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ABSTRACT

Fractured crystalline rocks and the overlying
overburden, which is derived mainly fromthe in-situ
deconposition of the former, are the two types of
geol ogi ¢ environment in which groundwater occur in Bauchi
area. The overburden is the nost inportant and its
thi ckness varies fromO to about 75 neters.

QGoundwater table elevation ranges fromless than
533 to about 655 neters above sea | evel.

Transrnissivities of the overburden vary from pl ace
to place and range from about 1.03 x 10° to 1,6 x 10™*
m s. Estimates of the perneabilities of the overburden
al so vary and range from about 214+ x 107 to 5.86 x 10°
ms. Yields of boreholes vary greatly from1l. 4+ to 29.50
nt/ h, specific capacities of boreholes lie between 0.06
to 2.32 m/h/mwth a nean of 0.65 n?/h/m

Principal ions in the water are cal ci um and
bi carbonate. The water is generally hard; it is suitable
in chemcal quantity for drinking, irrigation and sone
I ndustrial purposes. Faeces frompit latrines and septic
tanks pl aced bel ow ground surface are the main sources

of groundwat er contam nati on.
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CH/.PTER 1 1

INTRODUCTICN

11 Purposc of tne Vork

Bauchi is the capital town cof Bauchli State in
Nigeria. The populaticon of the arec h=us inereascd
from 61,673 in 1963 to nbout 129,213 in 1986. The growth
in population and industry has increased demands on the
water resources of the area,

[he purpose of this work, cithough primarily a
reszarch project in the partial fulfilment of a Master

f Scicnce Degree in Geology, «hmadu Bello Universidy,

Zaria, is 21so intended to =il thc¢ plenning, develop=-
ment ond mansgoenent of the grounclwatoer resources in
the area,

1.2 Scope of the VWork

The scope of the work includes the collection of
field and available data ana the onalyses of data
obtained to define the cccurrence, distribution, move-
ment, availability, quality and use ol groundwater in
Bauchi arez. The existing water supply scheme in the
area has ulso beun surveyed ond summcrised in this work.

1.3 Field vicrk

Three separate ficl'!' trips were embarked on during

the course of the study, The first involved the location



of some of the boreholes drilled in the arca; shis
was done in August, 1986, The scleetion and location
of 57 suitable hand-dug wells ani the measurement of
water levels in them at the end of the rainy season
(that is end of October and beginning of November,
1986, respettively), was carried cut Jduring the second
round of the field work, The third round of the fiecld
work included the mecsurement of water levels in these
hand-dug wells about the end of the Jdry season, and the
mapping of aquiffers; this was done during the first
week of April, 1987,

Tols  Borehole Numbering System

All the boreholes given in appendix VIII are num-
bered with prefix, Examples are A=8, Ag - 1, BA = 24,
Fg =1, NE - 7, NW - 7, P~ L4, and U = 2, The prefix A
means Army barracks; Ay, Schoeol of agridulture; BA,
Bauchi; Fg, Federal Government Girls College; Py
Polytechnic; and U, Unjversity, NE and NW means northe
east and north-west of sheet 149 respectively. Thus,
borehcle NE » 7 refers to the seventh borehole drilled
in the area covered by the northeeastern part of sheet
149; such boreholes were drilled by the BSADP under its

rural borehole programme,



The borehcles numbered with pr-fix BA belong to
the BSWB while others belcnyg to the respective institu-
tions or estuablishments wherce they were drilled,

1.5 Geale of Presentation

The isopach map of the overburden (figure 6), map
of aquifers and location of water intakes (figure 7)
and maps of configuration of water table {(figures 9 and
10) are presented on a scale of 1:50,000. The geological
and hydrogeologiczl secticns (fipures 6 and 11 respec~
tively) have horizontal scale of 1:50,000; but the
vertical scale have been exaggerated.

The structural mz2p of part of the stuly area with
an original scnle of 1:50,000; the graph showing the
effect of climate on fluctuations in water levels in
an observation well, figure 23 anl! fijure & showing
fluctuations in water levels in two other observation
wells, were also reduced frorn thoir originally drawn
scales to fit in the Al siz¢ paper. The scales of other
figures were selected for convenience in presentation,

1«6 Previous Work

Cne of the first geologic:l investigations in
Bauchi area was carricd out by fzin (1926)., He described

the rocks in general terms as a "gneissose granite



complex cocntaining remnints of still clder gneisses",
He gave detail deseriptions of sone of the rock outerops
in Bauchi and its surroundings,

Up to the year 1948, water supply for Bouchi town
was obtained from about a hundred hande-du;; open wells,
Schroeter (1974). Owing tc the nced fer improvement in
water supplies, the Geological Survey of Nigeria drilled
the first borehocle in Bauchi in 1948,

Tait (1957) investigated sourcers of water for the
Nigeria Railway Corpornticn., JYest pits sround the
?ailway station arca showed groundwater at depths of
4.6 to 5,9 meters. He then svggested & borehole supply
in the area, In what secns to be o follow up of Tait's
work, Cole (1959) curricd out a resistivity survey to
the south =nd south-ezst of Bauchi town determining
depths to unwecthoered rock vorying botween 14..6 to more
than }45.7 meters. O» the basie of this, he proposed a
plen showing the locatiocn of four boreholes,

Pearson (1966) writing on the additional water
supply for Bauciii town, divided the area into three
small basins = Shedawsrnkaz to the north-west, Barkumbo
to the northeeast ond Tambarin to the south of Bauchi

town,



In what can be deseribed as the first detailed
hydrogeoclogical investigations of Bauchi town,

Schroeter (197)) identified the main aguifer to be the
weathered mantle material which is developed on the
crystalline rocks, He also produced two maps, one
showing depths to water tabtle in the O0ld Township area
and the other showing relief of groundwater table and
directions of groundwater flow, The configuration of
relief of water table produced in this study is similar
to that of Schroeter, OSchroeter's work covered only the
01d Township area and the immediate surroundings which
is only about 20 percent of the present study area.

Ine lack of sufficient available data and the relative
low demand of water at the time seewm to be the limiting
factors in his areal ccverage and to the scope of his
work,

Edok - Lter tla.dilas Ltd. (1%7€) carried out hydro-
geological and geophysical investigations of Bauchi area
for the BSWB. The report contain some hydrogeological
cross=sections from results of resistivity surveys, and
the structural map of the area drawn from aerial photu-
graphs, The average depth of the overburden in Gudum

area souti of Bauchi town was given as equal or less



than 20 meters. The average thickness of overburden
material in the Tambarin Valley was reported to be
approximately 35 meters, and greoter or equal to 35
meters in the northern part of Barkumbo Valley. an
average depth of 23 muters for the overburden in the
study has been proposed in this work based on logs
of boreholes,

The most reeent published results of geological

mapping of Bauchi arca is that oi Eboral (1976},



CHAPTER 2

PHYSTOGRAPHIC FEATURES

2.1 Lozation and ipecal Extent

The leocation of the study area, Bauchi and its
Surroundings, is shown in figure 1. Its coordinates
are 10° 15' N to 10° 26" 30.1" N and 9° L3 38,3" E
to 9 54! 13,8" E, It covers 420 km® on the topographic
map 1:50,000 sheet 149 Bauchi NV and NE,

2.2 Relief

The arca is characterised by a hilly topography,
Elevations range from 533 to 783 meters above sea level,

Hills may be isolated with conical, elongate or
irregular shapes, Others occur in a chain forming a
ridge with a serrated outline,

Flattish and gently sloping lands lic between the
hills. Outcrops of crystalline rocks occur scattered
throughout the area and along some stream courses.

The Barkumbo Valley North-east of Bauchi town lies
between two roughly parellel bedrock ridges with a NE
trend.

2,3 Climate

Bauchi lies within the Sudan Savanna region, The

main characteristic climatic feature is a division of
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#) Railway lipe @ Road
Fayalite quartz monzonite (bauchite)

Biotite hornblende granite
Quartz hypersthene diorite
Undifferetiated migmatite and gneiss

Fig. 1 Geological map of Bauchi area. Adapted from
M. |. Eborall (1976).



the year into twe scasons, the wet and dry seasonsg

Rainfull occurs from mid /ipril to October, The
peak of thc: rairy scabon during which more rain fall
occurs is July and er fugust. The distribution of
monthly total of rainfall (for three years 1979 to
1981) at vauchi Airport Meteorclogicali Station is shown
in figure 2, Fipure 3 is the histogram of distribution
of mean monthly rainfuall for ten years from 1976 to
19685, Also detailed records o/ rainfall for the same
period are given in appendix 1. The mean total annual
rainfall for a ten-year pericd (1976 to 1985) is
932,24 mm,

Typically large variations in annual rainfall may
occur from yeir to year for a piven pluce, For example,
at the Beuchi .irport where average rainfall for ten
years is 932,24 ma, only 779mm and 725.6mm rain fell in
1983 and 1985 respectively.

Yearly extremes in temperature range fronm 11.5%¢
at nizht during the cold harmattan scason to 3800
during the day in ~pril snd izy, High temperatures
occur between mid - Fobrusnry and May ond teaperatures
are low during the cold harmettan season from mid -

November to mid = Februnry, The distribution of monthly
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means of minimum and maximum temperatures recorded at
Bauchi Airport for the period 1979 to 1981 is shown
in figure 2. Appendices II and III contain records
of monthly means of maximum and minimum temperatures
respectively from 1676 to 1985,

Evaperation is the process by which water passes
directly intc the vapour state, It can occur from
water surfaces and from transpiration from vegetation,
The teotal loss of water from evaporation and transpira-
tion from land surface and its vegetation is called
evapotranspiration,

In Bauchi, evaporation rates are high partittularly
dﬁring the dry season. Daily water surface evaporation
obtzined from the U.5, Class /A Pan raised above ground
surface ranges from about $,28am im July to about
14,20 in May. . The distribution of monthly means of
daily water surfzce evapordtion for a period of three
years 18 shown in figure 2.

Eagleson (1970) observed that potential evapora-
transpiration is closely achieved froa measurements
using shallow evaporation pans, Potential evaporation

is the amount of water loss due to evaporation and
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transpiration when supply of water is unlimited. The
record of water surface evaporztion from pan measurement
is given in appendix IV,

2.4 DVrainage

Drainage is dendritic in puttern. The streams flow
radially from two main elongzte wetere-sheds; one from
Bauchi to Miri and the other frem Miri to the north of
firi., Thus the twe water-gheds form an Leshape with
its corner =t Hiri,

The main streams in the aren are: the Tambarin which
flows frow the south~-west to the northeeast corner of
the map area; the Sarkunbo north-east of Bauchi town;
tile Shadawanka anc nan meet to form the Tagwaye; and
the Gubi which runs from the north-west to the north-
east of the area, Both the Gubi river and Tagwaye
discharge inte the Gubi Dam. Theve streams are all
perenial but their head ecourscs snd smaller tributaries
are dry during ‘:i'h-e &yy scason,

2.5 Vegetation

The vegetation is of Suden Savanna type, generally
devoid of thick forest but consiste of grass, shrubs

and scattered trees, Shrubs form the dominint vigetation,
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The trees snd shrubs are generally few and smaller on
hills and toneir slopes, Grissy vegetation persists
throughout the yuar-in stream vallcys where moisture
is always availablcs

2.6 Geological Sciting

Gauchi and its surrouncings is situcted on the
bascmont complex of Niseria, made up of crystzlline rocksa,
The complex consists nlmost entirely of granites, diorites,
bauchites, migmatites =nd gnelilsses, Their distribution
is shown on the geological map of the area in figure 1,

The oldest rocks of the area are the gneisses and
Older M:ctasediments believed to be 2irrimean in age,
Ovawoye {(1970) :nd MeCurry (1976€). Through the processes
of natamorphisn, migrmatization and granitization that
took place during at leust two tectono-uetatiorphic
cycles, th. rocks werc lurgely converted inte migmatites
and geisses with some relics of the originzl gnelscee
McCurry {1975). L1he basement complex wans 1l: ter intruded
by & series of intermediate =nd acid plutonic rocks
during the Pan aAfrican Crogeny (#cCurry 1976). These
Plutonic intrusions form what is now known as the

QClaer Granites.
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The volcanic rocks which intruded some parts of
Northern Higeria «fter the Pan African Orogeny slightly
affected this area, This is indicated by the presence
of basalts eneountered at depths of 47.2 and 30 meters
in boreholes B. 102 (Bigi) and NE-1 (BSADP premises)
Pespectivoly. slse some boreholes logs quote among
other things "baslc rock', "mafic dyke", "weathered
mafic rock™. These 'besiw' or 'mafie! rocks are
probably basalis. The pessibility aof basalt intrusions
is even greater when the fzct that the neighbouring
Jos Plateau, an area with a series of volecanic intru-
sions, is taken into consideration. The basalts are
Not seen oxposed on the surface,

Fractures within the rocks prebably developed
during ths early teetonic cyclus that affected the
basement comglex and during the teotonics related to
the granite anc basalt intrusions and during the cooling
of these intrusions,

Recent alluvium, resulting from the weathering
and eroslion of hills and decomposed rock material
developed in-situ on the basement complex, cover a

larger part of the erystalline basement complex,



CliiPTER 3

CROUIDW TR RESUURCES

3.1 ZIvpes of squifers

There are two awadin types @f eqguifers in the study
area, fractured erystnllince rocks and weathered ‘rystal-
linz rocks (everburden) wiich overlie the erystalline
rocks.,

31,1 Eractured Qrystoliine iguifer

(Prinary aquifer)

Freetured erystalline 1ocks underlie z2ll perts of
the area, The reek types that forw the erystalline
basexnent end their occurrsaces are shown on the geolo=-
gical map &f the ~rea in figure 1, The greeter part
of the erystaliine rocks are buried beneath overburden
material, The evystrlline rocis can be eneountered in
drilled wells or hand-dug wells ut voeriable depths.
Outerops of these fresh rocks may occur as flat masses
on the surf-ce, in some streail channels or os hills,.

