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INTRODUCTION 
Well logs are two-dimensional plots revealing various 

values of petrophysical parameters against corresponding 

depth and presented in signatures which can be interpreted 

(Shaaban and Ahmed, 2014). Well logs interpretation is 

very critical in accurately estimating petrophysical 

parameters such as shale volume (Vsh), water saturation 

(Sw), hydrocarbon saturation (Sh), porosity (𝜑) (Zhao et al., 

2016). Shale is made up of grainy, fine, broken sediment 

revealing high potential of fissility and composed of sticky 

soft, thin, flat smooth matters. Shale is composed of six 

percent feldspars, two percent iron oxide, five percent 

trioxocarbonate minerals, twenty-eight percent quartz and 

fifty-eight percent clay (Adepehin et al., 2022). The shale  

 volume is one of the most fundamental and basic
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ABSTRACT 
Accurate shale volume estimation is an important approach in reservoirs characterization as 
it forms the basis upon which evaluators can ascertain the hydrocarbon content of the 
reservoirs. The porosity, gamma ray, neutron-density and deep induction logs data were 
used to arrive at suitable shale volume estimates of the field studied. Analysis of well logs 
data was done using the TECHLOG Exploration software. Delineation of reservoirs was 
carried out with OpendTect software. The Microsoft excel spreadsheet was utilized to 
accurately estimate other suitable petrophysical parameters such as the permeability, water 
saturation, hydrocarbon saturation and the porosity. Three different non-linear shale 
volume models, the Larionov, the Steiber and the Clavier models were used to determine 
the reservoirs’ shale content across three wells of Yewa reservoirs characterized by varying 
thicknesses. Variation in the depths down hole for each of the methods revealed that shale 
volume estimates with the Larionov model was determined across thickness 142.646 m with 
top and bottom depths of 1946.605 m and 2089.252 m respectively in well Y1, thicknes 
90.678 m with top and bottom depths of 2164.690 m and 2255.368 m respectively in well 
Y2 and thickness 107.290 m with top and bottom depths of 2303.374 m and 2410.663 m 
respectively in well Y3. The estimates with Steiber model were respectively determined 
across thicknesses  85.649 m, 95.098 m and 121.371 m for Y1, Y2 and Y3 reservoirs, and  
top and bottom depths of 1947.571 m and 2033.219 m in well Y1, 2041.754 m and 
2136.851 m in well Y2 and  2144.979 m and 2266.442 m in well Y3 and the one with 
Clavier  model were respectively determined across thicknesses  146.456 m, 147.752 m and 
94.869 m for Y1, Y2 and Y3 reservoirs and top and bottom depths of 1760.601 m and 
1907.057 m in well Y1, 1920.312 m and 2068.068 m  in well Y2 and  2078.812 m and 
2173.681 m in well Y3. The lowest shale volume average estimate was recorded from the 
Larionov model. Nevertheless, one cannot conclude that the Larionov model is the most 
reliable as values obtained may be because of instability in the sensitivities of utilized well 
logs and the complexities in the properties of wells down hole. A further investigation of 
the sensitivities of the well logs and the down hole properties of the wells showed that the 
Larionov method gives reasonable, consistent, and repetitive intervals when compared with 
the Steiber and the Clavier models. The Larionov model is hereby recommended for use in 
the study area. 

ARTICLE HISTORY  

Received August 1, 2022  
Accepted September 17, 2022  
Published September 30, 2022  

KEYWORDS  

Delineation, Permeability, 
Porosity, Deep-induction, 
Excel spreadsheet, 
petrophysical parameters, 
Non-Linear shale volume 
algorithms 
 

 
 © The authors. This is an Open 

Access article distributed under 

the terms of the Creative 

Commons Attribution 4.0 License 

(http://creativecommons.org/ 

licenses/by/4.0) 

 

 

20 

https://scientifica.umyu.edu.ng/
mailto:damilare.adepehin@fuhso.edu.ng
https://doi.org/10.47430/usci.1122.004
https://orcid.org/0000-0002-7149-4947
https://orcid.org/0000-0002-6102-2428
https://orcid.org/0000-0002-9171-2235
https://orcid.org/0000-0002-4754-0835
https://orcid.org/0000-0002-8394-0801
https://doi.org/10.56919/usci.1122.004


 
 

