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ABSTRACT

This work employed static water elevation data to delineate areas where hand-dug wells are
seasonally productive from areas where they are continually productive in parts of northeastern
Bosso, Minna. It also integrated low resistivity anomaly with data on electrical anisotropy,
longitudinal unit conductance and transverse unit resistance to identify areas with deep water-
bearing fractures. A large number of boreholes have been completed in the shallow fractures, and
this has resulted in seasonal production from the shallow aquifers. Hand-dug wells within the
groundwater convergence zone established in this work were found to produce water continually,
while those located around the established groundwater level ridges are seasonally productive. The
groundwater convergence was found to exist within the central portion of the study area, where
the work revealed high surface fracture density values (2.4 to 3.0m™) and surface fracture
permeability values (0.0003 to 0.00046m?). Deep fractures with optimum attributes for water
poroduction were found in the north-western and north-eastern portions of the study area, within
letitudes N9.645" to N9.665°.

INT"RODUCTION

The study area is within northeastern
Bosso, an urban sprawl settlement in northern
part of } Viinna (Niger State capital in Nigeria,
Figureslewd 2). It is enclosed within
geographic' coordinates N931329" to
N93941.4 and E63043.8" to E63442.8 .
The residents here are an admixture of low
social class peo,ble (mainly petty traders and
peasant farmers) and lower middle class
people, mostly em'ployees of the Federal

University  of  Technology.  Minna
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(FUTMINA). Pipe-bormne water system here
functions very poorly, and the residents often
obtain potable water from hand-dug wells
and hand-pumped boreholes. Many of the
hand-dug wells become dry from mlriddle
January to the end of Dry season in middle
April. This happens when wells are sited
close 1o static groundwater level rnidge,
commonly called groundwater divide. This is
the linear axis from which groundwater

diverges away in opposite directions. It is
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" also known as the recharge zone. The area is

also noted for significant failure rate of bore-
holes drilled with mechanised drilling rigs.
Eight wells were drilled within the oppositely
adjacent FUTMINNA’s Bosso campus.
Three of these were outright failure, while

three provide potable water only from May to

early January. These wells are hand-pumped,
which implies they were completed in
aquifers constituted by fractures that are
shallower than 50m. Crowded production
from shallow fractures would lead to well

failure or seasonal production.
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Figure.1l. Map of Nigeria showing study area within Niger State
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Figure 2. Location of study area within NE Bosso
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The unsatisfactory well performance
may also result from non-deployment of
appropriate geo-scientific procedures when
positioning hand-dug wells and boreholes in
the study area, which is a basement complex
where aquifers localized and
compartmentalized (Sonkambe et al. 2013).
The orthodox method deployed to site water
wells in these areas employs Vertical
Electrical Sounding (VES) to delineate
subsurface zones with anomalous Ilow
resistivity values, which are attributed to the
presence of groundwater. The flaw in this
method is that the presence of clay minerals
(such as chlorite, thuringite , clinochlore and
dickite) and other electronically conductive
minerals (for example, galena, graphite,
chalcopyrite, native copper and gold) in
basement complex rocks will produce
similarly anomalous low resistivity values,
and therefore misdirect well positioning
wells is

exercise. Positioning water

essentially a geological problem

(Bhattachayra and Patra, 1968) because
groundwater occurrence is controlled by
geology. The success of groundwater
prospecting in the basement complex areas
depends upon an appropriate combination of
physics and geology (Paranis, 1986) with

reltable information on hydrogeological
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characteristics (Chandra er al. 2006),
Ovedele et al. (2013) employed electrical
resistivity sounding (VES) data to delineate
fractured basement intervals depressions
within parts of Ado-Ekiti in SW Nigeria.
Electrical anisotropy (L), longitudinal unit
conductance(S) and transverse unit resistance
(T) derived from VES data are
hydrogeological parameters related to degree
of fracturing, fracture permeability and
groundwater occurrence (Olorunfemi and
Oloruniwo, 1985; Olorunfemi et al,1991;
Sunmonu et al.,2012; Kumar et al .2014),
Groundwater converging centres are first
choice zones for positioning water wells
(Olorunfemi and ldornigie, 1992; Mallam

and Emenike, 2008; Unuevho et al. 2008).

