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TABLE APP.-2 WELL DEVELOPMENT AND PUMPING TEST DATA

QUESTIONNAIR
. Borehole location _
(2) Toun/Village:---tr-riverenes ......... bt e ettt e e :
(b) L0CAl GOVErnment Area - w-serstreseehismssiintammrestnnstnnesensdetasansananes S
() SEALE irrormmmemsinsmseestiseanseestesesteesnsbesedressaiens T
2. Ouner/Controlling Agency of borehler rreeroeeieeeenss TP Ceediivenananitneres LU TISEPPR
© 3. When was pumping test carried gul «ooeresseeimemniais eveibeaienns Yireeddeiieaaesiiirentas .
-4. How long was pumping test carried out ? * ------ R
{a) Time pumping.st3{[ed.....“........:.......'.......'...................-'..“..‘.i.......i.'...._ .....
{b) Time pumping T S
5, Waler level before pumping:r--iisesreessvrrmioinences s R
© 6. Maxinum drawdown atlained (m) ............. SUVTOUNUOOURRRO ‘heeasaniens
1. Thickness of aquifer (@) e .......... ierediertiabeenand
8. Transmissivity of aquifer, T, e .......... |
9. Slorativity of aquifer, S’H
10. Yield of aquifer (.liire_'slsec.) ........................................ OIS asbensd '
‘11, Pomping test data (sée ov_ériea{) ..... e .....
12. PumDi.ng' test.diagrams '(see overIeaf)'-"""';""" ........ FET Peseessna a '
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TABLE APP.-3 PUMPING TEST DATA AND ANALYSIS(1/2)

STATE L.G. A TOAN/VILLAGE -
SOURCE OWNER/BCREHOLE No. " DRILLED BY
T ] e | Pweis | PuweinG [ staric water| oo |
DATE |———— * RATE. LEVEL LEVEL DRABDORN REMARKS
- HOUR] BN | (1/sec. ) (m) A{m) ()
| o
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TABLE APP.-3 PUMPING TEST DATA AND ANALYSIS (2/2)

rive PUNPING |  PUMPING | STATIC WATER DRAKOGRY _
(VST MLLLLNN Y ) LEVEL CLgveL | DRAWDOR REVARKS
HoR[ M| (1/sec) ] (m) (n) (n)
_ L '
RECOVERY TEST
A N I - N
R s . ]
[ ] { - :
— ; i [ . :
_____ 0 — T
- T o B o
| i
T i -
é B
L - L
S U SRR e R S U K
| | P
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'CHAPTER 4. . WATER SOURCE WORKS -

4.1 .GENER_Al‘.‘;BAC_KGR.OUND |

Rwers in ngerla have a large runoff fluctuation presenting a rich

_ runoff in wet season / year, and poor in dry season / year, Under this situation,

effectwe surface water use for irrigation, water supply, hydropower, inland
fishery, ete. could not be achleved ‘without dams to store rich runoff in wet
period and use it durmg dry period. Accordingly many dams have been planned
and construeted in ngena for water source works. Pumping stations also have

'been construcbed to withdraw water from rivers in ‘the southern region having
' dnscharge to some extent in rivers even in dry season. '

. Sinice dams are the main water source . w-:.rks and has faced many
technical problems in their plan, deszgn construction and operatmn and
maintenance in the recent years, the Master Plan for water source works is
focussed on dam. Pumpmg station plan for water source works is set up in the
irrigation sector o ' ' '

. Many reservmr dams have been proposed constructed and operated

fsmf:e 1920’3 by the followmg agenmés,

'RBDA s 'E'mamly for large dams l‘or 1rrlgatlon of which some have a
' ~ function of water supply and mlm hydropower |

. MANR - , f_mamly for small dams for 1rrlgatmn

SWA . mainly for small dams for water supply, of Whlch some have
- irrigation function. :

: NEP =: I for large scale hydl opomer

NESCO ;" formini- hydmpower

ADPS :. ;] for multnpurpose rural water development

Smce techmcal data related to the exnstmg and proposed reservoirs

: and dams are Very searce and scattered in dnff‘erent agencles, 'such as RBDA,

MANR, SWA ete, NWRIS of reservoirs and dams was conducted as a component

'of the study by domestie c0nsultants under the supemsmn of the JICA Team
o tOgether w;th the countérpart of FMWRRD In addltnon the JICA Team has
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directly requested the agencies concerned to collect and submit the data for thé
existing and proposed reservoirs and dams. Data surveyed by NWRIS included
location, execuling agency, objective, hydrological condition, reservonr outline,
dam dimension, construction cost, yeéar of complétion for the exnstmg dams,
stage of implementation for projected dams (i.e. feamblllty study, detailed
design, construction), irrigation area; poweér output and’ water supply
population, et¢. The data collected by NWRIS and data supplied by the various -
agencies concerned were in many ¢ases mcomplete and 1naccurate due I:o lack
of‘ techntcal data in each agency o

The JICA Team eXammed the data collected by the domestié
consultants and agencies concemed based on thc maps of 1 to 50,000 seale, the
site survey, and the ava:lable reports ete. '

The followmg modification / ac{;ustmentl correctlon were made to the
collected data; ' : ‘

- "Dams, whlch were not ldentlfied on the maps and dlmensson not
- given in the collected data, were ¢xcluded from Water Resources -
Inventory Survey, as review for such dams was not possible.

- Ramfall and reservoir inflow at damsnte were’ caref‘u]ly reviewed by -
the JICA Team based on hydrologlcal observation data of the 1980s -
which were collected from each gaging station during the NWRIS
period, as the hydrological condition in the 1980s has changed by

* the influence of the Sahllan Drought.

- As for the dams lackmg data on catchment area, reserveir area and
reservoir capacity, estimations were made from the map of 1 to
- 50,600 scale. L - :

- For the irrigation areas downstream of the existmg and proposed
dams, which were not provided in the collected data, assumption
has been made based on avallable effective reservozr capacity,
reservoir inflow, irrigation demand per ha, etc

Dam height, dam length ‘dam embankment volume, outlet'
discharge capacity, spillway design capacity, construction eost, ete. -
were all based on the collected data, as it was not poss:ble to check'
these data durmg the study pemod .

Prellmmary Database Summary (Water Resourees Inventory SurVey) |
of the above data was incorporated in the Interim Report and submatted to



FMWRRD and agencies concerned for checking and verification of their
accuracy, and the Water Resoureés Inventory Survey (Vol. Three) was prepared
by additional and’ amended data submltted by FMWRRD and agencles
concemed R :

Dueto lack of data in the respective ag‘enmes some portions of the dam
data under the Water Resources Inventory Survey could not be cOmpleted

' Thereby, it is strongly recommended that necessary survey for the existing dam

dimensions to be carried out and to check and complete the lacking data.

In addition to the NWRIS, the JICA Team has carried out sité survey
of a number of existing and proposed dams and their river eonditions and
studied problems and needs related to planning, design, construction and
operation and maintenance of dams. As a result, countermeasures and basic

plan for prOposed dams towards the year 2020 have been formulabed

Possm:hty of the inter basm water transfer prOJects to be proposed by

 FMWRRD was also studied preliminarily in accordance with the site survey.

4.2 SALIENT FEATURE OF DAMS

A.2.1 Natural Condition at Damsite

(- Datriéite Topography and Geology

* Dams in Nigeria are mostly planned and construtted at the: sites

- where rivers flow down on very gentle slopes and in undulated hilly areas.

Damsite and reservoir areas are mostly situated in devastated area without

~vegetation, causing easy erosion by heavy rainfall, which brings about large

amount of sediment transpOrt Only damsites and reservoir areas in the

‘séuthern regmn are covéred thh dense forest

| 'Darnéites' are geol'Ogically 'seléctéd ‘on Basement Complex Formation

consnstmg of granite and covered with thin overburden and: ‘weathered rock.
: --Although dam foundation consnstmg of fresh and consolidated granite rock has

enough bearing capacity to suppOrt dam body and appurtenant struclure and
presénts less permeability, the foundation covered with weathered rock or -
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formed with rock including. crack and fissure presents high permeability.

Overburden lymg on rock formation is formed with coarse sandy materials
W1th0ut cohesion and presents considerably high pelmeablhty Darsitesat the
Sedimentary Formation consisting of sand stone and shall along the Niger and
Benue rivers and in the southern region, however, present less permeablht.y in
their foundation, because those foundations are covered with i 1mperv1ous clayey
and sxlty material, ' -

~ Construction materials of carth and rock 'for fill dams are sufficient
and easily available at hilly area surrounding damsite. It is rather difficult,
however, to find i impervious earth materials for core zone in fill dams, as the
carth materials are generally composed of coarse and no ¢ohesion property.
~ Sufficient impervmus materials are usually found at damsnes lymg on
sedimentary formation,

Damsxt.e runofl' dxfters consnderably in the northern centtal and '

southern région and fluctuates largely seasonally and annually.
(2) Dam'site Hydrology_

Northern Region

Average annual rainfall is as little as 400 to 700,m’m;';Rainfall accurs

in wet season from June to October, Annual evaporation reaches a large value

of 3,000 to 3,500mm of which 70 percent takes place in dry season, River runoff ”
also occurs only in wet _seaso’n and its specific yield is as small as 30 to 100mm
due to less rainfall and high evaporation rate in the river basin area being

formed with very flat topography. -

Central Region'

Region presents moderate . lamfall of - 800 to 1, 200mm whach also

appears only in wet season. Evaporatnon value shows 2 000 to 2 500“"“ of

which 70 perccnt occurs in dry season. River rlmoﬂ' appears largely in wet

season but small runoff exists in some rivers located at the upper river basm. '

The runoff specific yield is evaluated at 260 to 300mm-in-the mountain area
~with rich rainfall and 150 to 200mm at hilly or flat area with moderate rainfall,
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Southern Region

Region presents high rainfall of 1,500 to 2,500 rom, of which 80 to 90%
appears in wet season and 10 to 20 percent in dry season, Evaporatmn value is
as small as 1,500 to 2,000 mm. Rivers have abundant runoffin wet season and
some runoff even in dry season. 'The runoff speclﬁc yield reaches the high value
of 300 to 500 mm. The yield in the Cross river with the highest rainfall of more
than 2,500 min reaches ¢0n31derable hlgh value of 800 to 1,000 min,

ANl rivers in Nigeria, especially in the northern and central region
have tendency to bring about large sediment transport from the devasted upper

‘river basin, Large sediment transport appears in rivers of Anambra State,

because large scale gully erosion has developed in the basin.

4.2.2 Outline of Damsand Reservoirs’

{1) ‘Dam Type and Size

Dams in- ngeﬂa are planned and constructed mamly Wlth ﬁll type
from.wewpomt of topographical and geological condition and available

‘embankment materials at damsites.  Dams are generally designed with low

dam height, long dam length and large reservoir capacity with large reservoir

‘surface area. Size of the exlstlng dams is as. shown in Table 4.2.1 and
'summanZed as follows, . :

- Dam:‘Height- '

ngh dams with helght ofmore t,han 30 in aré only 18 and dams with
helght of 15 to 30m count 142, A number of small dams with height of less than
lﬁm are 97

% D am Length

Out of 126 samples, 45 dams are constructed mth long dam lcngth of

‘more than one km and 32 dams w:th the length of 0 5 to 1.0 km due to wxde
- river wndth at damsate._ '
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Reservoir Capacity

Out of 132 samples, 20 dams have large reservoir ¢apacity of more
than 100 MCM and 44 daris with capamty of 10 to 160 MCM.

Reservoir Area

“Out of 94 samples 12 dams occupy large reservoir area of moré than
100 km? and 36 dams with the area of 5 to 100km?,

{2) Damand Appurtenant Structure

A number of ﬁll dams for wngahon ami water supply is de81gned with
the following structure.

{(a) Dam Foundation

Deep cat-off trenches to be treated by grouting works and backfilled
with impervious material are provided at dam foundatxon in order to prevent
leakage through prevmus dam foundatlon

(b) Dam Body

Dam body is" demgned wnth zone type fill for large dams’ and'
homogeneous type fill for small dam. Filter drain in dam body and relief well at
the downstream toe of dam also are installed to make seepage line lower in the
downstream dam zone, to drain seepage water smoothly through dam body and
to reduce plpmg energy at the downstream toe of dam.

(c) Outlet

 Outlet structure in large irrigation dam mostly Céﬂsists of _in'take
tower, conduit steel pipe in concréte culvert embedded in river bed, and control
valves at the end of steel pipe.. Qutlet structure in small dam consnsts of' drop
inlet, concrete conduit and contro] valve, - .



(d) "SpiHWay '

Spﬂlway structure is desxgned mostly Wlth Ogee type weir without
control gates. - Only some lafge dams with mini- hydropower plant or i’lood
control functlon are desngned with gate control splllway

(3) : "ReServoir Operatibn and Water Use
(a) | Reservoii-' Opei'aiie'n _

Reservoxr operation is camed out so as to reach the full water level in
the reservmr in September stormg wet season inflow appearmg in a short
period from July to September and to cope with the water demand during long
dry season period. Some reservoir water in previous year is to be carried over to
meet the water demand of the following year which may face water shortage
resulling in less reservoir inflow. - Outflow from the reservoirs for irrigation
: and water supply is generally made to meet the water demand at beneficial
area taking into account the water requu*ed for the downstream aréa and river
‘maintenance. However, some exxstmg reservoirs were operated w1thout"

“eareful consideration for the water right at the downstream area.

" (b) - Reservoir Water Use .

Designed active reservoir capacity is generally fulfilled in September
by reservoir inflow during wet season and its water is released to meet the
-Water demaﬂd durmg dry season.

- Avé’i'lable reservoir water for the water demiand, however, is reduced
by evaporation lass from reservoir surface area, storage capacity to be carried
over to next ye'ar,'a'nd downstream water release to the wetland. In this
respect, avallable reservoir water in the northern region for dry season for
irrigatmh and water supply Wl“ be about 40 to 60 percent of the active reservoir
capaelty. L S -

In the central region, avanlable water wnll be more than that of the

mrthern regnon owing to less evaporat:on loss. Available water for dry season
will be 70 to 80 percent of active reservoir capacity. -
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In the southern region, avallable water cc-rresponds to aclive reservoir
capacity, because there are some reservoir-inflow even in dry season and can
compensate for evaporation loss and downstream water release.

The reservoir water of hydropower "dam is fully used at present for
power generation under proper reservoir operation by NEPA. The reservoir
water for irrigation and wate'll"su'pply, however, is currently not used effectively -
due to inéon'\plete irrigation and water su[iply system at service area. In case of
irrigation dams; only 10 to 20 percent of reservoir water is used at present,

4.2.3 Regional Distribution of Existing Dams
‘(1)' Nationwide

Many reservoir dams were constructed in the 19705 to 19803 for _
irrigation, water supply and hydropower purpose “The notable dams with large §
active capacity constructed or under cOnst_ructlon are shown in Table 4.2.2.

Llst outlme and dnmensnon of the exnstmg dams were prepared
through NWRIS and surimarized in the Water Resources Inventory Survey
and their location is shown on Database Map (14) Classification of dams under
- NWRIS followed the international guideline, large dams with helght of more
than 15m and smali dams less than 15 m., |

65 ]arge dams and 95 small clams have been completed or under
construction in the country, and their total active reservoir capacity would be
about 30,700 MCM. Number, and active capacity of the exlstmg dams on
ob_]echVe basisare tabulated below - : '

. Large. o Small . Total.

