7C.2  Problems and Needs on Control Works

'7C.2.1  Existing Control Works and Post-Control Mainténance

Nu:nbers of emstmg and proposed eroswn control pro;ect,s on state

- basis, recorded by JICA-NWRIS, are listed in Table 4, 1 and 4. 2. However, the

data are still insufficient to properly assess each project,

| Problems observed in the course of JICA-NWRIS can be summarized
as follows; | | |
1. Lack of consideration for geology, hydrology and hydraulies in
‘planning and design.
Inadequate budget allacation for construction works.

Improper construction schedule, particularly wnth respect to
~ timing of types of work for the dry and the wet seasons.

4, Lack of ¢consideration for material selection and distribution
systems, ' '
b, Inadequate procedures and budget provisions for OM.

6. Lack of agronomlc cons:deratlon for revegetatmn
‘ :_' Probiems of selectéd projeots_are de_s‘cfibe(i below with some &etails;
a. Ankpa Eroswn Site (Kogn)

The Ankpa Antierosion Project, in the State of Kog: commenccd in
1980 and the first phase of the erosion protoctlon programme was completed in
19856. Gullles were deVeloped along roads wnth a finger -like pattern between
houses. The first phase programme mcluded constructlon of two 2 m-high
check dams, followed by protectlon Works agamst rainfall runoff covermg
sedlment ﬁlled gulhes, with cobbles and concrete., The protectlon works appear

tobe funchonmg at the present time since progress of the gullles has not been
,‘observed The, second phase of the pro_lect. was. started in 1985 and IS still

_contmumg, _compnssng dram mstallatlon and plantatlon for protectmg the

: _exxstmg probection structures. The present problems observed or anucxpated
- are;
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1. The check dams are being démaged and require repair before the
damage progresses.

2. Slit drams whlch have been mstalled at the foots of the check
dams to reduce groundwater pressure do not appear to have a

sufficient capacity for draining groundwater during peak periods,
which may lead to destruction of the check dams.

3. The entire protection structures appeai‘ to have been poorly
maintained. It is ¢bserved that rills have already started forming
along the newly installed drains. :

4. Top soils are hardened due to agglutination as a result of
weathering process under the tropical humid climatic ¢conditions
and are unsuitable for plants to take root, '

b. Madonna Erosion Site (Anambra)

The Madonna Project, in the State of Anambra, comprises a sizable
check dam, 8 m high and 15 m wide, to trap sediments washed out from a large
gully, However, the foot of the check dam was scoured away by rainfall runeff
flowing over sediménts that had filled the dam. The damage was. apparently _
caused by the poor design lacking. consideration for hydrologwal and hydraulnc
conditions, A serious defectis observed in the desngn of the dramage system, in
partlcular it has insufficient capacity for draining rainfall runoff, A plan to

construct a new check dam, has been suspended and is being completely
reviewed.

c. Umuchima Erosion Sit,e (Imo)

Large gullies, with sizes of some 26 m in width and around 3 m in
depth, initiated along a read be&de the Ferdinand Group Companys rubber
factory in Imo State in 1982, and expanded widely within a short period in 1987
when a drain under the road 'cdllapsed The g’ro"tmd consists of Cretacesus
Sedimentary rocks vulnerable to erosion. Three drains were installed after the
collapse of the previous drain but w:thout taking account of the requ:red
capacity for draining ramfall runoff Accordmgly, these drains collapsed again
in 1988 and the gullies further w:dened and deepened threaten{ng the
foundation of the factory.
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d. AparaTown Erosion Site

A landstide, with dimensions of 140 m in length, 80 m in width and 40
m in thickness, occurred on a slope beside a road in the central part of the town
of Apara in the State of Abia on an occasion of heavy rainfall in September,
1992, The surface of the landslid_e, ‘consisting: of tropical red soils with .a
significant amount of silt, was covered by gmelia trees for protection after the
incident. A protection work program is planned and is now being implemented,
comprising terracing, revegetation and_p'roiéction wall construction in order of
'~ the work procedure. However, the program appears to be inadequate for the
following reasons; (1) the protection walls should be constructed prior to the
revegetation, (2) the terraces should be slightly tilted so as to make rainfall
runoff flow easily over the terrace surface and to prevent it from infiltrating
into ground as much as possible and (3) bore-hole drains should be installed to
drain groundwater in érder to prevent the landslide mass from further
movement; - '

e. Eben Erbsion Site (Abia)

Excessive rainfall runoff overflowing from the drainage system of the
. town of Eben in the State of Abia, has formed, a gigantic active gully with the
 present size of 30 m in width, 18 m in depth and more than 3 km in length,
opening its mouth to the Mmugi River. The ground is covered by brown, fine
grained soils. An erosion control project has been planned and is now being
implementéd, consisting of (1) installation of an adequate drainage system in
the town, (2) covering up the gully with earth after installation of dr_ai'ns' atits
bottom, (3) construction of a check dam at its mouth. The installation of the
‘drainage systeiﬁ has been eompleted. However, the construction of the check
dam has been suspended due to budget constraint during installation of the
“drains." The installed drains are at risk of collapse, being left w1thout care.
! Although the progress of the gully appears to have been slowed in its upstream
reach in the proximity of the town, it is still expanding in its downstream reach.
If the project is left as it is, the present situation will worsen, which may
require a complete revision of the project.
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f. Enugu-Ukwu Erosion Site (Enugu)

‘A gully with a size of 30 m in width, 35 m in depth and several

kilometers in tength, is protected by seven 8m-high check dams and a number

of groundsels at an interval of 300 m, at the Enugu-Ukwu Gully Erosion Site in
the State of Enugu. However, the side walls have been left unprotected and are
providing a ¢onsiderable amount of sand which has almost filled up the dams.
The entire protection system appear to be loosing its proper function, and is in
need of review, '

g. Obollo-Afor/Iken Erosion Site (Enugu)

Agully, 10m widg and 6 m deep, has evolved over a distance of some 3

km for the last two years at the Gbollo-Afor/Iken Erosion Site in the State of '

Enugu, due to the inadequacy of side drains installed along. the road.  An
erosion control project is planned and is being implemented by the Anambra-
Iino RBDA, comprising (1) terracing of the gully bottom, (2) installation of
drains along the road and the gully bottom with a sufficient capacity for
. draining runoff, (3) plantation of trees and grass over the terraced surface and
(4) construction of eight check dams. Various hydrologie, hydraulic and
~ geologic conditions have been taken into account for the design concept, which
was though appropriate at the time of planning. : Unfortunately, however, the
gully changed its form considerably due to h'eai.ry rainfall during the wet season
prior to the commencement of construction, As a result, a drastic change in the

design of the structures was required. The actual construction cost is likely to -

overrun the project budget initially estimated at about six million Naira,

Agronomic works, such as plantation of trees and grass, are required
to protect erosion control structures but have been unsuccessful in most cases in
Nigeria, because Nigerian soils are, under the tropical humid climatic
conditions, very poor in nutrition content and 6ften have surface erusts too hard
for plants to take root. '

h. Nnewi 100 Feet Road Erosion Site (Bnugu)
A gully, 30 m wide and 200 m long, has developed at the Nnewi 100

Feet Road Erosion Site in the State of Enugu due to excessive runoff frém the
~drainage system of the town of Nnewi. An erosion contral project, which was
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supposed to be completed by 1991; is still continuing and comprises (1) scraping

_ the side walls of the gully to make the slopes gentler and planting bamboos to

protecl: the walls against collapse, {2) installation of a drainage system in the
town with a sufficient capacity for draining rainfall runoff and (3) construction

“of & check dam at the end of the gully. In the first trial of the plantation,

bamboo failed to take root and withered during the dry season. The second trial
is planned, with watering of the bamboo during the entire period of the dry
season. :

i. Secondary School Erosion Site (Abuja KCT)

Gullies are dévt_aloped in the close proximity of a secondary school in
the southern part of Abuja FCT, where sheet erosion is also serious. Erosion
protection works commenced five years ago. Drain construction and turfing
have béen completed to date. The drains have a sufficient capacily to drain
rainfall ranoff. The turf has successfully taken root even in tropical red soils

‘with sufficient watering during the dry season. Maintenance of the protection
structure appears to be carried out satisfactorily. As a consequence; no notable

damage has been reported recently.

]

j.  Akwdo Erosion Site (Imo)

‘Many- gully erosion control facilities in Nigeria are not functlonmg

satlsfactorlly due to inadequate OM, An erosion control project was completed

for a gully near the Akwdo Secondary Technical School in the State of Imo,
three years ago. The control works include installation of side drains for a road
near the school, filling the gully with earth and plantation of gmelma trees for
probectson The design of the control works seems to be adequate. However,
mamtenance has been neglected since the completion of the construction, since
no orgamzatlon responsible for the maintenance has been decided. At the
present time, sediments accumulatmg in the side drains are lefs undredged. As
a results, new guihes have been formed at the edges of the drains and require
immediate protection works against their expansion. .. |
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7C.2.2  Procedures of Planning, De'sign' and Control Works
(1) Lack of Initial Action

Most erosion control works have been carried out to prevent medium
sized gullies from further expansion. 1t is almost impossible to restore those
gullies with such extraordinary size as observed in the States of Imo and
~Anambra. Therefore, it is important to take appropriate countermeasures
against expansion of gullies at their initial state. The carlier the stage of gully
erosion is, the casier is the protection against its advance. “As repeatedly
mentioned, gully erosion is mostly taused by' regional and uwrban infrastructure
development lacking adequate consideration for soil degradation. At the

‘present time; neither precaution against initiation of gully erosion nor
prevention of its expansion at an early stage is taken, unless its adverse effect
or damage becomes apparent.

It is hec_:essary to assess the country's susceptibility to guliy erosion
and to recognize the present status of ex'is_ting gully erosion sites on the same
standards, in order to plan and design appropriate gully erosion control works.

(2) Engineering Factors for .Planning and Design

The following basic information is- reqmred to plan and desngn gully
erosion control works in general; -

Hourly rainfall intensity records.
Precise topographic maps. _ : :
Hydrologte, hydraulic and geologice charactenstlcs
Nature of top soils and vegetation.
Availability of appropriate plants for revegetatlon

" Availability of construction materials.
Present life style and land uses of inhabitants.

- Future plans for inl‘r_a‘sfcructure development,

*

- I

It is essential for the design of a drainage system with an adequate
draining capaclty to estimate the maximum runoft‘ rate based on the peak
- rainfall intensity for a certain duration within an appmprlate return period
and on the catchment area concerned with the gully erosion site, ‘One of the
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problems is that sufficient rainfall intensity records may not be always
available in the proximity of the project site.

The hydrologic, hydraulic and geologic characteristics of the terrain
are necessary to determine structures of erosion control facilities. The amount
of groundwater is dependent on permeability of top soils and underlying rocks,
and also on water retention and transpiration of surface vegetation. Plants for
'revegetatlon to protect the structures are selected according to the nature of top
soils, 50 as to be able to firnily take root.

It will be an advantage in reducing construction costs, if construction
materials such as aggregates are available locally. It is also desirable for the
entire erosion control program to take account of the present life style and land
‘uses of the local residents and the future requirement for the infrastructures.
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7C.3 NWRMP
7C.3.1 Gully Erosion Restoration Works
(1) Inter-Government Coordination

* Causes of gully erosion are rather complex butare largely attributable
to soﬂ and vegetation deterioration, and other surface land disturbance due to
madequate regional or urban infrastructure development. Therefore, various
Federal Ministries such as the FMWRRD, the FMANR and the FMWH and the
State agencies are concerned with restoration of gully crosion sites. The
Department of Soil Erosion and Flood Control in the FMWRRD is réesponsible
for the coordination of gully erosion control in terms of civil engmeermg works,
and it is urgently required for this Department to establish appropriate
technical guidelines and criteria for gully erosion control and restoration works
~in cooperation with the relevant Departments in FMWRRD which has the
mandatory responsibility to enforce the 1993 Water Resources Decree. It may '

“be recommended that the gully erosion protection, control and protection
should come under a central unit in the FEPA which may be called the Federal
Gully Control Coordination Unit and should take the part of a technical
secretariat to the Sub-Committee on Erosion and Flood Control of the National
Committee on Ecological Problems. |

Gully erosion is the immediate concern of local residents and hence of
State Governments or LGAs, creating regionally hazardous problems. Urgent
action should be taken by State and LG Governments in order to restore
existing gully erosion sites under proper instruction and surveillance of the
FEPA. Execution of actual restoration works may be commissioned to RDBAs
including the feasib'ility study, detailed’design_ and construction supervision.

