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QUOTATION 

Go, my sons, buy stout shoes. climb the mountains, 

search the valleys, the deserts, the sea shores, and the 

deep recesses of the earth. Mark well the various kinds of 

mi11erals, note lt;cir properties and their mode of origi11. 

PETRIUS SEVERINUS ( 1571 ) 
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ABSTRACT 

Water resources development is one of the major factors in the 

development of any community. Efforts connected with exploration and 

exploitation of ground water need to ensure adequate supply or suitable 

quality and sufficient quantity or waler to the people. To achieve this, 

surracc geophysical investigation is often employed in the location of prolific 

borehole.sites in any geological environment. Thi� prnjccl ·sum ma rises the 

results of gencleelri<.:<11 soundings (Schlumberger configuration) carried nut 

al 16 loc:1tions around A7.;1rc lown using J\UEM Tcrramctcr SAS 300R. 

Results obtilined f0nn lhc wmpulc.;r ;1idcd inlc.;rprclalion revea l thickness 

to bed rock between 14 and W111 wh.:rc lhc basc1m: nt is near the surface 

and Thickness > 120111 where it is vcry deep. Some of the problems 

l\ssociatcd with the ground waler development in J\zarc arc due to Deep 

waler table, low yield of the upper aquifers or the Kerri- Kerri fom1ation 

a nd lack of adequate geophysical investigation or the areas. 
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_CllAfiEILO..NE 
1.0 INIRODl..!CTlQN 
1.1 Qepe_roUotrodµ�1i'1!1 

The demand for quanlilativc and qualit11live drinking water has 

grown lrcmcndously with civilization and increased population. This is 

because watt:r is one of the most important faclors in the develop111cnt 

of any soeiely. In an dforl to provide walt:r lo the populncc, the lfauehi 

State (]ovt:mmcnt drilled <1houl l."00 hand pump bnrcholcs under 

B
.
auchi Sl?lc lntq:ratcd Hur:d Dcnlop1·1cnl l'rngramm•; tiut' of which 40 

1m;chanir.cd pumps were installed. 

Later in 1992 the State with the assistance of UNICEF 

Established the Hauchi Stale Water and Environmental Sanitation 

Prnjccl (W/\TS/\N), the aim of which is to provide s.1ft: drinking water 

especially to lht: rural areas that arc guinea-worm ende111ic. Beside, 

private organisations and companies e.g. ALKA CHEM Company 

Limited are eng;1ge in drilling o� boreholes and ground water 

exploration. 

However, most of these boreholes are now either in a state of 

Jl(1or operation or completely broken down due to lack of maintenance. 

tllia indicate that tbe previous water schemes have not Alilf.t 
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the water requirement of the populace. Bauehi State therefore, needs to 

fully explore and exploit its water resources and to also review especially, 

its water supply schemes to support its growing agricultural development 

P.rogrammes, its agro-based industries and its expanding population . 

Generally, in /\zare area ground water occur in the Kerri -kerri 

formation and lhe weathered basemen t which contai11 water-hearing 

layers and zones. Water problem in the area is due to the low yield of 

the upper aquifers of the Kcrri-kerri fonnation and appreciable clay 

u111tponent in the weathered hasc1m:n1 whl>se pcnm·ahilitics arc mostly 

low. 

1.2 Locat_ion g111/ acce.uibility 

Kalagum Local Government is loc;:ited in the northern part of 

Bauehi Stale. It is :ibnul 2LO KM from Bauehi town. ll lies between 

latitude 11° 39'N and 11° 43'N and longitudes 10° l l'E a11d 10°13'1\. The 

area is tlanked by Shira, Dambam, ltas and Ga�nawa areas of Bauehi 

State (Fig.1). It covers a land mass of 1228 square kilometres with a 

population of 188,127 people (Census, 1991). 

The area is accessible because of the tarred and unterred 

motorable roads and numerous footpaths. 
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1.3 C�l§_a&t_ Vegetation 
The area of study has a mean annual rainfall between 690 to 

710mm. It is characterize by two distinct seasons; Wet and Dry seasons. 

The wet season is between April/May to September/October while the 

dry season conspicuously sets in from the month of October/November 

and lasts up to March/April. It is characterize by an arid wind moving 

from the North-East of the Sahara dcscrt. 

The air mass is known as 1 lamallan. During this pcriod thcrc is 

little cloud cover and temperature vary from !'.\- '.\2° (waler surveys, 

1987). The area is µarl of th<.: sahcl Sa\annah with its characteristic short 

gra!;.�cs, thorny bushes and thick vcgctation along rivers and stream 

channels. 

1.4 Relief.11wl J)i::ainaJ!e 

Kalagum local government area is situated in a relatively flat 

terrain with loosely consolidated sands. While Azare area Iles on the 
' 

. 

Kerri-Kerri fonnatiou. The relief is generally between 300-450m above 

sea level. There are no rivers or network of streams traversing the study 

area. 
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5 
1.5 fi._eJtkmJ!'}tan4__1.�!1!1.Jm_ 

The area is characterized by both nucleated and linear 

settlements. The nucleated settlements arc found mostly in the heart of 

/\zarc town. While the peripheries arc dominantly linear along roads. 

The principal land use of this area is fann ing . Both shifting 

cultivation and crop rotation arc practiced . Most comnwn agricultural 

produce <)IC mai1.c, groundnut and corn. The Fulanis 1>11 thc
0
othcr ha11d 

\ 

arc e<1lllc rearers. 

1.6 ''r:cviou.\· IYork 

Geologic work in the slate dale� l•ack to the early part of this 

century when Falconer ( 1911) carricd out a reconnaissance mineral 

survey of Northern Nigeria . I le indic�1tctl tlwl lhc basement rocks of 

Northern Nigeria represented mainly by granite rocks were overlain by 

volcanic and sedimentary rocks ranging in age frnm upper Cret;iccous to 

quaternary in some places. lie first recognized the Kerri-Kerri sand 

stone and believed it to be Eocene in age. Brian (1926) produce a 

generalized geological map of the area and described the principal rock 

types. In the year 1926 the geological survey of Nigeria commenced 

hydrological investigation in the couniry and also undertook the actual 

exploration of the ground water for rural communities by means of hand 

dug c:oocretc-lioed wells. Oyawoye (19�2) descnbed the general geology 

� to consist of mctasedimentary rocks, migma&ilos. granitea. 
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Cattcr el al (196J) de scribed the general geology of Bauchi. They 

recognized an ancient eryslallinc basemen!, represcnled mainly by 
granile ro<.:ks, overlain by sedimentary and volcanic rocks. Duprccz and 
Barber ( 196.'i) worked on the distribution and chemical quality of ground 
waler in Northern Nigeria indicating that despite the large volume of 
water in the Kerri-kerri formation, yields arc generally low because of 
presence or interstitial clay and silt in the sand stone. 

/\Joli:� Geo.-seiencc( 1977) working for lhe Federal Minislry of 
Water resources identified lh�t the hascrm:nt cnmplcx rncks arc crossed 

with network of fractures, lhc density cha ractcr istio; and course of which 

may vary rrom one area to a nother. Fdok Elcr-Mandillas Ltd. (1976-

1977) investigated the various hydrological units(Kcrri-kerri, Gombc 

Yoldc, Pindiga and IJima fonnations) including lhc basement in Bauehi 

stale with their complete borehole logs. 

The I 986 water surveys unpublished report on shallow aquifer for 

low land irrigation i11 Dauchi slate for Bauchi state /\gricultural 

development Programme (BSADP) desenbed lhe physical charilcteristics 

,and area extonl of all tile low land aquifers. 

Dike and Dan Hassan (1990) have indicated that the Kerri-Kerri 

fonnation has the best aquifers in Bauchi stale compared to other 

hydrological units in the state. 



the objectives and expected benefits or this research include the 

following: 

a) To assess the potentials of the ground water resources of Al.are 

town. 

b� Tu 
-
�dentil'y and delineate the most favourable a rea for' ground 

water development. 

7 

e) Tu provide information for the use of organisations interested in 

ground water resources development in the study a.rea. 

d) To satisfy one or the requirements for the award of the Degree of 

Uaehclor of Technology (It Tech ) in applied Geology at 

/\bubakar Tafawa Hale1\.1 Uni1·cr�ity, Bauchi. 

1.8 M.el/l.Qd!)/ygy 
Two basic approach were employed for this work: 

I )  •Data acquisition and 

2) Data interpretation. 