~ Main Objective s ——
o No 'AC - No " AC No - AC
Irrigation 29 10,800 42 370 71 11,160 o
. Water Supply 30 - 740 53 . 160 83 910
Hydropower . 6 18600 . 0 0 6 . 18,600

Total 65 50140 95 . 630 1'60"‘::'.'306?0 |

Remark; A L. Ach\.e resenrolr capacuy (MCM)
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_ Distribution of reservmr dams in each SHA and Region is shown in
Table 4.2.3 and 4.2.4 respectively. :

(2)  North West Region '(HA,-:I)

Large ir rlgatlon dams such asJ ibiya, Zobe, Bakolorn and Goronyo are
sntuated at the northern tributaries of the Gada Bunshuru, and Sokoto i in the

| Sokoto Rima basin and their total actwe capacity reaches about 1,500 MCM,

which ¢ould tontrol most of river runoff at th_e tributary basins. -Reserveir
water of Jibiya and Bakolori dam is partially used for irrigation area, but that
of the other dams is not being used at all due to incomplete irrigation system in

_ service area. A large irrigation dam of Kubli with the active capacity of 62

MCM is constructed at the Swashi river flowing down to the Nnger and its
reservoir water is to be used for 1rr1gatmn in service area,

In addltlon to the above laz‘ge irrigation dams, dams with small active
capacity were constructed for water supply and irrigation at the northern
tributaries and small tributaries of the Malando and Bambiri located at the left
bank of the Niger. Those dams have mainly water supply function for urban

‘area and their reservoir water is being used effectwely The largest

hydropower dam of Kamgn was construcbed with huge active capacity of 11,600

| MCM at the Niger and under operatlon for hydropower generatmn controlling

abundant runoff of the nger. _

" Although the Gawon Gulbl Zamfara Gulbunka etc large trlbutarles

: of the Sokoto- ana, and small trzbutarzes emptying into the Niger have rich
- “runoff, water resources deveIOpment by dams in these tributaries have not
i progressed § '

(3) North East Re'gio'n (HA-B).

A number of lrrigatlon and watex‘ supply dams have been constructed

m the upper basin of the Hadejia and. thelr total active capacity reaches about
3 000 MCM;-Notable dams are Gari Challawa Gorge, Watari, Tiga, Guzuguzu
_'I‘omas, Jakara, Bagauda, ete..and their reservoir water use has beén

. ¢0ncentrated to meet thc water demand for 1rr1gatmn and water supply inKano
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State. The resérvoir water of Challawa Gorge dam is to be used for the Hadepa
Valley irrigation pro;ect located at Jigawa State.

Those dams, however, have faced water shortage problem due to less
reservmr inflow compared to active reservoir capacity. In addltlon, the wet
land located downstream has also faced water shortage probleimn, as almost all
river runoffin the upper basin have been stored by many dams.

Kafin Zaki dam with huge active capacity of 2,600 MCM has been
planned at Jamaare upper basin, “The dam construction was conimenced at
1981, but has been suspended as the project was considered ecOnmmcally
unsound and also shorta ge of constructlon fund.

If the dam should be constructed. under present reservoir and
irrigation plan, considerable water shortage will take place in the reservoir and
the downstreamn wetland area, because the reservoir inflow at damsite is
assumed at only 800 MCM p.a. on an average, whlch :s 30 percent of aetive
reservoir capacity. o '

" The reservoir inflow of Kafin Zaki dam may be assunied at a large
volume even with the absence of runoff observation in the planning stage. The
reservoir inflow at the damsite is estimated at 1,100 MCM p.a. in the 1980s
based on the observation data at Bunga bridge statlon and the catchment area
rate between damsite and the gaging statlon

~In the other river basins such as Dmgalya, Yedseram Kamaduga :

- Gama, ete,, ther'e isno existing dam except small dam of Alau for irrigation and
water supply near Mldugurl city in the Ngadda river due to Scarcé runoff in
rivers and non-existance of su1table damsite, |

(4) Central West Region (HA-2)

There are 19 large and 13 small dams for ngatlon and water supply
in the region. These dams are m()stly distributed at the upper basms of the
Kaduna and Gurara as well as small rivers at right bank basin of the' Niger,
Notable dams are Kcmtagora and Omi undér construction’ for 1mg‘atmn and
Asa, Kangimi, Suleja and Usuman are under operation for waber supp!y ‘The
~largest hydropower dams of Jebba and Shlroro wnth actlve reservoir capacnty of
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1 ,000 MCM aiid 6,050 MCM respectwely in the region are under full operation

for hydropower generatlon controllmg abundant runoff of the Niger and the
Kaduna. : '

- Although the upper basin of the Kaduna and many river basins such
as the Gbako, Oli, Moshi, Oshin; Ove flowing into the Niger river have rich
runoff and fertile land, the water resources development by dams is not
dormant. ' ' ' '

(5) - Central East Region (HA-3 and HA-4)

‘There are 32 large and small dams for irrigation and water supply and

‘three small dams for mini-hydropower in the region. Those dams are mostly -
situatedin Josin the upper basins of the Gongola.

- Largeirrigation dams of Dadin Kowa with the capacity of 1,770 MCM
and Kiri with 3256 MCM were constructed at the middle and lower basin of the
Gongola respectively. Although the reservoir water of Kiri dam is being used
for 1rr1gat10n of sugar cane plantation, that of Dadin Kowa is not being used at
all due to no 1rr1gat10n system ‘at the downstream service area and no

installation of mini-hydropower plant. -Total active reservoir capacity of
existing dams excluding the above two large dams is only 320 MCM.

Although a number of large tributary basins along the Benue in the

.regwn ‘such as the Kilange, Mayo Ine, Mayo Belwa, Taraba, Deonga,

Shemonkar, Mada, Katsina-Ala have abundant runcff, the water resources
development_by dams has not been pro gramed. e

(6) South West Region (HA-6)

Thér'e are few existing large dams in the region. Only Oyan was
eompleted and Ikere Gorge is under construction for multipurpose of ircigation,

water supply, mmi hydropower and fiood control and its active capacity is 254
- MCM and 6565 MCM respectlstely Oyan dam does not contribute to irrigation
‘at preéent due to incomplete {rrigation system in the service area, but
‘contribute to the water supply _and flood control for larges urban area of Lagos
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Four large and 26 small dams for irrigation and. water supply in
addition to the above Oyan and Tkere Gorge are distributed at trlbutary basins
in the northern plateau of the region. Those dams have. mostly water supply

function to a number of urban areas being scattered in the region. Although
those dams are constructed with small active capacity of two to five MCM, they
have function to supply sufficiént water to service area, because rich runoff is

-available at damsite even in dry season, Many dams have functmn of diversion
dams to raise up the water level of rivers during dry season, '

Although a number of urban area demandmg domestlc water is
expandmg in the region, there are only a few existing dams for water supply.
This is due mainly to the delay of water resources development.

(7) South East Region (HA-5 and HA-7)

bxnstmg dams for irrigation and water supply are very few and areof -
small scale like diversion dams. There are no need for urgent water resources
development by dam,  as there are abundant ramfall and river runoff in- the
region. The region, however, has a number of urban areas and many fertile
~ agricultural lands which require domestic water and.dry season: irrigation
water thereby number of small scale reservoir dams in tributary basins will be
required in future, '

4.3 PROBLEMS AND NEEDS
4.3.1 ‘Existing Dams and Reservoirs

160 dams are constructed or under construction, and their total active
reservoir capacity would be 11,200 MCM for 1rr1gatlon 900 MCM for water
supply and 18,600 MCM for hydropOWer Although réservoir water in
hydropOWer dams has been used fully carrymg out proper reservoir operatmn
and hydropower generation of 1,900 MW, the water for 1rr1gat10n and water
supply has not been used effectively and its water using rate is only 10 to 20
percent, due to the absence of reservoir operation rule and non- completlon of
water distribution facl lities in the service area, o
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In addition, some existing dams have deteriorated and have defects
from viewpoint of dam safety. Tli'e'n‘laj()r problems and needs for the existing
dams and reservoirs are described as follows:

(1) Insi‘lfﬁcient ReserVOir Inflow against Active Reservoir Capacity

Some of large 1rngatlon dams in the northern regmn are constructed o
wnth large active réservoir capacily as compared with reservoir inflow. The
reservoir of these dams could not be filled to their designed full water level at

- the end of wet season: due to less reservoir inflow and ¢could not meet the

planned irrigation water demand for the_service area, In these dams, the
reservoir water use plan shall be reviewed by the reservoir operation study.
Otherwise, the irrigation area set up in the original plan will always suffer
from water shortage problem during irrigation season owing to insufficient
reservoir water. The existing irrigation dams having preblem of less reservoir
inflow is as shown in Table 4 3 1 asa result of the survey made by the JICA
Team.

The reservmr mﬂow to the Kam_u hydropower dam has decreased, due

' mamly to the decrease of the white flood from Nigeria'sown river basin and the

black flood ﬂowmg down from the other country of Mali and Niger. The white

- flood has decreased by Sahlian drought and affected by the irrigation and water
“supply pro_]ects at the Sokoto-Rima basin, while the black flood decreased not
“only by Sahllan drought but water resources developments in the Niger upper

~ basin in the territories of Mali and Niger. As a result, the river runoffat Jiddre
- 'Bode station located at the upstream of Kainji dam decreases to 25,100 MCM
_p ain 19803 from 34, 100 MCM in 1970s,

'l‘he water use allocatlon for the Sokoto-Rima basin and Kanjl dam

.'-'shall be set up in l'uture between FMWRRD and NEPA, while the water use
' agreement for the nger black flood also shall be established among N:gerna

and the other countnes, othermse the ‘reservoir inflow to Kainji dam will
decrease year by year, as a result its hydropower generatlon will suffer big

»damage
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(2) High Evaporation Loss from Reservoir Surface Area

In large dams at the northern region, there are high evaporation-losses
from their large reservoir area with high evaporation rate of 3,000 t6 3,600 mm
in Pan- -Evaporation, as a result 30 to 40 percent of reservoir inflow has been
lost and available reservoir water for lrrlgahon and water supply in dry season
is considerably decreased. Evaporatmn losses of the exnstmg large dams are
estimated as shown in Table 4.3.2.

In those dams with high evaporatio’n losses, the irrigation area set up
in the original plan could not be lrngated due to decreasing available reservoir
water. It i$ nécessary, therefore, to review the avallable reservoir water for

irrigation and water supply demand in dry season’ takmg into account
evaporation losses. L

(8) Need of Reservoir Water Release to Downstream'hr'éa'

‘Large Fadama is developed at the downstreamn area of the existing
~large dams in the northern region-and under cultivation using runoff flowing
down from the upper river basin. These areas suffér water shortage, as large
- amount of runoff is being stored by many dams with large reservoir 'cépa'city.
In the Hadejia and the Sokoto-Rima ri_vé‘r basins, water shortage in the wet
land area by large dams causes big social problem, consequently expansion of -
irrigation area in some dams in the northern area is suspended. It is necessary
to study the water allocation at the downstream' area and to release the
allocated water from the existing dams to the area in order to guarantee the
water right of the area and also maintain good envirenmental condition in the
rivers, It is not necessary, however, to pay partlcular attentmn for the
downstream water release: from dams in the river basms which have much
‘runeff in the basin between damsxte and the downstream area

- (4) Unkno_wn'Availabl'e Res‘ervoifWatér

Although active reservoir capacity "is'c_leariy grasped and reserveir
_ inflow is approximately estimated in the existing dams, the available reservoir
water for irrigation and water supply is not known at all in rh'any:'dams,' as
there is no study made in plannmg and design stage, especially for the reservoir
operation study.
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Asmentioned hereinbefore, the available reservoir water is decreased
by less reservoir inflow, evaporation loss and large downstream water release,
etc. as compared with the active reservoir capacity.

The JICA Team studied approximately the available reservoir water
in order to grasp the supply capacity of eéach dam for irrigation and water
supply. The study was made under the following conditions;

“(a)  Active Res_ervo_i_r_ Caﬁacity

A'ctive cap’acitj is in principal considered to -be provided for water
' demand of service area in dry season and to be filled up at the end of wet season
by reservoir inflow. The water demand in wet season is considered to be
covered mostly by effective ram_,fall_:an‘d reservoir inflow in wet season, which is
directly used through reservoir without storage.

The reservoir inflow, however, is regarded as the active (‘:apacity: if the
mﬂow is smal!er than the capacnty, because the reservo:r cannot be filled by the
; mflow. o -

(b) Evaporation Loss

Reservmr water swred up to the full water level at the end of wet

“season’ is decreased by evapératmn losses durmg reservmr operatmn in dry
season, '

(¢} CarryOver Water

Some of reservoir Water correspondinig to 10 to 20 percent of the active
'capacnty is to he carried over to next year taking into account the less reservoir
: mflow in next dry yeat‘. When reservmr is planned with small active capacity
| _'as compared wzth very large reservmr mflow, it is not necessary to consider the
carry over water for next dry year, because the reservoir wﬂl be filled even in
: nextdry year. - : :
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{d) - Available Reservoir Waté# for Dry Season

Accordingly, the available reservoir water for dry season is estlmated as

follows;

Case 1:

The average annual reservoir inflow is mostly same as the active
reservoir capacity ,
active capamt_y (evaporatlon loss + carry over water)

‘The average annual reservoir inflow is less than the actwe

© reservoir capacily.
| © average annual mﬂovi'f - (evapor‘ﬁtio‘n’ loss + carry over water)
- Case 3:

The average annual reservoir inflow is remarkably larger than
‘the activé reservmreapacnty o

available water is the same as the active capaéity.'

{e) Reservoir Water Use

“The downstream release water is considered in accordanée with the

downstream condition such as the water right in Fadama Area,
The water of 10 to 20 percent against the active capacity will be

- released to the downstream area in dry season to serve the private

irrigation in Fadama Area.

Available reservoir water for irrigatnon ahd water supply is

- estimated by deducting the downstream released water from total -

available water estimated by the above (d).

~ The evaluation result for available reservm_r water. in each existing
- dam by the JICA Team is as shown in Table 4.3.3 and 4.3.4.

