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ABSTRACT 

Assessment of the Biwater bore hole schemes in Baro, Etsugaie 

and kutikir i was carried out to determine the success of the 

schemes and their present conditions. 

Preliminary study was carried out through visits to various 

si tes, desk study of geological and hydrogeological maps and 

structured questionnaires. Laboratory tests were then carried out. 

Results obtained were analysed and discussed . 

Baro has four bore-holes, two drilled at Etsugaie and two at 

Kutiriko. The yields obtained from the bore - holes were adequate and 

efficient. The total daily water abstractions from these bore-holes 

exceeded the daily water demand of the communi ties initially. 

However, the situation changed after as a result of inadequate 

funding, vandalisation and low .community participation. Thus, the 

supply could not meet the demand again. 

The results obtained from the water quality tests carried out 

conformed with world Health organisation, international standard 

for drinking water. Hence the bore-holes could be described as 

portable. 
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CHAPTER ONE 
1.0 INTRODUCTION 

As the population of man increases on earth, the availability 

of portable water supply will no doubt, continue to occupy a pl~ce 

on the top of the agenda for ensuring high standards of living. 

Partly b']f.' ause fresh water is on ly 0.01% of all water available on 

earth and also because this amount is not equatable distributed 

across space even ove r s mal l areas, meeting hl lm,H1 needs is 

sometimes a very dauting task. This often necessitates huge 

investments in wate r sl lpp l y schemes to meet needs in centre of 

human concentration - a long - t erm policy of all governments. 

In Nigeria, like in many deve l oping countries, over 80 

percentage of her population live in rura l areas with farming as 

their main pre - oc cupat ion. Main via ter supply sources in rural 

areas are the spring s , s treams, rivers and hand dug wells. These 

water sources a r e mos t often contaminated as a result of the 

appli cat ion of pesticides and chemical fertilizer on the farms, 

faecal contamination a s a result of indecent excretion habits, 

washing of farm produce such as melon in the body of rivers and 

streams. For the ~bo ve sta ted reasons, provision of portable water 

supply in rural areas has been a mirage. 

1.1 GOVERNMENTAL EFFORTS 

Over t he years, co llective efforts have been made at both the 

Federal and state levels and of recent, t.he local Government levels 

nation- wide to provide portable water for rural communi~ies who 
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constitute the maj ority of the popul at i on. The se collective efforts 

have involved diff e r en t bodies and a gencies a t various times of our 

national development . Such bod i es or a genci e s include. 

(a) The Dire ctora t e of Food , Roads and rural infrastruc tu l GS 

(D FRRI) . 

(b) State wate r Boards /Age ncies. 

( c ) The Pet roleum ( s pecial) Trust Fund- National water supply 

pr oject . (PT F ) 

In 1987, a decree was promulgated by the Federal Military 

Gove "nil\C nt establishing t he Directorate of Food, Roads and Rural 

infrustructur es (DFRRI) at both Federal and state levels. It was 

charged among other th i ngs. 

(a) To mobilise the rural communities for the development of rural 

a re as in Nigeria. I t was charged with diverse functions d irected 

towards the improvements and development of quality of life in 

rural areas. The functions include the provision of roads, basic 

infrastructures and increased food and industrial raw materials 

output, the stimulation of agricultural activity and any oUlG r 

activities that will facilitate an improved quality of life in the 

rural areas . 
.r 
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(b) To formulate and support a national rural. water supply 

programme with emphasis on full initial involvement of local 

communities and local government personnel to ensure ~ ; l lstained 

maintenance of built infrustructures. 

In line with the above objectives, the DFFRI in Niger state 

was in the first phase of its bore hole construction, mandated to 

provide 200 bore holes for the various communities allover state, 

and the same number in the second phase. In the third phase, it was 

mandated to construct 500 bore holes, however, this could not be 

realized because of its disbandment. A new body in its place is now 

referred to as Niger state Directorate for Rural Development. 

Biwater working in conjunction with Niger state water and 

sanitation board (N.S.W.& S.B) was in 1989 awarded a water supply 

contract by the Niger state government to cover the construction of 

49 schemes, each consisting of either a river intake or bore holes 

with rising mains, treatment plant and reticulation to provide 

clean drinking water to 146 separate towns and villages including 

the three (3) major towns of Bida, Minna and Kontagora. The 

contract which was targe i.cd f / ) 1:" completion by October 1991, also 

included about 200 bore holes and over 122 km of rising main and 

aimed at proving portable water to an estimated 1.2 million people. 

In Biwater project, not only the volume of water a bore hole 

is capable of supplying was of primary cone ,·! 11, but also the 

chemical quality of the water. Hence these tests were carried out 

by the company on each bore hole and some of the results (data) 

made available by Niger State water and sanitation Board. 
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The Petroleum (spec ial) Trust Fund (PTF) National Rural water 

1 t bl water available to as supply project is intended to rna Cl ' pI)r a e 

., as pos Sl'ble through utilization of ground many rural communltles 

water resources in the country. The project which is envisaged to 

entail drilling and rehabilitation of new and existing bore holes 

respectively, and the construction of open wells, is to cover 

thirt y six states of the Federation . The project is intended to 

among other things, ach i eve the following objectives. 

(a) To make portable water available to as many rural 

settlement as possible through utilization of ground water 

resources. 

(b) To acquire relevant hydrological info r mation with a view to 

creating a national ground wa t er data bank i n order to guide future 

national water development policies and or programmes. 

I n Niger st a te like i n all o the r states of the Federation, the 

project i s expected to cove r only rur a l local Government Areas 

whe re hydro- geologic a l conditi ons are favorable for gr ound water 

utilization to meet portable water requirements of selected rural 

communities. Hence for each of the beneficiary locpl Governments 

(Appendix I), t he project shall involve the following: 

(a) Con:1tn,[r::t ion of ten (10) new open wells. 

(b) Drilling of five (5) new bore holes fitted with land pumps 

or two (2) bore holes fitted with submergible pumps 
,'" 

depending on local geological conditions. 
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(c) Rehabilitation of five (5) bore holes with hand pumps or 

two (2) motorised bore holes. 

Generally, fourteen to twenty (14-20) rural communities in 

each of I'.he benef iciary local Government areas are expected to 

benefit from the project, and in Niger state, of the twenty five 

(25) local Government areas, only twenty three (23) being 

considered rural are expected to be covered by the project as shown 

in appendix I. 

Finally, the Federal Government recently (January 1998) 

through the Federal Ministry of water Resources, announced it s 

intention to increase the s cope of nationa l rural ~';ate r supply 

schemes from 30 to 50 percent coverage. 

1.2 DESCRIPTION OF THE STUDY AREAS . 

1.2.1 LOCATION AND GEOLOGY 

Etsuagaie and Kutiriko are situat ed 95km and 85km respective ly 

by road to the South of Mi nna . It i s l'eached Via 20km and 10km 

unsealed track fr om Takuti on the Pa ikoro - Lapai road. 

The ar ea s <lre both under lain by t he cretaceous Nupe ::;l nd 

stone series, which is made up of finely laminated sands stones and 

silt stones with i s o lated rounded quartz pebbles. The lithic 

particles are bounde d in a metric of cl ay . Occasiona l pockets of 

lensoidal and ribbon like grave l unit occurs which are thought to 

represent paleo river beds and levee deposits. There are no well 

defined regional aquifers and the sand stone is highly va~i able 

both laterally and vertically. 
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Baro also has the same geological formations like the other 

two villages under study. Only that the village is situated 82km by 

road to the south east of Bida. And it is reached Via 45km of 

unsealed track from Badeggi on the Bida - Lapai road. And the 

village is adjacent to the flood plain of the River Niger and the 

recent alluvium which i s more pronounced in the v;lni.ty of wadata 

village which also r epr es ents a potential aquifer. 

1.3 OBJECTIVE OF THR STUDY 

The main objective is to make the quantitative and qualitative 

assessment of the bore holes dril18d by the Biwater"shellabear in 

the study areas for the Niger state water and sanitation Board, 

with the followings. 

(a) To determine the yields of the bore in relation to the targeted 

populations of the village areas. 

(b) Assess the performances of the bore holes. 

(c) Find out reasons why some have failed (if any) 

(d) Assess the chemical analysis carried out the company and 

establish, if the various data provided fall within the 

specified international limits for portable water set up by the 

World Health Organizations (WHO). 

(e) Make recommendation's where necessary in order to meet the said 

objectives. 
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1.4 JUSTIFICATION OF THE STUDY 

Etsu Agaie, Kutiriko and Baro are fast growing villages in 

Agaie local Government Area, in both population and size, and as 

such there is invariably, increase (greater) need for' the available 

water sources to meet up with wholesome water supply quality need 

for both domestic and municipal uses. 

Etsu Agaie and Kutiriko villages have no identified source of 

surface water supply. They depends solely on ground - water sources 

such as wells and bore ho10s, of which 70% of the water needs of 

the inhabitants is from the raw Biwater bore holes water supply 

schemn of the Niger State water and sanitation Board. 

In natural waters, the inorganic pollutants level continue to 

rise due mainly to increasing discharge of Agro-chemicals in 

Agriculture. The ultimate results of this pollution include harm to 

human and animals lives. Presence of pathogenic bacteria and 

viruses in water sources have given rise to such water borne 

diseases as cholera, dysentery, typhoid etc, which have claimed 

thousands of human lives in different parts of the world and 

leading to huge expenses in health sector for their cure and 

possible eradication. 