The enpucity of the erystzlline roeks to store,
2llow movement oot yleld woter chiefly depends on the
extent, pottern, size, opeaness ond eontinuity of the
fractures and tn. degree to which these fractures are

hydraulieally eonacctied. Tabular wnter bodies which



17

fill fraetures vary in thickness :nd may just be
filaments of wrter which are usually of supereapillary
size ‘nd subjcet only to rapid (low. The character of
the fracturing in erystalline rocks is determined by
the physical prop rtirs of th: rock rnd the geglogiszl
processes or  henomens thiot hive acted upon them,
rragturin, in tn. stuuy area is due to Jjointing,
faulting and shoaring probably associated with the
Pan african orogeny and the late intrusions gf vplcanics
intc the basement =nd their subsequent erystallization,
These processes ean result in the formation of both
surficinl, shailow and deep fi.ctures,

Fracture permenbility decresses with depth as
Joints, faults «nd cth.r fracturcs close due to the
weight of overlyins caterial (Duvis und DeWiest, 1966),
Freeze snd Chorry (1979) hove pointed out that rocks
maintzin much oif tn-ir brittli- ceirrrcter to depths of
some kilometcrs belouw the surface and therefore fracture
permeability cnu exist to grent ueptias, Evidence
comucnly quoted 15 the flow of waiter into some mines
and twmels ot greot depths 2nd large enough to supply
water to wells in some casces., Freeze and Cherry (1979)

went on further to declare thot "in erystalline rocks
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dry mines sre the exczpticn rathor then the rule',

fFroctures in lup-rvious rocks eontrol thg permea-
bility of the rock and Hilehie (1978) estimates the
permeability of fr-etures to be - function of fraeture
width, that is:

K = 50,000,607 x (width)2

K = Permeability in aarcys =nd width in inghes,

This estimzte ol fraicture permeability indicates
the reason why froctuires thoup. contiributding only a
small porgsity, can eompletely éontrol water movement.

Most ot the frzcturce zoncs are usually buried
beneath ths overburden w.terir! from wnich it mainly
rceeives 1ts reeharge, =ad it requircs more detailed
methods of geologicrl investigation in order to
delineate them. Fizure i is * structural nap of some
pazrt of the study orca showing the manjor fractures.
withir the erystolling basemernt. The map was plotted
from aerizl photographs taksn in 1963, The map shows
that th. bascu.nt generslly h-s 2 low percentage of
fraictures although zones of highly fr-ctured rocks
occcur., Four main dircctions of froeturing can be dis-
Cerned: NNW - 53, NNE - 35W, one epproximztely N - S,

end the othuer SW - JE direcetion,
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Boreholes that penetrate the zones of fractures
will have inecrcased yiclds, Borchole BA 21 taps water
only from the crystalline-rocks and has a yield of
13,64 m>/h,

In general, however, yields of wells in ecrystalline
rocks zre low und when they have high yields, the yields
often decrenses quickly with timcj usually the cause
is insufficient storerse of groundwater near the well
(Davies o2nd Dewicst 1966).

The oecurrenc e znd distribution of the fructured
crystalline aquifer at the surfaee and at shallow
(inferred) depths is shown in figure 5,

3.1.2* Qverburden (Secondry) Aguifer

This unit consists mainly ol inesitu decomposed
crystalline rocks, /it shallow dcpths, the in-situ
decomposed rocks are characteristiczlly clayey, brown
te reddish brown ferruginous #nd Interitic, They are
fairly densc but not cementod and usually have some
dessication cracks. <‘he decomposed rocks overlie the
crystalling rocks =2nd are largely covered by 2 thin
layer of surficial materiesl consisting mainly of sands,
gravels, silts, clays and locnl inter-mixes of these

materials., Thesec naterivls were derived from the
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weathering of adjaeent hills; the wenthered matericls
were transported and deposited In lower linds and

strean vclleysy The thickhess of these surficizl
mnterials runge frow zere to stoul tivree meters but

may reneh eonsider ble depths in some few arcas.

Because of its am=1l thiekness, it will be considercd
tcgethc; witia the inesitu decomiuosad rocks as one water
bearing unit, trat is the overburden agquifer. The over-
burdcn ean therefere be described 2s a sceondary zquifer
sinec its gterdils cre dorivatives of the erystalline
rocks or priuwcry aquifer, the geologierl section
showing lithologilal units of the overburden layer is
shown in figure 6,

The oecurrenee nd wovenent of woter in the overs-
burden depends on its thielioss, the severity of
deeomposition und the nydraulic charicteristics of fhe
materi-ls thit euonstitute it, The degree of decomposi-
tion is largely n funeti:n of [rocturins: of the parent
rocks and tc sonme extent on the alneralogical composi-
tion of the pareni rocxks,. deezuse vf the areal variation
in the degree of fr.cturily znd nineralogical composition
of the parent rocks, tho aydisulic eharacteristics of

the resulting vverburden —quifer vory from place to place,
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Fracture zones in crystallire rocks are aweas of
e e wealhering than urnfractured areas. Thus the
verivrcoen developed ir-silu ir fractured zones
ikl fave higher vermesb:ilibdices and Loreholes sited
in such areas will yield more water. Correlation of
tte elructural map figure 1 and map of location of
toroholes figure 5 (both on a scale of 1:50,000) show
that 18 bLoreholes are located on fractures and have
an average yield of 11,79 m?/h while 42 toreholes are
not located on fractures and have an average yield
of 7.37 m3/h. Examples of the boreholes located on
froctures are BA 2, bA 20, BA 24, BA 53, BA 64 and
BA 70 (with yields of 12.55, 15.91, 15.91, 12.20,

11.37 and 9.51 m3/h respectively),

The overburden, though a secondary aquifer, is
Lhe mojor source of groundwater irn the study area and
wuel ¢f the boreholes so [ar drilled are completed
wvithiin this unit. “Yhe cvverburden forms small ground-
water basins which are izcleated between uncerground
domes and ridges and which outcrop as fresh rocks.
Depths to unweathered bedrock (thickness of the over-
burden) vary from place to place and range from 0 tc 75
melers, 7The averaqe thickness of overburden material
from the logs of 34 boreholes which penetrated the

viweathered rocks is abtout 28 meters. Average values
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cf 30 to 40 weters in "drift eovered basement rocks"
in lilzerin has been reported oy Faniran (1972). The
isopseh uap of the overburden is shown in figure 7.
The map was drawn Jrom records of borcheles that pene=-
trate the eérystalline rocius ¢nd those Bompleted within
the overburden., In deaswing the m2p, hills were
regarded as outersps of erystasline rocks where there
sre no overburden ecvery The berehcles (whose records
were used in constructing the map) are few and not
evenly distributed. Thurefore the map is only a first
approximation,

Saturated tn%eknuss af the gverburden varies in
response tc fluctBations -f the water toble. The whole
thiekness of the overburden way be saturatzd in scome

Plzezs, like marshis, curing the rainy season,

Yields of wells are varisble and depends on the
thickness of the cverburden =nd its hydraulic characteri-
stiecs, The yiclds of bourehcles completed within this
unit range widely from 1.14 to 29,50 m3/h witia an
average of about 8,1 mB/h. ¢+ Limited number of high
yields have been obtained in some boreholes, For examplce,
borehcle nunburs 8Bi. 32 loc-ted in the Barkumbo Valley

has a yield of 29,50 m3/h (6;90 gallons per hour) and
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BA 15 around the airport area has a yield of 22,73
m3/h (5,000 gallons per hour).

84 borehules have drewdown data. The drawdowns
in the borcholes very grestly ond range from 3,14 to
36 mcters. Of the 84 burehcles, 34 have drawdowns
between 0-10m, 4O have drawdowns ronging frem 11-20m,
9 have drawdowns varyiuag between 21=30m 2nd I have
drawdowns greater than 30m,

The distribution ¢f the overburden is shown in
figure 5. Thoer are wore extensive to the southern
and nerth-western parts of the study area,

3.2 Recharge and Movenent of Groundwaoter

The aquifers are recharged mninly by infiltration
directly from rainfzll, The amount of recharge depends
on the permecbility of the materials at the ground
surfzce, vegetantion cover; intensity of rainfall and
on the moisturc zountent ©f the materials infiltroatod,

Discharge from the aquifers occurs noturally
through springs, scme stream courses and by evapotras-
piraticn where the water table is at or near the jond
surface, Discharge =21lso oeccur at cliffs of quarry sites

and to wells #nd borehclcs in many places,
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The general directiovns of groundwater flow in
saturceted parts of the overburden aquifer can be
determined oy water t ble contours. Groundwater flows
in the direction of decreesing head; that is from areas
of recharge to points of discharge as streams, springs
and wells, The directivns of groundwater flow are
indicated by arrows, sece fi.ures 9 and 10,

3.3 Water Table

The water table is the level =t which water stands
in wells and bureholes thet penctrate the zone of
saturation. In froctured impervious rocks the water
toble is the surface at contact between the water body
in the fr=octures cnd the overlying ground a2ir that
projects intc the fractures to the water - air contact.
The water tablc is interruptced by the impervious rock
between the fr ctures. Interconncctivns in fractures
may extend cver iarge areas or the water in & single
fracture aay b disermnccted with the water in adjacent
openings.

Figure 2 shows a hydrograph of water table in
an cbservation well, 34 65 located in Gudum area,

Fig. 8 shows hydi.g.ephs of water table for two obser-

vation wells Bia 116 and Ba 79 located in Bigi and
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Barkumbo Valley respectively, Fluctuations in water
level in BA 65 are large compared to those in BA 116
and BA 79, Fluetuations of hydrggraph give a general
insight into the drzinage and storage capacity of the
aquifer, Large fluctuations are generally associated
with small storage capacities and large unsteady sube
surfzce flows, while small fluctuatiocns point to large
Storage capacity.

In general water leve. rises with increase in
precipitation and declines with deerease in precipita=-
tion, The water table does not respond imwediately
with on set of rzcins in this aret, sce figure 2. The
first rains at the beginning of the wet season, April
and May and scmetimes early Junc dc not appear to affect
the water tnble¢ especially in scwe areas where it is
deep (see figure 2)., This can be explained thus:
infiltrating wecter from precipitation has to perccolate
to Jjoin the groundwater and for the water level to
start rising percclation rate must exceed rate of
drainage from the agquifer,

leasurements in hand-dug wells (appendix V) and

in observation wells (=2ppendix VI) show that the water
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table in Bauchi area is peneral.iy shallow belew ground
surface and it ranges from less tian one meter in the
rainy season tg zabout 11 meters in April, vhen
referred to sea level, the water table elavation ranges
from about 533 to about 655 meters above‘§ea level.,

See Tigures 9 anc 10 for maps of water taple at the end

of the rainy seaoson and dry season respeetively.

3¢.3¢1 End eof rainy Seaspn

The water table map at the ena of the rainy season
is based on the statie water levels in hand-dug wells
measured at the end of Octeber and begzinning of
Hoveumber (1986) and on the surface altitudes of stream

:

channels, Wwater levels measured in borehéles, at the
time they were drillsd in previous years,;were also
used in drawing the map, In this case ondy boreholes
that were drilled in COctober or . ovember, were used.
This consideration is based on the assumption that
fluctuatiens in water level from year to year at a
given place and time is small,

Figure 11 is & hydrogeolesgzical eross secticn

Showin: the two aquifers in the study area and the

position of water tablg at the end of the rainy season,
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The sceticn alsc shows that the water table is a
subdued versicn of the land surface,

3.3.2 Dpry Scason

Water'levels in hand-~dug wells measured in April
range from 1,5 te 11 weters belgow ground surface. The
water table map is shewn in fisure 10, The map is based
on the water levels in hand-dug wells measured during
the first weck of April 1987 and the surface altitude
of stream channcls whose courses contain water. It is
alse based on the fact that the water table is
relatively shellow in stream valieys or channels,

In both water table maps contours across hills
are broken Leeause of the uneertainty of whether or

not the fraetures within the -erystalline rocks contain

w"lter'.



CHAPTER 4

AQUIFER ALD BCREHCLE CHARACTERISTICS

L.1 Acsuifer Test

In the mojority of boreheoles so far drilled in
Bauehi area the oniy availzble data for evaluating
aquifer performance are yield and drawdown, Pumping
test records are a2vailoble for twenty-éne borcholes
completed within the overburden 2quifer. The results
of thoese tusts iiave beeil used to estimate scme hydraulic
characteristics of the aquifer,

No obscrvation wells wer. &onstructed or used for
the purpose of the pumping tests and all measurements
during the tests were taken within the pumped boreholes,

In some of the vorehecles tested the pumping tost
was carried cut in 2 gingle - stage, some were in three
stages while othors were in four stages.

A single - :sunge pumping test is one during which
a constant yicld is maintaincd tnroughout the duration
of the test. & three = stage pumping test is one
during which theec yiclds ere used., Thus the test is
started with 1 swell yi:ld and held eonstant for, say,

one hour; the yicld is then ingreaszd and also held
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constunt for another, say, three holrs after which the
yicld is inere ved for the #aecond time wnd %ept constrnt
to the cnd of the pumping f;st. For a four = stage
pumping tost, the “bove procedure is earried on to a

fourth quantity of yielad.
In all the t-st, the duration of pumping was

short and range from ong hour to 8 hiours,

L.2 Aquifer Cherscleristies

The hydraulic cherocteristics (or aquifer
charﬁctcristics) dependt on its ability to transmit and
store water and is defined mainly btv taree quantities
namely: Coeffici.ut of Traasuissivity (or Transmissivity)
Coefficient of Sicrage (or Storativity) and Coefficient

of Permecbility (or Permesbility).

e2.1 Tronsmisdivity

Todd (1980) defineu Irﬂnsmissivity.of an aquifer
as "the rate at wiiich weter of prevailing kinematic
viscosity is trangmittid through @ unit width of the
aquifer under o unit hydraulic gradient" and 2s such
is the proauct of Perugrbility nd the saturated thicxness
of the squifer, =né c2n be written as:

I|=Kb C L O I TR I B I I (1;01}



where,

T = Lransmissiyity with units of area per unit

time for example, mzlday or mzfss

K = Permeability with units of velecity, for

example, a/fs

b = Saturated thieckness, with units of length,

for example, metcrs,

Estim-tes of Ironsmissivities Qf the aquifer of
the everburden et th: various locations in threc well
fields (Bigi, Barkumbo Valley ~ad Gudum) were made
using borehole recovery measurcm=nts., The ‘ransmissi-
vities vary from plage to place ant range from 1,03 x
10-5 to 1.6 % 10"'1-1- m2/s. The computed values of the
Transmissivities ngainst each borebole in which the
test was conducted are given in Table 1,

For the c:leulation of Transmissivities, Jacob's
modified non-equilibrium method wos used., The relevant

formuls is:

( !
= = E."’.?B{. 108 L ;,t sessesenn (LI..Z)

where,
s!' = residual drawdown in meters

Q = yicld in m3/h
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TASLE I

HYDRAULIC CHARACTEUISIICS OF TirS OVERBURDEN

AQUIFER IN BAUCHI AR

B ! ! S~turated ! gﬁf??ﬁe Average
_ N | Thickness 1?a§ﬂmis~ Egrmuabi-
Borchole Yicld | (b) sivity lity (X)w/s
No, m3/h : Qf the N (I)'ﬁr the] of Fhu
i | agquifer in} aquifer agquifer
L meters L mH/s penetrated
: U T A -6
51 11,437 38,18 5.3x10 1.39x10
53 112,20 ! 31,23 ! 1.6x107™%* [5.12x107°
s6 | 5.6 | 23.66 ! 2.6x107° [1.10%107°
57 ! 5:L6 L 138 3.1x10-% 2.30x107°
58 | 6.66 28,12 ! 509x10™° | 2.10x107°
& [13.50 23,91 | 1.ux107™* | 5186x107°
62 | 7,27 | 25.55 | 3.8x107 [1.49x107°
6 111,37 25,15 9.2x10~° | 3.86x107°
70} 9.56 | 35.06 5.7x10° |1.63x107°
7 ) 6.s bkl | 2.6x407 | 6.3x1077
7 ’ 5,73 20,08 2.3x10™ 1.1jx10-6
82 10,91 26,88 1.05;«.10"LL 3,q1x10'6
8L 29,50 38,13 ; 1.0;;%’x10“"I 2.75x10'6
85 6,77 | 25.35 2.30x10"5 9.07x10'7
101 740 51.90 1.95x10-5 3.76x10-7
102 5.40 48,10 1.03x10'5 2.1ux10'7
106 10.46 L2 .60 6.62x10> 1.55x1o'6
M7 Q.43 34.23 1.h9x10-h u.35x10'6
118 7.96 L1.26 h.72x10-5 7.1ux10-6
119 6.2 30,56 ' 5.60x10™7 1.83x10'6
120 6.55 §1.88 1 z.ux1o”5 5.73x10'6
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t = time or duration of punping in minutes

t' = time of recovery measurements in minutes

T = as defined enrlier

The formula is derived by mathematical treatment
of the Theis equation,

In the =2bove method of procedure for analysis of
reccvery data is to plot the residual drawdowns, s',
in meters on the coordinate seale of 2 semilog paper
and the corresponding values of the tim: ratio (t + t')/t!?
on the logarithmic scale,

I'ne slope, As', per log cycle and the Transmissivity,

T, are related by:

o 2.2303Q
T beAB' L (11-03)
Figure 12 is a worked example of calculating
‘ransmissivity using recovery datz for solution of the
non=equilibrium method, The borehole recovery data

used for this example is given in appendix VII,

Le2.2 Storativity

The storativity of an aquifer is defined as the
volume of water released from or taken into storage per
unit surface arez of the aquifer per unit change in

the component of head norm2l te the surface., Under
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BOREHOLE NO. 84 (SINGLE STAGE TEST

SWL =
Yield =

8.50 m/h
29.50 m3/h

Slope per log cycle As' = 14.3 m

Transmissivity, T.