{2) Tmprovement of Gully Erosion Control ’l‘échnology
Construction of an adequate drainage system is one of the
fundamental works not only to protect existing gullies but also to prevent

occurrence of gully erosion in association with roads and other su'rface
structures. :

.56




It is observed in many drainage systems in Nigeria that their
capacities are either insufficient or unnecessarily oversized for draining surface
water runoff. Ifa drainage system is found to be insufficient in its capacity, the
system is reconstructed accordingly. An oversized drainage system is, as a
matter of ¢ourse, unéconomic.

- Also observed in Nigeria are a number of drainage systems without
proper foundations. In some cases, no foundations have been installed, simply
because of unav'a'ilébility of construction materials such as aggregates.
Naturally, such systems last only for a short period. '

As mentioned in the last paragraph of the previous section (7C. 2.
2(2)), fundamental hydrologic parameters which are required for design of a’
drainage systems are the peak rainfall intensity and the catchment area
concerned with the system. Therefore, a long term rainfall record and a precise
topographic map are indispenisable. Information with respect to physiographic,
hydraulic and gealogic characteristics of the terrain and nature of the top soils
and the vegetation are also necessary to determine or estimate the total
- capacity of the drainﬁge system, number, dimensions, shapes and arr‘aligement
of individual drains, foundations and other accessory facilities, and amounts
- and kinds of necessary construction materials. Details of a design procedure for
a drain are deseribed in Appendix 7C-1. ' |

- Another major work for gully erosion contre! is construction of check
dams or ‘Sabo’ dams. The same parameters as for a drainage system should be
taken into account for design of check dams and associated facilities. Side walls
of a gully reguire protection against collapse or mass-movéement such as
~ landslide. Groundwater drains or weep holes should be installed at the bottoms
- of the check dams or the protected side walls according to an estimated amount
of groundwater based on the total rainfall of a single event and the

permeabilities of topsoils, underlying rocks and sediments filling the gully.
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As indicated in an example al the Akuwado gully erosion site (para.
7C. 2.2), lack of adequate maintenance leads to occurrence of new gullies and
destruction of erosion control facilities, even though planning, deSLgn and
construetion have been earried out satlsl'acbonly‘ Improvement of the present
maintenance practices for gully erosion control facilities should be approached
~from the following two aspects; one is to make clear an organization or institute

responsible for the mamtenance and the other, to establish civil engmeermg.

standards and codes for maintenance procedures. It is understood in Nigeria
that the mamtenance of erosion control facilities is the respon51b111ty of state
governments or LGAs. However, the mambenance is neglected, in most cases,
due to inadequate budget provisions. ‘There are certainly no appropriate civil
engineering standards and code$ for maintenance in Nigeria at the present
time. Minor defects in the facilities or minor gullies can be identified at an
initial stage by periodic surveillance of the facilities on the basis of the

appropriate civil engineering standards and codes, and can be easily repalred or

restored with minimal cost.

As aforementioned (para. 7A. 2.2), gully erosion and landslide (a type
of mass-movement) are different in mechanism of their causes and. require
different approaches for prevention or protection against the:r oceurrence.
However, advanced gullies, particularly with steep side walls, are vulnerable to
landslide as well, depending upon hydrologie, geomorphologic, and geologic
characteristies of the terrain, The combination of gully erosion and landslide
expands gullies rapidly and ultimately forms gigantic gullies as observed in the
States of Anambra and Imo. Once a gully grows to an extra-ordinary size, it
becomes almost impossible to prevent its further expansion, In addltlon asa
gully grows larger, sediments produced by erosion increase and are carried
downstream in river channels which deteriorate as a (:'Onseq"uence'. Therefore,
itis important to prevent a gully against its expansion at an early stage.

- As above explained, véribu_s problems are involved in technologieal

improvement for gully erosion control works as practiced in Nigeria at the

present time. All the existing and proposed gully erosion control projects
should be reviewed on the basis of the above-mentioned technological aspects.
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(3) Guidelines and Criteria for Planning, Design, Construction and
Surveillance of Control Works '

Site investigation is indispensable to collect necessary information for
planning, design and construction of gully erosion control works. Data for the
following items should be collected in the conrse of the site investigation;

10

Gully Characteristies:

Plan area

'Length depth and width

Density of rills

Associated landshdes, if any, their lengths, thicknesses and
widths

Detailed topographic map of the gully and its 1mmedlate vicinity

{1 to 2,000 or larger as néecessary)

Nature of sediments filling the gu]ly (Si'zes and kinds of
fragments, amount of clay, particle size dlstrlbutlon)

Catchment Area Characteristics:

- Plan area

.Peak rainfall mtensnty and seasonal fluctuatmn of rainfall and
" temperature (records for at least five years)

Végetahdns and land uses (types of plants or crops, are covered by
vegetation and land uses).

Detaited topographlc map (1 to 5, 000 or larger as necessary)

‘SBurface streams and springs (runoff rates, water quality)
"Top Soil Charactenstlcs '

Type

Hardness or degree of agglutm ation

B Partwle size dlstrlbutlon

Thickness |
Relation with plant species
Permeéability -

‘Bed Rock Geology:
: Lithology . _
':-Macrostructure (stratlficatxon faults thear att:tude and nature)
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 Microstructure {joints, fractures, their attitudes, density and
nature)
‘Degree of consolidation
Compressive strength
Intensity of weathering (am'(')unts and kinds of ¢lay minerals)
" Geoteclonic map of the catchment area (scale correspondmg to the
topographic map).
5. Geographic Characteristics:
| Location of roads, residences and other surface structures
(distances from the periphery of the gully)
6. Others: _
- Timing of initiation of the gully
Timing and damage intensity of past incidents such as landslide
Location of construction ihatérial sources (aggregate quarries)
- Plan for infrastructure development in immediate future (roads,

highways, power lines, reservoir dams and other surface
structures)

Based on the data collected as abo.ve,' the follbwing principal civil
engmeermg parameters can be decided for plan and des:gn of gully erosion
famhtles,

1. Types of work required; ex'éav.atic'm, baék;ﬁllillg,' sandbag piling
fencing, drainage systems, check dams, hillside works, terracing,
plantation and other auxiliary works. '

2. Dramage System: types, cross- sect:on areas,_length
configuration, foundation works, construction maternals (kinds
and amounts) and other: necessary factors

3. Check Dams: type (gabion ¢concrete, or others), numbers,
dimensions (length, height, width), shapes, slit drains (numbenrs,
length, diameter, mtervals), ¢onstruction materlals (kinds and
amounts) and other necessary factors. :

4. Hillside Works: slope gradient, length and helght constructmn‘_

- materials (kinds and amounts), groundwater drains (numbers,

intervals, lengths and diameters of boreholes) and other necessary
factors.

5. Terracing: areas and heights of terrac:e.:é,! ﬁuﬁiber of steps,
©* configuration, types of terrace retalning wall (wooden, concrete,
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rubbles or others), constructlon nntenals (kmds and amounts)'
and other factors '

6. :-“-Plantatlon Spec:es of‘ plants types of plantatlon (spray nursery
bed, turnmg or others), areas of plantatmn sml m\provement and
other necessary f: actors

~ A construction schedule should be carefully prepared, taking acceunt

“of (1) numbers 'ah_d kinds of required engineers and laboreérs, (2) duration of

each type of':\'vorks,'(S) eritical paths (4) availability of equipment and
materlals (5) chmatlc and t,erram CO“dlthnS, and so forth, The climatic
condltlons are sometimes very critical in Nigeria, because heavy rainfall

_ durmg the wet season may conmderably alter the shape and other

characterlstlcs ofa gully Itis ad\nsable {o monitor the gully for any change in
its state, before the commencement of and during the progress of the

* construction, so that modification of the design and the construction schedule

can be made whenever necessary. In executlon of the construction, the critical
path {s the most 1mportant aspect for insuring smooth progress and saving
unnecessary expend;ture

_ ’I‘he constructlon cost can be estnmated accordmg to the above civil
engmeermg parameters and construction schedule. If the construction affects

- the surroundmg residences or mfrastructures costs for relocatlon or mdemmty

may be necessary to be mcluded asa provnsnon ' The constructmn cost must be,

-once estabhshed authorlzcd and secured as a budget for-a LGA or state

g‘oVernment concerned. Suspension of the construction work due to an
madequacy of budget as cases for some instances, will result in wursemng
gully erosion situation.

' After the cc-mpletlon of the constructlon itis,as a matber of course,

~ necessary to monitor the gully for the change of its shape and charactenstlcs

and also to mamtam the erosion control facilities in appropriate condition.

--‘Partwularly, in case that a gul!y is Stl]l at an early stage and requir¢s as only
: mingr Control vmrks, usmg gabxons wlre sausages or other hght structures,
: surveﬂlance of the facnhtles is |mportant to identify damage to the facilities at
‘; 1ts 1mt1al stage and to repaxr it w1thout delay because these l:ght control works
‘-are temporary in nature and are easnly damaged by ordmary erosion agents.
J ,However, it is noteworthy that thomugh survelllance is effective to keep the

:c0ntrol faclhties in apprOpnate cdndltmns for & satlsl‘acwry period and to
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minimize maintenance.” Regardless of whether the facility is temporary or
permanent, careless surveillance will lead not only to destruction of the facility
but also to acceleration of the progress of the gully. As aforententioned, it is
essential for satlsfactory surveillance and mamtenance, to establish
appropriate civil engineering standards and codes. -

(4) Plan Implementation _Progfam

JICANWRIS has reported a total of 618 gully erosion sites as shown
in Table 7-3. However, neither numbers of nor areas affected by gulhes are
indicated for States, such as Sokoto, Kebbl Kaduna, N:ger, Lagos and Rivers,
where gully erosion is apparent. ‘The total number of gully erosion sites may
well come elose to 1,000, Severity of damage by or urgency for restoration of

each gully has not been well documented except for the notorious ones in the _
State of Anambra

Therefore, the first step is to identify and characterize ¢ach gully
erosion site for its severity of damage and urgency for réstoration, including
anticipated areas, number of residents _and extents of infrastructures affected
by the gully. Restoration and erosion control works :s'hduld__be p]énned and
designed according to the results of the identification and ¢haracterization.
Some gullies of extraordinary size may be impossible to be réstored
immediately or controlled and may require evacuation of residents and
relocation of infrastructures depending on the degree of their severity and
urgency. ' | o . ' '

Types and amounts of restoration and erosxon control Wm‘ks are
dependent on the nature of gullies. From a civil engmeermg pomt of view,
gullles can be classed mto six ranks as follows; -

Rank 1. -Sin‘iple'excavatiﬁn and plantation, -
Rank 2, Piling sand bags or rocks, or fencing at the mouths of
gullies, Installation of drain, Plantation.

Rank 3, Pslmg sand bags or l'OCkb, or foncing at the mouths of
gullies, Filling gulhes thh sands Installat:on of Drams,
- Plantation, . -

‘Rank4; Installation of Drams, Constructmn of Check Dams,
' Plantatxon : . T
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‘Rank 5. Installation of Drains, Construction of Check Dams,
Hillside Works, Plantation,

Rank 6. Installation of drains, Construction of Check Dams, Hillside
Works, terracing, Plantation,

~ All the paramelers as mentioned in the previous paragraph (7C. 3.1
(3)) are necessary to estimate the cost of the civil engineering works for
restoration of gullies of the above ranks.

However, an order-of-magnitude cost estimation has been made with
arbitrary assumptions of civil engineering parameters and unit costs based on
average consumer prices and salary-wage rates of the year 1989 as shown in
the table on the following page. Meanwhile the inflation rates of the years
1990, 1991, 1992 and 1993 have been estimated at 7.4, 13.0, 44.6, and 57.7%
respectively on the basis of the average all-items consumer price indices
(1985 = 100) according to the Federal Office of Statistics (FOS), Taking account
of these inflation rates, the unit costs of the table have been multiplied by 2.77
to estimate the civil engineering costs as of January, 1994, Ten percent of the
total cost has been added as allowance for the miscellaneous works The results
of the cost estimation for each rank are as follows:

Rank 1.

