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!LB S TRAC I 

Cons ider!!bl e gr ound water r e:icrvas occur t o 1\auchi 

State in bot.'1 the ~aement and .s'ld iu;entary rocks. Froie the 

surface geology , Sedimentary roeka occupy !)6" ot t he :rnrface 

area or Bauchi J tate and their aquifers supply about 62~ of 

the total water needs of the state. However, water occurs 

locally at vart~us d~pths in these rocks due to variations in 

lithology, ~ysiography and structure. Results o! tho present 

work show that goophysical surveys i;.sing E'll and YES 11etboda 

achieve a s ertisl'ac tor y success ra'te 1n l ocat ing water in ~ 

baseir.ent an J s e.:l i mentnr y aqui fer s r espectively. From the BSADP 

~rehole Prograllll)le, both high (over 4001/m) and low yltld~ 

boreholes have been encountei•od, as tho various r ock units 

oi t he sed i ment ary for-ma t ions have variable aquifer cmracter1a .. 

tics und yie lds . At prcisent, the lliwa Formation is t he r;:ost 

exploited of ul l t he aquifers. The KeITi•Kerri and Chad !or-­

metions also have high yielding boreholes and are theNfore 

1 wpOl'tau ;; at<t u.ii.,l'ti i.oo. 

Some central area.t: like Dukku s.nd 'l'ul.a have acute vater 

problems because of the ver y dee e level!.of occur€noe of the 

water table. ·~ater supply to such 'lreas is by t he integrated 

bar.hole s ot.erues using l)ooster ctatious . 

Varioua completion t echniquu are used but the moat 

efficient and durable wells wtlJ. appea~ to be totally gravel 

packed ones. '!'he J1.erri-1<.err1, because of its high yieldine 

bcreholea and w ·s• surface ai-.11, will p l-ov• to be a major 

water auppl.y fornation if 1!14eq1U1tely exploited • 

.... 
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CHAPTER ONE 

I NTRODUCTION 

1o1 ~3jatel!!nt of f.eaea,rch IJ'l4 Scope ot Worif 

The Governaent ot Bauchi State since its inception 

i n 1976, in pertol"llling one o! its Social Welfare ruponaibi• 

11 ties , oo.uwU.sa1oned the State• a Water Bo&rd to explore and 

exploit t hP. wat er resources of the State !or both "rllan 

and r t.i:l'al Communities. On the basia ot work done in tbia 

r esptict by .fro!essional consul ting firma specialiainc 1n 

water re•ources (e.g water Surveys, &iok-Eter Mandilaa, 

Consulint, Conrec\, Mitsui), data on the current knowledp 

o .f tn~ occur. nee , di str i bu t ion aml characteristics of grounl• 

.• ater a.qui!1.:.cs i ':l t ne ;.)ta1.e have accumulated up to 1986. 

These studies .sho1·1 that t he St ate has considerable 

groundwater reserves, with t he Sedimentary formations havinc 

a greater f roportion t)i t 11<:- r eserves. however, there are 

local va.:- J.ations in ti:le dept h to t he water bearing horizon• 

ani.l yields are also nu t uni t'orm for all the geologic for­

mations. Inspite of all these works, there i s no ~omprehen­

sive hyctr ogeological da.t.a base on which water resource 

appraisal o ! tbe St at e can be based. The hydrogeolocical 

data J.a scettered, as UQny organisations are involved in the 

execution o! wa"ter works for the State Government. 

Thia research f rc>ject 1s
1 
there!or~ an attempt to 

compile a tair but critical and repreaentative :~UllllalT ot 

groundwater 1nvHti&ation snd exploita tion in areas o! th• 

State whose water suppiy in trom sedimentary aquifers. Alsq, 

an attempt will be made to present a awmnary o! &roundwater 

conditiona in the variou,a hydrogeologioal units in relation 

to the data which ba• become 1Doreaa.inClY aveilable 1n 

., 
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wru of th• aquifer oharacteristies t••I• depth to water 

table, yield, ate) laued on borehole • tudies. Thu cr11'ical 

obeenationa on the properiiH of theH aquifer• vill be 

made. 

M1.1ch of the data i s .drawn fro• published and unpub­

lished studies, especially thoaa of '6ater Survaya 1tdJ 

Bdok-Eter Mandilas Ltd, Conred, Con•ullnt Ltd, Bauobi State 

·.~ atQr Boar d and ·t h ;; Geological s urvey of Nigeria('<\'7:>-•'l~b) 

In addition to academic value. the result or the fin­

dings 'Will he~p organi sati ons 1.ntere.ite<l in the area, in 

i uture planning, execution an~ development of water pr ojecta. 

This wor~ may alao serv& as a gui~e to further studies on 

t he subject. 

I . 2 Lot:ation of .::.tudy ai·1:1a 

Ba uchi St a te lies hetweon Lati"i:ude 9° )0', and 12°301 a, 
imd Longitude 8°42' anu 11°501E. It is bounded by Kano 

S t ate i z1 t he north ti:st , Horno State to t he north east, 

Gon:;ola State in tlie ~ast and by Plateau State in the aouth. 

Its t otal land area i s 66, 510. 045 Km2 and this constitute• 

approximately 7.2% ot the total land area ot Nigeria. 

'.;.'h~ ~&a of Stutly l ie:> in the eastern and northern 

purt G c f t he St ate , al l of which are unaerlain by 9ed.iaen­

tary fol"lll11tions (see Fig 1) . 

1.3. Geo11raphY 

1 • J.1. Topogapljv nnd drainage 

Th• area provides a diversity of toposraphical foraa, 

Th• 3edJ.mentary rooks foI'lll good hills e.a 1n Bima Sandaton••• 

fold 1tructur•• and defined vith s t ron; ctructural and ellipti­

cal hill f.&tterna farticularly in Lmnurde anticlines. 
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Cuestas are the ~ea11 l and!orma in areae underlain l)y 

8 11111 Sandatone. NumeroU11 volcanic pluaa and cones occur 

in the South and east e.e Tanglll.e Peak ( l!l:.'\~11\l) vbich ri .. a 

aliove the Bima aandatone south of Kaltungo. Generall'f 

h o"Wever, the topography is gentle. Drainage b by a ayatell 

o f riv ers. The Gongol~, Jama'are and Dingai7a are the 

t hree 1Uajor river sys t ems. Otbera include Pai and Irgi 

rivurs wher e flow i s ar~asonal . 'I·here are several other llino:r 

s~asonel s treams t hat t raverse t t e e r aA of s tudy. The thr .. 

ruajor r :i. ver syst etos haJ;e t helr !Hied-water s r ising on e,0-.s<>.....,,,~t 

~stalljna r ooks : the Gvngol a and Jama ' are r isi ng on the 

.Jos Pl f\t f" ::ill .,,)~ ile t hn.t of Di ngoiyo l i es w1 thi n the Bauch! 

r- ~ain . 

1 . 3 . 2 C:U.mate and ·ve i:;et ation 

Oscilla tot'y 1tova •~·J .1t of t !,11 i :ltertrop1c front exerts 

principal contr ol vn ti•e c limat e of Bauchi State. I opogra-

pllic !aa·~uras prov1Je :iecondary var.latlons . The ;;rea lies 

·.tlthin t he Savanna~ - Two seaaons ar e di s tinct: wet and dry 

seasonb. '•he wet seaaons start s in May and ends in September. 

'the r e>maining !llOnths (October - April) constitute t he dry 

aeasonx marked by little or no r a in:fall. 

Har.111ai.tan is btltvl&ldn mi d-October to January/Feburary1 

and ~h• pet'iod i s characteri s ed by low temperatures (between 

1a-21°c). '.ihere i s a l ot of dust particles during this period, 

which is being trao.3}:-ortet1 by wi nds :fr om t he :;)ahara desert. 

Cyclic var1ations L~ climat~ involving deserti!ication 

Ute marked by aborter annual r ainfall periods 1tnd 11 decrease 

Ln the amount of rainf~ll. 
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The rai n!Qll diatribution and amount shows a hifb rate 

in the 50uthweat of t he Stute, average in the aoutb eaat 

and low in the northern lobe. The l•ncth ot th• wet H .uon 

v aries tro11 ~rth to (f:Puth. Mean Yal~ .. (19$6-1977) are 

190 days in the extreine south west to 100 daya in the north. 

Veget ati on ie a :ru~ction of clillate and eonaiata of 

z&hruba, thorn trees and low grasaea with occaaional be~e. 

ground. During the wet season, vegetation 18 fUll, but 

in th~ dry season, leaves are shect and gr asses die givinl a 

good exposure of i·ocir.s . 



.. ' . 
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1.~ Previous Work 

Attempts to ill prove the water aupply o! Bauch1 span 

over the years. Falconer and Lona:~ttom (1911) undertook 

recona1aaance traYerses o! the area during the early lllineral 

survey o! Northern Nigeria. The Geolo1ical Survey o! 

Ni geria started hydrogeological 1nvesti1ation.s 1n Ni&eria 

in 1928 and undertook t he actual exploitation of groundwater 

in rural COlnlllllilities by means o! hand -dug, concrete-ii~ 

wells. ' Many reconaissance surveys !or the r.Jrpose of aelecting 

suitable sites !or water wells have been made and result• 

o! these works are recorded in published and unpubli•hed 

reports of the Geological Survey. 

Raeburn and Jones (1934) published an account o! the 

teology and water supply of the Chad Basin. This provides 

a general description of t he hydrogeology of t hat part o! 

Chad drainage basin whi ch also lie within Bauchi State • 

Accounts of the geology and water supply of Gombe (Thompson 

1958) has been published. In 1963, Carter et al; publishecl 

maps and the geology of parts of North East Nigeria, which 

also includes t he old Bauchi Provinc6:. 

The creation of more States in 1976 led to the establish­

ment o! a Water Board 1n each State char1ed with exploring 

and exploit ing water resources. Since then, the Bauch! State 

water Board baa worked succintly towards this objective. 

Proteaaional oonaulting !irms specialising in water resources 

have been contracted to define the water resources o! the 

State 1n all 1t• ramifications. 
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Thu.s Water Survoya (?-U.g) Ltd; Edok-Eter Mandilas (N1g) Ltd, 

Cvnred (Nig) Ltd end Consul1n~ Co. Ltd have published works 

on th• ater resources ot t he State up to 1986. 

All these tom the basia tor groundwater s tudies in 

Bauchi State, and therefore t h1a work. 

1 • .5 Methodoloey of Present 1>ork 

'.t'wo l.>nsic approa ches were eruployed tor thi11 'Work& 

datn a quis i t ion and d~ta synthesis. 

Dat a acqui s ition involved t he collection of 'Water 

borehol e 1nfor111atl oa as regards the stu::ly area. This wu 

d oue fro111 't l11! ofilce u cf Water Surveys Group and Bauchi State 

Ur';le :l Ut ilities Soard (i~c.ter ::oectlon) . 

Data syntbeaia L~~olved a detailed and crit ical <lesk 

s t udy of tl;e dat a acquired: Discussions with - ~taff and ~tudenta 

"'e1·e a l so i.11portaut durin5 t hi s lltage . 
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CW.I>TER T'"O 

AQUIFER PROPERTIES AND Ciit.RACTERISTICS 

2 .1 jlf!.sf Geol99 of 1Jauch1 State 

Bauchi State is uiviueG into two lllljor 199lo1ioal 

regionci aroas underlain by Crystalliae Duellfint rocu 

and tl"ose underlain by .sedir~entary formations (!1.c 1). 

Crystalline rocks underlie the western part of tbe 

State 1.hilo sed1menta1' y fornations (Cretaceow to Recent) 

cover the rest of' i.he State, and are associated with ooea­

ssional volcanics . J.:.l.gmatites and ~neisees of the Cry•­

tallin& Basement are intruddee by Older Granite rocka 

(foliated orphyritic granit es aud bauohitea) and Y:nlnC•r 

<.rani te S.ui te rocks ( m:linly mi=dium grained _ ~..-B. ... M:t.s , 
poi-Pf>YY~ 

gran1 tes.._ ar..d acit'. volcanics}. Tlie east and nortl: ea£t 

o! t be St ate belong tc t he Eenue £.nd Gongola Cretaceoua 

rift s ystem and cor.sist of folded marine and continental 

sequ~ncas (CID'ter et alJ 196)). A central belt of unfolded 

Tertiary continent al Sediments overlap both Crystalline ~~tit 

and Cretaceoua rocks. In t tie !·;or th, the Qu:;irtarnary lQlC\l8• 

trim• IH!diments t•f t he. Choe! f''ormation O'\'~rlflp CryntHllin• 

and Tertiary rocks. 