Suminary of evaluation result isas fo]lox‘evs;

Nationwide avallable teservonr water m dry séason is assumed at
about 5,100 MCM correspondmg to 40 percent of the total actwe
capacity of 12 ,100 MCM. - Although rate of available reservmr_
water against the active capacity in the céntral and southern
region is as high as 70 to 90 percent, the rate in the north east is
considerably low at only 86 percent. The reason for the low rate is
caused mostly by Challawa, Tiga and other dams, which are

_p]anned with the large active capacity as compared with the

reservoir inflow and present high evaporatlon losses.
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- Inthe North West reglon Goronyo and other dains also present the
o low rate in avallab!e reservoir water The major existing dams
“presenting the low rate is shown in the fo]lowm g table.

umt (MCM)

Reservoir © Aclive Evapo-  Available  Rate
_ . . Inflow ~ Capacily Loss Water %
Challawa HA:8 - 460 . 900 130 330 37
L Tiga ;0 . HA-8 910 1,845 270 700 3%
 KafinZaki - HA8 = L1970 2,600 400 860 34
Watari - HA-8 75 93 32 20 - 29
- Goreny - HA-L- 710 933 342 - 344 37
Zebe . RA . 268 70 . 16 104 61

*Avaitable water in the abave LabY includes the downstreatn water felease.
b (5)" Small Reservoir Water Use

In accordance with evaluation of the available reserveir water as
‘shown in ‘Pablé 4.3.3, the available rescrvolr water for iirigation and water
supply on the nationwide basis is assumed at 3,800 MCM and 1,300 MCM'
respectwely, 1f the reserveir could be operated properly The actual water use
for the pubhc irrigation and water supply of the surl‘ace water, however, is only
360 MCM and 530 MCM" respectwely. The water use rate is as low as 10
- percent for irrigation and 40 percent for water supply

The re’asoh’fof thé low rate of thei_ reservéir'wéter uée are éaisToHoWs:

3 R jIncomplete 1rrngatmn system and water supp!y facnllty in service
: area. o -

- Lack of hydrologlcal mformatlon due to the absence of gaging
- station and no continuous observatlon at the stations,

- No reservoir opcratlon study, as a result no rule of reservoir
operatu‘m and unknown available reservmr water,

-"?_No information’ l‘or changmg irrigation water demand during
- {rrigation period due to lack of ¢lose c00rd1nat10n of OM staff
- between dam and service area. :

It is necessary to solve the above small water use prob]em urgently in
0rder to obtain benefit from’ service area, Since it takes a relatively long period
’ to 1mp1emcnt and complete the 1mgatwn system and water supply facnl:ty in

Ky
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service area itis recommendable to release the reservmr water in dry season to
the downstream wetland tentatwely and to serve the pmvate 1rr1gatmn in its
area for quick benefit return from reserveoir wateruse.

(6) Decreasing Active Reservoir Capacity by Sediment Transport

Some of exnstmg dams de31gned with small dead reservoir capaclty
have decreased their actwe reservoir capacity by sedlment transport and lost
their reservoir function. It is necessary in.dam mamt,enance to survey
decreasing active reservoir capacity by _scdmle_nt transport and to review
available reservoir water for the designed water demand in service area. The
dead reservoir capacity in the existing dams was evaluated by the JICA Team

“based on the magnitude of catchment arca and dam life of 50 years as shown in
Table 4.3.5. |

Some dams are des:gned wath the small specnﬁc y:eld of sedlment
transport of less than 100 cum / km2 as shown in Table 4.3.5. It will be
necessary in the dams planned at the devasted catchment area without
vegetation to adopt the specific yield of 150 to 200 cum / km? in the large
catchment area of more than 500 km2 and the yield of 200 to 300 cum / km“’ in
the small area of less than 500 km?,

Where there would be fear that the active capacity would decrease

considerably by sediment transport, the Sabo dam to allow deposit of sediment
~ transport would be required at the upstream river of the reservoir., Forestation
in the surrounding area of the reservoir also Shall be conmdered to protect
sediment transport caused by sheet and gully erosion,

(7) Insufficient Spillway Flood Capacity

Spillway at some existing dams is designed with the small flood
capacity and could not spill flood smoothly and’ safely durmg flood period
Bagauda dam in Kano State and Birnin Gwari ‘dam in Kaduna State were
destroyed recently due to flood overflow from ‘dam crest caused by msufﬁment_
spillway flood capacity. The spe¢1ﬁc yleld of the existing dams was examined
by the JICA Team based on the dessgn flood capac;ty and the catchment area at

“damsite as shown in Table 4.3.5; Ttis urgently necessary in those splllway with
small flood eapacity to expand the overflow crest length of sp:llway :
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As a result of the NWRIS for the existing dams, the splllway flood

- capaclty is unknown in many dams due to non- avax]ablhty of data at the

éxecuting agencies., ‘It is necessary to estimate the flood capacity at the
agencies by measuring overﬂow depth and length- of splllway and by the
following hydraullc formula,

Q "—-"—'._C'L'_H . :
‘Where, Q=Design flood ¢capacity, L= Overflow crest length,
" H=O0verflow depth
- C=Overflow coeflicient; 2.0 for Ogee type
and 1.7 for trapezoid type crest.

8) .'S_eepage_ Through Dam Four_ndation -

Some existing dams suffered seepage problems through dam
foundation, especially in Goronyo dam.::When large scepage water appears,
_dam will collapse by its piping energy. '

The monitoring work of the dam maintenance for the seepage water

- shiall be carefully and periodically carried out with the following method;

- Momt,oi‘mg work by dam instrument and relief well as well as at
the downstream dam slope and toe.

S Drawmg the seepage lme on the dam Cross sectxon drawmgs in
accordance wnth the momtormg result

- Measurement of seepage quantuty at the dam downstream toe and
1ts colour, .

.. -Analysis of seepage line and quantlt,y for abnormal condlt:on as
SN compared with the design criteria. :

o Reportof momtormg result to RBDA main office from ()M office.
(9 Needof Réhébﬂi’t‘aﬁon Works

‘Some dams have the f‘oiﬁlow;m’g'.probrlems in ad&ﬁion to the above
“mentioned in (6), (7) and (8);
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- Gully erosion on the downstream dam slape and dense vegetatwn
and shrub on the upstream dam slope. :

- Sweepmg out of rlprap material on the upstream dam slope by
‘waving energy of reservoir water,

- Scouring at the downstream basin of the outlet and splllway

- Defective portn:m of conerete structure at the outlet and spillway as
~ well asmechanical parts such as gate and valve.

- Dense aquatic weed covering reservoir area and closmg the intake
mouth. :

The existing dams with problems as mentioned above are shown in
Table 4.3.6. Rehabilitation works in those danis are of an urgent ‘néce'ssity in
dam maintenance work frem VIeWpomt of dam safety and reéovery of dam -
funetion, '

(10) - Neéd of Proper Operation and Mainténan‘ce o

Many ex:stmg dams have faced the followmg problems and drfficulty
in their operation and maintenance, : :

- Lack of technieal materials in OM office.
- Lackof hydrolog:ca] statton and data at damsnte

- Non preparat:on of reservo:r Operatwn rule and proper
- maintenance rule. :

Insufficient OM facility and eqmpment in OM ofﬁce
Lack of OM staff trammg

Propér operation and maintenance for dams shall be carried out by the
Guideline on Operation and. Mamtenance prepared by the JICA Team and
shown in Appendix 4-3,

4.3.2  Procedures of Planning, Design and Construction

The existing dams have many problems:és_rﬁéﬂtibﬁédf above.’ These
problems are mostly caused by improper planning, design and construction
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procedures. In this connection, reference is made to para, 12.4.4_“Straf,egic

Issues in Project Undertakings” as compiled in Chapter 12 of Scctor Report.
(1) ?ian‘niﬁg

7 'l‘he feas1b1]1ty study wnth the followmg 1tems shall be reqmred
baswally for dam p]anmng

- "Hydrologxcal analysis at damsnte 1ncludmg ramfall and
évaporation, reserveir ‘inflow, sediment transport, and flood
~capacity for splllway

. "I‘opographical survey for reservoir area thh scale of 1:10,000 and -
‘at damsite with scale of 1:1,600. In addition, the profite and cross
" “section survey along the dam axis.

- Geological survey at dan‘n foundatlon and appurtenant structure
Cosite.

_ .-g' Constructlon materlal survey mcludmg test pits and laboratory
test

- Reservmr plan mcludmg reservon' operatxon study

= Prel:mmary de31gn of dam and appurtenant. stracture including
: drawmgs and quantlty

. :COnstructmn plan and cost estlmatmn

-, OM plan including orgamzatmn, eqmpment and facility and OM
‘cost.’ S S o

- Environment impact sti.ldy

- _Implementatlon program. mcludmg work schedule and
dlsbursement.schedule :

-, Heonomie and financial analys;s and project evaluatmn

- Envirenmental impact assessment for the damsite and reservoir
srea and for the river ﬂow condition after completion of dam.

In aceordance thh the study result of the JICA Team for ‘the

- feasiblhty study feports preparéd by FMWRRD many reports do net mclude
“the study: for the above items and are reconnalssance or pre-feasibility level
“from vlewpomt of the mt,ernational standard Teis necessary to carry out the

proper feasibility study to assess the technical and econom:cal l’eamh:hty and

= env:ronmental fmpact.
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(2)' Detailed Design

Detailed design for dams als6 has not been performed s‘ufﬁciéhtly by
FMWRRD. In some damns, the detailed design for structure has been carried
out by contractor during construction works. Many design variations take
place for structure design, quantity and construction cest'dljirih'g:' ccnétruc_tiOn.
The proper technical specifications and bill of quantity are not iirépa.réd in the
detailed design stage. The following study items shall be mcluded in the
detailed desi gn works for dams. -

- Addltlonal detailed topographical, geologtcal and constructlon_
material survey at damsite. :

- De31gn for dam foundation treatment takmg 1nto account
protection of seepage water,

- .Des1gn for dam standard ‘section from v1ewp0mt of avallable
_ constructlon materials and dam stablhty

- Design of intake and outlet structure to enable the outflow of the
reservoir water to the 1rr1gatmn area by gravnty system.

- Design_ of Splllway analyzmg desxgn ﬂcod capacnty and’ hydraulic
condition, o

. Preparahon of design drawmgs showmg detallcd structure :
dlmensmn .

_ Billof Quantlty classifying the kinds of works in accordance with
design criteria and construetion plan, :

- Construct:on schedule based on construction'plan,

Technical specifications based on desxgn ccndltmn and’ constructwn
method.

(3) Construction Cost

The large dam construction has been carried out by the contractor’s
finance without tender, as a result the construction cost of the large dam is
rather high. The JICA Team has collected the bill of quantlty for the dam
construction of the Challawa Gorge dam wmpleted recently, Kafin- Zakn and
Kawali contracted recently, Kontagora and Kaga_ra under eonstruction and
Rafin Jatau recently proposed by the contractor, and has evaluatéd the
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construction cost as shown in Table 4.3.6, and 4.3.7. The evaluation resultis as
described below;

(a) Challawa Gorge Dam

Although the constructlon ‘cost of Challawa Gorge dam increases by
" the contract variation due to variation of executed quantxty and unit price for
the works, the construction cost for dam embankment is quoted at US$10.4/m3,
which is rather ¢cheap. '

®) .Kaf'in Zaki Dam’

Although dam construction includes the slurry trench works which
-aceounts to high construction cost, the construction cost for dam embankment
is at US$14. 6/m® which is an ordinary price, because the dam cost is
 determined me)stly by the 3arge embankment volume

(c) Kwali Dam

Since the Kwali dam is the large diversion dam with the large concrete
volumie and gates and also the slurry trench works, the construction cost / dam |
cmbankment unit price is as high as US$38.3/m3, Unit price of the earthworks
such as excavation and dam embankment is mostly as same as that of Kafin
Zaki, '

- {d) RafinJatau Dm’n

'l‘he constructlon mst / dam embankment for the Raf’ n Jatau is at
US$22 7/m3 whichisan ordmary price. -

(e) : Kt)‘ntagora Da'm E
The construction cost / dam embankment for the Kontagora dam is as
hngh as US$28.9/m3, because the construction cost includes the cost of canal

“worksi in the service area, The eost/m3 excludmg canal cost is US$23 8 which is
consadered reasonable,
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() KagaraDam

~ The construction cost / dam embankment for the Kagara is at a very
‘high price of US$40/m3, because the construction works have been suspénded
" for a long period and are reopened recently, accordingly some additional cost for
the reopening works is included. In addition the cost for grouting works
accounts to 20 percent of total dam cost due to poor geologlcal condlhon of dam
foundation. The rate of groutmg ¢ost against the total dam constructlon cosl; in
the other dam is about 5 to 10 percent.

() Integrated Evaluation

Dam construction cost/dam embankment in the ordinary dam is about
USS15 to 20An3, when the dam construction contract is concluded under- the
X ompetltwe tender. Dams to be implemented in future should be constructed
by the cOntractor selected. by the competitive. tendermg mcludmg the pre-
quallficatlon of tenderers and strict evaluation of the proposed tender

documents

' (4) ~Large Upward Contract Variation by Quantity Increases

~ Quantity of the works is not classified into the detailed kinds of works
- in the bill of quantity and estimated ambiguously in the eriginal contract, as a

result many and large quantity variations and new works take place during - |

construction and at the final statement stage after completion of works.

In the Challawa and Kontagora dams, quantity for dam _cxcavatioh |
‘and conerete works in spillway. and outlet is considerably increased in the
variation contract as shown in Table 4.3.8. ' In the other dams under
cOnstructi_on, large quantity variation for the earth and conerete works
occurred. The detailed design for dams should be carefully_performed with the
detailed investigation works at the site in order to nlinimiie_’design'and
quantity variations during construction period. -
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4.4 NWRMP TOWARDS THE YEAR 2020

4.4.1. General Strategies and Priority
(1) Needs of -Surfaee Water Res‘o_m'ces DevelOpm’en_t

The surface water demand for irrigation to achieve the food secunty

‘and for water supply to respond to the basic human needs towards the year
-.2020 wnll mcrease remarkably to 16,900 MCM a year comprising of 13,500
MCM for irrigation. and 3,400. MCM for water supply as are described in

Chapters b and 6.

Out of the water demand of 16,900 MCM, 3,800 MCM for the publie
irrigation and 1,300 MCM for water supply could be supplied by the existing
reservoirs in accordance with the evaluation of the available reservoir water as
shown in Table 4.3.3. The additional water of 11 800 MCM, therefore, will be

-newly developed by the proposed water resources development mainly by the

proposed dams towards the year 2020, although some of the water resources

will be-.’develop'ed by primaiy pumping stations and intake facilities which
- could withdraw directly the water from the river without the dam, -

| (2) Water Management_ in Existing Dams

Abundant reservoir water has been developed since 1970s and stored

~jn the existing dams for lrngatlon water supply and hydropower. Although

the reservoir water for hydrbpower has been fully used under well arranged

‘Teservoir management the water for irrigation and water supply has not been
* used properly yet due to itaproper water management in the reservoir and the
‘delay of prov:sxon for the water dtst_rzbutmn facilities in the_ service area.

It isa prereqmsite to mlprove the water management practlce in the

- existing reservoirs which already have. the completed water distribution
- facilities in their dewnstream area and also to formulate the reservoir water
-,operahons plan for the: exlstmg dams, whose irrigation facilities are to be

: develo;)ed S '

: -I'n'-the-_}‘ledejie-‘arid'Sokote?R_ima river basins located at the North
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region, the FMWRRD shall emphasize espec:ally the water resoureces
management in the existing dams with the following reaséns:

- The North region belongs to the seml s’md area and suffers water
Shortage for 1rr1gatlon and water supply. In addltmn the limited

water resources in the region have decreased due to Sahelian
Drought. .

- Many large and small dams wnth total actlve reservoir capacity of
7,700 MCM corr‘espondmg to 65 percent of the natmnwnde capacily
“have been constructed and are under operation or ready for
operation. Those abundant reservoir water has not beén used
effectively due mainly to the lack of proper water management of
+ the reservoir water, '

- {3}  Rehabilitation of Existing Dams

- Some of the existing dams have deteriorated and could not fulfill their
function sufficiently, thus the reservoir water cannot be used properly so as to
meet the water demand in the service area. In addition, some dams are placed
at dangcrous stage from V1ewp01nt of dam safety. Those dams should be
rehabilitated with high priority. ‘ L -

(4) Implementation of Proposed Dams

. Implementation of the -proposed dams will be e¢ommenced after
completion of the water manag'emént'an'd rehabilitation works in the existing
dams and the water distribution facility works in the service area taking into
account the limited budget for the water resources development in FMWRRD.
The preparatory work of the proposed dam such as the pre-feasibility and
feasibility study, however, shall be commenced and continued in parallel with
the water management and rehabilitation works. '

(a) Region with Pric-rity for thé Prop'os.ed Dams

- The Central and South regions will have the prnonty to de‘velop the
surface water resources by the proposed dams with followmg reason; -

- The Central region has abundant surface water in wet season and
large land resources for agriculture to support the food securlty in
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the country, but its water resources have not been developed yet.

