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ABSTRACT

Considerable rround water rescrves ocour in Bauchi
State in both the &semnt and sedizentary rocks. From the
surface geology, Sedimentary roeks occupy 56% of the surfaoce
area of Bauchi Ltate and their aquifers supply about 62% of
the total water needs of the state. However, water occurs
locally at verious depths in these rocks due to variations in
lithology, Physiography and structure. Results of the present
work show that geophysicsl surveys using £m and VES methods
achieve a satilsfactory success rate in locating water in twe
basement an. sedimentary squifers respectively. From the BSADP
Borehole Progremme, both high (over LOOLl/m) and low yli@lding
boreholes have been encountered, as the various rock units
oi the Sedimentary formations have variable aquifer characteriss
tics and yields. At present, the Dima Formation is the most
exploited of a1l the aquifers. The Kerri~Kerrl end Chad fore
metions also have high ylelding borehoies and are theraefore
flwportant ayuiifers iLoov.

Some ecentral aress like Dukku and Tula have acute water
problems beceuse of the very deep levelsof occurence of the
water toble, wrater supply to such areas is by the integrated
borehole schemes using booster stations.

variocus completion technioues are used but the most
efficient and durable wells will appear to be totally gravel
packed ones. ‘he Kerri-Kerri, because of 1ts high yvielding
boreholes and large surface area, will prove to be a major
water supply formation if adequately exploited.
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CHAPTER ONE
INTRODUCTION
11 gtatement of Kesearch Scope of Wor

The Government of Bauchi State since its inception
in 1976, in performing one of its Social Welfare responsibi-
1itles, comaissioned the State's Water Board to explore and
exploit the water resources of the State for both wrban

/ and rural Communities. Un the basis of work done in this
respect by Professional consulting firms speclelising in
water resources (e.g water Surveys, Kdok-Eter Mandilas,
Consulint, Conred, iMitsui), data on the current knowledge
of tne occur nce, distribution and characteristics of ground-
vater agulfers in the Stale have accumulated up to 1986.

These studies show that the State has considerable
sroundwater reserves, with the Sedimentary formations having
a greater fmportion oi tue reserves, However, there are
Jocal va:lations in the depth to the water bearing horizons
and yields are also noi uniform for all the geologic for-
mations, Inspite of all these works, there is no Ctomprehen=-
sive hydrogeological data base on which water resource
appralsal of the State can be baseds The hydrogeological
data isscettered, as uany organisations are involved in the
execution of water works for the State Government,

This research Project is, therefore an attempt to
compile a fair but critical and representative summary of
groundwater investigation and exploitation in areas of the
State whose water supply is from sedimentary aquifers. Also
an attempt will be made to present a summary of groundwater
conditions in the various hydrogeological units in relation
to the data which has become increasingly availeble in

i W T g e |

o




-2 -

terms of the aquifer characteristics Qe.g. depth to water
table, yield, etc) based on borehole studies, Thus eritical
observations on the properties of these aquifers will be
made,

Much of the data is drawn from published and unpub-
lished studies, espeeially those of water Surveys Ltd;
Ldok-iter Mandilas Ltd, Conred, Consulint Ltd, Bauchi State
Water Board and the Geologleal Survey of Nigeria(1q77-1986)

In addition to academic value, the result of the fin-
dings will help organisations interested in the area, in
future plenning, execution snd development of water projects.
This word may also serve as a guide to further studies on
the subject.

42 Logation of Study ares

Bauchi State lies between Latitude 9°70, and 12°30' B,
ahd bongitude 8°42' and 11°50'E. It is bounded by Kano
State in the north gest, borno State to the sorth east,
Gonzola State in the easi and by Flateau State in the south,
Ite total land area is 66,510,045 Ka® and this constitutes
approximately 7.2% of the total land area of Nigerla,.

The area of Study lies in ihe eastern énd northern
parts cf the State, all of which are underlain by sedimen=

tary Formations (see ['lg 1),

1e3+ Geography
1¢3.1. Zopography end drainage

The area provides a diversity of topographical forms.
The sedimentary rocks form good hills e.g in Bima Sandstones,
£old structures and dafined with strong structural and ellipti-
cal hill Fetnrm Farticularl_y in Lomurde anticlines.

PR B |
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Cuestas are the €ommonest landforms in areas underlain by

Bime Sandstone. Numerous volcanic plugs and comes occur

in the South and east e.g Tangale Pesk ( 'Z9%2Ma) which rises
above the Bime sandstone south of Kaltungo. Generally
kowever, the topography is gentle. Drainage is by a system
of rivers. The Gongola, Jama'are and Dingalya are the

three wajor river systems, Others include Pai and Iggi

rivers where flow la scascnal. There are several other minor
seasonel stresms that traverse the area of study. The three

ma jor river systeuns hawe thelr headwaters rising on RoSawemb
erystalline rocks:s the Gongola and Jama'are rising on the

Jos Platezu while that of Dingaiys 1lles within the Bauchi

F}

F ld.&ﬂc

1¢3.2 Llimate and Vegetation

Oscillatory wovewsat of the intertroplc front exerts
principsl contrel on the climate of Bauchl State. Topegra=
phic features provide secondary variations. The area lles
wlithin the Savarmaw. Two sescons are distinct: wet and dry
seasons. ‘he wet seasons starts in Mey and ends In September,
The remalning months (October - April) constitute tae dry
seasonx marked by little or no rainfall.

Harmattan is between mid=October to January/Feburaryj
and the period 1s characterised by low temperatures (between
18421°C). ‘There is a iot of dust particles during this period,
which is being tranaported Dby winds from the Sahara desert.

Cyelic variatione in elimate involving desertification
abe marked by shorter annual rainfall periods and a decrease
in the amount of rainfall.
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The rainfell distribution and zmount shows & high rate

in the southwest of the State, average in the south east
and low in the northern lebe, The length of the wet season

. varies from Morth to iouth., Mean valwes (1956-1977) are

190 days in the extreme south west to 100 days in the north,
- Vegetztion ie 2 furetion of c¢limate and consists of

;;nhruba, thorn trees snd low grasses with occasional beve

ground, UDuring the wet séason, vegetation is full, but

in the dry season, leaves are shed and grasses die giving a

good exposure of rotls.
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1.4 Erevious Work

Attempts to improve the water supply of Bauchi span
over the years. Falconer and Longbottom (1911) undertook
reconaissance traverses of the area during the early mineral
survey of Northern Nigeria. The Geologieal Survey of
Nigeria sterted hydrogeological investigations in Nigeria
in 1928 and undertook the actual exploitation of groundwater
in rural commnities by means of hand-dug, concrete-—lined
wells. ~Many reconaissance surveys for the r;rpoee of selecting
suitable sites for water wells have been made and results
of these works are recorded in published and unpublished
reports of the Geological Survey.

Raeburn and Jones (193L1) published an account of the
geology and water supply of the Chad Basin. This provides
a general description of the hydrogeolegy of that part of
Chad drainage basin which also lie within Bauchi State.
Accounts of the geology and water supply of Gombe (Thompson
1958) has been published. In 1963, Carter et alj published
maps and the geology of parts of North East Nigeria, which
also includesthe old Bauchi Frovince.

The ereation of more States in 1976 led to the establish-

ment of a Water Board in each State charged with exploring

and exploiting water resources. Since then, the Bauchi State

worked succintly towards this objective.

g firms gpecialising in water resources

Water Board has
Professional consultin
have been contracted to defiine the water resources of the

State in all its ramifications.
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Thus Water Surveys (Nig) Ltd; Edek-Eter Mandilas (nig) Lta,
Conred (Nig) Ltd and Censulint Co. Ltd have published works
on the ater resourges of the State up to 1986,

All these form the basis for groundwster studies in
Bauchi State, and therefors this work,

1«5 Methoiology of ent U

Iwo basic approeches were employed for this works
date aquisitlon and date synthesis,

Data acquisitlon invelved the collection of water
borehole inforwatlon as regards the study area, This was
done from the offlces of Water Surveys Group and Bauchi State
Urben Utilitles Board {Water Section).

Data synthesis involved = detailed and critical desk
study of the dala acquired. Discussions with .staff and students

were also lmportant during this stage.
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CHAPTER Two

AQUIFER PROPERTIES AND CHARACTERISTICS
241 £ Ge 8

Bauchi Stete is divided into two major geolegiecal
reglons: sreas underluin by Crystslline Dasement rocks
and those underlain by sedimentery formations (£ig 1).

