, vegetation, etc.
‘Overburden depth at damsite by providing' test pit or hand auger.

Water level and runoff fluctuation at rivers by observatlon and

interview to local people,

Longitudinal survey along the proposed dam axis.

Longltudmal and cross-section survey in the reservoir area to

- estimate the reservoir capacity. (Longitudinal length of 5 km along

the river and cross sectlon mterval of 250 10 300 m)

- Selection of gaging station site for the surface water observatlcm

Beneficial mtentlon survey for the proposed dams.

Environment survey in the reserveir and service area.

(d) Analy31s and Study in the Ol‘ﬁce Wérk based on Slte Survey

o

Hydrologwal analysns for monthly ramf‘all evaporatnon and runoff
and desngn flood capaclty for Splllway

'Study of the reservoir dlmensmn and preparatlon of H A and H-Q

Water demand study in the service area.

o _Slmple reservmr operatmn study and avanlable Teservoir water for

the serwce area,

 Water balance study in tnbutary basm based on the potentlal
* surface water and available reservoir water use.
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{vi)

(viii) -
. the proposed dam,

(viii)
(ix)

Dam standard section and dam embankrnent volume.

Potentlal irrigation area and doméstic water supply quantity by

: Enwmmnent impactat the prcg ject area,

Approximate dam constructlon cost based on the dam embankment
- volume. : :

(e) Selection of the Rei)resen'téitivé Dam for the Feasibility Study

" Inaccordance with the above study, five representative core dams will
be selected for the feasibility study with the follnwi ng conditib‘nsi

Dams consxstmg of the medium and small dams with the

_ representatlvc sizé.

~ Dams with priority from v:ewpomt of the pro;ect economy

Dams without environment problems,

Dams with easy condition for the survey ‘and study such as

: acce331b111ty to damsite, .

ii) Peasibility 'Stu'dy |

The feasibility study shall be performed for the above "éeléét_éd
" representative dams based on the international standard. The particular
attention shall be paid for the following items: '

{a) Survey and Investigation Work

(i)

(ii)

(ii)

(iv)

Preparation of aerial photo map of 1 to 10 GOO scale covering the

reserveir area, damsite and service area. (Average 'aljea of 50
km?each representatlve dam) ' ‘ ' '

Installation of bench marks at dams:te and bopo survey at the
damsite (plain mapscalé of 1 to 2 000) :

Installation of ramfall and water gages and contmuous observatlon
at stations.

Geolr)glcal survey at the' dams:te by selsmic prospecting, core

_ dnllmg and test plts
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(V)

Soil sampling at the borrow area and its mechanical test in
laboratory for construction materials.

(b} Hydrological Analysis

G)

)

Runoff analysis on daily basis by préparation of the runoff model.
Design flood eapacity analysns for spillway based on the unit
hydregraphy.

(¢) Reservoir Plan Study

D)
(ii)
“(iii)
(iv)

)]

(ii) '

Preparation of accurate reservoir H-A and H-Q curve.
Reservoir operations study on 10 days basis.
Formulation of the reservoir operation rule.

Estimation of avallable teservoir water in wet and dry season and

‘alsoin wet and dry year,

(d) Preliminary Design of Dam and Appurtenént Structures

Dam Bedy.

Dam foundatlon tneatment method based on the geologlcal‘
mvestlgatlon

Available embankment materlal at regervoir area and borrow area
from viewpeint of quantlty and quahty '

"Analyms for ﬂow et and eqmpotentnal hne and dam stability
- based on the standard dam section., :

' Oﬁtlet a_nd Spiliway :

‘Hydraulic and structural analysis.
; Apphcatlon of snmple structure for mtake such as dmp inlet or

- inelined mlet

Apphcauon of outlet condmt by remforced concrete’ thhout steel

pipes, taking into account the low water head in the medium and
__smalldam '
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2 Application of Ogee type weir without gate.

(e) Construction Plan and Cost Estimate

- Constrnctlon method and schedule on the contracbor basns or force
aceount basis of RBDA.- : -

- Cost est.lmah(m preparing the bill of qﬁéntif.y_.
(i OMPlan
.OM Organfzation, eq;iipxneht, facility and OM cQSt.
(g) | Env‘iromnentai Impact
{i) '..Resettle'ment. p;obiem in It.h.e reser.voir aféa

(ii) Water pollution problem during construction, .

(iii) Variation of the rwer flow at the downstream after complehon of
dam,. _

(iv) Other ecologncal problem by dam constructlon

(v) Preparationof the environmental xmpact statement, -
(h) Project Evaluation

(i) Water cost to be developed by dam, _
(it) Economlcal and financ:al analysm for the prOJect cost,

(iii) Evaluation of farmer i income generatlon and ]Ob creatlon _

(i) Preparation of the Guideline and Crltena for Selectmn and Planning in
Similar-Natured Projects Lo

(3) Preparation of Possible Implem'enting Prbgrém for Sé_cwr Fiﬁanci_ng_.

