f. Initial water level (h)
‘Water levels in the aquifers shown in Fig. 4-13, which were obtained
‘based on the results of water level observation in June, 1988, were used
as initial water levels in the aquifers.

g. Water level in unconfined aquifer (H)
Water levels in unconfined aquifer, which overlays the confine aquifer,
were assumed to be five meters below ground level.

h. Groundwater abstraction (Q)

Groundwater abstraction in the study area was estimated in the
_section 4-7-3 based on the investigation carried out by ¥ D W R since
_the estimated abstraction was based on borehole records in 1981,

present (1990) abstraction was estimated under the assumption that
~ the increase rate of groundwater abstraction is equivalent to the

growing rate of the population in Sokoto S_tate. The growing rate is

2.5% according to the study on socio-economic framework (see 1-5).

Therefore, present (1990) groundwater abstraction bécemes :

Table 7-8 Predicted Present Groundwater Abstraction

~ Aquifer - 1981 1990
Gwandu aquifer | 12600 mSIday 15800
Kalambaina aqulfer 4300 5300
Rima aquifer B 8600 10800
Gundumi aguifer - | 8300 _ 10300
|Totalin thé sedimentary area 83800 | 49200

_Dlsmbutmn of the abstractlon by aquifer and area is shown in Fig. 7-9.
D) Model cahbratmn |

Steady state groundwater levels for the aquers were compubed by use of the
quasi 3-D mulii- aquifer raodel. Distributions of computed groundwater levels
were compared to actual distributions of groundwater levels, Transmissibility
and leakance for each grid were adjusted on a trial and error basis until
.computed groundwater levels and actual groundwater levels gave reasonsble
-agreement. -
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The final calibration match between the distribution of computed groundwater
levels and that of actual groundwater levels in each aquifer are shown in Fig,
7-10.

7-3-3 Prediction of future groundwater level under estimated pumping
conditions

After calibration, the quasi 8-D aquifer model was used to predict future
groundwater movement by futiure pumping schemes.

1t should be emphasized that resulis of simulation are subject to various
uncertainties arising-frcm assumptions inherent in the modeling process,
simplifications made in conceptualizing the natural system, and limited data
available for model calibration. Thus, simulations of future groundwater
‘behavior should be regarded as estimates based on currently available data
and technology. '

The computed steady state groundwater }evels which were the final result of
the calibration were used as the initial condition for each of these predictions.

(1) Future pumping scheme "

- According to the study on socio-economics (see 1-5), the growing rate of the

" -population in Sokoto State is 2.5%. Assuming that pumping rate increases in
‘proportion with the growth of population, future abstraction in Sokoto State is
‘estimated as population presented in Table 2-1,

‘Table 7-2 Present and fﬁture pumping rate in the sedimentary area (m3/day)

Years after pumping started

Present }— : ~
5years | 10 years | 15 years | 20 years | 25 years | 30 years

42200 | 47700 | 54000 | 61100 | €9100 | 78200 | 88500

‘Based on the predicted _pu_rhpin’g fate increase, two scenarios for pumping
schemes were established. :

a Caée 1 | | ,
This case assumes that pun_iping rate increases equally at all places and

- aquifers.
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(2) Resultsof the prediction

Case 2

This case assumes that the present pumping rate from the Kalambaina
aquifer is kept constant in future regardless with popula.tmn growth, In
order to keep the increase in total pumping rate corresponding to the
population growth, shortage in pumping rate caused by the constant

pumping rate in the Kalambaina aquifer is to be covered by additional

abstraction from the Rima aquifer.
Pumping rate at present and thirty years hence from the aqulfers are
shown in Table 7-10.

Tab.7-10 Pumping rate after 30 years

Estimated after 30 years
Aquifer Present _ >
.} . Casel - Case2
Gwandu aquifer 15800 33100 33100
Kalambaina aquifer : 5300 11100 5300
Rima aquifer 10800 22769 28500
Gundumi aquifer 10300 21600 | 21600
Total in the are 42200 | 88500 88500
‘ (m3/day)

Groundwater levels 30 years hence were predicted-by use of .the simulation
maodel under the condition of abstraction established as case 1 and case Z.

a.

Casel

Predicted changes in groundwater levels at Sokoto and Blrmn Kebbl are

given in Fig. 7-11. Configuratlon maps of predxcted declines in
groundwater levels from the present levels are given in Fig. 7-12. _
Water level declines in the Gwandu aquifer are generally less than one
meter over the entire area except around Birnin-Kebbi and Argungu
where a mound of water level decline of more than one meter is formed.

A water level decline of 2.9m is predicted to occur in the Kalambaina
aquifer at Sokoto city. " |
Water level declmes in the Rima aqulfer are generally Iess than 1.0m.
However, a mound of high water level decline of more than 2, Om is formed
around Sokoto city. '

Water level declines in the Gundum 1llo aquxfer are generally to be less |
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than one meter over the entire area except around Sokoto city, where a
mound of water level decline of more than one meter is formed.

h. Case2

Predicted change in groundwater levels at Soketo is given in Fig. 7-13.
Configuration maps of pre_dlircted declines in groundwater levels in the
Kalambaina aquifers is given in Fig. 7-14.

Water level declines in the Kalambaina aquifer is predicted to be very small or
water levels in the aquifer are almost same as those of present,

To the contrary, high decline in water levels of more than 2.0m is predicted in
the Rima aquifer around Sokoto city.

The highest decline of 6.8m is predicted to occur in the aquifer on Sckoto city.
(2) Conclusion

According to the results of water level predictions based on.the assumption
that the growing rate of groundwater abstraction is 2.5%/year, which is
equivalent to that of population, water levels thirty years later in the aquifers
in the sedimentary area were predicted as:

a. The Gundumi-Illo aquer _ _
Present pumping rate from the aqulfer is estlmated to be
10,300m3/day. Pumpping rate 30 years hence is estxmated to be
21,600m3/day. :

Water level declines in the aquifer are predlcted to be generdlly Iess
than 1.0m.

b. The Rzma aquifer -

Present pumping rate from the agquifer is estimated to be
10 800m3/day Pumping rate 30 years hence is estxmated to be
22,'100m3/day. _

In case abstraction from the aqulfer around Sokoto clty increases
drastically with exhaustion of the upper. Kalambmna aquifer, water
level decline in t.he aquer will be ashigh as 6.8 m,
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¢. The Kalambaina aquifer
Present pumping rate from the aquifer is estimated to be 5 300m3/day
Pumping rate 30 years hence is estimated to be 11,100m3/day.
'Water level decline in the aquifer around Sokoto city is predicted to be
2. 9m premded that abstraction from the aquifer increases at the same
~ rate as the population growth.
| Considering the fact that many boreholes tapping the aquer have
~ been dried up due to declme in water levels, future in¢rease in
groundwater abstraction will result in other dried-up boreholes.

d. The Gwandu aquifer
Present pumﬁing rate from the aquifer is estimated to be
15 800m3/day Pumping rate 30 years hence is estimated to be
33,100m3/day.
Declines i in water levels are predlcbed generally less than one meber
_ :However, an area of waber level decline of more than one meter will be
formed around Bmmn-Kebbl and Argungu .
We should note again that the future pumping schemes were
- established based on the assumptions as follows ;

@ Present state of groundwhf_,er abstraction will not change in
future except for pumping rate.‘

@ Boreholes are used for dnnkmg water

® Increase in abstractmn is In proportion to the rate of populai;lon
growth,

If conditions of groundwater abstraction change significantly, new
water level decline will occur at places subject to concentrated
abstractlon Therefore, in demgnmg a water use scheme with high
groundwater abstractmn sxmulatwn by the established model with a
corresponding pumping rate should be carried out to- predlcf: the future
decline in water level, '



7-4

7-4-

The Basin Yield of Basement Rock Area
1 Hydfogeological char__acteriéti_cs and rechérge |

In the basement rock area, discharge into the rlvers occurs in the x ramy season
at the time of the heavy rains. However, at other txmes, the rwers are
intermittent. In other words, in the hard exposed basement rock area and
surface weathering zones, rainfall does not infiltrate but runs off. The only’
place where infiltration occtrs is areas where the surface weathemng layer is
thick. Therefore, the storage in the basin is extremely low. In addition, most
of the water stored in the basin is lost to evapotrangpiration.

Nevertheless, though quantitatively it is very low comi:éiréd with the total
rainfall amount, rainfall infiltrates in the wéaﬂ_xering and fractured zones and
becomes groundwater in the basement rock area. In particular, basin-shaped
weathered zones, foﬁned by geological structure, such as faults, fractured
zonies and dykes distribute in the basement rock area form small-scale
groundwater basins. | |

According to water balance calculations, the recharge volume of the basement
rock area is estimated as 154 mm/year. This volume multiplied by the
groundwater basin area gives the recharge volumé of the ehtire groundwater
basin. However, as described in 7-2-3, these values are not directly equivalent
to actual recharge volume. Assuming that one third of above, approximatly 50
mm/years of recharge can be obtained. This value would be more reliable
considering the evapotrangpiration of the area.

The area of the distribution of small-scale groundwater basins in the entire
basement rock area cannot be estimated. However, taking the ba‘sin-shapped
weathered zones over 10m in depth in the candidate v111ages identified in the
detailed study, as the groundwater basin area of approximately 1km?2 would
result in a daily 140 m3/day in the recharge. If the groundwater basin is any
smaller than this, the recharge also decreases.. : '

The groundwater in the basemen_t rock a;‘ea_is unconfined or confined, and
from the perspective of water 'quality', it is thought to be of rap'id,circ_u'lation
and renewable. Consequently, if the pumping rate exceéds the recharge rate
the groundwater level declines annually. However, in the areas of thick



weathered zones, the aquifer is sufficiently thick, thus drying up does not
occur.

