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ABSTRACT

The porosity distribution from well log data of five oil wells, in part of Bornu basin, using Kriging and Co-Kriging
methods was analyzed. The results shows that the North- Eastern part of the study area depicts a well developed
sand region for hydrocarbon accumulation with porosity distribution ranging from 0.15 to 0.2 with Kinasar-1, and
Masu-1 wells showing an excellent distribution. The effect of intrusive bodies for which the basin is well noted for
on the porosity distribution was clearly shown in Kinasar-1, Wadi-1 and Gaibu-1 oil well. The Southern regions of
the study area have poor porosity distribution ranging from 0.5 to 1.0. The depositional current at the North was
high and very low at the South suggesting that the sediments were deposited during the transgressive phase.
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INTRODUCTION

Exploration activities commenced in the Chad Basih976 and continued till 1996. During this Per2i000Km
of 2-D Seismic data was acquired, processed ardpigted and Twenty three wells were drilled. Exgiion
activities were then suspended in the Chad Bas000 for lack of commercial discoveries. The newelto get
oil in the Chad Basin followed the commercial disedes in the neighbouring Niger, Chad and Cerfailcan
Republics in their portions of the Chad Basin. T¥psirred the need to further appraise the Niggs@tion of the
Chad Basin and Benue Trough due to similarity igirtiExploration activities commenced in the ChadiBan
1976 and continued till 1996. During this Period ®Km of 2-D Seismic data was acquired, processetl
interpreted and Twenty three wells were drilledplexration activities were then suspended in thedCBasin in
2000 for lack of commercial discoveries. The neiuvelito get oil in the Chad Basin followed the connoie
discoveries in the neighbouring Niger, Chad andt@édfrican Republics in their portions of the @hBasin. This
spurred the need to further appraise the Nigeriartign of the Chad Basin and Benue Trough due to
similaritygeological setting. In 2002, the fedegalvernment directed that the data generated shmuilaluated to
further ascertain the prospectivity of the BasinCénsortium of 10 consultants was engaged to @arryntegrated
studies utilizing all the generated data. The stiodyned the basis for NNPC present explorationteatpaCurrently,
about three thousand five hundred and fifty (3,58)are kilometers of high resolution seismic dwa been

acquired by IDSL a subsidiary of NNPC, in partngrskith BGP of China, in addition to the previouslgquired
data.
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This quest for expanding Nigeria economic reveriweugh hydrocarbon exploration in the Borno bass long
started and the pursuit which is yet unsuccessfullgvpermit a chance to every reasonable idea(&yiimging
success to the venture. The above information ddrthe backgroung of this reseach: to find outdis&ibution of
the porosity within the basin using geostatistizedthods in view of the huge financial resource$ tha federal
government have deplored into the Basin.

Geology of the study area

The study area lies within the Northeast-southvaistction of Bornu basin. It is along latitude®19'N and
12°28'N and longitude 130’E and 1825E. It covers an area of about 20 by 40 kilomstguare of the total land
mass of the basin. In concessional map of the pbasslocated in Oil Prospecting Lease (OPL) &t 722 with
part of the study area within OPL732 and 733 (E)g.

One of the commonest structural features that #sénbis well known for are faults that involve th@sement and
resulting horst, graben, related features and Hethfaults occurring within the basin which is @sponse to basinal
deformation [2], [8] . Other registered structufehtures of the basin are fold, buried hills, basethorsts and
intrusive bodies [1], [9] [10], and [4].
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Fig. 1: Map of the Study area in Borno Basi
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MATERIALSAND METHODS

The major materials used for this work are well dfzga from five oil wells namely Kinasar -1, Krumflg Gaibu -1,
Masu -1 and Wadi -1 spatially located in Borno basgith an average depth of about 28km, location wiaghe
study area, Stanford Geostatistical Modeling SaftwW&GeM), VESPER. A visual study of the well lagrnatures
for the five well was done, to ascertain porous padneable zones. Afterwards, the well log sigrestwere then
digitized at an interval of 5m for the five wellBhe following parameters were read from the oillwlaka, gamma
reading (GR), deep Resistivity (ILD), sonic trartste (AT), flushed zone resistivity (SN), bulk density (RB),
Caliper reading and depth (CALI). Table 1 showsdbpth investigation of each well under studied.

