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Abstract

The study used the sedimentological and well log-based petrophysical analysis to evaluate the Farewell sandstone, the res-
ervoir formation within the Kupe South Field. The sedimentological analysis was based on the data sets from Kupe South-1
to 5 wells, comprising the grain size, permeability, porosity, the total cement concentrations, and imprints of diagenetic
processes on the reservoir formation. Moreover, well log analysis was carried on the four wells namely Kupe South 1, 2, 5
and 7 wells for evaluating the parameters e.g., shale volume, total and effective porosity, water wetness and hydrocarbon
saturation, which influence the reservoir quality. The results from the sedimentological analysis demonstrated that the
Farewell sandstone is compositionally varying from feldspathic arenite to lithic arenite. The analysis also showed the pres-
ence of significant total porosity and permeability fluctuating between 10.2 and 26.2% and 0.43-1376 mD, respectively.
The diagenetic processes revealed the presence of authigenic clay and carbonate obstructing the pore spaces along with the
occurrence of well-connected secondary and hybrid pores which eventually improved the reservoir quality of the Farewell
sandstone. The well log analysis showed the presence of low shale volume between 10.9 and 29%, very good total and effec-
tive porosity values ranging from 19 to 32.3% as well as from 17 to 27%, respectively. The water saturation ranged from 22.3
to 44.9% and a significant hydrocarbon saturation fluctuating from 55.1 to 77.7% was also observed. The well log analysis
also indicated the existence of nine hydrocarbon-bearing zones. The integrated findings from sedimentological and well log
analyses verified the Farewell sandstone as a good reservoir formation.
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Introduction

The hydrocarbon exploration and field development proce-
dures are rapidly shifting toward the investigation of com-
plex geological settings (Islam et al. 2020). This has resulted
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in following the advanced procedures for enhancing produc-
tion to meet the global energy requirements (Osinowo et al.
2018). Consequently, the integrated geological, geophysical
and petrophysical schemes are used to establish the reservoir
quality, thus estimating the important properties of the rock
such as porosity, shale volume, net pay thickness and fluid
saturation along with the impact of diagenetic phases on the
reservoir formation (Adelua et al. 2019).

The Taranaki Basin is known for the hydrocarbon reserves
discovered from numerous potential reservoir formations
(Anthony et al. 2005). Kupe Gas Field (shown in Fig. 1) is
among the 22 fields situated within the Taranaki Basin. The
Farewell Formation is considered as a major hydrocarbon-
bearing formation within the study area (Qadri et al. 2019a;
Alotaby 2015). Various researchers have worked on the res-
ervoir quality evaluation around the globe, by using multiple
techniques i.e., structural, sedimentological, or petrophysical
analyses. Some of the scientists have used one method (e.g.,
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Fig. 1 Location map of the Eastern Mobile belt of the Taranaki Basin, indicating the structural features, different fields, specifying Kupe Field
with a red ellipse in the Southern Inversion Zone (modified after Higgs et al. 2012)

Qadri et al. 2019b, 2017; Alotaby 2015, etc.), while others
have integrated two or more methods (e.g., Al-Jawad et al.
2020; Islam et al. 2020; Nabawy et al. 2019; Soleimani et al.
2017; Islam 2009; Gier et al. 2008). A very limited num-
ber of scientists have focused on investigating the reservoir
quality within New Zealand. The research by Martin et al.
(1994), Griffin et al. (2015), Higgs et al. (2017) and Jumat
et al. 2018 evaluated the reservoir quality on a basin scale,
whereas very few studies (e.g., Dong et al. 2018; Shalaby
et al. 2020) have utilized the integrated analysis to establish
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the reservoir quality on a field scale within the Taranaki
Basin, thus leaving behind an ample scope of conducting a
detailed investigation using sedimentological and well log
analyses to determine the reservoir quality of the Farewell
Formation within the Kupe South Field. The sedimento-
logical analysis highlights the texture, detrital mineralogy,
diagenetic phases and their impact on the reservoir qual-
ity. The study also investigates the influential petrophysical
parameters which control the reservoir quality. The findings
and the knowledge obtained from this study will be implied
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for reservoir characterization on the field and basin scale
within the Taranaki Basin and other adjacent basins, using
three-dimensional structural and petrophysical models, well
log analysis and sedimentological analysis.