The· latter involve critical classification of the data acquired. 

Geophysical (Resistivity) readin� were obtained and interpreted. 

Most of tht: data were obtained from the following organisationa: 

Bauc:hi State Water Board (BSWB) 



(WATSAN), Bauchi. 

c) Ministry of works and Housing (Land and Survey dept.) 

d) University Library (ATBU) 

c) Previous trip to the Local Government of study. 

8 
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2.0 QliQLOGY.AND HYDROGEOLOGY 

2.1 R.�i!mtd. _Geo/qgy_ 
The study area is located within the upper Uenuc trough. The 

Bcnue trough which is an inlracontincntal basin is about lOOOkm in 

length and 120km wide elongated in the NE - SW direction and 

overlying the Prcc:unhrian shield of the West /\frica11 mo bile hell 

(Guirau<l. 1990). 

9 

Generally there arc l\\u pn•minc11l models that have evolved on 

the origin ·or the llcnuc J"rough. One of the nwdcls ( Uurkc, 1976; Burk 

ct al, 1970; HolTnwn ct al, 1974; Ola<lc, 1975; Wright. 1981; Filt<rn. 

1983) attributed the origin of the trough to the ·y'" shaped triple 

junction rift model (RRR) due to the break up of the /\fro-Drazilian 
plate in the Cretaceous. They envisaged the trough as being represented 

by the third failed ann of the RRR rift systems while the other anus 

separated to fomt the South Atlantic. 

Benkhelil and Robineau (1980); Popoff et al, (1983); Allix (1983); 

however interpreted the trough as a set of pull apart sub-basins 

generated hy sinistral displacements along pre-existing
. NE-S.W 
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They argue that the regional configuration of the West Central African 

rift system is a series of a major NNW to NW trending extensional 

basins and taken up the strain which was caused by Gulf of Guinea. 

They showed the Trough as Wrench fault system with' sinistral 

displacement. 

The infilling of the Hcnue trough is characterized by the 

succession or continental to marine deposits ranging from /\ptian to 

Paleocene in age. The local stratigraphy is problematic taking into 

account the great diversity of sediments in th e early Cretaceous basin 

(Guirand and Rcbcvc. 1988). rl1c str;1tigraphy of the upper Be nuc 

trough is s11111marisc in table I. 

2.2 (ieowgy of the Stu_dy_ Areq, 
Both geologic and geophysical investigation reveals that Ai'.1rc 

town lies on the Kerri-Kerri fnnnation which arc mostly covered by 

lloloccnc clayey sands (Edo-Eter-Mandillas, 1976). In the south and 

north of Azarc the Kerri-Kerri sediments arc frequently exposed 

especially on the trunk road to the north (to·Gadau) �he K1:;rri-Kerri can 

t
;
l'tcn be ·�bscrvcd fdr over a distance of l 7km ( foig: 2) 
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----·-·---·· 

. Upper Ucnuc 1 Gumhc, Pindig;i, Southern Chad /\�c 
13asin Zambuk. Ra sin 

-

Clwd Pleistocene 
Fonnation 

Longuda Riu Basalt Pliocene 

B;1sall Kerri Kerri u 
Formation 

------·---

Gombc Sand I. 
stones Maestritchian 

-

Lanja sand ssl. Fika Shale Campanian 
Numanha shale Pindiga Sanlonian 
Sckulc Fonna t in11 J.'!\m1atin11 (iungihi Coniacian 
Jcssu Fonnali1111 I 'orma I ion u 
Dukul Formalil>ll M Turonian 

L 
Yoluc FonnatitH1 u 

M Cenomanian 
L 

Bima Sandstones u Alhian 
M 
L 
U /\ptian 

Volcanics, Basement Jurrasic 
Crystalline ' Pre-cambrian 

-

Table 1 
The stratigraphic sequence of the Upper Bcnuc valley and 

southern Chad Basin (After Popoff el al, 1986). 
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Kerri-Kerri formation is a cpntincntal sequence and has been 

dated as Paleocene in age (Adegokc et al, 1978). Lithologically, it consist 

of friable medium-coarse sandstone and sands, gravely sands and sandy 

gmvcl's, interhcddcd pebbly clayey sands and sandy clay stones, fincands 

clay 1'tones (Dike, 1990). It is generally low laying and appears lo have 

been dl.:rivc<l from a terrain of Cretaceous sediments (Carter ct al, 

l 963). It was la i<l down on eleven surface nf basement complex and 

folded Cretaceous rocks. I he thickness urics from a few mclcrs lo 

estimated 300111 <tt sn1nc pLtccs (D���;iu,,1gic. 1975; /\dcgoke ct al, 

1978). This formation is una lkctcd h} l1iltling anti d ips gently to the 

north and north-cast below Chad fnrm;1tion. The Kcrri-Kerri fo rmation 

thins west war<l (i.e. towards Darazo anti Misau). The contact between 

the basement complex and the Kerri-Kerri fonnation is a distinct 

b(iundary, composed mainly of conglomerate. 

2.3 ffy<fr:gf:§nlf1gy_g]Jlre StuJ!J_Am!·_ 

The ground water in the Kerri-Kerri fo1:mation a4uifers occurs 

.mainly und'l:r water t�ble conditions but locally semi �nfincd and 

conli11e<l a<juil"crs m:cur where thick and some times laterally extensive 

lenticular clays are interbcdded with sand. Dupreez and Barber (196.�) 

:Uzdicated that deo;pitc the large volume .,f water pr .. sent in the �aturattiid 

{ontaat ion, yield..; arc gcncr.illy luw because of low 



penncability of the sediments due to interstitial clay and silts in the 

sandstone. However, Dike and Dan Hassan (1990) concluded that the 

Kerri-Kerri fonnation easily has the best aquifers in Bauchi State when 

composed to other hydrological units. 

14 

From the hand-dug well� of Azarc the ground water level is at a 

depth•ot' hl:twl:cn 15 and 24111. This gwund water lies in the upper 

al1uifcrs of' the Kerri-kcrri fom1ation which have low yield. Nevertheless 

yields of hclween 6 - O LJS and 14 l/S have bee n obtained (Fig. 5a - e). 



3.0 
CHAPTER TIUlEE 

0£DeHX:S.tC.ALJ2AJ'A ACOUISIIJON ANJ2 
P&f1.'iliJ'fUTlQ.N. 
l 1 f_ri_�gJ!kLJ!f_Q.£, Resistivity Me!hQd 

In order to fully understand the principle nf earth resistivity 

. llleasurcrncnt. it is n<;ccssary In appreciate the hch;l\iour of electric 

15 

current moving in layered media, which is invariahly the c;1se rather than 

a homogenuus earth and how this affeds the distribution of potential 

within the !!round. 

The hasi� for clc.:d ncil C<•11tiuct1vitv nr resistivity is the ohms law 

which slates that : 

points. 

AV= IR 

Where A V = Potential difference betwee n any two points. 

=Current !lowing in the conducting medium between 

these points. 

R =Resistance of the medium between these two 

Jn the fosistivity method an electric current is introduced into the 

ground by mea.ns of two current electrodes and the potential difference 

between two potentials electrodes is measured. Fig. 4a shows the current 

and potential distnbution 
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" Fig. 40 Cprrent distribution ( - ) and equipotl!ntial lines(_ - - ) 
i'7 a vertical plane through the current electrode. 
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Fig.4b A Gcf'croi Confi,;uro\ion 

0.£. . 

10/ I -.I 
. , ___ , __ ,, __ ,.._ __ __ -···- jl_ • 

__.d 

_,,_l l 

Fig.<\c Fraction at total current I which-posses obovt a 
horl zontol plane at depth d, uprnstd as a function 
ot the distance L between two cvrrtnl tll!!ctrodes 
(Arranged aftl!r C. A. Helland). 
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within a hornogenous isotropic ground in a vertical plane through the 

current electrodes. 

ThcJ'pallern is1thc same in any plane through ihcse electrodes. 

The figure (4a) show that a large part of the current penetrates deeply 

int o the ground. It is obvious that the depth of penetration increase 

with increasing electrode distance. The relation between the depth nf 

pcnelrntion and electrode distance is given by the curve in figu re 4c. It 

can be seen that 50% llows within a depth about equal lo the electrode 

separation. 