Using the relevant geophysical formula(s), [7], [&hd Hallenberg 1984) the porosity values fromicstools and
density tools were computed using Microsoft Ext¢&iging was carried out vertically using VESPER Sdafre

(along the well depth), for all the wells. The glatere inspected visually to marked depths thatlayed excellent
porosity values for cokriging using SGeMs Softwanethe horizontal axis. This was done based onaimporosity

behavior among the wells at that depth.

RESULTSAND DISCUSSION

Increase in depth decreases porosity and increadesity. This is accountable to the normal comjoactrend of
geologic formation with depth. The greater the bueden, the greater the pressure which decreasesefiarating
distances of the formation grains. Based on thisirah principle, the porosity plots for each of thvells after
kriging was reviewed; porosity distribution for dawell and the causatives for distorted porosigntt were also
discussed.

Por osity Distribution for Kinasar-1from Kriging

Kriging belongs to the family of linear least sgemestimation algorithms. The aim of kriging isestimate the
value of an unknown real-valued functidnat a pointx*, given the values of the function at some otheints,

Xi..... X, (Delfine and Delhomme,1975). A kriging estimai®said to be linear because the predicted valaea

linear combination that may be written as

The weights\; are solutions of a system of linear equations twiscobtained by assuming tHas a sample-path of
a random proced3(x), and that the error of prediction which can beteni as is to be minimized in some sense

)—Z% )f It)

e(z) = F(z) - z Ao(z) F(z;)

Fig. (2) shows the porosity plot from density tdot Kinasar-1 after kriging. The porosity value waecreasing
gradually with depth, which is a normal trend frabmout 0.4 to 0.38 between depths of about 450m dovaibout
1200m before a rapid fluctuative decrease took,adepping the porosity value to as low as 0.36 asdigh as
0.39 between depths of about 1200m to 1700m wheregtadual decrease in porosity. The rapid anatierr
porosities below this depth shows that the wellighhhave cut across intrusive bodies which tharbeswell
known for.

Por osity Distribution for M asu-1

Fig. 3 shows the density porosity plots for Masafter kriging. The plots suggest a normal comjpactrend for
this well. Porosity distribution for the well sted with a high porosity at the shallow part andrease gradually as
the well depth is increased. At depths of aboutO27,0the plots show a more decrease in porosity dtvrwell to
depths of about 3000m. Distribution for this welhge between 0.33 and 0.38 for porosity computath ilensity
tool
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TABLE 1 Well location and wirelines log used for the study

Drillin
Well deptﬁ Type of log
Range (m) Lithology Resistivity Porosity
Gaibu-1 25-4620 CAL.,GR. SP MSFL, ILD AT, RHOB
Kinasar-1 45-4665 CAL., GR SN & ILD AT, RHOB
Krumta-1 15-2950 CAL., GR SN & ILD AT, RHOB
Masu-1 1996-3104 CAL.& GR MSFL& ILD AT, RHOB
Tuma-1 33-3628 CAL., GR SN &ILD AT, RHOB
Wadi -1 539-3225 CAL., GR SN & ILD AT, RHOB
Key:
CAL. = Caliper log
P = Spontaneous Potential Log
GR = Gamma Ray Log
N = Short Normal Log
MSFL = Microspherical Focus Log
ILD = Deep Induction Resistivity Log
AT = Sonic
LORHOB = Density Log
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Fig. 2: Porosity Plotsfor Kinasar-1 after Kriging
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Fig. 3: Porosity Plotsfor Masu-1 after Kriging

Porosity Distribution for Krumta-1
Fig. 4 shows the density porosity plot for Krumtafter kriging. Sediment compaction with respectdapth

suggests a mixed trend for the plots, which shadyfaniform porosity distributionl. At depths obaut 1400m, the
plots show a sharp decrease in the porosity digtab within a thickness of about 200m. The pososélue at this
anomalous depth dropped down to about 0.35 andforOhis well. The normal trend is seen after tiépth and
the porosity distribution continue to decrease ddvenwell to as low as 0.25.