7-4-2 Bvaluation of the yield

According to the borehole data drilled by SARDA, hlstogram of pumpmg rate
in the basement rock area is shown as Figure 7-15.

As observed easily, puniping rate of most boreholes ranges 20~50 £/min
(28~70 m3lday) This may indicate that above estimation of the recharge of
140 m3lday/km is reasonable and groundwater can be pumped if plural
borehole were drilled at more depth.

One of economlc risks resulting from a decline in the groundwater level is an
increase in pumping costs. However, con51der1ng the water usage in the
basement rock area, there is a problem preceding that of the increase in
pumping costs as that of who will bear responsibility of the operation and
maintenance fees, if there is no other potential water resources. Even if the
groundwater is mined, groundwater pumping must be allowed.

In saying this, groundwater should be used perennially as much as possible. In

. order o realize this, it is important to establish a suitable scale of development

for each small groundwater basin in taking the recharge rate as a criterion for
the yield.

7.5 The Basin Yield of Sedimentary Rock Area
7- 5 1. I—Iydrogeologlcal structures and flow characteristics

In the sedlmentary rock area, underla.ln by the basement rock, Gundumi
formation, Rima group, Kalambaina formation and Gwandu formation in
ascending order form a multi-aquifer system, The groundwater of each aquifer
is unconfined in the exposed zones, however in the area covered by the other
layer, it is confined. The groundwater in each aquifer forms a wide, generally
NE-SW regional flow system. However, hydraulic small gradient of
groundwater 1nd1ca‘i;es that the groundwater basin is still under virgin
conditions,
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In general ferms, a groundwater basin can artificially be uncorked, in that in
drilling boreholes, and flow is begun when the groundwater is pumped.

Clearly, the groundwater basin in Sokoto State is not completely closed. Thus
there is natural groundwater discharge. In areas of confined groundwater, a

 local flow syster is formed and the discharge of groundwater into rivers
creates a base flow in the rivers. The regional flow heads towards the Niger
River.

7-5-2 Evaluation of the yield,
{1) Criteria for éﬁalu#tibn |

Most of the recharged water in the uncon'fined aquifer in the sedimentary rock
area either becomes local groundwater flow and then discharges into rivers, or:
is lost to evapotranspiration. A portion of the recharge can added to the

~ confined aquifer, however this volume is unknown at present. In any case, the

‘recharge volume into confined groundwater does not exceed the total recharge
to the basin. If the pumpmg of groundwater in confined aquifers is increased
and the groundwater level declines, leakage results from the shaliow to deep
aquifers. If pumping is maintained to be constant, the pumping amount and
the vertical leakage and lateral supplemental flow amounts achieve a balance,
and the confined groundwater level achieves a secondary equilibrium.
However, if a balance cannot be found with ‘the supplemental flow, the
groundwater level does not achieve an equilibrium and gradually begins to

~ decline. At this level, due to an increase in the leakage amount from the
unconfined to the confined groundwater, the unconfined gmundwater level
may decline and the flow system may be changed. '

The circulation in shallow unconfined groundwater i is rapid, however the deep
confined groundwater circulation is slow.

Though the stozfage capacity is large, the non-renewal factors in groundwater

are considered in the evaluation. Therefore, importahce must be placed more

on the economic risks involved in groundwater than on water balance

_conditions. In other words, in the Sokoto groundwater basin, the basin yield is
' evaluated as mmmg yleld



(2) Economie factors

An increase in the pumping lift results an increase in the ';')umpin'g cost. Ifthe
pumping lift increases, the necessary water volume in pumping cannot be
achieved, due o0 the isurpassing of the capacity of theé initially installed pumnp.
The pumping of water is abandoned in some cases. In addition, even in the
‘instance where there is surplus in the pump capacity, the: operatmn cost
increases.

Judging from the results of the groundwater simulation, when the pumping
amount for the entire Sokoto groundwater basin is 'apprbximately
88,500m3/day, the groundwater level achieves secondary equilibrium 30 years
later. Maximum decline in the groundwater level is 1.5m in Gwandu aquifer.
In the calculation of pumping lift, this declining in the water level is added to
the drawdown of the well.

According to the results from the pumping tests in the Gwandu aquifer, the
decline in water level (s1) by aquifer loss with pumping rate at 300 {/min is
calculated by Thiem’s formula and is shown in the following.

§1 = (2 30logR/) 20T
whére, 81 draw'down_

Q : pumping rate

R : radiusof influence circle

r : radiusof wéll .'

T : transmissivity
and R=500m, r=0.1m, T=141 m%day at Kukakogo.
weobtain 81 :41 m

In addition, the well logs (s2) is assumed as 30% of the aquifer loss {(s1). The
groundwater level in the Gwandu aquifer, according to the results of the



existing borehole study, ranges between several to 30m. Consequently, taking
. the maximum value here as 30m, the borehole dynamic water level (sw) is:

Csw =81+52+80
=85.8 m

If the maximum decline in the water level of 1.5m of the Gwandu formation
predicted in the simulation is added to this, it becomes 36.8 m. The head loss
in the ground must be added to the pumping lift. However only judging from
this numerical value, it is within the range of the lift and operation cost of the
pump which is initially designed.

_ Consequently, in conmdemng the socio-economic condition, development of the

 pumping rate of 83,100 m3/day which was input in the simulation model
related to the Gwandu aquifer is thought to be possible and this could
tentatively taken as the yield.

In addition, the groundwater level in the Kalambaina aquifer, the Rima
aquifer and the Gundunn aquifer is within a range of several m and 35m.
Therefore, pumping lift of these aquifers is basically the same as that of the
Gwandu aquifer. Thus, the pumping rates which were input info these
aquifers in the model are considered possible to develop. Total amount of
pumping becomes about 88,500 m3/day in entire basin.

On the other hand, _groundwatér is pumped from the Rima group in the
vicinity of Sokoto city. Groundwater level in the existing boreholes declined to
below 50m in some places and anarea of below 80m is also found.
Consequently, it is difficult to increase the groundwater withdrawal from the
Rima group in the vicinity of Sokoto city.

7-6 Necessity of Groundwater Basin Management

The Sokoto groundwater basin is said to still be under virgin conditions and
problems such as decrease in the pumping rate due to the decline in the
groundwater level, drymg ‘up of the wells and deterioration of water quality
may ocecur, if development. takes place without proper planning.
Consequently, it is necessary to initial_ly_carry out planned groundwater basin
ma_nagemént, and to conserve this precious water resource.



The basis of groundwater basin management is the control of the information
related to groundwater. - For this, the collection of the data and the
observation of the water level should be continuously carried out. The data
relating to groundwaber should be accumulated into the database system
established in this study.

1) Collection of borehole data

Gieological columnar section, well log, pumping test resulis and water
quality analysis results

2) Groundwater level observation

a. Conﬁnugus observation by the water level reco_riiers inéta_llgd in this
study. ' | o

b. BSimultaneous groundwater observation at existing boreholes

In addition, in the future, it will be necessary to carry out a 1ega1 and
institutional investigation relating to the management of the groundwater,



8. GROUNDWATER DEVELOPMENT PLANNING

As stated in the ;)revmus sections the basement rock area in Sckoto State is
thought to be a “difficult area” for groundwater development. Even in this area,
according to proper groundwater exploration in a borehole of & 90 - 130 m depth
~and a 100 mm diameter, groundwater pumping at 70 - 140 {/min is possible. This
amount is in no way large, however 11; is sultable for development as potable
water.

In addition, in the sedimentary rock area, in a borehole of a 100 - 150 m depth and
a 150 mm diameter, groundwater pumi)ing at 800 £/min per well is possible. This
amount is thought to be sufficient for development as potable water. In this
section, based on the consideration for the yield of the entire groundwater basin
and the hydrogeological conditions, groundwater development plans are
established for both the bagement rock area and the sedimentary rock area, with
the objective being potable water supply

81 Groundwater Development in the Basement Rock Area
(1) Aquxi‘er

Aquiferis composed of basin-shaped or valley-shaped weathering zones along
fractured zones and large- scale faults, Na,rrowmg down of the field of
'mvestlgatmn from a w1de area to a 10ca1 area, based on the guldellnes
proposed, is carned out. Then, geophysxcal prospectmg is carried out and the
distribution and thickness of the aquifer are estimated. The locations of the
boreholes are determined based on these detailed surveys.

(2) Developmentscale

'Consxdemng the recharge, a standard yield is set up as 140 m3/day/km2
However, the area of villages in the basement rock area issome 10- 100 ha,
and the area of aquifer distribution does not always correspond with the area
of villages. In the case of water distribution to the villages, it becomes

"uneconomical to place the boreholes ai distances from the dwellings.
‘Consequently, even in the case of large-scale scattered villages, the number of
boreholes equipped with submersible pumps is limited to 3 locations, Judging

-‘ ---from the aquifer dlstnbut.lon, there may be a possibility of increase in the



withdrawal and distribution of water. However, b‘asi'caily an increase of the
number of boreholes with hand pumps is desirable. The pumping capacity of
boreholes with hand pumps depends on the effic.lency of the pumps. Therefure,
a pumpmg rate of more than 10 m3lday is dlfficult

(3) Standard design of wells
| The standard design of the hand pumpéd well for the basement rock ai‘éh ié
shown in Figure 8-1. '

1) Targetdepth

' The thickness of the weathering zone is studied through electrical
prospecting and the depth is decided, however the target depth of 90 - 130
m is tentatwely pla,nned here

2) Loggmg

In order to _idéritify the aquifer and decide on the screen position and
length, spontaneous logging, resistivity and natural gamma ray logging is
carried ocut after the drilling.