The potential tlilkrcncL hclwco.:n two arhitrary location p�1int� �111 

�7 

the surface of a homogcnous isotropic ground is given by the expression: 

/}V =le 
2 

(1 - 1 - l + I ) 
a b c d 

Where e is the resistivity, I is the current strength and a,h,c, and d 

arc the inten.:leetwde distance (fig. 4b). In field work the electrodes arc 

normally arranged along a stra ight line. 

3.2 Dq/11 (l_cqu�itit1.r1 Meth.!!4 

Geological mapping was done lo dctennine the distnbution of the 

fonnations in the area, lo check for lineaments, faults, fractures and 

joints wh i ch c.1n he related to porosity, penneabilit y and ultimately well 

yield. 

Field measurements using terrameter (SAS 3008) waa c:arriod out 

� c:urrent into the ground through two 
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clcclrodcs and measuring the voltage or potential difference across IW(l 
potential clcclrodcs. The ralio of the vollage to current is multiplied hy a 
gcomctric;ll fucior ( a  funclion of the distance between the electrodes) to 
give a n  apparcnl resistivity. lloth Wenner and Schlumhergcr arrny arc 
being used in ground water exploration. l lowcvcr, for this research work 
Schlumberger array was used through out the survey. I\ total of 1 6  VES 
poinls were c<irried in different locations ( Fig. 3). 

3.3 {)J!(i! Pm�·e1·.1·i11g 1111d Prr:1·e11/alion 

The d;ila l'ollt:c.:lnl l: 1H11 :he lield were converted lo app11rcnt 

rcsistivitics (ca) hv 111ul1 iplyn1g the fidd values by the geometrical factor 

(k) which is determine fr<>m the fonnul�. 

K rr (L:.:Jj 
21 
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The apparent resistivity (ca) is plotted against half the electrode 
(AB/2) spacing to the obtain the field curves. 

20 

For all the app;i rent resistivity values measured at each slalion the 

field cu rves were plnllcd, clcelrode sp<icing (AB/2) on lhe x-ax is and 

app;1renl n.:�islivitics (ca) 011 lhc y-axis. T h is plot also gives rough idea of 

t h e  position a n d  l'orn1s nf' the inte rfaces. The cleclrnde spacing Vs 

apparent resislivily re<J<ling al each slalion as wel l as lhe field curves 

111akc the data ready l'nr 4ua11t itative intcrprelalion for hnlh curve 
matd1ing and eompulcr 111cthnd. 
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�QJIB 
4.0 

4.1 

DATA INTERPRETATION AND DISCUSSION OF RESULTS. 

D�rpJ:e!!J
tiQ.tJ,_ 

Usually, the qualitative interpretation of the VES reading is 

quickly followed by quantitative interpretation techniques. Several 

methods arc used , one of which is the curve matching techniques. The 

resistivity curves obtained were interpreted by comparism with sets of 

master curves (Orcllan 1966 and Rijk1.waterstaat, 1969). The procedure 

involve drawing curves on transparent bi-logarithmic paper of the same 

modulus ilS used in lhc master curves after dctem1ining the number of 

layers the field cur.Ts n:pn:sc ntcd. 

In the c.asc of two-layer curves, t he field curve can be 

superimposed over the two-layer master curve. The transparent paper is 

adjusted (maintaining the coordinate axes of the two sheets parallel) 

until a best fit of the field curve against one of the theoretical curves is 

obtained. Occasiorwlly, the field curve may have to be matched by 

interpretation between two of the master curves. 

The resistivity mark corresponding to theoretical curve for which 

the match is obtained is traced onto the transparent paper. The thickness 

of this layer which is equal to the cross absciSM on the field graph and 

resistivity of the first layer which is also equal_ to the ordinate value on 

• &elcl graph of the resistivity mark a�e recorded. Thia sam� � 
' 1  

to t u  .- 1a)'lel' master c:urves. 
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In case of this work, offix computer program was used for the 
interpretation of the data obtained. It is an inverse method and one 
derives the model from the field .indirectly by numerical calculation on 

the computer. The program input consist of parameters for a layered 

earth model. Guided by this input model, the compulctr detennines the 

model whose thco�et ical geoclcctric curve best fits the field data hy 

successive interact inns dictated by a numerical program. Al the end, the 

rnmputer outputs nol only the model (dctcm1ine by mathematical fit), 

but also the degree of confidence (reliability) in each parameter of the 

model (rcsislivilics and t hickness of layers) dctem1incd. The results of 

the interpreted data arc �hnwn in Appendix Al - Al 6. 

4.2 (Jj�c11.s§if!.1!..PL ResWb".:. 
From the resu lts obtained, it is dear that study areas docs not lie 

in the same geologic setting. This can be seen from the diversity in 

thickness of the various layers of the fomiation as displayed in the 

gcoclcctrical sections in Appendix Bl, B2 and B3 respectively. YES 

1 ,2,3,4,5,6,7 and 8 reveal a very thin top layer (averagely 3m) with very 

low resist.ivitics of between 2 and 200 m. W.hµe YES 9, 10, 1 2, 13, 14, 

, 15' and 16·have relatiycly thick top layer (between 5 :tnd 37 m) with high 

rcsistivities ranging from 1 40 - 2450 m. Immediately below these zones 

of high rcsistivities it starts decreasing up to a certain point and rises 

If the tenninal branch of the curve rises at an antde of about 45" 
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it prob ably represents the highly resistant crystalline basement. 

Generally, the low to moderate resistivity values corresponds lo 

zones of saturation and possible aquifers in the area. Table 2 summarises 

the interpreted results with thickness and their corresponding 

resistivilies. 

The depth to basement varies considerably from south to north. 

Frmn table 2 VES 15, 14, 12 and I I  range in thickness from 132 - 256m 

deep while the thickness in the south is !98m (VES 9). Lithological logs 

of some selected boreholes drilled by China Geo.-cngincering 

emporation within /\tare in 1997 (Fig. 5a - e) however, reveal that the 

depth to basement 111 the central part of town is between 40 and 54 

metres. The boreholes locations arc shown in fig. 6 



VES .
. . Thickness 

(ApPendix A) 
1st Laye-;------··--2,;d-Lay�-;----·-·------

J;.<ll.."°iiy;.:-·-··--· · 
4th Layer 

ea Thickness ea Tbickncss ea - -- .. Thickness ea 

24 & 

5th Layer 

Thickness nliCJmeSI ca 
--��---<�L ..... _______ (.-_J!!) ________ J�----·--··-.f:� -----�---··- (::!.�L .. __ {..�J:!&__{!!0 ____ 

(-ml --�--
I 7.2 1 1 96 9.0 636 39.7 59 555.9 3252 
2 1 .24 1 .89 12.4 

55.9 3 1 .8 > 1 3.6 805.5 
13.6 

3 2.0 39 42.20 1458 >44.2 235.5 
44.2 

4 2.6 64.2 27.3 87.2 >29.9 888.5 
29.9 

5 0.9 1 .82 24.0 4 1 . 2 /24.9 156 . .J 
24.9 

6 1 .9 1  95 .0 20.0 290.6  56 8 s:; 7 >78. 7 383 
78. 7 

7 4.42 20.6 /4.42 33 I I  
4

.
42 

8 1 . 1 4  1 9 1 0  16.63 949 5 53 1179 1058 85.6 >129 2033 129 

9 14. 1 9  I 147 184.2 92.3 1?8 I 6H89 7 
198. / 

10 1 4.4 1208 57.6 68 2 ·710 876 R 
72 

I I  0.59 1 4 1  2. 82 9557 I '\  I . 5 107 7 ' 154.8 2005 
154.8 

12 16.73 2449 240 87 ·256 1>45 7 
256. 7 

13 24.29 602 33.3 1 3 ·57.5 46,1 � 
57.5 

14 37.0 537 1 0 1 . 6  1 4 1  139 2 22119 
139.9 

15 5 . 19  2230 30 8 263 5 97 IQ 5 · 132 499 
132.9 

16 6.34 223 1 3-1.6 274 .4 54.9 so 4 '557 3792 
95.7 
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4.3 � 

The general behaviour of the VES curves does not pennit easy 

correlation of the subsurface topography using the geoelectrical sections 

(Appendix B l  -3). Nevcrthele� the most evident geological trend 

dete�1ine from the sounding results is the deepening of the basement to 

the North. This observation is demonstrated from the results of YES 

1 1 , 12 and 1 5  ( Table 2) with correspon�ing depths of 154, 2.'i6 and 132 

respectively. 