Geological settings

Taranaki Basin is one of the largest of a series of inter-
connected Cretaceous-Cenozoic sedimentary basins that
extended along the western margin of New Zealand (King
and Thrasher 1996). This is a subsurface basin lying offshore
beneath the continental shelf (Strogen 2014). The Taranaki
Basin comprises two major structural features i.e., the West-
ern Stable Platform and the Eastern Mobile Belt (Knox
1982). The Eastern Mobile Belt has undergone a complex
tectonic regime and contains up to 11 km of sedimentary
strata (Alotaby 2015). The study area is in the south of the
Eastern Mobile belt (Knox 1982). The Kupe Field shown
in Fig. 1 is considered among the significant hydrocarbon
reserves within the study area (King and Thrasher 1996).
The Farewell sandstone belongs to the Pakawau Group
deposited during the Paleocene epoch (Raine 1984). The
Mangahewa Formation is a proven source rock, whereas the
Otaraoa and NorthCape Formations act as the top and bot-
tom seal, respectively, trapping the hydrocarbon accumu-
lations (Qadri et al. 2016). Figure 2 illustrates the general
stratigraphy of the study area. The wells encountering the
Farewell Formation within the studied field display stacked
thinning as well as fining upward deposition cycles, with a
thickness of 150 to 200 m (Schmidt and Robinson 1990).
Sandstones dominated the base of the depositional cycles
while the mudstones deposited the top of the cycles (King
and Thrasher 1996). The Farewell sandstones, in the study
area, were deposited in a valley by a northward draining flu-
vial system, developed by the Manaia Fault system (Alotaby
2015).

Methodology

A generous contribution from the Ministry of Business,
Innovation and Employment (MBIE), New Zealand, in the
form of 66 core-based petrographical datasets, derived
from the variable reservoir depths of the Kupe South-1
to 5 wells. Tables 1 and 2 show the data used to conduct
the petrographical study and helped to understand the
lithology, texture and detrital mineralogy of the reservoir
formation. The reservoir quality was assessed by conduct-
ing statistical analysis and establishing the relationship
among various parameters such as porosity, permeability,
cement content, etc. Moreover, the influence of detrital
mineralogy and cementation on the reservoir quality was

also assessed by using the photomicrograph from the Kupe
Gas Field. The well log analysis was also performed over
the four wells namely Kupe South 1, 2, 5 and 7 wells, to
find the variation and dissemination of the key parameters
which influence the reservoir quality. The shale-free zones
where the pore spaces are filled with water or hydrocar-
bons, the neutron log estimates the fluid-filled porosity
whereas the density log determines the overall density of
rock including the solid matrix and the fluid within the
pore spaces. The corrected porosity is then estimated by
using a combination of density and neutron logs (Asquith
and Krygowski 2004; Rider 1996) often termed as Neu-
tron-Density Porosity Model within the Interactive Petro-
physics 2013. To discriminate the zones of high porosity,
a 10% cutoff was applied (Qadri et al. 2019b). The neutron
tool response was used to estimate the neutron porosity,
whereas the Wyllie equation (Wyllie 1963) was used to
calculate the density porosity.

Byen = (den,, — den, ) /(den,,, — den;)
where @, 1s the porosity derived from the density log,

den,,, is the matrix density, den, is the bulk density while
den; is the mud filtrate density.

Wyllie’s equation shown below was used to calculate the
sonic porosity. The estimated sonic porosity was plotted
against neutron-density log-derived porosity to find if the
reservoir comprises intergranular, secondary or combination
of both types of total porosity.