‘Excavation . 13,850 Naira/ha 1ha 13,850
Plantation 1,385,000 Naira/ha 0.02 ha 21,700
Miscellaneous Works | 4,155
Total (Naira) 45,705
~ Rank 2, - :
Sandbag PnlmglFencmg 5,640 Naira/m - 5m - 27,700
Drain Construction 1,108,000 Naira/km ~ 0.5km 554,000
~ Plantation - 1,385,000 Nairaha ~ 0.05ha 69,250
Mascellaneous Works . | | - 65,095
Total (Naira) o | 716,045
Rank 3, .- N
SandbagPlling Fencing 5,640 Naira/m 8m 44,320
- Gully Filling Works 139 Naira/m? 1,200m® 166,800

"Drain'construcuon 1,985,000 Nairakm  1km 1,385,000
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Plantation

1,385.000 Naira/ha- 0.1 ha 138,500
Miscellaneous Works ' 173,462
Total (Naira) 1,908,082
Assumed Civit Engineering Parameters and Construction Costs
Rank 1P 2 '3 4 5 6
Civil Engincering Parameters o
{Naira)
Cross-section Area of Gully (m?) 3 4: .8 - 10 - 20 40
Lengthof Gully () 501 100i 200  500F 10000 2,000
Length of Sandbig-piling/Fenéing (m) N 5 8 : :
Areaof Fxcavation (ha) 1 i
Volune ol'Bac_l_:lﬁli {m?) : 1,200 3 :
Cross-secitori Area of Drain (m?) 05 1 2 ' 4 -8
Length of Drain (km) _ . 1 5 |_o_§._ 20
Number of Check Dam (dam) . : 3 5 . .8
Dimension of Check Dam (H*W*L,m) 3"1’5_5 6"2'102 50*4+20
Area of Hillside Works (ha) : 10 2
.Area ;:d'Terracing {ha) : : : : . : 20
" Area of Plantation (ha) Coozi co0si 0 exi 02! osi 4
Unit Cost (Neaira)asof 198%
Excavalion (1 ha) 5,000 : :
Sandbag-piling/Fencing (1 m) Po2000%  2000:
. Gully-filling Works (1 m3) i s0f - . i P
Drain Construction (1 k) 400,000 3 5000001 6€00,0001 700,000 800,000
Check ljam Constructinn(l dam) : . 25(_],000 § '_320,060 ' £00,060
Hillside Works (1 ha) i 200000 200,000
Terracing (1 ha) : : : : g 60,600
Plantation (i ha) © 5000001 500,0001 £00,000% 500,000 500,000 500,000

Rank 4

Drain Construction 1,662,000 Nairakm “6km 8,310,000
Check Dam Construction 692,600 Naifafdam" 3dams 2,077,600

Plantation 1,385,000 Naira/ha ~ '0.2ha ' 277,000
Miscellaneous Works 1,086,450
- 11,730,950

Total (Nai_ra)
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Rank 5

Drain Construction

Hillside Works

* Plantation
‘Miscellaneous Works

Tetal (Naira)

Rank 6

Drain Construction
* Check Dam Constructlon 1,385,000 Naira/m
554, 000 Naira/m?

" "Hillside Works

" Terracing
Plantation

Miscellaneous Works
~ ‘Fotal (Naira)

1,939,000 Naira/km

‘Check Dam Construction 886,400 Naira/dam
554,000 Naira/ha -

1,385,000 Naira/ha

92,216,000 Nairakm

166,200 Nalralkm
1,385,000 naira’ha

10km 19,390,600

5dams 4,432,000

10ha 5,540,000
065ha 692,500
3,005,450
33,059,950

20km 44,320,000
8 dams 11,080,000

“20ha 11,080,000

20ha 3,324,000
tha 1,385,000
7,118,900
18,307,900

In addition to the above construction cosfs;‘ the investigation costs for

‘one gully erosion site should be provisioned as follows;

Rank 1
Rank 2
Rank 3
"‘Rank 4

Rank 5

~ Rank6

300,000 Naira
400,000 Naira
500,000 Naira

11,650,000 Naira

3,600,000 Naira

8,50 0,000 Naira

In order to estimate an order—of-magmtude cost for investigation and
restoration of all the gullies in N:gerla, the total number of gully erosion sites
in Nigeria has been assumed on the basis of Table 3 and other published
"information as follows;
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Total

Region

Rank 6

_ NW i CwW CE i SW [ SE.
Rank1 - Numerous: - ! - S T DR
Rank 2 - 350: 5 5 i 10 50 i B0 i 230
Rank 3 350 ¢ - 10 10 40 1 40 i 250
Rank 4 300 - 5 - a5 40 220
Rank 30 - - - : 30

15 - - 15

‘Since the restoration and site investigation costs are minimal for Rank
1, it is assumed that these costs can be provided by the onfdinary operating
budget of each LGA and have been consequently excluded fro_ni- the cost
estimation, The results of the cost estimatioh are shown in table on the

following page.

" A total of about seven thousand six million Naira w_iH be required to

investigate and restore all the gully erosion sites in Nigeria.
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Cost of the Nation-Wide Guily Erésion Control Work

Unit: Million Naira

Site : Sitelnvestigation Resloration

P yo —t - ; Total Cost
i Number : UnitCost : Total : UnitCost : Total

NW Region : : B r
Rank 2 5 1 0400 ! 20 i 076 i 86 : 56

I NERegion . : : i : S
Renk2 | 5 i 0400 { 20 { 0716 { 36 i 87.1
Rank3 : 10 i 0500 : 50 [ 1908 : 95 !

Rank4 ! 5 © 1650 1 83 i 1.731 ! 887

Sub-lotal ! P 158 i N K

CW Region B : . : : S
Rank2 10 . 0400 { 40 i o0m6 : T
"Rank3 | 10 i 0500 ! 60 [ 1968 i 191 |
" Sub-total | P 90 . P 263 1 353

CE Region : : Sk : Sl

Renk2 : 50 i 0400 @ 208 | 0716 ;| 358

Rank3 ;| 40 i 0500 @ 200 : 18308 i 763

Rank4 i 35 {1650 | 578 [ 10731 | 4106
‘Subtotal’ i - ! P18 i Pob22t 620.5

SW Region | : : : : :
Rank2 i - 50 : 0400 i 200 ! 0716 : 358 !
Rank3 | 40 | 0500 : 200 : 1908 i 763
Rankd4 i 40 ! 1650 | 660 | 11731 | 4692 !
‘Sub-total i P 1060 | R T I 687.3

'SE:Region' i : R i P
© Raok2 i 230 I 0400 i 920 i 0716 : 1647
Renk3 © 260 i 0500 i 1250 | 1908 : -477.0
Rank4 | 220 | 1.650  .3630 i 11,781 25809
Rank5 | 30 .i. 3500 i 1070 i 33060 : 99138
"Rank6 i 15 i 8500 i 1226 I 78308 @ 11746
Sub-total | I : 53589 [ 61714

GrandTotal | - - | nod26 D 6s6a6 17,6012
: Appendix 7C-2 ineludes details of civil engineéring and agronomic
‘techniques for gully erosion control works, and two examples of conceptual

‘plans for Ishiamigbo Village and Aguru Lake gully erosion sites.
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7C. 3.2 Gully Erosion Protection Measureés
(1) Gully Erosion Hazard Mapping

Since gully erosion is one of the most hazardous elements in'Nigeria
from a water resources conservation point of view, it is important to assess
lands for susceptlblhty to gully erosion. There are a number of approaches to
prepare a hazard map with respect to erosion. In this report, a gully erosion
hazard map has been prepared (Water Resources Data- Base Map No. 26) in
accordance with the procedure as explained hereunder.

A SHA or SSHA is given one point each for (1) bareland ratio
exceeding 10% (Fig, 4), (2) vegetated ground ratio less than 80% (Fig. 6), (3)
" inclusion of urban areas larger than five square kilometers (Fig. 7), (4) valley
“density exceeding 0.05 km/sq.km (Fig. 5), and (5) hilly terrains eceupying more
than 50% of the total area (Fig. 8). | |

With the above assessment, each SHA or SSHA is classed into six
ranks having points ranging from 0 to 5 in increasing order of susceptibility to -
‘gully erosion. The susceptibilily ranks are further adjusted taking accdun_t of
geologic and rainfall conditions as follows;

1. Geological' Conditions (NWRMP Data-Base Map No.12)

1-1 SHAs or SSHAs, consisting mainly of Qu'élternary lacustrine
deposits are rated at 0 point regardless of the pomts acqulred
in the above assessiment. '

1-2 SHAs or SSHAS, consisting mainly of Quaternary m'arine
deposits or Pre-cambrian basement rocks loose one point
from the points acquired in the above assessment.

1-3 SHAsor SSHAS, consisting mainly of Cretaceous or Terliary

sedimentary rocks hold the pmnt acqmred in the above
assessmient,

2. Rainfall Conditions (NWRMP Data—Base Map No.6)

2-1  SHAs or SSHAs, or which annual rainfalls are less than 600
mm, are rated at 0 point regardless of the pomts acqmred in
© the above assessment.
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2-2 SHAsor SSHAS, of which annual ramfalls range between
600 and 1,200 mm, loose one pomt. from the adjusted points
takmg account of the geologic conditions.

23 SHAs and SSHAS, of which annual ramfalls exceed 1,200

. ‘mm, hold the adjusted points takmg account of the geolognc
COnditlons

_Somé SHAs'br SSHAs which may be rated at less than 0 as a result of
the above adjustment, are rated at 0 point.

' The six ranks from 0 tob points correspoﬁﬂ to v‘ery' high, high, medium
high, medium low, low and very low resistances to gully erosion respectively in
the Gully Erosmn Hazqrd Map (Water Resources Data-Base Map No.26).

'Som_e obs','er\iatiun's iri the Hazé"rd Map are summarized as follows;

o

2)

3)

4y

' 5)

The States of Anambra, Imo and Enugu are most susceptlble to

: gully erosion and are actually being subjecbed to serious damage.

The South-West and Central-West Regmns are susceptible to

guily erosion but are frée from actual damage at the present time.
- However, future development of these Regions must be made Wlth

great care for preventing gully érosion.
The Abuja FCT and the Central Plateau are rated at modest in

- their susceptlbnhty to gully erosion. In fact, however, damage due

to gu]ly erosion is becoming serious in the v:cmlty of urban areas

orin aSSOCIatIOI‘I with abandoned open-cast mining sites.

-The State of Kogi belongs to a moaerate to-high susceptibility

zone. Though the present state of damag‘e appears to be modest, it -

_ may become sermus_ unless approprlabe care is taken of exnstmg
“gully erosion sites. :

- The susceptlblllt,y in the v1cm1ty of the Kam_]l Dam Reservmr is

rated moderate. Since modest damage due to gully erosion is

3'rep0rted in association with infrastructure development, existing

gully érosion sites should be carefully. mvestlgated and protecbed

" agamst future expansmn
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(2) Inter-Government Coordination

As aforementioned (7C. 3.1), the FEPA is the federal agency with the
full responsnbnl:ty for the gully erosmn control as a whole, and should take the
~ initiative for the gully erosion protectlon measures. Itis requnred for the FEPA
to prepare, in cooperation with the FMWRRD, a natienwide program for
preventing gu!ly erosmn or a regional scale by assessing regional susceptibility
to gully erosion based on a gully erosion hazard map such as the NWRMP Data-
Base Map No0.26. The FDF should also take a part in the preparation of the
program, because the plantation to restore bare lands is one of the major
protechon measures against guily erosion.

Although gully erosion is regmnally hazardous, for example, causmg
_ floods by accumulating a considerable amount of sediments in river channels,
iminediate concern stays with local residents and hence with the State
Government or LGAs, because of its disastrous nature for local infrastructure.
Itis urgently required for State Governments or LGAs to assess existing urban
infra‘st-ructﬁres.‘fcirest,ed and agricultural lands and residential areas for their
sus‘ceﬁtibility to gully ei‘osio_n, and to prepare appropriate plans for
preventative works u:{der instruction and supervision 6f:the FEPA, Execution
of the preventative works is the responsibility of the State Governments or the
LGAs concerned but may be commissioned to RBDAs or contracted to private
consultants and/or contractors depending upon the nature of the works.

It is also necessary to establish standards and codes for rural and
urban development work with a provls:on for gu]ly erosion prevention. The
FEPA should take the 1mtnatwe for preparmg the standards and codes in

cooperation with the federal ministries or agencies such as the FMWRRD the
FMWH, the FDA, the and so forth

On-going and planned construction works for rural and urban
development should be reviewed and reassessed with respect to the gully
erosion protection measures by the FEPA in line with the standards and codes
established as above. Itis necessary to establish a legislative authority in order -
to enforce the FEPA’s recommendation to executing agenmes of the
construclion works,
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(3) - Forecasting and Warning Systems

Rainfall forecast is essential to cope wi_th'disa.ster in association with
gully erosion sites due to heavy rainfall runoff. Local change in rainfall

intensity within a short time is very critical for this purpose. Therefore, in

addition to the regional meteorological stations, rainfall recorders should be
located at appropriate intervals, particularly where active gullies exist. It is
desirable that the rainfall records be transmitted to the district meteorological
station COncemed and to nearby LGAs on a real time basis. The meteorologlcal
station prepares or revises the local weather forecast accordmg to received
records and informs it to the LGAs. The LGAs, upon receipt of the latest
weather foréeast or with their own decision based on the records from the
nearby recorders, issue warnings to local communities concerned with gully
disasters. An information networks system of this kind is a fundamental
requirement for protection against gully disaster. It is also necessary for LGAs
to monitor all the aclive gullies at all times in order to cope with states of
emergency without delay. Monitoring gullies will provide useful information
with respect to forecasting landslides associated with gullies. Landslides occur
instantaneously due to not only heavy rainfall but also cumulatWe rainfall
during the wet season, and often cause more disasireus damage.