UMYU Scientifica, Vol. 1 NO. 1, September 2022, Pp 20 – 29 

https://scientifica.umyu.edu.ng/                                        Adepehin et al./USci, 1(1): 20 – 29, September 2022         

reservoirs properties that are needed to clearly determine 
the actual shale content in the hydrocarbon (HC) 
reservoirs (Adepehin et al., 2022). This is very essential in 
estimating accurately, other geophysical (petrophysical) 
parameters such as water saturation, effective porosity, 
permeability and Net to Gross thickness which are 
instrumental and germane in determining the 
(hydrocarbon) HC potential, quality of reservoirs and 
realistic estimation of HC reserves (Omoja and Obiekezie, 
2021). Estimation of the reservoir shale volume can be 
done with different models which have been well 
explained in literatures. The (Larionov, 1969), the (Steiber, 
1970) and (the Clavier et al., 1971) models were used to 
estimate the reservoir shale volume across different 
thicknesses down hole. Generally, Shale volume is 

estimated utilizing the 𝜸 −ray logs, as they are direct 
measurements of reservoir shale radioactive content (Al-
Azazi and Albaroot 2022). This doesn’t imply that other 
well logs signatures do not show records of the existence 
of shale, it only means that they cannot be easily 

interpreted as the ones done with only 𝜸 −ray logs 
(Boldyrev et al., 2022). The Niger Delta basin is highly rich 
in petroliferous products. It is made up of spacious sources 
rocks which are capable of harboring hydrocarbon and 
other reservoir fluids (Adepehin et al., 2022). The Niger 
Delta reservoirs are majorly characterized by high volume 
of petroliferous crudes which are recoverable with 
engineering techniques that best suit the field of study 
(Avbovbo, 1978). There exist reasonable deposits of 
hydrocarbon that can be commercialized in the Niger 
Delta basin and an accurate estimation of the shale volume 
will no doubt assist in making reasonable decisions before 
exploration (Ejedawe, 1981). Estimation of the Vsh is an 
important step in evaluating a formation. It is the ratio of 
the total quantity of clay alongside other particles (silts) to 
the entire volume of rock (Al-Azazi and Albaroot 2022). 
Shale exists in three different forms in a formation (Igbal 
and Rezaee,2020). They occur as particles dispersed in the 
pores or laminated particles in the layers or minerals 
contained in the structural matrix of the rocks. Stratified 
formations are made up of different quantity of shale. 
Theoretically, shale volume estimate falls within 0 to 1 or 0 
to 100% (Igbal and Rezaee,2020). Kamel and Mabrouk, 
(2003) developed an equation for estimating the shale 
volume from the porosity logs examples of which include 
acoustic, density and neutron logs. The developed equation 
is based on different parameters made accessible from the 
logs (Kamel and Mabrouk, 2003). Some of these 
parameters are the matrix effects, the fluid nature and the 
inherent shaly parameters. Shale presence in reservoirs 
with permeable rocks, if not accurately computed will 
result to wrong estimation of the acoustic or neutron 
porosity and this can as well result to wrong behaviors of 
other logs  (Baiyegunhi et al., 2022). Many log-originated 
shaliness are now being employed to determine shaliness 
estimated from information provided from one or more 
than one well (Baiyegunhi et al., 2022). The use of more 
than one shaliness indicator often time yields reliable shale 

volume estimate when compared to when a single 
indicator is used (Baiyegunhi et al., 2022). Every used 
indicator is capable of giving the actual or the upper limit 
of the value of the shale content. The least value of this 
limit is most time taken as the actual value of the shale 
volume, although other factors may be responsible for the 
decrease in the estimated value but this may be corrected 
with another non-linear approach of shale volume 
estimation (Ejieh and Ideozu, 2018). Reservoir rocks can 
be said to be clean if the shale volume is less than 10%.  If 
the shale volume is greater than 10% but less than 34%, 
the rocks can be termed shaly (containing some quantities 
of shale), Shale volume up to or greater than 34% reveals a 
pure shale formation (Szabo et al., 2021). Knowing the 
volume of shale will help the reservoirs analysts to 
correctly predict other petrophysical parameters which are 
also important in ranking a reservoir (Pandey et al., 2020). 
Adequate knowledge of the shale content of a reservoir 
also assists in accurate assessment of the quality of the 
rocks and this will in turn determine the hydrocarbon 
content of the reservoir (Pandey et al., 2020). Data 
obtained from the neuton-density, resistivity and 
spontaneous logs can be employed in estimating the 