Bonic = (delTy,, — delT,,) /(delTy — delT,,, ) 2)
1/2

o = | (83 + )] )

where @;. indicates the sonic porosity, delT),, indicates

the sonic log values, delT,,, shows the sonic travel time
through the matrix material and delT, shows the sonic travel
time through the fluids. In Eq. (3), @yp is neutron-density
porosity, @, is the density porosity and @y is the neutron
porosity estimated based on the response by neutron tool.
It is imperative to know the volume of shale while evalu-
ating reservoir quality. The lower volume of shale inside
the pore spaces indicates the possibility of good reservoir
quality. In addition to shale concentration, it is essential to
identify the kind of shale dissemination within the reser-
voir zones. This was established by plotting neutron-derived
porosity against the density-derived porosity. The results
indicated the presence of the dispersed shale, and therefore,
dual water saturation scheme was applied to calculate the
precise hydrocarbon saturation (S,,) within the studied wells.
To discriminate the shale rich regions from the sand-rich
sectors within the reservoir formation, a fifty per cent cut-
off was used. This means that the interval contains 50% or
above shale content will be considered as non-reservoir zone
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Fig.2 A stratigraphic succession illustrating a complex and variable cycle of deposition throughout the study area (modified after King and
Thrasher 1996)

and vice versa. Eq. (4) given below was used to estimate the Net pay is another critical factor, which influences the
hydrocarbon saturation within the reservoir. reservoir character. To assess the net-pay i.e., differentiate
. between water-wet and hydrocarbon-bearing zones, a 50%
Hydrocarbon saturation = 1 — S|, 4 . -
water saturation cutoff was utilized.
%mﬁm @ Springer
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Table 2 The petrographic
data sets illustrating the
important reservoir parameters

Well name Depth (m) Porosity (%) Permeability (mD) Total Grain size (mm)
cement (%)

derived from the studied KS-1 3141.50 204 20.00 18.2 0.33
Field (provided by MBIE, New KS-2 3083.60 17.8 11.00 25.4 0.44
Zealand) KS-2 3086.21 16.4 19.00 203 0.56
KS-2 3091.00 15.6 16.00 17 0.66
KS-2 3092.80 24.8 18.00 18.1 0.76
KS-2 3103.30 13.8 3.20 27.9 0.40
KS-2 3108.70 14.5 430 24 0.54
KS-2 3111.25 13.0 1.80 29.6 0.25
KS-2 3115.20 119 1.60 202 0.70
KS-2 3120.23 13.7 0.43 30.7 0.18
KS-2 3125.00 17.6 530 35 0.37
KS-2 3127.40 21.9 82.00 122 0.46
KS-2 3128.30 175 13.00 14.6 0.43
KS-2 3150.50 224 87.00 16 039
KS-2 3154.40 20.5 7.90 19.6 0.25
KS-2 3156.20 21.1 62.00 15.6 0.44
KS-2 3156.79 19.2 212.00 9.9 0.63
KS-2 3157.40 223 419.00 9.7 0.55
KS-2 3174.84 16.9 1.20 329 0.18
KS-2 3176.00 21.6 5.10 29.7 0.23
KS-2 3177.21 18.5 14.00 114 039
KS-3B 3308.00 243 26.00 24.6 036
KS-3B 3313.00 262 36.00 30 039
KS-3B 3332.00 23.4 74.00 293 0.50
KS-3B 3335.00 224 48.00 24 0.63
KS-3B 3377.00 223 18.00 223 0.64
KS-4 3052.78 17.8 28.00 278 0.48
KS-4 3054.05 225 327.00 16.5 0.64
KS-4 3056.04 19.2 17.00 278 039
KS-4 3057.83 19.5 36.00 212 0.42
KS-4 3058.05 15.6 21.00 202 0.56
KS-4 3059.44 133 2.40 31.7 0.52
KS-4 3067.70 17.0 530 38.2 031
KS-4 3068.65 14.4 2.60 29.6 030
KS-4 3070.57 13.7 4.10 35,7 043
KS-4 3071.30 16.0 7.30 31.8 039
KS-4 3073.67 12.2 1.90 33.1 0.47
KS-4 3076.16 18.2 130.00 12.3 0.80
KS-4 3079.11 15.8 4.40 273 0.50
KS-4 3085.53 16.6 17.00 174 0.86
KS-4 3085.89 13.4 450 14.6 0.86
KS-4 3089.41 13.5 9.90 16.3 1.00
KS-4 3090.46 153 470 22 0.62
KS-4 3094.67 10.9 0.76 277 0.44
KS-4 3095.14 13.8 1.80 253 0.58
KS-4 3096.36 14.0 1.30 233 0.58
KS-4 3098.13 13.9 3.10 12.8 1.25
KS-4 3100.36 13.8 250 17.8 0.30
KS-4 3103.05 16.8 11.00 234 0.52
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Table 2 (continued)

