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Abstract

Well log data from two wells were evaluated for shale volume, total and effective porosity. Well log data were obtained from gamma ray,
neutron-density log, resistivity, sonic and caliper log respectively. This study aimed at evaluating the effect of shale volume, total and
effective porosity form two well log data. The results of the analysis depict the presence of sand, sand-shale and shale formations. Hy-
drocarbon accumulation were found to be high in sand, fair in sand-shale and low in shale, since existence of shale reduces total and
effective porosity and water saturation of the reservoir. The thickness of the reservoir ranged from 66 — 248.5ft. The average values of
volume of shale, total and effective porosity values ranged from 0.004 — 0.299dec, 0.178 — 0.207dec and 0.154 — 0.194dec. Similarly, the
water saturation and permeability ranged from 0.277 — 0.447dec and 36.637 - 7808.519md respectively. These values of total and effec-
tive porosity are high in sand, fair in sand-shale and low in shale formations. The results for this study demonstrate: accuracy, applicabil-
ity of these approaches and enhance the proper evaluation of petrophysical parameters from well log data.
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1. Introduction

Shale and porosity are considered the most effective parameters in reservoir characterization (Archie, 1950). Shales are soft finely strati-
fied sedimentary rocks that are formed from consolidated mud or clay and tiny fragments of other minerals such as quartz and calcite. It
is more radioactive than sand or carbonate. Shale formation reduces water saturation and other petro physics parameter. However, exist-
ence of shale causes an uncertainty which influences the formation evaluation and production. The presence of shale in porous for-
mations present problem from the interpretation of wire line logs, this problem affects the interpretation of resistivity data and the porosi-
ty logs (Okwoli et al., 2015). Even small amounts of shale can have a large effect, which is important because most reservoir sands con-
tain some degree of shaliness. Shale material can be distributed in the formation as: dispersed, structural and laminar. Laminated are tiny
layers of clay fragments with sand formations, Structural are clayey fragments that form sedimentary rock structures. Disperse are clay
particles formed between the open fragments of the clastic matrix. Porosity is a void space inside the rock which store and transmit fluids
such as oil, gas and water. Porosity is classified as total porosity and effective porosity. Effective porosity is the vast spaces of porous
material that can transmit fluid. Total porosity is the percentage volume occupied by the pore space. Three lithostratigraphic units are
identified in the study area: Benin, Agbada and Akata formations (Hosper, 1965, Chopra S and Mechelena, 2011). Akata formation (Eo-
cene to Recent) formed at the base of the delta of marine origin composed of thick shale, turbibite sand, clay and slit. Agbada formation
(lower/middle Miocene to Pliocene) consists of shale and sandstone beds of equal proportions which is the major petroleum bearing unit.
Benin formation (Miocene to recent) consists of predominantly coastal plain sandstones with local interbred of shale (Weber and Dau-
korous, 1985). Petroleum in the Niger Delta are trap from sandstones and unconsolidated sand within the Agbada formation in which the
main petrophysical properties are porosity, permeability and shale volume that determines the storage and fluid flow capacity for hydro-
carbon (Welex, 1978: Whiteman, 1982). This approach identified between porosity and other reservoir properties lead to the evaluation
of effective porosity from the total porosity and shale volume. This paper aimed at evaluating the shale volume and effective porosity
from wire line logs using Larionov and Archie Equations which saved as accurate method in evaluation of reservoir parameters.