The Bi ms .C:::md!itonc i s t l.i: .ldest :Sedimentary forution 

and comprioes 91.3,000lll thickness o! shallow water, oro•• 

~d sandstone anrl ocoaaional mudatona. It covera 2~ 
o:f taJ'l'ain. Thi• aanci..tone 1s a continental, all\IV1al, 

nuviatil• and dettaic sequenoe, lyiq on an irrapalar floor 

ot ~ Cryatallin• Baaall&Jltl. It 1a a\lCoeeded \>y tb• p-a....­
lled• of the Yold• Fon1at1on, a ah0rel1n• - near ahore aequenoa 

e09pr1a1q aandatonaa, ailtatona• and mdatou•• 

\ 
\ 
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Next la t he r~arino Cretaceous shales of the G~la, 
F'i ka and f i ndiga 1'orma.t 1onn. 

to 1000m t hick. !los t o:r t t.e 
There are clay shal es, up 

shales are Turen i an to l!..l!lrly 

Maestrich\an in ~e r epresenting the Central 11L1r.1ne phase 

of t he Denue Trough. Occ~csionally, there are 1ntrafo:naat1onal 

lenses o! porous <;and::;tones but generally the shale• are 

non- porous wit h tight j oint s . The lower part of this seque~ 

of Turonian age i s a Lt11.e i::t one - shale !Acies and at Aahaka 

t o t he north east haa t t hick lillestone bed quarried for 

cement. 

Estuarine clay-shal es, siltstones and sandstones of 
un-

t he Gombe andstone overlie t he s hales, apparentlyAcontor11a­
,., ..,.,.g i ~11 1 

b l y . Thi s unit rC!,pres&nt s a cc.ntinental ,.vhase of the 

Benue '?i·ougi1 i n th<~ l rl.t e Cr.;·taceous. 

Following prolonged eros ion, the Tertiary continental 

basin of the Kerri-Kerri sediments accumulated on the eroded 

aur.!ace of the Go111be Formation.. The sediments are crit•. 

sandstones, siltstones and kaol1n1t1o clRY• 

8itt1ng on a floor of downwarped Kerri Kerri and er,s­
talline rocks is t he Quaternary Chad Formation ot lacuatrine 

and .!luvial beds. The f ormation consist• ot quartz aanda, 

clays, silt y clay, and r arely, gravel. a.lluviWll bear1nc river• 

dtwelop north eastwards towards the Lake Chad , and southwards 

and ~•ward• toward• river Benue. 

The laat desert incuraion oi' 20.000 years ago l•ft fossil 

dunes 1n the northern part of the State. Th••• are 0011P09ed 

of sand and dlt. conring the Chad outcrop 1n ao• plaoea. 

TeotonJ.c acuv1v. v1iorou• up to the santonian, with wloani• 

a.UY1ty, wu mntMl by the time the T•rtia1"1 Mda w.-. laid 

do.a, end aulaHquent 111>vement wa• 11111 tad to werpJ.nc. 
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2.2 ii!x1n1t1on •nd DS"itribut:gn ot Sedipentary 
lera of Bauo stat; 

The det1n1t1on and distribution of 1ed~~ni.rr aquifer• 

of Bauchi State follows the pology of the state. North and 

eut of the State iG underlain by sedimentary roclca (Creta­

ceous to Recent) and these, toa•ther with the -fadaa (.<Ulu­

vium and tlood plai ns) o! the river systema in the are .. 

cletine 'the aquifers. : ·or practical purpoaea seven hydroreo-

log1c unit!l have be ~a . identi!i~d in tha 11edilllantary areas 
1 
l 

nnJ theso curras"J:•nd to t he following groundwater wU. ts :()iQA,ol' IC\).;-) 

1. 'Jl dcn· Ccetc.ceous candstone:.; end mudstonea 

2. Marine shales 

3. Gombe sandstone 

4. Kerr.t-Kerr~. formation 

5. Chad For oati on 

6. All\lvium 1t quif ers 

7. Fossi l uune£. 

A description o! these aquifers follow in the next 

a action. 
The distribut ion of t he aquifers in the stat e is linked 

to local Government ~reas underlain by.,Scdimentary r oclca. 

From the ~uth to t he north, tl1ese are Tangale \'laje, Alkaler1, 

Akko, Gombe, Duklcu, eastern part of D&ra:to, Mi eau, Shira, 

Ja.ma'are, Katagum and Gamawa Local Government are••· 
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2.3 Pttct1Pl1on ot th• agUitaa, 

Each 1eolog1c u·1it ot Bauch! s tate is, intact, a 

groundwater a quifer. The mineralogy of the ~~ 

equifers ind icate t i1<.1t thuy werm derived tro11 cryatalline 

roclts so t hat trJtnapDrtcd lc'..Aolin u a OOIUIOll ooQ1PODent 

a nd p el'lleaPility vary with its frequency .. a cemeat. In 

add.Hion, the older Crataoeous rocka wit .. 3tand compreaaion 

more t han t he younger Cr e t aceoue and ro~osity is lower. 

Jointing is develt>pe ·1 in ull cou.'Pactect rocks up to tne 

'h rtiary. Thus an i nterpl ay of j oint in.; wid primary p•ore­

space porosity gi ve s t..1e characteristics of the Cretaceous 

and T•rtieiry aquifers, whi ch are relativ~ly variable. Apart 

.Cr rno tl1e w.n· .ine ahale.J, all t h9 ot:;.:r uni ts are significant 

anct u.se ful aquifer s . 

2 . 3.1 Bi nis Sandstoaes z,nd associ at ed For mations 

Th e sands tones cire continental sands and c l ays. 

These have a low yJr i i.iary porosity g.merally . The eoarsa 

.talds pal t :1ic oa;1d11t or.as hav~ .1 poro\!3 horizono aasoe1a-

\: '1d .,;1th . .,J.de ly spaeoJ ;joi nts. ik>re :C;;-equent Joir1tine 

occuru in s il tstone~i but t hey have a 101ier pcroi. i ty. The 

f or :::at 1cr. varic::: i:'l 'Lh1d:.ness :fro~; 911'1 to at l east 3,000 

metres. 
l though t hi o fvrmati on pr(lvi des con11ider abl e uncon-

fined croundwotor reaervojrs, the pel'!lloauility i s of ten 

low c;111ng to the presence of i nt e t'atiti ul cl ay derived from 

~aath~red !el~apnrs , 
Yields from opou w11ll s are moderate 

and rarely exceed JOl/min (Carter et al , 1963). Mudatonea 

aro characte,..ieed by e1oae j oints with no prilllary p111'11eabili• 

t7 but w1tni n sandstones and silts tone& show hydl•aulic con-

1:1nuity. 
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The conaequenoe la tbet all the pre-marine Cretaceoua unit• 
tor• one arounchtater uni t tor practical purpoa••• HoweYer, 
Yal'Ylna d•cnH ot w.te: ta r bl• •l•vationa are created beoauae 
of lateral dlaoontin .. ••• (1 .... w.ea .e. lateral 1nterrupt1ona of 

hitbologioal contlnuiti•a by interbedded •hale• and olaya). 

The vinia !orm.a 7" of the area ot Bauobl State. 

2.3.2. Marine Formations 

Theae include t he Duxui, Je:ssu, Sekule, .Numanha, Ooqila 

and Pindiga formations and t he Filto. shnles which conalat 

chiefly of shale& and mu<lstones with thin l1nestones. The 

mar ine sholes contoin l ocal sandy horizons (Thornpson, 19S6) 

The Du~ui formation cons i sts of a se:iucnce of shales and 

thin linestones. The Jessu formation i s an alternating sequence 

of sh,1l es and sandy mudstone;; with subordinate sandstones. 

The Sekul a is a se.111ence of ahales and lbestones in which the 

13ha le.s are thicker t lian the lir!lestone3. Numanha an:i Lallja 

roroic~ tions 1:1r e shaleo i.nd sandstone beds respectively. 

l•:ost of the strat a are virtually 1n.1:1ermeable owing to 

the s hqles nnrl wells produce ve,ry Sffiall yields Unl;!SS e 

thick weathered horizon is penetrsted or where there is a 

local occ.urence ol' sandst ones. In many di stricts, the 

ground ... ater i n these formations is unsuitacle for hum~n­
su.pt1on due to high selt contents e.g at Gomce, a 0orehole 

in the Pindiga formation was not brought i nto production 

beeeuse of high sulphate content (Barber et al, 196S). 

h Ver reche~ge is :possible, water is of accep-
However, w ere -

table quality. 
The ~a~ine shal•& constitute 7" o! the state l and area. 

They oon!ine the Bima eandstone aquifers away :n-om their 

outerops. 
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2.3.3 • .Qo•be Sandstonu 

Th••• are younger Cretaceous (Maestricht1an) estuarine 

end delteio •andatones , Sul.t:ltenes, shales and iron atonea. 

The beds appear to grade upward :troU1 11ar1ne ahalea throueh 

iapeJ'!Mable Olaya , then •1ltatonea with pooketa of coal, 

to coar~Qr •omdatonc= ~t the top. Before the advent of 

aediRentation i n the Tert1ar1, they were atron1ly wea'tbered 

and eroded. Tbe irr~gul.ar surface ~as lateritised • • ... 11 

a s 4l l l the nore permcmtle bar1da in t he upper PQrt o! the 

sequence. 

The bro~m sil to are the niost important aquifers. Th8J 

have closely spaced vertical and horizontal ~en j oints 

lineu wit h ferr.1g .. rw'lw cement nnd have high transmi ss1v1ty. 

Pressure water conditions are found locally e . g. at Gombe 

T9•n , borehole numb~r CNS 1892 met pressure water in the 

Gomb<? sand'3tone ~!t t"' ~ ~'l''!ll rir aw noi.m <:i>'\d ti t~li yield . 

The nandnto'le.!I f e m 1~- of t he Rrea of t llo Stnte. 

2. J.h, . .n£tr1 Ker r i f om::iti on 

·rh i s i~: a continental seriu~nce of Pal eocene age 

dcposi i"1•1 u-idcr i:.:, t nly "°\\J\\liQ...!. a:1d }_3cus -t:r i ne cond!. tions, 

end underlie!! !'lw::h o-:' 'r·e 11.entra l pnrt of °'.l'1.uo11l St ate. 

The tormotio>'l i.<:: :ir-criollllnrmtly llrenaceous , consisting of 

loosel y ce-. ..,!1ted s::u.cts anc1 t;rits , cl:iyay .sunctctoncr. . massive 

clays ; ·ri<l ..-1.1 i;s , ~"n<1s of 1ronstonP r.mrt confllOJl'lerate 

occur local 1y . l!uch of the Kerri Kerri :iediraentl: wre 

deponi ten ~lll t nc floor of ttie hills and ronc:es of t he 

oldor COii~ Formation. 
Tht1 beds of ti11s l''ormation have thick l ayers o! il!Gl•r-

meabl• .kaolinites traversed by major widely spac ed joint•• 
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In UQJointed areaa, ocoaaaional clay 

to perched aqu.lfera, while the 
content elves riae 

directional jointing cauaes r a-
pid llOYe•ent ot IZ'Oundwater to th• S:Outhwest of the State to 

teed aprinca, •"PacH and water table lakes •·&· Vikki apriq 

in the Yankar1 ~ .... ~eaene. Th• aatureted pertiona of the 

Kerri Kerri formation oontaina a lar1e quantity of water thoup 

auch of this 1a not readily exploitable owin& to the low P.,._ 

••ability o! the aedimenta because of interstitial clay and 

Also in some localities, the aaturat41id 

occaasionally occur at considerable dept!ul e.1. 1D 

silt in the sandatones. 

rocks may 

Dukku. 

Groundwater 1n this aquifer normally occur under water 

maximum proven thickness of the Keni 

It has a wider geographic importance 

tabla conditions. The 

Kerri • is 215 metres. 

than all the other sedi mentary aquifers but current into:raation 

shows it has t he most untapped aquifer resources {Dike, 1987). 

It constitutes 29% o! the total area o! Bauchi State. 

2.3.S Chad Formation 

The Chad Formation ia a :fresh-water sedimentary sequence 

of l>leistocene (?Pliocene) age (Raeburn and Jones 1934). It 

consists o! a sequence of clays, sandy clays and a&lt 1n vlliob 

'beda and lenses of sand and gravel ocC\lr at varioua lenl. 'Die 

foraation waa d.,o.sited on a aurfac• formed by Xerri-Xett1 for­

.. tion and Cretaceous sediments, and the Basement Co1111lex. 