" The lmplementmg schedule proposed for each of‘ three priority sub- |
hasins is given below. .
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Item

1st Year

2nd Year

" 3rd Year

6] 9

12f

B

4

12

i. Preparélory Work

9. Pre-Feasibility Study:

. Data Collection/ Review

- Bite Sufvey :

3. Peasibility Study:
Topographical Suivey
Geological Investigation

"_Construcﬁon Material Survey
Socio-Economie Survey
Analysis/ Study

4. Reporting:

' Inception

Progeess (1)
Interim
‘Progress {2)
Draft Final
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'CHAPTER 5. IRRIGATION AND DRAINAGE

5:1. - GENERAL BACKGROUND

5.1.1 . Historical Perspectives

Some simple forins of dry season irrigation on individual basis in the

wetlands have ‘probably been practnced in the North Region from time

immeniorial, partlcularly near large cities such as Kano and Soketo. The

farmers practiced lift irrigation thmugh lifsing devices such as shadouf and

calabash to incréase erop productlon By the second decade of this century, the
increasing populatlon pressure and the knowledge that rainfall and river flow
were tr ending downward under the frequent severe droughts had caused the
then colonial administration to construct small dams and diversions in some
areas of the North, especially to improve the Fadama water regime. Most of

~ these works, ‘however, were carried out in an ad hoc manner, and while some of
 the farmers have benefited, others have suffered from their lands being flooded
for water storage.’ Moreover, wet-season rainfall washed away many of the

infrastruetures; Under this situation; most of those activities had been

'abandoned by the mlddle of 1920’

R A'fre_slf 'start-wa_s made in 1949 when an irrigation division was set up
in the then Northéern Provinces Agricultural Departiment and an irrigation

training school was established in Sokoto. This new division initiated a village

|rf1ga£10n scheme,  and by ‘1960 the ared irrig‘atéd to'taled 8,400 ha, of which

400 ha are in the arid zone and the remaining 3,000 ha in the Fadama arcas of
“the nger Valley. Itis believed that this scheme failed more for social reasons
“than technical problems. In the South Reglon irrigation began much later. In
' the South- East Regmn the first 1mgatmn engineer was appomted in'1960 and

 he began to promote rice growing mostly with wet season supplementary

h irrigation in the inland swamps, while in the South-West Region there was
“virtually no irrigation development except for the few attempts made to

 promote wet season supp]ementary 1rr1gatwn in Fadama areas prior to the

- establlshment,of RBDAs in1976. . '

Following the end of the ¢ivil war in 1970, various foreign-assisted

g studles and related pre‘acthties cﬁnducted in the 1060s had ¢onvinced FGN to

g1



initiate more irrigation programs especially for'-rehahil_i'tation of irrigation
facilities and provision of more food after the war hazards ended and in
association with rapid growth of the national economy resulting from rise in oil
exports and more importantly, rise in the real price of oil. Tn the North Region,
large-scale irrigation was initiated as a solution to the constraints caused by
the poor response of basic crops (sorghmn and millet) to modern inputs,
increasing population pressure, and contmued decline of rainfall. Between the
years 1970 to 1974, the Kano State Government constructed the Tigadam and
the 17.6 km long main canal, In the humid South-East Region, populatmn
pressure was the major cancern, _and increase in rice pro_ductmn through
irrigation was recognized as 6ﬂe_ of the ways where the problem of ensuring
family food security from r‘elativély small land holdings could be overcomed. In
the 1970s, public sector irrigation investments rose sharply and remamed very
high until the end of the oil boom, -

The balance of payments erisis in’ 1978!79 was met by government
budget cuthacks and import restrictions. At the same time, the problems of
rapid population growth in urban areas and the relative decline i in rural areas
became apparent; thus, the Fourth Plan (1981-85) tackled these probléms to
achieve the targets, in which the highest priority was given to “hastening the
development of rural areas and agriculture , as compared with the relatwely
neglected budget for agriculture in the'l‘hn-d Plan, Inmid-1986, FGN launched
the Structural Adjustiment Program (SAP) with the introduction of a market-
determined exchange rate and ehmmatlon of lmport licensing system, whi¢h so
far have resulted in significant increase in incentives for the agrlculture sector.
Under this situation, one of the suecessful initiatives of the World Bank. Afunded
State ADPs, under the coordin'atitm of DOA, is :the's_'mall'-s‘é'azle, low-cost,
farmer-managed irrigation in wetlands, which is in contrast with t'he, large-
scale irrigation schemes promoted by RBDAs. These 'iar'gje-;séal'e' schemes,
involving high capital costs and long gegfati_o_n pefiod, have beeﬁ-complebed_
with a few exceptions and the remainiﬁg are either reduced to pilot activities or
frozen at various stages of 'implen'lentat_idn.; e |

5.1.2 Necessiiy of lrrigated Agriéulture

 Recently, 'i,n_crea:sé-_it_i_food, prodilpti«;in_'has becdme necéSSary 0 cope
with the rapid population growth. - Since increase in food production through
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