Crystelline rocks underlie the westernm part of the
State uhile sedimentary fornatioms (Cretaceous to Recent)
cover the rest of the State, and are ssscciated with occa-
ssional volcanics., ligmatites and sneisses of the Crys-
talline Basement sre intruddeé by COlder Granite rocks
(foliated orphyritic granites znd bauchites) and younger
granite Suite rocks (malnly medium grained . §rawtries .
granitesf: ;’ghd?r;cid volcanics}e The east and north east
of the State belong te the Lenue =nd Geongola Cretaceous
rift system and consist of folded marine and continental
gecuences (CGarter et aly 1963). 4 central belt of unfolded
Tertiary continental Sediments overlep beth Crystalline fosement
ané Cretacecus rockz. in the North, the Quarternary logcuse
trine sediments of the Chad Formation overlap Crystalline
and Tertiary rocks.

The Bims Sandstone iz the 1ldest sedimentary formation
end comprises 91#3,000m thickness of shallow water, cross
bedded sandstone and occasional mudstone. It covers 250(‘.-2
of terrain. This sandstene is a continental, alluvial,
fluviatile and dettaic sequence, lying on an irreguler floor
of the Crystalline Basement. It 1s succeeded by the (assage
beds of the Yolde Formation, a shoreline - near shore sequence

comprising sandstones, siltstones and mudstones.
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Next is the marine Cretaceous
Fika and Findigs formations,
to 1000m thick.

shales of the GCongdla,
There sre clay shales, up
Host of the shales are Turenizn to early

Maestrichtan in age representing the Central merine phase

of the Benue Trough, Ocesssionally, there are intraformational

lenses of porous wandstones but generally the shales are
non-porous with tight joints. The lower part of this sequence
of Turonian age 1s a Limestone = shele facies and at Ashaka
to the north east has t thick limestone bed quarried for
cement,

Estuarine clay-shales, siltstones and sandstones of
the Gombe andstone overlie the shales, apparenﬁ;ly,\“;mfona-
bly. This unit rapresents a continentalﬂ?{;:::] of the
Benue TErough in the late Cretacecus.

Following Prolonged erosion, the Tertiary continental
basin of the Kerri-Kerri sediments accumulated on the eroded
surface of the Gombe Formation. The sediments are grits,
sandstones, siltstones and keclinitic clay.

Sitting on a floor of downwarped Kerri Kerri and Crpse
talline rocks is the Quaternary Chad Fermation of lacustrine
and fluvial beds. The formation consists of quartz sands,
clays, silty clay, and rarely, gravel. alluvium bearing rivers
develop north eastwards towards the Lake Chad, and southwards
and c¢astwards towards river Benue.

The last desert incursion of 20,000 years ago left fossil
dunes in the northern part of the State. These are composed
of sand snd silt, covering the Chad outcrop in some places.
Teotonic astivity, vigorous up to the Santonian, with velcanis
activity, wes minimal by the time the Tertiary beds were laid
down, end subsequent movement was limited to warping.
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The definition and distribution of sediwentary aquifers
of Bauchi State follows the geology of the State. North and
enst of the State is underlain by sedimentary rocks (Crete-
~ ceous to Recent) and these, together with the fadema (2llu~-
viun and flood plains) of the river systems in the areas
define the aquifers., ror practical purposes seven hﬂﬂtﬂ”-
loglc units have beun .  identified in the sedimentary areas ’
and these corres,ond to the following groundwater units:(Wedcp )

1. 'I:-ld;“r Cretaceous sandstones and mudstones

2. Marine shales

3. Combe sandstone

k. Kerri-Kerri formation

5. Chad Formation

6. Alluvium aquifers

7« Fossil dunes,

i description of these aquifers follow in the next
section.

The distribution of the aquifers in the state is linked
to Loeal Government Areas underlain by Sedimentary rocks.
From the Scuth to the north, these are Tengale Waje, Alkaleri,
Akko, Gombe, Dukku, eastern part of Darazo, Misau, Shira,

ernment areas,
Jama'are, Katagum and Gamawa Local Gowi
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2.3 4
Each geologic unit

groundwater aguifer,

of Bauchi State is, infact, a

The mineralogy of the @u@Smsntary
aquifers indicate tiat thuy wepe derived from cryitalline
rocks so that transported knolin is a common component

and permeability vary with its frequency as a cement. In
addition, the older Cratacecus rocks wit stand compression
more than the younger Cretaceous and pocosity is lower.
Jointing is developei iq all ccumpacted rocks up to the
Tertiary. Thus an interplay of jointing and primary pore=
space Porosity gives tae characteristics of the Cretaceous
and Tertiary aquifers, which are relatively variable. Apart
frow the warine shales, all the other units are significant
and useful aguifers,

2.3.1 Bimg fandstones snd asssocieted Formations

ihe sandstones sre continental sands and clays.
These have a low priwary porosity generally, The coarse
faldspaltiic sandstonas have = i porous horizons assocla=
ted with widely spaeced Joints. llore frequent Jointing
occurs in siltatones but they have a lower porosity. The

formaticr varies in thickness from 91m to at lesst 3,000

netres.
Although this formation provides considerable uncon=

fined groundwater reservoirs, the permeability is often

low ewing to the presence of interatitial clay derived from

weathered feldspars, Yields from open wells are moderate

exceed 301/min (Carter et al, 1953). ludstones

and parely
a0 primery permeabili-

are characterised by elose joints with

ty but within sandstones and siltstones show hydraulic con=

tinulty.
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The consequence is that all the pre-marine
form one groundwater unit for

Cretaceous units

practical purposes. However,
varying degrees of water table elevations are created becsuse

of lateral discontinuities (i.e. lateral interruptions of
hithological continuities by interbedded shales and clays).
The Jima forms 7% of the area of Bauchi State.

2,3.2, Marine Formations
These include the Dukui, Jeaau.‘;‘.»ekule, Numanha, Gongila
and Pindiga formations and the Fika shales which consist
chiefly of shales and mudstones with thin linestones. The
marine shales contain losal sandy horizons (Thompson, 1956)
The Dukul formation consists of a seguence of shales snd
thin linestones. The Jessu formation is a2n alternating sequence

of shales and sandy mudstones witkh subordinate sandstones.

The Sekule is a sejuence of shales and linestones in which the
shales are thicker than the limestoneg. Numanha and Lamja
formations are shales znd sandstone heds respectively.

lost of the stratas are virtually impermesble owing to

the shales and wells procuce Very small yields unloss e

thick weathered horizon ls penctrated or where there is a

ioesl gecurence of sandstongs. In many districts, the

groundwater 1in these formations is unsuitable for humanon=
o high selt contents e.§ at Gombe, a borehole
ation was mot brought into Froduction

content (Borber et al, 1965).

sumption due t
in the Pindiga form
beeause of high sulphate

However, wherever recherge is possible, water is of accep~

table qualitye.

The marine shales
Bima eandstone aquifers

constitute 7% of the state land area.

away from their
They confine the

outerops.



2e3e3, wm

Th
@se are younger Cretaceous (Maestrichtian) estuarine

end deltaic Sandstones, sultstenes, shales and iron SR,

The beds appear to grade Upward froum marine shales through
impermeable clays, then Siltstones with pockets of coal,
to coarser sandstonez at the tops Before the advent of
sedimentation in the Tertiary, they were strongly weathered
and eroded, The irregular surface was lateritised as well
28 «ll the nore permeable bands in the upper part of the
sequence,

The brown silts are the most importent aguifers, They

have cleosely spzced vertical and horizontal open Joints
lined with ferrug nous cement and have high transmissivity.
Fressure water conditions are found locally e.g. at Gombe
Tewn, borehole number CNS 1892 met pressure water in the
Gombhe sandstone with a small draw down and hipgh yield,
The sandstones foen )7 of the area of the State.