- There are many suitable damsites which would provide large

f storage capacity by medium and small dams in tributary basms of
the region.

- . The South region has the largeSt population engaging in
commercial and industrial activity in the country and requires
huge amount of domestic and industrial water towards the year

~2020. This region also has the high potentlal agricultural area,
cspecially rice cultivation under rich rainfall, fertile soil and
“skilled farmer. The surface water resources development, however,

has not been accelerated as the region is blessed with sufficient
“rainfall and nver water.

Although the reglon has rich water resources in wet season, they
*‘are scar¢e in dry season and their effective use for irrigation and
“water ‘supply is rather difficult without reservoir dams. In the

- region, large surface water resources could be developed with less
investment of the medium and small dam, as only the
supplemental surface water for the rather short dry season are to
be supplied to the service area. Especnally, agricultural
development for rice productwn will gain large benefit with small
investment for the water resources development. :

(b) ngh Priority for Medium aﬂd Sﬁ‘ial'i Dams

_ Although there are potentml for the water resources development by

_ large dams inthe Central regmn the prmnty for the proposed dam towards the
year 2020 will be placed at the medmm and small dam from the followmg
reasons

- Many agricultural areas and villages are extendmg along the small
tributaries in the Central and South regions and their surface
water could be easily developed by medium and small dams (M/S)
with low investment cost. The water resources development by

S Iarge dams is llmlted in the basins of the tributaries.

* - . The réservoir water in M/ S dam could be used for the multipurpose
., of irrigation, water supply, inland fish culture, _vnllage forest,
;recreatlon ate. ln the rural area. -

. Plan and :mplementatlon of M/S dam could be carried out easﬂy
and quickly by RBDA, and its operation and maintenance could
‘also be managed eas:ly by RBDA and w:th the partmpat:on of the
beneficiaries.
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- Immediate benefit return against project investment could be
obtained after completion of the project due to easy management of
M/S famhty and extension service for agriculture by governmental
agencies. :

- Limited budget for the water resources deVelopment shall be
allocated equally to the rural area nationwide .

L Stablhzatmn of the vural economy Whlch is the main objectlve of
- FMWRRD, ‘could be achieved in a relatively short period by job
“creation and i income generatson in the rural area.

- _'anronmental lmpact such as resettlement in reservoir area and
submerged forest and agrlcultu_re land will net exist and even if
there were it would be small

- Trlbutary basms wnl] be placed at the better enwronmenta] '
condition by reforestation surmundmg reservoir and village areas
and by soil conservation of irrigated agrlc_ulture '

- (6) Dmprovemeént of Dain Engineering

* The dam engineering in Nigéria is still placed at low level to carry out
the water management and rehabilitation works and the OM works in the
exnstmg dams, and also to manage the p]anmng, demgn and constructlon for _
the proposed dams. ' '

FMWRRD shall emphasme the 1mprovement of dam engmeermg with
tcnp prlonty, otherWlse those works above mentioned could not be properly and
successfully achieved towards the year 2020, even if sufficient budget for the
water resources deVelopment is provided. '

4.4.2 BMR for Existing Dam,s.

The Balanced Modermzatlon and Rehablhtatlon (BMR) for the
- existing dams will be comprised of the proper water management work to use
the reservoir water effectNely and the repan‘ and 1mprovament Wm-ks for the
dam and appurtenant faclllty to maintain pmper functlon of the resewonr dam,
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(1) Reservoir Operation Study

‘Reservoir operation study for the optimum water management has not
been made at all in many'existin’g dams, thus the OM offices in the existing
dams have no operatlon rule of the reservoir and ¢cannot control adequately the
reservoir inflow and outflow to meet the water demand properly in the service
area. - The JICA Teaw has carried out the operation study for the
representative dams with avallable data for the study and the results are
" describéd below: - '

(@) Methodof Reservoir Operation Study

- Monthly runoff at damsite and monthly rainfall on the reservoir
area are considered to be the reservoir inflow.

Reservoir evaporation loss is estimated based on 70 percent of Pan-
- Evaporation value and reservoir area, 'Sincé the reservoir area is
- varied by fluctuation of reservoir water level during reservoir
: operatmn the varied area is estlmated by the réservoir H-A and H-
Q curve. : : : :

. Desngned active capacnty is adopted for the reservoir capacity,
which generally should be filled up to the full water level at the end

- of wet season. The inflow entering into the reservoir after the full
“witer level is spilled through Splllway '

- - Outflow from the reservoir is estnmated based on the 1rr1gat:on and
- water supply demand in service area and the downstream water to
be released to Fadama area and for river maintenance. That water
©is assumed approximately by the JICA Team taking into account
_“the service area and downstream wetland conditions, because those
‘data are not available in RBDA. . :

. The reservoir operatlon in abnormal dry year wnth ‘the return

- . 'period of once in 10 years may allow water shortage for irrigation

demand, - In such case, the irrigation mtensxty for the next dry

season should be decreased so that the remaining reservoir water

" at the end of prev:ous wet season could be made avallable for
lrngatlon
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(b) Reservoir Operation Result
- The reservoir operatlon result is shown in the Database Drawings (15)
and summarlzed in Table 4.4.1. Evaluation for the operation result for each

dam is described heremafter

“Tiga and Challawa Dams

‘Both dams have large active capaclty of 2, 750 MCM and large
reservoir area of 280 kin2 in total against the less reservoir inflow of 1 370
MCM in total and their reservoir operation bri ings about the following result: -

~ - Evaporation loss from the large reservoir area will redch 400 MCM
- corresponding to 30 percent of the reservoir inflow.

- The publlc irrigation area 0f 38,500 ha could be ;rrlgated under the

condifion of the irrigation mtens:ty of 100 and 50 percent in wet

and dry season respectively. Namely, some 1rngatlon area of 4,000

ha could be expanded in addition the proposed irrigation area of
22,000 hainKanoTand 12 ,600 ha in Hadejia Valley.

- The domestic water Of 220 MCM p-a could be supplied to populat:on
of 2.5 million towards the year 2020 in the Kano dnstrlct '

- The downstream water of 400 MCM pia correspondm g to 30 percent
of the reservoir inflow ¢ould be supplied in’ dry season to the
downstream Fadama area along the Hadejna :

The above water allocation is tentatively assumed taking into account
- the present public irrigation condition, the water demand of water supply in
Kano district and the private irrigation in the Fadama area. ' If FMWRRD
“intends to change the water allocation pattern, it is easy to carry out the
operation study by the operation computer program submltted to the Data
Bankin FMWRRD by the JICA Team, :

Proposed Kafin Zaki Dan'i'

Kafin Zaki dam has large active capaczty of 2,500 MCM and large
reservoir area of 235 km?2 against the estimated average annual reservoir
~inflow of 1,200 MCM and its operation result brings about the f‘ollowmg
problems: :
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- . The evaporatlon loss of 400 MCM corresponding to 35 percent of
the reservolr inflow will take place from the reservoir area.

- Although the irrigation area of 125,000 ha is proposed in:the
‘original plan, the area of 50,000ha will be irrigable under the
condition to supply the downstream water of 310 MCM

carresponding to 30 percent of the reserveir inflow.

It is recommendable, thé,_refore, to review the Kafin Zaki dam project

" from viewpoint of the project economy, because the irrigation project cost will

be more than US$ 8, 000 / ha taking into account the expense for the irrigation

' system of US$ 2 000 / ha in addition to the huge construction cost of more than
US$ 300 mllhon correspondmg to US$ 6,000 / ha under the irrigation area of

50,000 ha

Gor‘d_nvd Dam

Goronyo dam also has large active capacity of 930 MCM and large
reservoir area of 200 km? against the reservoir mfiow of 710 MCM. The
proposed area of 17 ,000 ha in the ongmal plan, however, could be 1rr1gated
under the condltlon of the cvaporation loss of 340 MCM and the downstream

- water release of _1“30MCM ,

) Z'ob:e'Daml

Although Zobe dam has a relatively large runoff against the active

| capaclty, the proposed 1rngatxon area of 8,200 ha in the original plan will be

decreased to 5, 000'16 under the condition of the evaporation loss of 76 MCM and
the downstream water release of 22MCM, because the water of 34 MCM is
allocated for the wabelf supply in Kasina urban area,

cher Ijams

’I‘he other ‘dams could 1rr1gate sufﬁciently the proposed area in the

- omgmal plan, except Watan dam, which could irrigate the area of 1,500 ha as

compared with 1,700 ha in the ongmal plan, Some dams, such as ‘Tomas and
Tungen -Kawa, have the possibility to increase the {rrigation area as compared
with the area in the omgmal plan.
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~The operation study of those dams is made based on the limited
available data at present, and its review will be required by collecting,
surveying and analyzing the input data into the comnputer program of the
opération submitted by t'hi_a JICA Team to the Data Bank.

(2) - Establishment of Water Management in Reservoir
(a) R:'eview of Irrigatirji\ Area Sii:e '

FMWRRD mtends to 1mplément the 1ncomplete lrrlgatlc-n system in
the service avea under the exlstmg irrigation dams in otder to use the reservmr
water effectively and to raise benefit from the irrigated agricultural area. The
proposed nrngatmn area of the existing dams, however, is not set up clearly in
the original plan based on the available reservoir water. The area may be
changed in accordance with the avallable reservoir water to be estnmated by the
reservmr operation study result

It is very 1mportant and nécessary to review the final lrrlgatmn area
size by the reservoir operation study’ prior to mlplementatmn of the n'rlgatmn '
system taking into account the suitable irrigation mtensnty in dry season, its
water demand and downstream release water; otherwnse, the water
management under the implemented irrigation system could not be properly
made due to less or excess reservoir water against the irrigation area size.

) Formulation of Res‘ervoir Opéi'ati_on Rule _'

In order to carry out the prOper water management in the reservoir,
the reservoir operation rule including the reservoir rule curve as shown in
Appendix 4-3 “Guideline of Operation and Maintenance” shall be set up, The
reservoir water will be managed based on the rule curve monitoring l;he.'
reservoir water level to be fluctuated by the inflow and outflow and controlling
the outflow to be changed under irrigation schedule. For the above purpose,
automatic water gage is to he msta!led in the reservoirs with actiVe reservoir
capacnty o[‘ more than 50 MCM and staff gage in the other small reservmrs
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(¢) Establishiment of the New Operation Water Level

The new operatlon water level at the end of wet scason will be
'estabhshed instead of the deSigned full water level in the reservoir with very
large active reserveir capacily against the reservoir inflow such as Tiga,
‘Challawa, Watari, Goronya, ete, because the reservoir will never reach the full
- water level at the end of wet season exceptin a very wet year. If the operation
igcarr ied out so that the resérvoir water level reaches the full water level at the
end of wet season, the large evaporation loss takes place due to large reservoir
surface’ area at the full water level, as a result the potential reservoir water
decreases.

| In accordance with the operation study result by the JICA Team, it is
recommended that the new operation water level at Tiga and Challawa will be

_ placed below four to five meters from the design full water level, Itis necessary
to study the new aperation water level in the other dams with the larger active
reservmr capacity than the reservoir inflow in the northern region in order to
minimize the hlgh evaporatmn loss by reducmg the reservoir arca,

(d) Control of Outflow

Dam OM office shall set up the standard outf’low schedule on weekly or
10 days basis prior to irrigation season discussing with OM office in the service
area, because the irrigation requirements varies with the crop grown,

. In dry SeaSon the reservoir outflow will be made generally based on

© the standard outﬂow schedule due to no effective rainfall. In supplemental

B 1mgatlon atwet season, the above standard outﬂow will be shghtly modified by
effective ramfa]l at the servn:e area and released from the reservoir, otherwise
unnecessary water 1s supphed to the service area. Atany rate, the control of
reservoir outflow is one of the most important water management in the
_reservoirand has to be carr:ed out wnth close coordmat:on of OM office between
dam and servnce area. :

438



(e) Management of Flood through Spillway

It is not necessary to pay partlcular attentlon for management of ﬂood
through spillway in the dams, such as Tlga and Challawa, with very large
reservoir capacity against the reservoir inflow, as the flood will be contro]led at
the large reservoir capacity between the full water level and the new operatlon
water Ievel '

When the dam has very large reservoir inflow against’ the aetWe
reservoir capacity, the flood will appear often after storage of thé resérvoir
water to the full water level in wet season and spill through the spxllway. In
~such dam, it is desirable to set up the operation water level for the flood control,
which will be placed at one or two metcrs below the full water level durmg
August to the beginning of September. Namely the ﬂood appearing in the
above period will be controtled by the’ surcharging capamty between the full |
water level and the flood ¢ontrol operatmn level by releasmg a part of flood
through the outlet or spillway gate. The reservoir will b filled up finally to the
full water level by the rich inflow appearing from the n_nddl_e_ to the end of
September. The flood influence to the downstream area will be mmnmzed by
the above flood control management, The flood control will be required for
dams, such as Ikere Gorge, Oyan etc

(3) RehabilitationWork"sin Existing Dams -

Special large problems are not found in the existing dams from
viewpoint of dam safety except the Goronyo dam, Many exlstmg dams,'
however, have the following deteriorated and defective parts and requu'e the
rehabilitation works to maintain the stability of the dam and appurtenant .
structure and to keep the reservoir function in good condlhon |

-. " Removal of dense vegetation and shrub on dam sl(ipe: '

- Protection for a little seepage through dam foundatlon by
additional toe embankment with drainage faclhty. '

- Expansion of crest length of spillway with: insufficient flood
capacity. :

- Tmprovement of scouring condition at the downstream of the Outlet '
and spﬂlway '
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- Repair of defective gate and valve.
- Improveinentof the deteriorated concrete structure

- Removal of a aquatic weed covermg the reservoir surface area and
~clogging the intake.

- Improvement of access and OM roads

~ Provision of _(éemm'uniéation system for Dam OM office, RBDA head
office, OM office in the service area, etc. '

: ExiSting major dams requiring above rehabilitation works are shown

~ inTable 4.3.6. In addition to the dams as shown in Table 4.3.6, there are many
- dams requiring the rehabilitation works. Accordingly, FWWRRD should carry

out the detailed inventory survey for the rehabilitation works., Those
rehabilitation works will be implemented with the priority under the dam OM

works providi ng su fﬁciént budget.