Groundwater occur• here wider water table conditions, in 

perched aqui~era, as confin•d and seal-confined water. Tb• laoua­

U-1Da to fluvial .. da ent• of thi• formation are underlain 

either by th• Kerri JCdl'l, or by 1:hiokly wHthered OJ"Y•Wliee 

l'OOka, both of which conatitute aoderate aquifers. 
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;; North •uharda o! the State a 1111cn better ua•bla1• 

o! aainly lacuatrine beda with a rev uaetul 'quitera 1a 

olttained. Rechu-19 1a through llOdern and foaail all\IYium of 

old and 11e>darn drdnap ru1n1 on c:ryatalline rocka trtlidJ.nc 

noZ-...est·l>lo.r~ , into the Chad Basin Hdillenta. The alluvium 

of th• modern Jama•are teed a r;roundvatar ridp 1n the torwa. 
tion. ...... 

The Chad formation covers 11" of Bauch! state land erea 

( Wadrop Repor t , i985) . 

~- 2. 3.6 Al\lvium Deposits 

These are coarse to medium grained sediments with oooa• 

aaional occurence of clay. The alluviUll ia a common aquifer 

below the larger river beds on crystalline terrain, and in 

the biggest rivers, lt is permanently saturated with sub-surface 

f l ow. In small r ivers, saturated alluvium occur in penaanent 

pockets . 

Recharge is by seasona l rainfall and stream now. Rel ... • 

of r ain water trapped in silt terrace alluvium supplement• 

the rech&rl•• Coarsv sand alluvium is also a useful source ot 

water . It occurs where rivers, t r averse sedimentar y terrain; 

and wherever an upstream source o! sand exists . 

2 . 3.7 fossil Dµpe Band! 
TbU• occur 1n the extreme north o! the l)tate. AltmM.ach 

they are limited, they are usetul sources o! groundwater. !)le 

•perH yaptation coupled with _porous surface• and low rates 

Of run-of! and tranepiration, result• in th• dunH beinl 

l'ap1dlJ filled w1 th water during the raiaa. Lateral drain out 

1a alao ra.,,,. tbouch l••• peraeabl• sands &iv• au'b-perennial 

•••papa into in~un• swamp•• 
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blM 21 Stl'atJ.craehic ••quence in relation to aipitioant 
T• aqui.fera ~underlined) and their 1110re illlportant cbaracteri1tica • 

.!D!ll- LITHowgx DEP'l'H OF PERJolEA- · 
~M) £'"lilftw:~;-lfl>RAGE 

Alluvium S1ltl,cl971, 
Good ball• IDD;y ~ball.ow Variable 

-

Dunes ~ )-2S Hip Good 

Cbad 
( Lacus trine) ~·Silts y . 0-35 Moderate :QGod 

l~!J:t-K~tri,.. andstone, Siltstone, 0-200 Moderate '.qood ("'on·Inental) .;.Lays, 

Goabe Sandstone f.1"l · ~~stones, ·Siltstone• 10-4.Qa Moderate .'Good (YoWlCer Cretace<ll ays, shales oua) 

Marine shales shales - - . ... ~~~~~. ::~'.-~l (P1ndiga Formati01 
I 

" ! 
Biaa(Aasociated s andstones,,, 10-120 I Variable '.'Pi(Wi1 formation (Older Muds tones 

- ~·:( fl, Cretaceous) 
"i ·~:~ .. .., 

... ' · 
I :• 

Shallow ; Hi&h v.Low Plateau LU'a. ' Basalts ; ·, I .~ 

J-18 i 
~· weathered 

2$-30 · Variable 
1 · : Yf Cryatalline Zones, J oints 

' 
Source f 1 ,, 

1. Water aurveya {Nig) Ltd. (\j\'ibJ 
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2.4 Compariaan of the -.uii.z, chai-acterieti~. 
2.4.1 RH\!lta 

A total of Sl bos-ebole recorda spread fairly Oftr tbe 

area of study ~ collected. 

Table 3 Showa Ncor41a of the boreholea in terms ot lithoJ.ogy , 

1eologic format.ions f'en•vated, total depth and other hydi'aulic 

properties. De·tailed 11 tholog1ea of iome ot them are preaen­

ted in AppM!dix 1. For t he purpose ot c<>111put1ng tb• orittc~l 

yields of some of the wells, pumping test results have been 

obta ined and are presented in Appendix II while the plotted 

obaracteriatic eurves are given in App•dix III. AppendiX IV 

shows t ypical t_om;>letion techni ques in selected boreholes 

which re~ects t he general trend • 

.Boreholes constructed by the Geological Survey; of Nigeria 

are included in Table 3 to sho\t depth conditions. Yields trom 

them are not di 11cussed together with the others because in.i'or­

iaation on their completion techniques are inadequate and there­

fore unreliable. 

2.4.2. .J1U;cuss1on of Results 

In terms of t he tota.1 l <ind area underlain by the sedimen• 

tary IDCll formation, the relative abundance ia as followa1 

lerri S.3", Chad 2°"• Bima 13", and Marine and Oo•be !ormationa 

ll these comblned have considerable ground 7" each. Although a 
be shown thai the occur~nce of til9 

water reaouro••• it can 

nd t on the litholo&Y pllysioaraphy, and 1roundwater ie depa en 

structure o! t h• underlyir.i r·ocka. 
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Table 31 Records o~ Borehole Characteristics l~n-\"<GA--\-0•<> ~cm n- . L' ' ,_,..,.,.,..,l watt..~ 

BOREHOLE 
LOCATION & NUMBER ~OJOIAaY OF LI1'tl>LOGY 

.- Billiri Laullhi No.) , Colluviua and medium to coarse sandstones 
: , with •lq 

?~.;:do•be 

~ft~ 
~~}lo;? 

' ~" ~,, ... ~, 

.ft!;' 

'~ ·-
tr:41kalttri No. 1 
~; r 

.~ ' 

~.~> 
~-
f 'ure No. 6 

' .. : !lo. 11 
, ' 
Lanui No. J 
Sade No. SJ 
Parazo Ro. 
r11nu No. 3 

I 

~ardawa No.) 

~inade No.2 

Duldm 
1, 

No.1 

\ No.I 

2 

nS 
61 
6 Altemate l ayers of sand, sendst ones and 

Gleye · 
Sandatone with sands c\nd cle.yst on r'"s 

.· . Coa rse sand , gravel wi th cla y imprei;n~rton 
aJid ·1119atbered granite · 
M.Uu.-coarse aand peabl es wi t h clay and 
JJit;b iieathered granita 

-. Sarlda- and s lightly weabter ed (~rani te 

Sanda and slightly- h i gh ly _wheathered 
panit .es 
Sliild• and gr~vels wi t h ~ome clay 

-. Sa11ds and gravels 
Sand& and pea bles wi th ~lay . 
Me diwn-coarse sand, some p~tbles and very 

, lit tle clay 
Medium-coarse s ands, flesh granite 

. . 
Sand.atones and weathered ·granites of the 
~eaeut 
Sands a nd sandstones with clay interca l,a ­
ti.ous 
S anda a nd a antstones td th clay interc:a.l a -
tlona 

· FORMATION 
PENETRA 

Billla 

Bima 
Biroa 
Bima 
BilDa 
Bima 
Llima 

Bima 
KeriKerri• 
ila selilent 
Ker i Keri+ 
Basement 
Y.eri keri 
Basement 
-~:tiKeri' 
· ,aserqent 
Keril~eri 
KeriKeri 
Kei·l Ker i 
Kerikeri 

Kerikerit 
Base ment 
Keri-Keri 
Ba s '1N!lent 
Go11be 

Goll be 

G=bc 

TOTAL n s DRAW 
DF.P'l'H(l!I YIELD DOVR 

(YS) (M) 

108 6.50 )2.25 S.60 

316 6.11 49. 30 ~:~ 204 4-.. Ga ' ).66 
332 3.13 ' 12 .$0 '57.'JO 
305 7.00 . -17.8o )6.10 

8.7~ 
2e. 6.00 27.20 25.33 

311 4.40 11.40 )6.04 :-. .. --~~~ 81 4.)6 27.94 9.00 
:'.; -~ 

126 $.07 15.88 12.82 

~ 80 o.62 ·29. 20 25 

~-
·~ ' 

~~ I :14o96 '5 661:10 
· . .;. ~ 

2~3 1 ~.86 63,~ 2~ 1 9 .43 40. o.96 
262 ). 36 42 11 ~ 72 11.35 ' 9,83 1.12 

66 

240 
289 

112 
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Table )a Record of Borehole Characteristics 

or mat on tat c Wa er 
SUMMARY OF U T OLOGY Penetrated Level• 

Kerri Kerri ~- .. 16.00 

Zindiri DR 107 NW 25 Kerri Kerri .'58 0 . 33 20.3S 

GSS Gamawa Dr. 62 SW 1J Chad 72 1.oa 15. 3 9. 5 

GSS Ketagua Dr. 61N".21 Chad/Al l uviUlll V90 1.00 17.29 11 .03 

" Diriahe DR108 SW-1$ Kerri Ker r i 75 1.75 56. 81 o.86 
.. ,... 

Jiro 0~108 NW-.32 J{erri Kerri 36 1~.67 17. 91 0.28 

Papa DR108 SE-16 Kerri Kerri 60 3.50 33. 7 0.4 

Sabon Sara DR8J-l'lK24 Chad 40; 5 o.60 .5. 63 10.66 

~odinga DR 83 SE-JJ Chad 53 0 . 43 15.92 3.18 

.Masame Lit 83 SE-32 Chad 42 0 .70 25.39 l.32 

Duku GSll 947 Kerri Ket'ri 104 0 .53 96.92 0 

Dulcu GS.if 1350 Kerri Ker ri 1 189 126 164 

Aza.re GSll 1894 Kerr i Kerri 91 ·1. 26 ~1.3 

Azare GSN 2171 Basement 1 14 1 .26 16 

Azare GSN 2187 Bas ement 126 1. 26 16 \~ 

Jalaa GSN 967 Kerr i Kerri 94 2 .s2 .$7.91 • 
J1pwa C.SN 'T72 Kerr i Kerri 64 2 . $2 $2."2 • 
'Da:nllul GSN 964 41 1.s1 17. 67 

J:lllL 
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Jama'are No.1 Mainly sand and c l ay Chad 41 7 4.78 2440 
No.2 B1·own, Fi~coasne .snad ~' with 

Quart:zitic 
.tiel.dspar Chad 39 8 4.1s 4..02 

Gaaawa No.1 !;;and, cravei. sandstones Chad 2-84 4.~ 19.90 o .. eo t3<1 ... , 
Udubo . No.1 Snnd, gravel and sands t ones Chad 162 \. ,41 24.40 1.so ~10-4 

Go11be No.1 Tolde 54.8 ~~-9 2.44 19.~ 
I 

ifo .J Pi rnligu 8 £i.O r·S 31. 39 

·~··9, SS Gombe & 714- ifJ.67 43 Pinui ga ! 
21 Tolae 80 ~.os 10.19 

·~~ \ .·· 10 ;)1ma & ~6.1 Bas.eme:1t 19;.. 13.9 ).4 . 

~a•l>Vk 1$2R6-11 SUlds , silts an..: clay Bima 51 13.S.'.> '3.28 ' 

iade · 1s,31G~2 Sen d and clay Bi ma. 21!. s.42 10.7&,\ 
1h1ce 1SJNW"'4 SE.nd aad clay Bi ma 2f o. 7 .'J(, a.~ 

ia .. wa ·962 · siri. ' Chad 9~ a. 19.75 , ... . 
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Gener ally , borehol es peneti-at1ng the Btma formation 

aJ"9 dHper than those Pflnetrattng the Other !Ol'll&tiona, althouch 

thel'e are loca l Variations in depths wher e hole s may penetrate 

for'lll8t1on other than the Di.ma and may be deepf'r. whereas the 

deepest >;•ell is BH 58 Combe wnich penetrates the .,.,..o., , ne 

ihallowost ill t t .e sami.. forma tion la at 281:1 {BH 1.$~1~-li Sbfia) • 

Depths or wells ir. Gollltie Zor ... .i.tioi1 ax·e g.mel'ally hi&h, in the 

rans~ c! 2C'Otl. The dcepe!t ~tell here is 298a l.'hile the shallo­

~iest t s 112m deep . In Kerri Y...:rr1 !orn:e.tton, t ho deepest 

hole i s 262m (BH 5 D&razo) whiJ in <Tiro, a IJOrtthole p&lietratin& 

t he .nome :tormntion is only 36m u.aep. rtt~ extremo depths in 

. chad fonnation are 248m and 4 01 respect1•1ely , wnere as t he 

~ndiga and Yo ... <-1:. f ormation na' average borehol e dept hs of SO., 
I •• tiuo: 1.i U.1oi·, wq; Lh ~o ~!.e 1.1ater t able depends on t he l eve l o\ 

o c~u.:--~nc~ of S &Hd.&, eis :..i.1.~ ::;hcd.eH do not form an aquiter. 