Local communities should appropriately respond to warnings issued
by LGAs without delay. For this purpose, it is effective to organize disaster
protection units comprising local residents under supervision of LGAs. LGAs
should supply the protection units with necessary materials such as sand bags,
timbers, waterproof sheets, scoops, hand-held radios and others. Periodic
patmllmg of gully erosion sites is the responssblhty of the protection units to

~ identify damage to erosion control faclhtles

(4) Education ad Campaign Progi‘am

Many international organizations are implementing plantation or
vegetation restoration projects in many countries in Asia and Africa to prevent

Tosses of tr0p1cal ram forests or desertification. Many successful projects have
been’ attnbuted to participation ‘and ¢ooperation by local residents. On the
“other hand,” major reasons fOr unsucce_ssful_ projects are reportedly reluctance

and ignorance of local residents or conflict of interest among them, Therefore,

“toles of local residents are essential factors for the success of environmental
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conservation projects and their education for environmental conservation is
important. '

- At the present time in ngerla, anti-erosion campalgns are camed out
in many states mainly under the initiative of stages governments For
example, a campaign witha slogan “No Cut, No Excavate” is now under way in
the State of Imo taking advantage of mass media such as TV and radio.
Another example is the *No Burmng Campaign” which is led by Abuja
Environmental Conservation Office. However, all the movements are stlll in
their infancy and are yet to spread through local residents. Many state
governnients in the South-East Region have produced video tapes
demonstrating fears of gully erosion and necessity of its prevention, and are
broadeasting them on TV. The video tapes are also rented out to schools and to
the community as education material. ‘Influence of TV is highly appreciated
and many state governments have plans to produce anti-erosion campaign
programis, - Campaigns of this kind should be expanded and continixed with
leadership by state governments. Educational leaflets or postérs which
advocate the importance of gully erosion protection and proper land uses should
be prepared and distributed. It will be effective to mtens:ty the campaign just
before the wet season,

According to the replies to the questionnaires by the resident of the
State of Anambra (Tables 5.1 and 5.2), many are aware that the environment
has become worse than ever and that investment is necessary to protect lands
against erosion. They also attribute causes of gully erosion to insufficient
professional advises, inadequate laws and regulations, and 'he'gligence of rules
by residents. - Therefore, it is very important to educate an_d instruct local
resident so as to fully realize necessity of their cooperation for erosién control
and for environmental conservation in general.

(6) Plan Implementation Program

Preparation of laws and regulations as well as establishment of a clea'r
institutional framework is fundamental for- promotmg nation-wide
environmental conservation activities mcludmg erosion control. Itis necessary
to review all the laws and regulation for construction of regional and urban
- infrastructures, land uses, resources development and any other“,aétiviti_es
concerned with land development, frem an environmental conservation p'oin_t of
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-view. It is also essential to clarify roles and responsibilities of federal
departments and institutes, state governments, LGAs, PBDAs and other
agencies concerned, FEPA is, as aforementioned (Para. 7C. 3.1(1)), in prmmple
responsible fo_r gully erosion control in terms of ¢ivil engineering works. In
reality, however, most gully erosion control works and post-control
maintenance are left with responsibilities of state governments or LGAs. Itis
tinpossible to allocate adequate funds for gully erosion control works and post-
contorl maintenance without the clarification of the roles and the
responsibilities of the various governmental institutions and agencies.

The following measures should be implemented aé early as possible;

1. Establish 'regﬁiafofy standards ‘and codes for construction of
regional and urban mfrastructures, and development of land and
resources.

9. Establish desigi standards and codes for construction of regional
' and urban infrastructures and development of land and resources,
in accordance with terrain and climatic characteristics such as
catchment areas, slope gradient, top soil nature rainfall intensity

and so forth.

3. Establish demgn standards and codes for erosion control wmks, in
- accordance with civil engineering parameters and the same
terrain and elimatie characteristics as for the above item 2.

The above standards and codes should be prepared by relevant federal
departments or institutes. FEPA is responsible for the item 3, particular.

In addition,

4, Prepare hazard maps

41 Nation-wide hazard map at a scale of 1 to 1 000 000 by

_ reﬁnmg or rev1smg the ‘Gully Erosion Hazard Map’ included
in NWRMP. _

4-2 L Large seale hazard maps at a scale of 1 to 250,000 for the
- States in the Central-East, the South East and the South-
~ West Regions.’

5. Investlgate and characterize existmg gullies in details tqkmg :
account of terrain and climatic characteristics, in priority order of
urgency. S

.-7:7_—*?3.



‘6. Review all the existing and proposed gul!y_erosion_COntfol works
~ for their design, taking account of terrain and climatic
characteristics. . . _
7. Plan and design erosion contral works according to the results of
~ the above item § and 6, in priority order of urgency.
8. Monitor existing gullies by periodic surveying.
9. Organize disaster protection units comprising local residents.
10. ' Install rainfall recorders at appropmate intervals and establish
information network systems of short-term local weather forecast,

11. Make all the past weather records publicly available.

For the above eight items, mvo]vement of state gOVernments LGAsand
RBDAs are required.

It may be worthwhile to try a thorough erosion control works, including
site investigation and characterization, plan and design, construction and
installation of facilitics, and monitoring for a selected gully erosion site in order
to train civil engineers and to make them deeply understand gully erosmn
coentrol works.,
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. TABLE 7-2 REGIONAL DISTRIBUTION OF BARELAND 8Y SATELLITE IMAGE ANALYSIS

Hydrogical

-A-Bareland |  PercentagetoTotal | -B-Total Area | Percentage of Bareland
Area (sq. km) Bareland, A/Total A (R) (sq. kr_n) tﬂAreacj)f:HA,AfB(%)
1 '10,'330: . 13.0 131,600 - 79
I | .2.,0'65_. 26 158,100 - 1.3
Hi 21,615 27.3 168,900 3.6
w: | .5;230 4.1 73,000 4.4
v 7955 101 53,000 14.8
| VI 900 1.1.— 100,500 0.9 ﬁ
vit 5,405 | 638 59,800 9.0
Vi 21,700 35.0 188,000 ' 147
Total 79,200 100.0 9'.23,.8{.).0 86
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TABLE 7-3° LAND DEGRADATION STATUS ON STATE BASIS

GullyEi'osidn ; Shect Erasion Wind Erosion Coaslal Erosion - Deforestation
No.of | No.of | : \!.l'i- _ No.of | : \’_f-;
ell‘:'i.;n : Area elro*ion : Avea e~r:=i?>n : Area eln‘? ,22 : Area | : O'Zn : Area
= > \ & 3 31 :
SO hay SO tha) O ey [T w0 e
sites g ) siles sites sifes ) sites .
[] " 1 - - | y L [
North-West Region
Kebbi ‘Sokato' katsinn ns document
N.cyrlh-East Region
Knno‘Jigowa' Borha 8 Zones - B20mnes _
- . T 1 | T T
Yobe - 8 | H 1) 50 ' '
Bauch 27 : : : i : :
¢ ) L 1 .
Cenfral West Region
Niger ‘Kwara' Kuduna né doctiment
Kogi 9 1 303 ) ' : '
1 ) 1 ' )
T o T T 1
Abujn FCT 14 ! : : : |
Centeal East Region _ .
: ] i 1 ] [
Adamiiga 36 ! . 18 : 3 : 220 3 ! :
T T T T 1
Taraha 22 ) 5765 18 ) 2162 ! ! !
Plateau ‘Benue’ e 2 ) : i i
- - | I ] ] [ ] 1
South-West Region . . : :
- - T X T _ T T | S
Oyo S 3 b 015 i H ) 8
i T i P o :
Ogun N 6.7 1 0.35 1 1 015 ) 85 °
(| 1 ] . (]
T i : i o
i - : '
Osun s E K ! ] L2
1 L] . T ¥ X L] -
Lagos 1 ! ! HER ] 113
I n ' L - 1 .
1 1 ) 1 T :
Gndo ! 13.5° o 1.60 ', ' 5 ! 875
| " BE : : e
Edo. 15 T ! : 1925
Delia ' 6o 5 1. 20 ' ' 20 1 805
' . 1 : | I ) 1 i
South-East Region - o ’ ‘ _ ’
e T T i T T
Anambra 92 . H 172.40 {242 H ! !
{ms 41 ) 4663 ! 5633 3 H H
g i S | : i i [ ] 1
Rivers -nddocu'meril. o '
—— KL B L T T .
E_nu_gu' 2 : . .2'59 : B ) : : ) :
Abia 207 | 20014 12 E "11.26 & [ )
sy . S A ; A !
T [ Th N 1 1
Akwa Ibon 88 1 33337 6. ¢ 248 I 3 :
L — R = — ' T ] T ; T
Cross River 82§ 6561 H ' 7. ) 2162 :
> _ g PR ) ! o ¥
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_ TABLE 7-4-1 EXISTING EROSION CONTROL PROJECTS ON STATE BAS!S {1)

‘A grbnomy

State Engineériug EnginfAgro Unknown Total
North-West Region '
Kebbi 1 1
Sokoto 1 1
Subtatal 2 2
North-East Region
Yobe 1 7
Bauchi 2 2 |
|subtotal 1 2 9
Central West Region
Niger. 1 1
Kwara 1 _ 1
Kaduna 1 4 b6 .
Kogi | 10 10 .
Subtotal 11 N 4 1 17
Central Eaét Region |
Adamawa i 6 4 1 i2
Taraba 1 4 r 6.
| Subtotal 2 10 4 2 18
South-West Region
Oyo 1 i
Osun b H 6
Ondo 3 _ 3
Edo 2 2 4
Subtotal 9 2 3 14
-l South-East Region i
Anambra 2 1 3 | B
‘tImo 18 3 91
Rives 33 9 42
Enugu 4 - 4
Abia 1 4 5
{ Akkwa Ibon 7 | 7
"} Cross River 8 _ 8 -
[subtota 73 17 80
Total 102 1t 29 8 150
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TABLE 7-4-2 PROPOSED EROSION CONTROL PROJECTS ON STATE BASIS (2)

Stéte_ | Engineering |- Agronomy - Engin/Agro Unknown Total
Ndrth-'w_est Region '
| Kebbi _ | 1 1
Sokoto : : _ 1 1
Subtotal _ _ , s _ | . 2 ' 2
North-East Region B _ _
Yobe 1 2 | 3
{Bauchi . S o 2 2
Subtotal | 1 4 | 5
Central West Region _
Niger Coe ‘ 1 | i
Kwara _ ' 1 . 1
Kaduna S o1 o _ 4 5
Kogi . | 4 | 4
Subtotal o R 1 4 - 1 11
Ceintral East Region. _
Adamawa 2 8 _ 10
Taraba =~~~ |1 2 5 1 9
Subtotal B R S Y 13 1 19
South_—_Wést Region ' '
Ogun S - B 5
os{{n o . 1 (
Edo S o | | _ 5. 5
Abia 4 - 1
'Suﬁtotai_' 16 S 5 21
SOﬁt}i-Eaét Region ' 4 ' ' '
Ahaﬁnbra ' 8 8
s 4 4
Ri;'ps . 5 5
Enugu | v b | !
Subtotal T h 1 18
Total - 4 5 21 9 76
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- TABLE 7-5-1  QUESTIONNAIRE (1)

‘Adverse Effects of Erosion in Anambra State _

SITUATION BEFORE SITUATION BEFORE
FTEMS ~ EROSION I EROSION
Good {- Fair Bad Good | Fair | Bad
(a) | Amount ofland available for use N 18 & 15 43 | 40
(1 | Housing and residential areas 68 13 1 23 34 | =
() | Roads and footpaths - R . 5 2 22 73
1@ Bridge:éandculvérts ' 41 24 4 8 24 47
(e) | Transport | s | 2 6 o | e
) | Crop farming | | a1 | = 2 1 52 28
(g) | Livestock and livestock farming | 59 15 2 - 12 33 | 20
@) | water supply B 67 12 | 10 18 26 | 32
() | Availability of fuelwood | % | 18 3 ' 17' 28 36
@ | wildtife 18 20 2 | 9 25 | 38
(k) Availabi[ity ofbushrﬁeaﬁ | : 57 24 | 5 | 9 | 24 42
() | Loss of human lives 52 | 18 4 29 | 22 |17
(m) Migrationorﬁeo;ﬂe_ : ' 54 10 5 "85 | 18 16
(n) | Other public infrastructire e 17 4 .23 . 29 S0
(o) Bushesandfor’ésts ' . 58 9 3 15 30 -30
») | Other income-carning activities | 54 14 2 [ 13 | 3 | 21
(q) | Other social activities 39 22 : 2 6 at | 28
{r) | Expenditureon erosion control 33 ] 31 4 BB 5 _ 18 49 -
(s) | Other negative effccts 13 B 10 1 .15 ' :12”'. 12
| Average 52.6 18 3.8 .12.9. 273 | 36.3