Goronyo dam has large seepage through dam foundation and is placed
iri'the dangerbus state from viewpoint of dam sal‘ety The dain is constructed on
alluwal p]ain consmtmg of alternate layer of prevmus and impervious

'materlals and large seepage is caused by plpmg ‘action wh:ch break the
-prekus layer _ : '

Although the rehabilitation works are proposed by the slurry trench at

‘the dam upstream toe, the method to stabilize the downstream dam body by the
: counterwelght berm with drainage pipe protected by filter is to be studied from

the following reasons:

o Construction cost of the counterweight berm method will be
* cheaper than that of the slurry trench method.
- '_Large seepage water will be allowed, if the piping energy and

- seepage line at the downstream dam body eould be reduced by the
toe dramage facx]lty. : :

. Large seepage water is ‘collected by the dramage ditch and guided

o to thariver and will be used for the downstream wetlands. For the

L =ab::we purpose, the followmg survey and analysns of dam stability
Sha]l be reqmred o

- o

Survey of the exlstmg seepage lme by mstallmg pl.ezometor at
the dam crest, dam slope between dam crest and toe, and the
“ dam toe
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Measu rement of seepage quantity -

Samp!mg of the undlsturbed material at the the downstream
dam body and its soil mechamca! test.

- Dam stability analysns under the counterwenght berm
(4) Mini-Hydro Power Plant at Existing Dams

Mini-hydro power plants are provided or are o be provided in some
existing irri'tglation dams FMWRRD has to stud'y and implexherit the followirig
items in these power plants in order to get the power beneﬁt by usmg the
reservoir water o

() Reser\roirOperetion‘ |

Irrlgatlon dams are generally operated 0 as to store the reservonr'
inflow in wet season and release the reservmr water for 1rngatlon demand in
dry season, In order to produce the power energy without ﬂuctuation
throughout the year, some of the reservon* ‘water shall be released even in wet
season through the power outlet For thls purpose, the balanced reservoxr'
operatlon study to meet the lmgatlon reqmrements in dry sEasOn and the
power outflow in wet season shall be studied taking into consﬂeratwn the
available reservoir inflow for the reservoir storage and power outflow,

() Bakolori Dam
The operation of power plant in Bakolori dam has been suspehded due

to large leakage through the intake chamber of the power outlet, so that urgent
rehabilitation works are requrred

(© Dadin Kowa Dam
‘Dadin Kowa dam with large-active Capocity'of 1,770 MCM was
constructed in 1988 for the multlpurpose of lrrlgatlon for 38 000 ha and -

hydropower of 34 MW, Such large 1rr1gat:on area, however, is not existing at
the downstream of the dam, and the power plant is not provnded
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“The reservmr is always filled up by rich reservonr mflow and its water
is only released through splllway without utilization.

It is recom'mendable that the dam shall be used mainly for the
BydrOpower purposé and to install urgently the power plant in order to get the
power benefit from the reservoir water use. - Annual power production of
200Gwh could be abtained at least under 34mw plant, and its annual income’
will reach 400 hiiliio:n_ Naira by assumption of two Naira/kwh. If Dadin Kowa
power is produced mainly in dry season, such power will be very useful to
complement the dry season pov.ror in Kainji and Jebba power plant which
su[‘fers from power shortage problem due to decreasmg black flood in their

Yeservoir,

It is necessary to discuss about the hydropower of Dadin Kowa
between FMWRRD and NEPA S

4.4.3 Establlshment of . Integrated Water Management Ru!es in the
North Region -~ o — : o

In the North regron many dams for 1rngatlon and water supply have
been ‘constructed since the 19708 0 supply the reservoir water to the service
area sufi‘ermg from critical water shortage problem and thelr total active
Yesérvoir capacity reachés the large volume of 1, 700 MCM occupymg 65 percent
of the nationwide active capaclty of 12,100 MCM The reservoir water of those |
dams, however, have not been managed effectWely with the following reasons:

. "f_l‘h'e_ac'tive -reserv‘oir ‘capacity of large darn‘s,;such as Tiga,

Challawa, Goronyo, ete, is very -large as compared with the

: 4reservonrmﬂow 50 that the optnmnm reservorr Operatlon rule is not
gsetup yet. -

" 'The reservoir inflow at Challawa and Goronyo will be mfluenced by
the reservoir water use of the dams ‘which are under Opemtlon at
the upstream basin of both dams. :

e _Serv:ce arca“size, imgatron mbensity, 1rrrgatron water demand
ete. under the oxrstmg daris are not clearly set up due to unknown
available reservoir water,

. _Allocatron of reservoir water use to the downstream Fadama area
- arenot studied yet.



- Water losses or side flow along the rwer from the dam31te 1o the
~downstream Fadama area are not, studied yet.

From the above.reasons, studies shall be made to establish the
integrated water management rule.

(1) Integrated Water Management in the Hadejia River -

Although 14 dams including the ]arge dams of 'I‘:ga and Challawa are
constructed in the Hadejna river and their active reservoir capaclty is 3, 000
MCM, available reservoir water will be only 1,100 MCM due to limited inflow
of 1,700 MCM and large evaporation loss of 480 MCM from the reservoir
surface area as shown in Table 4.4.2. The aclual 'iri'ig'ation aréa is o'nly
15,000ha at present agamst the poteitial area of 41 ,000 ha, In addition, there'
are large seepage lossesi in the Hadejia river on the way to the wetlands.

Accordingly the integrated water managementineluding the following
_items, shall be studied in order to use the limited surface water properly in the
river basin and to gain the benefit from the potential service a’rea. L

- Installation ol‘ gaging station at the upstream river of the reservoir
~ to observe the reservoir inflow and at the reservmr to monitor the
reservmr wat,er level.

- -Insta]lahon of gaging station along the Hadejla river l:o momtor
the discharge to be réleased from the reservoir. . :

- Reservon' mﬂow analysns by the runol‘f model. -
- Review of water demand for irrigation and water supply '

- Integrated reservoir operation study for the emstmg reservoirs
taking into account the downstream water _ -

- Rehabilitation plan for the emstmg water dlstnbutmn facihtxes

- River improvement plan aleng the Hadejla rwer to minimize water )
loss :

The detailed study plan for the mtegrated water management is as
shown in Appendix 4-1 and the Database Map (23).
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(2) Integr'ated Water Management in the Sokoto'—Rima River

arge dams oleblya Zobe, Goronyo and Bakalori are prov;ded in the
upper basin of the Sokoto-Rima. Reservelr water in Gomnyo dam is to be used
not only for the immediate downstream service area but also water supply and
groundwater recharge at the area surroundmg Sokoto City. ‘Goronyo reservoir
inflow, however, will decrease by the reservoir water use of Jibiya and Zobe
dams which are located at the: upstream basin of the Goronyo. A part of
reservoir water to be released from the dam to the downstream Sokoto area will
be lost by seepage along the river flowing down the alluvial plain consisting of
sandy previous materials. '

_ 'Accordingly the similar water management study as mentioned in the
above (1) shall be required in the Sokoto-Rima upper basin taking into account.
the reservoir water allocation, reservoir water operation, water loss along the
river, etc.

4.4.4 lm'plementatien of t'he'Prepos'ed Dam Proje('ts .
1) ';_'éeneral

The proposed dam projects with priouty will be studled by the year
2000 and mlplemented towards the year 2020. Mainly, the proposed dam
projects in the Central and South reglons, will be studied, where thereis a great
water resourees petentlal m many tributaries. and large agrlcultural land
under ramfed eondltlen Most of the proposed dam projects will be of the small

~and medlum scale based on the following additional reasons to that as described

~ under para 4, A, 1(4)(b)

- The rate of avallable reservoir. water agamst the aetlve reservoir

- capacity in the Central and South regions is hlgh as 70 to 90

percent due to less evaporatlon loss from the reservoir surface area

and some available inflow in dry season. Accordmgly, the service

area in the region could be larger than that in the North region

~ under the same active reservoir capacity, Namely the irrigation

o project in the Central and South regions could be implemented with

. the less dam investment cest per ha as compared wzth that in the
B North région, _
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- 'The reservoir area of the medium and small dam s mostly located
at the tributary basins which are not developed yet and have no or
less resettlement problem as compared with that of the large dam,
Namely the project 1mp1ementat|0n could be easﬂy and qulckly
commenced.

- Irrigation canal system under the dam could be easﬂy and qmckly
~ implemented and managed properly by the béneficial part:c;patlon
“under the technical guidance of RBDA, bécause the service area is

located at the immediate downstream: of the damsite and its
_irrigation canal capacity is as small as 0.5 to 8.0 cuni/sec.

~ The reservoir water to be devél(')péd by the medium and small dawm
projects could be used for the multipurpose as explain below, béecause the dams
are located near the service area and their reservmr water could be managed
easily by the water user in the service area. '

Irrigated agricu!tﬁre for ﬁeld Craps.
- Domestic water supply for rui'al inhabitant

- Drinking water supply for livestock by village ponds to be provnded
along the irrigation canal and near village.’

- Provnslon of fish ladders and other passage ways for fish movement.

- Fish culture and garden crop 1rr1gatlon for Vegetable by the above
village pond

- Village forest such as orchard surroundmg \nllage by usmg the
' ‘above pond water, :

- Reservoir forest surrounding the reservmr area to harvest fuel
wood for village inhabitant and to prevent sednment transport
caused by sheet and gully erosion,

- Mini- hydropoWer for rural elécémﬁcatlon if there are sufﬁment
reservoir inflow and water head.

- Recovery of agricultural land in the wetlands located at the
- downstream of damsite by the flood cOntrol functlon under the
large reservo:r area. '

-The JICA Team proposes- tentatwely the guldehne for the size of
mednum and small dams to fulfill the above mentxoned purpose as follows in
accordance with the study result for’ topographical and hydrologncal conditions
at ‘damsite and the past expenence of the JICA ’I‘eam in the other develc;pmg
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countries, where a number of medmm and small dam projects were plarmed and
implemented.

’siedlum Dam Small Dém

Catchment Area _ “5010 300 km’. " léss than 50 km?
. Dam Height C15to25m below 168 m
*- Avérageé Aetive Capacity - - 35MOM 5 MCM
Maximum Active Capacity 50 MCM 7MCM

“Tributaries in f)lateau' and flat plain in the Central and South regions
have gentle river slope and could obtain large reservoir capacity by the low
dam height as shown above ‘

: 'I‘he study of the implementation of the proposed dam projects has been
made mainly for irrigation and water supply dams as described below; because
their water demand will reach huge amount towards the year 2020,

(2) Identification of Proposed Dams towards the Year 2020

The JICA Team has 1dentlﬁed the proposed dam for irrigation and
water supply towards the year: 2020 ‘with the following method taking into
account the priority of the medium and small scale dams.

(a) Collectlon of‘ Map

Althou gh the JICA team has tned to collect the map with the scale of 1

. to 250,000, 1 to 100,000 and 1 to 50,000 during the field work in Nigeria, only
60 percent of the nationwide map covering the 1mportant river basin for the
‘water tesources development were collected as shown in the Database Map (4).

o) Idéhtiﬁcﬁtion of'thé P'r_o'posed Dams by 'Invemiary Survey R_e*éﬁu

The JICA team has studled the 1dent1ﬁed dams by the inventory
survey Wthh has been carried out by the domestic consultant Those dams are

‘Mmostly 1dent1fied based on conceptioual plan and have no ﬁrm dam dimension,
 The followmg dams in the mventory survey are excluded frorn the proposed
“damsi '
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-~ Dams without dimension or with random dimensions for catchment
area, reservoir area, reservoir capacity, dam length and dam
height, because of impossible evaluation.

- - Dams with height of more than 35m and length of more than
' 3,500m, because of high construction cost.

-~ Dam without damsite location because it is 1mpossnble to check on
the map, :

- Proposed dams at the North East region, because of scarce water
resources to construct the large and medium dams

Although many dams are proposed in the Central-West and the
Central East region, the other regions propose very few dams due to no
identification of the proposed dams by the a‘genéies. The proposed dams by the
State in the Central East have random dimerisions such as small reservoir
capacity against large reservoir area and very high dam, so that many proposeéd
dams are excluded from the identification study. About 50 proposed dams
including the large and medium dams are identified fmally under the
inventory survey result.

(Ic) Identif'ication of Proposed Medium Danis by the JICA ‘Peam

The JICA Team has carried out the site survey of the major river
basins which will have the high potential of the proposed medium dams based
on the map of 1 to 50,000 scale and studied the proposed dams towards the year
2620 w;th the following identification gmdehne

- .Damsne with moderate catchment area of 50 to 300 km on the map |
of 1 to 50,000 taking into account its river average runoff of 10 to
100 MCMp.a.

- Damsite with dam he;ght of 15 to 25 m on the map showmg the
" contour interval of 16m, '

- - Damsite with the suitable reservmr area of 2.0 to 5.0 kin? which is
“measured on the map showmg the contour mterval of 15 m.

- Dams:te with the short dam length of 300 bo 1500 m Wthll also 1s'
measured on the1 map.

- Damsite with agrlcultural lands and vlllages at the downstream or'
surrounding area of the damsite.
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- Reservmr area wnthout resettlement problem such as town, village,
‘road, rallway, ete. '

- Reservoir area and catchment area formed with gentle slope
without steep mountain area which will bring about high peak
flood and large sediment transport by soil erosion,

- Damsite with the potential of the large reservoir capacity by short
dam length and low dam helght '

_ -About 260 pr_opoéed danis mainly consisting of the medium scale have
been identified by the above guideline.

(d) ‘Pr’dpose.'d Smail Dams

It is difficult to identify the praposed small dams with dimensions on
the map of 1 to 50,000 scale. The JICA Team, therefore, will allocate only the
number of the proposed dams to the potentlal river basins by observation of the
map takmg into account the catchment area of 10 to 30 km? which will present
the runoff of 5 to 10MCM and also the distribution. of agricultural area and

vnllage asa resuit 820 umts of the small dams are proposed towards the year
2020

(3)  Distribution of Probosed Dam on the Regional Basis
~ List and outline of the proposed large and medium dams identified

‘by the above mention method is as shown in the Water Resources Inventory

'Survey and lts distribution on the regional basis is summanzed in the Table
4.4.3. '
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TABLE4.4.3 NUMBER ACTIVE CAPAQITY AND AVAILAB[E WATER
IN THE PROPOSED DAMS

‘ ~ S ) - ':’.I‘otal
Ilgms . . E T 3 |

1. Large/Medium Dam _ :
(1) Number 14 0 7439 83 14 41 29

0 . 264

(2) Active Capacity (MCM) 700 2,940 2,090 1,250 340 910 630 0 8,860

(3) Available Water (MCM) 480 2,140 1,460 890 330 830 590 0 6,720

Forlrrigation  (MCM) 430 1,930 1,310 800 200 500 1470 0 5,640
For Water Supply (MCM) | 60 210 150 . 90 130 330120 0 1,080

2. "Smali Dam . 7 . ST
(1) Number 50. 230 110 160 35 100 115 20 820
(2} Active Capacity (MCM) 250 1,160 550 800 175 &00 575 100 4,100
(3) Available Water (MCM) = 150 920 440 640 160 450 520 60 3,340

Forlrrigation (MCM) 135 830 395 575 ‘140 405 465 85 3,000
Bor\Vater Supp!y(MCM)_ Ib° 90 45 65 20 45 65 b5 340
(1) Number 64 304 149 213 40 U141 144. 20 1,084
(2) Active Capacity (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 1,530 490 I, ;280 1,110 60 10,060

~ Forlrrigation . (MCM) ~ 565 2,760 1,705 1,375 340 905 935 55 8,640
-ForWatei‘SUpDU(MCM)' 65 300'- 195 155" 150 375 175 - 5 1,420