In contrast shallow depths arc common in the rnain town towards 

the south with s1Hl1C few exceptions observed in YES 8, 9 and \ 4. The 

ground waler llnw i11 the area is thcrcfMe expected to be towards the 

north since the \low is mainly control by basement relief. 
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CU.mJ<� lM 

\ONCLUSION AND RECOMMENDATIONS. 

CONCLUSIOIY. 

The proper application of geoelcctrical method of invest igating 

ground waler cannot be overemphasized if sinking of dry boreholes is lo 

be avoided. This is because it helps us to assess the ground water 

potentials of an area and also delineate the most favourable area for 

ground water development. lt is Ielativcly cheap and produce valuable 

subsurface inl'ormation which otherwise would only be obtai ned frnm a 

very la rge numlH.: r l'r hon:hules. In conclusion, the probability of getting 

prolific wells arc more l ikely to he found north of /\:1.arc than in the 

southern part with the except ion of YES 8, 9 and 1 4  (Table 2) which 

have average thi1.:kncss of J55m. 

llf,Cf)MMf,!{DAJJQ!f.. 

Thus I recommend that drilling �r boreholes should be completed 

in the decomposed portio n  of the basement where the overburden is 

shallow since the upper aquifers of the Kerri-kerri formation generally 

have low yield. In addition detail geophysical investigation should be 

done in the area so as to detennine the oonfiguration of the subsurface 

for more suc.ccss in water exploration. 
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DATA SET: AZARE l 

CLIENT: ATBU 
LOCATION: AZARE 

COUNTY :  AZARE , BAUCH! STATE 
PROJECT: DEPTH PROBING 

ELEVATION: 0 . 00 
SOUNDING COORDINATES: X :  

DATE: -
SOUNDING: l 

AZIHlrrH: -
EQUIPMENT: SAS 300 B 

0. 0000 Y: 0. 0000 

Schlumberger Configuration 

FITTING ERROR: 8 . 971 PERCENT 

L # RESISTIVITY THICKNESS ELEVATION LONG. COND. TRANS. RES. 

(ohrn-m) (meters) (meters) ( Siemens ) ( Ohm-m"2 )  

0 . 0  

1 196 . 7 7 . 21 -7.  21 0 . 0366 1420. 5 

2 636 . 6  9 . 00 -16 . 22 0 . 0141 5733.0 

3 59. 38 3 9 . 77 -56.00 0 . 669 2362 . 1  

4 3252 . 2  

ALL PARAMETERS ARE FREE 

No. SPACING RHO-A (ohrn-m) DI FFERENCE 
(ml Dt\TA SY!lTHETIC (percent) 

1 1 . 00 .;04 .0 196.7 3 . 53 

2 1 . 50 1°�. o 196 . 9  -2 . 57 

3 2 . 00 cJO . 7 197 . 2  1 . 7 3  

4 3 . 00 200 . 0 198 . 3  0 . 834 

5 4 . 00 ?.03 . 1  200 . 3  1 . 3 6  

6 5 . 00 204 . 0  203 . 3  0 . 33 4  

7 7 . 00 200 . 1  212 . 1  -6.00 

8 10 . 00 225 . 0  229 . 9  -2 . 19 

') 1 5 . 00 270 . 2  259 . l  4 . 10 

10 20 . 00 285. 2 276 . 0  3 . 22 

1 1  30 . 00 270.0 272.0 -0.742 

12 40 . 00 252. 3 242 . 6  . . 3 . 87 

1 3  50 . 00 214 . 0 209 . 8  1 . 95 

14 7 0 . 00 
168. 8 165 . 1  2 . 20 

15 100. 0 178.0 154 . 1  13.42 

16 150 . 0  220. 0 19718 10 .os 

17 200c 0 
341. 0 256. 2 .. 24 .86 

c�ENT RESOLUTION MATRIX NOT AVAILABLE 

* UNDR - RuSafaya Project 



DATA SET: AZARE 2 
CLIENT: ATBU 

LOCATION: AZARE COUNTY :  AZARE, BAUCH! STATE PROJECT: DEPTH PROBING Ec.EVATION: 0 . 00 
SOUNDING COORDINATES: • X :  

DATE: -
SOUNDING: 2 

AZIHt1l'H :  -
EQUIPMENT : SAS 300 B 

0. 0000 Y: 0 . 0000 

Schlumberger Configuration 
FITTING ERROR: 8 . 973 PERCENT 

L # RESISTIVITY THICKNESS ELEVATION LONG . COND. TRANS . RES. 
( ohm-ml (meters) ( meters) ( Siemensf (Ohm-m-2 )  

1 
2 
3 

1 . 89 
31.88 

805 . 5  

1 . 24 
1 2 . 49 

ALL PARAMETERS ARE FREE 
No. SPACING 

0 . 0  
-1.24 

-13.73 

RHO-A (ohm-ml 

0. 653 
0 . 392 

( m )  DATA SYNTHETIC 

1 2 . 00 2 . 65 2 . 96 
2 3 . 00 3.84 4 . 10 
1 6 . 50 7 . 89 7 .  91 
4 8 . 00 10.00 9 . 37 
5 1.0.00 11 . 58 1 1 .  22 
6 16 . 00 17 . 28 1 6 . 38 
7 ?.0 . 00 20. 75 19 . 71 

e 25 . 00 24.82 23.89 

9 30. 00 28.68 28.12 

10 4 0 . 00 35.  99 36 . 65 

11 50 . 00 43 . 00 45 . 17 

1 2  6 5 . 00 5 7 . 00 5 7 . 73 

13 80 . 00 63. 38 6 9 . 97 

14 100 . 0  76.  56 85. 76 

15 150 . 0 117 . 6 122.8 

16 200 . 0  201 . 0  159,8 

CURRENT R�SOLUTiqN. MATRIX NOT AVAILABLE 

" UNDR - RuSafaya Project 

2 . 35 
398 . 4  

DIFFERENCE 

(percent ) 

-11 . 73 
-6.81 
-0 . 273 

6 . 24 
3 . 09 
5 . 20 
4 . 98 
3 . 71 
1. 94 

- 1 . 84 
-- - 5 . 04 

-1 . 29 
-10 . 40 
-12.02 

-4 . 45 
.. 21.  96, . 

* 



DATA SET : AZA1IE 3 

CLIENT : ATBU 
LOCATION: AZ1'RE 

COUNTY: AZARE , BAUCH! STATE 
PROJECT : DEPTH PROBING 

ELEVATION: 0 . 00 
SOUNDING COORDINATES: X:  

DATE: -

SOU1'DIMG: 3 

AZIHU'ftl: -
EQUIPMEJ4T : SAS 300 B 

0 . 0000 Y: 0 . 0000 

Schlumberger Configuration 

FITTING ERROR: 7 . 243 PERCENT 

L # RESISTIVITY THICKNESS ELEVATION LONG . coND. TRANS. RES. 
( ohln-!n) (meters) (meters) (Siemens) ( Ohm-m·2) 

1 
2 
3 

349 . 9  
1458. 4 

235 . 5  

2 . 02 
42. 26 

0 . 0  
-2.02 

-44.28 
0 . 00580 7 09 . 7  
0 . 0289 61634 . 8  

ALL PARAMETERS ARE FREE 
DIFFERENCE 

No. SPjlClNG RHO-A ( otun-m) 

(m) DATA SYNTHETIC ( percent) 

1 1 . 00 378 . 7 356 . 2  5 . 92 

2 l .  50 3�0. 0 369 . 4  -8.67 

3 2 . 00 358 . 2  390 . 9  -9 . 1 5 

4 3 . 00 
.140 . 0 452.7 -2.90 

5 4 . 00 538 . 0  525.8 2 . 25 

6 5 . 00 635. 5 598. 5 5 . 81 

7 7 . 00 764 . 4  726 . 6  4 . 94 

8 1 0 . 00 910 . 0  873. l -- 4 . 05 

9 1 5 . 00 952 . 4 1033 . 5  -8 . 51 

10 20 . 00 1090. 0 1130 . 3 - 3 . 70 

l.1 :io . oo 1120 . 0  1220 . 0  -8.93 

12 40 . 00 107 7 . 3 1231 . 3  -14.29 

13 50 . 00 1197 . 0  1197. 1 - 0 . 0139 

14 70 . 00 
949 . 7  1057 . 5  -11.35 

15 100 . 0  
820 . 0  805. 6 1 . 75 

16 150 . 0  461. 3 501 . 1  -8.61 

17 200 . 0 
334 . 7- 355. 7 -6 . 25 

Cl.JRRENT RESOLU'r10N fl!\TRIX NOT AVAILABLE 

UNDR - RuSaf aya eroject 
* 

" 
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------ AZAR£ 4 

DATA SET: AZARE 4 
CLIENT: ATBU 

LOCATION: AZARE 
COUNTY : AZARE , BAUCH! STATE PROJECT: DEPTH PROBING 

ELEVATION: 0 . 00 
SOUNDING COORDINATES: X :  