I n p l aces 11her e boreholes "~aw wster i n an aquifer o:t 

Kerri Y,erri for mati on e:t1G " 9.sem ·:<t rock!': ( I , e, B£Jeement tor e-

l~::! :.r~a.:; ) , the general trend fa for the depths t o be 11hallower 

th~n ~1bN1 onl y t he r.err1 l'.cr ri were ptmetr ated el sewhere. 

There variatioa s in dept n 01· 'tnE' wel111 are clue t o local condi­

tions that affect the wat e.1· J.evels e.~. subsurface geoloi;y, 

atrati araphy, recharge t a c111t1es like proximity t o main rivera 

cir a riciel"lt river courser: and physiographic factors like hills 

and vall.y•• 
The average depth:! of boreholes and thua depths to the 

~ater table i n th~ seuimcr, tary areas with respect t o table J 

0an be llWlm8rised as !ollo~•• 

Fpraatioo 
Cbad 

Keni 1Cerr1 
Goa'N 

A'J,.erage Depth {Ml 

130.92 
91.,110.14 

216.67 
81 
310 Wari.11e ahal•• 

Biaa 
- - - Ma+"r .l evel depth .(_ .Jir<•"' ~~ ~ 111.u.,...11) 
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,. -··· r .. 
Tbeae depths close l y 

agree wi th results ot boreholes 
drilled by the Bauch! St a te A 

gricultural Development Project 
{.tlSADP) all over t he place, 

The tested yield Vl\luea are 'Yal'ieble for the aqu~fere. 
I t is bi~hest (26.1 litres/sec} for BH 70 Oo•be which pe«e­

trates t he B1ma int o -cne fJaaement. A very h1&h yield (1J.861/a) 

1 s aleo recordec\ in BH 3 Lanza! which draws 1 ts water fl:'cm an 

aquifer of Kerri - Kerri formation. Although there an many 

h 1.gt:. yi elding oorehulaa :f'rom the BSADP borehole procra•H of 

1205 we lls made up o! 1165 handpd.mp anj 40 mechanised wells 

( \l:ldrop repor t ~ 985), where yields as hi~ aa 6.67 l/s are 
bovti,ol(, 

obtained, yieldf. from other -,. Progralllllle , ,do not give 

such high va.\ u Q..5 . '/Je lls dr11l~d under the J3.<;Af.>p Drought Relief 

Programme ( 19tl6) are of thi s category. I! the yields trom 

t hese wells sho"a in t able 3 are not considered because of t he 

circumstances and cond1.t 1on under which they were drilled and 

completed, the lowe~t yi~ld valueG o! 0.41/s, o.621/s, acd 

0.881/ s are for .BH 3 !ier r!awe, BH 6 Azare and &I 9 Gowbe ._·hich 

penetrate the K~rr1-Kerr1/Baae:nent, Kerri-KorrJ/Baae111ent, and 

Comoo !orc;:ition:: re!lpcct !•rnl/. Averase yields computed from 

boreholee under s tudy gi ve t he :following resulter 
Average liyld (l/1) 

Eoraation 
3.80 
4.~ 2 . 

Chad 
+ Basement 1.1 

4.12 

Kerri Kerri 
&erri Kerri 
C;>mbe 
818a 

Table Sa Aftr•P rormatiOD water yields l -\.,.c"' w~ SClcuc\. 'IZUJ>~J 
~ ,.. i . : l, i·, .... 

~ "t . -
I I~~· ' t. :; ,f "'l: A.::f, .,.;~ 

' .1'. · 
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Although the ·,.ol ume of 'l:e.ter YLlded into a well is 

pr1roaril y a ~nct1on ot the groundwater reserves in an aquifer, 

the yield i s greatly enha nce4 by development and compl etion 

methods oj optod e.g t he casi ng progr8111De and the p1ire~~nt 

of ::ere Q.I\ at water bear!ne horizons. In the BSADP Progra."Yaft 

of 120$ wells , a comb1na1.ion of these .tuc·i;ors r e'*l.t in high 

yi~ldi.og boreholes many o.t which produ~e over 6.67 litre• 

pc l" .,ccor~d. 

!:.r;:;; do .... v<>lu.,::; !ll"e bet"ter in the Kerri Kerri fQr111&t ion, 

~,.,i th the Dimo. ho.v.ln6 comparativ~J the t 1ghest values. Trans­

miesiwities e r e o .~ t !:c o:·c;:-. ._,f 10- 2 to 10- 11u2; sec 1n Kerri­

Kerri and Chad f o,-mati ons: whilirt t he na.aement Foreland aqui­

fers have t he lo~m~t v ::.lues ( 10-'" to 10-6 m2/sec) . 

il1ere .i..s def.::.ni t ely a vor rel e:tion t;.etween t he aqu1.ter 

yicl .:ls cJ1u i;!;e total l ilnJ <irea occupied .1.n terms of. the total 

sup;;lioe . Correlnti:m a l so exis t · be-tween the yielda and the 

n:.:tu:·~ of t i ·c.: cedimentc. 

-:-;-,.,, i\"'rr i Kerri, c nt1Ritutine 53% of t he eedi!!lentary for-

11a.ti onn coupled with 1 .:::; f airly high average y1elcl.e is there­

.tore expected to contri but e considerably to the totoil 'Water 

suppl y if it is exploited a s ll\UC h as t he Bima. · • 'Xhe arenaceous 

and highly jointed s ediment s of the Bima formation nre f avoura­

ble !ac t ors f or water supply i n the aquifer. Poor yields 

usually result from locally 11.uolilli te cemented aeclillenta o! 

the Kerri Kerri. 
One ! a c t that emerges !ron1 this -work is that despite 

Yiel d va lue• in tavour ot Blll• f ormation by earlier workel'a, 
·~ dd to have relatively h1-b•r yields. 
~.e Kerri -Kerri ha• prov• 
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Thia earlier il!lportanoe aoco.rded t he Bima .a a better aquifer 

u quite erreneoua beoauae 1uch 1tudie1 of aquifer propertiH 

b•ft been reatr<icl.ted c .. peoiaJ.ly to Ooabe) in contrut 1;o a 

wider 1•ocraph10 •tudy thi1 work reaches (in tenia of BSADP 

borehole yields examilut<l in places like 
·r'Oareao, Lanzai, 

Alkaler1, Oaaawa etc.). 
However, the Biaa, which 1a very 

rich ift 11e<liU111 t o coarse arenaoeou1 llllterial, and contain.a lllt 

number of faul ta and fro.cturea (Akko and Iy1orhibe 1984), ii 

signif icantly very high yi elding. Existing data and preYioua 

research reaul ts are heavily biased in c. ·.: favour of Billa 

formation because it i s the most developed and exploited of 

the sedimentary aquife~. 

Average yield values al so show that the Chad formation 

and ancient sand .dunes have considerable groundwater resource• 

aa to form important aqui:Cers. This may be related to alluvium 

ot the Jama•are River which !eeds a groundwater ridge in the 

formation. The Gombe sandstones and M'lrine shale formations 

have poor yield.a. The case 1n the former may be explained 

by i ts limited outcrop coupl ed with the low p~bility ot 

it• strat. ( s ilt and silty sands in sandatone layer1, •iltatones 

and ~atones: conred.1978). Tbe mar ine ahalH are not of ·-aquifer type but where there is alocal occurenoe of •and•tone 

horizon, yield• are high (aa in BH 1 and BH 3 Oe111be). 

The al'eU where KerriKerri overli• the Baeement (BaaeHnt 

foreland area•) are poor aquit•r• with li•ited water reaouro" 

( ~ I ) a .. d can onlY be •elect! vel:r •XPloited in 
• ..,..,,. of 2o.1"'1 • -· 
~W'ed and deeply weatheJ'9d zone•• 
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Th• dry natUre or •01119 ". -""reholea in th 

formation are local physi • Kerri Kerri 
OIJ'•phic conditio 

uni ts in au ch places ._. _ 
1 

ns of dry •and 
• 41~ a COntiraed by 1eophys1cal 

1nvesti&atior. which •how high . 
r.•i•tivity values indicative 

of dry aaods (Ako 1983). 

2.s cgpcw1o; 

FJ"Oll the na\llta ava.Uaole __ .. .,,__ d1 
_,.. w.. ICUa1an, bre.d 

concluaion.e have eergeda .. ,. 

~a) Genarally, water table condlt1ona vuy with looall)t aYai­

lable Condi tiana. All the formations are chllraoterised -

extremes in the depth of - oecurence of si-ounwater. 

(b) Yields, to ao• extent, depend on borehole ooutruo~ 

development and cowpletlon technique•. 

(o) The Bima la the mos t extenainly developed aquifer of 

all the formation• in terms of the nU11ber of borehole• sited. 

<•> Althoucb the Billa, a t preaent, supplies about SC. of tbe 

\otal water need of the ~tate, and is ttwre.fore ranked aa tbe 

?>eat aqui:ter, the Kerri Kerri with ita hilb av.race yielda, 

coupled with ti.a superior land area, •Y be • ujor aupplio 

of water it properly e:xploi ted as the Bi.all. 

(•) 1'h• Marin• abales are not aquifen, but local aandatone 

horizona in tb .. •Y give hiih yielcla in borebol•• clrillecl iJJ 

•uoh areas. 
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CHAPTER THREE 

, EXPLORATION At:!P §XrLQITATION TiCHN+au~ 
3.1 V•• o! geophyalsal methods 1n F.xplor

1
liQll 

Surface inveatication tor groundwater e~ploy a variety 

o! ilethods which prov!de. information co'l\~~rnini its oocUllence 

under certain condi t 1.ol"lS. Theae 111ethode are 1n IO• OUH 

onl y partiully successful in that results usually leave the 

.hydrogeolog1o condt t 10nn 11\compl ete. 

Geoloi!;ic methoda, i nvolving interpretation o! geologic 

dat a a"ld fiel d r econai s:umce, r epr esent ~mportant step 1n 

any groundweter invest igotion. This enables large areas to 

be r apidly oncl economicr·.:!.ly appraised on a preliminary baaia 

as to t heir groundwat er- developwent potential s . Although geo­

logic investigations be~in with data collection and analysis, 

and hydrogeologiO interpretati.on of existing topographic 

~op~ , eeri~l photographs , geological maps and l oes, and o'thor 
' relevant record~ t his !s compli~ented by geologic f ield recon-

a1o11ance and by analyai a ot available hydrologic data on atre­

nci n ow anu apringn , well yields, groundwater recharge, d18-

charge and levels, and water quality. 

Al eo u::: ing the technology o! r emote sem;ing, aerial 

photoi?'aphz o1' t be eartll ta iten at varioWi elt1ctromaanet.1.o 

Vdelen&thl provide useful info:nriation :t.cardinl 1roundvater 

. h to .. ·eolo"" can differentiate betwen rock 
con1U t1ona. Thus p o "" o J 

t their permeability and areal dia• 
and soil types and indi ca e 

t groundwater r eoharae and dis­
tribution, and hence, areas 0 

•barge. 
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Aerial pbotolJ'apha al.so ~"•al fl.'ac+>·-- tt k 
.. ...,.., pa •ma 1n roo a, 

wb~h c~ be related to porosity, i>eraeab111ty and ulttute-

1)' well Yield•• In areu wi tb Yery deep water ta'blea, hydro­

botanical •tudiea of Yegetauon h uaetul. t or e.g. phreato­

phyte• can be uaed to define deptha to the water table. 

Tb•H are planta found in both deaerta and llOiat environaenta 
911d have deeply penetrating roota that reach the water table. 

Becauae they baYe low tolerance tor •al.ta and u .. a lot of 

water, they sexve as useful guide for portable water in 

aemi-arid environments . 

Geophys ica l survey, usine several methods (refraction 

aiemic, . tl~ctricsl 1'1'.!~istivity arl•~ conductivity, Em methoda) 

1.o; u se.fUl in cle! :tn i ng sc;.:~ifers .tn bs seine:lt 1md sedi!llent ary 

areaa. In Bauchi St at e , sc~e of t hese met hods have been used 

in e::rploration of :;u~-1:.:rface wa":ar in t he 

by the Water Surveys Gr oup. 