' Remark .{1) Rate ol‘avmlable 1mgatmr watec for the total availab [e waterinthe Iarge and medium dams isas
follows taking into account the large water demand for the water supply in the scuth region.
HA-1,2,3and4...90%, HA-5end6---60%, HAT---80%

() Active capacily and availablé waler in the small damsisestimated ag follows;
- Averageaclivecapacily  ~  .......... EMCMpiniy .
-~  Averageavailablewater - ....,,.... 3MCM for HA-1 and 3
. ' 4MCMforHA2Sand4
: s 4 6MCM for HA-5,6,and7 -
- Available ungatlon W af.er _ 90% far the above avaﬂab!e water

North West Regmn

The surface water in the Gada, Bunshur and Sokoto river basins has
been developed already by the existing iarge dams. Accordingly new large and
medium dams except those under planning by RBDA are not proposed in those
basins. The surface water at the Gagere river, however, has not been developed
yet in the north basin and will be developed by proposed dams. The south river
basins, such as the Gulbin Ka, the Danzaki and the Malende, will have

sufficient surface water, and many agricultural lands, and their surface water
will be developed mainly by the medium and small dams, Although the Gawan '
Gulbi and Zamfara rivers will have the potential water resources to be
“developed by the large dams, such development will give some influence to the |
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Kainji reservoir inflow, thus new dams will not be prOposed towards the year
2020. - '

- North East Region

The surface water resources in the Nox th East region is very séarce

except t‘ne Hadejia river which has already many existing dams, In addltmn,
- the la_r_ge Fadama area is expandmg at the lower basin of major rivers, such as

the Diﬁ‘gaiy’a, Ngadda’,' Yedseram, etc., and has used the river water for its
agrnculture land, thus there are less possibility to develop the surface water by

| _dams Only some small dams will be propOSed at the upper basin of the

Yedeseram which has a little rich runoff and suitable damsite for the small
dams. : : ' '

‘Central West Re gmn

_ The upper basin of the Kaduna, the Gbako, and the other rivers, such
as the Oshan, Oshin, Awan, ete, flowing into the Niger have abundant surface
water whlch is ot developed yet and also have the large potential agricultural
areas. “Many large, medium and small dams, therefore, will-be proposed

towards the year 2020 in order to éxtend to the irrigated agriculture and to

support the food security in the country. Especially the Oshun and Awun basin
lying on the rlght bank on the Niger, the Galma and Karami tributary basin of

" the Kaduna, and the Gbako basin will have high potentiality for water

resources development by proposed dams,

Central East Region-

-+ Although the abuh_d#nt slnrfa'ce water and fertile agricultural lands
are existing in the Céntral Fast region, the water resources development has
not been camed out exaept the Gongala upper basin surrounding Jos plateau.

Many river basins flowing into the Benue have the potential surface water
‘ deVBlopment and agracultural development by reservolr dams. In accordance

with the study of the JICA Team based on available map of 1 to 50,000 scale,

_ many medivm and small dams will be preposed atthe followmg basins.

." The Mayo Ine and Belwa basin |
‘The Kilange and Hawal basin
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- The Mada basin
- The Shemankar and Ankwe basin
The Katsina-Ala basin

Although the other river basins, éilc’h as the lower basin Of the Taraba
and the Donga, will have the potential for water resources development, the

water resources in these basins will be developed mostly with the large dams.

South West Region

The upper basin of the Ofiki, Ogun, Oshun, Owena, Osse, ete. in the
South West region has abundant surface water. It is rather'difficult to develop
the surface water by large dams due to resettlement problem in the reservoir
area covered with dense population and town. Since many towns and villages
in the region presently suffer from waler shortage for domestic wﬁ_tef supply,
the water resources development for water supply by the medium and small’
dams in the tributary basins will be promoted towards the yearr-_2020; In
accordance with the study on the dvailéble'iﬁap of 1 to 50,000 scale, the upper
basin of the Ogun and Oshun will have the high potential surface water
resources development by the medium and small dams.  The. reservmr water
- will be used not only for demestic water supply but also the irrigated
agriculture mainly for paddy cultivation,

South Easf Region

The river basins in the South East region also has rich runoff to be
developed by the medium and small dams, especially by small dams such as
diversion dams, because some runoff is available even in dry'_Séés'on. The
priority basin by the proposed dams will be as follows based on: the stage of
water shortage for domestlc water and the possnbllity of the proposed dame

- Trnbutary basm of Awka and Omsha area mamly for domest:c
_ wat,ersupply

- Tributary basins of the Abome, Aloma and Aya for the domestlc
and irrigation water SUpply.
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(4) Procedures taken for Identification of the Proposed Dam

" The following study procedures have ‘been taken, in order to provide
 the p‘ro'_p'oséd dam outline, such as the catchinent area, reservoir area, active
reservoir capacity, available reservoir water, dam length and height on the
master plan level,

(a) Inventory Survey Result

| : 'Dimehsfon of the prdpo‘se(-i'.dam shown in the NWRIS has been
checked, based on the map of 1 t0 50,000 scale.

{b) Dimension of the Proposed Dam

Approximate measurements for the catchment area, reservoir area, '
- dam length and height, ete. have been made by the map of 1 to 50,000 scale
with the contour interval of 15m

© .'Reservoir Inflow

: Reservmr mf'low ig estlmated by the catchment area size and the
, specnﬁc runoff yield takmg into ac-:ount the hydrologlcal condlhon in the river
basin where thedam is pmposed :

@ "A@;iv¢'3e§érv¢ir cap'a¢ity_

Actwe reservo:r capaeaty is estlmated by the reservoxr area and
' _effectwe reservoir depth The effective depth is estlmated taking into account
the following condition, -

Dam dead water depth based on the requlred dead reservoir
~ capacity by’ sedlment transport and the low water level to be able to
-+ adopt the gravnty 1mgation system.

= Spillway ‘overflow depth and dam free board from the full water
level of the reservmr S
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‘The following table shows the guidéline for the effective depth,

. . : - Spillway Lo Y
Dam Height Decad Water ) Dam Free . EBEffeclive Depth
(m) Depth (m ~ VOWAPR poaemy T ()
10 40 15 15 3.0%0.8=24
15 b5 2.0 20 . 55X08=44
20 - 65 25 20 9.0%0.8=72
25 . 8.5 26 25 1.6%0.8=92

30 10.0 . 25 25 1.5X0.8=12.0

In the above table, the value of 0.8 in the ef‘i‘ectlve depth is the rate of
dverage reservoir ared between the full water level and the low wabcr level
The active capacnty is estimated approxnmately by multlp]ymg the reservoir
arca and effective water depth :

(e} Avwailable Reservoir Water

" The active reservoir’ ‘capacily estlmated by the above method 13
considered to be filled up in the reservoir at the end of the weét season and to be
made available for the water demand in the dry season A part of reservo:r
water, however, will be lost by the evaporation loss during the reservoir
operation in dry season and carried over in the reservmr takmg into account
the possibility of less réservoir inflow in the nexi dry year. Tn addition, sonie
- reservoir water will be released to the downstream: wetlands and’ rwer_
maintenance in dry season. Accordingly, the actual avallable reservou‘ waber
for dry season is to be smaller than the active reservoir capaczty When dam is
planned al the damsite with very large inflow agamst thé active Capaclty and
with the inflow even in dry season to compensate the evaporatlon loss, the
active capacity will be correspondmg to the avallable reservozr water in dry
season.

Accordmg}y, the avallable reservm.r water IS estlmated taking into
account the above condltlon The aVanlable water in the North region is
'generally 60 to 70 percent of active capaczty due to }ngh evaporation loss and
the carry-over water to the next dry year, while that in ‘the SOuth region will
reach 90 to 100 percent of the active capacity due to avmlable runoﬁ‘ even m |
dry season and abundant runoffin the proposed damsite.
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(5) -Outline of the Proposed Dams
(a) Dam Standard Section

' The proposed dam is planned and designed mostly by the earth fill type
from viewpoint of geological condition, rich available earth material at damsite
and construction cost. The standard section of the proposed dam for dam height
of 10 m, 15 m, 20 m and 25 m is shown in the Database Drawings (24). '

(b) -Typical Size of the Proposed Dam

~ The large and medium dams of 260 units composed of various size are
proposed as shown in the Water Resources Inventory Survey. The typieal size
of the proposed dams is different by topography, potential water resources,
river feature, etc. at the region, The typieal size of the proposed dams is shown
in Table 4.4.4 and summarized as follows on the regional basis.

In the North region, the proposed dams inc¢lude several large dams

‘with the active reservoir capacity of more than 50 MCM, thus the typical size of
the proposed dams is a little larger than that of the other reglon as shown in the

reservoir area of 11 km?, the active capacity of 50 MCM, and dam length of
1,200 m, under damn height of 25 to 15 m. The proposed dams are placed at the

‘damsites with sufﬁclent mflow and their available reservoir water will reach
70 percent of the active capacity. In the Central region;, the proposed dams are

mostly composed of the medium size and their typical size is 7 km? in reservoir
area, 37 MCM in actlvc capaclty and 800 m in the dam length, under the dam
hexght of 25 t6 15 m. The avallable reservoir water wnll reach 80 percent of the
active capacnty under the clamsntes w:th rich runoff. In the South region, all
proposed dams are the nmedium swe with the reservmr area of 4km?, the active

:'capacﬂ,y of 23 MCM and the short dam length of 600 m under the’ low dam

height of 20 to 15 m, The active reservoir capacity will become mostly the

' avallable water due to less evaporatlon loss and some inflow in dry season.

As for the small dams, the typical size is planned wnth the reservoir

| area of 1.5km?2, the active capaclty of b MCM the dam length of 300m under
“thedam height of 15 to 10 in all regnon

The available water',' however, is considered to be 3 MCM, 4.0 MCM
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and 4.6 MCM in the North, Centra] and South region respectwely under the

same active capacity of 5MC“ due to different evaporation loss and avallable
mﬂow in dry season,

(¢) Dam Project Cost

_ Dam construction cost/unit is estimated simply based on 'the'follbwing
method;

Dam embankment volume X average unit price/m?,

"The unit price/m? is estimated at N400/m3 based on the study for the
data in the Bill of Quantity as shown in Tablc 4.3.7 and the prevailing unit
price for the dam embankment in the other developmg countries.

The unit pricelm3 is also studied by the iypica] size dam with the
embankment volume of 250,000 m? as shown in Table 4.4.5.

The unit price of the small dam will be cheaper. than ihat‘of the
medium dams, because the dam construction works could be easﬂy made under
RBDA force account basis.

The dam constructlon cost/unit is estimated by the dam embankment
volume and unit pr:ce/m3 as shown in the following table, )

MediumDam o SmallDam

Embank Unit Pnce Dam Cost Fmbank Unit Price Dam Cost
Volume - Volume _
103md. | ™) C(N108)  103m3 . (N) . (N108)
Conteal Rogion - 200 400 120 B0 - 300 15
entral Region - : o = ' - Cogg
* South Region - 250 flOO .100 7 50 | : .."300 ] ‘ 16 .
' o 200 400 - - 80 50 - 300 15 '

The dam project cost for the medmm dam of 264 umts and the small '
dams of 820 units to be proposed towards the year 2020 wlll be 41 ;000 b]lllon
Naira for nauonmde asshown in the following table;
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_ {unit N10§)
" North  North  Central Central South - South
© Items " West East West  Bast  West East  Total
I HA-1 HAS HA2 HA3M4 HA-6  HA5M
1. Medium Dam o : -
" Number - 14 .0 T4 92 - 41 43 - 264
" Dam Cost/unit (106 N) 120 - - 100 100 80 80 -
Total Cost (108 N) 1,680 0 7,400 9,200 3,280 3440 25,600
2.0 Small Dam _ : : ‘
Number 50 20 230 270 - 100 160 820
_DamCosUumt (IOGN) 15 15 15 15 - 16 .. 1b -
Total Cost (106 N) 750 300 3,450 4,050 1,500 2,250 . 12,300
3. Tatal Dam Cosl - 24306 300 10,850 13,250 4,780 ' 5,690 - 37,300
4. Administrative and _ S p . G
 engineering Cost = 240 30 - 1,030 1,330 . 480 570 3,740
b. ‘]‘otal PrqectCOst 2,670 330 11,9‘40' 14,580 5,260 6,260 41,040
= ' -~ 2,700 300 . 11,900 14,600 5,300 6,300 41,100

(@ Allocation of Dam Project Cost

" The reservoir Wé_ter of the proposed dam is used mainly for irrigation
in the North and Central region, while 40 to 50 percent of the reservoir water in
the South re’g‘_ion#}ill be used for water supply. Some reservoir water also is
used for thé fish culture and mini hydropower. '

The dam pro_]ect cost therefore, will be allocated as follows,

(umt Ni0s)

; Objective NOrth & Central L ‘South Nation wide

- Rate . Cost - Rale Cost Rate Cost
. Irrigation 80 23,600 55 6,400 T3 30,000
Water Supply 15 4,40 .40 4,600 22 9,000
Others . . b 1,500 6 800 5 - 2,100
: Total - 100 29,500 100 11,600 ~ 100 41,100

Remarks' Rate in the above table is atlocation percent for each objective.
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TABLE 4.4.¢ TYPICAL SIZE OF PROPOSED DAM

ii\f*érlh Central . South

o Items - ‘Region ~ Region =~ Region
1. Lérge and Medium Pam _ - S
(1) Number : 14 167 B0
(2) ReservoirArea (km2) | 11 T L _:4:
(3) ActiveCapacily  (MCM) 50 31 .. .23
(4) Available Water ~ (MCM) : 35 27 rgg
(5) Dam Length (m) 1200 . 800 700
(6) Dam Height Sy . S 9515 2515 2015
(7) Dam Embankment Volume (103 m3) 300 250 + 200
"(8) Average Unit Pricefcam (N} - 400 400 - 400 _
(9) Damn Project Cost - (N109) 120 100 80
2. Small Dam _ o _ IR
(1) Number : _ o _ CUsto _ 9250
(2) Reservoir Area (km2) . 15 1.5 1.5
(3) ActiveCapacity  (MCM) - T T SR 5
(4)- Available Water =~ (MCM) + SRR R IR | S
- {5) Dam Length (m) o - 300 300 ¢ 300
(G)IDa'chight {m) . SR 1) 12, 12
- {7) Dam Embankment Volume (103 m3) 50 . 50 B0
(8) AverageUnitPrice/cum  (N) = . . 300 300 . . 300
(9) Dam ProjectCost  (N106) s 1 16
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TABLE4. 4.5  ANALYSIS OF UNIT PRICE FOR PROPOSED DAMS

(1) Medium Dam (Embankment Volume of 260,000m?)

ltems o © Quantity Rate (N) ~ Amount{10°N) ‘R.ez'na‘rk
'(1) DamErnbankment . 250,000 m* 150 31,500 :
_ (2) Dain Excavation " 50,000 m? 5 30 (UX10%
*.(3) Foundation Tréatment LS - 3750 (IX10%
. (4) Spillway Concrete - 2,000m® . 6,000 12,000 ()X 32%
{5) Outlet Concrete . 1,000m® 6,000 16,000 - ()X16%
(6) Outlet Valve .8 . 1,500 (DX5%
D Mlscellaneous _ . LS8 _ . 3,150 ()X 10%
(8) Subtotal LS 68,250 :
(9) General Item s | S 10250 (8)IX15%
(10) Total @)@ R 98,500
(11) Contingeney - = e 11,500 (10) % 15%
Total (10} 4 (11) o | 100,000 |