3) Casing

The materials and the diameter of the casmg for the submemlble pump
borehole is a 6” st.eel plpe, and that for the hand pump bcrehole is 4” PVC

pipe.
4) Screen

-The standard used is a Johnson-type or stainless screen similar to it, with
a ratio of opemngs of 15 % and a slot size of 8.5- 1. 0 mm. A total screen
length is designed as 15 m, and screen posmons are set at multlple layers

5) Gravel packing

It is not always necessary to carry. out a smve analysm for the selectmn of

packmg gravel. At the test wells in this study, gravel of a grain size of 2 -
- 3 mm was used, Moreover, as shown in Flgure 8-2, at many test wells,

packer was 1nstalled in the middle of the hole, and deeper than that was
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Fig.8-1 Standard Well Design for Hand Pump Well
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8-2

left as a naked hole, In the existence of cracks, the withdrawal could be
larger from a naked hole. Based on the evaluation of the results, proper
design change is carried out,

68) Well completion

Tn the completion of the filter-packed well, except for the screen area, the
annuls of the well between the borehole wall and the casing is backfilled
by drill cuttings. Moreover, within 5 m from the surface of the ground,
cement grout is placed for prevention of contamination.

Groundwater Development in the Sedimentary Area

(1) Aquifer

Judgmg from the groundwater contour map in the sedimentary rock area
(Flgure 4—4) the groundwater level of the Gunduxm formatlon and the Rima

‘that which extends from the northern portlon of Sokoto clty to the natlonal

border and that which lies on the inside of the line connecting Gumimni, Jega
and Yabo. Groundwater development in these areas is not impossible.
However, since the pumping lift increases, it is inefficient.

Excluding these areas, groundwater development is focused on the Gwandu
formation, the Taloka formation of the Rima group, the Gundumi formation
and Illo formation, as they are good aquifers in medium degree, judging from
the spec1fic capacity map. '

(2) Development scale

A pumping capacity per well of over 300 ¢/min can be expected, In the village
water supply plan, it is possible for all of the boreholes to be those equipped
with submersible pumps. Consequently, in the plan for village water supply,
the number of wells responding to the necessary water amount can be decided,
however these wells must be properly placed in order to avmd decrease in the
withdrawal due to interference. ' ' . '



- From the results of the pumping test, the radius of influence was calculated by
the Theis's formula when the pumping capacity is at 300 £/min. This is shown
in the following,

s = @ W{u)/4 nT
u=7r28/4T
dfaw.down :
pumping rate
well funection

- Where,

radius of influence
coefficient of storage
time since pumping started

meﬂé‘om
z

coefficient of transmissivity

From the pumping results at Horo Bii'ni, in determining the radius of
 influence r at $=0.1 m, assuming S=0.05, and Q=300 €/min, t=8 hours,
T=5.4X10-2 m3/min/m, then W(u)=2.26X10-5. According to the table of
function, u becomes 8.58, then we ob_tain-r: 216 m,

From these calculation results, it is understood that the well spacing has to be
at least 430 m distance. As regérds the detailed design, proper well spacing is
designed upon congideration of the hydrogeology, topography and village
distribution in the study area.

(3) Standard well design

The standard well design of the motor pumped well for the sedimentary rock
area is shown in Figure 8-3.

1) Targetdepth

In this study, the test well depth for the sedlmentary rock area was 150 m
in all cases, however the sereen was placed at 50 - 80 m. In Soro, water is |
not taken from the lower Kalambaina limestone. In addition, in Horo
Birni, it is estimated that the lower part of the Taloka formation is muddy
and that the water quality is unfavorable. Tn Kukakogo as well, the
muddy portion of the Illo formatlon was avoided when the screen was
placed. '
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Based on these experiences, the target depth for the boreholes was decided
smtable at 100 m,

2) Logging

After drilling, the aquifers were identified based on electric logging and
natural gamma ray logging, and then the screen position was decided.

3) Casing
The casing pipe chosen was a 6” steel pipe.
4) Screen

Just as in the basement rock area, the screen chosen is either a Johnson
type or a stainless type similar to it, with the ratio of openings at 15 % and
‘the slot size at 0.25 - 0.5 vam. With the screen length at 10 - 15 m, water is
taken from a single aquifer.,

5) Filter packing
Around the screen, 1 - 2 mm gravel is empirically used as filter..
6) Well completion

In the completion of a filter-packed well, excépt for the screen ares, the
casing and the annuls of the well between the borehole wall and the casing
. is backfilled by drill cuttings, Moreover, within 5 m-deep from the surface
of the ground, cement grout is placed for prevention of contamination.



9. WATER SUPPLY PROGRAM FOR MIDDLE TO LARGE SCALE
VILLAGES

9-1

Present Status of Water Supply Program

9-1-1  National Policy

The problems of water supply include an inadequate supply and distribution
network as well as the low quality of the water itself. In order to solve these
problems, the Federal Government announced the following intentions in 4th
National Development Plan for 1981, (National Economic Planning Office).

a.

' The strengthening of the established State Water Boards and the

pursuance of a vigorous eost recovery policy based on reasonable user

‘charges.

The ideptiﬁcatidn'of additional sources of raw water and th'eif exploitation
through the activities of the River Basin Development Authorities and the
State Water Boards.

The expansion of the school for the training of assistant works
superintendents in Kaduna.

The moﬁnting of an education'al'campaign, especially in the rural areas, to
underscore the value of boiling water.

The intensification of hydrological investigations in order to collect
adequate data for the further expansion of water resources in the country.

The encouragement of the various State Water Boards to set up water
quality control laboratories to monitor the quality of water supplied to

~consumers,

At the séme time, the Federal Government outlined the following responsibilities:

a.

Federé.l Government

» - The exp_loitatidn of groundwater resources would be undertaken by the
Federal Ministry of Water Resources,



The design and construction of five storage reservoirs per state would
be undertaken., '

b. State Government

- The main objective of the various state government water supply -
programs would be to bring immediate relief to areas of the states
which have been without adequate water for a great length of time,

Construction of new water supply schemes and expansion of existing
schemes in the major urban areas would be undertaken, such as the
damming of rivers and streams and the construction of water
treatment plants, pumping facilities, reservoirs, and pipe distribution
networks.

For rural water supply schemes, access to safe drinking water would be
extended to increasing numbers of rural dwellers. This would be
accbmplished in part by drilling boreholes and damming rivers and
streams, |

¢. Local Government
Boreholes would be drilled in villages at a distant from existing pipelines.
9-1-2 Organization

The water supply schemes in Sokoto State are categorized into three main
categories: urban, semi-urban, and rural water supply schemes. The present
organization is shown in Figure 9-1. This figure makes clear that the SSWB holds
the responsibility for water supply in urban and senﬁ-ufbén' areas, and that the
SARDA is responsible for rural areas. In contrast, the main function of the
SRRBDA is large-scale irrigation, though the SRRBDA sometimes drills
boreholes in order to supply drinking water for those dwelling in rural areas.

" Figure 9-2 shows the transition of the organization concerning water supply in
Sokoto State. The present organization was established in 1982.
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Table 8-1 Capital Expenditure on Water Supply by Scheme

(Unit: 1000 NAIRA)

: Ac'tunl

Actual Actual Actual Actual Revised | Estimated
1981 1982 1983 1984 1985 1986 1987
Urban Scheme 8,656 5,080 6,164 269 | 22,600 40,800 47,200
from Water Supply 7 _
o, from ' )
Semi- Water Supply 407 564 . - — .
Urban ; : : -
h rom _ " _ - T - -
Scheme Agriculture 1,878
from ’
Rural Agriculture 10,319 5,154 - - - - B
Scheme from
World Bank — - 5,010 8,625 7177 1,645 1,073
Total o 19,382 13,277 11,174 8,894 20,777 42,445 48,278
Note: Capital Expenditﬁres by the World Bank are all actual and based on the Stage I 1983 - 1987
Source: (1) Recurrent and Capital Estimates o_fthé Government of Sokoto State of Nigeria 1987
(2) Verbal reports [rom SARDA,
' ' 7 Ministry of Water & okoto ;
Urban Schemes Sckoto Water Board ' ! 1'? & Sokoto State
. : Electrical Supply Water Board
Semi-Urban . Ministry of Rural
‘ Sokoto Water Board Development & - Sokoto State .
Schemes Cooperation Water Board
_ Ministry of Rural
Rural Schemes Sokoto Water Board Development & SARDA
cooperation
1979 1982 1989

Figure 9-2 Transition of Water Supply Orglanization in Sckoto Biate




9-1-3 Finance

The capital expenditures of each scheme are shown in Table 9-1. It is indicated
that the water supply projects in urban and rural areas have been undertaken
continvously by the SSWB and the SARDA, However, no capital expenditures
have been made in semi-urban areas since 1983.

9-1-4 Development Activities

" The number of boreholes driiled from 1982 to 1985 are shown in Table 9-2 by
scheme.

a, Urban Scheme

The total potable water supply in the urban areas of Sokoto State during - -

the year 1985 was 18.98 million gallons of water per day, out of which

13.50 million gallons per day were from treated surface water supply and
- 5.48 million gallons per day were from treated boreholes supply.

The difference between supply and'capacity during 1985 was 5.31 million
gallons per day. This gap was caused by reasons such as generator
breakdown, power failure, and inadequate distribution networks.

b. Semi-Urban Sch_eme

The water supplied to dwellers in semi-urban areas is from boreholes.
However, the amount of water is obviously inadequate.