24 3ah Berrd Kerrd Tormation

This iz s continental sequence of Paleocene age
deposited under noinly §luvied and lacustrine cond!tlons,
2nd underliecs munk of the eentral part of Pauchl State,
The formation ls nredodinantly arenaceous, consisting of
loosely cenented sands and grits, clayey sandstones, massive
mrnds of ironstone and conglomerate

¢lays and milts,

occur loeally. [ch of the {erri Kerri sedimente were

depoaited on the floor of the hills and ranges of the
older Gombe Formation.
The beds of tnls Formation have thick layers of imper-

meable kaolinites traversed by major widely spaced joints.
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In unjointed areas, °€cassional clay content gives rise
to perched aquifers, while the directional jointing ceuses ra-
pid movement of groundwater to the ¢

southwest of the State to
feed springs, seepages and water table lakes e.g. Wikki spring
in the Yankeri ¢ames Qeserve. The saturated pertions of the
Kerri Kerri formation contains a large quantity of water though
much of this is not readily exploitable owing to the low pere
meability of the sediments because of interstitial clay and
silt in the sandstones. Also in some localities, the saturated
rocks may occassionally occur at considerable depths e.g. in
Dukku.

Groundwater in this aquifer normally occur under water
table conditions. The maximum proven thickness of the Kerri
Kerri = is 215 metres. It has a wider geographic importance
than all the other sedimentary aquifers but current information
shows it has the most untapped aquifer resources (Dike, 1987).
It constitutes 29% of the total area of Bauchi State,

2.3.5 Chad Formation

The Chad Formation is a fresh-water sedimentary sequence
of pleistocene (7Pliocene) age (Raeburn and Jones 1934). It
consists of a sequence of clays, sandy clays and sfilt in which
beds and lenses of sand end gravel occur at various level. The

formation was deposited on a surface formed by Kerri-Kerri for-

mation and Cretacecus sediments, and the Basement Complex.

Groundwater occurs here under water table conditions, in

perched aquifers, as confined and semi-confined water. The lacus-
trine to fluvial sediments of this
either by the Kerri Keeri, or by thickly weathered crystalline

rocks, both of which constitute moderate aquifers.
»

formation are underlain
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Nerth eastwards of the State

a much better assemblage
of mainly lacustrine beds with . 2

few useful gquifers is

obtained. Recharge is througn @odern and fossil alluvium of
0ld and modern drainage rising on erystalline rocks trefding
north-eastuard . into the Chad Basin
of the modern Jama'

sediments, The alluvium
are feed a groundwater ridge in the forma-
tion. ~

The Chad formation covers 11% of Bauchl State land area
(Wadrop Report, 1985), L

2.3.6 Alwvium Deposits

These are coarse to medium grained sediments with occa=
ssional occurence of clay. The alluvium is a common aquifer
below the larger river beds on crystalline terrain, and in
the biggest rivers, it is permanently saturasted with sub-surface
flow. In small rivers, saturated alluvium occur in permanent
pockets.

Recharge 1s by seasonal rainfall and stream flow, Release
of rain water trapped in silt terrace alluvium supplements
the recharge. Coarse sand alluvium is also a useful sourge qz
water. It occurs where rivers, traverse sedimentary terrain
and wherever an upstream source of sand exists,

2,3.7 Fossil Dune Sands

Thepe occur in the extreme north of the State., Although
they are limited, they are useful sources of groundwater. The

Sperss vegstution ooupled with porous surfases snd Law PR

of run-off and transp
rapidly filled with water during the rains.
1 also ragfll though less permeable sands give sub-perennial

Seepages into interdune Swampse

iration, results in the dunes being
Lateral drain ocut
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rable 23 Stratigraphic sequen
aquifers {under $e in relation to signifi
M“M““‘fimd) aad thelr were iw?:-tan:mt
ik Y GATE(E) BRUEEY -~ ARAGE
Alluvium 11ts,clays, .
+ Eravels hallow |Variable| Good
Dnas sands 25 High Good
Chad B ;
B, Silts g
(Lacustrine) %ﬁ%f er Moderate | Good
Kerri-Korri : 5 Sl
(Sontients1)  Playeooese SH%5%0m8 Joo00 | moderate | *Good

Gombe Sandstone ! _ e
ndstones, Siltstones :
‘(,Ym)mgcr Cretac ays, shaie?'L——'Fm'hg’ }Hod!rﬂtﬂ

Marine shales » ! i idg
(Pindiga Formatior SPales . ey
1

Bima(Associated . :
formation (Older |pajdstones, 10-120 | Variable
Cretaceous) ) e i
Plateau La¥a. Basalts Shallow \ High

Weathered 318 yariable
Crystalline Zones, Joints Eg.30 (| VOTIA |
Source

1, Water surveys (Nig) Ltd. QF\?Q
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2.4 Compar
b Comparison of tne aquifer charseteristics,

20&-1 m

A total of 53 berehole records spread fairly over the

area of study were collected,

Table 3 Shows records of the boreholes in terms of 1ithology,

geologic formations penetrated, total depth and other hydraulic

properties. Detailed lithologies
ted in Appemdix 1,

of some of them are presen=
For the purpose of computing the aritichl
yields of some of the wells, pumping test results have been
obtained and are preseénted in Appendix II while the plotted
characteristic curves are given in Appemdix III. Appendix IV
shows typical eecmpletion techniques in selected boreholes
which reflects “he general trend.

Eoreholes constructed by the Geological Survey: of ligeria
are included in Table 3 to show depth conditions. Yields from
them are not discussed together with the others because infor-

mation on their completion techniques are inadequate end there-

fore unreliable.
2.4.2, Disecussion of Results
In terms of the total land area underlain by the sedimen=

tary mxms formation, the relative abundance is as follows:

Kerri 53%, Chad 20%, Bima 13%, and Marine and Gombe formations

7% each., Although all these conbined have considerable ground
.

water resources, it can be shown that the occurence of the
groundwater is dependent on the lithology physiography, and

strueture of the underlying rocks.

P e - S e
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Table 3¢ Records of Borehole Characteristics Ltpn‘\'fo.n.-\-ccs RePocts, Paiakl Aise R
LOCATION & NUMBER SUMMARY OF LITHOLOGY it A Bt B o L L :
3 | PENETRATED! DEPTH(M)} YIELD | WATER ?ou’a HISSIVI.
{¥s) §LEVEL { (M) ;
z ; 1) :
Hillirl Laushi No.3 § Colluvium and medium te coerse sandstones
Nos Bima 316 6.11 1L9.30 .
Bima 200 L.68 . | 3.66 %-i
ns Bima 332 3,13 12,50 | 37.30
Bims 305 7000 17-&0 36.10
Bima 5.75
Ai.tlmate layers of .,:md, sandstones and | Biua 28 6.00 127.20 }125.33
3
PR B : g stone ngith sands and ci eystonsza & ﬁima s 311 a0 147.h0 | 36.04
er. {+1% [arse sa gravel with ¢lay impregnatonst KeriKerris
2 and;ueatheréd granite A 1 Basement &1 he36 127.94 ] 9.00
i Medium-coarse send peables with clay and ’
{high weathered granlite %zgi‘ig;%* 126 C.07 |15.88 12,82
zare lo., 6 i~ §Bands and slightly weahtered granite kerikeri 8¢ 0.62  129.20 |25
Basement T
No. 11 Sands and slightly-highly wheathered df@erikeris £&T7 |2 11498 |35
r granites Lisement ¥ e
Lanzai No, 3 - { Sands and grevels with come clay Lerikeri 2%3 13.86 | 63,5
Sade No. 3 ' Sands and gravels KeriKeri | 189 .i;% o 0,96
Darazo No. 5 Sands and peables with c¢lay reri Keri | 262 .36 1h2 11
jisau Ne. 3 1§ Med ium~-coarse sand, some pesbles and very { Kerikeri T2 11, 9,83 11.12
| 1ittle clay ;
Hardawa No.3 Medium-cosrse sands, flesh granite Kerikeri + 4 3
Basement i : ;
Chinade No.2 Sandstones and weathered granites of the |Keri-Keri | 66 1.56| 7.53}22
! basement Basement
Dukku No.1 Sands and sandstones with clay intercala- | Gombe 210 1.07 | 143,100 1.67
4 tious
: Ho.B : .imds and santstones with clay intercala=~ jGombe 289 151 | 40,70 2,47 }
ons
” Gombe 112 0.85‘ 419,67 ’fﬂ-@‘g
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Table 33 Record of Borehole Characteristics