DATE -
SOUNDING 4 

AZIHtm! -
EQUIPMENT SAS 300 B 

0 . 0000 Y: 0 . 0000 

Schlumberger Configuration 

FIT'l:,IHG ERROR : 9 .  959 PERCENT · 

L U RESISTIVITY THICKNESS ELEVATION LONG. COND. TRANS. RES. 
( ohm-m) (meters) (meters) (Siemens) ( Ohm-m'2) 

1 
2 
3 

6 4 . 26 
87 . 27 

388 . 5  

2 . 69 
2 7 . 30 

ALL PARAMETERS Af'E FREE 
No. SPAcr;1c; 

0 . 0  
- 2 . 69 

-30.00 

RHO-A (ohm-m) 

0 . 0419 
0 . 312 

( m )  rAT,\ SYNTHETIC 

1 l .  00 5 5 .  70 64 . 36 
2 1 .  50 -1.  6C. 6 4 . 63 
3 2 . 00 65 . 60 6 5 . 08 
4 3 . 00 60 . 00 66.54 
5 4 . 00 60 . 60 68. 49 

6 5 . 00 6 3 .  70 70.61 
-

7 7 . 00 68 . 1 0 74 . 54 

8 1 0 . 00 80.00 78 . 96 

9 1 5 . 00 90.00 83 . 78 

1 0  20 . 00 96 . 00 87 . 5 9 

11 3 0 . 00 105 . 0  9 5 . 95 

12 40 . 00 112 . 7 106 . 4  

13 50 . 00 128.0 118 . 5  

1 4  ' 7 0 . 00 166. 0 144 . 0  

15 100 . 0  180 . 0  178 . 6  
16 150 . 0  239. 6 223 . 0  

17 200 . 0  312. 6 254 . 9  

CURRENT. RESOLUTION MATRIX NOT AVAILABLE 

* UNDR - RuSaf aya Project 

17 3 . 0  
2383 . 1  

DIFFERENCE 
( percent ) 

2 . 02 
9 . 7 3 
0 . 786 

-10.90 
-13 . 03 
-10.85 

- 9 . 4 6  
1 .  2 9  
6 . 90 
8 .  7 5  
8 . 61 
5 . 52 
7 . 35 

1 3 . 23 
0 . 751 
6 . 92 

18.43 

* 



- AZAR! 5 

DATA SET: AZARE 5 
CLIENT: ATBU 

LOCATION: AZARE 
COUNTY : A.ZARE , BAUCH! STATE PROJECT : DEPTH PROBING 

ELEVATION: 0 . 00 
SOUNDING COORDINATES: X :  

DATE: -
SOUNDING: 5 

AZIH\1l'H: -
EQUIPMENT: SAS 300 B 

0 . 0000 Y:  Q.,.0000 
Schlumberger Configuration 

L # 

1 
2 
3 

FITTING ERROR: 7 . 329 PERCENT 

RESISTIVITY THICKNESS ELEVATION LONG. COND. TRANS. RES. ( ohrn-m) . ! meter s )  (meters) (Siemens ) (Ohm-;m� 2 )  

1 . 82 
4 1 .  23 

1 56 . 4  
0 . 991 

24 . 00 

0 . 0  
-0. 991 

-25.00 
0 . 544 
0 . 582 

1 . 80 
990 . 0  

ALI. PARAMETERS ARE i'PFE 

No. SPACTtlG r;'J!O-A (ohm-m) (in) DIFFERENCE 
rAT1\ SYNTHETIC (percent ) 

1 1 . 00 .�. 08 2 . 18 -5 . 22 2 2 . 00 3 . 60 3 '  ,:4 4 . 25 3 3 . 0 0  5 . 13 4 . 90 4 . 29 
4 5 .·00 

� l 7 . 10 7 . 64 -7 . 61 
5 ii . 50 9 . 70 9 . 48 2 . 18 
6 10 . 00 1 2 .  33 13.  26 -7 . 60 
7 1 0 . 00 1 3 . 77 1 3 . 26 3 . 64 
8 1 6 . 00 1 8 . 61 18.53 0 . 405 
9 7.0. 00 21 . 84 21 . 49 1 .  58 

10 2 5 . 00 2 5 . 78 24.80 3 . 76 
11 30 . 00 29 . 70 27.84 6 . 23 
12 40.00 37 . 64 33.45 11 . 11 

13 50 . 00 4 3 .  20 38.71 10.37 

14 65. 00 50 . 66 4 6 . 1 5  8 . 89 

15 80 . 00 57 . 51 53 . 06 7 . 73 

16 100 . 0  6 6 . 29 61.43 7 . 32 
17 150 . 0  88.16 78. 56 10.88 

CURRENT RESOLUTION MATRIX NOT AVAILABLE 

* UNDR - RUSafaya Project * 



--------------�--� � 6  • -- PA&l 1 

DATA SET: AZARE 6 

CLIENT: ATBU 

LOCATION: AZARE 

COUNTY : AZARE, BAUCH! STATE 

PROJECT :  DEPTH PROBING 

ELEVATION : 0 . 00 

SOUNDING COORDINATES: X: 

DATE: -
SOUNDING: 06 

AZIH\ml: -

EQUIPMENT: SAS 300 B 

0 . 0000 J :  0 . 0000 

Schl\Jl1\berger Configuration 

Fl 'l'TING ERROR: 4 . 344 PERCENT 

L H RESISTIVITY THICKNESS ELEVATION LONG. coND. ' TRANS. RES. 

{ ohm-m) ( meters) { meters) (Siemens ) (Ohm-m�2 )  

0 . 0  

1 9 5 . 08 1 .  91 -1 . 91 0 . 0201 

2 7.90 . 6  20 . 01 -21.92 0 . 0688 

3 8 3 .  76 % . 82 -78. 7 5  0 . 678 

4 383 . 0  

ALI, PARAMETERS /lf<F. FP!':F: 

No . 

1 
7. 
3 
4 
� 
6 
7 
e 
9 

10 
11 
12 
.L3 
14 
15 
tfi 
p 

SPAC! tiC. 
( ml 
L . 00 
1 . 50 
;< , 00 
3 . 00 

4 . 00 
5 . 00 
7 . 00 

10 . 00 
1 5 . 00 
20 . 00 

30 . 00 
40 . 00 
50 . 00 
70 . 00 

100 . 0  

150. 0 

200. 0 

. .  * 

PHO-A (ohm-ml 

i:.i\TA SYllTHETIC 

;ro . s  96. 72 

G 9 . 70 100 . 0  

104 . 2  105 . 4  

1 1 6 . 0  120 . l  

136 . 8  136. 7 

156. 6 152 . 4  

180 . 5  178. 4 

210. 0 205 . 1  

250. l 228 . 8  

241. 6 237. 3 

240 . 0  230 . 9  

220. 7 211 . 0  

192. 0 188. 9  

154 . 3  155 . 3  

154. 0 136 . 9  

150. 0 148. 4 

175 , 3 171.8 

1 UNDR - RUSafaya Project 

1 

182 . 1  
5816. 5 
4760. l 

DIFFERENCE 

(percent ) 

-· 4 . 04 
-0 . 386 
- 1 . 17 
- 3 . 60 

0 . 0255 
2 . 62 
1 . 13 
2 . 31 
8 . 51 
1 .  77 
3. 78 
4 . 38 
1 . 58 

-0. 684 
11 . 04 

1 . 04 
1 . 96 

* 



-�------------------

Cl,!BNT: ATBU 
I /X'ATTOll : AZARE 

DATA SET: AZ�.RE 7 

CO�l'l'I"{ : AZARE, BAUCHI STATE 
PHO.JECT: DEPTH PROBING 

r;Lf.VATlON: 0 .  00 

DATE -
SOUNDING 07 

AZIMlFrH -
EQUIPMENT SAS 300 B 

S�Xlill > l NG COORDJNATES: X :  0 . 0000 Y :  0 . 0000 

Schl umberger Configurntion 

FITT1j;G ERROR : 7 . 452 PERCENT 

' PE:'1 ST.I Vl 'l'Y 
(nhm-m) 

