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Abstract: Porosity modeling was carried out in oil-wells of stacked reservoirs in south-east Niger Delta using
gamma ray, resistivity, and sonic logs to determine lithologies and porosities. Lithologies of the formation were
identified as sand and shale. Porosity values range from 0.013% to 94.08%. Porosity decreases with depth in
normal compacted formation for the two wells .The following porosity equation has been modeled for the study
area, Z = -3E-05@, + 0.5785. This implies that, in the absence of core samples, porosity, ¢, can be estimated at
any depth, Z in the area of study. The results of the porosity modeling can be applied in petroleum evaluation
and overpressure prediction. It may also be useful for sedimentary basin analysis of the region.
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. Introduction

The porosity of a sedimentary layer is an important parameter for evaluating the
potential volume of hydrocarbons it may contain. In other words, one of the essential attributes of any
hydrocarbon reservoir is porosity. Almost all reservoirs have porosity in a range of 5 to 45% with the majority
falling between 10 and 20% (Selley and Morrill, 1983; Egehetal.,2001). Hubbert and Rubey (1959), Schmidt
(1973), Selly (1982), Uko (1996) applied porosity analysis in the geodynamic processes, which influenced the
evolution of sedimentary basins including the Niger Delta basin and continental margin of Nigeria, and
hydrocarbon potentials of the basin. When porosity is combined with permeability, a region’s hydrodynamics,
hydrocarbon migration and accumulation in reservoirs could be evaluated. Porosity field could as well be used
to predict abnormal pressure areas during oil-well drilling (Uko et al. 2013, Udo, et al 2015). Middleton (1984)
used the surface porosity to carry out geohistory analysis of a sedimentary basin. Characterization of hydraulic
properties of rocks, such as the porosity, is essential for dynamic basin analysis because porosity and
permeability control the flow of subsurface fluids (Bachu and Undersschultz, 1992). Regional studies in basin
analysis are necessary for understanding basin evolution and the generation, migration, and accumulation of
hydrocarbons (Hitchon et al., 1987). Also, dynamic analysis deals with the structure and rocks in sedimentary
basins and the dynamic processes taking place, such as the flow of formation fluids and the transfer of
terrestrial heat from the crust to the surface. Bjorkun and Nadeau (1998) asserted that porosity and permeability
distributions control fluid migration on timescales of tens of millions of years.

Chukwueke et al.,(1992) estimated surface porosity using only geophysical logs and obtained values
for sand stone and shale as 43.38 and 70.09% respectively in the distil parts of the Niger Delta. Okiongbo
(1998) worked in the north-eastern Niger Delta and observed subsurface porosity range between 10 and 25%,
while Ofeke (1998) computed porosity values using porosity logs and obtained the subsurface porosity for
central Niger Delta as 52% and 14%. Ikeagwuani (1979) obtained porosities of 35% and 15% at depths of
5000ft and 14000ft respectively. These workers used only porosity logs without core sample measurements to
infer the porosities.

In this work, we modeled porosity equation for the study area in South-East Niger Delta from which
porosity can be estimated at any depth for many applications.

Geology of the Niger Delta

Niger Delta basin is bounded by the geographical grids of latitudes 6°40’E and longitudes 8°30°N. It
contains mainly Cenozoic formations deposited in high energy constructive deltaic-environments as
differentiated into continental Benin, paralic Agbada, and pro-delta marine Akata facies (Doust and Omatsola,
1990, Short and Stauble, 1967).
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Figure 1: Structural section of the Niger Delta Complex showing Benin, Agbada and Akata formations (Short
and Stauble, 1967; Weber and Daukuru, 1973; Whiteman, 1982)