Borenole Formation otal Te1d [Static vater
Location & Number SUMMARY OF LITHOLOGY | Penetrated |J Depth(1/s)§(1/s) lLevel(m)
Sawz DR 8l SW 45 Kerri Kerri { 8§~  |0fa% | 16.00
Zindiri DR 107 Nw 25 ; Kerri Kerri 58 0433 20,35
GSS Gamawa Dr. 62 SW 13 Chad 72 1,08 | 15, 3
GSS Kataguam Dr. 61NE21 Chad/Alluvium | VS0 7.00 1729
Dirishe DR108 S¥=15 Kerri Kerri 75 1.75 | 56.81
Jiro m;g'wé NW=-32 Kerri Kerri 36 1467 17.91
Papa [R108 SE-16 Kerri Kerri 60 3.50 33«7
Sabon Sara [_’IRS}-NRE).; Chad Lo;5 0.60 .63
Bodinga DR 83 SE-33 Chad 53 0.k3 15.92
Masama DR 83 SE-32 Chad L2 Q.70 25.39
Duku GSN 947 Kerri Kerri 10l 0.583 96,92
Duku G3N 1350 Kerri Kerri 1] 189 126 164
Azare G3N 189l Kerri Kerri 91 1.26 21.3
Azare GSN 2171 ' Basement 11l 1426 16
Azare G3N 2187 Dasement 126 126 16
Jalam GSN 967 Kerri Kerri ok 2.52 57.91
Jigawa GSN 972 Kerri Kerri 84 2.52 52,42
Danbam GSN 96l Kerri Kerri 41 Lr:i 17.67
o Gembe GSN 1751 l Pindisa/verdel 10k J 163
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Jama'are No.1 Mainly send and cley Chiad ht 07 L.78
No.2 ?m;lw snads with Vfieldspar:i. Chad 39 8 475
Gamawa [i0.1 Send, gravel, scndstones Chad 28k L.oL | 19.90
Udubo. Noe1 Sand, gravel and sandstones Chad 162 ;‘,M' 24140
Gombe  No.1 Tolde 5.8 ;;;.9 2.4k
: No.3 Pindiga 86.0 %6.5 .0
- Sl R XA IS
21 Tolde 80 5408 | 10,19
Zambuk 152NE=11 Sends, silts and clay Bima 51§ 0.67* 13.55
‘ade 153NW=2 Send and clay Bima 2k | 0.33E.42
higa 153Ni=i Send and clay Bima 28 J0.3717.36
amava 862 5d, | crad 93 | 8.0 19.73
. ] {

s e
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Gmurally ’ borehol

gre deeper than thoge Penetrating

€ other formati
there are local variations iy e ons, although

vhere holes
forsation other than the Mia cut na may penetrate

Tt Y be deeper. whereas the
Gombe whigh Penetrates the ciwe, whe
shallowest iu the same formatien g at 28m (BH 153w

deepest well is BH

" ' -} Shiga).
Depths oi wells io Goube forwation are generally high, in the

The deepest well here is 298m while the shallo=

west 13 112m deep. In Herpt rorpt formation, the deepest

hole is 262m (BE 5 Darezo) whij

rangs of 200m.

in Jdire, a worehole penetrating
the came formation is only 36m usep. The extreme depths in

-chad formation are 2i8m and LO' respectively, wnere as the

Pindiga and Youu. formation has  average Lorehcle depths of 80ms
Ia e laller, deplh to tne water table depends on the level of
scsurence of saids, a3 the shales do not ferm an aguifer,

In places vhere borehcles fraw weter in an aquifer of
Kerri Kerri formation enc ’~'aserﬁu~.t rocks (T.e, Basement fore=-
land arsas), the genmeral trend ls for the depths to be shaliower
than when only the Kerrl ferri were penetrated elsewhere.

There variatioss in depth of tne wells are due to local condi-
levels e.f. subsurface geology,

tions that affect the water

stratigraphy, recharge focilities like proximity to mein rivers

or ancient river courses and physiographle factors like hills
and valleys. .
The average depths ©

water table in the gedimentary

i boreholes and thus depths to the

areas with respect to table 3

¢an be summerised as follows!

g De
Eorpation 92
Kerri Kerri 216.67
Gombe 81
Marine shales 1o
Bima - WO W Retards)

U e e dep‘th{_-’q"“
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These depths closely

agree with results of
boreholes
drilled by the Bauchi State Agrieultural p

evelopment Project
(BSADP) all over the place, J

The tested yield values are variebie for the aquifers,

It is hichest (2641 1itres/ses) for b 70 Gombe which pere-
trates the Bima into tne Hasement. A very high yield (13.861/s)

3 Lanzai which drewa ite water from an
aquifer of Kerri-Kerpri formation,

is also recorded in Bi

Although there are many
high yleldiag oorehules from the BSADP borehole programae of
1205 wells made up of 1165 handpdmp and LO mechanised wells
{adrop report 1985), where yields as high as 6.67 1/s are
obtained, yields from other 7 °  Programme ,ﬁggwﬁét give
such high values. ¥Wells drillied under the BSADP Drought Relief
Frograpme (1986) are oif this category. If the yields from
these wells showa in table 3 are not considered because cI the
cir:;umatanccs and condition under which they were drillec and
completed, the lowest yisld values of 0.41/s, 0.621/s, and
0.861/s are for bH 3 dardewe, BH 6 Azare and Bl 9 Gowbe which
penetrate the Kerri-Kerri/Basement, Kerri-Rerri/Basement, and

Combe formationc respectively. Average yields computed from

boreholes under study give the following TR

Formation Average ¥ield (1/s)

Chad ﬁ'S°

Kerri Kerri " 2165

Kerri Kerri + Basemen 1.

Combe h‘l?z

Bima sker Board Retnds)

v W
Table 51 Average Pormation water yields(fro™

ARt M

L AART i i
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Although the - o
ugl Voluse of watep ¥ilded Into a well is

{
B
i
i
k

In the BSADP Programne
8 comblaation of these fuctors reafilt in high
yielding borenoles many of which produce over 6,67 litres
pev second.

of 1205 wells,

Drew dowa values are better in the Kerri Kerri Formation,
with the Bima having comparativel = the highest vailise) Teibe
missiwities are of thc ordsr of 4072 to 10 %w?/sec in Rerrie

Kerri and Chad formations whilst the Besement Foreland aqui-

fers have the lowest values (107F %o 10°° m®/sec).
lhere is definitely a correlestion tetween the aguifer
yiglds «nd the total land area occupied in terms off the total
supplies. Correlution also exist  between the yields and the
nature of the sedimentc, '
e Kerri Kerri, consituting 53% of the sedimentary for- q

mations coupled with 1ts sairly high average yields is there- [

fore expected to contribute considerably to the total water

supply if it is exploited as wuch as the Bima, . The arenacecus

and highly jointed sediments of the Dima formation are favoura= ;

the aguifer. Foor yields

ble factors for water supply in
te cemented sediments of

usually pesult from locally gaolini

t erri
B ¢ rges Lrom this work is that despite

One fact that eme
yield values in favour ©
the Kerri-Kerri has provec

¢ pims formation by earlier workers,

igher yields.

to have relatively B
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this earlier importancge iy
@

is quite erroneous because gygy 8tudies of
B e i aquifer properties

ted (especially 4o Gombe) in contrast to a
wider geographie study this work Teaches (in terms of BSADP
borehole yields examined in Places like  #Marazo, Lanzai

& » L]

Alkaleri, Gamawa ete,), However, the Bima, which is very
coarse arenaceous material, and contains au
number of faults and fractures (Akko and Iylorhibe 1984), is
significantly very high ylelding, kxisting data and previous

ima as a better aguifer

rich in medium to

research results are heavily biased in( = favour of Bima
formation because it is the most developed and exploited of
the sedimentary aquifers,

Average yield values also show that the Chad Fformation
and ancient sand dunes have considerable groundwater resources
as to form important aquifers. This may be related to alluvium
of the Jama'are River which feeds a groundemter ridge in the
formation. The Gombe sandstones and marine shale formations
have poor yields. The case in the former may be explained

by its limited outercp coupled with the low permcability of

its strata (silt and silty sands in sandstone layers, siltstones

and sudstones: Conred1978). s
aquifer type but where there 18 alocal occurence of sandstone
horizon, yields are hi

The areas where Kerr
Foreland areas) are poor &
(average of 2,361/s) and ©
fractured and deeply weathered zones.

The marine shales are not of

gh (as in BH 1 and BH 3 Gombe).

iKerri overlie the Basement (Basement

quifers with limited water resources
an only be gelectively exploited in




.