volume of shale but the 𝛾-ray log has overtime been used 
and it has stood out among other methods of estimating 
the reservoir Vsh (Kamayou et al., 2021). When two or 
more non-linear shale volume estimation models are 
compared, it is normal to experience one out of the 
models which stands out in terms of producing low, 
consistent and reliable estimates which best suit the study 
area (Kamayou et al., 2021). This can be determined by first 
interpreting the well logs and then employs the 
interpretation to estimate the shale volume. The linear 
approach works on the assumption that only clay and shale 
minerals are contained in the formation  (Zagana et al., 
2022). The assumption on which the linear shale volume 
approach works often time overestimate the reservoir shale 
volume in areas which are also composed of other inherent 
radioactive materials (Szabo and Dobroka, 2013). The 
(Larionov, 1969), the (Steiber, 1970) and the (Clavier et al., 
1971) methods are non-linear approaches well defined for 
particular ages of formation and geographical locations. 
Based on the peculiarity of the study area, these models are 
well designed to mitigate the deficiencies inherent in the 
linear approach. It is right to mention that the Larionov, 
1969 model stood out among the non-linear methods of 
estimating the reservoir shale volume because it gives the 
lowest, comparable and consistent estimates when 
compared to the Steiber, 1970 and the Clavier et al., 1971 
models. Although,the Larionov, 1969, the Steiber, 1970 
and the Clavier et al., 1971 models are all still accompanied 
by traces of radioactive contents inherent in the chemical 
build-up of the reservoirs which can unconsciously make 
evaluators overrate the reservoirs, nevertheless, errors 
inherent in them cannot be compared to that of the linear 
method. The lowest value recorded with the Larionov, 
1969 model doesn’t translate to the approach being the 
most reliable as values may be as a result logs sensitivities 
fluctuation. The three non-linear models depend on the 
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estimated IGR originating from the linear approach. The 

usual practice of utilizing the most reliable 𝛾-ray log of the 
area under study for IGR estimation is usually accompanied 
by very high level of errors and uncertainties. Overtime in 
the Niger Delta region of Nigeria, exploration processes 
have been done first by having an in-depth knowledge of 
the reservoir Vsh but these estimations have been 
accompanied by various uncertainties and irregularities due 
to radioactive elements (minerals) in the formation and so 
there’s an urgent need for a method that will minimize or 
totally eradicate the uncertainties. This research work seeks 
to compare three non-linear models “the Larionov, 1969, 
the Steiber, 1970 and the Clavier et al., 1971” models of 
estimating the shale volume using well log data from 
“Yewa” field, Niger Delta, Nigeria and predict the most 
reliable and consistent model based on stable sensitivities 
of the well logs in the study area. Findings of this work will 
assist reservoirs engineers and evaluators to better assess 
reservoirs before taking decisions on exploration. 

Study Area 
The study area is a basin located in the Niger Delta. The 
identified field “Yewa” occurs within respective latitudes 

and longitudes ( N495
and N786

) and ( E596
and

E666
). Figures 1 and 2 show the geology and map of 

the studied location respectively. The geology of the 
subsurface of the location clearly shows that of 
hydrocarbon zone located in the Niger Delta region of 
Nigeria (Asubiojo and Okunuwadje, 2016). Well bored in 
the location enhances the procurement of geophysical 
wireline well logs used for this research (Aigbadon et al., 
2022). The Niger Delta is a basin which is majorly 
characterized by clastic stratified deposits which can be 
traced to formation from the recent Eocene through the 
evolution of the Paleocene to the evolution of the early 
Pre-santonian depression (Aigbadon et al., 2022). The 
Niger Delta stratigraphy comprises of the Akata, Agbada 
and the Benin formations which are respectively made up 
of potential source rocks, reservoirs at certain depth in 
water and minor quantity of silt and shale, sequences 
alternated by partly sandstones and partly shale, dividing-
channels and deltaic originating plains and gravels and sand 
(Iheaturu et al., 2022). 
 

 
Figure 1: Niger Delta Litho-stratigraphy  
 
MATERIALS AND METHODS 
Three wells Y1, Y2 and Y3 in Yewa field were identified 
and seven different types of geophysical logs which include 
the caliper, sonic, spontaneous potential, resistivity, 
neutron, density and gamma ray logs were utilized for this 

research (Table 1). TECHLOG Exploration software and 
Microsoft excel spreadsheet were utilized for the analysis 
of data. Reservoirs’ delineation was done with the 
OpendTect software to eliminate wrong or null values. 
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Figure 2: Map of the Studied Location
 
Table1: Suites of available well logs 

Name Caliper Sonic Spontaneous 
Potential 

Resistivity Neutron Density Gamma 
Ray 

Y1 P P P P P P P 

Y2 P P A P P P P 
Y3 P P P P P P P 

P= Present, A= Absent 
 

The lithology was identified to distinguish between the 

shale and sand bodies. The 𝛾-ray log was employed to 
determine the shale volume. The shale volume 
computation was done across the intervals mapped out in 
Yewa reservoirs with three non-linear models. These are 
the Larionov, the Steiber and the Clavier models. The 
three non-linear models were chosen based on the 
peculiarity of the study area and the fact that they do not 
assume that the formation contained only clay and shale 
minerals but rather mitigate the deficiencies inherent in the 
linear models. Despite the long year these models have 
been invented, they proved to be more effective in the 
study area and this explains why they were adopted for this 

study. The 𝛾-ray index (IGR) for clean and tertiary reservoir 
rocks were estimated as their values will be required to 
estimate the shale volume. The relation shown in equation 

1 is used to estimate the gamma 𝛾-ray index (Al-Azazi and 
Albaroot 2022). 