AIM AND OBJECTIVES

The aim of this work was to employ
direct geological and hydro-geological data
to establish groundwater flow directions and
groundwater convergence zones In the
regolith, as well as to employ geophysical
data to delineate deep water-bearing fractures
in the study area. The associate objectives
were to generate surface fracture density and
permeability maps, static water level
elevation map, isoresistivity map as well as

thickness map, longitudinal unit conductance
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(8) map, transverse unit resistance (T) and
coefficient of electrical anisotropy () maps

for deep aquifers (constituted by fractures

GEOLOGY AND HYDROGEOLOGY
OF THE AREA

Outcrop lithology in the study area is
medium to coarse grained granite. Fine

grained granite outcrops on its west while

w vgo“N SRS
&3nn0"N SCALE

° gy LRy 2775

Km

37

within 50-70m; and 70-90m) in the study

arca.

schist-migmatite-gneiss complex outcrops
northwards of it (Fig.3). Figures 4 and 5 are
some of the widespread surface fractures in

the area.
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Figure 3. Geologic map of the study area

Figure 4. Surface interconnected fractures at N09°39'.520""; E006° 31°.762"
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Figure 5. Surface interconnected fractures at N09°39°.402""; E006° 31°.489"

Aquifers in the area comprise
regolith, unconfined and confined fractures,
as is typical of the basement complex
(Olorunfemi, 2009). The regolith i1s the
clastic detritus produced from weathering of
outcropping bedrocks. Petty traders, local
farmers and lower middle class residents in
the study area commonly obtain water from
wells manually dug into the regolith. The
unconfined fractures directly underlie the
regolith. The confined fractures are
sandwiched between fresh bedrock above
and below. It takes mechanised drilling to
tore a well through the fractures. The
fractures  are

un confined commonly

sha.'lower than 50m. They have become

104

overexploited in the study area where over
90% of existing wells are hand-pumped.
Some of the confined fractures are shallower
than 50m, but majority of them are deep.
Wells completed in deep fractures are
productive in areas where shallow aquifer
wells failed in Minna and Zungeru towns of
Niger State. Figures 6 and 7 show water
flowing within the fracture interval between
first fresh basement layer (bedrock above)
and second basement layer (bedrock below).
Such confined fracture systems and
unconfined fractures presumably exist within

bedrock buried beneath regolith.
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Figure 7. Water flowing within infra basement fracture zone at N09°39°.96'", E006° 32".00'

METHODOLOGY fractures were plotted on a Rossette diggram

Strike direction of surface fractures using software called Rockworks. Surface
on outcrops was mapped using and compass fracture density was determined at different
clinometers and a Global Positioning System locations using:

(GPS) tool. The strike directions of the

Fo=~  (Deming, 2002) «oooooo oo B

3
&

where Fs N, L are surface fracture

density (in m™), number of fractures and
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linear distance (in m) across fractures
respectively.  Fracture permeability at

different locations was determined using:

Fi"2 (Deming, 2002; Brace, 1980) .......... ....... 7

Where Fr F;, W are fracture limited to 160m by random location of
permeability, fracture density and fracture residential and commercial buildings. The
width (in m) respectively. Static water level data were interpreted in terms of geo-electric
depth was determined at twenty four different layers using Winresist. The geo-electric
locations, by lowering a water level indicator layers are soil, weathered basement, first
to the top of water level in the wells. This was fresh basement layer interval, second fresh
subtracted from the elevation measurement basement. third fresh basement and fractured
of protective concrete structure atop each basement. Soil and weathered basement
well (obtained with a GPS) to obtain water layers were combined as regolith. Fractures
level elevation at each well location. deeper than 50m were delineated as deep
Geographic coordinates of all the locations fractures. The fractures within 50-70m depth
were determined with a GPS device. Contour were grouped into one class. Those within
maps of F, Fr and static water level values 70-90m were grouped into another class.
were generated using Suffer 11 contouring Another group of fractures lies within 85-
software. The ridge on the static water level 120m. Most fractures within these groups of
(commonly called groundwater divide) and depth interval are expected to be the
groundwater flow directions were established genetically related and theretore
from the static water level elevation map. interconnected. They were characterised in
Closures of low contour values on the static terms of hydro-geologically significant ’
water elevation contour map were inferred to physical quantities (total longitudinal unit
be groundwater convergence zones (also conductance. S; total transverse unit
known as groundwater discharge zones). resistance. T3 and coefficient of electrical
VES data was acquired at twenty three anisotropy. A) that were determined as
different locations using the Schlumberger follows:

field array. The current electrode spacing was

106
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l s=2 " (Henriet, 1976)  eioveeeeeeiirniens 3
T=pH (Henriet, 1976) «vvveeeveeeeeeeeennn 4

A= — (Henriet, 1976) .ccovvviivannnnn. e 3

Isoresistivity contour maps, thickness RESULTS AND DISCUSSION
contour maps, as well as contour maps of S, The strike of the surface fractures measured
Tand A were generated for the deep fractures on the outcrops is given as table 1.

using Suffer 11.

Table 1: Measured strike of fractures

204, 260, 220, 60,90. 271, 246, 188, 204, 108,168, 188, 182, 43, 182, 82, 184, 200,280,148, 29,
47,352,40,4,340,272,200,301,273, 229, 180, 298, 161, 292, 104, 193, 240, 98, 212, 340, 184,
243,189,220, 258,291, 162, 303, 8

Rosette diagram of the fractures’ strike values (Fig.8) indicates that the major fracture
' system in the area trends NNE-SSW.

,‘;KY

Figure 8. Rosette diagram of surface fractures’ sirike values

I The estimated values of surface fracture density and permeability shown in table 2.
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Table 2: Estimated of surface fracture density and permeability

LOCATION NUMBEROF LENGTH  FRACTURE FRACTURE FRACTURE
IDENTITY FRACTURES ACROSS  DENSITY WIDTH  PERMEABILITY
FRACTURES

0.13
I '_":u,']"!f&}:’j;'n_‘i\"{"j_r_ ST

00000002

s Ul -
) P En [0S

The surface fracture density map (Fig.9) central portion, and decreases towards NE
reveals that fracture density is higher in the and SW in the study area.

9°4a'38.9™N

6°31'44.5'E &2’ "B
SCALE
——— -
.28 G.azKM

Figure 9, Fracture density map

Similarly, the surface fracture towards NE and SW from there. Both surface
permeability values are highest in the central fracture density and permeability are skewed
portion of the study area, but decreases roughly E-W.

Table 3 is the measured static water level data.
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SCALE _

Figure 10, Surface

Table 3: Measured static water level data

o285

o.4FIKM

fracture permeability

LOCATION SURFACE DBEPTH TO STATIC STATIC LEVEL
IDENTITY ELEVATION ER LEVEL (m ELEVATIO
TR e DO ST ae e = .

L14 284

16 285

L8 T 289

L20 294

202.7

Static water level elevation map
(Fig.11) reveals two separate ridges on the
static water level on the west of the study
area. Both trend NW-SE in their southern

portion, and then become N-S trending in

109

their northern portion. In between the ridges
is a clearly defined groundwater convergence
zone within the regolith. This zone is
configured N-S between [3 and L12
(western portion of Fig. 11). Olorunfemi and
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Okhue (1992) observed that wells sited on

static water level ridges commonly fail, while

—
those sited on convergence zone Aare

commonly very productive.

W

MAP SCALE

W W W

degree E

I E———C e e
COLOUR SCALE FOR WATER TABLE ELEVATION

#E R EREREEREZERBER

l;nmmu!wu-’u-apmmb.u\q-.