= 2.303 x 29.50

4 x 3.14 x 14.3 x 360

3 Bm\m

il
o
v
*
(=9
o
3
~
0

t = duration of pumping, 180 min.

t'= time of recovery measurement.
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water-tzble (unconfined) conditions, such as those
of the Bauehi aresa, the storotivity is equal to the
specific yield c¢f the aquifer uaterial dewatered
during pumping,

The stor-tivity can not bce determined by the use
of analysis of recovery dsta, It is an important
paramcter beeause it indicates how wuch water can be
removed by pumping ¢r draining from the aquifer,

The specific yivlds of the overburden aquifer
material were also not deteriiined beezuse laborutory
test of samples of the aquifer material:was not carried
out due to lack of facilities,

b 2.3 Permeability

Permeability of an aquifer is defined as the
rate of flow of fluid in the aquifer. The relatiocn
between Permeability and Transmissivity is given in
equation (4.1), from which;

K = % sonwwws Klkell)

Using the above equation, the average Permeabi-

lities of the aguifer material at various borehole

locations were estimated for the value of the saturated

thickness of the aquifer during the pumping test.
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7 to

The Permeabilities vary and range from 2,14 x 10
5.86 x 10-6 m/s. See table 1 for the average
Permeabilities of th:o overburden aquifer at various
borehcle locations.

The range of Permeabilities Ior the overburden
aquifer stated above, falls within the range of
Hydraulie Conduetivities quoted as "moderate to low"
and whose representative geclogic materials are given
as "fine sand, silt, clay and mixtures of sand, silt
and clay" Todd (1980), It emn easily be seen from the
logs of the borehcles given in appendix VIII, that the
rzpresentative geologie materiuls quoted above consti-
tute most of the uaterials for the overburden aquifer
of the Bauchi arca,

Also the renge of estimated Permeabilities for the
overburden aquifer of Bauchl area represent porosities
of 30«35 percent (The pen University Course Team, 19/0),
Thus, in the absence of any laboratory determinations
of porosities of the overburden material in Bauchi area,
a rough aversge of 30-35 percent can be assumed.

Porosity is the percentage volume of rock occupiced by

PCre space.
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L.3 Berehnole Char-cteristics

li.3.1 Depths

I'he depths of the borchcles are between 15 to
91.4 meters., Depths of 98 borcholes are known and
about 80 percent of these lic between 20 to 50 meters
below ground surface, Of the 98 boreholes depths, 6l
wére eonpleted or finished within the overburden and
3Ly penetrated the unweathered crystalline rocks, The
depth distribution of the boreholes is shown in figure
13

Lh.3.2 Yields

Yields of 92 boreholes are available. The yields
vary widely from 1.14 to 29,50 m3/h with an average of
5,1 m3/h. 70 percent of th. boreholes yield between
0-10 /.

Most of the boreholes tap water from the cver-
burden while oihers top from both the overburden and
the crystalline rocks. Only one borehole, BA 21, taps
water solely from the crystalline rocks.

Figure 14 is a histogram sihowing the distribution
of yields of 92 borehcles drilled in the arca.

Because most of the yields are small and only a limited
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number of high yields occur, the histogram ¢f yields,
is skewed to the right,

However, the yiclds obtained are considered good
under the prevailing geologicsl eircumstances.

L.3.,3 Specific Capacitics

The Specific Capacity of a well is the ratio of

the yield of the well tc its drawdown, or

Yield

Specific Capacity = Drawdown

.

It is exprcssed as volume per unit time per unit
depth of drawdown; for examplc, cubic mcters per hour
per meter of drawdown (mB/h/m) as usced in this work,
Specific Capacity depends con tne Transmissivity of &n
aquifer and the well construction fsetors, such as
screen type, well diameter, degree of zquifer penetra-
tion and completeness of well development, Thus, it
describes the productivity of both the aquifer and
well in a singlc parameter. The greater the Specific
Capacity the better the wells

The Speeific Crpacity of a well is not constant;
it deereases with decrease in yicld and increase of

time of pumping, BEven for a eonstant yield, the Specific

Capacity decreases slightly with increasc in time of
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pumping, Despite these limitations, it is still eon-
sidered & useful conccept,

specifie Capacitics for 81 borecholes were caleula-
ted. They range between 0,06 to 2,32 m3/h/m with an
average of 0.65 m3/h/m. 85 porcent of the boreholes
have Specific Copacitics between 0-10 m3/h/m. Tﬁus thel
histogram of the distribution of Specific Capacities
is skewed te the right, Sce figure 15,

Lot Relationship Botween Borehoi@ Depth and Yield:

and Hetween Inickness of Overburden snd Yield

Fipures 16 and 17 are scatter plcts showing the
relationships between depth and yield wnd befween
thicknsess of overburden and yielsd respectively. From
the scatterplots, it sewms the relationships between
the two sets oI variebles are not clear,

The Pearson Linenr Ceorrelation Coefficient (r)
which is an index or measurce of closeness of the linear
relationship betwoeen two variablcs were determined,
The r for depth and yield is 0,32 and the r for thick-
ness of overburden und yield is 0.43.

Correlation coefli¢ients range between =1 for a
perfect (negetive} relationship thriugh zero for un-

correlated varisbles to +1 for perfect (positive)
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relationship, From the correlation coefficients
obtained, the relationships between depth and yield
and between thickness of oveérburden and yield are both
weak or low, The relationship between thickness of
overburden and yield is however stronger tnan the
relationship between depth and yicld,

Because cf the weak relationships between depth
and yicld and between thickness of overburden and yield
due probably to the hetercgenous nature of the aquifers
pPrediction of well yields for new borehcle sites based
on correlation studies is not rcelizble, The wells
with high yields hove depths of 30-48m, It may there-~
fore be reasonable to assuwe theot hiph yields are due

to fracture zones.
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CHAPTER 5

WATER QUALITY

5.1 Cheunica2l Quality

Chemicnl analyses of scventeen water samples are
given in appendix IX, The analysis of water sample
from borehole BA 3 show that the principal icns are
those of sodium, calcium, bicsrbonate and chloride.

Because of the ncon-availebility of sodium,
potassium #nd bicarbonate data in nearly all the analyses
the presentation of analyticel results in the form of
trilinear diagram is not possible, Schoeller Semi-
logarithmic Diagrams (figures 18-21), have been used to
illustrote the water chemistry.

The concentrations of the principal ions are
expressed in milligram equivalont per Litre (mg Eq/L)
and are indicated or plotted on the logarithmic scale
of a semilogarithmic paper, The points thus plotted
are Joined by straight lines., TI'he Schoeller Diagram
show the absclute value of each ion and also the con=
centration differences zmong the various water analyses
reprecsented on it, Curves of siuilar shapes indicate
similar hydro-chemical compositions,

The analyses show thot the pH ranges from 6.4 to

8.3, that is from slightly acidic to slightly basic,
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Hardness of the water has been given in nearly
all the analyses, "Hardness of water rel-ates to its
reaction with soap =2nd to thc scole und {nbrustations
accummulating in containers or conduits where the water
is heated or tr nnsported" Bouwer (1578), Although
hardness is expressed in terms of dissolved Cn003 con-
tent, it is due to several salts including carbonates,
bicarbonates, sulphotes, chlorides und nitrates of
caleiunm and magnesium of which ealcium biearbonate is
the commonest. Thus the total hardness of water is
usually divided into carbon=ste and non-carbonate hard-
nessi If the hardness as CaCo3 exceeds the alkalinity
as CaCoB, the difference between the two is the non-
carbonate hardness,

From analytical results, the hardnesg in nost of
the szmples r-nze from 60 to 120 mg/1; hardness within
this range is described as mcderate, Hem (1970). Few
of the samplcs are however very hard with hardness
greater than 180 wg/1. The hardness in all tha analyses
is mainly due to bicarbonute ions.

A compl~tec .nnalyses for the major ions from borehole

BA 3 show that the water is essentially a sodium -
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caleium - magnesium - bicarbonate water. Iron.sulphate,
anmonium 2nd nitrate are low in concentrations, Sul-
phate is cbsent in some of the analyses, Nitrate
concentrations are relatively high in few of the
analyses and may indicate polution. The low iron con-
eentration will prebzbly present no problems in the
distribution mains. Total Dissolved Solids (TDS)

range widely from 60 to 300 mg/L, Ionic eoncentrations
fall within acceptable limite by World Health Organi-
zation (WHO) for domestlec supplics, The SodiumAdsor-
ption Ratio (SAR) determined from the analysis of water
aample .fyom borehole BA.3 .show that the water is suitable
for irrigation, Except for the hardness in some
analyses, the water is suitable for most industrial
purposes. Sece appendix XI for weter standards.

5.2 Biological Quality

Pathogenic organisms excreted in the faeces of
persons include bacteria and viruses. These organisms
occur in scme contaminated waters. It is therefore
important that water contaminated with these organisms
be disinfeeted before use,

Only a few pathogens are usually present in

poluted waters, hence the high frequency of negative
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laboratory tests eould be mwisleedin,, For this and
other reascns, bacteriological quality of water is based
on testing for nonu-pathogenic inaicstor orgnnisms
mainly the Celiform group, Celifcrm bacteria are
exereted in larg. numbers in th:e facces of infected man
and other warm blooded anim:-ls, Ithe Coliforms are
easicr to detect and almost n2lways greatly outnumber
the pathogenic ones in fecces. Consequently, water
contaminated by faecal poluticn is identified by the
presence of Coliform bacteria, If they are absent it
can general.y be inferrcd that the pathogenic ones are
nli% absent,

The Coliform test or count weasures the Most Probehb?
Number (MPN) cf Coliform per 100 ml of water. A count
of one Coliform per 100 ml is generaliy specified in
many drinking water standards as the maximum permissible
Waters with MPlN greater tinen onc Coliform per 100 ml
need sterilization before egnsuaption,

Escherichia Cali is a typical Coliform bacteria
and is of faecal origin, Thus, its presence in water
is a confirmation of faee2l polution,

Bactcriclogieal examinaticn of some water samples

are given in appendix X, Theé number of micro-organisus
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that grow on nutrient agar et 37DC exceed 200 in most
of the samples, This test is however, of little sig-
nificance in deteeting the presence of faecal contami-
nation since organisms of all types present in the sample
capable of growing under the imposed conditions will be
counted., However, large number of growth as sgeen in
some of the analyses, may indicate faecal contamination;
thus the presence of Coliforms as a confirmatory test
for faecal contamination should further be ascertained,
In nine out of the twelve groundwater samples
examined for bacteria, Coliform bacterin have been
detected with the MPN exceeding the permissible limit,
Furthermore, the pfesence ol Escherichia Coli in five
of the samples (that is from boreholes BA 22, Ba 23,
BA 30, BA L2 and BA 129) confirm faecal polution at
the locations of these boreholes., It is interesting
to note that +hese boreholes =r¢ infact located in
residential areas where the sources of the faeces con-
taining these Coliforms might be pit laterines and or
septic tanks.

5.3 Sources of Groundwater Containination

Sewage and facces placed below ground surface,

mainly in septic tanks nnd pit latrines filter directly
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downward to the wocer table, where it can migrate into
the groundwater flow system, These are probably the
main sources cf groundwater euntamination in the area,

Refuse, dumps, livestock and fowl waste disposed
on land are lerche¢d into the groond. The le?chatc
contain both incorgesnic 2nd crzinic eontaminagts, Also
rain storm carries contaminants into discosal basins
where some of them percolate down to the groundwater,

Pocrly abandoned wells ond boreholes facilitate
movement of eontamnincnts into the groundwater. Agri-
cultural activities through the application of fertie
lizers and pesticidc are notentinl sources of ground=-
water contaumnination,

As seen in the bacteriological examination,
groundwnter in Bauchi area is vulnerable tc contamina-
tion, particularly, faecal polution beeause the water
table is shallow,

Contamination may be intermittent and may not be
revealed by analysis of one water samble. Results of
analyses provide inferaation on the conditions that
prevail a2t the time of saupling and a satisfactory
result is not a guarantec that the conditons will

pergist in the future, Therefore periodic examination
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is desirsble to cscertain the nature, degree and
possibly, the sources of the contaminants, and to tzke

necessary action if contaminaticn is evident.