Por osity Distribution for Wadi-1
The compaction trend disturbances encountered ay mapths suggested a mixed trend for Wadi-1. Withie

depth of about 1900m for the plot (Fig. 5), a thidkosity anomaly is observed. This zone suggestatarception
of the Wadi-1 well with an intrusive body. Howevtre well did not maintain a normal compaction tren
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Fig. 4: Porosity Plotsfor Krumta-1 after Kriging

Porosity Distribution for Gaibu-1

Figure 6 shows the sonic porosity plot for Gaibwdll. This well maintained a normal compaction tteat most
unlike other wells. A gradual decrease in porosiistribution took place at the depth of about 260@&hich
recorded porosity value as low as 0.01. This angr@aiminated at the depth of about 3400m whereptiresity
value suddenly increased to about 0.1. This zoggesis an interception of the Gaibu-1 well withiatmusive
body. Density porosity could not be computed failB-1 well to enable comparism with result gottiemm sonic
tools. This is because there was no bulk densityroed for the well in log data used for this study

Cokriging Results

Cokriging is an extension of kriging used whenresting a one variable from two variables. The twevariables

must have a strong relationship and this relatignstust be defined [5]. Use of cokriging requir¢he spatial

covariance model of each variable and the crosartamvce model of the variables. The method can Wt g
difficult to do because developing the cross-carae model is quite complicated. Practice in migrimdustry

limits cokriging to the case when the variable gedstimated is under sampled with respect to thergkvariable.
If all samples have both variables, industry hastbno benefit gained from the use of cokriging.
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Fig. 5: Porosity Plotsfor Wadi-1 after Kriging

The depths selected for Cokriging were depths oataiut 2100m, 2400m, 2700m and 2910m. The different
distributions for each zone and the rate at whigh distribution vary were reviewed for each defRhpid and
gradual changes in porosity are observed withiregmf clustered and widespread contours respegti@eintours
diverging outward the study area show a graduah@hain porosity towards that direction while comu
converging as they leaves show a more rapid chtmveggrds their direction.

Por osity Distribution at the Depth of 2100m

Fig.7 depicts execellent porosity distribution doating the north-east and north-west region wittopity value as
low as 0.19 at the depth of 2100m from cokrigingpofosity values obtained from sonic tool. Thisufig suggests
that the sand within this area at this depth id developed. The distribution in between the eastthe west show
a fair distribution of sediments and the porositglanging rapidly towards the east and graduasatds the west,
both varying within 0.26 and 0.36. The south-eastezpossesses poorly distributed sand which issisan by

fig.8 (cokriging of porosity values obtained frorarity tool) , this figure further suggest a rapatosity changes
within the north-east zone of the map. Gradual gitya@hanges remains within the southern region.
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Fig. 6: Porosity Plotsfor Gaibu-1 after Kriging
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Fig. 7: Porosity distribution from sonic toolswithin the depth of about 2100m after Cokriging
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Fig. 8: Porosity distribution from Density toolswithin the depth of about 2100m
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Fig. 9: Porosity distribution from sonic toolswithin the depth of about 2400m after Cokriging
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Fig. 10: Porosity distribution from density toolswithin the depth of about 2400m after Cokriging
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Fig. 11: Porosity distribution from sonic tools within the depth of about 2700m after Cokriging
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Fig. 12: Porosity distribution from density toolswithin the depth of about 2700m after Cokriging
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Fig. 13: Porosity distribution from sonic tools within the depth of about 2910m after Cokriging
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Fig. 14:Por osity distribution from sonic tools within the depth of about 2910m after Cokriging

Por osity Distribution at Depth 2400m

Figure 9, which shows the porosity distributiortla depth of about 2400m agreed with the aboveusssd plots
however, region of excellent porosity distributisnwithin the north-east zone only. Fair distrilboatitook the rest
part of the map dropping to as low as 0.31, anddil&ibution within the north-west show less cowten and
gradual changes within the region. However, ragpidnges in porosity were within the north-east argraalual
change dominated zones of south-east and west whadho buttressed by the porosity plot from dgrtsiols at the
same depth (Fig.10). The south-east show contimeesase downward with a gradually increasing patten the
western region. There is a gradual porosity chaagging between fair and poor distribution towattts north and
south flank respectively.

Por osity Distribution at Depth 2700m

Figures 11 and 12 show the distribution of poroibyn the sonic tools and density tools at 2700mfig. (11) the

north-east region is more compacted and possessiésieveloped sand, with excellent porosity disttion of

value as low as 0.15 and this region maintainedesing porosity gradient eastwards and decreagidjent

westward which might be accounted to the paleontiri@epositional current at the north was high kvd at the

south during the sediment deposition and this ssiggbdat the sediments maybe deposited duringainsgressive
phase if the pattern is the primary porosity trefige plot for the density tools agreed with thiggestion though
the depositional pattern suggested differs. The pooosity zone (fig. 12) concentrated more atehst, coming
down to the south.