Figure 11. Elevation map of static water level showing water level ridges and flow direction

As expected, hand-dug wells almost
sitting on the ridge (L4, L5, 1.6, and L10) are
dry from January to April in the Dry season.
Hand-dug wells within the convergence zone
(L3, L11, L12, and L13) provide water from
May to December. Hand-dug wells on the
eastern portion of the study area are also
productive, being located in the lower portion

of the flow direction.
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The convergence zone’s coordinates
coincides with the central portion with higher
surface fracture density and permeability
values. This suggests that surface fracture
density and permeability data are useful in
locating successful hand-dug wells.

Table 4 is the geographical
coordinates of the vertical electrical sounding
stations obtained with the GPS.

T




sounding data at stations V1 to V11 is shown
in table 5, and the corresponding data at
stations V12 to V23 is shown in table 6. In
the tables, AB is current electrode spacing,

and p, is measured apparent resistivity. The

Unuevho et al “Water Resources (2016) 26:100-121
Table 4: Geograpnical coordinates of the verticai eiectrical sounding stations
M 9.65989 E 6.53 V1
N9.6601  E653 V2
N 9.56025 E 6.52997 V3
' N9.66044  E6.5299 V4
N 9.6606 E V5
6.529944
N 9.66077 T E
Sl L 6529944
N 9.660972 E6.52992 V7
N9.66117 E6.529838 V8
N 9.6613 E 6.53 V9
N9.6615  E6.52988 V10
N 9.662 E £.52991 V11
' N9.66175 E6.52961 V12
N 9.66183 E 6.5294 V13
N9.6621  E6.52916 V14
N 9.66155 E 6.52944 V15
- N9.64611  E6.52833 V16
N 9.64583 E6.52847 V17
NO.66166  E652875 Vig
N 9.66172 E 6.51222 V19
N9.57783 . EB.54513 V20
N 9.57727 E 6.54458 V21
_N9.577388.  E6.5445 V22 .
N 9.57797 E6.54563 V23
The vertical electrical resistivity geo-electric layers and their respective depth

and resistivity attributes modeled using
WinResist are shown in tables 7 and 8. In thé
tables, htk, hp, and htp regpectively
symbolizes, thickness, resistivity and layer

type for layer h. ND implies not determined.
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Table 5: Vertical electrical resistivity sounding data at stations V1 to Vil -

-

AB2(m) VI V2 V3 V4 V5 Ve VI V8§ V9 VIO Vii
Pa Pz Pa Pe Pa Pa Pa P2 L8 Pa Pa

(Qm) (Om) (£2m) Qm) (OQm) ©Qm) ©©m) ©m) (Qm) @Qm)  (Qm)

W st 5250 1 716305 M 73T 26502 il 039 3450 300
2 20 361 109 1692 311 1897 19 19 1586 416 259
S 1250115 18535530 2 110NN D e [ SaE 4665 - 141
5 34 125 110 1626 338 2194 14 15 956 584 416
Lo.6 100 209 106 1388 438 1977 12 12 769 650 626
8 30 158 95 1035 474 1492 12 14 631 627 578

L o410 10 241 74 734 467 936 .15 15 538 694 523
15 62 210 51 545 531 838 19 18 452 646 332
T20. 77 22739 467 547 762 °280.22,11 409 + 605" 357
25 S1 280 64 561 653 640 15 17 407 495 379
i T 79 1597 48 4377 601 5300 .22 . 21 349 457 227
35 362 115 35 413 596 474 27 23 356 43t 213
510y S P, 43 TN G5 AT G BT T | Bo s o 413 IFigs,
50 148 159 12 500 358 577 34 50 675 160 77
_60: 368 181 16 -549 259 587 .45 69597 - 112 77
70 186 303 11 592 121 528 65 99 727 61 56
R0 LT T U7 5960 258 BT 3. e 1891