IGR = 
𝛾𝑟𝑎𝑦−𝛾𝑟𝑎𝑦 𝑚𝑎𝑡𝑟𝑖𝑥

𝛾𝑟𝑎𝑦 𝑠ℎ𝑎𝑙𝑒−𝛾𝑟𝑎𝑦 𝑚𝑎𝑡𝑟𝑖𝑥
     (1)                                                                               

Where, 

IGR = 𝛾𝑟𝑎𝑦 index 

𝛾𝑟𝑎𝑦 = 𝛾 𝑟𝑎𝑦 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 (log reading) 

𝛾𝑟𝑎𝑦 𝑠ℎ𝑎𝑙𝑒= 𝛾𝑟𝑎𝑦 reading in a formation of (100%) 

shaliness 

𝛾𝑟𝑎𝑦 𝑚𝑎𝑡𝑟𝑖𝑥 = 𝛾𝑟𝑎𝑦 reading in a formation of (100%) clean 

rock 
Estimation of Volume of Reservoir Shale 
Records from research show that Niger Delta hydrocarbon 
reservoirs are majorly sand from the Agbada formation. 
Nevertheless, some elements of shale deposits still exist 
alongside the dominant sandstones (Mode et al., 2013). 
This little element of shaliness has the ability to determine 
the hydrocarbon content of the reservoirs significantly 
(Mkinga et al., 2020). The shale volume is estimated from 
the three aforementioned models as follows: 
 
Larionov model of 1969 

)113(083.0 −= GRshLarionov IV          (2)                                                                         

 
Steiber model of 1970 

)2(3 Index

Index
V

ray

ray

shSteiber




−
=         (3)                                                                             
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Clavier et al model of 1971 

2)7.0(38.3(7.1[ −−= GRlClaviereta IVsh  (4)                                                              

Where, 

=shLarionovV Larionov shale volume for tertiary rock 

=shSteiberV  Steiber shale volume for tertiary rocks 

=lClavieretaVsh Clavier et al shale volume for tertiary 

rayIGR −=  Index 
 

The Non-Linear and the Linear Shale Volume 
Estimation 
The non-linear shale volume estimation models such as the 
Larionov, the Steiber, and the Clavier etmodels are meant 
for particular geographical characteristics which are also 
common in the study area. These models respond only to a 
particular age of rocks in the formation. The linear 
approach is designed not for particular geographical 
prevalent characteristics but rather for all existing 
characteristics of the formation. The prevalent radioactive 
characteristics in the formation is one of the reasons, the 
non-linear approach gives lower Vsh than the linear 
approach (Adepehin et al., 2022). Nevertheless, the two 

methods require 𝛾-ray response across a planned depth 

down hole and determination of 𝛾 − ray index (IGR) for 
reservoirs with clean rocks with no traces of shale and that 
of 100% shale zones (Pico and Salina, 2017). 
 
RESULTS AND DISCUSSION 
Five potential reservoirs were identified from each of the 
Yewa wells, Y1, Y2 and Y3 all of which were respectively 
labeled as RSV1, RSV2, RSV3, RSV4 and RSV5. Analysis 
of the five mapped out reservoirs was done using 

geophysical well logs. All the five identified reservoirs 
RSV1, RSV2, RSV3, RSV4 and RSV5 were correlated 
across all the three Yewa wells, Y1, Y2 and Y3. Each of 
the shale volume estimation models were tested across 
varying thickness in each of Y1, Y2 and Y3. The Larionov,  
the Steiber and the Clavier models were respectively 
examined across the thicknesses of (142.646 m, 90.678 m 
and 107.290 m), (85.649 m, 95.098 m and 121.371 m) and 
(146.456 m, 147.752 m and 94.869 m) for Y1, Y2 and Y3 
wells. The variation in the thicknesses at which these 
models were examined was to determine the consistency 
of each of them, so as to take decision on which of them 
best suit the area studied. The reservoirs thicknesses for all 
the wells were determined by subtracting the top from the 
bottom. Table 2 shows the reservoirs thicknesses across 
Y1, Y2 and Y3 wells. Figure 3 shows geophysical log 
correlation across all the wells.  
 

Table 2: Variation in Reservoirs Thickness Across the 
Wells for All the Models 

Well Depth 
(m) 

Larionov 
model  

Steiber 
model  

Clavier 
model 

Y1 Top 
Bottom 
Thickness 

1946.605 
2089.252 
142.646 

1947.571 
2033.219 
85.649 

1760.601 
1907.057 
146.456 

Y2 Top 
Bottom 
Thickness 

2164.690 
2255.368 
90.678 

2041.754 
2136.851 
95.098 

1920.312 
2068.068 
147.752 

Y3 Top 
Bottom 
Thickness 

2303.374 
2410.663 
107.290 

2144.979 
2266.442 
121.371 

2078.812 
2173.681 
94.869 

 