2. Location and geology of the study area

The Niger Delta region of Nigeria is a sedimentary basin underlain by, from bottom to top, Akata, Agbada and Benin formations. The
Niger Delta comprises of the weathered top soil and unconsolidated coastal plain sands of the Benin formation. The Niger Delta is situat-
ed in the Gulf of Guinea which extends to south- south region of Nigeria as shown in Fig. 1 (klett TR et al., 1997, Ameloko, AA and
Oweseni, 2015). From Eocene to present, formed depobelts of delta which is the largest regressive deltas in the world with a total of
300,000km? and sediments volume/thickness of 500,00km? and 10km respectively (Kulkie, 1995; Kaplan AL et al., 1994). The Niger
Delta is found in the tropical rainforest which is classified into four zones: coastal inland zone, freshwater zone, lowland rainforest zone
and mangrove swamp zone (FME et al., 2006; ANEEJ, 2004). The Niger Delta region comprises of eight states, namely: Abia, Akwa
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Ibom, Bayelsa, Cross River, Edo, Ondo, Imo and Rivers, in which one petroleum system has been identified called tertiary Niger Delta.
The tertiary Niger Delta is divided into three formations, namely: Benin, Agbada and Akata formations (Hosper, 1965). Akata formation
(Eocene to Recent) formed at the base of the delta of marine origin composed of thick shale, turbibite sand, clay and slit of 7000 m thick-
ness (Stacher,1995). Agbada formation (lower/middle Miocene to Pliocene) consists of shale and sandstone beds of equal proportions
which is the major petroleum bearing unit (Okwueze, 2010). Also, comprises of dominantly quartz and polash feldspar with subordinate
amounts of plagiodase, kaolinite and ellite with over 3700 m thickness that represents the actual deltaic portion (Evamy BD et al., 1978).
Benin formation (Miocene to recent) consists of predominantly coastal plain sandstones with local interbred of shale of over 2000 m
thickness (Avbovho, 1978). Geologically, two provinces have been identified in Niger Delta: Onshore and Offshore. The onshore portion
is situated in the southern Nigeria and southwestern Cameroon; it is bounded in the north by Benin flanks, east to north by hinge line and
south to west by basement Massif which is identified by outcrops of the cretaceous on the Abakaliki High in east and Calabar flank in the
south which is bordered by hinge line of adjacent Precambrian (Nyantakyi EK et al., 2013). Offshore boundary of the province is defined
by the Cameroon volcanic line of the eastern boundary and west of the Dohomey basin.
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Fig. 1: Map of Nigeria Showing the Study Area.

3. Methodology

A total of two well log suite comprising of Caliper, Sonic, Neutron, Gamma Ray, Density logs were analyzed for the evaluation of shale
volume and effective porosity of the identified oil and gas reservoirs. The well logs interpretation identify reservoir and provides the
output of log analysis of the reservoir parameters (Asquith G and Gibson, 1982). Fundamentally, high porosity formation reading indi-
cates high value of shale, low sand deposition and low hydrocarbon formation while low porosity formation reading indicates low values
of shale, high sand deposition and high hydrocarbon (Chapman, 1983, Eghai JC and Aigbogun, 2012). The first stage in well log analy-
sis is the lithology interpretation which is vital in reservoir characterization. On the other hand, if the lithology interpretation is incorrect,
other parameters like shale volume, porosity and effective porosity will be wrong.

Shale volume (V)

Shale volume interpretation is the second stage in well logs analysis by using gamma ray log. The calculation of shale volume is useful in
the determination of the water and hydrocarbon saturations, if the reservoir has high shale formation, that reservoir are highly porous
with high clayey deposition and water saturation. This is because shale has a high porous ability to retain water. Also, low shale reservoir
has high accumulation of hydrocarbon because formation with low shale volume has high permeability and vice versa. It is expressed as
shown in Egs. 1 to 3.

Volume of Shale

In 1969, Larionov proposed two formulas to calculate the shale volume which includes:

Tertiary rocks:

V,, =0.083(2" —1) (1)

Older rocks:

Vv, =0.332" —1) %)
GR,, —GR,, 3

IGR =5  ~5
GR,, -GR

Min
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Where Igr is the index gamma ray, Vsh is the volume of shale, GRlog is the gamma ray reading, GRmax is the gamma ray maximum
reading and GRmin is the gamma ray minimum reading.

Porosity

Porosity calculation is the third stage in well log analysis. Porosity depends on the lithology interpretation. However, if the lithology
interpretation is correct, porosity interpretation will be correct. It could be calculated using density log, sonic log, neutron log, or combi-
nation between neutron-density logs. Below shows the calculation of porosity using Archie’s equation as expressed in Egs. 4 to 7.