¢. Rural Scheme

The drilling of boreholes and wells has been implemented aggressively by
the SARDA,‘ The Directorate for Food, Road and Rural Infrastructure
(DFRRI) and the local governments. The SARDA and the DFRRI now
carry full responsibility for water supply development in rural areas.
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The SARDA’s activities have been in villages of about 500 or fewer people, where
it has drilled boreholes with a depth of 50 to 80 m and provided handpumps for
these boreholes, These acti_vities have been financed, 98.5 %, by the World Bank
and, 1.5 %, by Sokoto State. '

Table 9-3 SARDA Drilling Activity

Phase 1 (1983 - 1987; .
1,401 boreholes (1,200 p_lanne'd)

1983 1984 1985 1986 1987  Total
5010 8626 7,177 1645 1,078  23,535(1,000 Naira)

Phase 2 (1988 - 1989)

2,200 boreholes (1,500 planned)

1988 1989  Total
66,362 60,000 126,362 (1,000 Naira)

The history and cost of this activity is presented in Table 9-3.
Consequently, it is concluded:

The SSWB is respbnsﬁale for the improvement of water supply conditions in urban
and semi-urban areas using the state budget. The SARDA is promoting water
supply development in rural areas utilizing a contribution from the World Bank.

The SSWB has acute shortage of funds to adequately fulfill its obhgatlons
According to the 4th National Development Plan, only half of the capital budgeted
for 1976 to 1980 was available. There is an urgent need for adequate water supply
in the semi-urban areas, which the SSWB can satlsfy only with financial
resources provided by foreign sources.



9-2 Water Supply Plan

Investigétion of water supply schemes by groundwater in medium- to large-scale
villages, of populations of 3,000 - 20,000 was carried out.

9-2-1 Basicplan
(1) Villages for water supply schemes

Twenty-one villages were subject to detailed investigation regarding water
supply schemes. As for the candidate villages, there were 47 for all of Sokoto
State, however by the preliminary survey, the following villages were
excluded: 8 villages of below 3,000 in population; 13 villages of extremely poor
road access conditions; 2 villages of already existing boreholes with pumps or
in-the planning process of having them; 2 villages of scant possibility for
groundwater existence; 1 village for other reasons. This resulted in 26 being
excluded from the detailed survey. The water supply execution potential in
these villages will require future investigation.

Tn Horo Birni, one of the chosen villages, as mentioned below, a water supply
facility model was constructed, thus bringing th_é aumber of invéstig‘ated
villages to 20, The name and location of each village are shown in Table 9-10
and Figure 9-3.

(2) Water supply population

The populatioﬁ_ of Sokoto State, according to a supposed 2.5 % growth rate, rose
form 4,530,000 recorded in the 1963 census, to 8,200,000 in 1987. The

" population breakdown in each administrative district could be researched,
however population totals for medium- to large-scale villages don’t exist.
Consequently, the population in the ares of the planned water supply was
learned by on-site verbal survey. In addition, the population of those served by
water supply in the year 2000 was estimafed by applying a growth rate of 2.5
% to the present population. The population for these 20 villages concerned in
the water supply scheme is 147,700 (Table 9-10).
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(3) Designed water supply amount
3 1) Standard consumptlon rate for water

- Mables 9-4, 9-5 shows the most widely used WHO standards for water
consumption amount for small-scale water systems in’ developmg
countries at present. In addition, the FDWR in Table 9-6 showsa proposed
ideal water supply and water consumption rates, However, if the present
situation of water use is taken into consideration, it would not be very
practical to base the design standards on the above standard velues nor .
the proposed values as they are. Because of this, suitable consumption
values are proposed in Table 9-7, based on the scale of the villages, present
water supply and hydrogeological conditions for this study. It is thought
very important for future designs that they take into account the
conditions in each village in establishing consumption amounts. In
addition, as stated below, basing the investigation on the actual amount of

_ water used in.the model water supply system in Horo Birni, the
consumption amount is 27 £/c/d.

2) Designed daily average water demand

The designed daily average -water demand (Qn) is found by the following

formula.
.Qn = CtXr

Where, Ct: Total water consumption
‘r : losscoefficient by
Ct = PxC

Where, P : watersupply popuiation
' C : water consumption ({/c/d).

A water consumption amount corresponding to the village conditions was
established, as presented in Table 9-10 and the designed daily average
water demand for each village was determined at r=1.2.

8-10



Table 9-4 Typical Domestic Water Usage =~

Typical Water Supply - Water Consumption Range
. Communal water point 1/¢/d 1/e/d
- at medium distance (>100m) 7 - .5-10
- at medium distance 12 | - 10-15
(300m-1000)m o
B. Village well _ 20 .l 15-25
. . - walking distance <250m
.- Communal standpipe - 30 _ 20 - 50
- walking distance <260m ' S SRR
. Yard connection 40 20-80
- tap placed in house yard ‘ : :
. House connection | |
- single tap 50 ~ 30-60
- multiple tap 150 70 - 250

Table 9-5 Various Water Requirements

Tvpical water supply

Consumption

- School {day school)

- Hospital (with laundry)
- Hotels

- Restaurant

- Mosques

- Livestock (goat or sheep)

15-30 f/day per pupil
220 - 300 /day per bed
80 - 120 €/day per resident
65-90 {/day per seat

' 95- 40 €/day per worshipper
15- 25 f/day per head

§9-11




Table 8-6 The Ideal Water Supply and Consumption Proposal by FDWR

- Present average Ohjective
Urban area _ 50 €/c/d 120 €/e/d
Semi Urban area 40 €/cid 90 €/e/d
Rural area ' 40 £ic/d 60 £/c/d

Table 9-7 Recommended Water Consumption

. s ' Water Consumption
Village condition (ele/d)
Geology '
Basement Area 15~ 20
Sedimentary Area - 20 ~ 50
Scale of Village |
Rural Type (<1000) 15~ 20
(1,000~10,000) 20 ~ 30
Semi Urban Type (> 10,000) 30~ 50
Existing Water Source
Occasionally available - 15~20
Always available 20 ~ 50

8-12



Table 8-8 Designed Standard for Velocity and Head Loss

Diameter (mm) Veloc_itv (nllsec) E
40-75 0.6-0.8
75-150 | 0.7-1.0

200-300 0.8-1.2

<Calculation of head losses>

The Hagen-William’s formula is commonly used in calculating the

head loss:
: - 2.63 0.54
Oij = 0.27583.C.Dij hi - hj
Lij
Whére,

0ij : quantity of water flow between (i) and (j)
Dij : diameter of pipeline between (i) and (j)
Lij : length of pipeline between (i) and (j)
hi : dynamie hydraulic pressure at (i)
bj : dynamichydraulic pressure at (j)
C . pipescoefficient ,

C =110-120 for steel pipes

3) Designed maximum daily water demand

The designed maximum daily water demand (Qmax) is found by the
following formula.

Qmax = Qnxkd
Where, the peak factor “kd” which is generally 1.1 - 1.3.

However, as there is no data on the monthly fluctuations in supply
amount for Sokoto State, the peak coefficient will be assumed at 1.2.

The estimated results for each village are shown in Table 9-10.

9-13



4) Designed hourly maximum water demand

The designed hou_.ﬂy maximum water demand (Qhmax) is found by the
following formula.

Qhmax = QmaxXkh

Here, “kh” is the hourly peak coefficient, This coefficient should also be
established in regards to the actual use of the model water supply
facilities, however, as a generalvalue, 1.5 is used.

(4) Water resources and water quality
1) Water resources

In Sokoto State, as explained in detail in Section 8, groundwater
development is possible in both the basement rock area and in the
sedimentary rock area. Consequently, with the water resources being
groundwater, borehole drilling and pumping are carried out,

2) Water quality

The desired water quality standards for potable water, according to WHO,
are shown in Table 4-6. In this study, the results from the water quality
analysis conducted for the existing and the drilling test wells show that
there is poss1b111ty for use as potable water., Although the total hardness
is very high in some of the drilling test wells, it is below the highest value
within the WHO permissible standards.

9-2.2 Facilities planning
(1) Facilities design

Three types of water supply facilities désigns are shown in Figure 9-4. These
‘are based on the scale, present water supply conditions and the
hydrogeological conditions of the villages.

9-14
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1) Hand-pump system (Type A)

This system is suitable for use in villages of which the groundwater
development potentlal amount is not very large. The number of people
suppliable for one borehole equipped with a hand-pump depends on the
water use amount and the pump capacity. In general, the number of
people is 300 - 800, thus the location of the borehole and the amount are
based on the layout of the village, the population and the hydrogeological
conditions. ' a |

2) Pipe water supply system (Type B, Type C)

The Type.B system is composed of a borehole equipped with one powered
pump, an elevated water tank, a distribution pipe and a communal faucet.
The Type C is made up of many boreholes and elevated water tanks,

This system is suitable for use in villages of which there is some level of
potential amount for groundwater development. The combination of
boreholes and elevated water tanks, the amount and the location depend
on the layout of the village, the population and the hydrogeoclogical
conditions. These results are shown in Table 9-10.

(2) Intake facilities

Intake facilities are composed of boreholes equipped with hand pumps or
boreholes equipped with submersible pumps.