Table 6: Vertical electrical resistivity sounding data at stations V12 to V23

AB/2(m) Vi2 VI3 V14 VI3 Vié V17 VI8 V19 V20 V21 V22 V23
P2 Pa Pa Pa Pa Pa Pa Pa Pa fa Pa Pa
_ Qm) (@m) @Qm @m) ©Om (Om) (©@m) (Om) (Om) ©Om) ©Om) (Qm)
TUOIT U854 653 400020 | 233 3720310 5251352 15 523
2 1428 582 233 23 26 3 286 228 367 1136 16 361
GINLITI 263 (122719 30020 28 141 ISTTE3A M7 125
5 826 192 108 15 32 2 233 142 135 667 20 125
ek (127 L TR 2 T TSNS bR | ot Ll /T 11 o DI 3 )
8 619 149 114 9 32 2 123 197 234 512 20 241

(T - B RN T T 2

27 716,007 . 2205TA14 19 #230

i5 608 134 215 16 27 2 130 431 217 405 22 227
=a208MRST65 154 B0 S 1 27T 28 SR N67 oA A55E 0T T 280,
25 484 136 214 6 23 2 169 438 164 406 23 159
300604 153 321 6 16 2. 296 367 1050 437 28 115
35 745 161 444 6 13 2 284 215 170 524 31 174
A0 945 el 3300 R 10 (34268 284 | 238N 712 40° 243
56 819 178 184 9 9 4 196 235 148 904 45 159
600 786 218 113 100 14 477382 224 3131042 61 303
70 819 267 - 14 12 6 970 280 - 1087 58 -
R VPE T AL Y SRR o SO
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Table 7: Geo-electric layers modeled from data collected at stations V1 to V11 using WinResist

GEOELETRIC Vi V2 Vi V4 V5 Ve V1 V8 V9 VI0
LAYER

TS, WB, FB, FR respectively symbolizes top soil, weathered basement, and fractured basement
in tables 7 and 8.
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l Table 8: Geo-clectric layers modeled from data collected at stations V12 to V23 using WinResis!
1] .

N

,
: The curve types are mostly intervals characterized with low resistivity
' combination of H and K curves. Four values in the study area (tables 7 and ‘_8)9""r
§ geoelectric layers constitute the curve with Similar deep fractures are associated with
. the highest frequency. The curve type was five layer-, six layer-, and seven layer curve-
t found at ten stations (V3, VS, V10, V11, types in the study area. Some of the curves
! V13,V14, V15, V16, V17 and V18). The KH that display fracture intervals deeper than

generally contains thick and deep fracture 50m are figares 12 and 13.
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The curve types are mostly
combination of H and K curves. Four
geoelectric layers constitute the curve with
the highest frequency. The curve type was
found at ten stations (V3, V3, V10, V11,
V13,V14,V15,V16,V17 and V18). The KH
generally contains thick and deep fracture

intervals characterized with low resistivity

values in the study area (tables 7 and 8).
Similar deep fractures are associated with
five layer-, six layer-, and seven layer curve-
types in the study area.

Some of the curves -that display
fracture intervals deeper than 50m are figures
12 and 13.

- VESS No Res Thick D
R -8 0 Res epth
T%ermr b7 __ Schiumberger Configuration S
T . 12081 26 26
£ : 2 5708 30 56
< : 37960 15 74
= . : 413791 85 156
% _ 5 569 445 600
m_ b
t& L + \ s
Y ¥ l X/
. | RTTA
L
10% =4 :
1070 10" 1042 10%3
Cumrent Elecirode Distance (AB/2) [m)

Figure 12. Modelled curve for V5 data
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Figure 13. Modelled curve for V7 data

Values of S, T, A for fractures existing
within the depth interval 50-70m are given in
table 9, and those for fractures existing within
the depth interval 70-85m are given in table
10. High X values (0.9999 to 1.0001) and low
S (0.0044 to 0.23mS) generally indicate that
the low resistivity anomaly at intervals
deeper than 50m are associated with deep
water-filled fractures. Moderate to high
values of T (1000 to 5000 Qm?) also indicate
high secondary permeability in basement

complex. This interpretation is consonant
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with