Sonic logvalue —55.5

Archie’s Equation ®= C)]
189-55.5
Where 55.5 = At,,,, is the sandstone constant sonic log value, 189 = Atg,;q IS the fluid constant sonic log value.
a
o == 5
: (®)
Where a is tortuosity sand factor ‘a’ = 1, m is the compaction sand exponent factor ‘m’ =2
= Loy (6)
pmafpﬂ
Where p,, is the matric density, p, is the bulk density and p, is the fluid density
R
" =— 7
SR, U]

Where S water saturation, n is the saturation exponent, R, true formation resistivity and R, is formation water resistivity

Effective Porosity

Effective porosity is the differences between the total porosity and the product of the volume of shale with shale porosity fractions. In a
formation that is highly sandy with zero shale deposition, the effective porosity is equal to total porosity. That is, volume of the shale is
equal to zero. However; effective porosity formation illustrates a pore space that contains high hydrocarbon and low clayey deposition.
The effective and total porosities relationship can be expressed as shown in shale sand reservoir, Archie Egns. 7 to 10.

Archie’s Equation

Shale sand reservoir

D, =D, -V, <D

- ®)

@, = fraction of total porosity; @, = fraction of effective porosity; Vsh = fraction of volume of shale and @, = fraction of shale porosi-
ty. However, shale porosity can also be determined by substituting shale porosity @, with total porosity @, to get Eq. 8.
Shale reservoir

D, =D, -V, xP, )

Shale-bound water

Q. =0, -V, (10)

Vebw = fraction of volume of clay or shale-bound water. The volume of the clay bound water replaced the shale volume and its porosity.
This can be obtained using elemental capture spectroscopy (ECS).

4. Results and discussion

Well log data from two wells was used for this study. Shale volume, total and effective porosity were calculated along with other pa-
rameters and three formation zones were identified in the reservoirs. The important parameters of larionov equation for shale volume
calculation is the gamma ray index from gamma ray log, in Archie equation are: ‘m’ compaction factor, ‘n’ saturation exponent and ’a’
tortuosity factor. For water saturation and resistivity, the compaction factor and saturation exponent is equal to 2 and tortuosity factor is
equal 1 due to its variation in different formation. Tables 1 to 2 and Figs. 2 to 3 show the analysis of shale volume, porosity and other
reservoir properties in well 1 and 2. In each of the wells, three reservoirs where identified.

In well 1, mean value of the shale volume for the reservoirs is between 0.197 — 0.299dec, mean effective porosity for the reservoirs is
between 0.164 — 0.194dec, mean total porosity for the reservoirs is between 0.182 — 0.207dec permeability for the reservoirs is between
3559.977 — 7808.519md, water saturation for the reservoirs is between 0.277 — 0.328dec respectively. This reservoir indicates a fair hy-
drocarbon accumulation with reservoir one and two identified as an Oil reservoir while reservoir three is a Gas reservoir.
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Table 1: Reservoir Parameters of Well 1

Reservoir Top: 10470ft, Bottom: 10718ft, Net: Top: 10905.5ft, Bottom: 11069ft, Net: Top: 11178ft, Bottom: 11287ft, Net:
248 5t 164t 109.5ft
Curve Units  Min Max Mean Min Max Mean Min Max Mean
BVW Dec  0.011 017 0.102 0.018 0.158 0.078 0.015 0.163 0.07
Caliper in 7.034 8.573 7525 7.313 10.495 8.48 8.022 10.86 8.704
Density g’cm 2.109 2.341 2132 2.109 2522 2.196 2.109 2.348 2172
Gamma gAPI  7.104 91.553 36.653 6.69 111.773 52.344 16518  92.498 51.068
rtflrmeab"' md  7.488 45851.36 3559.977 0.067 19410.08 3693.415 7.037 30163.64 7808.519
PHIE Dec  0.105 0.208 0.194 0.029 0.202 0.164 0.097 0.198 017
PHIT Dec  0.141 0.219 0.207 0.073 0.212 0.182 0.132 0.208 0.188
Resistivity %hm 3.457 870.131 63.923 3.991 320137 63.065 3.766 438.999 125.296
Sonic us/ft 72806 112111 91.482 78436  102.843 90.482 80951  101.842 92.106
sw Dec  0.035 0.854 0.328 0.055 1 0.358 0.046 0.863 0277
Vsh Dec  0.004 0.555 0.197 0.001 0.687 0.299 0.065 0.561 0.291