The Benin Formation (Figurel) is the upper alluvial coastal plain depositional environment of the
Niger Delta Complex. It extends from the west Niger Delta across the entire Niger Delta area to the south
beyond the present coast line. The formation was deposited in a continental fluviatile environment and
composed almost entirely of non-marine sandstone. It consists of coarse-grained sandstones, gravel lignite
streaks and wood fragments with minor intercalation of shale. Benin Formation is of Miocene to younger age
and has a variable thickness that exceeds 1820m.It is of Oligocene age in the north and is progressively younger
southwards, ranging from Miocene to Recent. Very little hydrocarbon accumulation has been associated with
this formation (Short and Stauble, 1967). The Agbada Formation underlies the Benin Formation. It was laid
down in paralic brackish to marine fluviatile, coastal environments. It is made up of alternating sand stone, silt
and shale. The sand stones are poorly sorted rounded to sub-rounded and slightly consolidated. The sand stones
grade into shale in the lower part of the Benin formation. Agbada Formation ranges in age from Eocene in the
north to Pliocene in the south. The sandy parts of the formation are known to constitute the main hydrocarbon
reservoirs of the delta oil field sand the shales constitute seals to the reservoirs. The thickness of the formation
reaches a maximum of about 4500m (Short and Stauble, 1967). The Akata Formation is the lowest unit of the
Niger Delta complex. It is composed of mainly shale with sand stones and silt stones locally interbedded. The
Formation becomes shalier with depth. It was deposited in a marine environment and has a thickness of
approximately 7000 min the central part of the delta. The Akata Formation out crops off shore in diapirs along
the continental slope, and on shore in the northeast, where they are called Imo Shale. The age of the Akata
Formation ranges from Eocene to Recent (Short and Stauble, 1967).

Factors Influencing Porosity

Many authors have enumerated the parameters influencing primary porosity in rocks: age of the
sediment (Boswell, 1961 and Maxwell, 1960, 1964; Scherer, 1987); mineralogy (Griffiths, 1964; Nagtegaal,
1978; Scherer,1987); maximum depth of burial (McCulloh, 1967 and Selley, 1978; Scherer, 1987); sorting
(Beard and Weyl, 1973; Scherer, 1987); grain size (Beard and Weyl, 1973; Powers, 1953); grain sphericity
(Tickell and Hiatt, 1938; Rittenhouse, 1943); grain rounding (Fraser, 1935 and Powers, 1953); grain orientation
(Emery and Griffiths, 1953; Martini, 1972); formation temperature (Maxwell, 1960; de Boeretal., 1977);
abnormal pore pressure (Von Engelhardt, 1960; Atwater and Miller, 1965; Selley, 1978); hydrocarbon
saturation (Fuchtbauer, 1967; Selley, 1978); chemistry of formation water (Rentonet al., 1969; Wolf and
Chilinggarian, 1976; Curtis, 1978; Giles and Maxwell, 1986 and Surdam et al.,1984).

Beard and Weyl (1973) investigated the influence of texture on the porosity of unconsolidated sand
under wet conditions and concluded that porosity is little affected by changes in grain size for a given degree of
sorting. He observed that a decrease in porosity takes place from 42% for extremely well sorted sand to 28% for
very poorly sorted sand. Graton and Fraser (1935) found that the tightest packing of spheres is rhombohedral
(26% porosity), and the loosest packings cubic (48% porosity). As these extreme cases rarely occur in nature
(Beard and Weyl, 1973), Kahn (1956) and Dullien (1979) observed that most packings involve random
assemblies but will also contain a size distribution of particles that are likely to be non spherical. He noted that
the relationship between packing and porosity is not easy to isolate from other textural parameters, and is thus
difficult to measure.

Important parameters influencing primary porosity are compaction (grain arrangement, plastic
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deformation, pressure solution, fracturing), authigenesis of minerals (cementation, also operating at near-
surface conditions), and leaching (Wolf and Chillingarian, 1976; Kharaka and Berry,1976; Schmidtetal.,1977;
Scherer,1987). Cementation and leaching are interrelated with many other parameters, such as pore-water
chemistry, temperature, and hydrocarbon saturation.

I1.  Materials And Methods
Well Logs Pre-Processing
Volume of shale computation
Comparative examination of the gamma ray and density logs showed that the gamma ray adequately separates
sands from shale. In some logs, there was no effect of radioactive sands on the gamma ray, while in others;
effects of radioactive sand on the gamma ray were observed. The shale fraction of the reservoir in the five wells
was estimated as shown in Table 1.