CHAPTER 6 r

PRESENT WATER SUPLLY SCHEME AND WATER DEMAND

Water supply in the Bauchi arca is derived from
two sources, gfoundwater =nd surfoce water,

611 Groundwater

Groundwater is tapoed turough bereholes and hand-
dug wellsg:

€.1.1 Soreholes

The first borehole in Bauchi area was drilled in
1948 by the Geclogical Survey of lilgeria and in that
year, three boreholes were drilled, At present more
than 150 boreholes i1 ve been sunk in the area, The
majority of the borelivles were drilled by the BSWB3 some
through contract and cthiers by its own drilling crew,
Avajilable records of some of the boreholes are given in
appendix VIII, 01 the berehocles sc far drilled, only
about 55 are in operation, Some have been abandoned
while others have not yet been comtissionedg The loca=-
tions of 83 borehcles are shown in figure 54

The BSWB man..ses 42 of the operational boreholes
and 3,64 million liters of water per day is withdrawn
from these bereholes. Some establishments have their

own boreholes locuted within thoeir premises; there are
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eleven such boreholes., Also eight borehodes fitted

with hand-pumps have been drilled under the BSADP rural
borehole programme and are located inm Ymrious iocalities,
mostly villages. The total daily yield that is obtained
from all the boreholes not owned by the B3WB is estimated
as 1,46 million liters, This therefore means that the
total daily yjeldg frpm all operational borehcles is

5.10 million liters,

There are three m~otheds in wvhich weter is withdrawn
and supi:lied to the area from the boreholes.

In the first method, water is pumped from a group
of borehcles located near each other intp a booster
station. A booster station consists of a relatively
&mall underground storage device equiped with a pump
house, Ite function is te bcost the flow of water
into the distribution mains, lhere are five of such
stations located at various places with .storage capa-
eities of 5,460 liters each, Frow a booster station
water is then pumped either direetly intc the distri-
buticon mains or into large storzage tanks located on
high ground, mainly swall hills, Wwater under gravity

flows from the tanksthrough systems of distribution
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mains te various places, for exanmple, households and
public taps. Three storage tanks are served by the
booster stations. Two of these huve storage capacities
of 227,300 liters and are located to the north-east

of Bauchi tewnship, at Ibrahim Bako and Adamu Jumba
housing estates, respectively. 'The third one is located
on Jahun hill and has a storage capacilbl y ef O.uSI
million liters,

The second method involves the use of mebile
vehiele tankers owned by various goverhment agencies,
private establishments and individuels. In this method,
water from boreholes is pumped diggetly into the tankers
to be distributed to various points of need, This
system hasgs helped to a great extent where distribution
maing are lacking, mainly nea®dy villages,

The third methoed by which water is taken from
horeholes i5 found wmainly in villages where the bore-
holes are fitten with nund-puups. Water is drawn from
the berehole directly into containers by the individuals
by operating the pump.

Boreholes equipped with mechanical pumps need
regular maintenance and are oniy available near or in

Bauchi town.
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6.1.2 Hand-dug Jells

Dug wells are the earliest and coomenest means
through which groundwater is taponed, It has been tne
main source of water long before poreholes were drilled
and still remains an important source ol groundwater
supnlies to many people, households and villages.

fhe wells are shallow with the deejst ones
reaching only about 14 neters., +he earliest concrete -
lined wells were dug by the fciuer Hative Authorityy.
liost wells are now dug and owned by individualses

Some of the wells, especila.ly the deeper and
properly sited ones yield relatively large quantities
of water and contain wates throughout the year. Many
of the wellis, however, contain little or no water
during the dry seasorn,

The %otal quantity »f water yield from the wells
is difficult te -.timats Lue s will probably 1ieach
several thousand liters per day. ‘he daily total yield
of wells will be greater in the rainy seasons than in
the dry seasons,

' 6.,1,3 Groundwater Storage
The quantity of water in ground storage is one of

the basic requirements in the proper planning,
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development and management of groundwater resources.

The groundwater storage in the study area has
not been determined in this study beeause of the absence
of, gauging stations that could have provided streanm
discharge records; lack of complete meteorplogical
data: and absence of some aguifer tesi data and other
faeilities that can encble determination of the storage
coefficient of the overburden aquifer,

It is hereby proposed that the present total daily
pumpage from boreholes be used as the safe yield., OSafe
yield is the rate at whichlgroundwater can be withdrawn
without causing a long term deciine of water level
Beuwer (1978). The total daily pumpage from boreholes
is about 5.10 million liters,

6.2 Surface Water

6,2,1 Gubi Dam

Cubi dam is located in the north-eastern part
of the projeet area and about 11 kilomcters north=
ecast of Bauechi town., Work on the dam started in 1979,
Construction of the dam has been through direct labour
of the BSWB and contract has only been awarded for

minor finishing touches.
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The damn is sited at a point whore three sfreams
converge in the North-eastera part of the map area,

The totzl cetchment arca ol the streaus that contribute
to the iake h&as been given as 179 km2 (Bsws, 1982).

It is an earth - zoned dam, BSWB record show the
lake nas a surface area of 530 hecters and the maximum
flood level of the da. is estimnated at 559.04 m asl.
The total storage capacity orf Lhe dau at full supply
level (that is at 557.0 m asl) is 38.4 willion eubic
maters §r water and thc dead storege level below which
point water cannot be wiLhdrawn is 545m asl, The total
volune of water that can be withdrawn at full supply
level (or active storage cepacity at full supply level)
is 35,15 million cubic meters. «ctive storage at any
peint is the quantity of weater thay is i1n storage between
the elevation or level ol that point and the de:sd storage
level,

A treatment plant has been constructed through
contract wori near che da.. and its aaximum treatment
capacity is 5.45 miliion liters per day. The size of
the present treatment plant is swall and was designed
to treat water from a temporarv impoundage while work

on the dam was going on,
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Chemieal and bacteriological analyses of water
Irdm Gubi dain are given in appendices IX and X respec-
tively., Because the quaiity of the water is good,
commonly applied treatment processes. which are easy and
within reasonable economic liwits, are employedi The
treatment reguired are in four stages and are summarised
below:
Straining: Water from the dam is passed through metal
screens that vary in coarseness (coarse to fine). The
process removes possible floating or cuspended debris
and living organisms in the water,
Stérage: Sedimentary particles which escape the strain-
ing process settle on the bottom of the storage or
sedimentation tanks. Lhe process is speeded by addihg
coagulant like alumn, Alz (Soh)B' 7H20 which flocculate
the very fine clay particles.

Piltration: Water from storage reservoirs still contain

d{ssolved constituents as well as finer particles and
small organisms, The water is allowed to filter through 2
sand filter tnak with filter beds consisting of an upper
layer of fine quartz sand and a lower layer of coarse
sand and gravel. The fine layer acts as a wicrostrainer

and traps finely suspended particles and small organisms:
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it is about one meter thick, The lower lays is about
30 centimeters thick and here other bacteria complete
the decomposition of any organic matter in the water,

Sterilization: Most of the bacteria in water are removed

by filtration and the remainder are killed by adding
chlorine. The quantity of chlcrine added is such that
it is not harmful but enough to kill the remaining
bacteria.

Treated water is pumped from the treatment plant
into two large storage tanks, One of the tanks is
placed on a 15,2 meter tower situated along Maiduguri
road; it has a capacity of 0.45 miliion liters. The
other one has a capacity of 0,91 million liters and 1is
located on a small hill west of Bauchi town. Water
from these tanks under force of gravity flow through
the system of distribution mains.

Construction of two additional storage tanks with
capacities of 11.4 million liters each are nearing com=-
pletion., Both reservoirs are situated on Waubai hill
north-east of Bauchi township; these are expected to
be served by the dam,

At the me~-1t. ahen+ 100 km of pumping and

distribution mains have been laid in an. around Bauchi
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6.2.2 Streams

Some villzges do not h ve the hand-pump-fitted
barenholes or have no dug wells for their water supplies.
Such settlements are often found along or near stream
courses, These villages depend on streams whose
reaches contain water even during dry spells. Examples
of such villages include Dungulbi, Rusa and Tala all
in the seuth=e¢astern part of the map area; all the
people in these villages and their ocnimals depend on
stream water from tributaries of the Tambarin. Other
examples of such villages are found in the north-eastern
and nerth-western parts of the project area,

6.3 Water Demand

The present total water supply from boreholes and
Gubi dam is about 10,564 million liters per day.
Assuming that this supply were used only for domestic
purpases, the egonsumption ef water will be 81,7 liters
per head per day., This figure is less than the average
water consunption for domestic purposes in urban popu-
lation for 3l African countries surveyed by WHO and

is estimated at 100 liters per head per day.
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The present tetal water demand is 22,73 million
liters per day as estimated by the BSWB. This then
means the present water suprly of 10,564 million liters
per day is only L6% of the total water demand,

6.4 Conjyntive Use of Groundwater ond Surfage Water

The probleu of meeting water demand can be solved
moere effectively if the resources arec treated as one
single resource,

This me:ns the use of groundwater and surface water
should be complimentsry to each other aecording to availe-
ability and demend for il, Cenjuntive use provides the
opportunity to develop the inherent advantages of both
surface and groundwater reservoirs,

Groundwater reservoirs are significant because of
their capabilities of storing large useable waters
gafe from loss by evaporation and less vulnerable to
contaminaticn from surface activities., On the other
hand, surface sup_.lies are more easily replenished and
are usually desirable for providing large supplies to
populated areas,

The present water supply scheme, whereby supplies

are gbtained from both bore¢holes and the Gubi Dam, is
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desirable. However, beecause of the low yields obtained
generally from boreholes and the greater potenticls
offered by the Gubi Dam, the tendeney is that bore-
hole supplies may be neglected or de~emphasized as

time goes on. The results of bacteriological examina-
tion of water samples from borehcles show that the
water is bilologically contaminzted, therefore treat-
ment of groundwater is required if conjuctive use is

to be continued,



SUMMARY AND CONCLUSIONS

Knowledge of the groundwater situation unaer
natural conditions, the geologic framework in which
it occurs and how the water enters and discharges from
the framework have been presented in this work as basic
requirements for making decisions for groundwater
resources development and man:igement,

The most important water bearing unit in the
study area is the overburden materials derived from
the in-situ decomposition of the crystelline rocks and
the erosion of adjacent hills. Poor and irregular
hydraulic characteristics of this aquifer can be attri-.
buted to the clayey nature of the product of decomposi-
tion and the poor degree of sorting of the mixtures of
the erosional products - sands, gravels, silts and
clays., However, given the prevailing geological
circumstances, the performance of the aquifer can
generally be considered 'good', There are few examples
of high yielding boreholes,

Exploitable amount of water can be available in
the fractures within the crystalline rocks and yields

of boreholes ~=r "< imp.uved if fracture zones are
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located and tepped togethelr with the overlying over-
burden.

The princiﬁal ionsg in the water are calcium and
Wcarbonate., The water is generally hard. Iron is
low in concentration. The Total Dissolved Solids range
from 60 to 300 mg/L. The water require treatment
before drinking; it can.be used for irrigation and
some industrial purposcs.

Groundwater occur under water table conditions
about 3 to & meters below ground surface in many places,
It is wvulnerable to contamnination, The main source of
contamination is faecal ﬁollution, as eonfirmed by the
presence of Escherichia Coli in some of the samples
examined,

To improve supplies from groundwater the attainment
3} %ull potential yields of boreholes will be depeﬂdent

gn:

(i) careful seleetion of new borehole sites, that
is only after geological and geophysical
investigations;

(ii) proper well design and construction;

{1iii) careful and complete development of boreholes and

(iv) regular mnintenance of operational boreholes,
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MONTHLY TOTAL OF RAINFPALL (mn) STATION:
3 AUCHI roaT
.| P2 | MuRCH | ATRIL | MAY JUNE JULY \UG. S3I7. 0CT. Nov. | DZC. | MONTH/YZAR
0.0 0 | 0.0 7343 106.0 | 1251 23047 16540 211.5 9047 0.0 | 0.0 1975
00 0.0 0.0 0.0 27«3 142.3 181.2 330 ¢4 1174 164 0.0 0.0 977
—11t
.0 0.0 | TR 20.6 74 .8 212.8 299 .6 367 o2 13342 12.8 0.0 | 0.0 1978
0;0 0.0 | T 37 42 75 o1 8345 32944 258.7 165.7 117 TR 0.0 1979
0.0 |0.0 | TR 045 11146 121.3 314 1 14646 82.5 1043 0.0 | 0.0 1980
0.0 |0.0 | 00 28.2 1202 | 23643 39643 268.7 17245 1844 0.0 | 0.0 1931
0.0 |TR 0.0 4348 3844 16449 23342 239.1 14640 3146 | 0.0 | 040 1982
0.0 |0.0 | 130 IR 9540 12345 227 .1 18442 13642 0.0 0.0 | 0.0 1933
0.0 |0.0 | 6.8 1943 148.7 | 77.8 239.0 227.8 164 .0 103 0.0 | 0.0 1984
0.0 [0.0 | 33.2 T 122.3 | 10844 152.2 16242 145.6 17 0.0 | 0.0 1985
0.0 |0.0 | 53.0 222.9 | 919.4 | 1405.9 | 2602.8 | 2349.9 | 1474.6 | 293.9 | 0.0 | 0.0 Total
0.0 | 0.0 543 2243 9149 140.6 260.3 235.0 147 5 294 0.0 | 0.0 | Average




APPENDIX 1T

JAN FEB MR &PR MAY JUN JUL UG S&rT | OCT ROV DEC | MONTH/YA.
i
- - - - - - - k - - - - - 1976
» - - - P = 20,0 | 28,5 | 30.5 32.4] 32.2 | 29.2 1977
30.7 | 32.6 | 368 | .2 | 3541 3143 28,4 | 29.5 29,7 32.0] 31.2 | 30.9 1978
31,61 347 | 36.7 | 37.0 | 33.8 z-,5| 290.9 | 29.3 | 2947 | 32.5 | 333 | 29.5 1979
323 | 331 36.6 | 37.8 | 3.6 | 3.5 29.2 | 29.1 30.6 3248] 331 29.8| 1980
29.0 | 33.2 36,4 | 37.8 | 34.2 | 3240 28.8 | 29.6 | %0.3 | 33.2 | 30.8 31.8] 1981
) 3047 | 3245 | 3545 | 3742 | 3444 | 3245 29,9 | 29«2 | 2948 | 32.4 | 31.1 3147 1982
2449 | 341 34 o4 381 372 318 3.0 29.7 3046 331 3347 3243 1983
3040 | 33.0 | 376 | 373 | 34a2 | 3349 30,3 | 30.7 | 30.8 32.8| 33.6 | 29.8 1984
_ 32,9 | 3te1 | 36.5 | 36.3 | 3644 | 32.6 29.4 | 30.3 | 0.7 | 340 | 343 | 29.8 1985

Dakh (-) indicate no recording was mado.




WONTHLY ME(NS OF DAILY MINIMUM T2t RATURE (°c) FOR 4 DPERIOD OF TEN YZARS
STATION: BAUCHI AIRFORT.