 
Figure 3: Geophysical log correlation across all the wells.
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Figure 4: Log showing Reservoirs Thicknesses in Yewa Field
 
Discussion on the Reservoir Shale Volume 
Table 3, 4 and 5 show the reservoirs shale volume obtained 
respectively with the Larionov, Steiber, and Clavier 
models. There is an increase of shale as depth increases in 
Yewa field. This is in line with the research done by 
(Kamayou et al., 2021). The formation of Agbada in the 
Niger Delta was described as shale-sand intercalation. The 
Larionov model of shale volume estimation gives the 
lowest in tables 3, 4 and 5. The Gamma-ray index is 
denoted by (IGR) and the unit of measurement of shale 
volume - voids per volume is denoted by (v/v) 
 

Table 3: Shale Volume from the Larionov, the Steiber 
and  the Clavier Estimation Models Yewa 1 

Reservoir IGR 
(v/v) 

Larionov 
Vsh (v/v) 

Steiber 
Vs (v/v) 

Clavier 
Vsh (v/v) 

RSV 1 0.269 0.084 0.110 0.139 
RSV 2 0.279 0.088 0.115 0.145 
RSV 3 0.348 0.131 0.159 0.198 
RSV 4 0.301 0.104 0.131 0.163 
RSV 5 0.336 0.122 0.151 0.188 

 
Figures 5 and 6 show that the Larionov model of shale 
volume estimation gives lower and consistent estimate 
when compared to the Steiber and the Clavier models. The 
Steiber estimation model produced estimates higher than 
that of the Larionov but less than that of the Clavier. It is 
worthy to mention that the use of other estimation models 

apart from the Larionov model in the study area is likely to 
overrate the shale content of the reservoirs and this can as 
well affect the judgments of reservoirs engineers in ranking 
the reservoirs for the production of hydrocarbon. This is 
in line with the work of Kamayou et al., (2021). The work 
was based on estimating the volume of shale using 
different estimation models across different reservoir 
thicknesses in a field of Niger Delta known as VIA. They 
however concluded that the Larionov estimation model is 
the best for use in the area studied.  

 
Figure 5: Comparison of Shale Volume Estimation 
Models in Yewa 1 
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Nosrati et al., (2014) estimated the shale volume using the 
combination of sonic, density and neutron logs in a 
trioxocarbonate succession. Results obtained from 

(Nosrati et al., 2014), further showed that the 𝛾-ray log 
method gives a more reasonable value when compared to 
that of the porosity log. 
 

 
Figure 6: Relationship Between the Larionov, the 
Steiber and the Clavier Vsh Models in Yewa1 
 
Table 4: Shale Volume from the Larionov, the Steiber 
and the Clavier Estimation Models Yewa 2. 
 

Reservoir IGR 
(v/v) 

Larionov 
Vsh (v/v) 

Steiber 
Vsh (v/v) 

Clavier  
(v/v) 

RSV 1 0.149 0.040 0.056 0.071 

RSV 2 0.195 0.058 0.078 0.098 
RSV 3 0.177 0.051 0.070 0.088 
RSV 4 0.212 0.072 0.091 0.113 

RSV 5 0.211 0.070 0.090 0.112 

 

 
Figure 7: Comparison of Shale Volume Estimation 
Models in Yewa 2 
 
 

 
Figure 8: Relationship Between the Larionov, the 
Steiber and the Clavier Vsh Models in Yewa2 
 

Figures 7 and 8 showed that the Larionov estimation 
model gives the least value when compared to that of the 
Steiber and the Clavier models. The Larionov estimation 
model ranges from 0.04 v/v to 0.07 v/v for RSV 1, RSV 2, 
RSV 3, RSV 4 and RSV 5 (Figures 7 and 8). The Steiber 
estimation model gives shale volume values which range 
from 0.055 v/v to 0.09 v/v for all Yewa reservoirs. The 
Clavier estimation model produces values of shale volume 
in the range of 0.07 v/v to 0.11 v/v for all identified 
reservoirs in the study area. Similar to the result obtained 
in Yewa 1, the Larionov estimation model gives the lowest, 
consistent and realistic estimates for all the reservoirs. 
(Moradi et al., 2016) determined the shale volume 
distribution pattern in CO3

2- gaseous reservoirs using 
gamma-ray log and core analysis. Results obtained from 
the (Moradi et al., 2016) work was used to estimate the 
reservoir permeability and porosity in order for decisions 
to be taken as regards the HC potential of the reservoir. 
(Adepehin et al., 2022) worked on the effect of shale 
volume on the hydrocarbon potential of Green field in 
Niger Delta using geophysical well logs. The Green field is 
however concluded to be high in hydrocarbon as the shale 
volumes for all the five identified reservoirs were 
discovered to be very low.  
 
Table 5: Shale Volume from the Larionov, the Steiber 
and the Clavier Estimation Models Yewa 3. 