Hence, water is one of the man's precious and indispensable 

resources on which virtually all human activities depend. Thus, 

environmental pollution of water is serious. It is therefore, one 

of the main objectives of the water industry to ensure that ample 

supply ' of water in appropriate quantity and quality is met to the 
.,. 

growing demand of the people at all time. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW. 

2.1 GENERAL REVIEW. 

Not quite long ago, some researchers made some attempts to 

investigate the hydro- geological setting of the Bida Basin and to 

ascertain the causes of bore hole failures in the Bida sand stone 

formation wi thin which the study area falls. Shek'v'm lo (1983), 

using methods of electro-resistivity measurement, screen analysis 

and slot size analysis of wells and the gravel materials used in 

the completion of wells, described the Bida sand stone formation as 

consisting essentially of weakly cemented Siltshones. 

three quaters of the entire middle Niger Basin. 

It covers 

The Bore hole strata logs, electro-resistivity measurement and 

transmissivity values have shown that two main types of aquifers 

exist in the region. Thes .e have been named TYPE1 and TYPE2 

aquifers on the basis of their productivity. (P.D shekwol, water 

resouces journal vol.l,No.1, December 1990). The one that is more 

prolific and which is termed TYPE1 consists of medium to coarse 

grained sand and the second called TYPE2 is composed of medium to 

fine grained sand and often intercalated with clay and or silt clay 

admixture. Both are usually found semi- confirmed between the 

thick layers of clay and or silt clay admixture and occur at 

varying depths. 

Previous studies were mainly on the general stratigraphy, 

geomorphology, petrology and economic geology of the southern 

extremes of the basin . Adeleye (1971,1973) worked on the 

8 



sedimentology and stratigraphy of the basin with emphasis on the 

areas around Bida. It was said that the precambrian basement 

complex is directly overlain by basal sediments of alluvial fan 

origin, sand stone, subsidiary clay stone, fine conglomerates and 

silt stones. Both these beds and under l ying ones are about 3.5 km 

thick (Ademiyi,19840). Th ey are known by various local names; Bida 

sand stone around Bida and Lokoj a basal sand stone around the Niger 

/Benue confluence . 

Reymen t (1 965 ) s pecula t ed final evidence on the possibility of 

conne c t i on be t wee n the t e thys and the south Atlantic via the Bida 

Basin dur i ng t he maes t ri chian time. H~ however admitted that the 

ma r ine sediment s in both seas were separated by a wide area about 

which little was known (Reyment, Adeleye, and Dessarragie.1972). 

Adeleye (1973,1975), Adegoke (1969) and Kogbe (1 976) ha v ~' aJ.l 

argued in favour of the maestrichian connection of two seas via 

Bida Basin. 

Some workers have also written brief reports on the ground 

water geology of Bida sand stone. They inc lude Jone (1953) and 

maxlock ground Nigeria Lt d (1 9 7 9 ) . J ones (1953) also made some 

brief notes on the wa ter supply fo r Bida town. 

2.2 AQUIFERS 

Ground water occurs in many types of geological formations. 

Those known as AQUIFERS are of most importance. An aquifer may be 

defined as a formation that contains sufficient suturated permeable 
)" 

material to yield signif"icant quantities of water to wells and 
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t.o stor e w.:ttcr .:'\.n(l transmit j t , 

( a ) CmIFJ NF: l\U\lrF' E:i'~ : 

/\ c C'~l f inr:(1 .]qu:i. fr-' 1. .1 . :,: o ne in Itlhi c h t :he If.later rif; P5 to a h i Clb e r 

1 ": '1 8 1 i n !:hc' bore i-l u lE.~ t h a n in the sm:rounding rock as shovlD i n 

t h e '..rat ·::'r rj,:.=.c.;;::, i n t h e bo r'e ho1 e i s jr,novTn a s t.he PIEZOHETHIC LEVEL , 

the bor e hole opening and thi.s phenomenon is c ;1l1ecl an l\HTE SI AL 

Repleni s hment or re c harge of the water in a confined aquife r 

can be f a.r e1\-' a y fro IT\ the 1. 0 cat ion I) f UV~ we 11 by in f i 1 t rat. ion in CI 

recharge 

u't"'I (;.0.", i-i of\ o{.cl .,.. 
(-{(-vIM'[e..-

Fig.l Different types of aquifer 
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(b) Unconfined aquifer: 

If a bore hole is drilled in an unconfined aquifer, the water 

does not rise above the level where it struck (bore ~3 in fig.1). 

The water in which an aquifer is at atmospheric pressure, just like 

an open reservoir. The upper limit of the aquifer is formed by the 

water table, the shape and slope of which depend on ]~cal recharge/ 

discharge area and permeability. 

Perched water tables can occur when inf il trating water is 

stored on the top of impermeable layers of relatively smaller area 

such as clay lenses (fig.l). They can be easily mistaken for the 

water table of main aquifer which lies deeper. The chances are 

that the well in such a perched water body will quickly run dry 

since the storage capacity is only small and recharge can only 

place in the rainy season by local infiltration. 

2.2.2 CHARACTERISTICS O~ AQUIFERS 

The aquifer material must contain interconnected space or 

pores; filled with water, anl1 the openings between 'these pores must 

be large enough to perrni t water to move towards wells at a 

sufficiently high rate. The water yield characteristics of 

aquifers which largely determined by the grain size of the soil are 

described below and some representative values are 1 i ;; h1d in (Table 

1.1 j . 
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2.2.3 POROSITY AND SPECIFIC YIELD 

If a rock or soil contains many pores, it is described as a 

formation of high positi. This means that per unit of volume, a 

large amount of water can be stored in such an aquifer. Porosity 

is defined as the percentage of the total volume which is occupied 

by the pores. Example: Total volume of soil= 1 litre; volume of 

pores= 0.3 litre; Porosity= 30%. 

The water in the pores, however, is not always easy to remove 

by pumping. Some of it is very tightly connected to the soil 

particles by molecular forces. For example, clay has a very high 

porosity, but if saturated clay is place~ I) n a sieve, hardly any 

water will drain out. Sand gravel, on the other hand, easily 

release the stored water. They hav0 ~ high "Specific yield" and 

are therefore of more interest for the construction of wells. The 

specif ic yield of a s oi l is defined as the ratio of the volume of 

water that, after saturat ion , can be drained by gravity to the 

original volume of the saturated soil and is usually expressed as 

a percentage. Fig.2 shows that with increasing size of the soil 

particles, the value of the specific yield approaches that of the 

porosity because the influence of the molecular forces is reduced . 

. ,. 
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Table 2.1 Characteristics of some unconsolidated sediment 

I Type of 1 Gradat. I Grain size I Porosity I Specif ic I Permeabil i I 
[\-' s::.-e_d_-i_m_e_n_t-+-I ____ !f-____ -+ __ (_%_) __ -11iy_l_, e:-l_d:--_t_' % __ '.l " -:-t-:YTc-:-m-.-/ 'Js;-e_c -. II 
IIClay I I (pm) <2 45-55 3.5 10-

8
-10-

6 II 

I ! ! (very low) ~ 
I I '50! I h -1 U- • II I' U- -6 -1 U- j II Ii S i 1 t I i 2 - I 4 0 - 5 0 I J " 

II I I [ I I (low) ,I 
I, I I I I 

II ! Coarse II 500-2000 I I I" I' 

1
I11 G r a vel i [> 2 0 0 0 '\ 2 5 - 3 5 1'1 2 0 - 3 0 I 1 - 1 0 0 ve r Y II 
I I I I 1\ 

Ii I ! I ( hi g h JI 
Source:Blankwaardt B: (1984) Hand drilled wells. 

2.4.4 Storage Coefficient 

The storage coeff icient is def ined as the volume of water 

released from or taken into storage, per unit surface areas of the 

aquifer per unit change in the water level. In unconfined aquifer s, 

the storage coef fi cient is equal to the specific yield. 

2.2.5 Permeability 

Permeabili t y is a measure of the capabi lit y of an aqui f er to 

conduct water. If the convection between the pores are larged, the 

water can flow easily and the permeability is high. It has a 

dimension of a velocity and is usually expressed in M/day or 
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em/sec. When the pores are not interconnected, water can not pass 

through and the rock or soi l is described as "impermeable". 

Some hard rocks can have a high permeability, despite the 

impermeability of the lock materials itself. This is caused by 

faults and fractur es in the ro ck through which the water can flow 

and is called "seconda ry permeability". However, such aquifers are 

of no interest for the construction of hand drill ed wells. 

2.3 WELL DESIGN IN GENERAL 

Des igning a well invo lves selecting the proper dimension 

fact ors for the for the stl llc ture, and choosing the materials to be 

used in it s constructions . Forth with a good design aim to ensure 

an optimum combina tion of perforl1l t1 nce, long service life and 

reasonable cost . 

Basically, there are principles that are however being applied 

to both wells in uncons ol idated and consolidated rock formation. 

Generally, the principal f ac tors in both consolidated and 

unconsolidated rock f ormation we ll design, is that the cost and 

technical facto rs must be property analysed, if this factor is not 

taken in to consideration, i I:. may saddles the owner with higher 

pumping and maintenance costs as well as reduced the usefulness of 

the ",el l. 