. JAN FEB F&. ATR ' JUN JUL AUG 32rT | OCT NOV DEC |MONTH/YZ.Ad
13.4] 19.0 20 .1 22.6 2240 20.5 19,5 | 19.0 - 17.1 1543 13.9 1976
143 15.5 ) 20.4| 23.0 | 23.2 - 204 2446 18.9 | 17.2 11.8 | 9.6 1977

4
11.9] 17.3 21,0 | 2443 | 22.7 2145 2047 19.7 19.0 | 20.0 15.0 13.3 1978
13.7] 17.0 | 22.0 2344 225 | 2145 20.9 20.9 20.0 19.5 177 177 1979
139} 171 | 20.8 23.8 | 2341 22,0 20.8 20.1 2.3 1945 15.4 1346 1980

_ 130 | 16.5 | 210 23.0 2340 2142 20.6 20.5 s I | 2033 | 15.8 12.2 1981
11.5] 17.0 2241 23 o 22,5 | 21.5 19.8 20.3 | 2044 2044 446 13.5 1982
115 16.4 18.5 2342 24.7 2146 20.8 20,5 20.6 18.2 153 4.5 1933
13.1] 17.0 55.3 | 23.9 22,3 | 2%.4 20.3 | 20.7 20,2 0.6 | 16.6 13.6 198"
16.3] 1545 : 27.6 23.7 | % 23.4 2147 20 +4 20.9 2045 19.9 17.7 1541 1985




APPENDIX IV

MONTHLY MEANS OF DAILY EVAPORATION (mm) FOR

13212 2.9 8 4 A _PERIOD OF
TEN YEARS. STATION: BAUCHI AIRPORT
o i i = |
nu JAN | FEB MAR APRIL MAY JUNE JUL | AUG | SEP | ocT | Nov |} DEC zmmmmw¢4
- - - » - - - - - - - |ﬁ - 1976
- =~ | 683 .89 10,16 - .30 | 8.10} - 7e72 § 9459 | B.42 | 1977
9.49 12.00 | 14.23 10.63 9.50 7.70 5.28 | 6,23| 6.33 | 6.48 | 7.04 | 8.16 1978
9.18 10.71 | 12.75 12.46 9.05 | 7.6¢8 6.54 | 5.79) 6.54 | 6.95| 8.15 | 8,67 | 1979
9,69 10.71 | 12.75 13.28 9,72 7.61 6.05 m.mod 6.32 | 7.42 | 9.69 | 8.67 1980 IM
9.18 10.73 | 13.77 14.20 9.99 8.21 6.66 mﬁw:. 6.26 | 7.22 } 9.18 |10.20 1981 H
{o.18 | 10.71 | 12.75 | 12.68 8.38 | 8.05| 8.03 ] 6.69| 6.40 | 9.69] 8.67 | 9.18 | 1982 |
6.63 10,20 | 11.64 10,71 10.20 6.67 | 5.80 mmMmu Jmmmm 9,18 | 10,20 10,20 Aomw._
bo.20 | 10.71 | 13.00 | 12.88  11.94 | 10.25 | 7.70 | 6.32] 6,15 | 7.u7 | 8.16 | 8.16 8@:1_
8.16 11.22 9.74 9.69 ( 11.09 | 10.7 9.49 110,87}12.50 }11.78 } 11.73 | 10,2 1985 m

Dash (=) indicate no record.
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DUC WELLS IN BAUCHT \RE}

|— -
Eleavation | Bnd of rain Dry Season - April, 1987
Well{ Loc.lity Coordinates of Well m | se=son Oet,
Na. nsl Noy - 1986
WL (m) Elevetion of sl () Blevation of
SWL n asl SWL m =81
0 1" I
1 Oppasite 10 17 50" 8 | ens0 1.50 60245 5420 598.6
Jaunm Pri. O sa1 5g_zm
9" 49' 56.3
Sehwol
2 anewar Bomo| 10° 18' 12.2" 8| 62120 0+50 52045 4 480 61642
g0 50" 33.4"
3 Kofar 1di 10° 18" 39.5"N] 620.3 1.50 618.8 5«80 614 45
go 51" 21,7 B
4 Yorth of 102 17" 47.3"N' 60427 0.23 60445 9,92 60245
BualP pre- g9 48' 33.3" B
pises
5 Miri Pr. 10° 18' 34.6"N| 658.4 3430 655 1 10.32 648, 1
school 90 44' 41.8" B
6 Gusa Village | 107 21" 20.0m| 573.2 2.00 571 .2 8460 564 46
90 53' 30.8" B
7 Fafin Mgka- 10° 21' 30.7"1| 589.2 3 80 585 o4 6.80 582 .4
romta 9° 50' 28.,0" B
3 Kur: Village | 10° 21' 36.8"™N| 612.6 1450 611 .1 dry -

9° 51* 59,5" B
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D-DUG WELLS IN BAUCHT 4R&4

Well] Locality Coordinates Blavation End of rainy season Dry season 4pril 1987
of well n | Obt/MNov. -~ 1986
asl
SWL (n) Blovation SiL (m) Zlevation
of SWL n SWL n
asl asl

9 Guru vil- {10° 19* 12.2" ¥| &23.3 1.10 62242 6456 64645
lage 6% 47' 27.7" B

0 b Beges 10° 20* 0.0" N 619 .4 2..60 616.8 684 612.6
Dutse 9% 47' 30,0" E

11 Near Min. ] 10° 18' sa.o" N €2 .A 5,00 6174 6 .00 6164
of lands QY 50' 19,.,4" B
& Survey

12 Near Kara— | 10° 18" 55.8" N | 685.7 2.36 61343 6.00 609.7
ma hotel g” 511 330" B

ﬂ.w Near old .__wﬁ. dm- R“.m-..___..4 N mm,ﬂom W-_NO_ \Nu c_m .—Oo_.o _“\1..414
wmmwﬁwuoﬁd 9" 50" 54.3" 3

14 Kofar 10° 19* 19.5" N 636 o 1480 634 46 10.00 62644
Turun mo 51" 1.8 B8

5. | Urban 10° 19" 33.6" N | 627.9 2.10 625.8 7 .40 620.5
naternity |9 50' 51.0" 3

16 Kofar Amo 18' 13.4" N 62049 3486 617 .0 5450 6154
Duni 9% 51' 21.,5" &

17 Near Rail- | 10° 17' 46.8" N 61547 0420 61545 2,00 €127
way Indus-

trial Clinic
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abPINDIX V CONTD.

A T3l LuViLS I7 Haio-DUG 43LLS IN

1 alJCHL

———

——— -

chaclz point

Well Locality Coordinates 3lovation nd of rainy ssason Bry seascn April, 1987
Noa of wsll & Oct/Nov. 1987
a31
sit, (n){ Blovation sl () Blovaticn
of SWL o of SW1 n
asl 231

18 Railway 5__._ 17" 36.6" K 615.7 130 614 4 6.00 602.7
gite 9° 50' 4B.6" B

19 Kofar Aoo 1T 22.6" N 605 9 04920 604 .1 330 601.7
Jahun Q% 500 21,77 B

20 Gwalgn- ﬂmo 17' 33.8" ¥ | 607.5 2.20 605 .3 4 400 60345
furan 9" 48" 1.0" B

21 Inani 10° 18" 43.4" N 535.0 1 .60 593 .4 3«00 592.0
Bstate a0 53' 4£,6" B

22 Sabon 10° 17" T.8" § 618.7 1430 617 o4 6420 61245
Kaura 90 47' 12.3" B

23 Miri Vil- Eo 18" 14.9" N 64942 3.00 64642 5486 64343
lage 9° 441 42.6" B

24 Inkil 1g° 18" 20.4" N | 59444 3 400 591 o4 5470 583 .7
Police 9" 53.' 23.5" B

25

Kofar Nasg..
rava

10° 18' 18.0" N

9 49' 53.3" &

6035

2.30

601.2

6.16

95973

26

Duni Vil=-
lage

19° 17" 10.9" §
9" 52' 15.1" 3

6150

2.20

612.8

Seid

609.6




IN HAND-DUG WELLS IN BAUCT ARBA
Well] Loceality Coordinates Elevation End of rainy season Dry seasaon 4pril, 1987
No, of well n Oct/Nov, 1966
asl
Sl n Slgvation SWL fuz) Blavation
ef SVl n of SW1 n
] asl asl
27 Duci-angu-11§° 16 43.0" ¥ | :592.0 3.20 588,8 5420 586.6
wan Jeji |9 52' 32.9" B
7 28 Re fin @n 15' 460" X 62040 3415 61649 } 20 615.8 w
Zurfi 19" 46" s58.7" 3
29 Gwalla~ 3307 15' 28.8" ¥ | 618.7 2.10 61646 4430 614 o4
no¥i nesr §9° 46' 33.0" 3§ ]
borehole
30 Birghi Gan-) 107 16" 11.0" N | 613, 630 636.8 7.0 6352
du old setd 29 45' 2€.4" B
tlenent
%t Birshi Gand 10° 16" 19.9" N 610.0 450 63545 7485 632.2
du new set<4 °® 46' 232,2" B
tlement
32 Yelwa Tudu [ 10° 16° 11.3" ¥ 605 <6 1.79 603 .8 540 600.2
| 9° 47" 491" B
33 | Lushi Vil- |10 15' 57.5" ¥ | 591.3 3.20 568. 1 5450 5658
1age gv 48' 41.2" B
3% | Gwallaga |1g° 15" 57.3" N | 582.1 5439 57647 Tei5 5747
Village g~ 49' 46.1" B
35 Bigi 10° 150 57.8" N | 582.2 3,60 57346 5420 57740
& % 50' 4043" B h
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4 ATORE V CONTD.

WATER LIWELS ¥ HMiND-DUG JELLY TH RAUCHY AR3.A
Hell Locality Cortdinstes Algvation Znd of rainy season Dry sexson April, 13987,
No. of well o OctMov., 1385
asl
SWL () Blevation 39L () Blegvatiom of
of 34L n S3dL rn as)
"asl
36 3igi haye 107 15" 159" 0 | 57941 7420 575.9 5400 574 o1
9° 50t 3L.50 3
37 gudun Village, ._mo 16! 254" ¥ | 5944 1.08 53043 5425 58942
gas5t of Gudun g° Sy 42.9" R
hill
38 Gudun Village dmo 16! 13.9" ¥ 594 4 5432 589 .1 6.00 58344
foot of hill Y 51 164" B
39 wutin Pads 10 190 5.5" N 537.9 1.27 633 .6 652 534 o1
Pr. school qQ® 46' 1.0" B
40 Lafiyari viliage|1Q® 19' 33.7" ¥ | 648.2 7412 53241 8.00 64142
@ 45' 14.8" B
41 South-wost of |10 19" 14.3" ¥ | 59,2 5,62 613.6 7.80 541 o
Lafiyari village}9® 45' 1.6" B
42+ | Rarin Tapbari ﬂwo 18' 0uq" ¥ 624.8 2.41 622 o4 5.75 619 41
3 46" 25.6" 3
T A3 Tafawa Balewa ._mo 19" %A, 7" N 630.9 3.10 627.8 5 .40 625 45
Bstaste g’ g1t 27T 3" §
A3 Arny Barrachs 109 190 a3,4" ¥ 60345 1.82 601 +6 S .60 597 .9
9° 49' 18.7" E __
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AT 101X V_CONTD

guri sfoad

9% 521 26.8" 3

WATSR LSVSLS IN HATD-DUG WELL3 IN B UCHI Al04
Well Loenlity Coordinates Slovation 2nd of rniny season Jry season April, 1907
Mo of woll r Oct/Mov., 1386
18l
SYL () Slovation SvL () Zlevation of
of 3L n S'L n asl
asl
25 Shadawinka 10° 20' 17.=" N 595 .9 3,96 591 .0 5.00 50049
Yillaga 0 49" F.6" B
O e - - T - P ’
6 dar ira Villagco 10~ 20t 214" N 031 .5 523 0204+ 6.30 BNJ.-.H
4 anfira 1ag H :
9" 45' 57.8" &
47 Tirvun-Maidu- | 10° 20* 40.9" N 60149 2.13 59948 3450 5973

Guni, foot of
Guni hill

10° 20" 33.7" N
9° 52" 22.7" 3

53145

10.30C

Sabon Kaura

10° 21! 59.0" N
9” 47" 3.6" B

123

537.8

6410

dafin Dinya

10" 21' 39.9" N
99 38" 18,6" 4

te52

597.5

9° 53 36,7" B

51 anguwar Kanawa | 10° 15'12.3" ¥ 624 «8 8426 61645 9.56 61542
P 44" 47.6" B
52 Tirwun north 10° 21* 20.5" ¥ | 576.1 4421 57149 6.40 569.7

53

01d Maiduguri
Bd Water 3oard
Quartars

10° 19" 59.0" N

0450

607.6

1.50

6066
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AFPIEIDIX ¥ CONTD

MATER LIVEL JAND-DUC WULLS IN 3AUCHT AREA

Yeoll { Loecality Coordinztes Blavaticn Znd of rainy sazscn Dry season 4April, 1987
No. of well n Oct/Mov., 1986
251
9L {n) Blevabion syt {rn) Elovation of
of 3WL o DL X 23l
28l ’
524 3udun Villege gmo 211 50.9"% 56740 3423 562.8 Teld 5599
9" B4 5.2" B
55 Hiri (1) §8 of | 10° 19" 30.8" ¥ B17.2 3.48 613.7 6426 £10..9
Guru g® 48" 1.2" B
56 Xanc motor 10 20t 42.9" ¥ 6035 548 59540 7425 59643
Park 9% 50! 26.0" 3
57 01d Fost office| 10° 19 9.1 % | 615.7 1.62 614 .1 4475 511.0
9% 49' 25.3 3
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BTN

Fai o o

HATIR LAYELS

W THAZE OBSARVATION ’3LLS IN 3 UCEL %A
o,/ . JiN. PiB. wrer | oaprIn | May JM2 JULY 6. | SIPT. | 00T %o, § nIo. YN TE/S
YLk Lo LITY

amﬂm ..qtm_.h.v m-mm mah.w Wa.ﬂm .M!Aﬁw rr)uumo _Nnd__ Wow_w.m - - - - m.mc&.._h
1960 3 o Th - - - - ~ 7.40 - 2.67 | 3.4 | 2.8 3,96 .
‘._Wmuﬁ W!ﬁ\.,..ﬂ mlNH - mlmh‘ m.wh_w momwm m.;_m - - - - s "
1979 5454 6.96 Te0h Talb B8.40 7,851 T.47 567 - - - - Sarkusbo
19£0 6478 - - - - - B.40 - 6.64 | 6,73 | 6.70 6.99 "
L—_n\mﬂ m u@@ m..u-.m - dumr... .ﬂn.ﬂm .w-m@ moNO - - - - - "
1985 - - - - - - - ~ - | 7.08 [ 7.15 - "
1979 2.96 3.80 344 3.53 4421 2.07T] 3.93 230 - - - - BIGI

| 199 | 2.96 - - - - — T 353 = - - - 2.55 i
1981 2,12 3.39 - 3.80 %3,94] 3.86] 2.63 - - - - - n
1985 - I - - - - - - - - 3,30 - n