Reservoir IGR) in 
(v/v) 

Larionov 
Vsh (v/v) 

Steiber 
Vsh (v/v) 

Clavier 
Vsh (v/v) 

RSV 1 0.021 0.004 0.007 0.009 
RSV 2 0.042 0.006 0.010 0.013 
RSV 3 0.025 0.005 0.009 0.012 
RSV 4 0.039 0.009 0.014 0.017 
RSV 5 0.041 0.009 0.015 0.018 
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Figure 9: Comparison of Shale Volume Estimation 
Models in Yewa 3 
 

 
Figure 10: Relationship Between the Larionov, the 
Steiber and the Clavier Vsh Models in Yewa3 
Similar to Yewa 1 and 2 in figure 9 and 10, Yewa 3 
produces shale volume estimate that is highest with the 
Clavier model, higher with the Steiber model and lowest 
with the Larionov model. The Larionov (Non-linear) 
model gives estimates that range from  0.004 v/v to 0.0085 
v/v for all the Yewa 3 reservoirs. The Steiber shale volume 
estimation model produces values ranging from 0.0065 v/v 
to 0.0145 v/v for all the Yewa 3 reservoirs. The Clavier 
estimation model gives the highest shale volume estimates 
which range from 0.0085 v/v to 0.018v/v for all the Yewa 
3 reservoirs. The Larionov estimation model gives the 
lowest, consistent, repetitive and realistic estimates when 
compared to the two other estimation models. The work 
of (Adjei et al., 2019) is similar to the findings of this 
research. They focused on probabilistic estimation of the 
shale volume using three different softwares in a 
hydrocarbon basin in Bornu, Nigeria. Result from the 
(Adjei et al., 2019) showed that probable values can be 
obtained for the shale volume as the Vsh estimate in a 
particular reservoir when gamma ray method is considered 
between two upper  intervals of shale. 
Results obtained from all the Yewa reservoirs which 
established the Larionov model as the most appropriate in 

the study area as it gives the lowest shale volume correlate 
with that of previous works from (Nosrati et al., 2014), 
(Moradi et al., 2016), (Adepehin et al., 2022) and (Adjei et 
al., 2019). Petrophysical evaluation of reservoirs shows that 
a low shale volume is a clear indication of high 
hydrocarbon potential and this is line with the result of this 
research. Adopting the Larionov shale volume estimation 
model in the study area means that there exist other 
minerals such as sand apart from clay and shale in the field. 
The three chosen non-linear models work with particular 
ages of rocks which are prevalent in the study area. 
 
CONCLUSION 
Five reservoirs were identified and correlated across the 
Yewa field. There exist variations in thicknesses of the 
reservoirs across the field. These thicknesses are 
substantial enough to be reconsidered for future 
developmental decision. The interbedded zones of the 
reservoirs are made up of minor shale intercalations which 
are capable of impeding fluid flow. The entire delineated 
reservoirs were observed to contain oil alongside some 
water. Some correlated intervals show minor presence of 
oil and this can be attributed to high shale and water 
deposits. 
Careful assessment of three non-linear shale volume 
estimation models – The Larionov, the Steiber and the 
Clavier models shows that the Larionov model gives the 
lowest, consistent and repetitive shale volume when 
compared to the other two. This is because of the 
peculiarity of the study area and the reasonable values 
obtained from the model. Petrophysically, the Yewa 
reservoirs have substantial hydrocarbon deposits in the 
subsurface porespaces and the producibility determinants 
are reasonable enough to facilitate secondary migration of 
these deposits into the borehole, if improved upon. 
Results obtained from this work show that the Larionov 
(Non-linear) estimation model eradicates the uncertainties 
common with the linear model and gives the lowest 
estimates for RSV 1, RSV 2, RSV 3, RSV 4 and RSV 5 in 
Yewa 1, Yewa 2 and Yewa 3 reservoirs. As low shale 
volume estimate is a clear indication of high porosity, 
permeability and hydrocarbon content, the Larionov 
(Non-linear) model is however recommended for use in 
the area studied. 
 

ACKNOWLEDGEMENT 
We will like to thank the Department of Geology, 
Obafemi Awolowo University, Ile-Ife, from which the data 
used for this research were sourced. The Corresponding 
author will like to thank Dr. Adepehin E.J. of the National 
University of Malaysia for the corrections made during the 
course of this research. 
 