Por osity Distribution at Depth 2910m

The last depth (2910m) plotted share similar aiteb with the previous depths discussed. Figurg &h8 (14)
shows the distribution of porosity for sonic andhsity tools at depth of about 2910m. The north-east west
maintained excellent porosity distribution and fdistribution. A steadier gradient can be seenhi depth as
suggested by the plots, which shows a steadier warent along the study area at this depth. Wiih ¢vidence, it
can be suggested that the sediments were depdsitied) a regressive phase of the marine sedim&hessouthern
region maintained high porosity at this depth
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Geophysical Implication of Porosity Distribution

Every geologic formation is prone to incorporateenals (fluid) other than sediments. The sedimevitishowever
be saturated with these materials depending oavaiability of the material, the volume offered the sediments,
preservative mechanisms (traps) and the orientatidhe material with respect to gravity. Distrilmut of porosity
within an area can be used to ascertain the mhféldi) migration, accumulation and existence hiiit the area.
Porosity range between 0.15 and 0.2 are excellemé¢ for accumulation and migration of hydrocarbsnsaen
within the north-east region of Figures 11, 13ah8 17. Sand within this region is well developad will support
an inference of hydrocarbon accumulation. Porob#tween 0.3 and 0.4 are however considered faiosggr
distribution. This region is shown in the figurelscabut more between the north and south. In tbggon,
accumulated hydrocarbon is prone to have migrategnbther region since the region is still porofierebeing
saturated by hydrocarbon. Poorly distributed zenghiown within the southern region. Porosity irs thiiea ranges
within 0.5 and 1. The zone is too porous to suspattiration of fluid in the sediments largely besmmost of the
intrusive bodies for which the basin is noted fog within this region, thus there is a probabilityat previously
accumulated fluid has migrated to another secfien¢ountered in a reservoir.

Hydrocarbon Potential of the Study Area

Analysis of sonic and density porosities of KinasaGaibu-1, Wadi-1, Krumta-1 and Masu-1 well uskrging
and cokriging suggests that the north-east regidheostudy area possess porosity which tend® tiayourable to
hydrocarbon migration and accumulation providdteotndices are present.

CONCLUSION

Well log data from five oil wells namely; Kinasat,-Krumta -1, Gaibu -1, Masu -1 and Wadi -1 weralgred
using well log techniques to estimate the poroaity geostatistical techniques (kriging and cokgyito analyse
the porosity distribution within the same areahwvétview of ascertaining region of probable posodistribution, to
help confirm the hydrocarbon potential of the stagga. Sonic and density porosities were obtainedhe wells
and the analyzed plots suggested the North-Eagirrey the study area to possess porosities timat te support
hydrocarbon accumulation and migration provideddtier indices are present. The porosity trend estggl by the
result is along the NE-SW of the basin which isdirection of major faults within the basin.

Information from the attempts made to perforatecess reveal that a more quantitative approach dhmibpplied
as a method in studying the basin to enable anneeh@ent and exploitation of the potentials of eversult
yielding research in the basin.

Acknowledgements
The authors wish to acknowledge Nigerian Natioretkdteum Corperation who supplied the data set uselis
analysis.

REFERENCES

[1] Adepelumi A. A .,Falebita, D . E . Olurunfemi, A . O., a@dayoriju, S . |., International Journal of Pégtam
Science and Technolo@@10, 4, pp. 19-42

[2] Avbobo , A. A ., Eyoola, E . O. and Osahon &., Am. Assoc. Pet. Gedb86,70(12): 1787-1798.

[3] Delfiner P . and Delhomme J . P., Optimuntetpolation by Kriging. Proc. NATO ASI for Displagnd
Analysis of Spatial Data; Ed. J. C. Davis and Md&h; Wiley1985 p 96 — 114.

[4] Genik G. J. Tectonophysid®992, 213, p.169- 185

[5] Hass . A . and Jouselline C. GeostatisticBétroleum Industry. Advanced Geostatistics in Minindustry; Ed.
M. Guarascio et al., D. Reidel Publ. Q876 , p 333 — 347

[6] Halenberg J. K. Geophysical Logging for minemhd engineering applications. ennWell Books, Tusla
Oklahomal984, 254pp

[7] Helander D. P. Fundamentals of Formation Eatitun. Oil and Gas Consult International In TulS83.

[8] Okosun E. O. Journal of Mining and Geold@®5 Vol. 31, No.2 pp 113 — 122.

[9] Okosun E . O . Journal of Geolog§00,.2 (2): 40-50.

[10] Petters S. W. and Ekwezor C. M. Am. Assoc. Beinl1982., 66(S): 1141-1149.

95
Pelagia Research Library