100,000,000Naira + 250,000m3 = 400Naira/eu.m

(2) Small Dam (Embankment Vo‘fume of 50 0001119)

Ttems. Quantsty ' Rate(N) ) Ambunt(l()’.N) Remark

(1) Dam Embankment 50,000 m® T30 6,500
(2) Dam Excavation 10,000m® 65 - 650 ()X10%
(3) Foundation Treatment LS SR 330 - {(DX5%
(4) Spiliway Works . 450m' 5,000 2,250 ()X 35%
" (5) Outlet Works ... 250m® 5,000 1,250 - (1)X20%
(6) Miscellanesus ' LS | . 650 (11X 10%

7 Subtotal 11,630
(8) Generalltem ~ LS 1170 ()X10%

© Total M+@ 1280
(10) Conlingency : o - 1,900 9% 15%

fTotal @+(10) . 14700
' ) 215,000

B Y- 000\’3&3 + 50,000m = 300Naira/co.m
* Rermarksz © Unit price for smalldamsareé cheaper than that for medium dams d uéto easy conslrucuon W orks which
' L could te executed by RBA's forée account. : : o
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(6) Priority River Basin for the Proposed Medium and Small Dam Package
Program

Although 260 large!medlum and 820 small dam pro;ects are proposed
to be 1mplemented toward the year 2020 as mentioned herembefore, the pre-
-feasnblllty and the feasnblhty study on basinwide will be required prmr to their
implementation in order to examine the balanced allocation of the water
resources to be developed for the water demand and also formulat,e the package -
program of the proposed dams to be 1mplemented with pr:onty. ‘

The proper medium and small dam package program will be
implemented at first as a regional model by RBDA selecting the prmrnty river
basin. For this purpose, one river basin with high priority which will become

the regional model and be 1mplemented by each RBDA is selected with the
following condition s,

Potential water resources, High
- Existing water resourcés'develophlent Few
- Potential medium and small dams, Many
- - Population densnty, ngh
' - Percapita farm land, Large
- Irrigable area hro;ﬁésed, High

- Increase rate of demand for water supply, -
 (Demand in 2020/ Actual supply in 1991), High

- Surfa_ce water withdrawal r’até_ in 2020, :High

- Convenience for the management by RBDA and
the demonstration effect for the other basinsin
similar nature from locational point of view, Good

- Access to the site, Easy
- Mapof1t050,000, Available
- Basin area size for the sti_ldy,' Moderate

17 prmrlty river basins for the pxoposed medmm and small dam
package program have been selected firstly from a number of the river basins
under the above selection condition and their outline isshown in Table 4.4.6.
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The followmg nine river basins are selected as the hlgh prnorlty basms
to be studied by each RBDA.

. Danzaki basin (SHA110) ....... Sokoto-Rima RBDA

- Gbako basin (SHA 214) ....... UpperNiger RBDA
. Awunbasin  (SHA204) ....... LowérNiger RBDA
- “Kilange basi_n - {SHAS801) -....... UpperBenue RBDA
. Katsina-Ala basin (SHA 4052~3) ... 'Lower Benue RBDA
-~ Manu basin (SHAB04) ....... Anambrafmo RBDA
- Upper Ogun basin: (SHA 6022~3) ... Ogun-Oshun RBDA
. Ossebasin " (SHA608) ....... Benin-OwenaRBDA
- Aya basin o '(SHA 702} ....... CrossRiver RBDA

Ma_]or reason to select the above rwer basm is as shown in Table

4.4 and descrlbed below:

(a) ‘The Da‘nzak‘i Basin

‘The north river basins in the North West region have been developed

by the large dams, such as Jibiya, Zobe, Goronyo and Bakolori, but the south

river basins are left at the depressed area without the water resources
development. In the south river basins, the Danzaki basin belonging to SHA

110 presents hlgh population density, sufficient water resources, potential of
- the medium and small dams, and will become the model of the medium and

sma]l dam package program for the water resources de\fe!opment in the south

‘river basins,

' _'(b). -'Gl')aizm‘Basin_"

" The Gbako basin is lymg on the south of ana c1ty where the Upper

54 nger RBDA is located and has the large agncultural area of about 650,000ha

occupymg ‘85 percent of the basm area RBDA also has made preliminary

i "studles on the water resources development by the iarge and medium dams.

Agncultural area extend along many tributéries in the basin and consisting of
fertile sml Many skllll‘ul farmers have engaged in paddy cultwatlon under

’ramfed Accordingly, the water resources develcpment, for 1rr1gat10n pro_lect

NN

sonl and avallable sk:lled farmers
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- The basin also has advantage of beinfg‘ sitnated near Minna city and
the capital of Abuja city which have the large market of é'g:ricultutalr products.

(¢) ‘The Awun Basin

“The Awun basin is located at the north of Irorin city, the State capital
of Kwara, where the Lower Niger RBDA is newly established. Agricultural
area in the basin is 410,000 ha occupying. 60 perceﬁ't of the basin area. The
demand for the water supply in the year 2020 in the basin reaches the large
volume of 118 MCM p.a. : : :

' ;The water resources developmenit mainl_y_by'_the medium dams has
been studied preliminary by the Niger RBDA in the basin including the Oshun
basin. Although Kwara State has many medium scale river basins including
the Awun basin, their water resources have not been developed yet.: The Awun
‘basin is located at the center of Kwara State and its water resources
development by the medium and small dam package program will become the
model in the basins of Kwara State and also the Lower Niger RBDA. The study
-and 1mp1ementat10n of the project will be managed easily as the areaissituated
near IHorin eity. - ‘ . S

- (d) TheKilange Basin - .

. 'There are many potentials for the water resources development in the -
Upper Benue basin. The Kilange, Hawal anid Belwa basins are selected for the
priority basin te be developed by the mediunt and small j}ackénge program: -

Out of the above thrée basin, the Kilange is selected as the hlgh priornty basm
with the followmg reason; N A

. The basin is situated near the Stabe capltal of Yola: where the
Upper Benug RBDA is located. The Belwa and the Hawal is located
a little farther 0ut from Yola clty

_ 'Agrlcultural area in the Kllange occupxes 40 percent of the basm )
area, while that in the Hawal and the Belwa 1s 35 and 25 percent
respectnvaly ‘

. The Kiiange basm is devclc;ped mostly by the medlum and small
‘ dams, while the other basms are mC)stly by large dams '
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e POpu.lation'den.si't,y in the Hawal is as small as 84/km?, while that
- inthe Kilange is 125/km?,

- Rate of ag:ricul't:ural area per population in the Belwa is as small as

' only 0.1 hafcaplta whlle that of the Kllange is 0. 31ha/cap1ta

(e) The Katsma AlaBasm o

' The Lower Ben’ue river basin also has abundant surface water

‘résources but its development has not been progressed yet. Although three

basins of the Katsina-Ala, Ankwe and Mada are selected for the priority basins;

the Katsina-Ala wﬂl have high potential for water resources development by

the proposed dams with the followmg reason, :

- "I‘he basin is located near Makurdi eity, the Berme State capital,
- where the Lowér Benue RBDA is existing. -

- Thébasin has abundant surface water of 21.800 MCM.
- The middle and the lower basin in the Katsina-Ala has the targe
- and fertile agri¢ultural land of 700,000 ha occupying 80 percent of
. the basin area,

o _-':Agrleultural area peér eapxta also is as hlgh as 0, 42 ha as compared
wath the other basins of 0.16 to 0. 22 ha,

.. TIncrease rate of water supply reaches 12 tnmes that of the present
water supply capam ty. :

| _ -"E‘The basm IS located at the cenber of Benue Stabe and its water
~ resources deveiopment. by the medium and small dams will become
the model in the State and the Lower Benue RBDA

) ThéMamuBasin C

The \Iamu basm mcludmg small trlbutary basin surroundmg Awka

: city is selected as the h:gh priority basin to be developed by the proposed dams
~ under Anambra Imo RBDA with the following reasons:

- Many CItléS mcludmg Awka, the State capxtal of Anambra are
- 'scattered in the basin and their population reaches more than 5
o milhon The populatlondeﬁsity alsolsashlgh as 1370»'14::112
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Many cities have faced water shortage probleim for domestic water
supply and require the huge volumé of 50 MCM to be devcloped by

~ the surface water towards the year 2020.

Although agncultural area is as small as 153, 00011a occupymg 35

~ percent of the basin area, the intensive agriculture under fertile

land and ramfed has been carried out.

There is the large potenhal of water Yesourees development by

- smalld ams ma_mly for water supply.

(g) ThéUp;}er Ogun Ba’sin

Although the ex:stmg large dams of Ikere Gorge and Oyan are
provxded in the Upper Ogun Basin, thelr reservoir water is planned to be used
mainly for water supply of Lagos, and other large cities and for agricultural
arca along the Ogun river. The tributary basins of the Upper Ogun, however,
~ have not been developed yet. The major reason to select the Upper Ogun basin
for the water resources development by the medlum and small dams is as

folluws,

Large agricultural area of 1.3million ha occupymg 35 percent of
that in the South West region is dlstrlbuted at the tnbutary basins
of the Upper Ogun, Accordmgly, agrncultural area per capita is
very high as 0.51 ha.

The basin will be one of the most iﬁipbrtahi agricultural
development area to support the natlonal food securlty towards the

- year 2020

The water supp}y demand in the basin in the year 2020 is also very

“high as BOMCM, which is 12.5 times of the present supply capacity.
‘The basin is located at the north area of Abeokuta clty where the

Ogun-Oshun RBDA is existing, accordingly the water résources

~ development will be managed easily and properly by RBDA and

become the model in the Ogun and Oshun river basin,

(h) The OsSe Basin

The Osse basm has the largest populat:on of 4 mllllon in the year 2020
and also the largest agrlcultural area of 460 ,000 ha in the river basins to be
managed by the Benin-Owena RBDA. The domestic water denand at the basin
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inthe yeai-:'2020_ also is as very high as 80 MCM . Aécordingly, the Osse basin

is selected for the water resources devetopment with high priority.
(i) The Aya Basin

Although the Aya, ‘Aloma and Abo Ine basins havé large potential for
water resources development mamly by the medium and small dams, the Aya

‘basin is selected as the high priority basin with the followmg reasons:

- Large agricultu:‘al-lérid of 700,000 ha is existing in the Aya basin,
- while that of the other two basins is 500,000 ha. '

- “The basin has the high potential of water resources development by

“the medium and small dams as compared with the other two basins.

:  ‘There are many fertile agricultural areas and skilled farmers
engagmg in mostly . paddy cultwatton under ramfed in basin,
especially Ogo;a and Ikom arca in the basin.

- The water supply demand i in the year 2020 is as hlgh as 11MCM.

.. Although the Abo Ine basin will have the high potential of the
‘waler resources development and large populatlon of 6 million,
some resettlement problem in the reservoir area will occur due to
' trlbutary basm c0ve1‘ed th‘n dense population and many vnllages

(7) Potential Hydropower Dam

- (5} , Zunge’ni Dam

The ?ungeru hydropower dam is proposed at the downstreqm of the
exlstmg Shiroro hydropower dam in the Kaduna river. The feasibility study
and the detailed de31gn for the Zungeru has been already completed by NEPA

but its constructlon 1s not commenced yet due to the financial constraint,
, 'Zungeru damis planned by the rockf' Hdamand thh the large reservoir area of
| 970 km?, total reservoir capacnty of 29,500 MCM and the power capacity of 950

MW under the dam henght of 118m. ‘I‘he dam, however, will bring about the

. large resettlement and env1romnent problems due to its large reservoir area.
_The above stud__v shall be carefully carried out prior to the implementation of
dam. . .
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In addition the reservoir water could be used for irri gated agnculture
at the downstream agricultural area which are currently under rainfed in the
Kaduna lower basin. The study for the above irrigation project will be required
in order to use the Zungera water for multipurpose.

(b) Katsina-Ala Dam

NEPA also has the plan of KatsmasAla h_vdropower dam m the
Katsina-Ala river. Once the dam was proposed wnth high dam and the large
réservoir capacity to control the abundant runoff of 21,000 MCM, its plan was

“reviewed with the small scale of the active resérvoir ‘capacity of 2 45OMCM and
power capaclty of 440 MW since the reservoir backwater reaches the Camm oon
territory. ‘

The above active capamty is too small to control the huge reservmr
inflow of 21,000 MCM, wh:ch appears mostly m wet season

In accordance with the evaluation for the reservoir operation of the
Katsina-Ala by the JICA Team, the power outflowin dry season will be reduced |
to 25 percent of that in wet season as shown in Table 448, The dry season
outflow will be used only for the peak power. Aceordmgly the Katsina-Ala dam
is not as attractive as that of Zungeru.

Large agricultural area is extending to the downstream of the
- proposed damsite, so that Katsina- Ala dam shall be planned as multipurpose
dam, including the irri gat:on component

(c) Mediuin Scale Hydropower Dam
‘The potential of medium seale hydroooWer dams is found in' the u'pp"e’r
- basin of the Taraba and the Suntai rlver in accordance wu:h the sl;udy on the

map of 1 10 50,000 scale and the reconnalssanee sxte survey by the J[CA Peam.
The conceptional plan of these hydmpoWer dams are as shown in Table 4.4, 9
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- 4.4.5 - -!mplementatien Procedures of the Medium and $mall Dam Package
Program : : '

- Mult;purpx‘)se :

g1 has been abserved that very llttle attention has been given to the
maxlmlzatlon of reservmr water in the existing dams for the multipurpose use,
such as irrigation, water supply and hydropower generation. As for the plan
and implementation of the proposed medium and small dam package program,
the multlpurpose concept shall be introduced. - The medium and small dams-
will be nnplemented mostly for irrigation and water supply, especially at the |
dam projects in the South region which require the large water supply demand
for urban and rural area, For the above purpose, the fo]lowmg attention shall
be paid for the formutation of dam plan.

(a) Coordination between RBDA and State Agencies

_ " The water supply piah is generally set up By the water supply agencies
of the State government. RBDA shall coordinate with the agency and discuss
the followings prior to formulation of dam plan: '

L Ser'vice pe;').ulation-and its projecied ivatei‘_ demand.
.. Intake point of raw water for water supply and intake facility such
as pumping station, L
- Raw water conveyance route to service avea from dawmsite.

~. . Operation and'maintenanee after completion of the project.
(b) Project Cost Alioeatioﬁ

It is necessary to: allocate ‘the multipurpose dam prolect cost for
E nrrlgatlon and water supply between the RBDA and the Water Supply agency of
‘the State Dam project cost wxll be divided into lrrlgatlon and water supply in
' \'prepOrtmn to their water demand,: The pumpmg station to w:thdraw the raw
water for water. supply and. the outlet structure for- 1mgatmn water is to be
shared by cach prejecl; reSpectwely The operation and maintenance for the
- dam will be carried out by the RBDA; thus, its shared cost for water supply also
sha’ﬂ be allocated to the RBDA. When dams are used for the other purposes
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such as mini-hydro power generation, the dam construction and OM costs shall
also be allocated through discussion with the concerned agency. -

- For detailed procedures, reference is made to para. d) “Cost Allocation
in Multipurpose Water Resources PrOJects" as is compiled in (3) of para. 12.3.2
of Chapter 12, ‘ :

(2) Master Plan or Pre-fe‘asibiliiy Study

. 'The master plan or pre-feasibility study for the river basins by the
proposed medium and small dams will be earried out at first on the map of 1 to
50,000 scale and by the site survey in the basm The following items are
approxlmate survey and study; ‘

- Existing water resourceés development.
- Potentialsite to be developed by the ntedium and small dams.’