1) Boreheles

| For boreholes, the depth is 90 - 120 m, the casing diameter is 6 inches
(submersible pump well) and 4 inches (hand pump well),

2) Hand pump

A pump w1th & submersible cylinder for deep wells is used The head is
over 50 m and the discharge is over 15 £/min,
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3) Submersible pump

A deep well submersible pump is installed and the capacity of this pump is
designed based on the following formula,

P =0163-Q-Hyp

where, P : pumpdrive power (kw) _
Q : discharge corresponding to the planned daily maximuam
water deraand (m®/min)
H : overall pumping head, being: H=HI1+H2+H3 (m)

where, H1 : dynamic water level -
H2 : head loss due to friction
H3 : height of elevated water tank
yp : efficiency of pump

The pump horse power (Pm) is shown by -
Pm =P(1+A)/y

where, A : safety rate (generally 15 %) -
y : motor drive efficiency (generally 60 %)

(3) Water distribution facilities
These facilities are composed of an elevated water tank and a distribution pipe.
1) Elevated water tank

This is installed in order to maintain a balance between the constant
supply for the storage tank from the intake pump and the fluctuations in
the water demand in the distribution avea. It is necessary to make the
storage volume large enough to enable adjustment of the accumulation of
the difference between the pump amount and the demand for water. This
accumulation of the difference is 20 - 40 % of the total daily maximum
water demand. Assuming that the pump is i_h operation for 6 hours, the
volume of the storage tank must be 40 % of the daily mazimum water
demand.

g—-17



The elevated water storage tanks in Sokoto State are generally made of
steel panel, however from the point of durability and safety, GRP
(glassﬁber-r'einforced plastic), stainless steel and concrete should be
looked into.

The tower for the elevated water tanks distribute water within the zone,
and should be as tall as to meet with the water level in the storage tank, in

. order to ensure maintensnce of at least a 6 m water head at the ends of the
distribution pipes. The actual water level should be established in
consideration of the head loss of the distribution pipe and the elevation
differences in the surroundings of the site.

2) Distribution pipe .

The distribution pipe system is usually one of the two following types.
a) branch system
b) loop-network system.

The branch system is generally appropriate for small-scale villages, and
the loop-network system is appropriate for large-scale villages or for semi-
urban villages.

The velecity in the pipes and the head loss are examined as designed
standards in Table 9-8. In addition, it is necessary to investigate the type
of pipe, the depth of the pipe laying and the installation of the valves at
the detailed designing stage.

(4) Water supply facilities

These are composed of a communal faucet and service pipe. The end of the
distribution pipe joins up with the service pipe which connects to the
communal faucet. The number of faucets is determined based on the location
of the dwellings and the population.
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{5) Other facilities

Small generator houses and material storehouses will be set up. These
facilities should be used for the storage of a generator (including a spare), fuel
and repair materials.

9.2-3  Estimated project costs

A summarized facilities planning was carried out for the 21 candidate villages.
The construction costs necessary for the planning were estimated and shown in a
model for Horo Birni (sedimentary rock area) and Ruwanbore (basement rock
area) (Table 9-9).

Ag for the Horo Birni water supply model, test execution within this study period
was carried out, therefore excluding this, the estimated construction costs for
other 20 villages is tabulated in Table 9-10.

‘In addition to the consiruction costs, equipment costs and design and supervision
costs were estimated.

Equipment costs includes cost of vehicles and equipments for construction work
and groundwater investigation. Design and supervision costs is an expense of the
consultaney service for detailed design and supervision on the construction. The
estimated project costs are as in the following,

(1) Estimation conditions
1) Estimated period January 1990
2) Foreign currency exchange rate

1U$ = Yen(¥) 140

= Naira (N) 7.4
iN)= ¥189
3) Construction period 30 months
4) Contractors | Foreign contractors for well drilling
and water supply works
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{2) Hstimated project costs (20 villages)

_ X103 yen

1) Construction cost ¥ 868,406
($6,202,900)

2) Equipments & vehicles cost ¥ 104,900
($749,300)

3) Design & supervision cost ¥ 97,331
($ 695,200)

Total ¥ 1,070,637
($ 7,647,400)

The local poriion of the construction costs is estimated as about 10% (N 4.65
million).

8-3 Project Implementation Planning
9-3-1 Organization of the implementation

The principal implementing body for this project is the Sokoto State Water Board
(SSWB). The SSWB follows the policies related to the ngenan National Water
Supply Plan, and in this project works together with the Federated Departnient
‘Water Resources (FDWR), and the Sckoto-Rima River Basin Development
Authority (SRRBDA), Other than the above-mentioned government-related
agencies, Figure 9-5 shows an organization of the work made up of the
Consultants and Contractors. '

Detailed information on the SSWB, the major implementation agency is described
as in the following. Principle services of the SSWB are:

@ Supply of potable drinking water to urban and rural areas in Sokoto State

Development of surface and groundwater for the above purpose.
Maintenance and operation of urban and rural water supply schemes

Collection of water rates in urban areas

@ ® ©

Consultancy services to other governmental agencies in water-related
projects



This project aims at achieving the former two services.
proj

As a department in the organization; the SSWB belongs to the State Ministry of
Works and Transport and consists of the 6 sections following:

@ Hydrology

Project & Design

® ®

Rural Water Supply
Operation & Maintenance

Accounts

®@ © ®

Administration

FDWR

SRRBDA SSWB CONSULTANT

CONTRACTOR

Figure 9-5 Organization for Implementﬁtion

The Rural Water Supply section consists of 4 area offices. Both the Project &
Design section and the Rural Water Supply section are to take charge of
construction in the project. In addition, the Rural Water Supply section is to take
charge of operation. The accounts section is to take charge of collection, and a
uniform fee of 10 naira per month per household will be issued, which indicates
that the rate is not determined by water consumption. Ratio of collection in 1988

was reported at about 65 %, Thus, the SSWB has carried out many prajects, with
regards to following: '



@ Development of water resources and construction of water supply
equipment

@ Operation and maintenance of existing equipment

But on account of a lack of skilled engineers and a lack of budget for water supply,
progress is slow.

(1) SSWB

The SSWB carries all the responsibility for the execution of this work of this
project.. It manages the budget, as well as, with the cooperation of the
consultant overseas and guides the contractors in regards to the construction
of the water supply facilities. In addition, after the construction of the
facilities, it guides in the operations and maintenance of the resulting the
community water association set up in each village.

(2) FDWR

The FDWR assists the SSWB in its works, responding when necessary. in
dispatching hydrogeologists and hydrolegists.

(3) SRRBDA

The SRRBDA assists the SSWB in technical areas, responding when necessary
in dispatching hydrogeologists and hydrologists.

(4) Consultant

The Consultant is responsible for the planning related to the procurement of
the equipments and the materials, the preparation of the tender document, the
execution of the tendering session, the analysis and evaluation of the bids, the
- meeting and the advice for contract negotiations with the chosen bidder and
the sﬁpgrvision‘ of the construction and the procurement of the equipment and
mafterials. '



(5) Contractor

The Contractor is responsible for the procurement of the equipinent and
- execution of the water supply facilities construction work.

'9-3-2 Implementation planning
(1). General condition

There are only a handful of private firms technologically capable of executiﬁg‘
water supply facilities construction work, and all of these firms are based in
Lagos. All of them are supported by foreign investment and all have qualified
engineers on the staff. The private firms in Sokoto State are both financially
and technologically weak, but as they understand the local situation, one
should be used as a Sub-contractor,

The equipment, including the submersible pump, the generator and the
distribution pipe can be domestically obtained, however there are limitations
concerning type, quality and size. It is thus necessary to import foreign
equipment. Materials including concrete and iron, on the other hand, can be
relatively easy to obtain. ' | '

(2) Procedure and content of the execution

This project is for water supply through groundwater resource, and the content

- depends largely on the success of the well drilling. Consequently, the work
involving well drilling and test pumping should be separate from that
including other facility construction, This procedure is outlined in the flow
chart shown in Figure 9-6.

9.3-3 Schedule

A detailed construction schedule will be prepared in the detailed design study.
Described below is just a tentative consideration for the construction schedule.

1) The duration of the detailed design study for the siting of the boreholes,
designing of the facilities, preparation of tender documents and tendering
requires 4 months. ' '



9) . The procurement of contractor, equipments and materials and their
transportation them to Nigeria. This requires at least 6 months,

Detailed Design Stage

Hydrogeological Survey

|
1 ' i

Geoelectric Sounding - Topographic Survey

Determination of Drilling Site

|
i

Detailed Design

Tendering - Contract

Construction Stage

Borehole Drilling
Well Logging
l

Completion of Well

Pumping Test

i Change of Design

_ Evaluatio )

Construction of Facilities

q — ]
Pump Elevated Reservoir Tank Pipeline
[

Other Facilities
1
- Test Run

[
Campletion

Fig.9-6 Summarized Procedure of Construction



3) The well drilling work and the water supply system construction work can
be executed simultaneously. The duration of the construction is estimated
as 20 months.

Tentative implementation schedule of the project mentioned above is shown as
‘Fig. 9- 7.

9-3-4 Operation and maintenance

In national regional wafer supply projects, state water boards and lecal
governments execute evefything from the construction of facilities to the
operations and maintenance. In other words, everythin:g is governmentally
executed, leaving the users with no responsibility for the operation and
maintenance of the water supply facilities.

It is also said that there is legislation stating that the federal govefnme'nt and the
state governments are responsible for the operation and maintenance incurred in
rural water supply. (The user is obliged to pay water usage fees in the urban
water supply projects.) However, judging from the present conditions, due to an
insufficient budget, there is little done in terms of construction of new facilities,
‘nor of the maintenance of existing ones. -

During this study, there were seen several villages where simple water facilities
were constructed, however none of these functioned normally.

Due to a generally lack of regional funds, a small break in the generator or the
“inability to pay for fuel has caused all of the facilities to stop functioning, and then
o be abandoned.