APTENDIX VII

PUMPING TEST OBSIRVATION

Borehole No.84
+

Yiold w me = = == = 29,50 n3/h

Duration of lunping, t

180 minut

BCOVARY, MEASURIMEN

o

89

Time of recovery Dynamic water Ltesirlu:fl dr-;w—-l i & £ | Romnrke
reasurcenent t! Level {n) down St () t!
(min)
1 24.00 15.50 1831 Singly
' stoge
test
2 21,70 13.20 91
i
3 20,90 12 410 61
4 1930 10,80 46
3 18.10 Q.60 37
10 13.48 4908 19
15 11.85 3.35 13
20 11.05 255 10
30 10.06 1.5% 7
40 9.47 .97 5.5
50 .22 0.72 446G
60 907 0.R7 4 | i
80 3.92 0.42 343
100 .32 0.32 2.8
1
120 8,75 025 2.5
140 8.07 Cet?7 2.3
160 3.60 0.10 21
180 no BJ57 0,07 2 Cm;:;alef ion |

S|




APPEDIX V1T

gzCORD OF SOMS

BORAHOLES 1N BAUCHL AREA

LOcality Borchole| Coordinates Date Coly Totall Screen|posiq SWL in (m) Fumped | Draw Lithological
o pleted @mwﬁw ticn below ground ..«.wo d | down(m)| descripti
(m (z) surface w/h % dopts (o)
From |to
3E of GGSS |BA 1 - 4-1-79 | 19) - |- |4 13,64 | 9.45 -
01d GiR.&  |BA 2 1008t 37,20 B | 11-3-48 [42.37 | 21.95142.67 | 4.27 42.55 - 0-21.3 &g,
@O h.m- N_Nluz w N,_OWI.N.MU% mﬁ
Ndca.lwmw.m &.mn
W@.@]&.Nt&. SCa
01d nwlm.ob.- m—b. W - .ﬂlmlh.mw mw oob. - - - Aé!u-ﬂ - -
South of _E 4 100 181 48.,4" N | 14-2-53 [F1.44 |18.30 |31.70' 335 12.73 | 65.84 0-53.5 dg,
dunti market 9° 50! 1.6" E 33.5-53.3 adg,
5%«3=01e} g
01ld G.R.A. BA & 10° 18" 41.8"nN | 6-3-53 45,72 - - t 5.18 1000 - O-1.5 clay soill
gt 49! 30,3 B 1.5~7 hdgz,
4.mlwﬂ lw &.m.
N.“._W...L.W-.ﬂ mm.mn
01d G.R.A. |BA 12 10¢ 48t 35, N | - 60405 - - | 10.67 5.46 | 23.46 -
90 49" 21,0 E

g = granite.

sdg - slightly decomposed granite.

dg - decompsed granite.

gc = sandy clsye.

hdg - highly decomposed

granite.



APPRYDIX VIII CONTD. L
RECORDS OF SOMZ BORAHOLS3 IN BAUCHI ARSA

Locality Borehole | Coordinates Date Total | Screen womw; L (m) Pumped | Drawdown | Lithological
R completed} depth| Bion below ground| yield (m) des nuw%wwos &
S n} (m) surface w/h depth (m)
Fyrom| bo
5% of By 173 100 20 3.9* N - 32,92 - - 4.27 20.46 25430 -
Dﬁmm 90 54v O.i" B
Jairport areal BA 15 100 17' S54.1" N 6-8-69 40.58 | - - 254307 18.18 | 20.73 -

g 49' 19.6" B :

L

—y

Year Airport)] Ba 16 - - 45.411 - - - £.36 - -

OHQ. ﬁ.bm'.b.t w»w. am - - Wmamm - - - .—W.g - -

Near Airport| B4 19 [ 10° 18! 5.6" ¥ | 13-3-T0 36.58 | - - 31,33 7 13.50 | 20.12 -
g0 49t 29.1" B

Near Airport| 8% 20 [ 10° 17* 45.9" N - 39.62 | - - 18,59 7 15.91 - -

90 49" 13.8" B

Near Coovs BA 2% - 14=1-T1 37.491 - - 4,27 13.64 | 12419 0-1.52 top seoil
1.52-37.5 granite
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APPANDIX VIIT COHTD.

RICORDS OF S0il4 BOLSAOLSS IN B UCEI ARZ¥
locality 3ofehole | Coordinates Date Total | Screen posi| SWL (m) Pumpedy dJrawdo-n! Lithological
Ho. Completzil depth| tion below ground| yield (m) description
{m) {m) surface m/h & depth (m)
Prom |to
Near airport] Bi 22 100 18! 45,1" N - - - - - 5468 - -
__ 90 49' 36.5" &
Near airport; B4 23 |} 10% 491 55.8v N | 21-6-71  |29.26{ - | - - 16,37 | 18490 -
9° 48 55.0 B
Fadamar Ba 24 100 18" 36.9" N | 3+3-T1 40,84 - - 2.44 15911 47.07 -
reke Q0 49' 58.,3" B
Kofar Br 26 109 181 54.9" ¥ | 3-6=-75 29,90 18.%}24.381 1.16 T30 22,770 0=-183 ssc, 18.3 ~
Hacbal 9c 51 24.8" B 24.4 s, 24.4=-27.4
8¢, 27.4-29.9m
FGGC Fg -1 10° 19" 19,6" K 1975 41663 - 10.67 €82 - -
o® 520 31,6 B
Kofar yam- |B4 27 109 48t 48.4" N} 1976 36.58] 19.81]27.43] 2.41 3.64 - 0=19.8 ssc,
bai 9° 51t 26.8" B 19.8-2F.4 ssg,
R N_um-ir\v.lw_mlm SC.
ssc = silty, snad and clay. g8 = sand. g¢c = silty clay, n = monzonite
‘ssg = silty sands and gravels.
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RZCCRDS OF SOilE BORSHOLAS IN BAUCHT sRad

e -

fom = fresah monzonite.

hwb

sge

highly weathered basement .

silty gravelly clay.

whn — weathered monzonite.

fwb = fairly weathered basement.

H84+C =

gilty sand with elay nodules,

fb = fresh basement.

Locality Borehole! Coordinates Date Total} Screen pesid SWL in (m) [ Pumped| Drawdown | Lithelogical
No. Completed @mw.g tion Aw-w below ground| yield (m) description &
m) From |70 surface /h depth {m)
b
Dfar Bi 28 10© 18! 48.2" ¥ | 6426 36450 | 16476133453 | 180 8.18 - 0-12+2 ssge, 12.2~
Wanbai 9® 511 31440 B 15.2 ssg, 15e2-
f. g Amou ac, 18.3-35.0
- mmmw WWUO|Wmlm H-E.
b s -
W w — - m m. m. O M a - » ml
mcﬁw.ww 4 29 30-4=7 26,00} 8,00 {24.00 | 2.50 10491 | 1700 mmm,. $8%s¢ =4
Kofhr BA 30 | 10° 18" 47.5" ¥ § 17-6-76 | 72.00 | 18400 {60.00 | 1.80 22.73 | 22,90 | 0-41 ssge, 4-53. |
Wambai 90 511 40.,5" B wm, 53-70 fissured 4
& dyke, T0-72 wite
014 G.R.i. | BA 31 10° 18! 23.7" N | 9-6-76 28,001 5.00 [23.00} 2.20 3.64 | 8.4 0=5 ss+c, 5-8 hwbd,
g9 49 26.1" E B-2 fwb, 21-28 fb.
Old GeReds | Ba 32 - 24-10=76 | 16.00] - - }ou6 3.64 | 4.57 - |
ssge = silty, sandy gravelly clay. sag = 8ilty sand and gravels. gc = s5ilty clay.
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CONTD.

R<CORDS OF 30KE BORJHOLZS IN B.UCHI aRE4

b4
wg

!I

freah bascpent.

weathered granite.

3Scd =

fg = fresh granite.

silty clayey sand.

g+8 =

gravels with sand.

c+g = clay with gravels

. Locakity Borehole| Cocrdinates Date Total |Screen posi-} SiL in {m) Pumped| Drawdown | ILitho ldgical
No. Completed | depth | tion (m) below ground | yield (m} description &
(n) }From |To surface n3/h depth (m
Kofar Ba 35 - 25=11-176 3300 - - 0.6 227 T01 O=16 sgs, 16-19
hwb, 19=23 owb,
Tuzum 2333 1b.
Basg of B4 36 - 10-1-77 24.38 1130012200 | 1.83 4 .55 4.27 -
meat factory
1Bakin Kura {Ba 38 - g-1-17  |av.00] - | - |4.00 5.6 | 9.11 -
Bakin Kura }Bi 39 100 49 22.8" N | 2-3-77 46.00 - - 3.00 9.09 1300 -
90 50' 22.,2" E
SE of GGSS | BX 40 - 29-1~77 T1.00 - - 1,00 2.73 12,00 0-t1 secs, 11-12
g+8, 12-13 swb,
Seuth of BA 41 10° 19" 57.4" ¥ ] 7-2-77 37 .00 - - |1.80 1.14 19.00 0=2 cg, 2-2 Wg,
GGS3 90 50! 50,.6" E 3237 £2.
— 4
sg8 = 8ilty gravelly sand. hwt = highly weathered basement, mb = mederately weathered bgsement.

.
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APPENDIX VIII CONTD.

RECORDS OF SOKZ BORZHOLES IN BAUCHI 4RS4

Local ity Borehole | Coordinates Date Total | Sereen posi< SWL in (m) | Pumped| Drawdown| Lithological
No. Conmpleted amm&w tion Auwo below ground | yield (m) | description &
m) | Fron |To surface n’/h depth N._uv
Specialist |BA 42 100 197 21.2" N| 14-3-77 | 22.00] - |- 1 440 5.11 | 5.70 -
Hos pital ® 43' 517" B
T3 €, Yelwa |BA 44 - 26-4-17 |3¢.00| - | - |[2.20 9.09 | 41.80 =
Sululu BA 45 10° 19" 15.8" N} 30-6~T77 31.00] 12.00 f7.00 | 3411 6436 8490 0=-18 gs, 18=22 wr, { -
90 48" 25.2" B 24.0C »6,00 22-26 gs, 26~31 fg.
Sululu BA 46 10° 19' 22.3" N | 18<7=77 25400 | 10.00 }15.00 | 2.60 4.55 6440 0-8 ¢s, 8-10 vey
° 48" 29.3" E 16-18 s+g, 18-20gwg
9° 48" 29.3" E 20-25 £g.
East of BA 47 10° 16' 29.7" N} 24-8-78 | 43.00] 9.00 [12.00 | 0.10 6.82 | 7.30 0-11 sandy soil
Yolwa g0 48' 45.8" E 30,00 §40.00 11-24 s8, 24=30 cs
30-39 cg, 39-41nrd
41-43 fg. :

gs = gravelly sand.

s+g = sand with gravels.

2d = mafic dyke.

Wg =

weathered granite.

fg = fresh granite.

sWwg = 8lightly weathered granite.

858 =

8ilty sand

c8= clayey sand

Omﬂn

clayey grit.
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APPANDLX VIII CONTD-. RECORDS OF SOME BORSHOLES IN BAUCHI AREA
Locality Borehole {€oordinates Date Total | Screen posid SWL in (w) | Pumped| Drawdown| Lithological
: No, Completed| depth | tion (m) below ground| Yield (m) nmmowwwwwwb &
, , {(m) From {to surface /h depth (o
gudum - | BA 51 ]10° 16 3.3 N [21-9-76 | 40.23 | 24.,40(30.50 | 4.05 11,37} 16435 0-0.9,14 0.9-1.8
P . @O 57 1gr B 32,30} 40.23 . owg, 1.8=-3.0 sc,
T - 340=28.0 hwg+s+p
. 28.0~36.6 mwg,
i Wm'mlb.o.mw W.ﬁm'
Gudum - -} BA 53 | 10° 16" 2.4 N [18-10-76 | 36.58 | 22.30 [34+40 | 5.35 12,20 | 9.57 0-0.9 2, 0.9-9.1
9° 51! 35,0" B _ hug, 941-30,5 mwg
. . 30.5=36.5 swg,
Gudum BA 56 109 15% 35.3" N [14-11-T6 | 26.21 | 12.20{24.4 | 2.55 5¢46 | 13.05 0-10.1 hwg, 1014
g% 51% 7.,5" R , 2543 mWg, 25+3=
26.2 SWEZ
Gudum BA 57 1P 15% 24.6" N [3-11-76 19.81. { 6.70 [18.90 | 6.36" 5446 8.68 0-3.0 1, 3.0=11.0
g 54 7,5 B g, 11.0=14,0 mwg
. ._A. cOlam-m D.G.m.Hin
vein, 16.8-19,8
N .. .
Gudum BA 58 1109 15 29.6" N |9-12~76 | 33.22 | 19.20]31.39 | 5:10 6.66 | 13460 0.30 1, 3.0-1041
9 51t 28.9" E heg, 1041=32,0m%g,
3240-3242-8Wg
Y = Laterite. Sc = silty claye 3+p = 24nd and pebbles. Iwg = highly weathered mumbmwm.

mwg = moderately weathered granite. swg= slightly weathered granita.
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RECORDS OF LME BORSHOLES IN BAUCHI AREA

wcﬂwg”_.m_

Locality Coordinates Date Total | Screen posi-} SWL in (m) Pumped! Drawdown| Lithological
Noa Completed]| dapth | tiom hmwo below ground yield ABV description
(m) surface n3/h
Fron (To
Gudun B4 €0 10° 15" 29.6" ¥ | 10-11-76 | 25.26 | 14.90} 27.10} 5.35 13.50 5 .81 0-2.1 e+ Cy2e1— -
90 541 28.9" B L e 16e2hug, 16.2228.0
LWE N@leN@-Nm.ﬂm-.,
Gudun BaA 62 ﬂwo 15! 384" N | 12=-12~76 | 28.35 14.30 1 25.50] 2.28 T2 14.25 0-0.9 1, 0.9-3.9
9 51 37.2" B WE+Cy 3091242
wﬂz.mw .._Momlwqwoa
TS Mﬁ_u-.—.lmmlw
SWE » .
||J
Gudun BA &4 ._wa 15' 50,19"¥ | 18-11-76 289 %0 15.90 | 28,00] 3.50 11,37 9,10 0+0.9 1, 0.9-6,1
9° 51" 37.2" E vigie, 6.1=12.2hwg,
12.2=28.0 mwg,
N@!Olmwvu m_.E.mt
Lushi By 66 10° 16 2241" T | 26+1-77 6157 | 36.30 ] 42.40] 3.50 6.82 35.50 0=4 wg+c, 4-14.9
g% 48' %9.,2" 3 48420 |59.40 hwg, 14,9=48.1mg,

48.1=49.4 o3,
49.4-50.3 g,
50¢3-51+2 B3, 51.2-
53 ¢4 g, 59e4=615
SWE.

hwg+c = highly weathered granite with clay.

swg = slightly weathered granite.