THI CKNESS ELEVATION LONG . COND. TRANS. RES. 
{Ohm-m" 2 )  

l 
.� 

20 . 59 
3.-111 . 0 

{meters) ( meters ) (Siemens) 

4 . 42 
o . o  

-4 .42 0 . 214 

!ILL P�R�METERS MlE FF.EE 

jlf) . f:l'1\Cl llG K!!:l-A (ohm-m) 
( m )  f':\TA SYNTHETIC 

I Ot1 ��.GC' 20.66 
·' o .  �() ·, ;  ()r) 31 . 67 

3 . l10 : c 'l  .17 .  50 
1 0 . 00 50 . 54 4 5 .  97 

.. \0 . 00 ':l . 54 4 5 . 9 7 
6 \ 3 . 00 64 . 29 59 . 18 
'/ 1 6 . 00 77.80 72. 49 
8 20 . 00 95. 33 90 . 1 2  
9 .10 . 00 136 . 5  133 . 4 

10 4 0 . 0(i 174 . 8  17 5 . 7  

1 1  f;0 . \10 7.44 . 7  ?.57 . 3 
1 2  80 . 00 338.0 335 . 3  
J:l 1 00 . 0 453 . 0 409 . 9  

CUflREJIT !?ESOLUTION MATRIX NOT AVAILABLE 

UNDR - Rusafaya Project 

91 . 1 0 

DIFFERENCE 
{percent ) 

8 . 56 
- 2 . 17 
_q , 70 

9 . 03 
10 . 79 

7 . 9 3 
6 . 81 
5 . 45 
2 . 22 

-0 . 54 3  
-5 . 1 7 

0 . 786 
9. 4 9  

* 
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DATA SB'l': AZAR£ 8 
CLIENT: ATBU 

LOCATION: AZA.RE 
COUNTY. :  A.ZARE , BAUCHI STATE PROJECT : DEPTH PROBING ELEVATION : 0 . 00 

SOUNDTNG C<XlRDJ NATES : X :  

DlTB: -
SOUIUlIJfG: 08 

A.ZIHUrR: -
EOlJIPHENT: SAS 300 B 

0 . 0000 Y :  0 . 0000 

Schlumberger Configuration 
Fl TTINr, ERROR: 7 . 190 PERCENT 

L # RESIS'fIVITY THICKNESS ELEVATION LONG. COND. TRANS . RES. ( ohm-m) ( meters ) {meters) (Siemens) (Ohm-m-2 )  

0 . 0  l l 91 0 . 1  1 . 14 - 1 .  14 6 . 020E-04 2196 . 6 2 949 . 4  1 6 . 6 3 -1 7 . 78 0 . 0175 15793 . 2  :1 ?.?.79 . 0  5 53 -23 . 31 0 . 00243 12607 . 1  P,5 . 62 10� . . s -129 . 1  1 .  23 9064 . 4  � 2013 . 8  
Al.L J.'AllAME':'ERS /\f,'E 1·;. � "'  

N1 . , :·.:PAC'fm: hHO-A ( ohm-m) DIFFERENCE ( Ill) i,p_-p, �;\'llTHJl'fl C (percent ) 

. J I OCJ 16tl2.0 lt,32 . 6  -10 . 26 -. r1 . so I 1653 . 0  1 714 . 0  -3 . 69 :i 2 .  r.o 1743 . 0  l574 . 9  9 . 63 4 I 4 . () (\ 1297 . 0  1184 . 4  8 . 67 5 5 . 00 1234 . 0  1098 . 0 11 . 0 1  
6 7 , 00 994 . 2  1019 . 3  -2 . 52 
7 1 0 . 00 850 . 0  980 . 0  -15 . 30 
8 1 5 . 00 882.0 956.8 -8 . 49 
9 20 . 00 927 . 0  937 . 3  -1 . 11 

} 'I 30 . Otl 910 . 0  867 . 7 4 . 64 
1 ;  40. 0(i 725 . 0  756 . 6  -4 . 36 
�- 50 . 00 635 . 0  629 . 0  0 . 953 
13 70 . 00 440 . 7  405 . 6  7 . 98 
14 J OO . O  208 . 0  220 . 6  -6 . 08 
1 5  J 50 . 0  1 40 . 8  146 . 0  -3.65 
16 200 . 0  161 . 8  157 . 3  2 . 74 

17 300 . Cl  220 . 5  2 16 . 2  1 . 94 

400 . C  288 . 8  278 . l  3 . 7 1 

UNDR - RusafaYa Pro;itll!t c· * 
* 



DATA SBT: AZARB 9 

CLIENT: ATBU 
LOCATION: AZARE 

COUNTY: AZAR!, BAUCH! STATE PROJECT: DEPTH PROBING 
ELEVATION: 0 . 00 
SOUNDING COORDINATES: X :  

DA'l'B: -
SOUllDIJ(G: 09 

AZIKllftl: -

BQUIPMBR'l': SAS 300 B 

• 0 . 0000 Y: 0. 0000 

Schlumberger configuration 

FITTING ERROR: 7 . 036 PBRCENT 

L # RESISTIVITY THICKNESS ELEVATION LONG. COND. TRANS. RES. 
( ohm-m ) ( meters) (meters) (Siemens) ( Ohm-m"2 )  

1 
2 
3 

1147 . 7 
92. 35 

6889 . 7  

14 . 19 
184.2 

0 . 0  
-14.19 

-198 . 4  
0. 0123 16297 . 0  
1 . 99 17018. 2  

ALL PARAMETERS ARE FREE 

No. SPACING RHO-A (ohm-m) DIFFERENCE 
( m )  DATA �YNTHETIC (percent) 

1 3 . 00 1173 . 0  1144 . 2  2 . 45 

2 4 . 00 1183 . 0  1140 . 9  3 . 55 

3 5 . 00 1191 . 0  1138.0 4 . 44 

4 7 . 00 1174.0 1123 . 3  4 . 31 

5 10 . 00 1150.0 1083. 6  5 . 77 

6 1 5 . 00 906 . 5  972.8 -7.30 

7 2 0 . 00 755 . 0 827. 0  -9 . 53 

.8 30 . 00 529 . 0  537 . 5 -1 . 62 

9 40 . 00 305 . 5  334. 5  -9.52 

10 50 . 00 240 . 3  218.8 8 . 98 

tl ·10 . 00 137 . 0  129 . 2  5 . 67 

°12 100 . 0  110 . 0  104.8 4 . 7 1  

13 150 . 0  96.10 106 . 5  -10.89 

14 200 . 0  107 . 0 117.5 -9.88 

15 300 . 0  165.0 152.1 7 . 80 

16 400 . 0  212.0 194. 7 8.12 

17 500 . 0  235.8 239.9 - -1 . 73 

18 700 . 0  311. 3 330.8 -6.24 

I ' ,. 'rR - RU&afaya PrOject * 

i 



DATA SIT: AZARE 10 
CLIENT: ATBU 

LOCATION: AZARE COUNTY: AZARE , BAUCH! STATE PROJECT: DEPTH PROBING 
ELEVATION : 0 , QQ 
SOUNDING COORDINATES: X :  

DAD :  -
SOUtfDING: 10 

AZIHllI'H: -
EQUIPMENT: SAS 300 B 

0 . 000.0 Y :  0 . 0000 
i' sqflumberger Configuration 

FITTio/G ERROR: 9.470 PERCENT 
L # RESISTIVITY THICKNESS ELEVATION LONG. COND. TRANS. RES. {ohm-m) { meters) {meters) { Siemens ) { Ohm-m�2) 

1 
2 
3 

1208 . 7  
68 . 20 

876 . 8  

14 . 42 
5 7 . 64 

0 . 0  
-14 . 42 
-72.07 

0.0119 17439 . 5  
0. 845� 3931 . 6  

ALL PARAMETERS ARE FREE 
No . SPACING RHO-A (ohm-m) DI FFERSNCE ( m )  DATA SYNTHETIC (percent) 