Where improvement lacks in the establishment of a budget for governmental
regional water supply, the only means of paying for water supply facility
construction is to seek foreign financial assistance. In addition, even if facilities
are constructed by foreign funds, it is still impossible at present for the
government to carry on with their operations and management. Consequently, it
is necessary from this point on to change the customs regarding water usage and
to introduce regulations for the users to bear the cost of operations and
maintenance. E i
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This study attempts to make a case study out of the model water supply system
constructed in Horo Birni, and to propose the creation of a water association
composed of by the people for operations and maintenance. The essence of this
self-run system by the people is that the daily operations and maintenance of the
facilities are handled by a village water association composed of community
inhabitants, and the SSWB is responsible for the instruction and management
concerning the facilities, which means that the fuel and maintenance fees are the
responsibility of the people.

In the case of the model water supply system in Horo Birni (B type), the operation
and management fee is calculated as follows

Fuel and pai;ts 511 Naira/month
Personal expenses 725

Reserve found for repairs 247 _
Total ‘. 1483 Naira/month

This shows about 1.5 Naira / month / family, when the number of the households
is 1,000 in proportion fo the population of 8,000 in this village. _
Judging from the existing conditions, 1.5-4 Naira/ month / family is feasible.

The SSWB is supposed to guide the water association and maintain the major
facilities such as the pump, the generator and the pipeline. The elevated tower
and tank are semipermanently usable, However, the submersible pump and the-
generator should be repaired every 5-7 years. In order to rei)air the facilities, a
reserve fund must be prepared by the SSWB, This fund is estimated at about
3,700/ Naira / system / year,

Judging from the capability shown in the course of the model ccnstructiOIi, the
- SSWB is able to maintain the facilities in terms of technical ability and
organization.

9.4 Model Water Supply Facilities in Horo Birni

From among that 21 candidate villages covered in the detailed study, one was
selected for experimental éonstruction of model water supply facilities. The
purpose of experimental construction is to understand the various problems which
could result in actual construction and to be able to refer to the information
learned in instances of future execution planning. In addition, another important



objective is to obtain data for the establishment of more realistic design
standards, in monitoring the water usage situation following the completion of
the facilities. The proposal for the creation of a water association, self-run by the
people, for the operation and maintenance of the facilities, was made and
experimentatibn of this concept was carried out.

.41 System design

The construction of the model water supply facilities was chosen for Horo Birni, a
medium-scale village in the sedimentary rock area in the vicinity of Sokoto City.
Horo Birni is located 50 minutes by car from the center of Sokoto city, with very
good access from the trunk road. Already in the detailed study drilling had been
carried out (120 m depth, 6” diameter), and a screen had been installed in the
Taroka formation.

The water supply facilities other than boreholes were designed based on the
following standards (Figure 9-8).

(1) Water supply population (P)

From what was heard dil_ring the detailed study, the population is estimated to
_be approximately 9,500, however the investigation prior to the experimental

execution found a total of 5,627. The year 2000 water supply population, with
a growth rate of 2.5 %, would be: '

P = 7,200
(2) Average daily water demand (Qn)
With the consumption capacity (C) at 80 £/c/d and the loss coefficient (x) at i.2, '

Qn = PXCXr
- = 7,200%X30x%1.2
= 260 m3/day

(3) Maximum daily water demand (§max)

With the peak coefficient (kd) at 1.2,
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Qmax = QnXkd
= 260X 1.2
= 312m3/day = 216 £/min

(4) Maximum hourly water demand (Qmaxh)
With the hourly peak coefficient (kh) at 1.5,

Qmax Xkh
= 312X1.5
= 468 m3/day = 325 £/min

fi

Qmax

(5) Pump and generator

Sﬁbmersible pump : 2 (1 spare), 7.5kw, d. cap. 240 €/min, p cap. 7B m
Generator :  2(lspare), 17.5 kvA

(6) Elevated reservoir tank

The elevated reservoir tank was designed for an effective capacity of 115 m3,
based on the maximum daily water demand for an 8-hour retention period.

In addition, the material used to construct the tank was panel-type GRP
(glassfiber-reinforced plastic) because of its ease in maintenance and long life.

- (7) Distribution pipes

The distribution pipes were designed based on the standards shown in Section
9-2 and upon consideration of the water supply population, the flow capacity
and flow pressure. The faucet of steel pipes, and water meters are attached to
the main pipes and the faucet pipes.

These water meters are for the monitoring of the water usage situation
following the completion of the facilities, therefore effective for an
understanding of the water consumption patterns of & medium-scale village.

A detailed design was carried out for the model water supply fhciliti_es, and in
order to place and order for the construction company, a confract, a sheet of

w
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specifications, a bill of quantity and drawings were prepared. These are
attached to the Supplementary Report 1.

9.4-2 Process of construction

A contract was given to one of the local contractors for construction of the model
‘water supply system. The contract was comprised of a) supply of all necessary
materials except the reservoir tank and the well-related materials b) construction
of the whole system designed by the JICA Study Team except for the work
involving the well-drilling, and ¢) a test run of the system.

The borehole well, as a source of water for the water supply system, had been
constructed under a different contract during Phase 1 of Stage I of the Study. It
was constructed as a test well to study the hydrogeological features of the area,
and it was decided to be converted to a production well when Horo Birni was
selected as the site for the model system construction. -

A reservoir made of special material was proposed by the JICA Study Team, and
another contract was given to the supplier to import the material from Japan.
The material is panel-type GRP which has the characteristics of long life and
simple maintenance needs.

The agreement on the system construction work, which is attached fo
supplementary report 1 along with the technical specifications, was signed on the
18th of September, 1989, and the work began on the 20th of September with a
target date for completlon of November 20, 1989.

The construction work began with such cwzl works as ditch digging for pipe laylng
and excavation for the tank tower foundation. During the progression of these
works, construction drawings of such major facilities as the generator house, the
steel tower, the pipeline ‘and the communal faucets were prepared by the
Contractor for the approval of the Study Team. After both minor and drastic
revision of the drawings, the supplying of material and the major construction
works started at the beginning of October, under supervision of the cooperative
body of the JICA Study Team and the Project Managing Office of SSWB.



The completion of the construction work was at the beginning of January, 1990,
Completion was behind schedule about one month and a half, and the major
reasons for the delay were;

a) a drastic revision of the construction plans for the steel structure,
including replacement of the material which the contractor offered

b) delay in the arrival of tank material to the site, due to a mistake in the
shipment by the supplier

Since the framing up of the tank on the steel tower was délayed for the above-
mentioned reason, the test run of the supply system was begun by direct
connection of the pump to the main distribution pipe before completion of the
reservoir tank, and the whole system test run was finalized with the leakage test
of the tank.

The completed model water supply system was handed over from JICA to the
cooperative body of the community water association, the SSWB and the FDWR,
in the middle of February, 1990, and operation and maintenance are being
“undertaken by the community and the SSWB,

9.4.3 Water Use

Since the design criteria concerning water use in the middle- to large-scale
villages has not been clearly hased on actual data thus far obtained in the
northern part of Nigeria, a monitoring system for the model water supply system -
has been planned to establish the criteria for the future implementation scheme,

In order to monitor the water consumption for the model supply syst.em water
meter were installed on the main distribution pipeline and at all of the communal
faucets. In addition, the following activities were undertaken by the JICA team
members and the staff of the SSWB during system construction,

a) formulation of the water assecxation in the Horo Birni Commumty, not
enly for the operation of the system but also for the monitoring of water
use



b) preparation of the data sheet for water consumption observation and
technology transference concerning the keeping of the leg, to the staff of
the water association, and '

¢) adetailed population census in the community, focusing on the population
of water use by faucets

The monitoring method is as follows.

a) Hourly meter reading from 5:00 AM to 10:00 PM for 3 consecutive days,
including Friday, in order to identify the hourly peak of water use and
identify the average water consumption per capita per day.

" b) Three one-week observation periods of the total water use of the day in
three different seasons, in order to identify the seasonal variation, will be
held in the cool dry season (January, 1990), in the hot dry season (April,
1990) and in the rainy season (August, 1990).



9-5

Project Evaluation

The implementation of a groundwater development project will have plenty of
effects on residents in Nigeria and Sokoto State. In this section, we attempt to
evaluate these effects based on the three following points of view, both
quantitatively and qualitatively. '

a) Cost-Benefits,
b) EconomicImpact,

¢} Social Impact

The Cost-Benefit Analysis is to measure investment efficiency, based on the
project costs and benefits estimated. The IRR (Internal Rate of Return) is a most
useful index for investment efficiency. Th_e Economic Impact Analysis is to

_quantify the economic multiplier, using the capital costs of the project. The
macro-economics and concepts of the input-output table are needed. The Social
Impact Analysis is to list up the qualitative impact, from the perspective of
improvement in life style for the residents in the project area, following the

completion of the project.

9-5-1 Cost-Benefit Analysis

(1) Concept

In performing a cost-benefit analysis, firstly the costs and benefits concerning
a project are estimated and secondly, the IRR is calculated, based on them.
The investment efficiency resulting from a project is evaluated by the amount
of the IRR. '

For this project, the costs can be properly estimated, but the benefits,
consisting of water charges to be paid by users, will be underestimated, as the
price of water remains low due to government subsidies. So it will be
concluded that this project is not feasible from the point of view of investment
efficiency, because of the low IRR obtained. Then, the water charges, the main
benefit from this projects, should be calculated based on the estimated project
costs and the expected IRR. Other than this, the other beneﬁts, gained from



project indirectly, are ignored by reason of difficulty of their guantitative
estimation. :

(2) Methodology

The equation, to calculate the water price (water charges are defined as the
water consumption amount the water price) based on the project costs and the
expected IRR, is as follows.