- Present status of socio- economy, agriculture, water supply, etc. in
" the service area, : :

- Tc)pographlcal geologwal and hydrologlcal condntlons at the
damsite, o

- - Problems and needs at the servnce area related to agriculture and
water supply . :

> Avallable runoff at the damsne and water demand in the service
areq, -

- Outlme of dam and reservmr

‘Outline of service area such as the 1rr1gatton area and serwce _
population for water supply.

The accessibility to site for further study.

The detailed scope for the study is described .in Appéndix "4_—2
“Guideline for Planning of Medium and Small Dam Package Program”, After
formulating the package program, the trlbutary basin with: prnor:ty is selected
for the feasibility study. Tributary basin w1th priority will consist of 1,000 to
2,000 km?2 and include more than 10 proposed dam.
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@ Preparato‘r'y Work

. Prior to the feas,lblhty study, the following preparatory work will be
carrled out : - _

Preparétioﬁ of the map of 1:10,000 at the priority t.rib'utal.'y basin;‘
- Installation of gaging station and undertakmg of hydrologncal
observation,

(4} Feasibility Study

Feas:blht,y study w:ll be made at the priority trlbutary basin in
accordance with Guideline provnded as Appendix 4-2. The package program for.
the mediunt and small dams to be nnplemented shall be worked out in the

 feasibility study. - One- package program will ‘be implemented in about five
~ years and budget scale of 600 to 800 million Naira, which will cover the

medium and small dams of 10 to 156 units and irrigation area of 8,000 to 10, 000
hain total.

.'(5) '.Inipleménta"tion_ .

The detaﬂed design and construction will he carned out as shown in

 the followmg table:

1st 1 2nd | 3¢d 4th | bBth

{n F_irstPackiag'e ~ 3~bdams
(2) Second Package  -do-
(3) Third Package  —do-

= Detailed Design = moezame Construction {2 years)

* The implementation of the package program will be made by RBDA’s

‘in-house engineering staff on force accountor by employing the consultants and
‘the contractor on contractual basis, It is recommendable, however, that the
“small dams shall bc unplemented by RBDA prowdmg their enginecering staff
‘and constructlon equnpment to minimize the construction cost and promote the

beneficiaries’ participation to the project. If the standard guldellne for the -

"_desngn and constru(:tmn for the small-‘dams is prepared by FMWRRD, their
1mplementatnon could be managed by RBDA without difficulty.

463



4.4.6 Study of the Inter-Basin Water Transfer Project’

* The following four inter-basin water transfor projects are pf_bposéd in
an attempt to increase the patential water resources in the areas where ¢ritical
water shortage prevails,

(1) - Outline of the Project
{a) Dindima Basin Water ‘Transfer Project

The project aims to transfer the Gongola river water to the Misau’
basin located at the upper basin of the Dingaiya and to supply 1rrigatlon water
to the service area in the Komadugu- Yobé basin which suffers severe drought,
According to the Dindima Transfer Planning Report prepared by Dnyam
Consultants (ngerla) the pro;cct outline is as follows: |

Pmposéd Dam .

Dindima dam is -pl‘Opos’ed at Dindima stte in the Gongola river to
control a bulk runoff of about 2,000 MCM per annum in the Gongola river and
to transfer the water of 900 to 1,000 MOCM to the Misau. Misau dam is planned_

as diversion dam to rcgulate the transferred Gongola water Followmg 1s a
brief outline of both dams '

Item -~ . Dindima . Misau ..
~ Catchment Area - {km?). 9,500 2,300,
- Annual Average Inflow ~ (MCM) S 2000 ¢ 240
Reservoir Surface Arca  (km®) - 235 L 10.8 e
Active reservoir Capacity - (MCM) - 2,500 .40
Damlleight . o). 4% o 14
Dam Lengih {m) : 5,100 . 2,400

~ Water Convevance'l‘un_nel :

Long water conveyance tunnel from the Dmdnna dam to the Mlsau o
basm is required as follows: ..

=AiternatiVe,I, Dmdnma to Misau by dwect transf‘er DR
- Tunnel length of 61.7km wnth clnameter of 6 4m-
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Alternative II, Dindima to Misau via Bishi regulating dam

- Tunnel length of 17.6kin with diameter of 5.5 m
from the Dindima to the Bishi.

“Tunnel length of 31_.8km _thh diameter of 7.0 m
from the Bishi to the Misau.

Prbposed Irrigation Area

About 100,000 ha along'the downstream of the Komadugu-Yobe,
(b) Hawal Basin Water Transfer Project

'The project is planned to transfer the upper basin water of the Hawal
to the upper basin of the Ngadda and to use the transfer water for lrngatmn
- and water supply at the downstream area of the Ngadda.

The Hawal dam with the dam height of 28 m and the reservoir
capacity of 480 MCM is proposed at the conjunction point of the Hawal and the
Kolongelen. Since the detailed data related to the project were not available for
the project, the JICA Team carried out the site survey at the Hawal basin and
the preliminary study on the map of 1 : 50,000 scale, and it is to be noted that
the project will require water conveyance tunnel of 8 km from the Hawal upper

‘basin to thé upper tributary. basin of the Ngadda, will also reguire large
reservoir area of 60 km? which will accelerate the evaporation losses of the
. reservolr. ' - '

(&) Gurara Basin WatérTransfér_Préject

“The project is ‘plan‘n‘ed to transfer the Gurara water to the upper basin
- of the Kaduna river in order to increase the hydropower generation for the

‘emsting Shiroro dam and the prOposed Zungeru dam. The project also aims to
: 'supply domestic water to the Capital area’of Abuja. The project outline based
' "on Fatmin Consultant Federal UmVersnty of Technology, Minna in 1992, is as
~ follows; ' :

Upper Jere Dam

| The Upper Jere Dam is proposed at the upper Jere site of the Gurara
*river w1th the followmg dimensions:
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Catchmentarea = = 4,'0001':1'112 :

~ Annual average runoﬁ‘ 3,000 MCM
- Active reservoir capacity '3',00(_} MCM
Dam height . 60m
Dam length  59km
Water supply to ¥, C. T 355 MCM (In 2000) - -
Transfer to Shiroro 1,600 MCM

Releases to GuraraFalls - 100 MCM

(d) Zamfara Basin Water Transfer Project

The project aims to ‘tran'sﬂia_r the Zamfara water to the Sokoto river and
to supply the supplemental wateér to the service area developed by the existing
Bakolori dam and the surrounding Sokoto district. Anka dam is proposed at
the Zamfara river with the reservoir capacity of 950 MCM. The pro;ect study,
however, is stlll at cenCeptmnal level. . N :
(2) -Q POSsibility_bf the‘Water Transfer Project
(a} The Dindima Water Transfer

Although the downstream area of the Komadugu-Yobe river has
suffered large water shortage, the Dindima water transfer project will not be

recommendable due to the estimated huge construction cost for the water

conveyance tunnel with the length of about 60 km. The tunnel construction
cost will be about 12,600 million Naira based on the following assumption; .

- Tunnel section area of 30m? with the diameter of 6m,

+ Unit price of 7,000 Naxralm3 including excavatwn, concrete. lmmg
- and also access tunnel and shafts of more than 10 umts i‘Or
constructlon with long distance tunnel.

- ‘Tunnel cost, N7,000 lm3><30m3/m><60 000m- 12 600 mnlhon Nanra :
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(b) The Hawal Water Transfer

The proje‘ct maj.ri be feasible, as the tunuel length is about 8 km which
will be constructed without access tunnel from both ends of the inlet side and

“outlet side. ‘The construction cost of the tunnel will be about 720 million Naira

under the following ¢onditions:

- Diséharge capacity, 20m3 /sec
- Annual transfer water, 500 MCM :
- Tunnel section area 15m? with the tunnel diameter of 4.4 m
. Unit price of N6,000/ m? without access tunnel :
- Tunnel cost ; N6,000 /m3X 15m3/m X 8,000m =720 mllhon Naira

Tt is recbmmendable‘-to carry out the fealsibility study of the project

towards the year 2020 taking into considération the following items:

- Avallabie water to be transferred shall be determined based on the
hydrological study at the Hawal basin and the water allocation to
the downstream area of the prOposed Hawal damsite.

- Dam wnth sma]l reservoir area to minimize the evaporatton losca
For example, the alternalive twe dams at the Hawal and at the
Kolongelen damsites which is located at the upstream of
conjunction point of both rivers. Two dams could be eas:ly

- -conmected with the opén chantiel, : -

Preparation of the map"éf 1:10,000 seale for the study.

- Geological mvestlgahon at the ‘damsite and a]ong the tunnel
' ahgnment '

© Tﬁédmaré wéter'rransféi- |

The Gurara water transfer will be techmcally and economlcally
feasnble It is not recommendable, however, to commence the project
implementatmn towards the yeéar 2020 because of the fo]lowmg reasons:

- ' Huge cOnstructmn cost wnll be reqmred

. Domestic water for FCT will be sufﬁciently supphed by the exlstmg
dams of the Umalsha Sulejla, etc tawards the year 2020
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{d) The Zamfara Water Transfer

Itis also not recommiendable to 1mplement the Zamfara water transfer
project towards the year 2020, because the Bakolori dam will have sufficient
water to cover its irrigation area and the water for Sokoto distriets could be
~ supplied by the proper water management of the existing Goronyo dam. |

4.4.7 Implementation Program
(1) The Integrated Water Management Stﬁdy in the North Re’gio’n

The water management study in thé North region shall be carried out
by the year 2000 together with the implementation of the incomplete irrigation
and water supply system in the service area under the existing dams, - -

The water managémént'study period will be three years including
‘installation of gaging station, nfdnitbriﬁg df ‘the actual 'résef\'rbir operation,
measurement of water loss along the rwer and formulatlon of the water
management rule s ‘

The water management study for Hadepa basm shall be commenced
ﬁrst and followed by Rima basin. The ¢ost of the water- management work is
estimated at 50 million Naira for each basm ;

(2) Rehabiiitation'wOrks at the Existing Dams

Rehabilitation works at the existing dams will be carried out under
the dam maintenance works by OM office. The works also are planned o be -
completed by the year 2000, The rehabilitation cost is estimated as follows;

(@) Ordinary Reh'ﬁbﬂitﬁtioh Wo'rk's'by'the },’réar 2009

The rehabilitation works for 50 dams correspbndmg to about 30
percent of 160 existing dams wnll be requlred with aVerage cost of 5 mxlhon :
Naira/ unit '

ElmlhonNalraXﬁOdams 250m:lhonNa|ra o
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(b} Rehabilitation Works of Goronyo Dam by the Year 2000

"I the counteriveight berm method for the rehabilitation works is
adopted, the cost will be as follows:

- 'Elnbaiiklnént:‘\"!olume
Unit area: 5bm X 20m = 100m? fm
100m? /m X Dain Length of 3,000m = 300,000m?
- Cost '
N 350 /m® X 300,000m? = 100 million Naira
~“where, N 350/ m? includes the cost for drainage system -

(©) ‘Rehabilitation ivo’rks.éf Talet Chamber at Power Plant in Bakolori Dam by

the year 2000
: 50 million Naira

(d) Improvement of aceess roads, commumcatlon syst,em and OM l’acnlltles
- 100 mllllon Naira

(&) Total Cost((a}+(b)+(©)+(d) 500 million Naira

(3) i PrOpoééd Dalﬁs i

The master plan and feasnblllty study for the prwnty river basm
mcludmg many potential medium and small dams will be made firstly by the

- year 2000 The study for the other basin will be contmued toward the year

2020. The 1mp1ementatlon of the proposed dam, therefore, will be started after

" the. year 2000 The proposed dam cost is 41,100 m:lhon Naira composed of
3, 800 nnlllon Nalra for the admmistratlon & engineering, and 37,300 million
‘ _-Nalra for: constructmn

: (4) Implementatlon Schedule

The 1mplementatmn schedule for the dam pro_]ect bowards the year

: 22020 n-s. i)lanned as follow3'
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* (Unit: 10° Naira)

ltem 1996~ | 2001~ T 2006~ | 2011~ [ 2016~ [ ..
R 2000 | 2005 | 2010 | 2005 | 2020
1. Work Schedule o ' '
(1) Waler Management
{2) Rehabilitation |
(3) Propésed Dam : : .
Master Plan & Feastbility Study —— - —= ' :
_ Implementation 7 —mmj__—-_-— _
2. Cost Schedule : o f - . S
(1) Water Management 100 100
{2) Rehabilitation 500 o 500
(3) Proposed Dam . - c o
Admmislratwn&Engmeermg ~200| -800] -200| ‘900] ‘t000| 3,800
Construction -1 ‘6500] s8500| 10000]| 12,300| 37,300
Subtotal = - 200| 7,300 9400| 10,900] 13,300| 41,100
total | soo| ,300] 9,400| 10900] 13,300 41,700

4.4.8 Environmental Management

The NWRMP Study has demonstrabed that it is mconcewable that a
systematic environmental impact consideration was carned out for any of the
dam and reservoir projects, and a]so pointed out that the water and
environmental quahty monitoring is a very n_eglected and unecoordinated
“aclivity in these large social investments that may greatly change thé pre-
- existing envxronment The environmental problems and impacts of dams are -
detailed in para. (1) of 11.2.2 in Chapter 11, and the matters related to the
réservoir fi shery, the interception of fish movement up and down the stream,
and the disturbance of various riverine ecosystems mcludmg the wetland
fishery are described in paras 10.1.4 and 10.2.2 of Chapter 10.- And, ‘the
watershed deterioration that is progressing at an alarming rate and may lead
towards the reduction of reserveir life span and the enlargement of dam

spillway capacity is examined in paras. 7B.1.1 of Chapter 7 and (4) of 11,23 of
‘Chapter 11.

The environmental protectnon and conservation of natural resources
related to the watér source works projects should be'made as an mbegral part of
development, and the objective enwronmental impact asscssment should be
considered as a pre-requisite for the approval of development plans and projects
from the beginning of any pro;ect eyele. In addlticm, an mtegrated
environmental monitoring, evaluation and feedback are essentlal to ensure the

'4:70



	CHAPTER 3: WATER RESOURCES AND MANAGEMENT
	Appendix 3D

	CHAPTER 4: WATER SOURCE WORKS
	4.1 General Background
	4.2 Salient Feature of Dams
	4.2.1 Natural Condition at Damsite
	4.2.2 Outline of Dams and Reservoirs
	4.2.3 Regional Distribution of Existing Dams

	4.3 Problems and Needs
	4.3.1 Existing Dams and Reservoirs
	4.3.2 Procedures of Planning, Design and Construction

	4.4 NWRMP Towards the Year 2020
	4.4.1 General Strategies and Priority
	4.4.2 BMR for Existing Dams
	4.4.3 Establishment of Integrated Water Management Rules in the North Region
	4.4.4 Implementation of the Proposed Dams Projects
	4.4.5 Implementation Procedures of the Medium and Small Dam Package Program
	4.4.6 Study of the Inter-Basin Water Transfer Project
	4.4.7 Implementation Program
	4.4.8 Environmental Management