Quotation from “The Raging WARI” _ L
[The Governmient of Anambia State: 1993]
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TABLE 7-5-2 QUESTIONNAIRE {1}

Relative Importance of Factors Constraining Erosion Control Efforts in Anambra State

- Problem Number of Persons Percenlage of
Mentioning Problem Total Mentions
(a) Lack of Financial and other resources - 17 : ' .1-8.?
(b} Lack of expertise and ex pert advice 16 ' 16.5
: Negligeﬁce of refusal by individuals to abide B
© by community rules on érosion control. Lack 14 184
of agreement by members of the community - : o :
on what is to be done.
@ - | Lack of Seriousness by communitiesin _ u ‘ : 12 1
enforcing local regulations in erosion control. ) : ’
{e) Lack of equipmen_t for e:rOSiOn control work. 9 - 99
Failure by some communities to institute
® erosion control measures thereby jeopardlzmg 7 qa
the erosion control efforls of neighboring ' '
commumhes '
o Generai tack oi‘dramage facllltles in the :
(g} |communities making erosion ¢tonirol more 8 6.6
d1fﬁcult
e Lack of or madequale assmlance from 6 6.6
. Government
o lll planned road and sthér c’onst.mction works'
{i) - |which eithér block the natural water-ways or 3 33
: ' do not make prov:snons for drama ge.
S ': Inadequate supply ofplanung materials for : ‘
“{§) | erosion c-:mtrol Use of some of the p!ants fo" _ 3 3.3
o other pu rp@ses :

Quotatmn from “The Ra gmg WARI”

7-81_'

[The Government ofAnam‘bla State 1993]
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Appendix 7A-1 - River Control Works
(1)  Simple Bank Protection Work Method

Simple bank protection and grayne works are applled to tempm arily
prevent bank erosion and scouring at its early stage.

(a) Bank Protection Works
(i) .Sheeting Work

The work is to directly cover banks using water- ptoof fiber reinforced
sheets as shown in Flgures below.

. anchar,

sachor

sespeading rope
#50 steel pipz -4

raterproofing shest

$ 120 steal piae

sangbag

Sheeting Work 1 , Sheeting Work 2

(ii) Bamboo Bundle or Foliage Flow Control Work

‘The work is to reduce current velocity of rapld streams hanging foliages
with weights such as sand bags along the stream banks. When the steam current
is extx emely rapid, bundles of bamboo are used in steadied of trees.
sospending wire repe '

scsrending rope
{caln strern)

spckac ) —

s82d bag birnding xethod of suspendine rope .

o ’ ‘sand Sag
| - @ @
- suspending rope

{rapid streta) . % . .. S

binding method of sand beg

shrean.

sandbag

Tree Flowing Method

A



) (iii) Sand Bagging

The work is to fill eroded banks with sand bags, boulders concrete blokes or
" other heavy materials for preventing the banks against further erosion.

{lo2d stsge

;rod;d stope
‘Sand Bag Method
(b)  Groyne Works

The work is to place crates or wooden frames as shown in the following
Figures, on stream bottom for protecting streams against erosion due to riverbed
evolution by reducing stream velocity or changing stream courses. Reinforced
‘conerete is often substituted, particularly when a semipermanent groyne is
reguired. ' '

TIA12



Examples of Wooden Frames
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Appendix 7C-1 Countermeasures Against Gully Erosion

(1) Design of Drainage System
(a)  Rainfall Intensity

It is not the total annual rainfall but the maximum rainfall intensity at a
peak period that is more critical for design of a drainage system. Even if the peak
period is short, the drainage systein must have a sufficient capacity to discharge
all the rainfall in the period. A probable rainfall intensity is used for design of a
drainage system and is obtained by statistical processing of maximum rainfalls
for durations of 5, 10, 20, 30, 40, 60, 80 and 120 minutes which have been
collected through years of meteorological obsérvation. - Estimation of a probable
rainfall intensity involves rather complicated statistical calculation and requires
a large number of rainfall data. It is said that the meteorological station of each
district in Nigeria has been collecting such rainfall data for a number of years and

is now estimating probable rainfall intensities for future publication.

(b)  Conecentration Time

Concentration time (t) is the sum of inlet time {t;) and flow time (£2).

1. Inlet Time

Inlet time is time taken for rain water to flow from the farthest point of the

relevant catchment area to drain. Standard inlet times for different condi_tio_ns,

modified from the standards of Américan Civil Engineeéring Society, are shown in

the table below. .
Area which has adequate drainage. _ 5 “minutes
Low density'ofil:ihabitati_cm._ . R, S . }0‘15 | mi.r.mtes
Low density of inhabitation, bareland énd:fa;ﬂming land on gentle slopes 20’30 minutes
Grass land on gn_éntle slopes _ B | : 30-40 minutes
Forest arca | . _: - | :' | 3060 ni_i.r;ut.es

However, Kerby Formula should be adepted to _d.eter_mi.n'c an inle:_t time in

case that slope gradient exceeds 10%.

1C1-1



(c)

t1 = L44( x n/Vs )% (Kerby Formula)

t1; Inlet time (minute)

£ Distance between drains and the farthest point of the -re!évan__t-

catchment area {m)
s; - Slope gradlent _
n; Ccefﬁcnent of retardahon as shown in the Table below

Paved Surfaces | . 0.02

Bareland (compacted) : 010
Bareland, Farming land -0.20
Grass land, Pasture 0.40
Forest . 0.80

Flow Time

Flow time is time taken for rain water to flow through drains to a planned

site, and is estimated according to the following equation.

tg = €fv
£ Drain Length (m)
v; Mean Velocity (m/s)

Since a mean velecity is dependent on runeff rate, correction has to be

made after run-off rate is calculated. In a usual procedure the initial ca]tulatmn

is made assuming a mean veloclty at 1 2 m/s.

(d)

Runoff Rate

Run-off rate is calculated according to the rational formulas as follows;

Q= CixInXA/360

In;  Rainfall Intensity (mm/hy)
Ci;  Run-off Coefficient
A;  Catchment area (ha)

- Q;  Runoff (m%sec)

1012
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> Run-off rate is defined as the maximum rate when the rainfall in the entire
catchment area is collected at a planned site. Run-off reduction by infiltration,
evaporation and stagnation is taken account of by run-off coefficient. -

(¢)  Run-off Coefﬁ:cient

Run-off coefficients for various land uses are shown in the Table below.

‘Inhabited area | 0.70 - 0.95

Road Bareland (compacted) 0.50 - 0.90

" Bareland, Farming land 0.40-0.80

‘Grassland, Pasture -0.30-0.50

b | ~ Forest | 1 0.10-0.20

When the catchment area comprise two or more land uses a weighted mean
is estimated in proportion to an area of each land use.

{) Mean Velocify

~ A mean velocity is calcuiated :according to the Mannings Formula as

follows:
v= R¥Xi%/n
v, Mean velocity (m/séc) _
E?'. g ~n;  Roughness Coefficient (sec/m'?) as shown in the Table below.

- R;  Hydraulic Radius (m) as shown in the Figure below.
BT Surface Slope (Cannel gradient)

Rou_g_hhels'é Co‘efﬁ'cieﬁ_t
Steelpipe - 0010-0017
‘Mortar : ' 10.011-0.014
Concrete - 0.010 - 0.020
Soil . , 0.016 - 0.033

Rock = = 0.025 - 0,050

1613
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| A,_‘ g4

X g

R=Alr - . R=A/{2H1B)

'Hydraulic Radius

A domrable mean velocnty (v) for a conérete dram ranges between 0.6 and
3 mfsec. Therefore, it is advisable to design a drain with a reahstlc hydrauhc
radius and length, so that the mean velocity calculated using the Manning
Formula falls within this range. If the ealeulated mean velocity is significantly
different from the assumed mean velocity (tz) for the flow time estlmatmn re-
estimation of the flow time, accordmgly of the concentratlon tithe (b1 + t2) is
made using the ealculated mean velomty Then based on the estimated

conceniration time, a probable rainfall intensity (IN) and a runoff rate (Q) are re-

calculated. If the recalculated run-off rate is within and close énough to the
design capacity of the drain, the drain design is considered appropriate.
Otherwise, it is necessary to redesign the drain and to repcat the above procedure
until a satisfactory result is obtained.

{g)  Dropand Buffer Block

The current speed becomes highér with the inclination of a drain, resulting
in a destruction of the water channel, Ifitis morpho!oglcally d:fﬂcult to construct

a drain with a gentle slope, install a drop between drainage canals to adjust an

inclination of the drain. If the drainage works are big and the installation of a
drop is difficult, reduce the current with a buffer block or rapid stream canal
works. The following Figures show an example of a buffer block and rapid stream
canal works, respectwely

%’C.lr"—l
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(h)

N Y

tuite block !m!lle biuck

“denlal
cuncrcie'

&dre, -~

n%- pnu[_

: ‘L‘lflfr:c
ctingl A/

Type I 3 Type Il
Buffer Block
. depth lisit { ‘
7 : .
_ 4/
apstrean way | steep drain .S”V”"“j"‘ n n 0 oway
et ...]r_o_!” ———=¢  binck | (JEH Stle way
Upper connection _PfOfile doy fnwald connection
| — | . . g
"“““*i I ground plan . “I'C:—“*
Rapid Stream Canal

Drain Foundation

When ready-made pipes or 'éulVért's_areﬁused'foi" ¢onstruction of drains,

foundation work is required to prevent settlement, partial crosion, shifting and
others undesirable effects whi_eh'may damage drains. There are different types of
~ foundation such as aggregate, sand, cuncrete, pililow and ladder foundations
. according to their materials or styles. Aggregate or sand foundation, made of

tamped aggregates and/or sands, is suitable for drains founded dlrectly on bed
rocks. It i is, however not advisable to apply these foundation types to drains in
ngerra, in general because of its hlgh precipitation. Pillow foundation can be

o used when drams are constructed on stable ground. When ground ¢ comprlses poor

subsaolil, ladder foundation is recommended. Ladder foundatlon is, asshown in the
followmg ﬁgure composed of a number of woeden sleepers fastened to a pair of

G5



wooden runner by bolls and nuts. The foundation is placed in trenches and
backfilled upto the top of the sleepers by aggregates and sands. Pipes or culverts
are secured onto the sleepers of the foundation by wedges.

i = ) *; "\L\‘:\‘!\ i
-—e-rao(mﬁ;as.:sh}——ﬂ’r—-sc-:?oi

fm e

Example of I adder Foundation

Concrete foundation is required if pipes or culverts are oversized or
reinforced. Concrete is applied on a base of tamped aggregates to a depth which
gives an appropriate bearing surface. If necessary, the concrete foundation may
be reinforced. Concrete foundation is also recommended for east-in place pipes
and culverts, '

(2)  Example of Drainage System Design
-~ An example of design of a drainage éystem is introduced below for a case of
the Elu-Aokanu Section of the Obolte-Aforr/lken Road which is located to one side

of the main river running in the middle of a shallow basin.

(a)  Rainfall Intensity

- Aprobable rainfall intensity is obtained from the following Tables.

Kaduna |

Return Period _ . Duration (hrs). | _

e doso | 1 | o2z | 4 | s8] 1 | a4
9 “60 | 38 24| 16| 9] 55| 42
) 80 - 50 80 18| 11 STl b2
10 90| B8 | 35| 22 | 13 8 8.2
o6 | 10| es | 40| 22| 16| 10| 7
50 130 79 50 30 | 18 14 9

1C.1.6



Warri'

' o ation
Return Period Duration (hrs)

(years) 050 | 1 9 4 | s 16 | 24

9 85 | 58 40 | 27 18 13 10

5 1 110 65 50 35 23 | 17 13
10 130 85 60 40 27 19 15

25 150 110 10 - 48 | 32 93 18

50 170 130 78 55 37 25 20

(J.W.E. Metibaiye, 1990}

The probable rainfall intensities of the 30 and 60 minutes durations for 5
year return period are read from the above Table for Warri as 110 (mm/h) and 65
{mm/h), respectively. Aeccordingly, the probability rainfall intensity for the
concentration time (t) for 6 year return period is estimated as follows;

B = 110/65 = 1.69

b = (60 — 1.69 X 30)/(1.69 - 1) = 13.48
at® = 13.48 + 60 = 73.48

Is = 110 X 73.48/(t + 13.48)

(b)  Concentration Time

_The basin, in which the road is located, has its total catchment area of
3252.5 ha, approximately one half (1630 ha) of which is .considered to be
‘yesponsible for the run off affecting the 10, 000 meters section of the road within

~the basin.” If all the runoff is discharged by one drain, the 10,000 meters long

drain is reqmred However, it is unrealistic to construct such a long drain,
because the cross section area of the drain becomes excessively large. Therefore it
is advisable to design a drainage by splitting the entire section into the 1000
meters subsections with a culvert at each downstream end for discharging the
oy unoff from each subcatchment area, To simplify the problem, the subcatchment

‘area for each subsectmn is assuméd to be one tenth of 1630 ha, that is 163 ha. Itis
also assumed for each subcatchment that the over-all slope gradient is 1% (1/160)
- and the dlstance between the drain and the furthest point of the subcatchment (£)
- is 1,630 n. The terrain comprises mostly grass]and, farmland and pastures with
: m_lmmal development of residential areas. Therefore, the coefficient of

CAAT



retardation is assumed at 0.25 averaging those of bareland (0.10), farmland 0.20)
and grassland (0.40). Using the parameters assumed as above, an inlet time (t1)
to each subsection of the drain is estimated at

tp = 1.44 (1,630 X 0.26/ V1/100)0.467 = 69.9 (min).