1 3 . 00 960.0 1206. 3  -25.65 
2 4 . 00 1071 . 4 1203 . 4  -12.32 
3 5 . 00 1188 . 6  1198.8 -0.855 
4 7 . 00 1347 . 3  1183. 2 1 2 . 17 
5 1 0 . 00 1358.0 1141 . 2 1 5 . 96 
6 1 5 . 00 1147 . 3  1023 . 5  10.78 
7 20 . 00 852 . 2 867 . 5  -1 . 80 
8 30 . 00 535 . 0  554.8 -3. 70 
9 40 . 00 327 . 8  334.3  -1 . 97 

10 50 . 00 210 . 3  209 . 9  0. 218 
11 70 . 00 124 . 1  121.0 2 . 44 
12 I 100 . 0  112. 0  114 . 5  -2 . 25 
13 150 . 0  148.3 150 . 5  -1.44 
14 200 . 0  197 . 3  189 . 5  3 . 95 

279 . 6  259. 5 - 7 . 16 15 300 . 0  
1 6  400 . 0  3 24 . 1  319 . 1  1 .  53 

17 soo:o 350 . 7  370.3 -5 . 56 

403.5 453 . 6  -12.41 
18 700 . 0  

524 . 2  545 . 0  -3. 96 
19 1000 . 0  644.0 9.02 
20 1500 . 0  707 . 9  

uNDR - RUSaf� Project * 
* 
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DATA SBT: � 11 
CLIENT: ATBU 

LOCATION: AZARE 
COUNTY : AZARE, BAUCH! STATE PROJECT: DEPTH PROBING 

ELEVATION : 0 . 00 
SOUNDING COORDINATES: X: 

DAD: -
SOUMDING: 11 

AZIHtml: -
EQUIPKl!NT: SAS 300 B 

0 . 0000 Y: 0.0000 

Schlumberger Configuration 

FITTING ERROR: 9 . 172 PERCENT 

L # RESISTIVITY THICKNESS ELEVATION LONG. COND. TRANS. RES. 

1 
2 
3 
4 

( ohrn-m) ( meters) (meters) (Siemens ) (Ohm-mA2 )  

141 . 0  
9557 . 3 

1 07 . 7  
200 5 . 8  

0 . 594 
2 . 82 

151 . 5 

0 . 0  
-0.594 
- 3 . 41 

-154 . 9  

0 .00422 83.84 
2 . 953E-04 26973 . 9  

1 . 40 1633 5 . 2  

ALL PARAMETERS ARE FREE 
No. SPACING RHO-A (ohrn-m) DIFFERENCE 

( m )  DATA SYNTHETIC ( percent ) 

i 2 . 00 384 . 5  444 . 7  -15.67 
2 3 . 00 580 . 0  641.7 -10 . 65 
3 4 . 00 755.0 819 . 5  -8 . 55 
4 5 . 00 1014 . 0  977 . 1  3 . 63 
5 7 . 00 1359 . 0  1232 . 0  9 . 33 
6 10 . 00 1624 . 0  1477 . 3 9 . 03 

7 15 . 00 1759 . 0  1606 . 4  8 .67 

8 20 . 00 1657 . 0  1520 . 5  8 . 23 

9 30 . 00 1350 . 0  1120 . 1  1 7 . 02 

10 40 . 00 677 . 4  735 . 0  -8.51 

1l 50 . 00 456 .8  469 . 5  - -2 . 76 

12 7 0 . 00 212. 3 220 . 1  -3 . 63 

13 100 . 0  120. 0 135. 4  -12.86 

138. 6 131 . 8 . 4 .87 
14 150. 0 

157 . 7 149.1 5 . 4i 1� 20R . o  
' 1 210. 0 198 . 1  5 . 66 , 16 300 . 0  

262. 3 252. 3 3 . 84 
17 400. 0  

320 . 7  305 . 7  4 . 70 
18 500 . 0  I 405.7 0 . 878 
19 700 .0  I 409. 2 

UNDR _ RIJSilfay& PrOject 
* 

* 
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DATA SBT: AZARB 12 
CLIENT :  ATBU 

LOCATION: AZARE 
COUNTY : AZARE , BAUCH! STATE PROJECT: DEPTH PROBING 

ELEVATION: 0 . 00 
SOUNDING COORDINATES: X :  

\ 

0 . 0000 Y :  

DATB: -
SOUNDING: 12 

>.ZIH\lrH: -
EQUIPMENT: SAS 300 B 

0. 0000 

Schlumberger Configuration 
FITTING ERROR : 9 . 887 PERCENT 

L # RESISTIVITY THICKNESS ELEVATION LCNG. COND . TRANS. RES. ( ohm-m) ( meters) (meters) ( Siemens) (Ohm-m"2) 

1 
2 
3 

244 9 . 3  
87 . 68 

645 . 7  

16. 73 
240 . 2 

0 . 0  
-16.73 

-257 . 0  
0 . 00683 40991 . 6  
2 . 74 21066 . 6  

AL� PARAMETERS ARE FREE 

Nq. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
L3 
14 
15 
16 
17 
18 
19 
20 

SPACING '° ( m ) 
1 .  00 
1 .  !>O 
?. . 00 

3 . 00 
4 . 00 
5 . 00 
7 . 00 

10 . 00 

1 5 . 00 
20 . 00 
30 . 00 
40 . 00 
50 . 00 
70 . 00 

100 . 0  
150 . 0  
200 . 0  
300 . 0 
400 . 0  
500 . 0  

* 

1 ,  RHO-A ( otun-m) 
DATA SYNTHETIC 

2526 . 0  
2350 . 0 
2350 . 0  
2348 . 1  
2344.0 
2339 . 1  
2381.0 
2700 . 0  
2265 . 0  
1994 ' 0 
1540 . 0 

752 . 0  
4 5 5 . 0  
210.0 
143.0 

82.30 . 
86 . 20 

110 . 0  
131.5 
143 . 3 

2448 . 7  
2448 . 4  
2447.7 
2445.6 
2441. 6 
2435 . 3  
241 3 . 6  
2353 . 7  
2175.3 
1918 . 2  
1330 . 1  

838 . 9  
511 . 9 
212 . 2  
110 . 9  

95.77 
98.21 

111.4 
130.3 
151 . 1  

UNDR - RUSAfaya PrOject 

DIFFERENCE 
( percent) 

* 

3 . 05 
-4 . 18 
- 4 . 16 
-4 . 15 
-4 . 16 
- 4 . 11 
-1.  37 
12 . 82 

3 . 95 
3 .  79 

1 3 . 62 
-11.55 
-12 . 52 

-1. 06 
22 . 42 

-16.37 
-13.94 

-1 . 35 
0 . 912 

-5.42 



ADIB 13 --------.... - i  

DATA SET: AZ.a.RE 13 
, CLIEN'f.: ATBU 

. LOCATION : AZAAE � 
COUNTY : AZ!\RE, UCHI STATE PROJECT: DEPTH PR BING 

ELEVATION: 0 . 00 
SO)JNDING COORDINATES: X: 

DATE : -
SOUNDING: 13 

AZIM\1l'H: -
EQUIPMENT: S>.S 300 B 

0 . 0000 Y: 0 . 0000 

Schlumberger Configuration 

FITTING ERROR: 7 . 540 PERCENT 

L # RESISTIVITY THICKNESS ELEVATION LONG. COND . TRANS. RES. ( ohm-m) ( meters) ( meters) (Siemens) (Ohm-m�2) 

1 
2 
3 

602 . 3  
1 3 . 07 

464 . 8  

24 . 29 
33 . 94 

0 . 0  
-24.29 
-58.24 

0 . 0403 14635 . 2  
2 . 59 443 . 9  

ALL PARAMETERS ARE FREE 
No. SPACTllG RHO-A (ohm-ml DIFFERENCE 

( m )  DATA SYNTHETIC (percent ) 

l 1 . 00 612 . 0  602 . 0  1 . 62 
2 1 . 50 612.0 602. 0  1 . 62 
3 2 . 00 609 . 0  602 . 0 1 . 13 
4 3 . 00 600 . 0  601 . 9  -0. 324 
5 4 . 00 546 . 2  601 . 6 -10.12 
6 I 5 . 00 5 38 . 2  601 . 0 -- -11 . 66 
7 7 . 00 600. 0  599 . 2  0 . 128 
8 1 0 . 00 603.0 593.8 1 . 52 

9 1 5 . 00 586 . 0  576.1 1 . 68 

10 7.0 . 00 557 . 0  546.7 1.83 

11 30 . 00 478 . 0  460 . 0  3 . 75 

12 40 . 00 375.0 ' 358. 5 4 . 39 

13 50 . 00 308.0 265. 2 13.88 

14 70 . 00 121. 0  137 . 1  -13.37 
1 5  100 . 0  60.00 63.65 -6.08 

55.60 53.35 4 . 03 
16 150 . 0  74.30 66.06 11.07 
17 200 . 0  90.00 93.01 -3.35 
18 300 . 0  101. 0 117 . 2  -9.59 
19 400 . 0  132. 0 139 . 0  -5 . 37 
20 500 . 0  

UNDR _ RUSC1faya Project • 
.. 