For the design of municipal, industrial and Irrigation wells, 

they must be designed in s uch a way as to obtained the highest 

yield available from the aquifer, and the highest afficiency in 

term of specific capacity. Another important cost factor in these 

15 



types of installations is the economic loss that may result from 

interruption of service in large water supply development. Good 

design minimises this danger by building in to the well the factors 

that will assure long and trouble free life. 

A good bo r ehole design depends to a greater extend on accurate 

formation identification . The techniques used for formation 

identification are basically of three different kinds. 

(a) Observation of the drilling process, rotary air or mud 

flush and Down - the - hole- Hammer (DHH). 

(b) Collection, inspection and analysis of formation samples. 

(c) Geophysical logging. 

2.3.1 BOREHOLE DESIGN CRITERIA 

(1) Aquifer types: - Hard rock, Soft rock 

(2) Purpose Yield limits for the well. 

( 3) Pump chamber cas ing .- De pth 

- Diameter 

- Materia l to be used 

(4) Screen Section - Di ame t er of the screen 

- Length 

- Blank sections 

- Filter materials 

- Corrosion 

- Encrustation 

Material 
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(5) Pump choice 

(6) Economics Aimed at producing at the lowest 

possible cost. 

2.3.2 CAUSES OF DECREASE IN BORE-HOLE CAPACITY 

In most cases, the cause of decrease in well capacity is a 

dogg:i p 'J of the opening in the well screen. This phenomenon is 

called INCRUSTATION. It results from deposits or accumulation of 

extraneous materials in the openings of pores water-bearing sand 

and screen. The three main types:- Chemical, Physical Biological 

and combination of all the three. 

(a) Chemical Incrustation:- is the deposition of carbonates, 

oxides, hydroxide and sulphate on or within the intake 

structure of the well. This causes declines 1n well 

capacity exponentially with increase in velocity. 

(b) Physical: - refers to particles phyging of the well. This 

occurs when fine sand, silt and clay slowly migrate toward 

well. 

(c) Biological:- When there is bacteria growths, in aquifer 

adjacent to well in screen opening or in well bore. The rate of 

bacteria growth is exponential with abundance of nutrients. So also 

contamination during drilling. This involves introduction of 
.T 

bacteria from the surface into the bore hole. 
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other causes might includ8 , pump wear, poor construction techniq~e, 

general drop in the water table, interf e~0 nc~ F~0m the new bore 

holes drilled within the vicinity etc. 

2.4 IMPURITIES IN WATER 

Drinkable or portable water (water certified fit for human 

consumption) has since time immemorial stood out clearly as a 

definition of water quality. Many natural waters are portable with 

out the necessity of pur if i cation by men. However, the fact of 

portability does not make thi s water suitable for the requirement 

of science, medicine and indus try. Impurities in water (raw water) 

may be classified in to the f o llowing groups. 

2.4.1 DISSOLVED ~UBSTANCE S . 

The could be inorganic salts or organic matter. The inorganic 

salts could result from ll l;'\chj ng of minerals, fertilizer run-off 

(mostly phosphates, nitrates and sulphates), domestic wastes and 

industrial matter, decay products and residual discharges of all 

kinds. The dissolved organic matter could result from decay of 

vegetable and animal matter, domestic wastes, general biological 

debris, decay products and residuals of pesticides and herbicides 

etc. 

2.4.2 LIVING MATTER 

These are mi c ro - organisms such a Algae, viruses, bacterial 

etc. They occur in all natural \.;aters. While large life forms 

include fish, worms , insect larva, water lie etc. 
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2.4.3 DISSOLVED GASES 

Dissolved gases such as ~, C02' oxides of nitrogen etc can 

occur in all natur a l wa te rs. Some Und el gr ound water sources contain 

high C02' a few contain HZ
S

, 

industrial discharges. 

2.4.4 SUSPENDED PARTICLES 

NIl·, , 
.\ 

from biological decay or fr om 

These could be colloids of organic and in organic origin, e.g 

natural organic mac ro molecules, clay and oxides of iron and 

manganese. Suspended in'organic includes sand, mining wastes etc. 

while :iuspnnd organic co uld be plants and animals partiqles. 

Also application of pesticides, herbi c ides and fertilizers are 

key agricnl tural activities that a ffect the quality of ground water 

and surf ace water. e. g. Nitrogen in the form of nitrate is a 

contaminant found in ground ' 'flater supply underlying agricultural 

areas. 

Likewise, the presence of livestock on water sheds and over 

aquifers has an obv ious and direct effect on bac:i.e rial 

contamination. Feed lots have been found to contribute nitrates 

to wells and faecal coliform bact f!r ia to surface water supplies and 

hence, the ground water supply, depending on the infiltration rate 

in the saturated zone. 

Other typical sources includes industrial waste water in 

pounded, sanitary land fills, storage piles, absorption fields 

following house hold septic tanks etc. .' 
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CHAPTER THREE 

3.0 MATERIALS AND MIf.I'1(ODOLOGY 

In order to obtain fair assessment of water quantitatively and 

qualitatively from the three selected locations, three methods were 

designed and adopted to facilitate easy collection and collation of 

the data for analysis. 

3.1 FIELD VISIT 

Intermittent visits were paid to each of the locations - Baro, 

Etsugaie and Kutiriko with the aim of having physical assessment of 

both the bore-holes and pump. The current status of the sites were 

also determined. At I".he s ;qne time maps and drawing were obtained 

during the visits. 

Frequent interactions between the researcher and officials of 

the Niger state water Board was established with the sole aim of 

retrieving vital information and on both the quantity and quality 

of the water from there locations. Som0 of these data were obtained 

from the library and field operati on offices. 

3.2 QUESTIONNAIRE TECHNIQUE 

Two different types of questionaires were designed to obtain 

information and data from the managers and oper.ators of the bore 

holes sites. Likewise local inhabitants were interviewed to 

collect more information to ( 'ompl i.ment the earlier data obtained 

from various sources. (see appendix II) .' 
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3.3 LABORATORY TECHNIQUE 

Samples of bore- hole water from the three locations were 

collected and sent to the quality control laboratory of the Niger 

State water Board for analysis. The chemist was mandated to 

conduct analysis on the samples to determine the chemical 

constituents of the foll owings. 

(a) Electrical conductivity 

(b) PH 

( c) Turbidity 

(d) Colour 

( e) Total Iron (Fe) 

( f ) Total alkalinity CaCO} 

( g ) Total hardness 

(h) Magnesium ha rdn ess 

(i) Ni trate Ni trogerl 

(j) Total manganese 

(k) Chloride 

(1) Sulphate 

mg/l. 
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(;HAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

The information and data obt a ined fr om fields, offices and 

t hrough interac tions are hereby pres ent ed f or analysi s . For the 

purpose of this proj ec t each of the locations would be treated 

under its own head ing. 

4 .1 RESULTS 

4.1.1 BAHO 

Baro is about 48km away south of Agaie town with an estimated 

population o f about 1945 . Geophysical survey was carried out by the 

Biwater shellabear company at Baro, principally to determine the 

depth to any shallow aquifer and its l ate ral variation. 

Design and construct ions were carried out by the company. Four 

production wells were construc~ed at Baro namely llA,13A,17A and 

18B. The exercise started "in september 1990 and finished in March 

1991. 

The production wells were developed by swabbing, jetting and 

back-washing for a periods of up to fourty-eight hours during the 

exercise. 

With reference to the well log and lithological tables in 

Appendix III, the drilling at Baro penetrated a sequence of clay 

and fine to medium grained, weakly cemented sandstone. This 

comprised mainly clay and clayed sand above 20m. Below 20m, clayed 

sand grading to sand stone were encountered. The major ".water 

ingress occured above 20m in all the bore - holes. 
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The depths of t he drilled wells were shown in the Table 4.1 .1. 1. 

mh D th of t he Boreholes. Table 4. 1 . i . l. 1 e ep:. -. 

II 1 N I D t h (' rt·\ ')~i 
II Bore -ho eo. ep lJ II 
~~----------+I--------_· ---

II I 3 -' II 
IllA I £ ~ Il .. 
i
l
\ 13A 36 !I 

I !I 
U II 

Ii i7A 121 II 
1118 B \ 14. 5 II 
II 

The total daily water abstraction at the beginning of the 

project operation in 1991 was 380.16 cubic waters. 

Table 4.1.1 . 2 is showing the total daily water abstraction 1990). 

Table 4.1.1.2 Total daily wat er abstractions (1990) 

II Bore-hole 

II No. 

\ Pump 

I 
Rate L/~.: I Da i l y Pumping 

I Per iod (hrs) 
I 

I Total dai I y 

I Abstraction 

!I 
II 
Ii 

ii 
11 

II iiA 

Ii i3A 
'I 

I 
I meters) II I 

I 
I , I (CUblC 

If 17A 
!I ' 
I. 18B 

~ 

I l' t:: I . J 

I 
I 0.5 
I 
I 

1 0 . 6 

I 24 
I 
I 7. 4 
! 
124 

11 2 9 . 60 

43.20 

51. 84 

11.8 24 155.52 

! I 

i 

-------_ .. _------ -- .. ...... _._-_ ..... _- --.-.--.-....... --.-=~~.- .. . 