2

The dry nature of gope borenoles in th
e

" gormation are local Physiographie conditions
units in such places,

Kerri Kerri

of dry sand

This 1s confirmed
tigation whi b e
inves . Ch show high Fesistivity values indicative

|
of dry sands (Ake 1983), i
2,5 Lemclusion |

From the results avallable and the discussion, broad
conclusions have emerged: e

!.) Generally, water table conditions vary with locally avai-
lable conditions. A1l the formations sre characterised by

extremes in the depth of -~ occurence of grounwater.
(b) Yields, to some extent, depend on borehole construction,
development and completion techniques.
{(¢) The Bima is the most extensively developed aquifer of
all the formations in terms of the number of boreholes sited.
(4) Although the Bima, at present, supplies about 50K of the
: total water need of the State, and is therefore ranked as the
r best aquifer, the Kerri Kerri with its high average ylelds,
coupled with the superior land area, may be a major supplier
of water if properly exploited as the Bima.
(e) The marine shales are not aquifers, it local sandstene
horizons in them may give high yields in boreholes drilled in | &

such areas.

|
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of methods which provide

infornation Gonterning its occunence

These methods are in some cases
only partially successiny in that

under certailn condit ions,

recults ususlly leave the
hydrogeologle conditiong incomplete,

Geolopgic nmethods, lavelving interpretation of geologie
data and fleld reconailssence, represent waportant step in
any groundweter investization. This enables large areas to
be rapidly and economic:31ly appraised on a preliminary basis
as to thelr groundwater developwent potentials, Although geo-
logic investigations bepin with data cellection and analysis,
and hydrogeologic interpretation of existing topegraphic

maps, serizl photographs, geclogical maps and logs, end other
relevent records, this ‘is semplimented by geologic field recon=-
aissance and by snalysis of available hydrologic data on stre-

am flow and springs, well ylelds, groundwater recharge, dis-

charge and levels, and water quality.

Also using the technology of remote sensing, nriavl
apth tzken at verious electromagnetic
1l information fegarding groundwater

wa¥elengths provide usel
gy ean differentiate between rock
permeability and areal dis=-

pPhotographs of the e

conditions, Thus photogeolo
te thelr
and soil types and indica
e and dis-
tribution, and hence, areas of groundwater recharg

Sharge,
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Aerial photographs also reye,, Tracture :
Patterns in rocks,

.,huh can bo related to Porosity
Ld

Perme
3y well yields, ability and ultimate-

Ty deep water tables, hydro- i'
8 useful for e,g, phreato- |
depths to the water table.

plants found in botn deserts and moist environments

end have deeply penetrating roots that reach the water table.
Because they have low tolerance

In areas with ve
botanical studies of vegetation {

phytes can be used to define
These are

for salts and use a lot of

as useful guide for portable water in
semi-arid environments,

water, they secve

Geophysical survey, using several methods {refraction
eiswie, celectrical (esistivity and conductivity, Zm methods)
is5 useful in defining mcuifers in bssemeat and sedinmentary
areas. In Bauchi State, scme of these methods have been used
in exploration of sub-gurface water in the sedimentary areas
by the Nater Surveys Group.

3.%1.1 Site Seclection

Geologic: . Interprotation is the basis for selection
of sites  for borehole drilling in the sedinentary areas

although this may be combined with resistivity techniquesy In

the C!'ysta.alinea%v;:se mont foveland areas, aeriel photographie
gtudy and gmphy:ir:m_l survaeys are {uportant and widely used

for site selection (Wadrop 1961).

s of physicel pro-

1 methads detect ancmalie
Density, magnetism,

Geophysica

ot
perties within the earth's ¢rus

1ce) resistivity are properties SEEE

n these properties
cture, rock type

elestieity and electr :
Sommonl ured, Pronounced d4fferences
y measured.
¢en be intespreted in Terme of geologic LI
L uslity.
end porosity, water content and water q




: this response depends

; density, porosity
okapab £ WIS O \uuall;

total longitudnal conduetance and the
apparenl resistivity

considered are the

these parameters are supplied by elec-

trical sounding surveys., This wethod does not directly supply

any dats on the size of 4 wain aquifer, but it ensures that
there iz & correlation hetween tie thickuess of the sandy
cloyey’ weathered horizon, end the total availability of water
from the aquifer. .

— The selsmic wefraction method involves the creation of
small shocks at the eartli's surface, and measuring the time
required for the resulting sound to travel xknown distances.
These seisnic waves follow the same laws of light: they may
be reTlected or refrocted at any ianterface where a velocity
c¢henge occurs, At shellow depths, reflected rays are not
resslved because they corry much less energy than refracted

rays. Hence for depths of up to 300m, refra;’tlon methods are
exclusively used.

The gravity method meusures differences in the density

M i 1tholo e structure.
of the earth’s surface that may indicate 1 ['

Although ,7s method is of very little significance in explo=-
be useful under special geologic con-
4 valley where the grosa confi-

oted from gravity variations

ration for water, it c&av
‘ ditions such as a lerge burrie
Suration of sn aquifer ¢an b€ dete
‘SPmlltr ot a1 1968), The nagnetic
in magneti~ propertiess put thewe are

method measures contrast
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rarely associated witp water, This meth, |
relatively little relavance, Wi .

Electromagnetic (Em) methods yge
measure longitudna) Conductivity in ¢
sidally varying masnetie field

equipment designed to
errains. Here, a simuo=-
olactrongnninuly induces
current in the ground !n guep 5 manner: that their amplitude
is iinearly proporticnal to the terrain conductivity. Through
the use of this technique, ground - * » contact is avoided
map terrain conductivity virtually as
fasi as the Operator can walk. Two types of Geonics equipment

and it is possible to

are used for this purpose: the T 31 and EM 33, By their
use, eleciromagnetic waves are introduced into tne ground

&nd they reflect conductivity proporticnal %o the limearments,
The equipment employs two coils 2t 2 known distance. Doth ver=
tical and horizontal measurements are taken. The EM 31 has

en effective penetratior depth of ém and is used as o reconai-
ssanee tool, For definite snd accurete informetion, the EM

=3 which heg penetraticn depths of 7.5-60m is used {Geopics
Ltd., 1980)
3l2.

Surfage investigation of eroundvater resources in the

Sedimenta reas of the Stote 1s carried out using geophy-
ntary = ?
- a ct‘d
sion] methods. However; UI€ choice of methods 18 i
L] &

tation
in 1ts cost effectiveness, its €as¢ of use and interpre .
the nature of the terrain er
accelerated investigation by F1€ €
the elients,

d in scme cases, the desire for

entractors as dictated by
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In -
bi State, the Gravity a4 magneti hod ve
Baue. : C met
er been used, Probably dyue to their limitati .
ons, By

means of the selsmic pet ¢

it is s
depth to th Possible to ascertain the

e mlured Compact w.bl.

identify depressions which s bedrock and to

- preferential flow paths
Y use of this method, especlally in the
besement foreland areas where o dedimentary cover ovarliesg

the Basement rocks in the Stete, it is possible to

of groundwater.

an idea as to the water resources of the aguifer by detcm
it¢s thickness. In the pest, eismic refraction methed was
used in the State but because it uses highly skilled labour
for operation and interpretation, it was applied, io only a
relatively limitad axtent durin: the earlyv stages of grounde
water investigation. Today, it has been sbaendoned in Zavour,
of the electrical methods.

The Geonics equipment employing the electromagnetic

induction techniques 1s adopted for geophysiloal survey in

search of groundwater. Two (eonics instruments, EM31 and

EM 343 have been found, to be suitable for locating waters

The EM 31, because of its ease of aperation, is used as.a
reconnaieance todl. Res

registering an EM 34=3 valu

ults of drilling indicate that sites
e above 18 millions at o 20nm

eoil separation on both horizontsl and vertical dipole modes
have a satisfsctory problbility of succass. EM =3 surveys
have been used In site gelections where surficial sediments
re non existent or thim, 28 in the
Research indicetes that 1? using the
Sites be normslly marked, the second €

tive in gase ¢ o first is

ﬁasemeut foreland area
eonice equipmnts. two

rving as an alterna=

unsuccessfile




coll separa
a eparation of 20m; ang 27mmhos /m (horizontal) and

25mabos/a(vertical dipoLe) using a ¢oil separatio 2
n o m

This successfuly loeated
2 borehole and:: g
ed good » subse
yielded good results, quent drilling

in lecetions where a substantial thickness of se b

syeriio the arystalline rocks, tne BV -3 proved to bhe

inudequate. The contact reslstivity equipment APEM terrameter
545 300 achieved better results. This involved either depth
sounding or vertleal electricel sounding (VES) (Water surveys
Group 1983). sko and Ozunde (1982) eorried out a geophysical
survey of the Kerri Kerri formstion in Darazo using the
electrical resistivity rcihod., & total ef 29 Schlumberger
VES sounding staticne were cccupied using the ABEM sﬂ-soo
Terrumeter and the wio-2000 Beoster. 4 gualitative and quan=
titative interpretation of tie Vis date they obtained corre=
lated the increase in vulue of gransverse unlt resistence ('11)
and total longltudnal condustance {#) with increase 1n thick-

ness of the sedinentary sequences
T" value 8 during subsequent

t bLorehole ylelds.
ther of the geo=
otential

Areas with the highest
drilling corresponded Lo 2ones witn highes
It a....2d be
paysical techalques ware
for completing & auccessiy
to the crystalline rosits was 00

betwesn the sediments and decoupose

noted tnat in many cases, nel
pelpiul in assessing the p
either because the depth
entrast

ient.