] (WA WSi - Mw WS/ (1 +1) 7" = Cw

1=

Where,
Fw : WaterPrice _ (Naira/m3)
Mw : Maintenance Cost (Naira/m3)
WSi : Water Supply Volume asiyear  (m3/Year)
Cw : Capital Costs ' {Naira)
T : Expected IRR (%/Year)
n :  Project Life {Years)

The following figure is to illustrate the structure of above equation.
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In other words, this equation shows that a water price is found by the iteration
method, given that the net present values of costs and benefits become nearly
equal.

The calculation steps to solve the above equation are shown as follows:
. (O Set an initial water price
@ Calculate water charges and maintenance costs

3 Calculate the IRR ‘bésed on water charges, maintenance cost and
capital cost

@ If this calculated IRR is almost the same as the expected IRR, the water
price is accurately found.

(® If the calculated IRR is smaller than the expected IRR, increase the
water price and jump to @.

® If the calculated IRR is Iarger ‘then the expected IRR, decrease the
water price and j Jump to @.

(3) Expected IRR

The IRR indicates the time value of money and is related to the interest rates
of savings accounts. It is reported that the current interest rates are
- approximately less than 10 %, for long term sa{rings accounts, for periods over
5 years. Therefore, 3 % is assumed as the expected IRR for the cost-benefit
analysis. This value would be suitable for public enterprises, like
transportation (road), education, power supply and water supply.

(4) Case Study

Cost benefit analysis on this project is to be done with some preconditions.
First, it assumes that project costs are consisted of construction cost,
equipment & vehicle cost and design & supervising cost. Each cost could be
estimated to be 6,200,000 US dollars, 750,000 US dollars and 700,000 US
dollars respectively. So total costs sum up to 7,650,000 US dollars.



Furthermore, construction costs on every project area are shown on Table 9-11.
Depending on the number of served population, project areas could be divided
into large-sized villages with more than 10,000 people and middle-sized
villages with not more than 10,000 people. With c_alculatioh of both average
number of populaﬁion and average amount of eapital cost in each-sized
~ villages, cost benefit analysis will be done for village with them. And
equipment & vehicle cost and design & supervising cost assigns to every
village equally. . '

Thus project costs on average of each-sized v111ages can be caleulated below,
Middle sized 239,534 + (750,000 +700,000)/20 = 312,000 (US dollars)
Large sized 521,978 + (750,000+ 700,000) / 20 = 594,000 (US dollars)

And tﬁe other preconditions of cﬁst benefit analysis are shown as follows. |
(@ Operations cost is 2 naira/home / month. (referring to Horobirni case)

(@ Maintenance cos't consists of 1 % of construction costs / number of home
/ 12 months. ' :

(® Persons per home are 10 persons.

@ Growth rate of p;)pulation is 2.5 % annually.
® O;ne US dollarisas qf 7.5 naira.

® Project life is 15 years (from 1991 to 2(05)

Result of cost benefit analysis based on these inforﬁations are summarized on
Table 9-12 (the middle-sized) and Table 9-13 (the large-sized).



Table 9-11 Consiruction Costs of Each Candidate Site:

Middle Village . Large Village
Served Capital _ Served Capital
Name Population | Costs. Name Population Costs'_
(Person) | - (US$) ' (Person) (US$)
1. Tunga 3,000 195,000 {1 1. Dokau 10,000 414,471
Arde : .
2. Bullake 5,000 325,000 | 2. Dauran 23,500 760,000
3. Ruwan 8,000  272,064]|3. Yambuki 12,000 | 582,314
Bore ' : .
4. Maga 4,000 149,136 [ 4. Takware 10,000 391,200
5. Bamamu 4,000 260,000 [| 5. Gudale 11,000 461,907
6. Zugu 4,000 148 671
7. Chibike 5,000 252,071
8. Daki 5,000 325,000
Takwas _
9, Gendene 3,500 206,014
10. Soro 4,500 163,786
11. Sambawa 8,000 348,221
12. Mallamawa 5,000 325000
13. Kimba 6,200 271,885 I
14, Kuka Kogo 3,600 141,900
15. Samalu 4,500 212,257
TOTAL 73,200 | 3,593,005 TOTAL 66,500 | - 2,609,892
Per Village 4,880 239,584 | Per Village 13,300 521,978

Note: Exchange rate US$1 =¥ 140 as of Jan, 1990,




Table 9-12 Water Charge Calculation in Middle Village

PREMISE :
| Project Cost 2340.0 (1000 NAIRA)
Operation Costs 6.00 (NAIRA/home/month)
Popﬁlﬁtion | 4880 (pefsons/at yeaf 2000)
' Projéci: Life 156 (years)
Expected IRR 3.00 (%/year)

Result: | | |

okokok Watér Price 41.46 (NAIRA/hoﬁle/month)

Table 8-13 Water Chafge Calculation in Large Village

‘Water Price

PREMISE :
Project cost 4455.0 (1000 ﬁAIRA)
Operation Cost 5.00 (NAIRA/home/ﬁxohth)
Population 13300 (pefsons/ét year 2-(300).
Pl.'ojec.tLife 15 (years)
Expected IRR 3.00 (%lyear)
_ Resulf: s
- . 2076 (NAIRA/horﬁe/moﬁth)'




- {B) Ewvaluation

The calculation results are summarized as follo_ws:

Items Middle Case  Large Case

Water Price (nalralhome, month) 40.45 - 29.28

- Population (person) 4,880 13,300
Expected IRR (%/year) 3.0 _ 3.0

Project Life (years) | 15 15

It is understood from caleulation results that residents in the project area will -
have to pay 29 ~ 41 Naira/home/month to obtain drinking water, if the SSWB

implements without any foreign subsidies. However, the residents will pay
only 5 ~ 6 Naira/home/month for maintenance cost, if the project is fi nanced

by Foreign aid. Accordingly, it is understood that each home in the project

area will gain a profit of about 24 ~ 35 Naira/month. In addition, the total

benefit per village gained from the project is estimated as follows.

Middle-size village:
35 Naira/home/month * 12 months * (488 homes)
* 15 years = 3,074,400 Naira/village

La.rge~size vﬂlage:
24 Naira/home/month * 12 months * (1,330 homes)
. ¥ 15 years = 5,745,600 Naira/village

All villages in the project area:
middle-size :* 3,074,400 * 15 = 46,116,000 Naira
large-size : 5,745,600 * 5 28,728,000 Naira
total : _ 78,844,000 Naira

Il

Note: 15 middle-size villages and 5 =large-size villages are
- assumed referring to 9-12, -

Investment efficiency of t.he project:
total capzt.al cost P 340 000 * 15 +4 458 000 %5
= 57,375,000 Naxra



investment efficiency : 74,844,000/57,375,000
=13

It is concluded, therefore, that the project will produce a 30 % increased profit
from its capital cost and that investment efficiency of the project-is high,
according to a cost-benefit analysis.

9 5-2 Economicimpact Analysis

This analysis is to study the economic impact of the implementation of the project.
In order to implement the project, Nigerian funds will needed for an employment
of the labor force, procurement. of materlals and purchase of equipment., The
salary given to the labor force will be on & consumer scale, In addition, enterprise
will require adequate funds for the purchase of manufacturmg products for
materials and equipment. Cap1ta1 costs of the project will generate much new

consumption in succession. The economic impact is defined as a summation of
these consumptions induced by the original capital costs. This impact is also
called an “Investment Multiplier”, as defined below.

Investment Multiplier =  (Summation of new consumption +
Original capital costs) /
Original capital costs

For example, according to the cost estimation of the constructlon of water supply
facilities in the project area, the local currency portmn, to be expensed in Nigeria,
is planned at about a total of 4,65 million Naira (approximately 10 % of the
construction costs). The investment multiplier resulting from the above 4.65
million naira, will be calculated as follows. -

Where,
Y : GNP
C : consumption.
I : investment
G : government expenditure

E : export
M : import



then, the following equation is defined.
Y=C+I+G+E~-M (a)
where,

7 C=c* (Y —t*Y)
Mea=m*Y

¢ : marginal propensity to consume
t : marginal propensity to pay taxes
m: marginal propensity to import

then, equation (a) is trans_fofmed as follows.
Y=c* (Y - t*Y) +14+G +E —m*Y

I+G+E

B S gty

_data,

¢=0.75,t=0.1,m=0.2

Now, if ¢, t and m are given roughly as follows, based on Nigeria economic

the investment multiplier is calculated atabout 1.9.

The economic impact resultmg from the prq;ect is estunated finally at around

4.2 million Naira.

However, since the GNP components (C; I, E, M) are élosely related, ¢, $, m
fluctuate. Furthermore, the above equation doesn’t consider the induced

investment. Accordingly, the above value of ecoriemic impact is apprommately

underestimated,



9-5-3 Social Impact Analysis

After completion of the project, residents in the project area will enjoy the
following qualitative benefits generated by obtaining potable drinking water
easily.

(1)' Health improvements

On account of both bad climate conditions, such as scarcity of rainfall, and
shortage in national budget assignment, people living in the project areas find
difficult in obtaining potable drinking water. They are forced fo drink dirty
water. Accordmg to the National Po}.xcy, it is reported that the total amount of
patlents of water related diseases could not be 1gnored For example, the rural
infant mortalzty rate of 127 per 1000 is over two times 55 of the urban infant
morfality rate. This difference partly arises from a lack of sanitary water.
Thus improved water supply will reduce the mortality rate in the project areas.
A disaster avoided is jizst as real a benefit as a gain in production.
- Consequently, this improvement is one of the qualitative benefits, Health
improvements will also have indirect economic consequences, such as increase
in labour productivity. Poor health can hold down production by making work
':impos.sible during periods of acute illness, by diminishing the productivity of a
chronically infected ﬁamrker, and by removing from the productive workforce
those who have to care for the sick.

| Tﬁis may be very&'impért_ant if the main mortality associated with defective
~ water supplies oceurs at periods of peak labour demand in agriculture.