Grund fos sp8a-25 pump model of 5HP were selected t o meet the bore 

hole yield at the calculated maximum pumping head. 

As at the time of compiling the data at the field, a ll the 

bore holes were functioning. Bowever the operation period had been 

reduced t o six hour s inst.ei1cl of 24 tvlent y f our (24) hours. The 

contributory running cost from the local gover nment to the state 

23 



water boa rd wa s ~0 t f or 1~ ~ n~ in 0 . ~ hp vill~ge r s decided to take 

abstrac t i on has 0 r0~t]y ) P ~ l l~ A ~ a s s hown in Table 4.1.1.3 

Tab 1 e '1. 1 , 1 . 3 I (I 2 j 1 Y \'J ::1 t '? r: t1 b s t rae t ion as 0 C t 0 b e r I 9 9 

11 Bore holl? No \ pump r,;'1 t . P Lis 1'1 daily pumping i Total etai j y II 
Ii I Ii ~ I II period (hr) abst ra cti on ~ 
II II I 11 
II I I m) ida y II 
11111~'_i~l'~r\,----------+I -.--_----------~i--h------------~I~~------~!I 
Ii i 1. j ib r ~ 8 " ~ 8 ~! 

piA 1 0 . 4 i ' or I ~J4 II 
Ii 18 B \ 1. . 5 'I' 611 r I II I!--------i-------+I~=-------f-. .::.3::..2~, :.4~O _____ 11 

\',. "._ ...... __ .. __ . _______ .. _ . ___ ..... _____ , __ ._... I I ii _ .. _.~. ___ . ~ __ .. _¥ ____ ........ _ .~ ... __ . ____ ._==1 

Total daily abstraction was 75 . 6 eU'bl' c met e rs. 

Tn' e - . -reSUlts ot w;:;ter: ~amp l es as 1 - . . , .. _ .- , c ana ysed b y the BiVia t pT' 

laboratory in 1991' J' .~ ' -!'.~ l. lmrnpr.1. sect in the 'T'r11) l e 4.:J, 1 , 1. 

)4 



Table 4.1.1 . 4 Results of water quality analysis. Biwater ( 1 991) 

II · I I I I~!I 
II parameters I' 1 I' I I 
a . . Ii 
~ IlLA I UA li7 A lisB il 

~Total Iron ifoj mc,n .i2 . 6' i . 05 l· i3 II 

Ii Total hardness (caco j ) 1/
83 [I 26 1

1

- 1
153 

[I 

Ilmg/l , . . . II 

I agneslum tlare nes s mg 1 I btl I 11 I 

Ii Nit rat e nit r 0 g e n I . 7 5 i . 5 1 . 3 I 
Total magni s ium mg/l 1- 1-

G
-'h~O~ ~~e mg /1 

I SUlph1C1e 
__________ M_ •• _ \- 2 4.5 

In October, 1999, raw water samples were taken from the bor e-holes 

to the quality control laboratory of the Niger state water board 

for analysis , using the same parameters being used by Biwater 

company . The result of the analysis is summerised in table 4.1.1.5 
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Table 4.:L.l . ~ resul t .:> f the l ' hole water at baro 
(\11(11 yse c nore 

( - .} ',I., r.,1 'j' '-1.- . ') , UC l:() )er 

I I I! 
11 Parameters I I I I II 

II I I - ' I 6 - 1 b- '2 I b- 2 7 ,'1 
II PH I 6 . 21 I f) . 11 I . j I . ! . ~ Ii 

4.12 ETSU GAlE 

The village is a.bout 20km avlay from Agaie tm'm 'tlith ;m 

estimated population of about 1789 according to 1991, Currently tbl? 

projected estimate of the populace is about 1976. 

The geophysical surveys were undertaken by Biwater company 

principally to determine the thickness of the sand stone ! depth of 

the water table and any aqu ifer in the vi c inity of the village, 

According to the report gotten from the Niger state water 



,- 1 ' - ABE H (I N' 3 0 0 
board! tv-lO schlllmber<;lE'-1' ,:prtiC'~\l pler.tn crt L soune 1ng ;::. 2. ..) .:) 

- . "ler' 8 l'rltel.-.pre t eci bv computer 
Terra-meter were use6 , ~nJ t he r esults • "- • 

modelling . 

TV-T O bore h01es ViP] - p rid) 18(1 Zlt etsu gaie using a Dando 250 

top- head cir.ive hyc1r('1\.lI . ~ (· rnr-r1ry rig s tandered a ir and air foam 

flu s h ... " rt s \ ] S e r 1 t h rr 11 )(:'111 r t1 ] I . . B 0 r p h () J P J ;: n ci 2 -"" ere com p 1 f? t e r[ a 5 

prO(\\lct i.on 'vJ0.l 1 :. 

L:i.i:"h o l.O Uic ;~l ]nq r;, '- "l1 <"' i"r 'lI c t:ion ~4nci :,lrilling ciet.ai1s of the 

a pp ro:d.Il"l .:::; t e } y ')111 <.) f la i>, I~ i. i -, , 

The m.:ljnr- \,/ ;;11 UJ ingr 0;:",;':. ((' ( '11 rr.>(1 beloi'i 100 meters in t:-oth harp -

holes , 

Ih __ , ________ ." __ _____ L~:~~_______ __j 

The dail y wrtter demand of the village was ~68,05 cubic metre s 

per days as At jQ91 rtn d ~aily wate r abstraction from the two bore­

ho l es was 2:3 "', ,"j '::-' r~lJ, h i C Tnptres .:IS shown in the Table 4,1.2 ,2, 
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· t' ( 1991 ) TABLE 4.1 . 2 . ~ ~nt2 1 ~Rjly ab R~ ractlon at AS .sugale 

II I· i r . - . ~Bore-hole . PUmpIng RRtp I 0a lly pUmpIng 

III I - . -, I .' ' 
I i, /0 I (llr s ) 

II 
II ! I 
ji I ! 
II I 'j 8 ') ! 2 11 

I II i Total daily II 

/

' I: 

Abstraction ~ 

1 (cubic metres) II 
, II 

!Ii I _.' ~ I . , 
II I I 
112 ! 1.45 1 24 I' _.~ _____ . _______ . _____ ,._--

115 9.84 !I 
I II 
j125.28 Ii ________ .. _. ____ 1 

Total = 285.12 cub i c metres per day. 

As at time of compi ling the reports I the scheme had stop 

functioning due to the fact t hat pumps had been vandali sed . And 

repairs has not beRn e ff ecte d on the pumps . 

The water quality analysi s was carried by the construction 

fjrm - Biwater in 1991. Find i n Table 4.1.2.3 the summary of the 

result of the ana lys is . 

Table 4.1.2 .3 . The result of t he water sample analysis at etsugaie 

(1991). 

!parameters Bore - hole No. 
I 
t 

1 2 ! Mean Value 
, 
l 
j Electrical conductivity 195 220 207,5 

I 
PH micro ohms 6 . 6 6.7 6.65 ! 

! 
Turbidity (NTU) 5 . 6 4 4.8 J 

I 
COLOUR (Hazen unit) 3 5 0 17.5 J 

1 
1 Total iron (fe)mgiL 0.2 0.2 0.2 

I 
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Continuation 

4 , ~. ,3 KU'j'IRIKO 

Kutiriko villl.ge J<:: ,"'hnut i8km from Agaie tovrn. It h;JS a.n 

estimated population nf ~hnut 2 r OO people. 

The geophy::ic21 ~l1P'oys c('lJ:Tiecl out by Biwater firm was to 

determine the thir~n0<::~ n f tho s~nd ~tone; depth to water table and 

Cl.ny rlquifpr j r tho wi ("i ni t-y r'f t:hr> vn.lage. 

One o - ~~et I~anner vertical elpctrical sounding was made using 

The res lIt WA~ int prpr8ted ~y computer modelling. 

Two hnre-hnlos were dr i.ll~~ ;Jt Kutiriko. 

B0re-hol
o 

No . A An~ fo.l wprA completed in 1982 and 1989 
respl?rt. i 'Jolly . 

~ho lithol n0 jc~] J0gS . construction and drilli ng details of 

1-1'1
0 rr0 rl11d- ;nll ",pile; ~ r(.' shnW I1 hy the composite well logs in 
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. . .. 1 ' 1 i Do ecl bv a 5rn thi ck s ur f ace , ntl, hnrp-hnl (> C: (' ('fl lnl' ~ 'J, (1 [11 ; 1111 y ( . (',y, .10 ~ - - ... -

• m. 'rl"," In""j n'r' Wt'1,. tp, t' stril{es wer e mad e be10vl 30m. '.;'1\'p1' nf 1. ('l t .p :r · 1trJ I · , 

11 ... i !i i\ 'R () r p - 11 0 J p i\i n . I D P II t rl ( m'j Ii 
il'--------...J'f-------iii 

II ·A. I f' () Ii 
Ii I Ii 
u . ~ 
n I u 
\i '_1, II 4 c il • ' 1 .. 
!I ~_. _'" ,.' ... I ___ ~_· ____ . __ JI 

The ~aily water deman~ o f the Kutiriko was 375 cubi c meters 

per day an~ thp to t t'1J dAi J y water abs traction from wells wa s 382 . 32 

cub i c metres , This was achieved at the beginning of the proje c t 1n 

1989. 