1 borencle
great or conductivity €

d pedroci was insuffic




-3 .

1,3 loi
=M8: Borehoy
Companies involveq i, £ Construct

borehols dri1
11
include Edok-Etepr M}ndiles. Cr.mred, "¢ in Bauchs State

The Water Board alsp drills 50me wel
Mandilas

3 3:1 Construction &mg_:g

Comadnly, drilling L rigs used were top drive mud
and air rotary machines, ‘

Mitsui ang Premssag,
1s. Mitsui ang Edok -Etepr

- U .
ihe drilling process ior borecholes, whethar nandm i

puwp cperated or mesiinigsed, ., involved an initially 1arée
diameter hole, which decressed wiin increasing depth as the
bit is changed until the fisal depth was achieved, In each
case, a surface casing wais instsliev to a denth of about 6m
from the ground surface,

In a programme involving 1165 boreholes in the state,
over 75 wepedwt drillec with air, A degrzdable mud, or en
occassions, bentonite drilling mud was used by Mitsul where
drilling mud was required.

343.2 JBorehole denimn

In constructing village boreh-les, two main designe

have been use: as a stendard (see plate 1)

The first design consists of a 100mn slotted FVC casing

fitted w .. 100mm slotted FVC sereen, clot width varies from
1e5~0,5mm. These were used in boreholes drilled to less than
L -

80m depth (Wadrop fepert 1983}« ¢ & 100am dieneter steel
~onsists © i
The second design cons . . - with 10Cum diameter .
Casing T e « this design 15 for deeper

wire wound steiniess gteel screels

AVihed i

"
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d mechanised boreholes, ypp. .

es
w‘ ltandlrda. variations exist in
getual construction process, pegeq on 4

loitation !
3ok :——% rehole Coupletion

—_M_MM.
3.1 Caslng end Sereen

In the exploitatio: frogramme, boreholes are completed
with installation of casings and screens,

e d..im e

Tese help in sta-
bilising the walls of the well and their effective performance,

Casing pipes of common use are either the PVC, or stainless
steel casings. These have variable wall thicknesses as well
as length, Screen types include the slotted PVC, wire wound,
and stainless steel screens. There have slop widths varying
from 0.25mm to O.5mm, Orilling companies used slightly diffe-
rent casing and screen programmes. In BH 4 at Darazo, Edok-Eter
Mandilas used a 6" Johnson stainless steel screen and casing
plpes of sizes 83". A survey of borcholes they drilled showed
the same technique was used.

Preussag (iig) Ltd used 63" diameter non corossive blind
easing with -Johnson screens of 6" diameter and variable slot
sizes (0.25-0,5mm). The

BHs Nol Jama'are and No.3 Hardawa, among others. o
»In borechole No.3 Billiri Laushi drilled by gonred (Nig

gse completion techniques were used in

0.5mm slot
Johnson screen with

L sing and 8 e"

t i “1 1s a common trend in boreholes drilled by
' were used, This

g gcreens of

and
The Geological Survey also used casings

Variable diameters.




techniques are similer all over the @rea, although d
placement of the screens angd casings F i

vary with borehole
and horizons of water occurence, depths

The mechenised boreholes are normally constructed ! using «

¢ t50mm steel casing and 100mm wire wound screen, In a few
cases, a 100mm slotted PVC screen was installed with a packes !
connection to the 150mm steel casing. Where a low yield was c:weq' :
ted, 100mm PVC casing and slotted screens were used,

3.4.2 BACKFILL and gravel packs

Generally, the back filling of the annular space betweend
the sereen and the formation is done with drill chips from the

drill hole. Sand packing is done with clean sands and Mitsui
Co. Ltd used sands frou the beds of the major rivers and sievéd

them for this purpose, The residual sand was used as fine

aggregates for the concrete pads,

In sreas with fine sand formation, & control measure

employing a fine sand pack was used @.g. in Dukku area, well

greded send from Japen was used in such boreholes. In Gombe

area, 55 boreholes drilled peeded a fine sand pack. j::i, b

Sbtained by sieving 1locally availeble slluvial dqp.: bo;ﬂml.
The basic {nstallation approach in the stand

4
t 3m above the top ©
design stabilisers 8
& is to place the s or space 18 gand packed or
sereen section. Ther -

bagkefil1ed with drill cutting? P
lavel, 7ne upper six metres &1 the weX
1]



Jelie3
In the BSADP
Frogranne of 1205
yater Jetting were the ¢, iy
mones
a few cases, surging with o b.i: methods
er wasg

» Air surging ang
used, although in

the fine fra formation (see 34
fraction from the water bearing
Cn each v ¢ te
ch of the village boreholes onere 3 i
[
constructed to support the hand pump :
3

ped is

the borehole e
user, and to provide sanitary P “Pl‘tf i
rotection,

These pads are constructed such that the bo
extends a sho P
rt distance zhove the pad surface o
g pump stand is erected e
« Around the
pad, a backfi

pERS ' 11 consist

' gravel is placed, This serves to promote run-o o

avay from the pad( plaie 1) - &

3ulu4 Pumping Tests
G
n each boreh-le completed, a pumping test (or yield

test) is conducted!

‘ 1
(a) To ensure that water is clearly rid of drilling fluld/

b
(B) to verify that there is an adequate yield to sustain a

hand pump water supplyy

(¢) to achieve additional development of the borehole screen

and water bearing formations amd
tion on the drawdown characteristics of

(4) to obtain informa
r the hand pumf

the borehole so that th
intake may be chosen.

Especially for the PUrpos®
m test was adopted GCOnrld. Edo¥=Eter Mandilas,
The first involved a multistege (from 3-5 stages) test from

the static water levels

e appropriate depth fo

a two way

(b) and (d),
preussag) s



Evaluation of the pusping test results im normally by

.;ynoatlon of the JACCH nonwequitibrium methods from the

recovery measurement of the single stage test, By a combination
of this method and the curves drawn, the transmlssivity and
eritical yleld of each btorehole is obtained,

After these tests, the borehcle is disinfected (using cons
centrated chlorine soluticn) and z temporary ¢ap is installed

for sgnitary purposzes,
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2 .97
" e84 3.39
2 hours 1.96 5,27
1 hour 2.51 8.73
RECOVERY MEASUREMENTS
Time
Since pum i.nA Dynamic Residual
Stopped(s vWeter level Drawdown
(m) (m)
1 13.83 4.73
2 10410 1.00
3 9-23 0'13
h 9.22 0.?2
£, 9,21 0,11
6 9,21 0.1
7 9.20 0-10
10 9.19 0-09
15 9.19 OQW
20 9.19 i
08
25 9.18 a2,
30 9'18 0108
ho 9.17 0007
9.17 0.07
50 9,17 0407
60 9.“ 0.06
75
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under static condityg b

’-n "m UI h.'
heavy recharge, vy draft and

They show ¢n

production wells located wi:;:‘“ e E
a distance of each Eikex

other. Observation wells cap thus be used to compute some

pydraullic properties 1ike transmissivity, permeabllity

and storage coefficient of u well during pumping tests.