(Olorunfemi

the findings of many workers

1985;
Olorunfemi et al., 1991; Oladapo ef al., 2004,

and  Oloruniwo,
Sunmonu et al, 2012; Oladunjoye et al,
2013; Ayuk et al., 2013; Kumar et al., 2014).
Low A (0.756), high S (0.566) and low T
(89.3 Qm?) at V17 indicate that the very low
resistivity anomalous value (lower than 10
Qm in Fig.14) is unlikely to be associated
with fracturing. It is probably produced by
the presence of electronically conductive

minerals.
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Table 9: Values of S, T, A for fractures existing within the depth interval 50-70m

STATION S T A
4 023 | 79574 | 0.995
5 0.782 | 25264 | 1.00
6 0.372 5445 | 1.0001
9 0.011 7358 | 0.9886

10 0.9197 | 2401 |0.9996
2 0.026 | 14974 | 0.991
17 0.5666 | 89.83 | 0.7567

1 0.1778 | 2721.4 | 0.9998
20 0.0708 | 3301.7 | 0.9993
22 0.0044 | 9612.8 | 1.000

23 0.12347 | 670.7 | 0.999

Table 10: Values of S, T, A for fractures existing within the depth interval 70-85m

STATION S T A
1 0.0595 | 1547.5 | 0.9995
4 0.023 | 7957.4 | 0.995
7 0.1499 667 0.999
8 0.1603 | 5394 0.999
12 0.0165 | 7624.96 | 1.000
13 1.1792 | 132.5 0.999
] — 4
RHS:&fmr' 45 Scniumbsger Configwation No  Res. Thick Depl
r 1 32 08 08
E 2 19 226 234
£ 1 180 398 £33
}.; - 4 95 - -
H 104 | _— PR
Y
< k\kw
109 -
10‘_1 A " |
1040 1041 1002 1073
Current Electinde Distance (ABRZ) [m]

Figure 14. Modelled curve for V17 data
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Isoresistivity. thickness, 2, S and T atiribute
maps for fracture intervals between 50 to 70

| .
0 025 05 075 1Km

Figure 15. Isoresistivity map for fractures
within 50-70m depth interval
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Figure 17. X map for {ractures
within 50-70m depth interval
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Figure 16. Thickness map for fractures
within 50-70m depth interval

552 6.53 6.54

N
0 025 05 075 1Km

Figure 8. 'S map for fractures within
30-70m depth interval
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Figure 19. T map for fractures within 50-70m depth interval

Figures 15, 16, 17, 18 and 19 show
that the northeastern and northwestern
portions of the study area ,within latitudes
N9.645" to N9.665°, posses subsurface
fractures with optimum attributes for
supporting continual water production.
These fractures are characterized with
resistivity values ranging from 100-
300Qm, fracture thickness ranging from 24
to 32m, electrical anisotropy higher than
0.95, longitudinal unit conductance values
lower than 0.1Q-1 and transverse unit

resistance between 2000 and 6000Qm?2.

CONCLUSION
Elevation of static water level

constitutes direct hydrogeological data
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deployed to establish a groundwater
convergence zone between two water level
ridges. Hand-dug wells within the
convergence zone are continually
productive. Those within the vicinity of the
convergence zone are unproductive in the
Dry season. The groundwater convergence
zone lies within the central portion of the
area where surface fracture density and
permeability are high. Surface fracture
density and permeability data are thus
shown to be effective information for
locating productive hand-dug wells.
Resistivity anomalies were
evaluated using electrical anisotropy,

longitudinal  unit conductance and
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transverse unit resistance. This revealed the
existence of deep fractures with optimum
attributes for supporting steady water
production in northeastern  and
northwestern portions of the study area
within the region between latitudes N9.645

to N9.665°.
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