Table 4.1.3 . 2 the total da ily abstr ac tion from the bore holes 1989 . 

I! B --I i >T i Pumping r a.te I D . 1 . i Total daily Ii 
'I

r
/! ore- LO .. e no. I al y pumpIng I III', 

Li s I (hrs ) Abstraction 

II I Iii, 

II!---------t---------t-! ________ -+_C_U_b_1_· c __ m_e_t_r_e_s_--lll 
1 1· . Q I /I II . :J I 2 4 1 6 4 . 'j 6 j! 

Ii !l 

II I 1\ 

II A 1. 9 I 2 4 16 4 . 1 6 11 

At the time of comp iling the data, the two bore-holes were 

functioning but the operating pe ri od had since bee n reduc ed. to 

12hours per day. This is sh own j.n th~ TRbl e 4.1. 3. 3. 
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· - 4' ~ ~ t"he total d~ilv_. water ebstrRctioD (1999) Table . 1 . 3 . ..1 

I/Bore-Hole No. \ PU.mr i. '1':' r"t:.° I Dcd.ly pump inQ I Total dally Ii 

III! j T / <::. I (hrs) I Abstraction 'I' 
ill III ~ . '- I . - '. \ .. t !I 
" ________ + ________ -tI ________ -tI_c_U_.b_1_c __ me_r_e_s __ liI 11_ j , , 

I, 1 I 1 . 6 'II 12 6 9 . 12 'Ii il I II 

~ A _____ 1. 6 ____ ... ______ I_ .. _~ 2 . ___ .___ 69 . 12 ~ 

, II 

The total daily water abstraction was 138.2 4 c ubi c meters . 

The water quality analysis was carried out immediately after 

the completion of the bore-holes and the result of the analysis 1S 

summarised in table 4.1.3 . 4. 

31 



TABLE 4.1.3.4. The result of the water quality analysis 

(1991). 

Parameters 

Electrical Conductivity unhos 

PH 

Turbidity (NTU) 

Colour (hazen unit) 

Total iron (fe) mg/L 

Total alkalinity(caco3)mg/L 

Total Hardness (caco3)mg/ L 

Calcium Hardness (caco3)mg/L 

Magnesium Hardness (caco3)mg/L 

Nitrate Nitron mg/L 

Tota l manganese mgjL 

Cloride mg/L 

Sulphate mg/L 

32 

Bore-hole 

A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

No. 

I 

180 

7 .3 

.5 

0 

0.04 

.1 8 

45 

27 

18 

0 . 5 

0.2 

0.2 

Nil 



Table 4.i.3.5 the result of the water quality analysis 
(i999) 

I -I ! 
Bore-Hole No. I Parameters I t j 

I IMean 
I 

A I Value i I 
! i + I· 

Conductivity umhos t 
176 i80 ii78 I I 

Electrical 
t 

b·i 
I 

1 
PH 7.0 7.2 I I ! Total iron ( f e ) rng/L 0.04 0.03 0.23 I 

I I Total alkalinity(caco3)mg/L 17.2 17 17.1 ! I I I i Total Hardness mg/I. 42 43 !42.5 I I 
Calcium Hardness mgi L 127.25 1 

I 
27.5 27 I I Magnesium Hardne ss rngiL 16.7 16 16.35 t 

I Nitrate Nitron I mgiL 0.6 0.4 0.5 I I 

I I Total manganese mg/L 0.3 0.2 10 . 25 I t 
Chloride mgiL 10 . 25 ! 0.25 0.2 
Sulphate mgiL Nil Nil Nill 
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4.2 DISCUSSION 

4.2.1 BORE HOLE YI ELDS AND WATER DEMAND OF THE THREE LOCALITIES 

The es timated pOpllJ at ion of Baro was 1945 as 1991 and the 

projected wat er demand w~s 201.75 cubic meters per daYI while the 

total daily wate r abstract ion from the four bore holes was 380.16 

cubic meters per c.1QY. 1'1I1lS the ave rage quantity of 'water available 

per head Has 195. 45 1 i. t rp,; p~:r (1~y . This meant that the sllpply Inet 

the demand. 

However
l 

as from 1995 to date l the total daily water 

a b s t r act i 0 I : (11 l L 'P e c1 I: () 7 5 . 6 c ub i c me t e r s . Hen c e on 1 y 3 8 . 8 1 i t res 

per head per day was available . This has not conformed with the 

world health organisation recommendation of betvleen 150- 200 litres 

per head per day. 

Etsugaie had an estimated population of about 1787 in 1991 and 

with a projected water demand of about 270 cubic me ter s per day. 

However I the total daily abstraction from the two bore holes 

drilled was 285.12 cubic inet ers per day . The average quantity 

available per head of 159.5 litres. However it was quite adequate 

as per the WHO standard. 

Kutiroko had an estimated population of 2 / 500 with total water 

demand of about 375 cubic meters per day. However I the total daily 

water abstraction was 382.32 cubic meters per day. 

4.2.2 YIELD CONSTRAINS 
~ 

At Baro, the daily pumping period has reduced to six hours as at 
-' 

the time of study. Thus, the daily water abstraction fell to 75.6 
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cubic meters per da y. Thi s was attributable to the operat i onal 

problems being encount ered by the Niger state water boar d with the 

Lo ca l Government counci l . . 

The agreement was tha t the council would be contributing to 

the operational fund, being adminL:;tered by the Stat:) w;:·: r;r Board. 

However, the Local counci l had be en failing in honoring her 

ob ligation. Hence the residents resolved to making contributions 

for the operation and maintenance of the bore holes. 

The same probl em was experience at Kutiriko. This could be 

observed from table 4.1.3.3 where the daily water abstraction 

dropped +n 133.2{ c~h i c met ers per day , due to the fa c t that the 

pumping period fell to 12 hour s in a da y. 

4.2.3 WATER QUALITY 

Table 4.1.1.4 shows the resul t of the wat er ana l ysis carried out in 

1991 immediately after the comple Uon o f th e bl)r n h I) 1 ns at Baro. 

Manganese was no t d(~ t.r:c1 0(1 anil i ron was r'ppreciab ly lm·l. The 

t urbidi t y was s 1 i gh tl y hig h at the ini tial s t':"Je an .l became lower 

as the pumping operation cont inued. 

Fresh wa ter analys i s was recent ly out and the re~ul t is shown 

in table 4.1.1.5 . 

Manganese and Chlorides were nil and t otal iron dissolved in 

water was low. Hence the quali t y o f water sample could be 

classified as portable, 

At Etsugai e the result of the water qua lity test carr ied out 
.r 

in 1991 i s s UJllmarized in tabl e 4.1.2.3 the level of the relevant 
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parameters confo rrned with WHO standard for drinking water as shown 

in Appendix IV. 

Water samp l e for fresh a na lysi s could not be gotten as a 

result of non fun c tioning of the s cheme. 

At Kutiriko the lable 4.1.3 .4 shows the s ummary of result of 

the quality analysis carriAd out in 1991. The water was portable in 

line with WHO standard s hown i n Appendix IV. 

However I table 4: .1.3 . 5 i s the result of the fresh test carried 

out recently. The totol iron ctisso lved was low and s ulphate was 

not available J.n Ule ::;.~lmple. Thus I th e bore hol e water was 

portable. 
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CHAPTER FIVE 

5.1 CONCLUSI ONS 

F 0 u r b 0 r e hoI e S 'd ere elI i 11 e c1 a t Bar 0 . 
The total yield 

obtained was adequat e to li\~}et the water de mand of the community as 

at 1991. The operation per i ocl later chang ed due to poor funding 

f rom the SLate a nd l ocal go~ernme n ts . And this r esulted in low 

quantit y of w;}t,('r ':-'1 v;:; .11 ;1 ) 1' , (' f or consumption. 

The qual it y of wat e r fr om the blll:r} hol es conformed with the 

inte rnat ional standar d. Thus the water was portable for drinking. 

At Et s ugaie, the two bore holes drilled ware good both 

quantitatively and qualit at iv e ly. The yield obtained was adequate 

for the population. However , t here was no adequate se~urity around 

the scheme; because of l ow monito ring by the State water Agency and 

l ow community part icipation In the project right from the 

beginning. Thus, the generating set was vandalised by the 

unscrupulous people. And the scheme had ceased functioning. 

Kutiriko has two bore holes drilled. They were good and 

adequate in satisfying the Local water demand of the community. 

The yield was high a nd water portable. The operating period 

subsequently changed due to non availability of the fund from the 

State and Local Government to maintain the designed status quo. 

This however culmina ted in short fall in water available for 

consumption. The qual i ty test recently carried out showed that the 

bore hole water was portabJe. 

," 

37 



5 . 2 RECOMMENDATIONS 

51' (le of River Niger with a lot 
A) Baro is just by the 

agricultural potentialities. Hence, there is a need for the State 

h t ~e sllr't:ace water resources Government to arness 11 
for the 

agricultural purposes especially irrigation, since the community 

has l arae parcel of lands around . 

B) From the study, it could be observed that total daily water 

abstractions had greatly reduced both at Baro and Kutiriko. Thus, 

the supply could not meet the demand of those communities . The 

State and Local Governments were not living to their expectations 

as regard to their funding for the operation of these schemes. 