In Gombe, two procuction boreholes (BH 60 and BH 61)
have observation wells :ccated at 48,8 and 4,8.9m from them
respectively. These were usei to compute the hydraulie
properties of aquifers in Gombe subctachment area (Ako and
Iyioriobhe 1986),

Groundwater recharge in Bauchi State is mainly by
rainfall. In some areess, it is infiuenced by proximity to
rivers. Borcholes with good recharge have small drawdowns
with high recovery rates e.:. in EH 3 Sade, located in Kerri
Kerri Formation, the total depth of the hole is 189m with
& static water level of 4O.Bimetres. The tested yleld was
S.431/8 iavolving a multi-gstage pumping test of three steps.
there was @ low drawdown .average oi 0.96m).

On each step,

The drawdown measurenents lasted for five minutes but the

water level recovered completely right away from the first
minute.

In Borehole 0.
39a deep hole (with a drawdown

level of l.75n) and & yield af

2 gt Jama'are, recovery rate of the
of 4.02m and a static water
81/s was 1024 in six hours,
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These are
two cases of extrege recovery pates tn
probably depended on tpe recherge, 4

also may be influenceq by the ing

Rocharn/dhehar;o uik

% Bauchi State sharing
g bountaries W the oth

: { er states oy.Kano, Borno and Gongola
i (Dike 1987).

3.6 Cost aad Lifespan of Boreholes

These depend on g number of facters, (ost depends on

the consultancy services in site salection, the drilling,
development and completion techniques, the type of pump insta-
lled and spare parts, The lifespan of a well is a funetion

¢ Lts completion techaiques and maintainance. Information
available from agsncies involved in borshole conmstruction in
the state show that average cost for a borehole is shout
#1,0,000 (upto 1986). However, those with less elaborate
completion techniques, cost less. Boreholes consiructed under
the 1986 B3ADP Drought Relief Programme are of this category.
They were required over an emsrgency period and the programme

was large, covering 1342 villages and 1449 borehales, The

average cost of such village poreholes . is approximately

#17,000 each.

The 1ife span of a borehole varies and depends on the a4

|
i
i

original completion and degelopment methods and subsequent

Jells drilled by the Geological Burvey of

maintainance. auchi province are

he 0ld B
Nigeria between 1948 end 1961 in * o
ng condition e.g. BH No. GSw DUEKU

(Borehole designi casing, to 91m of
139-199 of 17cm dia-

drilled in

8ti11 in good worki
in xm-x-:mi formation

,mu A1ameter, 91-139m of 2

Tem diameters
£ 10.46 diameter) was
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However, a longer lasting borehe

is completely gravel PaCKed, and, over
end reguler maintainance (Dike 1987

le would be one which

the years, given a good

These problems are Variable,

There are instances -
inaccessibility hanpers exploration efforts,

I

ne possibiilty of rapid lithologic variations in areas

where different rock types of non~water bearing herlzons

overlie cne another gives rise to dry holes., This is common
in the marine shules of Pindiga and Yolde formations which show
lithologic discontinuities, In some other cases, the boreholes ‘
may give very low yidds,

In other areas, the water table is at conziderable depths,
Thus holes are exceptionslly deeper than normal, This leads to b
higher cost of drilling znd development of the wells., The
Kerriekerri formation is characterised by such high depths,
empecially on the high ridges where water depths are well over
100 metres. In such cases the depth of the holes are too

great for installation of hand pumpse
In Gombe sandstones, some boreholes drilled had problems

of fine sands being pumped into the water bearing zones, that

of the noles difficult, Even after exten=-

made completion
ontinued to contain very fine

sive development, the waier ©

sand when the normal completion techalques were applied. In

this problem, wodification on the
employed. A 165.6

r bearing strata

order to reduce or eliminaie

eonstruction and development techniques were
ihe location of tne wate
Tie hole was then reemed to
A 100mm slotted PVC screen was
ghe problen of fine sand

mm hole was drilleds
was delineated by electric 1oBe
265,6nm of the required depths |
installed snd a fiane send pack sets




g

in a few seconds after clear water ¢irculation end a surging
with elr development was earried out,

Boreholes GSN 1350 1041 and 3 in Dukku have been abandoned

due to small water rise and low yield respectively,

& R R 4




a0LE OF SEDIWTNTARY AQUIPERS 3i: miw .
DEVELOPMENT OF BAUCHI spapg, ' 5 WATHR Rusoypeg
ko1 Zntreduction

A great proportion ©f the

‘state (obout 56K) is undordatn vy Sedimentary formaty
‘wations which

ngve considerable watep reserves {
oF both domestic and induse

trial use. At preseai, great offorts are being made by the

State Governmant to exploit " - these reserves and supply

portable water to both urban and rural communigles. For this
purpose vater supply schemes have been established with zonal
eifices al Gombe, Azare :ud baveni whick had supplies of
aperoximately 1. million 7.9nillion and 12,1million 1litres/day
respeatlvely as at 1989 (lauchi State Veter Board Report 1981).
However In some aress like Dukku and 1ts surrounding (Kerri
Kerri forration ) and 7ula and environs (Bima forwation), depths
to the water tahle are beyond regch of economéé explolitation
ead maintainance. Thereiore some olher water supply schemes
there is an intake arrengement where a
prosuces water at 3,)71/s and this is

sre adopted, In Tula,

Btream head from o bill

trapped in an embankment, then purped toe the towne

From results of groundwater investigations, sedimentary

' source
aquifers heve a lot of prospects in the future water re

: 3 4 rural weter supply
devalopment of the state 88 tne urbsn an

‘“‘M
: . orehgle Schene
.t oy extracted fros WHEEERY

water 1s
®his 1z o schems Whereby wa o
Ml: and sent to booster stations {rom wn.::d :“ piped
&
%o areas of needs 'th“hthlcmwuhmakku surroun=
‘ ‘ ta rence 1s mot .
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geven boreholes were sunk o
the bank

be-Abba of the "

gt Gom » about 2lkm west of Ben - Gongols Rivep

- Jae aquj,t.r ta,pg

The Characteristics i
7

wamisp"nputoumm‘
betwean Duicky

tne boreholes are sup edul o
e
¥roa these “Pthoh,.

pooster station situateq
and Gombe Abba. 7rom

§ conveyed by pipes to Dukku and its

this station the watepr 1

surroundings;
Borebole location & No, y leoth (M) fleld(1/a PE—
Gombe=-Abbza No.1 60 - ,_Mo.. own(m)
! 2 60 15,03 -
;‘ : - b3 7.6
| * 50 11.25 ©
5 00 ] 18,75 | 2.8 6

Table 7: Borehole Characteristies: Dukku water Scheme

Investigation show that =t present, only one of the
berensles is used to serve Dukku and even this is underutilised.

The Bauchl State Utilities Boerd plans to extend the Scheme

to other places.

i he3 Dams

Locally, some arsas suffer severe water shortages.

und the north central part of the

Sueh marginal areas 1ic aro
Chinade and Kilborie A

Aardawa, Jama fare,

State e,g., Dukku,
ter problems 1s obvicusly the con-

E

& long term solution to guch we -
. are low and ipadequa Qe

. 8truction of dams, 8% porehole yields

! But pecause the toposrarly in th

3

1line
n in the Crysta ;
and for rural supplies, communlbes
bitive.

puilding dems are probd

& sedimentary areas is far
dam sites

gasement areass
Bore gentle tha

are less frequently found s
are usually smell,and B¢ cost of




Y
by comunities, These wop vater ¢y

hob JIntegrated borenole soheme; Alternate Use

Considering tue fact that Bauchi State has a predominantly
agricultural population, the rural borehole schemes ean be

planned to serve purpocses other than providing drinkable

vater, One of such purposes could be farming, in which case
the wells could be used in ithe diyy season for farming. The
net effect would be to use the borehole schame as a means
of irrigation to lmprove cropping seasons and probably

achieve two crops a years

heS Future of Sedimentary aguifers in Bauchi State

1 The various urbsn and rural water supply schemes have
& total water yield of about 31.3million litres per day out of
which the sedimentary areas sSupply 19,2 million litres per day

representing 61.29% (see l4o1) This confirms that sedimentary
most lmportant aquifers. Therefore

fornations conatitute he
they will continue

to be the main source
e state, By the use
of Dukku, the

the saving grace for

for o very long time,
of water supply to 5
of the Integrated Bore
Sedimentary aquifers wi
reas with scute water P

6 of the area of th
hole soheme as that
11 gontinue to be

roblems.

o el AR




e result of the presen .
» tmﬂh"l‘ﬁto!axw
sions namely? broad conelye

the sedinentary forua
B tlons underlie about 56 of ¢
seate's land area, e

2, They have considerable undep
&round water rese
rves and

supply, and as at 1931, supply about 62% of the total
wa
needs of the atate, i

3, The depth to the water table in the aquifers of thh for-
mation is influcnced by topographic features, as well as tae

thicknesses of formatlons,
e .
L., Pims dnd Kerri Xerri ¥ovmetions, and to some extent, Chad

forzation, are the most isnificant aguifers.