A flow time (tp) for each the 1000 meters subsection is estimated with the
assumed mean velocity of 1.8 m/sec at, '

to = 1000/ 1.8 = 555.6 (sec) = 9.3 (min.).

Therefore, the concentration time (¢ + t9) is approximately 79.2 minutes.
(c)  Runoff Rate :

The probable ramfall intensity (In) for the concentratmn time 79 2 mmutes
for a 6 year return perlod isestimated at, :

73.48
1'57)9-2 =110 X ————— = 87.2 (mm!h)

: 792+1348

Assuming a runoff coefficient at 0.40.(mean of graqs land, pasture), the
runoff rate (Q) is estimated at,

Q = (1/360) X 0.40 X 87.2 X 163 = 15.8(m¥sec).
- (d}  Mean Velocity (MahningFormula}

Supposmg that a drain with an ef’!‘ectwe dimension of 2 meters in h:gh and
3 meters in width is installed for a 1000 meters-subsection w1th a surface slope of
1/1000, the hydrauhc radius (R) is estlmated at; -

R = (4 X 2)/(4+2X 2) = I.OGO(m)_

Taking a- roughness coefflelent of 0. 015 for a concrete dram, a.méan
-velocity (V) is estimated at : :

V = 1/0.015 X (1.000)22 X {1/1000)12 = 2.1 (nusec)

- 7C.1-8
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Therefore, the volume discharged by the drain is a'ppr()ximatély
16.8 m3/sec., which is larger than the estimated runoff rate of 15.8 m3/sec.
However, {he estimated mean velocity as above is much faster than the initially
assumed mean velocity of 1 .8 m/sec. Then, using the estimated mean velomty of
2.1 m/sec, a flow time and a runoff rate are re-estimated as follows; -

tg = 100012' 1 = 476.2 (sec) = 7.9 (min)
ty+m—699+79 71.8 S

= 110 X 13.48/(11.8 + 13.48) = 88.5 (mm/sec)
Q = (1/360) X (.40 X 88.5 X 163 = 16.0 (m3/sec)

: The estamated runoff rate (16.0) is smaller than the capacity of the drain
(16.8).- Therefore, a drain with this dimension (2 m hlgh and 4-m wide) should be
capable of discharging the runoff of the probable ramfall mtens:ty for 5 year

retura period.

1C.1-9



Appendix 7C-2 Gully Erosion Control Works
(1)  Techniques of Gully Erosion Control Work
(@  Use of Sand Bags and Wood

In order to prevent gully erosion, it is most effective and inexpensive to
remove exeessive surface water from gully erosion sites. Improvement of water
courses is a desirable control work to remove excessive surface water. It i 18,
however, economically impractical to improve water ¢ourses at all the erosion
sites, taking account of the considerable amount of work. Besides, unexpectedly
heavy rain exceeding the capacity the improve water courses may occur or the
water courses themselves may become ineffective due to damages. At any rate,
therefore, flood control achvntles during the rainy season are necessary to prevent
damages due to excessive surface water {lows on an occasion of heavy rainfall. As
recommended ﬂood control teams, comprising local residents, are effective to
control excessive surface water flowing into gullies or to prevent debris flowing
out of gullies, using sand bags, as show in the figure below. '

“T'o prevent surface To prevent debris
water flowing into gully _ flowing out of gully

‘Sand Bag Piling Work

Use of sand bags and wood is very effective to protect small gullies at early
stage by constructmg their dams using sand bags and wood.

1C.2-1



()  Terracing

Mass- movement of surface soils, including landslide, occurs on relatwely
Steep slopes due to ¢xcessive gravitational loads of soil masses. Terracing is often
used to stabilize soil masses on slopes. In the ¢ountries of southern and eastern
_ Asia whereé landslide frequently_ occurs; ¢cropping on terraced surface has been
* foiind effective to prevent not only landslide but alse debris flows. The figure
‘below shows examples of terracmg which is being- actually practiccd to prevent
landslide in the Chmese Yellow Reglon

- height -
1.0~1.5n

rock p:leil sanl hag

Sand malt % %

Typit:al Slﬂﬁe‘Protection Wo'rks in the Yellow Soil Zone in Chaina

Use of sand bags filled with crushed concrete or aggregates is considered to
be simple and effective for terracing work in Nigeria. The sand bags ave applied

to slepe faces of terraces w1th plastering cement and piling poles for support.

Highs and widths of terraces are determined accordmg to engineering
characteristics of soils. The following figure shows standards of terrace design
used in Kenya, America and China, '
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having been already adopted in the Haipang project, will

Recent ‘Sabo’ dams have different design and are move éxlpenéii'e in their
construction costs than conventional dams. Therefore, it is not advisable to adopt

‘Sabo’ Dam
dam, as shown in the Figures below, is reasonable in its construction cost and is

of recent styles at all erosion sites from an economical peint of view. A gabion
recently revalued for its merits from economical and landscape points of view.

This style of dams,
. become more popular.

{c)

e ff\lux. ....
' f et

e s

R RN

——— anchor
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If gullies are shallow in their early erosion stages simple protection work,
as shown below, is effective for preventing them against further progress of

erosion.

i, Y AN N us waaf azic o BT R BL
/g i \ |

— slrke

_hiuch auad

Simple Dams Using Wooden Stone Tences (Brush Wood Weir)

stone

concrete brock - Fock

- Examples of Simple Dam Using Sandbags, Rocks, Stones and Concrete Blocks



(d)

surface  Mater Brain

Yégetated

P ﬂl.\hni:[\_ “Fratection . trea may
Channed (’5_ '} {eriace . SO0
/\‘fh ( - :..H——‘

Yopes eidd of (ara Bppei el af tével cxif af chanel aio frainage sysien

Examples of Water Drains for Erosion Protection of Shallow Gullies
Hillside Work

Hillside work is to protect steeﬁ slopes or cliffs against destruction.

Wooden fences are most commenly used as shown in the following Figure.

Soils are filled behind fexnces with vegetation. Penetration 'depths of fences_

are determined accordmg to slope inclination. Concrete support may be applied

at the foot of fences for particularly unstable slopes.

- 4C.25
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Hillside Weork Using Wooden Fences

(2)  Agronomic Gully Erosion Control Work

(a)  Erosion Protection Measures

Taking account of intense rainfall and ground conditions in Nigeria, it is

~ difficult to control gully erosion only by agronomic techniques except for limited

areas susceptlble to minor gully eroswn " However, agronomic techniques ave

often effective when used with other erosion control works It is fundamentally

important to manage farming in an orderly manner. The Table 1 is a list of
agronomic erosion protectlon techmques (Morgan, 1986). Slash-and-burn
farming is presented in the list as an erosion control method by is regard

. approprlate only when a sufficient fallow period, mulchmg or other protective

far mmg techmques can be applied. Some of the hsted agronormc methods may be

acae



applied at the sites where other erosion control works have been completed by (2]
FEPA. '

(b) Revegetation

Turfing only is not sufficient to keep stopes stable but is effectwe to
suppress erosion of surface soils. The table 2 is a list of methods of revegetatlon
Soils used at revegetation sites in ‘Nigeria are usually laterites or friable
sandstones. These types of soils are poor in erganic substances as neutrition for
plants to take roots. Therefore, it is difficult to revé'geté_lfe sites 'comp_rising' these
types of soils only by simple sowing. The spray nursery bed, the turfing and the
sand bag methods are considered to be suitable for application to the Nigerian
soils in general. In the spray nursery bed method, nylon nets are placed on SIOpes :
and are sprayed with a mixture of soils, seeds, fertilizers and moisture retainers. e
The method is applicable even for protection of outcrops comprising Cretaceous
sandstones. The Figure below shows a conceptual diagram of this meéthod. In the

~ turfing method, stretches of turf are placed on slopes and are fixed with wooden
nails. This method is suitable for protection of a narrow land comprising lateritic
soils. In the sand bag method, sand bags contains seeds, soils, fertilizers and
moisture retainer are fixed by anchors on prot.écting slopes. This method is
effective for protection of slopes comprising sandstones or laterites and is
applicable even to slopes steeper than 35 degree. The Figure in the page 25 shows
an example of the sand bag method practiced in an arid region of West Africa,

sced o ' _ '

waled scad _ . _

fertilizer f(ﬂlllll“l:l ‘ ' :;fgr : o PR @

fiver AL NG 5 rarsary bed | soil T A rsary bed

ele. . jagfniil . Llertitizer R o _
LTl cozpressor. N, o

£ net or sheet

 Spray Nursery Bed ‘Work.. i
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atichor

Sand Bag Work

In case that appllcatmn of any hlllsu]e works is difficult due to extreme
steepness of pr otectmg slopes and satlsfactory results cannot be expected even
with use of the spray nursery bed method, for extensive slope faces, the frame
revegetalion method is an alternatlve In this method, concrete frames are
constructed on the slopes and nur sery beds or sand bags are placed \Vlthm the
frame as shown in the Figure below.

Frame Revegetation

Table 3 shows some plants used for revegetatioh in various parts of the
world. One of the conditions to succeed in revegetatlon in Nigeria is to select
suitable kinds of plants which are resistant to hot and dry climate and capable to
gmw in innutntnous condltwns Plants which satisfy these conditions are
’cnmpmg red fescues, orchard grass and miscanthus. ' Miscanthus is excellent
__under the hot and dry chmatic c0nd1txons in Nigeria, Nigerian panpus grass
grows wﬂd in ngeria and takes root even in laterite. It is a plant suitable for the
-ngerian climate Smcc the ngenan panpus grass does not take root deep
_enough into the sonl it has a weak point of bemg easﬂy washed away by strong
surfate water flows,  However, it is considered that thls plant ¢an be used for
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vegetation on a flat surface such as a terrace, at a low cost if altention is paid to
~ drainage. Bamboo’s growing wild in various southern states such as Anambra
and Imo, take roots deep into the sandstone layers and also resist erosion. At
many erosion sites, parts where bamboos grow wild are free from erosion.
Planting bambaoos is considered to be effective for protection of a gentle stope.
Furthermore, short bamboo grass seems to be suitable for protection of stecp
slopes, but they do not grow wild in Nigeria. The state of Anambra had a plan to
introduce bamboo grass from China, The plan not been realized. An introduction
of bamboo grass should also be studied in the future.

There are two Lypes of moisture retainers. One is made of macro molecular
compounds and the other is made of natural porous matenals - As
macromolecular compounds, EBa DH- 2, PVM.’MA and other cornpounds are
generally used. As natural materials, vermiculite, perhte zeolite and others are
avallable Since EBa and DH-2 are used for the desert afforestation works in
various countries of Africa, their introduction into Nigeria is- considered to be
relatively easy. As for natural materials, zeolite is produced in Cameroon and is
introduced into Nigeria as water ﬁltermg material. If zeolite is supphed stably, it
can be used effectively as a water retainer because of its low cost.

_ Biotechnological research on improvement of soil bacteria is now being
done actavely Bacteria capable of decomposing agglutinated laterite layers and
providing plants with nutrition, " Nourished by plantation have been developed
but have not been used in practice. It seems to be posmble_ to perform a wide-
range plantation at a low cost in the future. )

(3) Proposed Erosion Control Project
(a) Isiamigbo Village Erosion Site

- Isiamigbo Village is located east of Awka, the capital of Anambra State.
This gully constitute a part of Aguru/N anka Gully Erosion Com"ple'xes and is 5
km long, 70 meters or more deep, and 300 to 500 meters wide. The gully is
branched into five sections.” The widest part of the gully where ﬁve branches
gather together is about 1,000 meters wide The JIOA Team made an on-mte'
survey twice in 1992 and 1993. The 1992 survey showed that this erosmn ‘site was
not formed by enly gully erosion but the left bank was dlssected by a landshde
and the right bank was dissected by gully erosion. F:gure APP.1-1 shows the

7G.2-9



situation in the 1993 survey. The followmg findmgs are confirmed by the 1892
and 1993 sur veys

7.