REFERENCES 
Adepehin, D.S., Magi, F.F., Odudu, A.I., Adelayi, M.O., 

and Suleiman, K., (2022): Shale Volume Effect on 
Hydrocarbon Prospectivity of Green Field, Niger 
Delta, Nigeria. Physics Access, 2(1), 37 – 53, 
[Crossref]  

27 

https://scientifica.umyu.edu.ng/
https://doi.org/10.47514/phyaccess.2022.2.1.006


 
 

UMYU Scientifica, Vol. 1 NO. 1, September 2022, Pp 20 – 29 

https://scientifica.umyu.edu.ng/                                        Adepehin et al./USci, 1(1): 20 – 29, September 2022         

Adjei, S., Aggrey, W., Opoku, D., and Isah, M., (2019): 
Probabilistic Approach for Shale Volume 
Estimation in Bornu Basin of Nigeria, 10(4), 49 – 
54, [Crossref]  

Aigbadon, G., Okoro, A., and Nanfa, S.D., (2022): 
Geochemical Analysis of Cenozoic Usani 
Sandstone Reservoirs, Niger Delta Basin, Nigeria: 
Implications For Resevoir Quality and Petroleum 
Geology. Journal of Mining and Geology, 58(1), 
75 – 83  

Al-Azazi, N.A.S., and Albaroot, M., (2022): Effect 
Evaluation of Shale Types on Hydrocarbon 
Potential using Well Logs and Crossplot 
approach, HalewahOilfield, Sab’atayn Basin, 
Yemen. Energy Geoscience, 3(2), [Crossref]  

Asubiojo, T.M., and Okunuwadje, S.E., (2016): 
Petrophysical Evaluation of Reservoir Sand 
bodies in Kwe Field Onshore Eastern Niger 
Delta, Journal of Applied Sciences and 
Environmental Management, 2(2), 383 – 393, 
[Crossref]  

Avbovbo, A.A., (1978): Tertiary Lithostratigraphy of Niger 
Delta. American Association of Petroleum 
Geologists Bulletin, (62), 295 – 300, [Crossref]   

Baiyegunhi, T.L., Baiyegunhi, C., and Pharoe, B.K., (2022): 
Research Trends on Shale Gas from 2010 – 2020 
Using a Bibliometric Approach, Sustainability, 
14(1). [Crossref]  

Boldyrev, D.V., Grigoriev, B.A., Evdokimov, A.A., and 
Koldaev, A.I., (2022): Prediction the Liquid 
Petroleum Products Viscosity, Journal of Earth 
and environmental Science, 979 (1), 1 – 6. 
[Crossref]  

Clavier, C., Hoyle, W.R., and Meunier, D., (1971): 
Quantitative Interpretation of TDT Logs Parts I 
and II. Journal of Petroleum Technology, 23(), 
743 – 763. [Crossref]  

Ejedawe, J.E., (1981): Pattern of Incidence of Oil Reserves 
in Niger Delta Basin. American Association of 
Petroleum Geologists Bulletin. 65(1), 1574 – 
1585. [Crossref]  

Ejieh, E.O., and Ideozu, R.U., (2018): Effect of Shale 
Volume Distribution on the Elastic Properties of 
Reservoirs in Nan tin Field Offshore Niger Delta, 
Nigeria. Journal of Applied Geology and 
Geophysics, 6(3), 68 – 85. [Crossref]  

Igbal, M.A., and Rezaee, R., (2020): Porosity and Water 
Saturation Estimation for Shale Reservoirs: An 
Example from Goldwyer Formation Shale, 
Canning Basin, Western Australia, Energies, 13(1), 
6294 – 6314, [Crossref]  

Iheaturu, T.C., Abrakasa, S., Jones, A.E., and Ideozu, R.U., 
(2022): Assessment of Fault Sealing in Gabo 
Field, Niger delta Niger. European Journal of 
Applied Sciences, 10(4). [Crossref]  

Kamayou, V.M., Ehirim, C.N., and Ikiensikimama, S.S., 
(2021): Estimating Volume of Shale in a Clastic 
Niger Delta Reservoir from Well Logs: A 
comparative Study. International Journal of 
Geosciences, 12(10), 949 – 959. [Crossref]. 

Kamel, M.H., and Mabrouk, W.M., (2003): Estimation of 
Shale Volume Using a Combination of Three 
Porosity Logs. Journal of Petroleum and 
Engineering, 40(1), 145 – 157. [Crossref]  

Larionov, M., (1969): Application of Factor Analysis to 
Well-Logging Data. Earth Science Journal, 1(1), 
.113 – 123 

Mkinga., O.J., Skogen, E., and Kleppe, J., (2020): 
Petrophysical Interpretation in Shaly Sand 
Formation of a Gas Field in Tanzania Exploration 
and Production Technology, 10(1), 1201 – 1213. 
[Crossref]  

Mode, A.W., Anyiam, A.O., and Adepehin, E.J., (2013): 
Petrophysical Effect of Clay Heterogeneity on 
Reservoir Properties of “Brown Field”, Niger 
Delta. Lambert Academic Publishing, 1(2), pp.11 - 
25  

Moradi, S., Moeini, M., Al-Askari, M.K.G., and Mahvelati, 
E.H., (2016): Determination of Shale Volume and 
Distribution Patterns and Effective Porosity from 
Well Log Data Based on Cross-plot Approach for 
A Shaly Carbonate Gas Reservoir: Earth and 
Environmental Science, 44(4), 1 – 7. [Crossref]  