03

au

wg = weathered granite.

micae schiste

wE+e =

waathered granite with clay.

nwg = moderately weathered granite.




RSCORDS OF SONS BORZHOLAS IN BAUCHI $FEA

Drawdown

()

SYL in (o) Hvﬂﬂveu_
below ground| yield
surface nd/n

Screen Posi
tion (o)

Borehole
No.

Data
Conpleted

Total
depth

(=)

Coordinates Lithological
description &
depth mu

From |To

Lushi

10° 16" 33" ¥ [30-3=77 | 58433 | 36.90 [53.30| 3.00 8.18 | 33.00 0=24 b8, 241=5.2
cY 511 46.2 B

S+-C, WUNIAN-N S4p,
12.2=34 .1 wp,

, 40.2=-51.2 wd,
51.2-58.8 swd,

Barkumbo

BA 70 10° 20" 47" N

9° 531 40.8" B

10=2-77 37.18 | 17.70 213 9.56 10.65 0-0.9 top soil,

0.9-12.2 hwd,
12.2=20,1 nwb,
20.1=22.3% dd, 2253
27«1 owb, 27.1-
37«2 swb

_wwnwcawo

BA T4 dow 20" 314" [2-2-77 45.72 5 .28 6.75 | 19.64 0=14.0 b, 144 04
9° 53¢ 45.8" B

amlm E.G‘ #mlml .._
2243 hwb, 22.3= .
23.2 owb, 23.2=
45.7 swb.

Barkuobo

B4 77 _wo 20" 237"
m WW- 8-0:. .WJ»

23=2<T7 21«13 | 13.12]125.3%0] 7.05 573 16415 0-2.1 clay, 2.1~

210 mwg, 21.0-
2T +1 8WE.

-— LS 4

bs = brown scil.

swd
oW Z

swb

]

]

I

S+¢c = 3and and clay. wp = weathered pegmatite, weathered gabbro.

dd = dolerite dyke.

En =

slightly weathered dolerite. hwb = highly weathered bauchite.

moderately weathered granite. swg = 8lightly westhered granite. mwb = moderately weathered bauchite.

slightly weathered bguchite.



R RECORDS OF SOMs BOREHOLSS IN BAUCHI ARZA
-  —— - ﬁ
Locality | Borehole| Coordinates Date Total} Screen SWL in (M) |Pumped | Drawdown | Litholdgical '
No . Completed | depth| tion ( below ground |yigld (m) description & *
) (m) — surface n’ /h depth (m) i
Barkumbo Ba 82 .—OO ﬂ@- mm-m: N 1=3=T7 3414 11.90 330 10.91 Tobl O=4 w.—.ﬂda 4-15.2
@O Wun WN«L.SM gw aWQNlenN Owa,
26.2-30.2 awb,
Snwlgo— H..d-
Barkumbo BA 84 10° 20" 9.7" N | 7-3-77 46463 26.50 8.50 29,50 | 25.70 0-16.2 hwa, 1642~
P 54' 10.5"E 41«1 mwa, 41.1-46.6
wf.,..u.ﬁ-
Barkumbo BA 85 10° 19 525" N| 17=-2=77 28.65 14 .90 330 6.77 22335 0-1T7.1 hwb, 1T7.1=~
P 53" 44.1" B 2741 mwb, 27.1-
2B.6 swb.
Bigi BA 101 10° 15' 12.3" N | 18-6-78 57 <30 29.00 540 714 36.90 0-86.2 s+c+p, 26.2-
9 49' 24.5" B . Vv | 47.20 34+1 hwg, 34.1-49.1
mwg, 4941=57:3 swWg.
0
Bigi BA 102 10" 15" 18.1" N| 6-7-78 . 24 .00 52 541 20.19 -24 ¢88 4=34 1
lgi go 49' 32.,7" B $3.34 2 mﬁm. 34 -%.-.A.W._w owg,
4343472 8Wg, 47.2
hwa = highly weathered applite. owa = moderate weathered applite. swqd = slighty weathered quartz diorite.

S+C+p

sand, clay and pebbles.

essp = alternating layers of clay, silt, sand and some pebbles.

fv = fresh
bauchite.



APPENDIX VIII CONTD.

RECGRDS OF SOME BOREHOLES IN BAUCH AREA

Loeality
Noe.

Borehole

Coordinates

Date

Completed

Total

Umm.wr

o
!.V....WQH-»J £y

=l

sion (m)

Fron To

pos J

SWL in (m)
below mwo:ﬁa
surtacet

Pumped

B

Ypawdown

Yién)

Lithological
deseription &
depth (m)

BA 106

249-4=T78

4 450

27.10
4343

1.95 10446

12.80

0-9 e¢sg, 9-18 hwg,
18=33 mwg, 33=41

awg, &e

4
-+

4=

¥
M
5 "

Bigi Bi 117

10° 16' 32.0" ¥
g% 50t 22.2" B

17-7~18

37.19

230

2.96 9.48

0-2.1 sand, 2.1-
_._ﬂ.w Wi, ﬂt@lg.ﬂta
g, 17.1-18.0 g,
18L0-35,1 sug, 35.1-
Wuﬂ-ﬂ H..w.o

Bigi BA 118

29-T-18

$3428

32.30

2.08 T.96

1387

0-2.1 clay, 2.1-
6.1 hwg+c, 61=9.1
hwg, Ge1=13.1 clay
granite wash and
sor2 pebbles, 15.1-
ul_oA LWE w.n-,—l-_wuam

SWE

Bigi B4 119

100 16" 12.3" X
P 49" 418" 3

17-8~78

32431

B3
Sk

1.75 8 27

10.01

0=3 cluy ==d silt,
F=6e1 £, Gel=1440
g, 14+0=20.1 sug
20.1=2T«1 £z, 27.1
gna IV, 80#.‘“%..“

Syle

fg = frebh granite.

hvgse =

gee previous vages for more exclanation.

highly weathered granite with claye.

gv = granite vein.
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RSCORD3 OF 3CI.3 3023HOLAS I 34CUCHI  AR3A adl N

T~ m . ©
.”..l 13| - ‘V\.
R A
'Locality Borsnole| Coordinates Date Total| Scréen posi= |34 in (m) | Puczped | Jrawvdoim| Litholoric ,_luf,, -
o, Completed | depth| tion ﬁnwo below ground yjield () desceritioney *\ ~
th mn -\
(m) Fron | To surface /h depth (m) .\ 3
Bigi Ba 120 | 10° 16" 27.1" i | 30-9-78 | 44.20| 18400 | 28.00| 2.32 6455 | 25.57 | 04 86, 47 g0 NP
@O Aw- 41.8" 4 Wmlu 40.20 T=941 S5, Q-._I.NMOW
hug, 22¢3=31.1 Dug,
31lei=¢1e1 8U5,
41.1-44.20 5.
.mo.H..nua M.DH.HD BA ‘Na aoo ,—m. NW-.&S N leulqwm .—.N08 W-OO a...vcoo .—loo m-.q_m_ mtoo o.IN M.-.H-DZ.WHH.H mOu..H.
g° 48 2.9" & 2«5 Mg, 515 sug,
,_m.la.ﬂ W.wu.._-
B.T.Ce Yelwa[BA 122 | 10° 16' 2377 1 | 11470 | 19.00 [ 4,50 | 15.00]1.20 4455 | 7.80 -
9° 48' 17,8"3
B.7.C. Yelwa [BA 173 - 24=5-78 | 15400 - - |1.00 2.27 | 9400 -
mo._.w.wwp of A 1724 JOO 4@_ 4“1@3 N ._..wnlml-wm 4m-0,3 .MOOQ A.wn_oo #08 u-g bnoo -
B.T.C Yelwa 9° 48" 24.3" B
South of A 125 10° 16! 17.2" N 24-7-18 19,00 10.00 16.00}3.00 3464 6400 0-7 Laterite,
B.T.C Yelwa Q© 48' 5.4" B T-10 wg+e, 10=17
3 i L o R w— wg, 17-19 fg.
Sc¢ = Silty clay. wg+c = weathered granite with clay. sg. = sands and gravels.
hwg = highly weathered granite. mwg .= moderately weathered granite. swg = slightly weathered granite

fg = fresh granite.




PENDIZX VIII CONTDs.

ARCORDS OF SOME BORIHOL:S IN BAUCHT AR=A

Loecality Borehole | Coordinates Date Total | Sepeen posi-|SWL in (m) {Pumped | Drawdown | Lithologi cal
Hoe ooawpm.«mn d=pth  tion hnwo below ground | Yield {m) descriptio
() P " surface o’ /h & depth (m
rom 10
GaGaSaSa BA 126 10° 20" 22.0" K | 21+8-78 20,00 |8.00 17.001 .00 6.82 9.00 O~4 ssg, 4-T7 hur,
90 50t 54.6" B 14=i4 wr, 14-18
swr, 18-20 fr.
Bacas B4 127 16° 19' 59.5" N | 3=10-78 22,00 §11.00 112.0C {1.83 4 .09 12.18 Q=4 cs, 4-b6 ss,
g0 50t 35.7" B &el7 wg, 17-22 fg
Kofar Bari- | B4 129 10° 19¢ 327" N 14=12-78 | 25400 | 11.00 |19,00|0.77 11469 | 6,34 O~1 hwg, 7-19 wg,
ya o 50" 14.8" B 1925 fg.
Rakin Eura BA 130 - 15-12-78 23«00 - - 1..00 14619 19,00 -
Kofer Wam— |BA 131 :% 18" 467" N | 9-4-19 4700 |8.00 |11.0013.00 10.23 | 17.00 0-4 sc, 4-23 hwo,
bai 97 51 20.7" B 2%.00 129.00 23-26 md, 26=33 wb,
_ 3500 141.00 33-47 5whe
ssg = sands and silt with gravels., hwr - highly weathered bedrock. wr = weathered bedrock
oswr = slightly weathered bedrock. fr = fregh bedrock. ¢s = clayey sand. a3 = ailty sand.
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APPENDIX VIil

QUNTB:

RICORVS OF 0

M2

s d

BORJHQULS IN BAUCHI 4RAA

1 1
Locality Borzhole |Coordinates Date Total| Scr2en posi-|SWL in (m) Punped | rawdown | Lithological
Noe Vompleted| depthn] tion (m) below ground | Yisld (m description
_ %BV surface ’/h & depth (m)
From | To
Bgkin Kura | Ba 132 _Oo 19' 26.2" N 12-1-T9 22,001 T.00] 15,00(1.70 8.18 10.70 0-2 8¢, 2-12 hug,
9% 50' 27.1" 3 12-19 swg, 19-22
Hami
Specialist | Ba 133  [10° 19" %0.3" ¥ | 25-1=79 | 40.00] 16.00| 3¢.00}1.20m 6.82 | 16.00 0-8 cg. 8-12 gss,
Hospital 9° 49' 56.6" B 12.32 hwg, 32-36
swg, 3640 fz.
Near Air- Ba& 134 #wo 18 5.7" N 1979 4.00] 11.00] 21.00}4.40 r.91 12.06 0-4 cs, 4-10 vg+o,
port 9" 49 6.9" 8 10-19 wg+s, 19-23
Rlear Air-= | BiA 135 - 1979 46.00| 19,00| 34.00|4.27 6482 3435 0-13 s+g, 13-17
rt gs+c, 17-27 hwb,
pe 27-34 mib, 34-38
awb, 38-46 fb. i

Se = silty clay,

wg+s = weathered

cg~ clayey gravels,

granite with sand.

8+g = sand and gravels

gsa - gravels sand and silt.

g8+C =

wg+e =

weathered granite with clay,

gravels with sand and clay.

fo = fresh basement.
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APPENDIX VIII COXTD.
R4CORDS OF SOME BORSHOLZES 1N DAUCHEL 4RBZ
Locality Rorz=hols| Coordinates Date Potal | Sereen posi-|{SWL in {m) Punped | Drawdown | Lithelogical
Na. Compluted | depth !l tion (=) balow ground w.w.& {ro) description &
gurfacc ¥'/h

(=) From |To ws depth (o)
NW of Bas- [Ba 139 .HWD 7T 33.9% N | 30-10-82 j27.% 17.50 {17.5012.70 2.5 13,00 _
kin hill 9 46' 2B.5" B
WY of Bas— [BA 141 10° 17" 32.3" B | 21-1-83 A%,00 | 17.00 {40.00}2.70 3440 16.65 -
kin hill 9% 16' 18.6" E
Bast of BA 144 - 3-3-83 33.00 | 6.00 [ 10.00}0.90 4.09 11.20 -
Specialisk
Hospital,
NW of Bas= [BA 145 | 10% 471 2~.9% ¥ | 26-3-83 | 52.00 | 10.00 {20.00}3.10 3.41 23465 ~
kin hill 9% 46' 12,0 B
NW of Bas—- |Ba 146 1P 17 19.6" N | 9-4-83 52400 ] 11.00 J21.00}2.15 5446 11.00 _
kin hill o8 45" 52,7 B
Wat®=r Board | BA 147 - 16=4-83 25.60 | 18.00 | 23.00]3.00 3.86 12,00 -
Prepises
Padar Mada |Ba 448 - 30-4=83 £0.00 { 6.00 [ 10.0042.20 3.18 11.%0 - _




APPENDIX VIII CONTD.
REQORDS OF SOMT BOREHOLSS IN BAUCHI ARSA
Locality Borehole | Coordinates Date Total | Sereen doﬂ LSWL, in (m) | Pumped | Drawdown | Lithological
No. Completed| denth| tion (m below ground| Yield (m) Ammonwvqua. &
(m) |, surface m/h depth (m
From |To
Tafawa Baleqd BA 150 10° 13' 32,2% N |25-8-83 50.00 | 20.00]32.00| 2.52 2.73 20.00 0-8 L, 8-30 wg,
wa Bstate 9 51' 25.,6" B 30-5¢ fg (fractured
Tafawa Bale4 B4 151 | 10° 19' 53.3" ¥ |16-11-84 | 33.00 | 16.00122.00| 4.07 5491 12.50 _
wa Sstate 51' 19.0" B
Near Air- BA 154 - 10-7-84 37.00 | 12.00/20.00] 2.85 T.73 17415 B
port.
School of Ag—-1 10° 17" 2.2" N |13-12-79 | 27.40 - - | 2.93 6418 1772 _
Agric 9% 48' 2,9 B
f{University | U-2 100 16" 33.6" N |31-7-82 27.00 | 15.00] 20.0( 3.80 09 13.70 _
Near stream mo 47" 11.8" B
University | U-3 %Uo .__.m...wm... N - 24.00] 12,201 15.20{ =~ - - .
Polytechic| P—4 ,_mw 15' 9,0" K |27-10-83 | 24.50 | 10.50[ 16.00{ 2.30 3.86 T.60 -
46! m. i" B
Polytecmic| P=5 15' 14.0" 6-11-83 28,7517 14.000 25.0Q 2.55 5446 7.00 -
9® 46" 5.1" B
L = Laterite, wg = weathered granite. fg = fresh granite,