The direct measurement of the economlc effects of health 1mprovements will
not usually be worthwhlle in a modest evaluation. But if a health impact
study indicates important health benefits, records of productivity might be
“obtained from local cooperatives or employers and checked to see if there has
been a significant change. ' | '

(2) Time Savings

' Time Savizigs result from the 'pr'QVisilo'n of water closer to the hdme, reducing
the cost of water in time spent by the consumer collecting it. These savings
may be considered as a social benefit in themselves, however an additional



economic benefit arises if the time saved is spent in economically productive
activity.

The economic value of time savings can be considered in two principal ways,
One is to estimate how much they contribute to an increase in production,
which can be a very difficult without statistic research and analysis nor
observation survey. The other is to calculate what value is implicitly'given to
people’s time by the construction of water supply. T}:is approach requires no
field work, so we adopt this and calculate the time to be saved.

In the project areas, it takes a couple of hours in water collection. But a water

supply would shorten the length by 30 minutes at best. Aséu'ming that 1

person 10, engaged in collectmg water, saves 1 hour per a day, a total amount

of 182,500 hours are to be saved in the mid-sized village of 5, 000 villagers, and
547,000 hours in the large-sized villages of 15,000.

Considering that the principal engagement in the projeet areas is
agriculturally-related, we can clearly see. contributmn of this time saving to
agricultural production.

Consequently, .!.;his also will be a majo.r benefit for the people in project aieas.
(3) Other Benefits

The construction of water supplies will have other economic consequences, For
example, the presence of water supply in an area nught encourage more people
to move there. 'This could help to concentrate a prevmusly scattered
population into larger commumtles which can be more easily and more
cheaply provided with other services such as schoo]s and clinics. If there were
a desxre to live in an area with an improved water supply, it could also lead to
industrial and commercial accumuiatmn in the supplied area. Consequently,
urbanization in such an area is supposed achievable.

Based on the analysis mentioned above, the following is concluded.

a. The investment efﬁ'clency accordmg to the costnbeneﬁt analysis is
great. ' '



b. The economic impact induced by the local currency portion of the
project cost is not negligible.

¢. The social benefits brought on from supplying safe dﬁnking water to
the inhabitants in the project area are considerably important.

In this way, the feasibility of this project is evident.
(4) Evaluatién of organization, operation and maintenance
(D Organization

The SSWB consists of 6 departments : Administration, Account, Design,
Hydrology, Rural Water Supply, Operation and Maintenance. Number of
employees is ahout 1,200. The SSWB mainly carried out the construction,
operation and maintenance of the urban water supply systems using foreign

" assistance. As far as observed in the course of the field survey, it is
understood that the SSWB has enough capacity to implement the project in
terms of the ability of the engineers in the field of groundwater and water :
supply and their organization.

@ Operation and maintenance

In this project, daily operation and maintenance is planned to be carried out
by the water association composed of the inhabitants of the community. The
SSWB is responsible for guidance of the management and repair of the major
facilities. The amount of fee of daily operatlon by the inhabitants is thought
tobe payable consxd;ermg the living standard of the village people.

Moreover, the SSWB. intends to establish the water supply program in the
middle to large scale villages (semi-urban area) throﬁghout this project.
Takmg this mllzngness into cons1derat10n this project has a vahdzty in view
of operatmn and maintenance. -

(5) Ov_erall_ evaluatlon

An increase in agricultural production and the activation of rural communities
can be expected by the improvement of the health environment through the
provision of sanitary and abundant water after the completion of the water supply
system. The project will greatly contnbute_ to Sokto State which is economically



undevelopped due to its géographical condition. In addition, this project has a
validity in terms of operation and maintenance. :

It is judged that the project is highly effective and should be implemented
immediately considering the severe natural environment surrounding these
project sites. '



10.
10.1

10.1.

CONCLUSION AND RECOMMENDATIONS
Conclusion B

1 GroundWa,terIPotential of Sokoto State

(1) Agquifers

Groundwater in Sokoto State exists in both the basement rock area and the
sedimentary rock area. In the basement rock area, mainly weathering zones
of metamorphic rock located along faults and fractured zones forms good
aquifer. In the sedimentary rock area, sedimentary rock composed of
sandstone, limestone and clay of Cretaceous to Tertiary ages forms a multi-

k l_ayered groundwater basin. The alluvium deposit in fadama also contains

unconfined groundwater.

-(2) Groundwater development in the basement rock area

Considering the properties of the aquifer as a standard for the specific
capacity, the range is 5 - 40 m3/day/m in the basement rock area and 50 - 150
m3/day/m in the sedimentary rock area. This might not actually be called
excellent aquifer, however it has. adequate potential for the potable water

- supply objective set up for groundwater development.

In addltion, although groundwater development is considered dlfficult in the
basement rock area, if drilling is carried out with respect to the dxstrxbutmn
thickness of the weathering zone based on hydrogeological study, success is
guaranteed. According to the results of test drillings, the pumping rate of 70-

40 €/min is possible at a2 well with 90-100m depth and 100mm in diameter.

" The weathering zone of Lhe basement rock area is of xrregular distribution,

and the scale of the groundwater basin is small. Perennial yield from the
groundwater basin, estimating from the g:roundwater recharge, is 140

| m3/day/km?2. As regards the preparation of groundwater development plans,
it is necessary to consider this value as the upper limit standard,

(3) Groundwater development in the sedimentary rock area

In the sedimentary rock area, mth the exception of one zone where the
groundwater level is low, groundwater development is posmbie in the entire

© area. According to the results of test drillings, the pumpmg rate_of 300 ¢/min

101



is possible at a well with 100~150m depth and 150mm in diameter. The
gi‘oundwater basin yield must be evaluated in regards to the mining yield,
however, as the groundwater basin is still under virgin condition, it is possible to
withdraw groundwater without producing any undesirable results by proper
allotment of the wells based on the assessment of the decline in the water level
due to pumpmg

10.1.2 Water Supply Project for Middle to Large Scale Villages
(1) ‘Water supply for preferential 20 villages

Clasmfymg the groundwater potential, shortage of water, water related
diseases and aceessibility, a water supply project by means of groundwater
development was planned for 21 villages. The project costs for 20 villages
excluding Horo Birni where the model water supply system constructed is
estimated 10.7 billion Japanese Yen (7.65million U$) and the duration of
construetion is 30 months.

(2) Project evaluation

This project intends to supply water to the inhabitants of the middle to large
scale villages in Sokoto State. The improvemnt of health environment, time
gavings and the activation of the community are major effects of the project
and greatly contributes to the socio-economy of the rural area. In addition,
the project has a validity in terms of operation and maintenance,

(3): Water supply program for other 26 villages

A tentative schedule and project costs for 26 villages excluded from detailed
survey were prepared based on the resulfs of the preliminary site survey
‘(Appendix). This program should be executed when circumstances such as
village accessibility, improved.

10.2 Recommendations

10.2.1° Groundwater Development and Management

(1);. Preservation of Data

Basic data for the evaluation of groundwater resources are meteorological
data, hydrogeological data, groundwater level records and borehole data

(geologlcal maps, loggmg records, pumping test records, hydrologlcal data).
These data should be collected continuously in the future and be input into

the data base system established at the FDWR Sokoto Branch Office. The
cooperation and effort from the governmental and other agencies concerned

10-2



	7. EVALUATION OF GROUNDWATER RESOURCES
	7-3 Groundwater Simulation in the Sokoto Groundwater Basin
	7-3-2 Modeling of the sedimentary rock area
	7-3-3 Prediction of future groundwater level under estimated pumping conditions

	7-4 The Basin Yield of Basement Rock Area
	7-4-1 Hydrogeological characteristics and recharge
	7-4-2 Evaluation of the yield

	7-5 The Basin Yield of Sedimentary Rock Area
	7-5-1 Hydrogeological structures and flow characteristics
	7-5-2 Evaluation of the yield

	7-6 Necessity of Groundwater Basin Management

	8. GROUNDWATER DEVELOPMENT PLANNING
	8-1 Groundwater Development in the Basement Rock Area
	8-2 Groundwater Development in the Sedimentary Area

	9. WATER SUPPLY PROGRAM FOR MIDDLE TO LARGE SCALE VILLAGES
	9-1 Present Status of Water Supply Program
	9-1-1 National policy
	9-1-2 Organization
	9-1-3 Finance
	9-1-4 Development activities

	9-2 Water Supply Plan
	9-2-1 Basic plan
	9-2-2 Facilities planning
	9-2-3 Estimated project costs

	9-3 Project Implementation Planning
	9-3-1 Organization of the implementation
	9-3-2 Implementation planning
	9-3-3 Schedule
	9-3-4 Operation and maintenance

	9-4 Model Water Supply Facilities in Horo Birni
	9-4-1 System design
	9-4-2 Process of construction
	9-4-3 Water use

	9-5 Project Evaluation
	9-5-1 Cost-benefit analysis
	9-5-2 Economic impact analysis
	9-5-3 Social impact analysis


	10. CONCLUSION AND RECOMMENDATION
	10-1 Conclusion
	10-1-1 Groundwater potential of Sokoto State
	10-1-2 Water Supply Project for Middle to Large Scale Villages

	10-2 Recommendation
	10-2-1 Groundwater Development and Management