3.1.1 ~its Scl~cti2n 

sedi~ent!ll'y a.teas 

Geologicr 1 .interp::-ct ation t s the basi s for $election 

of aitee tor borehole drilling .tn t he $ed1ment ary areas 

although thi~ roay be combined with resist ivity t ech:niquea, In 
' i;nSCl"""t • ' 

the Cryatalline" c.."ld H!:.Ccmant f.orel nnd areas , aenal photographic 

st u(!y end gt'ophy::ic:.i l .: 1.irvays are l.ri(pOrtaut tmd widely used 

f(ll' L'lite eelection { ~iodrop 1981). 

ohYt;i col 1~;:plorat1on t iethodv 
.3.1. 2 .. u.,.e .. o~~=­
Geophyei ca l mothodG detect anotmlics of phyaicel pro-

Pertiea within the earth'• crust. DemsHy, magnet!•, 

•l•~tioity end cl ect ricel r es i stivi ty ar e vroper t i e• JllO&t 

•-nly •••ured• pronounced differences in t hese properti .. 

oaa M illte .. .,reted J.n ter11• of goolo11c structure, rock type 

•Dd perod-ty, water eontent and water quality. 

] 
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,,.-- Th• e.1ectrica.t ·ve>!:;t iv1ty me+1... _ _. 
1 

b 
.....,~ a aaed on reaiativity 

responH by rock •ter1aia to a passed ol 1ctr1c current and 
\ 

thi• reaponae ~•P•nda on the .. ter1.i. density, poroaity, 

p·ore •iz• and •hape. The two electric PU...tera uaually 

considered are the total lonci tudnal. oonduotance and the 

apparent. reaiativity, these pe.roeters are supplied by elec­

trical s oundi ng surveys . This n1ethoti does not di rectly supply 

1111y dat a on t he .11 ?.e c .r til t> •llo in a qui fer, but it ensurea that 

t here i s a corre l ation hi:ih1P.en t b<? thiolmess of the s andy 

cl~ey· we athered hor izon, and t be total 3vailability of wa~ 

trofll t he a quifer. 

The :.eisrnic refractl on method b vol ves t nc creation ot 

small shock:.i at t he enr t :. ' s surJ'.ace, an•l me3sur ing the tille 

r equired for t he r es ulting s oum: to t ravel Known uistancea. 

The!le s e1scic waves fr,l l ow the same l aws of light: they may 

be r enected or refrc.!ctc~ at en; · interf'ac t1 " here a velocity 

chcnge occurs . At shal low dept hs , r efl ected rays are not 

resolved becaus e they carry ir.uch l ess energy t han retracted 

r ays . Hence for dr.ptbs of up t o 300m, re.fraction method• are 

excl uoively us ed. 

The gravity method me~surea differences in the density 

Of the earths nur :face tt1at muy indicate li -tholoiic structur•• 

Al though ~1 n method is o f very lit t l e significance in explo­

ration tor water, it cm. be use!ul under special geolo1ic con­

ditions such a~ a iarge Durricd vnlley where t he gross conti­

llD'a.tion ot !JJl aquifer can be detected frolll eravity varla'tiona 

CSpan1l•r et al 1968). The ma&n•tic method measures contraat 

ill lllllgn~~i~ properties~ but the•• are 
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rarely eaaoo1ated with water ThJ. 
• a method therefore baa 

,..1atively little l"elavance. 

El•otroaaanet10 (EM) -th 
-.. oda uaa e.quipment Jeaignad to 

.. asure lonc1tudna1 conductivity in ttn'aina. Here, a •1-o-

aidally varying 11agnet1c field •lactromagnet1oally induoea 

current in the ground i n such a ~ . .' that their •!DJ)litude 

i s linearly proportional t o t he terrain conductivity. 'l'broup 

t he uoe o! this techni,1ue , ground1 · · .• contac-t ia avoided 

a.ud i t i s possible to map terrain conductivity virtually aa 

fast 8 $ t h '! Operator ca.'1 walk. ·rwo types of OeOnios equipMDt 

t're n s et1 for t h i .':! pll!'f ose : t..11.e EM 31 and ~ Jl+-J. By their 

u11e, electromnr,ne tic 1•!P..'T~'3 ere introduced i n·;o tne s r ound 

and th•y r~fl~ct conduct ivity r roport1onal t o t he lineal'llenta. 

'..'he equipment empJ.oyi:: t"'" cons et a known cti st :mce. Doth ver­

tiC8l sn'1 horizontal meast'I'e[!]ents are taY.en. Th.e EM 31 haa 

h ~ 6m end ie used as o reconai-an e:tf~ctive pP..netrRtior, ctept o~. . . 

~ fini te Bnd accurate 1nformet1on, th• EM a11anee tool. For .. eL -- • -

5 of 7 .5-60m 1e ueed (Geot11ca 3!!-- 3 which hes penetrB.t1.0n depth 

Ltd. 

3. 2. 

Sur.face 

&ecti menU\ry ~"'eae of t he ~·tute i s 

s i oel met hods. howevc;-t -i;nc C" hoice 

ln its co•t effectiveness , ite eaae 

the nature of t h• t errAi n end in 

uoeltrated tnns t1get1on by tl'e 

tbe clten1'11, 
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In Bauch! 3tate, the Gravity 

and lllllgnetic 11ethoda have 
o•'ler b .. n Wie d , Probably due to their 11111 t ations. By 

.-an• of the Sliacic lletbod, it is PoUible to ascertain the 

depth to the unnl, tered compact impermeable bedrock and to , 

identity depressions Whic h constitute preferential riow paths 

o! groundwater. By us e of t !li s method , especially 1n the 

b!eement torPl~nd arP.ns wh~r~ ~ sedi ment ar y cover overlies, 

th• llaseillent r ocks i n t he ,St a t e , i t i s possible to 

an idea as to t he water resources of the aquifer by detera1Dinc 

its thickness . Ln the past , .eismic refre.ction method was 

used i n t he St ute but beca use it uses hi ghl y skilled labour 

!or operat i on anti interpre t ation , it was applied, ..o onl y a 

rel atively l l.r'lit<>rl ex-tP•it: rl11ri n:0 t ht> aAr ly s t :;1ues of ground­

water i nves tigation. Today , it has been abandoned in favour, 

ot the e lectrica l methods. 

The Geonics e quipment e:i1ploying ·t ne electr omagnetic 

i nduct.ion techni ques i s adopted for geo11hysioal survey in 

••arch of groundwater. Two Geonics i nst r ument.s , Etl)1 and 

BM J.4-3 have been f ound , to be auirnbl e !or loca ~ing water. 

The BM 31. becaus e of 1 t s eaae of operat.ion , is used as .. Cl. 

Results of dr illing indicate ti.at site• reconnaieance totl. 

reiiatering an EM 34-3 va lue 
abov~ 18 million• at o 20~ 

coil 1epar ation on bot h horizont ai 
and vertical dipole modeE 

iM .34-3 s urveys 
b&n • aatisf.'lctory ;ir obabili t y of .ncca&a. 
have been used l n s it• sel ect ions wher e surf i cial sed11116nt8 

•re · ncD exist~nt er thin , as i n t he Basem~nt !orel and area 

Reaearob imlieat~ the.t in using the Ge-0niU equipmr.nts , two 

•l \ea Pt- ' normillY marked , the second serving as an al t erna-

\1 ve 1D .... ~ .~ f irst i~ unsuccesatul• 
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;\t \ure noor 11111, Geom.cs e.t 

I 
31 

and EM 34-3 gave readinaa ~! 2Smmhoa 11 Ctlorizontal) and 
36 

. 
llilllilo3/111 (vertical) u.einc 

a coil separation or 2~, anJ '>'>_._ I 
~ 1 ...... •os • (horizontal) and 

25mmho•/~(Yert1cal dipole) us~--
... ._ a coil aeparation ot 40.. 

This succesatuly located a borehole m-"· b 
,.......; ; au aequent drilling 

yielded good re&ulto. 

I u l C'cations whcr~ a substantia l thlokneos or sed1111ents 

overlie ·the Cl.' yst<1llJm• l"OC!.;s, t iia Er!. Jli-J proved t o 1le 

i nudequate . 'l'be cont::ict r a:;is·tbity t!qUiJ,)rnont ABEM tft'l'ueter 

:.,, ..:::; 300 achieve cl botter r e l'lults . 1h1:; involved e i ther depth 

s ounding or vertic al 11.lec. tricel s otm<ling (VES) ( Water surveys 

Group 1983) . hko 2~d C4U!'.dc (1 98?) carrie~ out a geophysical 

sur vey o.f t:ie Ker ri L~rr1 f orcr, tion i n ::Oarw.o u.zi r.g the 

electcical rasistivi t y L ctr.oil. :: t ot <tl of 29 Schlomberger 

vt.J soundi ng stu.ticnn were occuped using t he ABf::M SA&-300 

·~ t 1 t h·· 1• - '.-.-.o '>oos t er . '" cual1 •ative and quan-leIT&me ·e.r an ~ .... """' ,..;;---vv JJ • 

tita~ivci 1nter-pr et ation of t !ie 'ff.:; du.ta tiley ol:itained corre-
1 

i ~ .L. uc 0 -r tri:i.n~verse unit 1·esiste.nce (T ) 
lat•~u thti 1nc reas£? n '•- -

' l ,.. nductance ( s ) with increase in thick-and l;otal long1 tuuna v O • 

neas o.f 1:he s ed1.1.ontary se ')uenoe. 

Are"s with t he t~.;hciri: 'l' 
1 value B during subsequent 

tc. zones wl t o hlt:hest lJoreh0le yields. 

neither of the geo-
drilling oorreapondeu 

l t i.. . l d bo noted ~nut i n m,,ny ca sell , 

Phy111oal tecn,1iques wore i1<?l p!ul in ass"ss i •l6 t he pol;ential 

!or Go11pletin9 a isucco~s:Cul borehole el ~lier bcca ... se the depth 

roclt C vas too l>rea t or conduc t1•it.~ contrast 

deaoll>poued pedrooit 110 11 inoutficient. to toe crystalline 

Qetween t.ll• sedimen'tC und 
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J. J• Exploj tgtion Pro..-r anmi•: Borehole Const.ructJ,o 

co~penies involved in boreholo drilling 1n Bauch! State 
~ 

include Edok-Eter Mnndil as , -
Conred, "1tsu1 antl ?r&11Ssag. 

The water Board alao drills 
so~e wells. Mitau1 ani EdoK-Eter 

had similar construction t echniques. 
MancUlas 

J. 3.1 Construction lile'thqda -
Co:a.110nly, drilling erigs used were top drivs mud 

anti air rotary :nachbe~ . 

~"ha drilling pr oces;, :for boreholes , whethar hau~. 1· 

pump oparated or mecn.:.nJsQ.Q, .. , involved 1'11 i nitir,lly large 

ctiametar hole, 1ihlch dE>c r 2a sed wi 1.h incre!lsin1~ depth as the 

bit is changec. im-cil t ·!e ~'L1al •fa1lt }1 was achi eve..i, In each 

ca::;e, a surface casi..-1i:; / ,:; in:;t,•lleo to a depth ol about &n 

from tl1e ground surface . 

In a p..-ogrA!!lJo.e L~vr.lvir:r.: 1165 bo1·eholes in t he ot ate , 

0·1er 75,, "'cr f:rbot ctr;_ll<->::-. ,,•itl': air. A dagr;;dable Mud, or an 

occaasions , bentoni te dr ilHn.i; rau.d was ui1f!d hy Mi t~ui where 

di·llling o.ud was r eq.uired . 

J. 3. ?. Borehole de .-;if."Z\ 

In conatructine villnge boreh las, two mai n desir;ns 

have been uaen as a st andard (s~e plate 1). 

The first deBign con~istn of a 100mm slotted PVC casina 

f itted 11. ~- 100mm 11lotted INC screen, slot wiath varies 1'ro11 

1•i-O.S... These were u3ed in boraholas drilled to less t.J.ian 

6ce ciepth {Wsdrop Report 1983) • 

U1e ilOCO(;tl ues.i.Vl -.c..ns.i. S"t.~ oX: 

cu~ 

:'ft ~ound s tuinle3s s teel screen• •L 
I •11 · 

s ·10Clw.1 diMeter steel 

with 100uull diameter 

This deait:n 11 t or deeper 
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-4 •tob&Di•ed borebolea. Al thou 
Ch th••• dt1illl8 h 

~ toward .. the l'equJ.r.d •iancl Qt been 
arde, Variationa Xia 

otual con.atruoiton Pl'Oeeaa 'bued • t in the 
• ' on contnct teru 
3.i. ~loitation Procz:a.ea n... h • 

...,re 01• Co11pletion 
and development T•chniquea. 