A new cave-in has not been recognized in a landslide area of the left bank
since the 1992 investigation. Although a new gully face is observed in a

_gully erosion section on the sandstone layers of the right bank,

significant expansion of the gully was not recognized.

Collapsed soils and sands accumulated at the bottom of the gully.

“Sedimentation of soils and sands in recognized down to nearly the
- original ground surface on the left bank and down to 20 to 30 meters

from the original ground on the right bank, Furthermore, the
depositional surface of earth and sand generally forms a very gentle

-+ slope.

The gully slope of the sandstone layers rises steeply almost

p’erpendit‘:ularly. The éxposed surfaces of sandstone lays look smooth.

3 Il; is assumed that even the thmnest patt of sedimentary earth and sand

at the bottom of the gully is as thick as 20 meters or more and stable

clods are generally formed.-

" Bedimentary soils and sands contain about 30% of clay and silt and have

high water rétention, montmorillonite, shows a high water content.

- Shght recovery of vegetatson 1s observed over its sedlmentary soﬂs and

sands on the left bank

Sedinieutétion of soils and sands extends to River.O_do, a branch of the

Upper Anambra River connected to the g_ully; The soils and sands on the
‘river beds seerri to be 10 meters thick or more.

- There is sprmg water at several places of the gully slope. The amount. of
spring water is about 30 liters/min at each place. The ground water level

s assumed to be in a sandstone layer of approxlmately b0 meters deep
from the orlgmal ground surl‘ace, Judgmg from the elevation of the
_spring water, ‘ X
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9. The ground surface near the gully is covered relatively densely with

grass, shrubs, bamboos, ete. On the periphery or in an area 30 meters
 away from the gully yam and vegetable are- produced by dray field

farming. Mulching is performed in a good condition on a fallow ground |

10. The intercept drain laid on the peripheryof the gully is not damaged and
isin good condition. Judgmg frorn the ¢ondition of the surface soil on the

periphery of the gully, the mtercept drain seems to function ef’fecuvely to
-drain surface water. - : : .

The differences between the information obtained from this survey and the
existing report are as follows; '

1. The existing report has explained that the gully is expanding year after
- year and its speed was 3 to 6 m/year, but the gully expansion appears {o
have conie to an end or slowing down according to the ebservation,

2. It has been considered that most of soils and sands generated b‘y'erOSion
are composed of fine sands and are washed away from the erosion site,
but deposited sediments consist of sandy fragments of mudstone and
chalk mixed, with clay and silt, forming stable sedimentary layers.

In spite of the J ICA-Te_a‘m’s observation as above, the gully erosion will
continue as sediments deposited in the main: gully are eroded away. In order to
hold this glgantlc gully as it stands, a tremendous amount of money will be
" réquired for large scale civil engineering. works such as hillside works for steep
gully walls, instailation of a complete drain network system within the main and
branch gullies, construction of a number check dams, landslide protect:on works
for the right bank of the main gully and so forth, A thorough site investigation is
necessary for planning and design of these civil engincering works,

It may be practical and advisable to construct a large check dam, with a -
length of some 1.5 km and a height of approxlmately 10 m, near the mouth of the
main gully in order to prevent wash- out of sediménts from the gully (Flg App.1-
3). Once the first dam is filled by sedlments the second dam, with ‘a shorter
length and a similar height, Is constructed, stepping up from the: first. Thus,
© construction of check dams is continued until the peripheral walls of tho gully are
stabilized with a sufficiently gentie slope resistant to erosion. This slope angle is
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_approximately; 35° for top soils comprising mainly sands and gravels. Two or

three steps of dams are considered sufficient to ultimately make the gully walls
stable Concrete dams are preferred in terms of strength., However, gabion dams,
using ‘steel frames for individual gabions containing cobbles, can be substituted
as shown in the figure on page TC.2-3, Since the gully front advances until the |
gully walls are stabilized, it is necessary to monitor the gully by periodical
surveying or more conveniently by satellite image analysis immediately after
each wet season. If nearby residences or other surface structures are in

‘immediate danger, they must be evacuated or relocated.

" After the gully has been stabilized, a central drainage system should be
installed to drain rainfall runoff of the catchment including the gully.
Revegetation and farming will become also possible on the stabilized stopes.

The existing intercept drain, located near the periphery of the catchment,
appears ineffective to drain rainfall runoff for preventing the advance of the
gully. It must be noted that the drain be maintained in good standing to prevent
triggering new gullies.

(b) Erosion Control Works in Aguru Lake Erosion Site.

The Aguru Lake Erosion Site is locate_d at the iv‘et end of the Agurw/Nanka
Gully Erosion Complex. .A typical accelerated erosion due to lack of proper

~ construction of roads and associated side drains is observed, Washout of surface
“soil is found extensively, and a medium-scale gully and a number of rills are
" developed. JICA made an on-site survey twice in 1992 and 1993, The situation in

1993 was shown in anure APP.2-1. 'The results of the on-site surveys are
summarized below -

1. The washout 'area'df surface soils has expanded by about 2,000 m?
. compared to that at the lime of the 1992 survey.

2. Themain gullyin the center }i_aé increased in both width and depth, The
' number of rills has also increased.

.8, -The top soil is characterlzed by the secondary lateritic sedlments

. comprising fine gramed sands mth minor clay or silt. The average
. thickness of the top soil is estlmated at about 5 m, A gravel bed,
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“containing pebbles of 5 to 10 mm in diameter, is developed on the lower
's!opes

4. Anagglutinated laterite crust is formed 6n the upper part of the top soil
and is very rigid.

5. The gully slope rises almost perpendicularly and there are numerous
traces of piping of 10 to 20 cm in diameter. Traces of water passage of 5
to 10 em is found at the slope toe.

6. ' The gully eénds in bush and a water passage is formed mnnmg tnward
' Aguru Lake

7. Bamboos grow gregariously in a part of the bareland, and no washout of
surface soil is found where the bamboos take roots.

8. - Soils and sands generated by erosion are washed out and their
" accumulation is thin at the gully bettom. However, there is a thick
accumulation of soils and sands on a gentle slope between the gully end

and the bush, where vegetation is buried under soils and sands.

9. - The road facing fhe erosion site hasa gradient of 10%. Side drains with a
“width of 1 m and a depth of 0.8 m, have been installed on both mdes of the
road, and the catchment distance is 3 km or more. '

10. There are a palm tree plantation,:a natural forest, grasslands, and
cassava cultivation around the area affected by gullies and rills, The
cassava field in the lower part of the erosion site is protected by gutters
and furrows

11.  'The road stopes downward about 1 meters from the erosion site and a
violent washout of surface soil also cecurred around the bottom of the
hill, ' ' '

1t is obvious that the gully erosion has been caused by the poorly
constructed road with the side drains having insufficient capacity (cross-section
area: 0.8 m?) to discharge rainfall runoff in the relevant cab_:_hme'nt; ’fhErefore,it
is necessary to reconstruct the road and the side drains, together with gully
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restoration and erosion control works. A conceptual plan of the gully restoration,
erosion control and road reconstruction works is proposed as follows (Fig. APP.2-
2); -

1. - Gully Restoration and Erosion Control Works

| 1-1, Main Drain ,
Cross-section Area : 7.5 m?, (3.0 m wide, 2.5 m deep)

. TotalLength - : 400m - .
Drop : At 8 locations (to keep the dram gradient at
' ' 1/400)

Make :  Concrete

1-2, Check Dam with Apron

Number D |

Type -1 - Gabion

Dimension : 5mhigh,15m long, 15 m wide at the bottom
Location . Atthe loWer end of the main gully

1-3. Excavation and Levelling | :
Both sides of the main gully where affected by minor gullties and rills.

1-4. Sandbag Pllmg *
To stop the sideway water flow from the gully erosion snte

1-5. Revegetation after Ex_cavaticm énd Levelling
- Method ;" Block turtling or nursery bed spray.

2. Road Reconstruetion

2—1.. Road

Width o Tm
Length ¢ 3km
Surface - i Paved

9.2, Side Drain (both side of the road
Average Cross-section Area; 3,25 m? (1.75 m wide, 1.25 m deep)
~ Length ¢ 3km
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Note 1.

Note 2.

Make : i Concrete

. Culvert
Interval ¢ Atan appropriate interval

Diniension : Tmlong,1 F5m Wu:le, 1.25m deep
Make _ : Conerete

Drop o - - '

Interval ~: Sothat the dram gradlent 1s kept at 1/400.
Cross-section Area : The same asdrain

Make 1 Conerete

The cross-section area of the drams has been determined’ usmg the following
paramelers

Catchment Area : 100 ha

" Rainfall Intensity -

Using the record at Warri (Appendix 7C-1 (2))
b year return pericd {Is)

110 mor/h for 30 minute-duration

65 mm/h for 60 minute-duration

l%z 110 X 73.48/(t 4- 13.48), (t: concentration time)

Co-efficient of Retardation: - . _
0.20, considering that the calchment area consists mainly of
bareland, farmland , grassland and res:denlla]area

Average Slope Gradlent of the Catchment Area 150

Runoff Co'efflicient © 045

Roughness Co-efficient (_}.015 {(or concrete)

-The cross-seclion area for the Sldc drains much be determmed wtth detalled parameters

specific for each subsection between culverls.

1C-0:16



TABLE APP-1 AGRONOMIC PROTECTION WORK FOR EROSION

l‘elhoﬂ sumry
h'Lthod Siash-and -bura | Tradilional planting of Iroplca'i and sublropical tone. Farming after bummg smabl area in the forest.
of Roels of trées and enbers loft as Lhey are. Comonly plantiog is carricd osl without plowing.
Planting Produtlivity falls in 4-5 years. Woods and shrods cater aad vegelation is regafzed 11 mecs 7-20
) years for the forest (o be regained. - If the follow years are too short.  Thecé is possiblility for
crosion to siark
atdivary The tera when ground is coverced is shorl. After harvesting, ground is eroded easily. The eroded cot
cropping material is eslimated as 1-12 kg/year/a® by USON At planling lime, prolect surface soil by dense
cropping and at elher Im:s, ‘protect ground by mulching or planting cover.
grass land Coverage is very hig‘l clccpt Ihe firsl year after scwing. Grass Iand is elfective for sonl tcnsenalwn.
Protcctmn (rom xales lloodwg is inferior to forest.
paslure Effect lor s-:ul conservalion is h:gh (same as grass land).  Bub Vivestock trample aad serfice is
mn@acled so {hat water retamwg cap.mlr i decreased  Ineffective againsl gully formalion
covering Planlmg duiing lallow fime, T}p:cai covering grass as are nye, oal, clover, borse bean, elc.,
field Somelimes plaated with crops of afler hanr:slmg.
lerraced Cutlivation in a bclt hong the r.oniﬂur toqmnl} plantlng ciops and COVETing grass allmsalehr
field The belt widih of planting ctop is decided by incline of hillside and soil deasily. Standard incline:
belt width as Follows, 2-5%:30m 6-0V:25m 10-14%:20m 15-20%:15a Combinéd wilh terrace fermation for
s!opc prou'clmn. ‘
nixed cropping Trad:lmnal planiing in tropical zone for soil concervalion. Many Kind of crops planted al samc time
and coverage confines for a lire through ool the year.
dease Covering surface by dense crop aad protect soil. For exampe, il deasity of maizc cropping is increased
planling 5 hmes. surface runoff is reduced lo 208
mulching’ Dead vegedalion renaining afler harvest is left lo cover the surface, Prolects the srface from
raindrop ingacl asd il is also effective to prevent su:[ace crunoff.
r_é'-‘ege- gefly Masking Ihe bollon and slepe of gulhes stable by ;ﬂegctalwn with grass.  1f construcl crosion control
talfoa | protection facilities al $amé lime, it should be possible to effectively stop expansica of crosien. For example,

: . the yellow soll 26a¢ in Chma, cot the waler ronoff §5-80% b; rnegelatmn ‘and cut serface renalf 50-60%
!:andslide Stabilizing dangercus slopes and Jandskide deposils by p!antmg grass or lrees. Re\egelmm has the
proteciion possibility of acceleraling lands Tide bécause of increased ssbierrancan water 2nd loading, but generably

elfective proteclion and fnleriniaing of rools exceeds sisk of landsiide.
allosestalion | Effective for arid areas. Adopted for upper end of 1he stard point of gully cresion and prelection
around waler reservairs.

| grass planting { Adopled for pmlrc‘lim' and prevenlion of re-erosica of arid area and woving dunes.

sindbreak [orest

Maintaiaing etisling forest or growing forest by revegelation. Mulli-purpese of protection 2gainst waler
crosion, #ind crosion, gale, fog, 2nd conservation of fandscape. Seaipeemancal and very elfective bul
fees puch mlnlcnance and high cosl of p!aa!s Sometincs use nel or lcnce al same time.

esley

agro-fot Mixed lmmag nlh useful Irees (lruul cacao, ca[lce, fubber Irees). Foresl is used as proteclion ol
fara Iand, nndbreak around ¢ontour bans, and inhabitcd areas.
nain- mintain ll’:cr‘easing Qrgamc mabler in the soil:  Sofl parllcles tmcled to each olher by organic matler improves
tenance | oreanic protection ability agalast ¢resion.
of - { substance '
‘seil - Ele e -
: cultivalica - Flosmg o repiace Sur!ace soil lslh subsoil so hl surface particles becone Lo rough and prateclion
. - | abibity imgroves, Include coarse pudding and slilling. Bst Loo mach planiifg somelimes causes gullies.
ﬁldgemg on conlor is effeclive to protect for erosion provided thal mainfendnce is satisfactory, but
Fidge ollen causes gu!ly formahén. :
profection 0 Plowing oa Dell or spat. - Ciher parl is leu s il is
coltivalirg - | 2) Plosing bul leave slumps and rools of Irees.
: 3) Plowing only necessarf parl of nursery bed o nol plewing and deill somng_
soil Hahe ihe soil pzmcles stable uuh nafural aftd :huntcal sobl ||sprmmcnl ealler. laprovemcat of asticro-
improvemen| ston ability by Increaslng waler relcntion capacily.