Local ity Horeholé |Coordinates Date Total | Screen posif SWL in (m) |Pumped| Drawdown | Lithological
No. Completad | depth| tion (m) below ground «wmwa (m) description
ZCe h
(m) From | %o gurface o/}
F.Ee Bar~ | A-6 10° 20' 10.5" | 1986 35 .94 - | = 4,55 .55 18.06 -
racks ¢® 49' 38,2" 2
Army Bar- A=8 10° 20' 00" N 1986 26,70 - - 8,70 6.55 12.91 -
racks g0 49t 35.°" 3
irmy Bar- | A-10 10° 49v 294" ¥ | 1986 45 .82 - - | 3.5 12.98 | 12.60 -
racks 9% 49' 18.7" B




LA |

APPENDIX VIII CONTD:

RSCORDS OF S0M3 BORSHOLES IN BAUCHI 4R34

Locality Borehole | Coordinates Date Sereen posi-| SWL in (m) .,.u.wE Drawdown | Lithologic
No. Completed| tion (m) below grownd| n’/H (m) description.
. T surface & depth (m)
BSADP EHQ 149 NB-1 | 10°16' 50.1" N| 17-2-82 o (f * - - 0-15 highly to mod-
9° 48' 47.4" B erately decomposed
granitic rock, 15~
30 pd gn, 30-36 b
slightly fractured
30-40 fm, 40-44fb.
< 45' 51.9" B
BSADP HQ 149 NB-3 | 10° 16' 49." N| 3-12-82 260 41.0] 355 12.84 | 27.8 0-3 L, 3~6 pden,

P 48! 38.4" 2 6-19 hdgn, with
some pegmatite
layers, 19-24 pdmm
fractured, 24-36
pdgn, 36-42 mdp

Gwallameji | 149 NE-5| 10° 15' 18,1" § 25-2-85 | 14.0 18,0 | 3.88 - - 0-1 L, 1-3 Lagers
C.t._‘ﬂHu-m.B uu- m o mwo ...__.wm—\”l ..w” -..M_._ wd m u M.ﬂ”m.ﬂ WHW.%.- Wlw E%
6-18 mdgmn, 18-40
pden -
hdgn = highly decomposed gnedss, mdgn = moderately dedomposed gneiss. pden = poorly decomposed gnoias
fb = fresh basalt. L = Lataerite. mdp = moderately decomposed pegmatita. fm = fresh migmatite.

b = basalt
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APP&EIDIE VIII OONTD.
ROCCRDS OF SOME DORBHOL &S IN BAUCHL 474
Loecality Boreholie |Coordinates Date Scroen posi-| SWL in (m) |[Yigld| Drawdown| Lithclogic
Yo, Completad| tiom (o) below grownd| o/h (n) description
Froo To surface & depth (o)
surtu 149 NB-7 |10° 18" 2.8" % [ 15-3-85 | 13.0 | 21.0 §5.52 - 0-8 ndrx, 8-13
wo 45% 2.5" @ rdrx, 13-25 pigz +
pdp
Zanfara 149 ¥2~9 | 10° 20' 28.6" ¥ | 16-385 13.0 | 25.0 | 12.36 _ - 0-1 top soil,
¢° 46' 9.2" B 1-25 mig
Tipwun 149 NB-9 £10° 21! 14.6" 1 | 9=3-85 13,0 1 25.0 [ 6.20 - 0-1 top soil,
9 531 6.2" B 1.20 =mdgn, 26-25
fen
Miri 143 F4-T | 10° 18 54.3" 1| 28-5-82 | 10.0 | 18.0[7.05 - | O-14 highly %o
@o 447 A9,T" B modarately decon-
posed biotite
gneisz, 14-18 mdgn.
!
hdrx = highly decomposed crystalline rock. ndrx = noderately decomposed erystalline rock.
pde = poorly decomposed granite. pip=pocrly decompoaed pegmatite. ndg = moderately decomposed wH.mBH..«m
fen = fresh gneiss. mdgn = nmodergtely dacomposad gneiss,
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Borehole no. or loeaticon

Date analysed

pH

Phenolphtalin Alkalinity
(Ca oouu

Methylorango Alkalinity
mﬂm Oud

Botal Haraneas ( CaCoy

CHIEMIC JL

ANALYSIS OF WATaR SUMPL3S

Caleium (Ca 2+

Mammesium (Mg2*
Chloridae (C17)
Nitrite Nitrogen
Nitrate Nitrogen
Ammonia Nitrogen
Sulphate (50 27)

Iron (total)

CON CENTRATION 1IN nmg/l

2 5 10 22 23 24 30 31
7-8-79 | 7-8-79|6~5-78 |7-8-79| 7~3-79 | 7-8-79 | 6-5~78 | 28-6-78
6.9 7.9 | Bt 75 6.9 7.5 Be3 7.5
1.0 2.0 | 0.5 1e5 nil 1.50 1.0 2.0
136.0 11.80] 120 1140 | 35.0 122.0 |119.0 | 70.0
9G.66] B1.T | 91.49 [13.62 | 57.46 [110.43 | 96.12 | 63.01
TN 27761 22427 26473 (91463 | 14.78 | 35.60 | 28.16 | 18.01
T:45 57 6.08 | 4.82 5.04 526 6+34 4«43
4.0 59 3.10 | 3.3 3.9 21.10 3.0 14 .8
Nil 0.01] 0.003| 0.007| ni1 0.23| 0.004] Nil
.32 1.76] 0.5 |2.2 | o088 | 7.92| 0.0 | 0.04
.0.12] 0.12] 0.04 |0.12 | 0.06 0.16 | 0,03 | 0.12
Nil 2.0 | 3.0 [nil nil 2.0 245 7.0
il 0.03] 0.08] 045 | 0.02 | 0.07 0.02| 0.09] 0.02

Analysed by Wat®r Resources and Tngineering Construction

Agency (WRECA)»

Kano State.
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APPENTX IX CONTD

Borehole no. or loecation

Date analysed

Prec Carbon Dioxide

Disgoved Oxygen
Chemical Oxygen Demand
Silica (8io,)
Flooride {F™)

Total Dissolved Solids

Sugpended Solids

Consuctivity nau.nu.o ohn/cm

CHELICAL ANALYSIS O

£ JATER SAPLSS

COCRMRATION I¥ mg/L

2 5 10 22 23 24 30 b}
7-8-15 | 7-8-7% 6-5-68 7-8-T79 T-8~79 T~8-79 6-5-18 28-6-718
nil., nil nil, nil” 13.20 nil nil nil
nd nd nd nd nd nd nd nd
0.63 C.56 1.39 049 C.76 0.77 1.46 2.44
nd ng T2.5 nd nd ngd m.w..m nd
nd nd C.G83 nd nd nd 0.86 nd
180 155 180 130 100 225 180 &0
20 25 30 20 20 25 20 Te
200 180 205 154 120 250 200 132

Analysed by Water Resources and Ingineering Construction
Agency (WRECA), Kano State
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APPENDIX IX COUTD

Borahole no. or location

Date anzlvsed

PH

*heno Iphtalin Alkalinity
QmoowH

Methylorange Alkalinity
AOD.QOWV

Total Hardness ﬁomoou

Calecium ﬂome

Magnesium (Mg%*)
Chlorids (C1-)

Nitrite Nitrogen

Nitrate Nitrogen

ammonia Nitrogen

CHEMICAL ANALYSES OF WATSER_SAMPL3S
CONCENTRATION IN mg/L
3 A2 127 129 131 132 Gudun Gubi danm
T=5=79 1 31 -5-70 ~ 31-5=79 31-5=-79 T=5=79 6-5-78 T=-5=79
6.4 T4 T3 6.0 7.5 6.9 79 TS
nil nil 0.0 6.00 nil nil 1.0 nil
141 81.0 91.0 182.0 119.0 116 119.0 83 .0
201 .11 61.05 78.0 250.5 116.72 115.7 96.12 54 .0
66 .33 15.14 16.8 69.18 35 .69 29 .9 32 .88 16.22
m-.wm W..‘w u.O ._m-m._w m._..ww mo‘wm M....F.w u -mo
55.3 9.10 5.0 65.5 19.10 26.6 320 590
0.23 C.007 0.03 0.007 0.04 0.07 0,002 nil
14 .08 132 352 2.2 6+.680 3.52 Q.40 0.88
Nil 0.10 0.001 0.18 0.14 nil 0.05 0.12

snalysed by Water Resources and Engineering Construction
wgency (WRICA), Kano State.
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APV NIX IX CONTE

- -

EGralwla nu. or lneriiou

bate anslwveaq
. 4 2-
Uﬁﬂmuwaﬂrt ﬁmC& v

Iran (toial)

Free Carbon Diorids
Diassloved Oyvgen
Chemicz] Oxyzen Demand
Siliea (5i0,)

Fluoride (¥)

Total Jissoved Solids
Suspended Solids

Consuctivity (micro ohm/cm)

. { JTSEs OF Ja'%sm S4MPLES
r\.,h..r__u.w.H .2 _-.L_V.H ._....h
36 . ) _ 12 .m \.1,..- _ {7 !
Uk n ¥ ﬂ X : _. ..-lu “ o
! i i = B ¢
T7--5-79 i 31-5-79 " : _ 215 qw. a1 m-qm~
70 .0 nil | nia 20.0 0.02 “
b s et Jamm SCEeREa NSRS | .
O-WM nil i OQD_U OQON _On_OM
18.3 6.20 8.40 nil 7.87
ni nd nd nd nd
L Y R A ——— . . V-
OTT 0.3% 1xTH Q.42 Q442

B — e el e e e — e o o S

nd nd

PR —— ..-lIlTlltll.'.;. - Iw.rl.lll; — gl
nd nd

o — e

i ._T R

100 160

125

| 6-5-76
70| 3.0
T0a16 | ous
:.m il
P
0,0 | 1.6

T0.0

s
0 .61

180

— )

i+ 578 )
nil _
0.15
5.19
- pR———
nd
4418

iﬁl - - -

20 20 20 20
———
320

— e ———— . e+

175

- —

112

—

¢ —

L

25

20

- -

205

—

210

4nalysed by Water Resources and dnginsering Consiruction

Agoncy (WR3CA) Kano State.
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aotal Dissoved 801ids o o o 4 o 4 e 4 e . ..

Borehole no. 3

Ted

0.0o2
0.025
14 .025

trace
12.75%

8.59
nil
0.08
nil
Q.6
0.5
nil
trace
117 «1
nil
130
20%.97

n/L

g /L

13

ng/L

ng /.
mg /L
mg/L
mg/L
ng/%
tigg /L
ug/L
ng/L
mg/L
s /L,
ng/L
rg/L
ng/

e/l

m * L) L L L J L] L] . " ’ L ] L L L]

0.5
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APPANDIX X

 Date znd time 6-8-79 | 6-8-T9 | 29-5-79 | 6~8- 79 | 6879 | &-8-79 } 7-5-79
collected T+102m T.02an 6.42am £.55an 6.33%a0 7.22an 7.40an
Date and time 7-8-19 T-8-15 B-o-19 | T8-19 T=-8=79 7-8-19 T-5~15
examined 9.30an 9 .30am 9.10an 9. 3Can 9s30am F.30am 3.25pn
Locationr or Borehole no. 2 5 10 22 23 24 30
Nature of Sgmple ‘raw ravw rav Tav raw Taw rav
PH 6.9 T3 Tel Tab 6.9 T+5 T3
Growth on nufrient agar at 250 =300 150 >300 >300 >3m0 25
370¢ for 2 days
Most probable number of coli- . .
form organism per 100ml nil 16 nil 18 E 18 18
Moat prebable number of
Bacherichiz Coli ner 100ml nil nil nil 3 3 nil 18

| Free Chlorine mng/L nil nil nil nil nil nil nil

ﬁmow& Chlorine, mg/L nil nil nil nil nil nil nil

Examined by WRECCa. Kmo State.
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APPENDIX X COHTD

FaCTERIOLOGIC L L MINATICH OF WaTER S.MPLOS

Date and tine T-5~79 29-9-79 | 29-5-79 | 29=5~79 | 7=5-T3 7=-5=79

collected T.07am T+45am Ta22a0 741028 Ta1%an 8.00an

Date and tice F=5=T79 30-5=79 | 30-5-79 | 30-5-75 | 7-5-T9 1=5=T9

exgmined 3.25p2 9.102m 9.10an 9.10anm .25 3.15pn

Lecation or Borehole no. 29 42 129 1314 132 Gubi
dan

Hature of sampla W raw raw Taw raw raw

PH 6.4 70 6.9 7.5 6.9 7.3

Growht on nutriont agar 100 300 300 300 40 200

at 37%c¢ for 2 days

Most probable nucbser of ni?t 19 18 nil 18 18

coliform org=nism ~er 10Cml

Most probablae numbers of nil 17 7 nil nil nil

Escherichin Coli per 100m

Free Chlorine mg/L nil nil nil nil nil nil

PTotal Chlorine, ng/L nil nil nil nil nil nil

"Bxamined by WRECC.. EKano State.
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BNDIX NT.
HaTidd STRID4ADS
Sodiun 4bsorption atio  (Sar)
Pwo principal offccts of Sodiui: (Na) in the seil are harduning of
the s0il and roduction in the soil perneability. Both are causud by
raplacenent of Calciun (Ca) and Magmosiun (Mz) ions by sodiwn fons.

The United States saldity Leboratory (1954) racommond.d the use
of SA% as thoe basis for clasaifigation of irrigation wotor, Tho ratic

is expresscd nas:

This ratio is e¢~leculated from the concentr tion of the ions in

nilligrams e~uivalont ner liter.

Recoanended water classification based on S.dl are:

SAR Water class
10 Bzecllent
10 - 18 Good

18 = 26 Fair

26 roor.



ATPRNDIX XTI

WATER STANDARDS

117

International standards for Drinkins wator (wr0) 1‘)‘?1) .

Parnissible (P ) } Byeessive (1 M)
= R
Magnesiun (Mg) 50 +0 I 1 150.0
Calciun (Ca) 7540 : 200.0
Iron (Fe) Jat | 140
Maganese (Mn) 0.05 f 0.5
Copper (Cu) 0405 1.5
Zine (Zn) 5.0 E 15.0
Flouride (#) 045 145
Chloride (C1) 209.0 60040
Nitrate (:wj) 50,0 ; 100.0
Sulphata (50,) 2000 400.0

Total hardnass

Total Dissoved solids
PH rango

100 (as CaCos)
500.0
7-{.‘ - UIS

500 (as 0,131,3)
1,500,0
5.5 = 9.2

Toric substinces in Arinking witer (WHO 1971)

Substanca Maxinum Pornissihle (mz/1)
Lead (Ib) 0405
Goleniun (Se) 0.01
Arscnic (As) 0.05

Cyanido

0.05