5§, The Rima is at presant +re most developed and exploited

of a1l trne aquifers of tre State.

6. The Murine shales uo not constitute en aquifer, tut
vhers there is a local ogccurcnod of permeable sand horizom, :

vater is readily uveilailes

: s (e.g. Lukku
7. The ocourence of water in some locelities (e-& ;
h to be exploited by borenoles

Tula) ie ot too great & 9°PF

successfullys
' us £ nene can take
o omlye taine ?mgramm of borehol? sehent
. 3 - S e
fire ents OF poth tne Urban and rural
@ t

tare of the water T

Sommuni ties. 1s neredy

5, 1t
gher cancluaions in 2.9 1

From tne awove and ©
Fecommended that:
(2) More effort
e

ore end exploit water

xpl
made to € with
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|
| G 2
Easeiveds OWsrniss the aquiters in the Byag ¥orsation
. may be impaired by ever-axplogtation . E
o : |
- (b) Academic studles on the water conditions over the |

area |
should not be localised but Spread fairly to achieve represen- !g
tative end more aceuraie results,

(¢) The Integrated Aural Borehole Schese inttiated st Dukku

be extended to other arcas with Comparable weter problems

as 2 long-tera solulion where costs permit,
(d) where Ieasible, Lorehole schemes be designed to serve
as & means of ircigatica which could increase the cropping
seasons to two perlods during the year,
(e) A hydrogeologleal data Lank be established for the Stite
which could be used tu Joraulate policies on devclopment
?rojecta involving water resources.
() & regulatory uody Le set up ta control the development
of vater resources oi iie State so that aquifers are mot damaged

due to uncontrolled over-production.
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t!P'“d Is Lo 2
- Tagt;f Some oy ‘

: the B

& B “orehol ey 'ﬂ

i of
— agui fer §

g%;ﬂ—-eholas No. 1 ERI7S

feet 6
6 Laterityg 8511 i,
13 7 " o el
G 1 4
- Vel with Uitle clay
19 = ed
=d 511ty wedivitmCoprse gand
2 3 o < Band with grave]
2 Coarae gand wi
- 9ans with gravel
33 1k Hedinmg e Goarsa so.0%
39 & Coniee S o £ 1
g AE-LE I E S T (‘..z‘.a,-' fonten o
" " ‘ \ ent dneresse at depth !
. =2y cley
ha 3 Coarse sang Witk zravel
59 3 Thite elay
5h 2 Grevel wite cliy
58 1 Clay with sang
oL o Gravel with oley
87 2 Oloy with sand
72 = Clsy with asid wod siwvel
g s 9 11ihly
7? 9 Moderately westhered grenite
] 2 Stighly weatnersd jranite
X 2 sresh granite

ferenole Noe 2 Hardeswe

Litholos

epthi{m) Ihcilkmess(n)
Reddish bibown soil

yellow, meinly quarts

oueraiesy Yellow, well rounded

lomerules slightly coarse

Gravel,

L2}

Quarta congl
sand with soue cong
A i~ with well rounded con=

Hediun-gravclly sands

momrntea orCae

sand Yellows goarse gravestls grain
»

weatnered grenite

o
Bn o

—
n
W &N




@ Noo3 BANArY 1guq,

Enicmﬁs s
2 Lith‘)logy

A soil gravelly o e “
Sand trowns
i Coarse, reddish,

Subangular, we1l

ofthoclase richs
Subordinatg Guartz, traces

w17 1 “and gravelly to soaras,

SOTEed pink and brownap

of muscovile
brown reddish,
ular, formed by signments of

veathered granite and fregments of silae

tone , greentsh and brownish, well

BUbmarg)

handed,

32 15 Send coerse and very cosrse, clayeye,
brovn reddish, subaspgular with fragments of
wea Lered granite ana brown-redcish mudse-
tene,

32 s Cloy, reddish and greenish

72 13 an.stone coarse to mecium, yellowish,
sub-magulary well sorted fairly cemented,

; white and hysline ouartz rieh, sub=prdinate
grthicelase.

sandstone coarse to wedium, whitish te
reddish, sub rounded
Pooantz

1ud 36
yellowiah and light

%.‘ fairly scrted, poorly cementeds

richy sub-ordinate orthoclase.
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Lithnlegy
B:
rown elay with 1ittle Sand
Mod.lun-cearaa san

Sy {ine peables with littiqhy
&)

Lithology
3and, muddy, fine grained, whitish brown
sand, fine greined, whitish brown
zand, fine-medium grained, feldspathic,brownish

sand : '
h';:‘r;v; .madj.um coarse grained, quartz feldspathic

tand, coarse grained, feldspatic quartzitie,
brown.

ssnd, fine grainsd, brownish
Sand, coarse grained, feldspatoquartzitic,brown
clay, sligntly sandy, grey

clay, Zrey in colouls

Lithology
Fine to medium sand wilh brown clay
with brown clay

um to coarse sand
ravel with clay

yary fire £
sand with brown elay

Medi
Coerse sand O

Medium to ©o2vSS

avl with white clay

fine £T
Coarse aand to very fine grain white clay
oa

Coarse sand \ g amount of €1ay

i with
aﬁﬂr" gant Wity
pabvs gg sand with 11ttle ay

medum-co3®
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1 Lthology
6 Brown top sog
811t ¢
s 1‘, with Small amount g¢ fine
19 Ore
Y ©lay with smal) amg
& sands 1 © of peables
5
36 Brownish clay with mand and fine peables
P i Brownish clay with send
63 12 Yedlun-very coarse sand with elay and :
find peables :
10 5 Medium to carse sund with clay
ée 19 Clay with sand
93 5 Medium=coarse sand with small amounts
of clay
98 5 whitish plastic clay with small amountd
of sand
106 8 edium to cosrse sand with small amount
of clay
108 2 whitish clay and sand
1y 6 Hediua-very coarss sand with suell ssouzt
of clay
sand
1 clay with some )
E : 4 with clay ead fine paakiat
3 coarse san
th sand
white cley wi A
. arse sand with clay and pea
18 Medium~Co
2 clay with 58 ouid
gth smell ameunts
elay ¥

13
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k 28 clay wity sand el amount, of Clay
3 22 M
1 X ediun to Goarse sang with clay ang peable
3 Grey elay wign small
. SR aliounts of gang
9 Ul=goarse sang with gravel
i 5 Mediumecoarse sand with clay and peables
o
% 12 Crey clay with small amounts of sand
2 ediu
38 ¢ MNeclum-coarse sand with small amounts of ‘

clay and fine peables,
jorehole lo. 6l Gombe

pepth(m) Thickness(m) Lithology

2 2 Soil sandy coarse, earthy

13 %4 2and, coarse to fine unsorted, quartz
grains

2 13 Fine to coarse sandstone, cemented,
:ubrcundad quartz

3 12 Send, coarse-fine, unsorted, subrounded
quartz grains Fid

102 6l Sandstone, coarsa fine siltstone &
claystone, cemented

A and silstone,
- 133, 31 Sandstone, coarse fine

medium cemented
with sand and siltsto

ne, greenish

Clay

to violet

clay
sandstone with siltstone and few '
unsorted 35
Jands ton® with claystones cemented
e
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311

33
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Sand coarse with claystone and siltstone
whitish to light brown, whitish quartz,
subangular,

Borehole Mo,?1 Juma'are

Depth(m) Thickness(m) Lithology
3 ifud reddish brown overburden

9 6 clay, reddish brown

2l 15 sand, nediumcoarse grained yellowish grey

27 3 Sand, clayeye, medium-coarss, reddish
brown

33 6 Sand coarse, gravelly, reddish brown

36 3 clay, dark grey

L1 5 sand, fine-coarse grained, gravelly ik
whitish

Porehole o, 1530W=2 Vvade

Depth(m) Thickness(m) Lithology

L L Light brown clayey wedlum quartz sand

5 1 fine clayey quartz sand

1k 9 Light brown coarse to {ine sand

16 2 silty clay

23 7 coarse sand

24 1 sandy clay
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