CAPPA-
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CHAPTER 8. HYDROPOWER GENERATION

‘8.1 GENERAL BACKGROUND
8.1.1 Historical Péis’péctives

As of 1960, the bulk of power production in Nigeria was from the coal
“hauled from the Enugu mines with major power plants then at the 0_]1 River (30
MW) at Enugu, the Challawa at Kano and the Tjora (95 MW) at Lagos. The Oji
River was used to distributé the power to Enugu, Nsukka, Onisha and other
towns around. The Ijora at Lagos was used to feed Lagos and environs and also
‘was transinitted to Ibadan and most of other towns in the then Western
‘Nigéria. The gas-fired plant at Afam fed Aba, Port Harcourt, Umuahia, ket
Ekpene, Uyo and Calabar. In the north, the coal-fired Challawa and othér
diesel power sets at Kaduna, Zaria, Maidnguri, Yola, Sokot¢ and Gusau
produced the power for distribution to all the major towns.

As Nigeria progressed into the independence in 1960, the need to
: prowde cheaper power source for the country had become more glaring. In this
- process, two alternatwes were conceWed viz. (1) building a hugé dam at Kainji
~of the Niger River, and (2) use of the associated gas being ftared in the Niger
“delta from the oil exploration. Eventually, the ﬁrst alternative was embraced.
‘Then, the Niger Dams Authority was organized under Act No.13 of 1962 and
charged with the primary responsﬂnhty of constructing a Kainji Dam for power
generation and secondarnly for the 1mprovement of navigation by flood contml
o and the provision of i 1rr1gatlon and ﬁshenes

For the"I{aihji hydro project, a consjortium of NEDECO and Balfour

Beatty was pooled to provide a feasibility study which was accepted by the FGN
for Nigeria’s first major hydro dam to emerge. The dam constructed by the
Ttalian firm of Impregillo and the British consultant of Merz & M’¢clellan was
_ t‘he culminating am‘oltlon ofa 16- year dream that started with the preliminary
~survey by NEDECO as far back as 1963. Although the Kainji Dam was

' des1gned for an output of 960 MW (12 X 80 MW Kaplan), only nine units with
an aggregate of 760 MW was possible due to the error in over-estimating the
nger inflow which was sub_;ect. to the climatic vagary and Sahelian drought in
the upper Niger basin, In February of 1069, the first four units of generators
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was commissioned four years after the dam completion; however, a full output
of these could not be utilized because the national grid was incomplete, Asan
interim measure, thus, a 330/132 KV transformer placed at,.:()sh'ogbo was
mobilized to feed the Kainji power into the Oshogbo - Bfmin - Ughelli leg and
the Oshogbo - lbadan - Lagos leg of the already completed 330 KV lines
operated at 132 KV at that time, and Oshogbo was chesen as a National Control
Centre of the grid network, '

At the end of the Civil War in 1870, the Federal Minister of Mines and
Power advised the FGN on the need for more power plants and transmlssmn
lines to be built for a well- coordinated grid system. In 1978, a 1,020 MW steam
power plant at Ogorode near_Sapele was commisstoned. The Sapele power was
transmitted over the newly erected Sapele - Benin 330 KV double circuit line to
the grid substation at Benin from where it was then re-transmitted to Ikeja-
West at Lagos over the newly constructed Benin-Tkeja West 330 KV inter - tie
line designed to improve the inter-area transmission réliability.

With the sporadic growth in power demand, it was imperative that
more power plants utilizing the hydro resources of the Niger and the Kaduna
and the natural gas deposits of oil producing areas should be built. In line with
the recommendation made by the consortium of NEDECO and Balfour Beatty,
.the 540 MW-Jebba hydro (97 km downstream of the Kainji) was commissioned
in 1984, and also the 600 MW Shiroro hydro on the Kaduna River was breught
into stream in 1989,

At preserit a total aggregate of the capacity installed at power plants.

under the National Electric Power Authority (NEPA) is 6 000 MW, of which
the hydro is 1,800 MW and the thermal is 4, 100 MW.
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8.1.2 Organizations -

The electricity supply industry is currently being undertaken at four
levels: '

(1) National Electric Power Authority (NEPA)

The NEPA came into existence in 1972 when the defunct Electncnty
Cm'poratlon of ngena was merged with the former nger Dams Authorlty by a
Decree, No. 24 of 1972. Its mandate is to mamtam an efﬁment and well-
coordinated system to prov:de the power including geueratlon transmission
‘and distribution for all parts of Nigeria, The NEPA has the status of a quasi-
commercial, autonomous corporatlon which has been parttally commercialized
under the Technical Committee on Privatisation and Commerclallmtmn

A(TCPC). Us operatmns falls under the general surveillance of the Federal
Minister of Mines and Power who is responsible for approving import policies
and decisions about power suppl_y. The NEPA is controlled by a board of
directors whose organizational structure is shown below: '

' 'Chair_man‘,"Board_'
of Directors
(10 Members)
_ . | Managing i¥irector 7
Executive Diréctor | Exceutive Director Executive Director
Generation& | . - |Distribution& -] - - | Finance & Admin.
Transmission i -|Sales : —
Ceneral. - | General - ~ fGeneral . .~ General . Ceneral
Manager | Manager Manager - | Manager Madager
(H1ydro) {Thermal) {Transmission) (Distribution} {Sales)
Assistant - | Assistant ' . |SeedLegal | Assistant -
General : General : - | Adviser General _
.| Managers | - Managers .- | Manager {Audit)
Publie Relations :
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{2) Nigerian Elcctricity Supply Corporation (NESCO)

The NESCO at Bukuru near Jos, Plateau State commenced the
operations as an electric utility company in 1929 with the construction of a
hydro electric power plant at Kuri‘a_ Falls. The company concession allows it to
_ Sﬁpply the Plateau mining fields with the deer‘ in addition it provides a bulk
" supply to the NEPA for distribution in various areas of Plateau State such as
Barakin Ladi, Miango, Shedam, Langtan, Keffi, Garaku, ete. Currently, the
company operates 7 hydro electric plants and a large diesel plant with an
installed capacity of 33 MW and an energy output of 170 GWH per annum. The
NESCO is owned by its parent company in England NICON, the Nigerian
Mmmg Corporation and the Plateau State Government. Since its mception it
“has been operating under a special licence graated by the Fedéral Ministry of

Power and Stéel in accordance with the Electricity Laws of Nigeria. Forits

“operation, the NESCO maintains a system of transmission at 66 KV and
- distribute power at 33 KV and 11 KV to many towns and v111ages in the
Plateau State. :

The company’s investment in its power generating business is valued
at N250 million (1993) which includes the construction of dams, reservoirs,
canals, transmission and distribution systems. Presently, the NESCO is
contemplating on developing the Sha Falls hydro poténtial located some 80 kin
south-cast of Jos and 120 km from the Federal Capital of Abuja, which is
capable of havmg an installed capacity of 200/300 MW for peak load when run.
in conjunction with the NEPA national grid as a pumped storage scheme with a
lower reservoir to be dlrectly linked to the upper one, As a base load this
scheme is currently capable of sustaining a 60 MW power with an annual
energy output of 220 GWH to be linked to the Federal Capital over a 132 KV
line. The NESCO Inventory of dams is attached as Appendix 8-1.

(3) State Rural Electricity Boards
These Boards take the 'p:()w:er supply from NEPA at.Bul'k and

redistribute to the consumers within each State, Th:s group also runs the
power generating plants in remote areas.
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(4) Privaté Companies aﬁd 'Ind'ii.ridu'als

The aggregate of power plants by these private bodles was 1ecently
- assessed by a team from’ London Economics at about 2,500 MW that is
eqmvalent to 42 percent of the NEPA’s total mstalled capacity of 6,000 MW,

8.1.3 JCA-NWRIS and Database

The hydropower generéntion sector was included in the Nationwide
Soc;o-Economlc InVentmy Survey as 15 explained in Chapler 1 of this Report
“which was conducted by Skoup & Co., Ltd., Enugu. The output of the Skoup
survey is complled in the Final Report dated January 29, 1993 and the
Addendum to Final Report dated February 25, 1993 with the Base Maps,
several copies of which were submltted by the JICA 'I‘eam to the FMWRRD for
future reference.

| Major outputs of the Report are summarized below:

.Form N-4.1: Current situation of the power demand-supply rclatsons on the
national and regional basis,

~ - Historical data on’ the nationwide power demand and supply are

' available; and Form N-4.1 (la) and N-4.1 (1b) have been completed
nationwide from sometimes in 1870 up to the year 1992. Historical
data on the regions demand are available for 1988 - 1991 {Form N-
4.1 (1.

- Form N-4.1 (2) series on the hlsborlcal data on existing hydropower
projects have been completed in sets, for Shiroro N-4.1 (2)(1a) - N-
 4,1(2)(1e), Jebba N-4.1(2)(2a)-N-4, 1(2)(2¢) and Kainji N-4.1(2)(32) -
‘N4, 1(2)(3e)

- Hnstoncal data for six NESCO mini- hydropower plants are givenin
g ‘Forms N-4, 1(3)(a)-N-4, 1(3)(f), in respect of the monthly power
: 'output for the years 1976 1990 B '

Form N- 4. % PoWér démand projection for the years of 2000 and 2020.

Forms N-4. 2(1) and N- 4.2(2) in reSpect of the demand/supply
pro;ectlons for the years of 2000 and 2010 and the capital cost,
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respectively, have been completed as much as the data are
available. Data for the demand/supply projections were sourced
from the NEPA Headquarters, Lagos and from the Long-Term

* Perspective Plan Study by Unifecs Consultancy Services for the
National Planning Commission. Thére are some doubt as to the
accuracy of the data supplied by NEPA,;

- Form N-4.2(1a) is completed for the power demand/supply
projections for the years of 2000 and 2020 for the only private mini-
hydropower progect in Nigeria - NESCO.

Form N:4.3: Hydropower projects proposed by the NEPA

- Form N-4.3(1) at Zungeru, Mambilla, K'atsina-Ala',. Makurdi, angd
Lokeja has been completed in respect of the proposed projects. Ttis
understood that the proposed Tkom pro;ect is no longer being '
promoted :

- Historical hydro]oglcal data on the proposed prQ]ects are avatlable
and the sets of Forin N-4.3(2) have been ¢completed.

- Form N-4 3(3) on the environmental conditions at pmposed pFOJECtS
has been completed.

Form N-4.4: Idea of the mini-hydro schemes

- Form N-4.4 has been extended to mclude some projécts under the
_ 'RBDAS, in compliance thh the JICA comments on the First
~ Progress Report. These are -

+ Dadin Kowa Dam
»  lkere Gorge Dam

+  Challawa Gorge Dam :
¢ OyanDam '

Although the dams have been constmcted the NEPA has yet to take
them over for power generation. The NESCO hydmpov.rer project in Jos has

just one proposed mini- pro_]ect at Sha on the Sha RWer It is still in a conceptual
stage,

It may be noted that the Skoup outputs as mentioned above have been
Cross- checked by the JICA Team, and the inventory of hydro dams and relevant'
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