Table 1: VSH for the five wells

Well Depth (ft) Low VSH Depth (ft) Top VSH

1 5999 0.98905 | 4301 0.00099
2 7999 0.88532 | 6000 0.00171
3 10000 0.38370 | 8000 0.00608
4 11999 0.56835 | 10007 0.00096
5 13138 0.36149 | 12000 0.00042
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Figure 2: Density and GR Logs utilized

Porosity Calculation from Gamma Log

Although neutron porosities were available for the analysis, it was uncertain whether each logging was
used to calibrate the same fluid and rock type. No information was available on the overall calibration
technique. It is generally accepted among geoscientists that porosity calculation from bulk density logs is more
accurate (Calderon and Castagna, 2007; Issler, 1992; Horsfallet al.,2013; Udo, et al 2015).

A log that measures interval transit time (At) of a compressional sound wave travelling through the
formation along the axis of the borehole. The acoustic pulse from transmitters detected at two ormore receivers.
The time of the first detection of the transmitted pulse at each receiver is processed to produce At. The At is the
transit time of the wave front over one foot of formation and is the reciprocal of the velocity. Interval transit time
is both dependent on lithology and porosity. Units: psec/ft, usec/m. Symbol :¢

The sonic tool is selected to calculate the porosity in a good borehole condition. The Sonic log is used
for porosity determination according to equation 1.

0 =!E—V - Vs

Vb Vb 1)
Where ¢ = fractional porosity
V, = Pore Volume
V,, = Bulk Volume
V; = Gain Volume

For a Gamma Ray value below our threshold 63.5 GAPI, the lithology is interpreted to be sand stone.
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In the five wells, the average Porosity values ranges from 0.02% to 95.60%. The results of this study shows that
clean sand reservoirs have better porosity than shaly sand reservoirs. In the clean sand reservoirs, the thickness
of the reservoir is directly related to the porosity. For those reservoirs, higher porosity values were obtained
for higher sand column sand vice versa. This study also shows that zones of coarsely packed sand stones in a
reservoir have better porosity than zones of finely packed sandstones in the same reservoir.

I11.  Results And Discussion

Porosity was calculated for hydrocarbon and water-bearing reservoirs using the Gamma log. The plots
of porosity data against depth are shown in Figures 3, 4, 5, 6, 7 and 8.These plots show normal porosity
decrease with depth. In the Niger Delta, shale lithology increases with depth, while sand stone decreases. Our
observation confirms the results of Friedman and Sanders (1978), Blatt et al., (1980) and Selly (1982) that
porosity is lost with increasing depth of burial. It follows that porosity varies with lithology and depth, that is it
decreases with increase in shale volume. The decrease of porosity with depth can also be thought of as
variation of porosity with pressure. Within a specific depth and lithology, porosity is influenced by confining
pressure as pointed out by Telford et al., (1976).

Fuchtbauer (1967) has pointed out that the presence of hydrocarbons also preserves porosity. I'n
this study we observed that reservoir thickness is directly related to porosity. The thicker the reservoir, the
higher the porosity.

The equation for the porosity trend for two wells is:

Z = -3E-05d, + 0.5785. 2

This implies that, in the absence of core sample or any porosity, ¢,, can be estimated at any depth, Z, in area
of study.

=

B yxl =g

Figure 3: Complete Porosity against Depth and VVSH / Porosity against Depth for the Well
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Figure 6: Porosity against Depth and VSH / Porosity against Depth for Well 3
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Figure 7: Porosity against Depth and VSH / Porosity against Depth for Well 4
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Figure 8: Porosity against Depth and VSH / Porosity against Depth for Well 5

IV.  Conclusion
In conclusion, porosity values ranges from 0.013% to 94.08% in the area of study. Porosity decreases

with depth in normal compacted formation for the wells. The following porosity equations have been modeled for
the study area:

Z = -3E-05@, + 0.5785.This implies that, in the absence of core sample, porosity, ¢, can be estimated at

any depth, Z in the area of study. Reservoir thickness is directly related to its porosity. The higher the reservoir
thickness, the higher the porosity. Porosity decreases with depth.
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