DATA SET: AZAR! U 
CLIENT ATBU 

LOCATION AZARE COUNTY AZAR£ , BAUCH! STATE PROJECT: DEPTH PROBING 
ELEVATION: 0 . 00 
SOUNDING COORDINATES: X :  

DATE : -
SOUNDING: 14 

AZIKl1l'H: -
F.QUIPHENT: SAS 300 B 

0 . 0000 v: O.oooo 
Schlumberger Configuration 

FITTING ERROR: 6 . 978 PERCENT 

L # RESISTIVITY THICKNESS ELEVATION LONG. COND . TRANS. RES .  
( ohm-m) (meters) (meters) ( Siemens ) (Ohm-m.2 )  

0 . 0  l 537 . 9  37 . 07 -37.07 0 . 0689 19943. l  
2 141 . 3 101 .6  -138.7 0. 719 1437 1 . 8  3 2289 . 7  

ALL PARt\METERS ARE FREE 
No. SPACING RHO-A (ohm-m) DIFFERENCE 

( m )  DATA SYtlTHETIC ( percent ) 

l 1 .  00 537 . 2  537.8 -0 . 119 

2 1 . 50 517 . 0  537.8 -4.02 

3 2 . 00 537 . 0  537.8 
-

-0.153 

4 3 . 00 500. 0  537 . 7  -7 . 55 
5 4 . 00 462 . 2  537 . 7  -16 . 31 

6 5 . 00 488 . 7  537 . 6  -10.01 

7 7 . 00 515.2 537 . 3  -4 . 28 

8 l.0 . 00 560 . 0  536 . 4  4 . 19 

') 1 5 .  00 573 . 5  533 . 3. 7 . 00 

10 20 . 00 569 . 7  527 . 7  7 .  37 

ll lD . 00 508 . 0  508 . 0  -0. 0160 

·1 2 0 . 00 1 1 478.0 478 .2  -0. 0458 

441 . 0  441 . 9  -0. 223 13 50 . 00 I 331.0 367 . 2  -10 . 95 
1 4  70 . 00 I 

284 . 7  -9.53 
15 100 . 0  I 260. 0 

238 . 6  -11 . 53 
214. 0 16 150 . 0  
236 . 7  253 . 8  -7 .25 

l7  200 . 0  
345. 0 335.0 2.88 

18 300 . 0  
456. 2 424 . 5  6 . 95 

19 400 . 0  
538. 7 509. 2  5.47 

20 500 . 0  

UNDR - RUSafaya Project 
* 



��--- ---------- AZAR! 15 

CLIENT: ATBU 
LOCATION: AZAR£ 

DATA SET: A%ARJJ: 15 

COUNTY: AZARE ,  BAUCH! STATE PROJECT : DEPTH PROBING 
ELEVATION: 0 . 0Q 
SOUNDING COORDINATES : X :  

DATE: -
SOUN!lllfG: 15 

AZIHUTH: -
EOUIPHBNT : SAS 300 B 

0 . 0000 Y: 0. 0000 

Schlumberger Configuration 

FITTING ERROR: 9. 841 PERCENT 

L # RESISTIVITY THICKNESS ELEVATION LONG. COND. TRANS. RES. ( ohm-m) (meters) (meters )  (Siemens) (Ohm-m� 2 )  

o . o  
1 2230 . 1  5 . 19 -5. 19 0. 00233 11585 . 0  2 263 . 5  3 0 . 80 -35.99 0. 116 8118. 4 ) 82 . 53 97 . 42 -133. 4 1 . 18 8040 . 8  4 499 . 1  

ALL PARAMETERS ARE r�EE 

No. SPACING RHO-A (ohm-m) DIFFERENCE 
( m )  DATA SYNTHETIC - ( percent ) 

l 1 .  00 21 33 . 0 2226 . 7  -4.39 
2 1 .  50 2025 . 0  2220 . l  -9 . 63 
3 2 . 00 2060. 0  2208 . 0  -7 . 18 
4 3 . 00 2180 . 0  2161.8 0. 830 

5 4 . 00 2231 . 0  2083 . 4  6 . 61 

6 5 . 00 2131 . 0  1974 . 7  7 .  33 . 

7 7 . 00 1804 . 0  1695 . 2  ti . 02 

, 8 . 10 :'OO 1, 1310 . 0  1246 . 6  4 . 83 

9 l 5 . 00 i 738 . 0  710.2 3.  76 

10 20 . 00 408 . 1  451 . 7 -10 . 70 

1 1  30 . 00 264 . 0  290 . 1  -9.90 

12 40 . 00 249 . 1  244.6 1. 78 

13 50 . 00 235 . 0  216. 7 7 . 77 

14 186 . 3  174 . 2  6 . 47 
70 . 00 

137 . 2  -0.919 
15 100 . 0  136 . 0  

123.3 -6.88 
16 150 . 0  115 . 4  

1 3 3 . 8  -3.13 
17 200 . 0  129 . 8  

169.8 -6.16 
18 300. 0 160 . 0  

204. 6  -10. 4 5  
19 400 . 0  185. 3 

-

UNDR _ RUSafaya Project * 

* 



UARB 16 

DATA SET: AZ>.RE 16 

CLIENT ATBU 
LOCATION AZARE 

COUNTY AZARE , BAUCHI STATE 
PROJECT: DEPTH PROBING ELEVATION: 0 . 00 

SOUNDING COORDINATES: X: 

DATE: -
SOUNDrr«r: 16 

AZIH111'1!: -
EQUIPMENT: SAS 300 B 

0 . 0000 Y:  0. 0000 

Schlumberger Configuration 

FITTING ERROR : 9 . 012 PERCENT 

L # RESISTIVITY THICKNESS ELEVATION LONG. COND. TRANS. RES . ( ohm-m) ( meters) ( meters) ( Siemens ) ( Ohm-m�2 )  

0 . 0  
2231 . 0  6 . 34 -6.34 0 . 00284 14152. 4  

2 274 . 4  34 . 60 -40.94 0 . 126 9496 . 5  
3 50 . -13 54 . 97 -95 . 92 1 . 09 2772 . 5 

4 379 . 2  

Af.L PARAMETERS Al'E FF'EE 
:.o. SPACING RHO-A (ohm-m ) -DIFFERENCE 

( m )  D.'<TA SYNTHETIC ( percent) 

1 1 .  00 1775. 5 2229 . 0  -25.54 

2 1 . 50 19 2 4 . 6  2225 . 3  -15 . 6 2 

3 2 . 00 1967 . 1  2218. 5 -12 . 77 

4 3 . 00 2180 . 0 2192.0 -0 . 553 

5 4 . 00 2362 . 0 2145 . 1  9 . 18 

6 5 . 00 2076 . 0  2076 . 6  -0. 0300 

7 7 . 00 1883 . 0  1883. 3 -0 . 0191 

B 10 . 00 1519 . 0  1519.6 -0.0449 

9 1 5 . 00 995 . 0  970 . 2  2 . 48 

10 2 0 . 00 626. 0 626.6 -0.111 

11 30 . 00 340 . 0  352. 3 -3.63 

12 40 . 00 278. 0 212 . 2 2 . 05 

13 50 . 00 250. 0 233. 2 6 . 69 

1 4  188 . 0  180. 0 4 . 25 

70 . 00 132. 4 -1 . 88 

15 100 . 0  
130 . 0  

113. 7 -8.33 

16 1 50 . 0  
105. 0 

125. 4 -8.12 

17 200. 0 
1 16 . 0  

160 . 3  -2.81 

18 300 . 0  
156 . 0  

190 . 4  3 . 83 

19 400 . 0 
198 . 0 

•ect * 

* UNDR - RIJS8!aya PrOJ 
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