Henc e , it is strong ly recommended that tri- partite management 

committee comprising the representat ives of the State , Local 

Gover nments and Local community to see that each of the partners 

observe its obligation as La t he operation and maintenance of the 

schemes. 

C) Vandals were getting access to some of these schemes. This 

could be attributable to low- key participation or involvement of 

the communities in the project right from the on- set. Secondly, 

there wa s no serious fnoniLoling by the State and local Governments. 

Hence, Government, shc)uJd ensu~e that communities are involved at 

t he beginni ng of UH~ pt 'ojects to avoid non chalant attitude and 

promote the safe ty or security of the schemes in their domain. 

D) Qualjty tests we re bejng carried out by the contracting 

firm about eight or nine years ago , None has been done since then. 

Thus, it is pertinent to strongly recommend to the two tiers of the 
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D) Qualjt.y t.est s wore being carried out by the contracting 

firm about eight or nine years ago. None has been done since then. 

Thus , it is pert.inent t.(l strongly recommend to the t\'TO tiers of the 

Governments l.n II1 .-1.P nut A. continuous programme of analysis. With 

this any changes in th e physical and chemica l characteristics of 

raw bore hole wa t.er CA ti be monitored and poss ibly controlled to 

ensure effective A.n0 ~Afe water supply to t he communities. 
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APPENDIX T. 

LIST OF BENEFICIARY LOCAL GOVERNMENT AREAS 

, S/NO. LOCAL GOVT. AREAS L.G. HEAD QUATERS 
I 

I II 1 HAR lGA BANGI 
II 
112 GBAKO LEMU I 

113 

I 

KON'l'AGORA KONTAGORA ! 
II 

! 
II 

Ii 4 LAPAT LAPAI U 

Ii 
I RIJAU 

'I I, 

Ii 5 
1I 

RIJAU 'I 

,I l! 
Ii :1 

~ 6 BOSSO HA IKUNKELE :i 

I 
7 PAIKOf<O PAlKO I 

1
8 AmvARA AGWARA I, 

9 SHIRorw KUTA I 
10 EDATI ENAGI 

11 BORGU NEW BUSSA 

12 LAVUN KUTIGI 

13 AGAIE AGAIE 

14 WUSHISHI WUSHISHI 
115 RAFI KAGARA 

16 MASHEGU MASHEGU 

17 MAGAMA NASKO 

18 KATCHA KATCHA 

1

19 MOKWA MOKWA ! 
I 
'! 

20 GURARA GAWU BABANGIDA 

21 SULEJA SULEJA 

22 TAFA NEW WUSE 
). 

I 23 MUNYA SARKIN PAWA 
-_._-------_. 
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APPENDIX IIA 

QUESTIOt~AIHES ~ i\ ~ ON THE 

QUAJITITATlVE AND 

QUALITATIVE ASSESSMENT OF 

BORE HOLES AT BARD, ETSU 

AGAIE AND KUTIRIKO. 

(1) Name of respondent ..................................... . 

( 2) Name of locat ion .. ......... .. .. . ....................... . 

(3) Local Government Area .................................. . 

(4) State ....... .. ..... ...................... .............. . 

(5) Current status of the bore holes, are they working at present, 

Tick Yes or No 

(6) If no, what are the problems(s) 

(7) Who design and construct th8 bore holes? 

(8) Who operate the bore holes? 

(9) Who is responsible for t h e maint8inance ? 
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(a) state Govt. (b) Local Govt. (c) Local inhabitants. 

(10) when were they constructed? 

(11) what problems were encountered during the construction? 

(12) What is\are the depth of the bore ho les 

(13) What 1S the Goelogical log of the bore holes? 

(14) Were they test run after the construction, Yes or No . 

(15) If "Yes"; for how hours ........ . 

(16) What yield was obtained ? ......... 

(17) What type of pump is in use? 

(18) what is the capacity .'? ...... . . 

(19) What is the pumping head ? . ... .. . 

(20) What is the capacity of the tank ...... . 

(21) What is the commones I ~ prob lem encountered from the pump ..... 
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(22) How many hour is pumping carri~cl. l'"'I1 .l t in a day? . . . .. . 

(23) Is the ope rator skjll ful ? Yes or No 

if yes I \llh a t hi s/her qualificat inn ? .. .... and if no I what 

was the ba s is ct bif-' i her emplo" rrt='ln1: . .. .. .. .. . ... . . . . . .... . 

( 24) Wh<lt \-lelf; th0 s t a f:. ll;} n f wAt e r qUn]; ty in torm~ of thp following 

el ement s at th~ end o f the con s truc ~ ic" . 

( a ) El ec t r i cC' l conduc tivity ... .. ...... ... . 

( b ) P.H 

( c) Co l our . .. .. . ......... . . . 

( d ) Tota l i r on .. .. .. .. , ... . 

(~) To ' a l Cl.lka. lin i ty .... . .. . 

\. f )' rr .. ", h - -r C .. O,:<=L ardne ss Lo 0 3 ' " . . . . •. . .... .. . 

( g ) Magne sium hardness . . . .. 

(_l] Hi-i-ra.tc- Nit r o,;! en .. . . .. . 

( i. ) (:11 1 Co r i (1 0 .... . .. . . . . .• . 

( j :l ;':'1) rh<1i:;: . .. . , .... .. . .. . 

(25) Wh en w ~s the carri ed out? 

(26) How f rp quent is t he ·qua lity test rarrip~ out ? . . . ........ . 

(27) What has been the ~~s essment of the l oca l inhabit ants? 

(28) Is there any source of water i n the village ? ............. 
.> 
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(29) What is the distance from the bore hole ? ............. . 

(30) Is farming activi t ies t~king place around the bore hole site? 

(31) How many month of rain fall is averagely experienced in the 

village ? ............................................................................. .. .................... 
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APPElfDIX lIB 

QUETIONAlRE nRn 

(1) Name of the respondent .. . . . . .... . ... . ... .. ·· ·· ·· 

(2) Name of the v illage / location ........... .. ... ...... . 

(3) L.G.A .............. ... ..... · · ·········· ·· ······ 

(4) state .................. .. ............... · .. .. .. . 

(5) How many are you in your house hold ? .......... . 

(6) How do you get water? Tick any 

(a)Stream (b) Bore hole (c) Hand dug well 

(7) " r ) W often do you get water from the bore hole? . ..... . 

(8) How many buckets o f wat p.r do you fet. c h from the bore hole 

da i I y ? .......... ........ . . , . , . 

(9) What is the colour of the water fr om the bore hole ? ....... 

(10) Whal: i s the tes t ? ... . ......... . ....... . 

f 

(11) Have you ever experienced any disease as a result of your 
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drinking from the bore hole ? yes or no, If yes I what did you 

exper ience ............. ....... ...................... . 

(12) Are you people farming around the bore hole site ? ..... 

(13) What agro - chemicals are they 1 1:,ing ? 

(a) Fertilizer (b) Herbicide (c) Insecticide. Any other. 

(14) What is your general assessment o f 

village ? 
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AJ:1J:1~Nl)IX IV 
WORLD HEALTH ORGANISATION INTERNATIONAL STANDARDS FOR DRINKING \llATER. 

II Parameter I ~~rmissi 
Ii ' bie 
I' 

I _ . . -
\1 1 LIml t 
Ii I (ppm) 
IIA . I II mmorlla 
I' (NH .. ,I ___ j) I 
II Arsenic I " II - d . ! ca mlum 
I 

I 
I 

1 -'h . I I ~ romlu~ . i 
1 (HeXavalent) f 
I ! I 

'! Copper 
i 
) 

I Cyanide 
i 1.0 
I 

II Fluoride 
i !Iron 

,I Lead I 0.3 

II Hagnesium I 
I 50 

I ~t1anganese + 
Sodium Sulp . I 500 

/1 . 

I 
No3 1 

I NItr . as I 

t: . I 
I DIssolved I 

_ I oxyqe 'min. ) I 

( 

I Exc~s~ iv 
I ~ LI f!1I t 
I lPpm) 
I 
I 

1\' Maximum II Recommen 
Limit ded 

I (ppm) II Limit 
I (ppm) 
I I 

I 
1 
I 
: 
I 

! , 

I 
I 
i 
i 
i 
I , 

1.5 
I 
I 
1 
I 

I 
1.0 

i 50 

iOOO 

I I 0.5 

I 0.05 1 0 . 01 

I I I 0.05 I 
I 
I 
I 

10. ~5 

I 0.1 

I 

3.0 

1.5 
0.1 

i25 

4.5 4.5 

1'1' 1 .- I! ! _O_erabJ. , 

I
e Limit I, 
(ppm) II 

I Ii 
I II II I J. 
! 0.05 II 
, I 

O.Oi 

0.05 I 

II 
1/ 

I o. ~1 II 
I' 
II 

,J 

I 
O.i II 

!I 
I' 
II 
II 
!I 

II 
II 
)/ 

II 
Ii 
!I 
Ii 
Ii 
II 
L 
II 
!I 
ii 1. 
il 
Ii 
" i! 
ii 
II 
I! 
Ii 
ii 
Ii 
iI 
i! 
Ii 
jj 
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BOREHOLE No 11-' 
RIG 0022 