Porosity (%)

Total
cement (%)

Permeability (mD) Grain size (mm)

14.7
133
15.2
14.5
229
214
18.4
21.7
19.0
21.5
21.6
22.1
20.5
21.6
242
235

3.40 18.7 0.53
1.30 22.8 0.32
8.20 14.6 0.65
3.20 18.4 0.36
31.00 16.6 0.50
115.00 11.6 0.75
14.00 17.6 0.55
187.00 1.7 0.80
24.00 20 0.40
62.00 14.3 0.50
303.00 8.4 0.60
278.00 6.7 0.70
14.00 28.4 0.18
6.80 26.7 0.27
651.00 8 0.50
1376.00 3 0.75

Well name Depth (m)
KS-4 3107.06
KS-4 3110.17
KS-4 3111.11
KS-4 3114.25
KS-5 2893.72
KS-5 2895.30
KS-5 2896.70
KS-5 2897.92
KS-5 2899.36
KS-5 2901.38
KS-5 2903.13
KS-5 2904.42
KS-5 2906.42
KS-5 2907.91
KS-5 2909.58
KS-5 2910.59
Fig. 3 Histogram displaying the
relationship between the num-
ber of analyzed samples and the 60
size of the grains
S 45
g
H
@ 30
k]
2
E
2 15
0

0.125-0.25

Diagenetic cement and reservoir quality

The data sets shown in Table 1 show that the Farewell For-
mation is not a clean sandstone rather contains carbonate
and authigenic clay contents. The presence of the carbonate
is lower (up to 18%) than the clay cement which is 35% of
the total cement content as shown in Table 1. The thorium
(Th) versus potassium (K) cross-plot is used to identify the
different types of clay minerals following the work by Tiyan
and Ayers (2010). These clay minerals obstruct the pore
spaces and impede the reservoir quality. A strong inverse

Grain Size (mm) Vs Number of Samples (%)

[ Kupe (1-5) Well

0.25-0.5 0.51.0 1.0-15

Grain Size (mm)

relationship is observed between clay cement and porosity,
as shown in Fig. 7. Moreover, Fig. 8 shows the presence of
a variety of clay minerals i.e., kaolinite, chlorite, illite, mica
(biotite), glauconite and montmorillonite. The data points
clustered mostly around the chlorite, kaolinite and mont-
morillonite zones while few points clustered around mica,
illite and glauconite. The kaolinite has a crystalline struc-
ture, with the book-like appearance and occurs as vermiform
particles inside the pores and reduce the reservoir quality.
Similarly, the chlorite develops as a radial overgrowth and
prevents the further diagenesis of the detrital grain (Worden
and Burley 2003). Montmorillonite appears in the form of
small crystals and fills the pore lining, thus impeding the
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Fig.4 The QFL diagram based
on the classification scheme
devised by Pettijohn et al. 1987,
showing the distribution of