).4.1 C1•1ng and Screen · 

In the exploitation f r ogr&.11114t "'---b 1 • ~ o •• are completed 
with installation o! casings and sere-a ._ b -· • .u•••• •lp in •ta-
biliaing th• walls o! t he well and their e!!ective perfol'llUce. 

Casing pipes o! common use are either the PVC, or atainl••• 

steel caain1s. These have variable wall thickneaaea aa well 

aa length. Screen types inolude the slotted PVC, wire wound, 

and atainless steel screens. There have slo~ widths varyina 

!ro111 0,2Smm to 0,51111Jl, Drilling companies used slightly di!!e­

rent casing and screen prograuunes. 1n BH 4 at Darazo, Edok-Eter 

Mandilaa used a 6" Johnson stainless steel screen and caaine 

pipH o! Bizes Si". A survey of bor:e-lioles they drilled showed 

the aame technique was used. 

Preuaaag ( Nig) Ltd used 6a11 dia111eter non coroaaive blind 

Ouinc with , ·Johnson >creens of 6" diameter and variable slot 

completion technique• were used in 
•1&e1 (o.2s-o.Smm). These 
BHi No1 Jaaa1are and No.3 uardawa, aJJIOtll others. 

In bor@hole No.3 Billiri Laushi drilled by Oonred (Ni&) 

Ltd, an 8• llU.nd oaaing and a 6• Jobnaon acrHn with o.S- elot 

•11• w:re uaed. Thi• ia 8 coaaon trend in boreholes drilled by 

~. 
The Geolo1ioal survey· alao used caainP and 1cr••n• o! 

·-1•bl.• di~··· 
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.Appeaii1X IV abo~ a llOre cc l 
mp •te intormauon on 

tfO)snlquH uaed 1n aoa.: boftholea in th co11p1euaa 
• aedi11entvy areu 

Tb•ir ur,.t foraattona are contained •- • 
u• ?able 3. 

Fro• theae na\llta, it can be • id ... _ 
a w.et the C0111plet1on 

tecblliquea an •iJDUar all over the area, al tho\llb deptha ot 

plaee .. nt or the acreena and cuinga very witb borehole deptaaa 

and horizons ot water occurence. 

The mechanised boreholes are normally oon•tructed : ualnc " 

1 tSO-- ateel casing and 100mm wire wound screen. In a tft 

oases, a 100.. slotted PVC screen was installed with a pack'* 

connection t o the 1.50mm steel casing. Where a low yield wu ui>~ 

ted, 100• PVC casing and slotted screens were uaed. 

3.4.2 BACKFILL and gravel packs 

Generally, the back !il".1ng o! the annular apao• betweent 

the acreen and the f o rmat i on i s done with drill chips troa tb• 

d ith clean sands and MitsW. drill hole. Sand packing is one w 

- the beds o f the major rivers and sieftd Co. Ltd used sands ~~om 

them !or this purpose. The residual sand was used as fin• 

acir-1atea !or the concrete pads. 

In area s with fine sand formation, a control measure 

•11ployin1 a fine sand pack was used •·I• in Dukku area, well 

Ir.dad land from Japan was used in auch boreholes. In Gombe 

area, 55 borehol.. cb'illed needed a tine s and pack. Thi• waa 

Obtained by 1ievini iocallY available alluvial deposits. 

The baaic 1n1tallation awroach in th• 1tandard borehol• 

dee.lcn 1a to plac• th• • tabili••r• at )II abov• the top of 

the Mnen aeotiOD• Thetl the annular space ii 1and packed Of' 

---filled with drill outtilll' to within 69 ot the 1round 
1-..1 t t~• annular 1pao• ii tilled 

• Tbe upper aiJC ... tr•• o .. ttt- al and th• 1urf•• 
- • •1- a.-nt to torll • ianitarY •• ' 
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3.4.3 j.30r•h9le P•vsloPP!'Di 

In the BSADP Procraame or 120S W•lla. •ir B\U'&inc and 

•-r jtttin& were tht COlllllQnest 1tethoda \lsed, althou,b in -·-
• fev caaes, surg1n1 with n bailer waa necessary to reaove 

tile fine b'action from tho water bearing formation (s .. 3
0

4
0

1)
0 

On each of the village boreholH
1 

a conC!'ete pad 1a 

tructed to :!!Upport t he hand pump , provide a plattol'll tor con• 

t he borehole u.ser, and t o p rovide sanitary protection. 

These pads are constructed such that the 'borehole casing 

extends a short distance above the pall surface over which 

a pump stand is erected. Around the pat, a backfill conaiating 

- o! couae gr~vel i s p l aced . This serves to promote run-of! 

away from t he pnd ( ?\o..\t-1.) 

3.4.4 Pumping Tests 

On each borehole completed, a pUl!lping test (or yield 

t est) is conducted: 

(a) To ensure t ha t water i s clearly rid of drilling fiuidJ 

(b) to verify that t here i s an adequate yield to sustain a 

hand pump watffr s uppl y ; 

(c) to achieve additional development of the borehole screen 

•nd water bearing formation;~~ 
(4) to obtain in!oNJation on the drawdown characteristic• of 

the borehole • o that the appropriate depth tor the hand pWlf' 

lataq may be chosen. (b) and (d), a two way 

Ju.pt--
B•pecially tor t he purposes 

.... teat wa• adopted (Con~• EdofrEter Mandil••• preuaa8') • 

!ht ti 
rat J.nvol yed a mul uetaie ( tro• .3-S ataie•> ~at ~ 

"'- •tauc water leYel• 

~ 
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__. tbi• •ta&'e• the Y1elcl, d\Q"atiori f 
,. ~ o teat and lltrawctown • " 

.. oh well •re 1'90Qrded. Fo11-.4_ 
tor -•4111 thia, a ••cond teat 
.U-' the •inlle •tac• te1t wu perf0--.. 

o ·-• noting the dur.Uon 
aJld yield. Then after, recovery •Ul&relltnta too& Plue 

ror a period of ti• an'.! l'eaichaal. drawdovn record• (h'ble 61 
Appendix II)• 

Evaluation of' the pumping teat reaUl.ta Sa nol'llally ~ 

aPJ>Ucation of t he J ACO.a: non-equitibriwa 11tthoaa troa tht 

recovery measurement o.r t he :!iin&le stage t eat. By a co:"blnaU. 

o! this aetbod and the CUX'V'3:> dr;.twn, t ha tra.·u111iss1vity and 

critical yield of each ~rehole is obtained. 

After these tests, tha borehole i s disin!ectea (using co~ 

centrate1 chlorine solution) and a t elllporary cap is installed 

tor sanitary purposes. 
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,.,1. ,. WW0HP1HG ilHT Re§ULIS FOn A SI:!,§£Ti! 

J&l"h91• AA·' SHW.1 "8pg! iM?INg 'l'EST 

() 

~ WMilgB, nspcxn IBAW2:rtli,lil 
2 hn 1,06 0.97 

2 2 hours 1,154 J.39 
3 2 hours 1.96 s.21 
4. 1 hour 2.51 6.7) 

,. 
RECOVERY t'1EASUREMENTS 

.e 

Date t Hour I Since pum~iJ.1 Dynamic Residual 
Stopped(s \'leter level Draw own I .ttt-(m) (111) 

10/2/ 16.41 1 13.83 4.73 
2 10.10 1.00 

3 9.23 0.13 

4 9.22 0.12 

5. 9 .21 0.11 

6 9 .21 0.11 

7 9.20 0.10 

1& 9.19 0.09 

1j 9.19 0.09 

19.00I 20 9.19 0.09 

25 9.18 o.oa 
9.18 o.o8 

30 0.01 
40 9.11 

9.11 0.01 
50 

9.11 0.01 
60 

9.16 o.o6 
19.J 7S 

S,t)U. <tl2. ', \1-loJe...< ~oo...d ~ 
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)ef Ob1!£!'tioP W!llt !\!'ld f!lehtta 
Th••• are Wtlla \1-.cl to -~•to 

-Yo r· reehar1e into a wu 
uad•r atat1c OOnclit1ona 

••i• 1n ••aaoria of h .. vy draft end 
b••"Y rechar11. Tb.., ab 

-1 OW Chances 1n IJ'Oundwater levels 1n 

production velle located .... 1 thin a diatuoe or •aoh ~ 
other. Observation wolls can thus be uaed to compute 80 .. 

oyciraulic properties l1ke traru!mJ.as1v1tj:, pera1abil1ty 

and storage coefticient of a well during pumping test.. 

In Combe , two proc1.uct.1on boreholes (BH 6o and BH 61) 

have observation wells l ocated at 48.8 and 4a.91a trom tbe• 

respectively. These were useJ to compute the nydraulic 

properties o! aquifers in Gombe subctacilment area (Ako and 

Iyioriobhe 1986). 

Oroundwatel" recharge i n Bauch! State is mainly b7 

r ainfall. In some areas, it is 1nflu~nced by proximity to 

rivers. Bor(!holes with good recharge have small tlrawdowna 

wi 'th high recovery rates e . 1~ . in BH 3 Sade, locatnd in Kerri 

Kerri Formation, t he total 1lepth o! the hole is 139m with 

a atatic wat1?r level of 40.6411letres. The tc:.ited yield wae 

l ti ~~., ,,.e pu""'ing teat of three atepa. $.431;11 1nvo1ving a Jll'J -.., v,-o , .. ,. 

th ~ios il. l ow drawdolln d;\Vt11•age Of Q.g&a). On each .r:s1:cp, ere ' · 

t s lasted for .t:ive 111nutes but th• The drawdown we..is W'emen 
d ~o~pletely right away tro• the first water level reco~ ~ ~ 

lllinuta. 
ln Borehole No.2 at Jama•ara, recovery rate of tb• 

Jg. deep bol• (with a dJ"avdown ot 4.02111 and a static water 

level ot 4. 7.S:.) and a yield et 81/is wn• 102" 1n six houra. 
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Tb••• are two caaea of 9letreme recovery rates that 

prob9bly depended on the l"eebar1e. Rechar1e/dhcharge d 

al•o .. y be in:tluenced by the interbozoder under-ground water 

exchange between s edimentary part. of Bauchi State aharJ.nc 

·boo "erie• with t he other states Q.·s .Kano, Borno end Goncola 
(Dike 1987). 

3 0 6 Cost a<id Lifespan of Boreholes 

Theae depend on a num·ber of factors. C:ost depend• on 
the consultancy services in site selection, the drill~, 

development o.n:.l compl etion techniques , the type of pump wta­

lle1 anu spare parts . The lifespan of a wel l is a function 

l - it~ completion techni~ues and maintainance. Information 

available from ag~ncies i nvol ved in borahol e construction in 

the stat~ show t hat average cost for a borehole is ~~out 

M40,000 (upto 1986). However, t hose with less elab-?rate 

completion techniques, cost less. Boreholes constructed under 

the 1986 BSADP Drought Relief Programme are of this category. 

They i.-era required over an emergency period and the programme 

was l arge , covering 1.342 villages o.nd 1449 boreholes. The 

average coat of such village ooreholes is approxi1111tely 

M 7 1 000 e ach. 

The life span of a 'borehole varies end depends on the 

original completion and deselopment methods and subsequent 

maintainance . Wells drilled by the Geological .iurvey o! 

Ni geria between 1948 and 1961 in th• Old Bauchi province are 

•till in good workirli'. condition e.g. BH No. <:4$ti111J8 DUI001 

in Kerri-Ierri for111ation (Borehole designs caaing, to 91• ot 

3~11 :1 ie11eter, 91-139111 of 2'7r?i diameter, 139-199 ot 17cm dia­

-.te1 s,creen, 18)-193 d of 10.46 diameter) was drilled 1D 

.. 
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Ho.-ver, • lonpr lasting bo 
rehole would be one which 

l• to11pletely gravel p~cked and 
' · over the Y•ars, given a good 

eJld regular ma1ntatnance (Dike 1987). 

<.1 1 ~nfiel Problems 1n txnl 
J• , -p Qtation &pd exploitation 

'l'heae proble11.s are VOi.r1able Ther 1 •--- h 
• e are ns ........ e:J w ere 

inaccessibility hampers ~Jl:Ploration efforts. 

'l'ile possibility o.r rapi<l litholo&ic: var iat ions in areu 

where different z·ock typo::1 of non-water bearing horizons 

overlie or.e another gi ves r i s e to dry holes, This is CO.lllllOD 

i n t he marine shnles of I-'i nai ga and Yolde fonnations Hhic:h allow 

lithologic discontinuities. In some other cases , the boreholH 

11ay give ver>; low yields. 