Nomenclature BVW = Bulk volume of water, PHIE = Effective Porosity, PHIT = Total Porosity, SW = Water saturation, Vs = Volume
of shale

Lithology Input Porasty Input Volume of Shale / Parosty Resistivity Saturation | Lithology
Gamma (gAP) Density (gicm3) PHEE (Dec) Resistivit (OHMM) PHI (Dec) Vsh (Dec)
150.|1.95 29505 0 2000.[0.5 0 1
Caliper (in) Sonic (usift) FHIT (Dec) BVW (Dec) PHI (Dec)
16|70 120.|05 05 1
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Fig. 2: Petrophysical Analysis of Well AG Showing Three Reservoirs.

In well 2, mean value of the shale volume for the reservoirs is between 0.004 — 0.031dec, mean effective porosity for the reservoirs is
between 0.154 — 0.163dec, mean total porosity for the reservoirs is between 0.178 — 0.190dec permeability for the reservoirs is between
39.775 — 50.147md, water saturation for the reservoirs is between 0.434 — 0.447dec respectively. This reservoir indicates a fair hydrocar-
bon accumulation with reservoir one and three identified as an QOil reservoir while reservoir two is a Gas reservoir.

Based on the analysis, high hydrocarbon accumulation is attributed to sand zone with a corresponding high effective porosity and low
shale volume, fair hydrocarbon zone is attributed to sand-shale zone while low hydrocarbon accumulation is attributed to shale zone with
low effective porosity and high shale volume values. The low values of the effective porosity depict grain size effect within the reservoir
sand. Subsequently, the reservoir indicates less accumulation of hydrocarbon from shale formation, high hydrocarbon accumulation from
sand and fair hydrocarbon accumulation in sand- shale formation which decrease with increasing depth.

Table 2: Reservoir Parameters of Well 2

R . Top: 10026.5ft, Bottom: 10092ft, Net: Top: 10211.5ft, Bottom: 10368ft, Net: Top: 10635ft, Bottom: 10770ft, Net:
66t 157t 135 5ft
Curve Units  Min Max Mean Min Max Mean Min Max Mean
BVW Dec  0.075 0.122 0.102 0.084 0.133 0.107 0.078 0.12 0.102
Caliper in 12.091 12,514 12.174 12.19 12.453 12.247 11.919 12.63 12.063
Density g’cm 214 2.454 2258 2161 2534 2235 2171 2516 2.264
Gamma gAPI  31.758 92.922 43.602 27.417 109.045 50.801 27.675 102.621 47.412
rtirmeab"' md 0655 150.423 39.755 0.042 109.507 50.147 0.08 106.147 36.637
PHIE Dec  0.093 0.206 0.161 0.053 0.199 0.163 0.064 0.191 0.154
PHIT Dec  0.123 0.228 0.184 0.11 0.216 0.19 0.114 0.207 0.178
Resistivity ﬁqhm 2.294 6.019 3.401 1.947 4.907 3.031 2.368 5.645 3.338
Sonic usift  82.4 104.75 87.253 74.863 95.063 86.852 69.275 91.75 85.859
sw Dec  0.343 0.643 0.436 0.346 0.924 0.434 0.332 0.836 0.447

Vsh Dec 0 0.3 0.004 0 0.521 0.031 0 0.433 0.017
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Fig. 3: Petroph)}sical Analysis of Well AG Showing Three Reservoirs.
5. Conclusion

The present work evaluates shale volume and effective porosity from two wells data using Larionov and Archie equations. The result
from well log depicts three reservoirs. The thickness of the reservoir ranged from 109.5 — 248.5ft and 66 — 135.5ft for well 1 and 2 re-
spectively. Shale volumes, effect and total porosity are respectively. The permeability values in well 1 (36.637 — 50.147md) corresponds
to low values of volume of shale (0.004 — 0.017). However, the existence of shale in a formation reduces effective porosity and water
saturation which causes an uncertainty and influences the oil and gas formation evaluation and production
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