COMPLETED ON '8: 3 : 91 
[)RILLING MEDllJo1: AIRI FOAM 
puMPING TEST OOA 
STEPCl<AWOJWN TEST ON : 12 3 91 

Step Discharge (lis) ~tnm) Sw (m) 
1 0·3 100 1·70 
2 0'6 100 3-3 0 

3 0·9 100 4-'11 
4 1~ 100 654 
5 1·5 100 &40 
6 1'8 100 10·91 

CONSTANT [lSCHARGETEST~ : 13: 3 :91 
Discharge't-S LIS For60OO1iru1'es $'w'=13·80 
REF~RENCE ffiINT:TOP OF CASING 
DATUM LEVEL ().4 ..LStandir:g-tter 
KEY level 
- ~FirstWater 

,.~ .. J Cement Grout I I Strike 
• I 

: I Temp;>rory Cosin 
~ I 

Li:,j Grovel Pock B Wedge Wire 
='~rapped 

I09.Q] Back fi ll 25Stoinless Steel 
~ =Well Screen 

. " 
__ l· . .' . -

- ' , I .. ~.~ .. ..;,: ! ~.: ~ . - . . • .. . ' .~ I -I ~ad Office 
I 18 b Keffi Street 

Ikoyi Island 
Logos 

Telephone 682100 
Telex 22482 BISHEL NG 

BIWATER NIGERIA LID 
PROJECT 9003 

NIGER STATE 'WATER BOARD 
49 SMO BOREHOLE No11A 
COMPOSITE WELL LOG 
DATE SCALb DRAWING NO 
25: 3: 91 AS SH WN 9003149811 ~IR 
1~~Vi~ , sCr~fKED 

I 
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49 BARO , OOREHOLE No 13A 
RIG 0022 

CO~ETED ON 12 : 3 : 91 
DRILLING MEDOr AlRI FOAM 
puMPING TEST ~TA -' 
STEP~ TEST ON: 16: 3: 9-1 

Step Oisdlorge(Us) nrotion_ Sw (.) 
1 0·2 100 0·2 
2 0-3 100 0·75 
3 0.5 100 1035 
4 0·6 100 2-05 
S (}8 100 290 
6 0·9 100 4·00 

CONSTANH1SCHARGE TEST ~: 17: 3: 91 
. Discharge 0·8 LIS For6OOCl"1irutes SW=16'0 
II REF~RENCE ffiINT: TOP a= CASINli 

DATUM LEVEL 1-16 ...1Standir:gwoter 
KEY . level 
- ....sL First Water 

r.:l Cement Grout I I Strike 
W I ~' . : I Tem~rcryCosin I 
~ I I 

~ Gravel Pock ~ Wedge Wire I 

: :Wrapped 
~ Back fill ESStoinless Steel 
~ =Well Screen 

--; . 
'.-

, N I i ~' - . ,:A i , . 

Ice 

18 b Keffi Stre.et 
Ikoyi Island 
Lagos 

Telephone 682100 
Telex 22482 BISHEL NG 

BIWATER NIGERIA LTD 
PROJECT 

NIGER STATE WATER BOARD 

COMPOSITE WELL' B~~~H OLE NO 13A 

DRAWING NO 

I~."-:.;·· 1"":,,;:;.,':';'" 19003149/8~R 
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4.,9 SARO OOREHOlf No rJA 
RIG 00Z1 ", ' / ' - ''''-. COWLETED ON 18 -: 3 :-91 - -- ., : " 

DRILliNG MEDIUM AIR/FOAM 
PUMPING TEST DATA '.' 
STEP Il<AW!l),.'N TEST ON ' 21 : 3 '.91 

Step Olscha~(lls) [).rotmfnm)· Sw (m) 
, 02.' . 100 04' 
2 0·5 " 100 0·68 

. 3 0-7 100 'HE 
4 O$} '00 1·70 
I) 
6 

, CONSTANT [)')CHARGE TEST Ct-I. 23: 3 : 91 
Dl'>chargeO·7 LIS For600O"1lnutes S'W= 6.16 
REF':RENCE POINT ' TOP (f CASING . 
DATUM LEVEL 0-63 ...1. Standlrg -uter 
KEY level 
-1":""7" ~F,rst 'Water 

.: i Cement Grout I ' Stnke 
~~ ,I 

7001 : : TemlX'rur)" CoSIn 

,:,:,:1 Gro~1 P..lCk 

~ bark fil l 

E5~e 'WIre 
§5'wrapped 
ESStclnless Steel 
=::::='.,."", 11 Scrc~ n 

i ,.r~aa Office 
- --- . 
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! 
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Logos 
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81't.'ATER NIGERIA LTD 
PROJECT 9003 -

NIGER STATE WATER BOARD 
49 8ARO BOREHOLE NO 17A i 
COMPOSITE WELL LOG 

DATE SCAL::: DRAWING NO 
25:3: 91 AS SHOWN 9003/49/17AlR 
~WN CHE~ KEO 
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E ~.~. R. GEOPHYSICJ LOGS 

f:tIJ LJ:IJ 200 o 200 400 600 WATER 5~N~~~ 
I 17Y'c& ..d 114 
I HClf F .-., A -~ .1 

·~4 ~~ 

! d~ ~~ 
... ..sio '" 

, 

9~~ ~g! 
10 -4., I L 

Hrll ~ GO =;:::: -' uc;. r .. ~ 
0° • l~ I,() 

6" 0 -;Ji -- --r ... ~",r.: 0 0 
'V\ 20 =E:t "I 

0 Lj·~ ~. v~ 

o,! ",),. C/\ J. 
{{¢> ':11 +- '::Ys 

SffiEEN 0 II ==== ~ 29·~ 30 
~ ~ 
0;; W ::If C/\ 

c C 1:::: 
.~ -~ 

-I BOTTOM -
rAP 40 

-
I 
I . -

I 50 > 
I 

I 
. 

60 

10 

. .-
80 

Ii 

90 

--

~I 
-

LITHOLOGY LOG 

IIRc;.ntl7- bi.,wn~h c:nnti\; : . -: 
I " . .. -. 

IrlNFY <t.Nn. .JL • 1:';-. 

fy,..""n, fw. ",. n inI:rl 1'-: .:.. 
,,.~v ,. nntont ~ J>- t:O 0/" I·~ ... 111 --

, .... 
I(lA.YS TONE • darkorev - -
inrnrrn h.rt . -: ..... 

20 
! SANDS TONE· Off wilite.. :- : .. 

.. ' 
' to Ii Oh t tro.Lnl~, rre:lUII · ~ : · : .. 

30 Loroired, well sorted , .•..•. · -,.. 
finer with II £lrrh . '~.' 

40 

I 

50 

60 

70 

80 

90 

~ -~-ze:~ 

. 49 BARD ~eru No ~88 
RIG 0022 

(OI"PLETED ~ ~. 'f1: 3 : 91 
[)RILLING MEt:U1: AIR/FOAM 
PUMPING TEST [lATA _ 

. STEP rnAWt:X:WN -TEST ON: 19 3 91 
Step Disdlarge(lls) !:U'ahon,,) Sw (aa) 

1 . 0'4 100 9-41 
2 0·7 100 1·11 
3 1·1 100 1·90 
4 1·4 100 2·86 
5 1-8 100 4·U 
6 2·1 100 S36 

CONSTANT (JS(HARGE TEST ~: 20 -. 3 : 91 
DlScharg~·O LIS Fol6CXX)Mirutes SW=9·84 
REF::RENCE RJlNT:TOP OF CA SIN G 
DATUM LEVEL o.S .1 Stcndit:'9 looter 
KEY level 
- ..sl..FirstWater 

1
6

:" J Cement Grout r I Strike • r 
: I Temp:>rcry Cosin 

G" I I 
::, Grovel Pack = \.hrIn \./ ' , = n=.<~e ",Ire 

="wrapped 
~ Back' fill 25Stoinless Steel 

=Well Screen 

• ,! I: ~-.. : t ;'!./ :. : .: ~ ~ ," . 

."":~ ' ~ ' ~ . {N 19 f.: r; a) 
IHc!O Ice 
I 18 b Keffi Street 

Ikoyi Island 
Lagos 
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COMPlETED ON 9: 2: 89 .. 
DRILUNG MEDIUM: AIR T"fOAM 
PUMPING TEST DATA 
STEP~ TEST ON: 10 ' 2·89 

Step Discharge(lls) [).rntion~m} S ... (m) 
1 0 ·9 100 0 ' 67 
2 l 'T': 100 1 ·34 
3 2·2:. lOa 2," 
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6 3·4' lOa 3'93 
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DRILLING MEDIUM: " . 
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Drschar-ge LIS For Mirl..ltes SW= 
REFERENCE KliNT: 
DATUM LEVEL 
KEY 

1 :" J Cement Grout 

:.: :1 Gravel Pack 

~ Back fill 

.. -(,-, 
",(,,~~.,"!' L'fil' ,,,.' 
~~ 

..1 Standlrg water 
level 

~FirstWoter 

I 1 Strike ,1 
l : Temp:l1'Ul)' Casin' I 

§§ Wedge WIre i 
; ~rapped I 
E§Stainless Steel 
=Well Screen 

il tT.!oCflJITlce 
i 18 b Keffi Street 

lkoyi Island 
Lagos 

Telephone 68210Q 
Telex 22482 BISHEL NG 

BPtlATER NIGERIA LTD 
PROJEu<) 003 

NIGER STATE WATER BOARD 
4 KUTIRIKO BOREHOLE NO 2 

COMPOSITE WELL LOG 
DATE SCA LE DRAWING NO 
6 - 3- 90 AS SHOWN 

DR.£IWN CHECKED 9003104JB02lR 
uonlels -



J 

I] 