the major detrital components
within the Farewell sandstone

Feldspathic g/ Lithic Feldspar
Arenite

reservoir quality (Worden and Burley 2003). The presence
of kaolinite, mica and chlorite is also verified from the pho-
tomicrographs shown in Fig. 9 and 10. Although the clay
minerals deposition within the pore spaces is hostile to the
reservoir characteristics, there is a positive aspect related to
their deposition (Taylor et al. 2004). For instance, the pres-
ence of chlorite prevents the quartz cementation whereas the
occurrence of kaolinite can imply to the high porosity zones
within the reservoir formation. Kaolinite resulting from acid
dissolution during the diagenetic phases also creates second-
ary porosity (Jiang 2012; Qadri et al. 2019b). In addition
to the burial diagenetic processes which impede the reser-
voir quality, few diagenetic phenomena enhance the poros-
ity and permeability using fracturing, cement dissolution,
etc. The presence of secondary and hybrid pores resulting
from the feldspar dissolution are verified by Figs. 9 and 10.
The present study indicates that although diagenetic types
of cement have obstructed the pore spaces, yet the occur-
rence of secondary and hybrid pores not only minimized
the impact of the clay anthogenesis but also improved the
reservoir character.

Well log analysis
To cross-check the reservoir quality of the Farewell Forma-

tion, well log petrophysical analysis was also performed on
Kupe South-1, 2, 5 and 7 wells. The Interactive Petrophysics
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2013 software was extensively used to execute qualitative
and quantitative petrophysical analyses. The qualitative
analysis was conducted to identify the lithological and min-
eralogical composition of the reservoir formation, by plot-
ting the neutron against density logs (Fig. 11), gamma-ray
against the neutron logs (Fig. 12) and the M—N cross-plots
shown in Fig. 13. The relationship between neutron and
density logs revealed the clean to shaly sand nature of the
reservoir formation while the shale and carbonate contents
act as the subordinate lithological components.

The gamma-ray and neutron log relationship verify the
above-mentioned finding and display four data cluster, as
shown in Fig. 12. The data constellation displaying lower
gamma-ray (less than 45 API) and intermediate values of
neutron log points toward clear sandstone, whereas the
medium range of gamma-ray and neutron log values indicate
the shaly sandstone character. Similarly, the data sets illus-
trating intermediate gamma-ray log value and higher values
from neutron logs (up to 25) show carbonate domination,
whereas the data sets with higher gamma-ray (greater than
65 API) and elevated levels of neutron log (above 25) reveal
the shale rich contents.

The results from the M—N cross-plot shown in Fig. 13
were consistent with the findings from neutron versus den-
sity (Fig. 11) and gamma-ray versus neutron log (Fig. 12)
cross-plots, indicating sandstone to shaly sandstone nature
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Fig.5 The histogram displays
the link between a porosity (%)

and b permeability mD with the 40
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of the reservoir formation with the intercalations of carbon-
ate and shale.

The quantitative petrophysical analysis helped estimate
the influential reservoir parameters i.e., the thickness of sand
intervals, shale concentration, total and effective porosity,
water wetness and hydrocarbon accumulations. Table 3
highlights the findings from the quantitative interpretation.
Neutron log-derived porosity and density log-derived poros-
ity were plotted to understand the nature of shale distribution
throughout the reservoir formation. The results shown in
Fig. 14 revealed the domination of dispersed shale, whereas
some of the data constellations also indicated laminated and
structural nature of the shale. The occurrence of dispersed
shale can be a reason for inaccurate calculations of water
and hydrocarbon saturation, that is why we applied the dual
water saturation model to the studied wells to achieve accu-
racy in hydrocarbon calculations.

01

I Kupe(1-5) Wells

I!

100 1000 10000

1 10

Permeability (mD)

To calculate a precise shale volume, it is important to
separate the shale-rich zones from the sand-rich intervals.
Therefore, a 50% shale content cutoff was used, which indi-
cated the V;, ranging between 10.9 and 29% in the analyzed
wells. Figure 15 indicates the total porosity established by
the neutron-density porosity versus sonic porosity chart,
generally, the data clusters showed the intergranular and sec-
ondary porosity. The results were consistent with the find-
ings inferred from the petrographical and diagenetic analy-
ses. After applying 10% porosity cutoff, the total porosity
observed for the studied wells ranged between 19 and 32.3%,
whereas the effective porosity calculations from the studied
wells ranged between 17 and 27%.