In otner areas, the water table is at con"i derable depths. 

Thus holes 3re exceptionally deeper than normal. Thi:i leads to 

higher cost of drillin~ end development of t he wells , Th• 

Kerri-Kerri formation is characterised by such high depths, 

ll«pec:ia lly ?n 'the high !'idggs wl:ere water depths are well over 

100 aetres. In iiuch cases the c!epth of the holes are too 

1reat for install ation of hand pumps. 

In Gombe 

ot fine sands 

sand a; t ones , :oome boreholes drilled had probleu 

be.i.ng pumpe:d i11to tl1e ...:a.ter bearing zones, that 

made completion of t!Je holes d!:t'ficul t. Even after exten-

•ive developmen·t , the water conti nued t ·, contain very fine 

•and when th• normal cowpletion techniques vere applied. In 

Order to reduce or eliud nat• thi s problem, 1110di!ication on th• 

conatruction and develop~nt techniques .,,.re employed. A 16.S.6 

.. bole waa drilled. 
!he location of the water bearini strata 

The bole was then reamed to 

100llll slotted PVC aoreen wa• 
Tb• p.robl•~ ot tine aand 

w.. delineated 1'y' electric lo,. 

265.-. ot th• requit11cl depth• A 

lutalJ.ed and • !1.olt aend paok aet. 

\ 
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p~ was thentore OVltrcoae by uae of thicker and finer 

,.,id pwap couple~ With prolonged development. 

Other probleq i nclude 'Well ·failure due t o dr<J.lng ..., ot 

bOl'Oholu. In a boreh'>le drilled in Bill!ri Lauahi by Conrett 

to 3 depth of .$8111 (in the P.1111a formo.tion), tbe well dri ed up 

in a ! ew seconds attar c l ear water circulation and a •urging 

,.,1 tii air d evelopmen t was carried out, 

Bor eholes GSN 1350 lo, 1 and .3 1n Dukku hnve been abandoned 

due t o small 11irte r rise and k w yield respectively, 
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CHAP1'ER Ftltl\ 

ROLE Of !)Q)IW:!~'t'AftY AlolUIF' .atS IL ' •n c -
1>JfiLQf'tWt'1' OF BAUCl:II STATE. ' ... . !i;, l;/ATER 

4.1 llJtrO!Jyctlog 

A u eat proport 1o·1 0 .. t " -

REsoURcr:: 

... ...,. tot.il Jtlaod 
( 

r:~ ) area o! Ilauchi 
·stat~ 4'bout ~u~ is underlain b 

. Y sed1m11ntary .forlll&tions which 
°*ve con::iid~rablo '•ater r<!serv 

. ea for both do11eatio and 1ndu.-
trial use . At preso~t, great ~ffo t r a are being Ille.de by the 
State Uovernlilant to oxploH ·· · . t ' 

· ••ese reaerves a.HJ. supply 
portable water to both u i·ban and -·~ l .... 1 ~ • ... a aonunuii_.,,. ea. For this 

purpose wat e r supply sch010oe. l1ove bet:n e.lltabli shed with zonal 

o:.:fi1,;es at. C.omba , Azare Hilu bauchi Vlhict.. lwd supplies <,f 

ap;•roxima1 ely 11.4 ~1illicin 7 . 8m.Ul1on ar,d 12.1ruill.i.on 11 tres/daJ 

r eEpo.::"tlVE'ly BB a t 1o/11 (r:.;uchi St ate I eter noard Report 1981). 

Ho·#ever 1n ~onie are< s lil•e Dukku and 1 t s s1..1rrou."lding (Kerri 

Kerri ! oru.ation ) and '1'ula and environs (Bi ma !omation), depths 

to the wo.'ter table arc bEyond re~ch of econoiaU e>.i;iloitation 

a.10 mRinta1nance. Ther e f ore• .3ome other water supply schemes 

ere adopted. In 'l'ul., , t he re i s an intake arri;ngement .,,here a 

stream head from e bill y. ;-oc.uca.3 t:ater at 3.411/s and this is 

tr8pped ! n an ombankment, t hc.1 pumped to the w.m. 

F lt f gr oundwat er inv.es·~igationa' sedi wentarY 
rom recu s o 

t~ in th• future wdter r esource 
aqvitera h eve 3 l ot of. prozpec ~ 

, b -n an:i rur11.l water supply 
dev(!loP'llen t of t hf' Rtat e a s t;1e ur .. 

achoC>es 1n11ccte. ud 

4 
hQJ:..e ::ic tiemel A Ca&& § t !X. 

.2 J;ntegrated •turnl µore t..4 ri·o111 ~ 
ra~Y water is ~Atr•C 

Thi~ 1:: :. :::cbo:ic .,ma trom where 1 t i. piped 
ster atations 

boreholes and aent to 000 . and it• 9\ll'l'Oun-
tbe Cati• with Dl.ikJ(U 

to u-eu ot need• Tbla 15 t ... 1 to tie reaobed 
oureQGtl 15 00 

~ wile.re natural water oc "*° aalnl9 ~· d~"°9 
~ fnl.l. c ... &.1)• 10 •pro.,.-____ _ ______ • 
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an boNhOlea Wer. SunJt oo t•1e banlt t th 

,..,... - o o Gongoia River 
at c;o•~bba, about 24km west of Dukku. The aquifer tap1 

water fro• the Kerr1 Kerr1 formet1on. Tbe ctiaracteriatics or 

t h• bore~1olea are •1.&11111Qr1aea in fable 7. 

Fro.n theee boreholea, water is Pl.lmpltd to tanks 1n a 

booster s tetion ai tuated bet ween Dukku nod Ooabe Abba. FrOll 

this station thtt wat e1· io conveyed by pipes to ~ and 1t1 

allr!'ountl ing!J & 

1orchole Locati on & No. !'lenth (M) "i eld{l/111 SWl.(M 
Oombe-Abba No .1 60 15 2.9 o.8 

2 tio 10.03 2.9 20 
3 60 4.38 J.O 7.6 
4 60 11. 25 2. 8 5 
5 60 18.75 2.8 6 

'.rabl e 7: Bor ehol e Charoc i;e:r.t.s tic.s: Duk\tu water Scheme 

lnve:it i gation sho-.-; t :..1at .!\t present, onl y one of the 

borehol c-s i s i.1zed t o serve Dukku antl even t his i s underutilised. 

The oaucht State Utilitie s BoE.r<.i pl ans t o extend the Scheme 

to ottJer p lactH; . 

4.3 ~ 
Loc a l l y , riome areuo s uf:frr severe wat er short ages. 

ei..ct ' mnrg1r.;:i l araa ::< l!.c c.roum! t he 11~rth centr al part o! t h• 

Stat e • •Iii• DukkU, H&\rd11\'ia , Jarr.iJ ' are, Chinade and Kilbori. A 

10
nt t erm solution to aucli water p1·oblllins is obviously th• oon­

• t rtJction o! dams, as bor ehole yi elds are low and 1nadequat1. 

&\It bKau ajf th• topogra,hY in tne .sed:l11111nti11·y area• 1s tar 

.. t • gentle tha n iJ1 tne C,rys t alline e,aeaaoeut areas , dam sit•• 

~• ~·.. .trequ
11

nt1Y ! ound , and for rural supplies, oomaunUit• 

•re u.ually ..,.ii ,and t.bli c;oa t o! pu1ld1tlll aaa• are probibiUve. 
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ror th• to~ ble tutur. • boreholes "111 contin1.1e to be the 
,.1 .. uoa to rural water neec1a. 

MW·dama are con!'t.Jouot.4 locally with •arth •baniuitnta 

•J 00.uni ties• The1e trap water durinc ~. l'ainy Hasona 

aod provide a uaeful, &o\.U'ce of wat.r 1n the long dry periods, 

al thOUlh the water Quall ty ia Wlual.ly W11'1 t far buun ooiaaump­

uon. 
4.4 ~tscrated Bor ehole !;;cheme: AU!fMte UH 

considering th~ !act t hat Bauch1 State has • predOllJ.nantlf 

81J'iCUl tural populat ion • the rural borehole 80htMa oan be 

planned to ser ve pu ~ , rpcwct, ct.her than providine drinkable 

water. One o f such , .. f' ~·h'P?Ses could be !arming 1n whi h • c case 

the wells coul.J b<> d . " uoie J.n the d;:•y season tor farming. The 

net effect would be to usu t ile borehol•? scheme as a means 

of irrigation to i mpr ove c r oppintl seasons and probably 

achiev9 tvo crops a year. 

4.S Future of Sedi ment ary aquifers in Bouch! State 

The various u r ban and rur:J.l water supply schemes have 

•total wat9r yiel d o f o.1".:out J1.)mi111on litres per day out of 

~hi.oh t he se4i111entary e.raas :;upvl Y 19.2 million litres per day 

l'epreaentin~ 61.2% (see 4 .1) This conf1t'111s that aedi•entarY 

fonationa constitute 'tb.:; most i mportant aquif•l'll• Tbe~!ore 
for .. very long till•, they ...,111 continue to b• th• main aourc• 

Of water supply to 56,.: of the .,rea o! the etate. By the u•• 
Of the Intesrated Borehole s oi.eme a• that of DukkU., th• 

•ed1-ntary aquifer• will continue to be the saving gr10• tor 

Qeu w1 th aoute ..,.ter prol>l elll
9

• 

" 
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CHAF'TI:Ft FIVE 

®'and Reco•endau°il ~i 

..it o! the present "°"' hu l•d to •ony i...d "'"'""" fb• re• 
nalll'lYI sion' 

1 • "l'be :sedlilento.ry tor::iationa underlie about 5°" ot the 

.;-entc•s l and area. 

2• ThBY have considerabl e under ground wat er reserves and 

supPlY ' and ::i.:i at 1981 • s upply about ~ o1' the t ot&.l water 

needs of the state . 

3• The dt:•pth to t hP i,mter t a ole in the aquifers of. this tor­

mation 1s in!lu,mced o:; t opogr aphic f f:atUl'al! , as well as the 

t!11cl<nesse3 of format.to?l,ij, 
'!lrQ, .. 

L !'.irr.s itnd Kerri Kerri ~01·r.ia "tions , and to s ome extent,,..ehad 

~ration, are the roost .it.nificant aquifers. 

S. Th~ Pima i n nt pres.:;>:t t•ie most developed antl exploitet'I 

ot all t t1c aquifers of t• e f:tate. 

6. The k: rine nhP.l cs ,,<) no 1. con:oti tute E•O a'jui fer, but 

where toere 
15 

n local occu • cnce of permeable sand horizon, · 

· ::.t e r ia r ead~ly uvr~j ln\,1€'. 
·1. T~c occv·"nc c o f 1.1:::.ter in some localities (e . g. l•ukku, 

'f'Ula) 1e ct too great •1 d< p t h to be e:>."Ploited by t urehol ell 

suc~e!lsl'ully . . 
c. Cnl·· 

J1C1o suas taio~ f L'"t>l"(;lruoe of boreholP. 11oilenic can take 

ccirc of t ho wator re•iui ra .t·1ii:a <l.'.' i.>oth ti1e m·ban a:id rural 

0 -.mi.ti••· fro• tm• • .,.vc .,-.tl otl>M .,,oolu" ioO' in 2.$, lt 1' h .... bf 

...... nded thats 

( a) 
•or• ottort .....,i• be ..... to .,,w• ••' ""'°'' ••"' 

.la...... ,. 
U- o'1>•r th"" tbO Bi""• Th" ,_,_.,,.,.,, wi th 

l\a . 
• ._..,. '°"" apao• coupl•• wi<• a ,,,..orab1' "'"' yieldo 

···" ~ attention tll-'1 1't l'l~ so f lZ' 
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~i..C. Oth•nr1ae the aqultors i n the Billi r. . ti 
. a ."'rma on 

...., be impaired by OVG~-.ix~lo1tnt1on. 

(~) Aoadclllic atudles on the ~ater conditions over the area 

ihould not be looaliaed but spread fairly to achieve rciprenen­

tati v• 8Ild more accura'\.e 1·1;auJ.ts. 

(c) The Intograted ~1.U'al Sorehole icheli'le initiated at Dukku 

be extended to othet' areas 11ith complil'able water problems 

ns a long -term s olul:ion •Jllere costs permit. 

( d) ithwro :teasible1 uoN::ol e scheme8 be des1gMd to serve 

as a ti~an:::i of irr igatio1. which could incraase the crnppJ.nc 

aeiasons t o t wo periods <.lul'ing the year. 