1 
-'1 
'I 

') 

'1 

1 
1 
"] 

1 
~ 

J 
J 
"] 

1 
1 
1 
] 

I 
I 
~ 
~ / 

to' 

II 
0 

0 
I) 

0/0110 
0 

CI 0 

4! 0 

0 '3; 0 \ 
0 

0 
0 

0 
0 -=\~ \\ A 

0 

0 

...:-----

i' 
K WARA " STATE 

o 10 20 30 4WO kms 
Ed b-d 

GENERAL LOCATION & GEOLOGY 
SITE 49 BARO 

NUPE: SANDSTONE (Feldspathic Sandstone Siltstone) 

~ A OLDER GRANITE 
~ UNDIFFENTIATEO META· SEDIMENTS 

UNDEFFENTIATED BASEMENT COMPLEX 

GEOLOGICAL BOUN[)\RY (Inferred) MAJOR ROAD 
STATE BOUNDARY _ MINOR ROAD 
RIVER & FLOW DIRECTION 

~, I 

.. ,:,~ 
."""'~ ~II " ~ ' ' 

~'-.:-

FIGURE:' 1 

daniels 

~ ' ~ f •. : .... "j., ._ .,_ .. _- _ .. _.- ... 

q . 
o , .:T 

:" 

,\ :,;1 
," 

' I ' ::, 

D 



j , 

1 
1 
1 
1 
1 
] 

] 

] 

] 

J 
] 

] 

.1 

J 
.J 

J 

J 

I 
) 

) 

KWARA STATE 

o . 10 201 l) 40 kms 
I I I I , 

GENERAL LOCATION AND GEOLOGY 
", SiTE 06-ETSUGAIE 

, :. '. ' .... :,.': ~LWVIUM "-

~~:aoo~ NUPE SANDSIDNE(Feldspathic Sardslone & Siltstone) 
PLDER GRANITE Ie Ie Ie )( 

Ie lC lC 

I : :Ill: iliilil ~NDIFFERENTIATED. META-SEDIMENTS ' 

V//flE WNDIFFERENTIATED BASEMENT mMPLEX 

-- JEOLOGICAL BOUNDARY (infered) 
-.- ) TATE BOUNOARY === MAJOR ROAD 

....-.-... RIVER AND FLOW DIRECTION - MI NOR ROAD 

,. 

i 

1: 

. ~ .'. 

!; ::1 

I 
:.[ 
. , 

' , ' I 
.,' . . , 

o 0 

J I' 

ib 
FIGURE 1 

I 

I 
'I 

...... ~~ Biwater. . ",~~,~,~ , 

4"'~" (Nigeria) .~ 

DATE. PROJECT: 
13/11/89 ! 9003 -I 

DRAWING No SCALE 
9003/06/1/R 1 : 1000000 

DRAWN BY : CHECKED BY : 
Daniels : STA 

" 

f " . 



.. 

' 0 

o 

« 
:z 
;:) 

00 0 
« 
~ 

o . 
Q: 

o a 

o o . o . 
o 

K WAR A S TAT 

GENERAL LOCATION AND GEOLOGY 
SITE 4-KUTIRIKO 

.' '. ALLUVIUM 0 S' lt t ) 
• ~. ' 0 NUPE SANDSTONE (Feldpathic Sandstone Go I 5 one 

DATE: ~ .. I Ie S~~TF~EaMT~At~D META- SEDIMENTS 
' ", UNDIFFERENTIATED BASEMENT COMPLEX DRAWING • No 

-- GEOLOGICAL BOUNDARY . 9003/6 111 R _0- STATE BOUNDARY 
.... , --- RIVER & FLOW DIRECTION DRAWN BY : 

Biwater ' 
(Nigeria~ 
PROJECT: 

. 9003 
SCALE 

1: 1000000 

, 

~~i;~;' ==== MAJOR ROAD daniels 

", "~' .-- 0 OAD .. ..... _., " .'. . 
' \I~t~ .. >.i ;~~ ,~ .:;': " ,.,. .. . . • . .• . 4;.~ ......... ,..","""",.., ..... . ~_ ... ____ _ ___ ..... ..... ______ ... ... .. 

CHE~KED BY: 
STA' . ' ,' . 



.,.. 

0 

I) 
I) 0 

0 0 

~ 
0 

0 0 0 

0 0 
0 

0 

0 

0 '-' 
o ~ ~~~ 

D .. ' ~' .\ 
:~ 

. . 
...:---

K WARA '. STATE 

FIGURE ~' 1 

'. 
GENERAL LOCATION & GEOLOGY Biwate';;~~ . .. . . ALLUVIUM SITE 49 BARO 

" ,:,~ 
•. ,;, II I . 

~\I~ ' 
• o· • NUPE: SANDSTONE (Feldspathic 

. ~ ' .. (Nigeri~A, .. • •• Sandstone Siltstone) .. .. " 
-, 

" 
II ,. OLDER GRANITE 

I 

" I 

I' UNDIFFE NTIATEO META· SEDIMENTS 
DATE. 

I PROJECT: . . <;.:, .. ;, : 
I 

'.///~ UNDEFfENTlATED BASEMENT 
5 I 31 90 !!' . • 9003 ~I.p . \ 

COMPLEX 
1 ,, -' · . . .. ... :, 

-- GEOLOGICAL BOUN()\RY 
.- DRAWING ' No " ,stALE . ~ :i · , - . . \.1, 

( Inferred) 
.. ' ,," " ., t · 

- .- STATE BOUNDARY MAJOR ROAD . 9003/49111 R '1 ' 1000000 . 
.~. " !',' ,(. 

--- RIVER & FLOW DIRECTION - MINOR ROAD OOAWN BY : CHECKEO BY;' . ' ''''''',: . 
daniels '." j ' . " GotH " ,,~i / . ' 

- ., " . 
, 

.'l~~ ' . . . .. ' . . . .. 

,. 



" , " : !' . 
t; . 
:'.,. ':- '- . 

' 0 

o 

: 1, 

0 0 

<{ 
;z 

0 => 
00 0 

0 

<{ 
~ 

Q: 

.. ---­--=--. - '. 

. K WAR A 

o 0 

o o . o . 
o 

S TAT 

() 10 20 301 40 knts , FIG U R E 1 
.L. ____ ~lb:~~~=I~~~I~~~±.~~~~I __ ~ ____________ ~--------~~~~====== \.,.., L 

==~~~~~~~~==~ GENERAL LOCATION AND GEOLOGY .~.~:.\.~ Biwater 
"',' , . SITE 4-KUTIRIKO . 4ihl!" (Nigeria), 

PROJECT: 
. 9003 

. '. ' ' . ALLUVIUM S. t t ) 
• (,' • 0 NUPE SANDSTONE (Feldpathic Sandstone & II 5 one DATE : 

~ .. I t S~~T~EafNW!WD META- SEDIMENTS 
,::.,," . UNDiffERENTIATED BASEMENT COMPLEX DRAWING • No SCALE 

-- GEOLOGICAL BOUNDARY . 9003/6 111 R 1: 1000000 _0- STATE BOUNDARY 

.... ~ RIVER & FLOW DIRECTION OOAWN BY : CHECKED BY: 

I'~~I;' " ~=- MAJOR ROAD · d . I : .STA' . " ;'j ' ' . . anle s 

d~;;S;:~~:~4. ~~.~ .... ' ... :., .w~~!:i., ~~~~~ ...... ;_ .. _. _ .. _ ... _ ...... __ . __ ._ ..... _ .. .. .... ...... ____ " . _ _ ..... _ .,._ .. 



o 

o 

o 

o 

o 0 

0 ' 0 \) C) 

~ j ' ... -:-:-- . 
... 

KWARA STA T E 

01:::1 = . 1:±?=::::2fI:'=~±:1 :==::I4? kms 

GENERAL LOCATION AND GEOLOGY 
-, StTE 06-ETSUGAIE 

LWVIUM --

UPE SANOSlONE(Feld5pClihic Sandstone & Siltstone) 
LDER GRA·NITE 

NDiFFERENTIATED. META-SEDIMENTS • 
NDiFFERENTIATED BASEMENT mMPLEX 

EOLOGICAL BOUNDARY (i nfered) 
TATE BOUNDARY :::::: MAJOR ROAD 
IVER AND FLOW DIRECTION - MI NOR ROAD 

) .. , 
\ . ~ ' .. , ,. 

~ 

'>i. 
-,( 

.;.. 
)4 

>< 

.. " .~~ 
·"~N'~· 

4"'~" . ~ 
DATE. 

13/11/89 

DRAWING No 
9003/06/1/R 

DRAWN BY : 
Daniels 

o 0 

FIGURE 1 

Biwater 
(Nigeria) 
PROJECT: 

! 9003 
SCALE 

1 : 1OQoooO 

CHECKED BY : 
-: STA 

i · 

r 

'~ ... 

, . 

; . 

. , .. . ' 

.... '. 

.. 
, :, " 

~ . ,t: ~) j~: 
, " j 

. . -

-; 

, 

I 
'1 
! 

. ! 