Nosrati, A., Kadkhodaei, A., Amini, A., and Noordoost, 
E., (2014): Estimation of Shale Volume Using  
Combination of Neutron, Density and Sonic Logs 
in a Carbonate Succession. 8th National 
geological Conference of Payame Noor, pp.1 – 8  

Omoja, U.C., and Obiekezie, T.N., (2021): Evaluation of 
Petrophysical Parameters of Reservoir Sand Wells 
in Uzot-Field, Onshore Niger Delta Basin, 
Nigeria. Journal of Applied Sciences and 
Environmental Management, 25(2), 157 – 171, 
[Crossref]  

Pandey, A.K.., Chatterjee, R., and Choudhury, B., (2020): 
Application of Neural Network Modelling for 
Classifying Hydrocarbon Bearing Zone, Water 
Bearing Zone and Shale with Estimation of 
Petrophysical Parameters in Cauvery Basin. India. 
Journal of Earth Systems Sciences. [Crossref]  

Pico, A., and Salinas, T., (2017): Shale Volume Estimation 
Using Seismic Inversion and Multiattributes for 
the Characterization of a thin sand Reservoir in 

28 

https://scientifica.umyu.edu.ng/
https://doi.org/10.5897/JPGE2019.0319
https://doi.org/10.1016/j.engeos.2021.12.005
https://doi.org/10.4314/jasem.v20i2.21
https://doi.org/10.1306/C1EA482E-16C9-11D7-8645000102C1865D
https://doi.org/10.3390/su14063461
https://doi.org/10.1088/1755-1315/979/1/012136
https://doi.org/10.2118/2658-A-PA
https://doi.org/10.1306/03B59620-16D1-11D7-8645000102C1865D
https://doi.org/10.9790/0990-0603026885
https://doi.org/10.3390/en13236294
https://doi.org/10.14738/aivp.104.12766
https://doi.org/10.4236ijg.2021.1210049
https://doi.org/10.1016/S0920-4105(03)00120-7
https://doi.org/10:1007/s13202-019-00819-x
https://doi.org/10.1088/1755-1315/44/4/042002
https://doi.org/10.4314/jasem-v25i2.5
https://doi.org/10.1007/s12040-019-1285-4


 
 

UMYU Scientifica, Vol. 1 NO. 1, September 2022, Pp 20 – 29 

https://scientifica.umyu.edu.ng/                                        Adepehin et al./USci, 1(1): 20 – 29, September 2022         

the Ilanos Basin, Columbia, SEG Technical 
Program: Oral Presentation, 129(33), 1(1), 1 – 2. 
[Crossref]  

Shaaban, F., and Ahmed, M.A., (2014): Well Logging: 
Principles, Interpretations and Applications. 
Mansoura University Press: Petroleum System 
Modeling [Crossref]  

Steiber, S.J., (1970): Pulsed Neutron Capture Log 
Evaluation in the Lousiana Gulf Coast. Meeting 
of the Society of Petroleum Engineers, 2961-MS , 
pp. 1 – 7  

Szabo, N.P., and Dobroka, M., (2013): Extending the 
Application of a Shale Volume Estimation 
FormulaDerived from Factor Analysis of Wireline 
Logging Data, Journal of Mathematical 
Geosciences, 45(7), 837 – 850. [Crossref]  

Szabo, N.P., Vergara, R.V., Tapdigli, S., Ugochukwu, A., 
Szabo, I., and Dobroka, M., (2021): Factor 
Analysis of Well logs for total Organic Carbon 
Estimation in Unconventional Reservoirs, 
Energies, 14(18), 5978 - 5991 

Zagana, H., Govand, H., Sherwani, G., Tawfeeq, Y., Al-
Ansari, N., and Zagana, H., (2020): 
Characterization of the Early Jurassic Butmah 
Formation Using Well log Data in Selected Wells 
from Iraqi Kurdistun Region, Open Journal of 
Geology, 10(1). [Crossref]  

Zhao, P., Zhuang, W., Sun, Z., Wang, Z., Luo, X., Mao, 
Z., and Tong, Z., (2016): Methods of Estimating 
Petrophysical Parameters from Well Logs in Tight 
Oil Reservoirs: A Case Study. Journal of 
Geophysics and Engineering, 13(1), 78 – 85. 
[Crossref] 

  

  

29 

https://scientifica.umyu.edu.ng/
https://doi.org/10.1190/segam%202017-17397456.1
https://doi.org/10.13140/2.1.3273.7609
https://doi.org/10.1007/s11004-013-9449-2
https://doi.org/10.4236/ojg.2020.1020.101205.7
https://doi.org/10.1088/1742-2132/13/1/78