(e) A hydrogeologlcal d 'l.ta bam:: be established for the St~te 

whi ch coul1 L0 used t v ..:on.rulate policies on devclopnaent 

f rojects involving ·,..at o.r resources • 

.... (!) i1 regulatory I.Jody Le :.iet up to control the development 

o! vat er re::.ources of t l.c State so tnat aqu1:tars are not da11 .. ed 

due to U.'lcont.rolled o·H:r -p1·0J uction. 
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ippendiX I t 
Log or some of t he Boreholes Tests . 

Used 1n aqui f er 

JO.f"ehol 6t; r:o . 1 I ll,9.l:er1 

~ 
6 feet 

13 

19 

22 

JJ 

)9 

45 
48 

59 
54 
58 

64 

67 

72 

75 

77 

79 

61 

llor~bolf 

!Jepth(r.1) 

3 

6 

8 

12 

15 

27 
lo 

Thicknes 3 

6 

7 

6 

J 

-,-l 

6 

G 

J 

3 

J 

b 

3 

"" 

2 

'-
:? 

11.t~olo..:l'l 

Lateri t1c so.n ·;1l t li ,sravc•l 

~; ravel .vl th 11 c t lil cluy 

•t>d :>11 ty io.iuiu.a-coa.•i>.: >l<MJ 

Co'lr!le amh.l .;i til t_ir;JVCl 

l l l'~.i 1...t.u - 1 ,.0;;1·. ; :~ .j~;.t 1 

':Ii. t h il'HV.?l 

C<:i't! ~ ': bf~ :·1 1J 

~:-i11:!:r cl. · 
cJ.n . ..- -cnr1t ,,.nt .lncro:uie at depth 

\-:ot.rr;c r;nn .i ',~· :. ";! :nr1•:J 

. hitt: Cl ay 

~:.·;:vol , ·_i. ::. 1,... ] ' ~· 

.:J. 1:' ~. 1 VJ .s:1;·d 

r ; l'~Vcl ,-. .:_ tt...: r : . Y 

'.~l~:, ·it'.: "'--1~ 

C:l j . i t L ~ ... ,J. ... ,.: : 

'l i ;:nly ~"'e2 ·t:1~.1, ·._ 1 t~J. ·~' . l te 

t·~ocJt--rR tcly 1. • .-i:· -~ -:_,( _.-c;ic; i.~ i:·.:.:ni tc 

Sl 1£)1ly w0at her-."ti 1.i·c.r :it.:> 

:·r f•SJ; t;rnni 1.E' 

"'o . 3 l-'.nrdE"Wa 

-J'I ;CJ!-.!!?!" c; (th ) 
Li t 1101.t:Jy 

3 

3 

2 

l~ 

3 

12 

Reddi:::h b:town fo'oil 

Gr uvel, Yf'll'.)i· , :=!?.lnl> <.ut;.rtt. 

Quor o.z co.1gluLi<:'r1.<:tt..J 1 1Lllo1" well r ounded 

.:;and w1 th sowc con,\loo.eru I.es sli ghtly com-•• 

gravelly 
Meul ua>-&rc.vellY :.;:.~,:.::;; v.l t r. wi;ll rounded eon-

131omer ates ~and. Yel low, ooarse grovollJI, 3ngt1lar grain 

Wee tl1or ed gr o.:1i te 

L..a11 ---·· 
) 

-~--'" .,,.,.anite 

J 



,...-1• No. J B1ll1r1 l.ausb1. 

pe}J~ 

a 
6 

17 

32 

39 

72 

108 

l'ni cklu;ss 

2 

4 

11 

'15 

5 

33 

J6 

Lit hol ogy 

.:.Oil tr•V•lly tel tine, brownh h 

..;ane1 very coara•, reddiah, ~ubangular, well 

aortec.1 PinK an<i brownbh o~oclaae richa 

s u bordina t e Quartz, traces of 111U.scov11e 

Jund gra.velly to coarse, br own reddi sh, 

sub-1.Uigula.1·, fonued by sigrunents of 

)leuthere d grani t e and fregments of sila• 

t one • e.reentah a nd brownish, wen 

h&.nded. 

.1.:11 .. ccar.se an(i V<H' Y <..o _i se , cl e.yeye, 

bro~,n r cclcii d 1, !.ub&ngular ~;1th fragments of 

;.,l:ci i_en:d gr w1i te ;,ru brown- r eciu i sh muds-

t<;~i e . 

Gl · Y • l'f',iJ i sh aoa c;ra eni sh 

- :rn s t 0De coai·se to mea i um, yel l owish, 

::;uei- a11g'-<l a r , wel l soi"t eri f airly cemented, 

"'1)11 te o.nd hysline quartz r icn, s ub-ord inate 

vs· i..1wcluse . 

,;.,a c: ;;; ~onu coQrSC t o lJle(Uum, wbitisb to 

ycllowir;l1 and light r eddish, s ub rounded 

!ai 1 ly s crt ed , poorly cemented . Pooanta 

rich, sub-ordlnat• orthocl&.1•• 



11• 110.) Miaau 

f biClcnOSS 

1 

227 

3 

Li t.1\oloiY 

Brown clay w1 th l1 ttle sand 

MediUQ-Coarso :ia.•d, !ine peables 1o1l t h littl~la) 
fi'resb liI'anJ. t & 

? J eJl.!l ' &r• 

,tb(•) Tb1Ckn!t!SS{•) Lithology 

3 Sand , muddy, fine greinld, wh1 tish bl'lM\ 

3 

7 

18 5 

12 4 

23 1 

)0 7 

36 6 

39 3 

Borehole tw . 3 :::r.de 

D1pth(m) '!'htckness ( m) 

s. 5 
12 7 
,~ 2 

31 17 
l2 1 

~ 12 
so G 
56 6 
99 43 
11)1 

9 138 
30 

~ 2 , ... 

etand , fine gr ai ned , whitioh brown 

!!a.'ld J !!n~-m<>rH.um e:r1< i n.e.:'i t f olclspath1o,lll'own111s 

sond, medium coru.·se gr ained, quartz .feldspathic 
brown. 

::.ancl , coarse ~r:.ined , fel dspat ic quart1.1t1c, 
brown. 

s en d , flri(;' grai ned, brownish 

Sand , coarse gr3ined , fe1dspatoquartz1t1c,brow 

clay, slightly sandy, grey 

cl ay, g;rey i n colour. 

L:l.'t'IOl.Og}' 

l"inC t o !D(·d i tm sand wi i,ii brown clay 

Medi.um to coarse mmd w!th brown olay 

Coe1•se s'lnd to var:.- f ire era,,el with cl•Y 

Medi Ulll t o coru.·s., !;and with bro'Wll claY 

! 1ne grav" l 1f!tl1 white olaY 
c oar se sand to v~ry ! i ne grain white clay 

c oe.ree sand Band .,.;. t l.i awall >1•uuuut ot clay 

c.ond w! th i 1ttl• cl•Y Hodulll to coat'31i 

Fi ne , aediUlll""coa.~so 
coe.re• 1and t o ·1erJ fin~ gravel 
c(leJ"&• s a.Dd to v er'/ gravel with cl•Y 

pUJ"Pl• claY &r.d i1ttle ~ir.P. 1and 
__ _ ..,,.,A sand tc fine g:ra.vel 11ith 11ttl• ol•Y• 



Otl'th(•) 

1 

1 
12 
,., 

36 

S3 
6S 

70 

89 

93 

98 

106 

108 

114 

116 

119 

123 

1)8 

11io 

1SJ 

- - ... cn1za1 

(' 
Thlc kn0!!s(111) 

1 

6 

s 
19 

5 
17 

12 

5 

19 

5 

5 

8 

2 

6 

2 

3 

4 

15 

2 

1.J 

Lithology 

Brown top aou 

SU t clay w1 th SllCJ.l amount 01' tine •add 
'#hitish Clay 

Grey Clay With eaai1 nount o:t peable1 
& sands 

Brownish clay with sand and tine peablH 

Br owni sh cluy with eand 

Medium-ver y coarse sand with clny and 

find peables 

Medium to carse sand with clay 

Clay with s and 

Medium-coarse sand with small amounts 

of clay 

whitish pl astic clay with small amouni. 

of sand 

l·iedi um to coarse sand w.lt h small amount 

ot clay 

whitish clay and sand 

Mediu.11-very coars e sAnd 1·11 th small eount 

o! clay 

clay with some sand 
coarse s and wi t h clay onu f i ne peablel 

white clay with sand 
sand wi th clay and peabl•• 

f·Jedium-c oarse 

claY with sand 
eloY wi t h ~moll amounts of sand 



9 
r 
,1 

ii. 
19 

Z4 
J6 
)8 

a . ... 1 ........... - and •••11 .., ... , ot .,., 
28 Clay Vi th 89ftd 

22 

3 

s 
5 

12 

2 

Medi Um to coar1e •and ·W1 th clay and peablt 

Orey clay with s111a11 alii01.1nt1 or sand 

l·leuiu.-coarae nnd with il't.vel 

M"·c. ium- coarse ~and with clay and 1)4t1b1.t1 

Crey clay w1 th small amounts of sand 

Mcu1um-coorse sand with small amounta of 

clay ~nd fine pcables. 

aorehole tio . 64 Go!Lbe 

Oepth(g) ThJ.ck.r:ess (m) 

2 2 

13 11 

26 13 

38 1 2 

102 61., 

1)). 31 

,,, 
.34 

266 49 

a73 13 

21'1 lt 

Lithology 

Soi l s ondy coarse, earthy 

Send, coarse to fine unsorted, 

gr a ins 

quartz 

Fi ne to coarse sandstone, cemented, 

~ubrcunded quar t z 

Send, coarse-tine, unsorted, subrounded. 

quartz grains / 
s andstone, coar se !ine siltstone & 

claystone, cemented 
sandstone, coarse tine and s1lstone, 

medium cemented 
wi t h sand and siltstone, greenish 

c1ay 
to violet 

SMdstone with 
siltstone and feW cl•Y• 

unsorted 
..;ands tong wit h clayston•, poodY .,..oted 

unaort•d• 

sand• coar••I 

Clyartz &X'•inB 

~ediUlll sorted, suban&UlaJ' 



--~-~-· 

311 

-------&~- . 

)) Sand coarse with olayaton• and ailtatone 

whitish to light brown, whitish quertz, 

aubangular. 

Borehole No . 1 Jfillln •are 

Depth(m) i'hickueaa(111) 

J 3 

9 6 

24 15 

27 3 

33 6 

36 3 

41 :: 

Borehole ilo . 15JNW-2 

Depth(m) Thicknesii ( m) 

4 1~ 

5 1 

14 9 

16 2 

23 7 

24 1 

Litbolol)' 

·~ud r eddieh brown overburden 

clay, reddiah brown 

sand , raedi umcoarae grained yellowish srrt 

8and, cla3eye, medium-coarse , reddish 

brown 

SanJ coarse, gravelly, reddish brown 

clay , da,'k grey 

s.md, fine- coarse grained, i;r avelly Jdl:t 

whitish 

1:ade 

Lithology 

Light brown cl ayey u;ediulll quart z sand 

fine clayey quartz send 

Li ght brown coarse t o fine s a.'ld 

silty clay 

coarse aand 

sandy clay 



x ·-
~ 
c 
-~ 
0... 
0.... 
<! 

rn c 
'o._ 

E 
:J 
Q_ 



• TYPI CAL PeMPil:C TEST RE.sui.TS ~II· 

2 I 2 
1.~ 

3 I 2 
1.96 

4 1 2.s1 

1 I 2 
4~84 

2 2 1.03 
3 2 a:r2 

I 

4 3 11. 35 

1 2 10.72 

2 2. 11:.98 

I 
~ 1.39 ~ 

'1.23 1 1 

1.61 .., 1 '-

I 1.85 3 j 

1 1 1.89 
. :.J .:12 2 H 

4 •. 36 2, J 

~-;- f1'~1)· 

3.39 

s.21 

8.73 

s.~ 

7.02 

a.11 
14.87 

2.ss 
2.70 

2.97 

16.25 t 3 

24.37 

31.19 

0.82 I 6 
1.32 
2.06 

I {_;-.. ::•·. 



:l.tion'm-s -2 

2 I 1.17 

I 
1.4s 

2.8< 2 
1.98 

26.)1~ 1 

I· 2.18 
1 o.so 

2.90 0.66 
1 I 

3.75 0.96 
2 

I 2.~ I 6 0.40 
2 I 2 3.13 0.63 
3 2 4.05 0.89 

ld\!bO No. 1 I 1 2 3.63 2.20 

2. 2 4.54 2.SS 

3 2 6.31 3.20 
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