Similarly, the application of 50% water saturation cutoff
helped in discriminating the hydrocarbon-bearing zones
from water saturation zones. The Farewell Formation
showed a water saturation values between 22.3 and 44.9

/
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Fig.6 A graphical illustra- 10000.00
tion of the statistical relation

between porosity and a perme-

ability (mD) and b total cement 1000.00
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Fig.7 A graphical demonstration of the strong inverse relationship
between clay contents (%) and the porosity (%)
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from the studied wells and were later applied to Eq. (4) to
calculate the hydrocarbon accumulation. The results high-
lighted the presence of hydrocarbon fluctuating from 55.1
to 77.7% in the analyzed wells. Table 3 indicates the gross
thickness of the Farewell Formation package fluctuating
between 165.1 and 480 m whereas the aggregate thick-
ness of the net reservoir zones between 35.7 and 130.5 m.
Nine pay zones were identified within the four analyzed
wells indicating significant hydrocarbon accumulation,
which were combined to calculate the thickness of the
total net pay zone for each well, fluctuating from 11.1 to
108.6 m. Figure 16 showed the presence of the sand zones
variation in the petrophysical parameters and their distri-
bution throughout the formation whereas Fig. 17 showed
the sand zones (green) and net pay zones (red) within the
reservoir formation encountered in Kupe South-7 well.
The work done by Worthington (2010) illustrates the three
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Fig.8 The identification of
variable clay minerals deposited
during diagenetic phases are
illustrated by plotting thorium
log (ppm) values against the
potassium log (%) values
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Fig.9 The photomicrograph derived from the reservoir formation
data indicates a the image shows Quartz and Feldspar as the main
detrital components. Kaolinite (K) is obstructing the pore spaces and
thus reducing the porosity and hindering the reservoir quality. b The
photomicrograph displays good reservoir quality due to the intergran-
ular porosity (P) and secondary pores resulting from feldspar dissolu-
tion. Quartz (Q), feldspar (F) and rock fragments (RF) can be seen
in the image. Pore bridging (PB) phenomena are also observed due
to biotite (B) but have not that much affected the reservoir quality.

¢ The image illustrates a poor reservoir quality due to clay miner-
als like chlorite (C), biotite and muscovite completely occluding the
pores. Quartz (Q) feldspar (F) and volcanic rock fragments (VRF)
are also observed as the detrital minerals in the photomicrograph. d
The image displays a very good reservoir quality due to presence of
hybrid pores (HP), secondary (SP) and intergranular pores (P). The
pore bridging and pore-filling due to rock fragments carbonates and
clay can also be seen in the photomicrograph but has not impeded the
reservoir quality
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Fig. 10 a The poorly sorted, coarse-grain, quartz-bearing sandstone
are shown. The connectivity of the intergranular pores is shown.
The photomicrograph also indicates the grain dissolution, resulting
in secondary and hybrid pores of variable size. The clay filling the
pore spaces can also be seen. Overall, the photomicrograph displays
a moderate to a good reservoir quality. b The photomicrograph indi-
cates the occurrence of quartz and feldspar as the major detrital min-
erals. The image overall illustrates a poor reservoir quality because of
clay and carbonate cement, filling and bridging the pore spaces. The
presence of some of the isolated pores can also be seen in the pho-
tomicrograph. ¢ The photomicrograph illustrates quartz and felspar
as the major detrital components. The presence of intergranular and
secondary pore network can also be observed. The photomicrograph
demonstrates a fair reservoir quality even though clay minerals are
filling the pore spaces
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sub-sections of the net to the gross percentage, namely net
to the gross sand interval, net to gross reservoir interval
and net to gross pay zone. The results derived from the
petrophysical analyses showed the variable percentage of
the net to gross sand fluctuating from 49 to 72% for the
analyzed wells. Similarly, the net to gross reservoir inter-
val was estimated between 34.7 and 57.8%, whereas net
to gross pay zone was ranging between 17.8 and 85.9%.
The reservoir quality of the Farewell Formation is eval-
uated within the Kupe Gas Field by petrophysical study,
sedimentological and well log analysis. The investiga-
tion established a good relationship between the porosity
and permeability thus indicating a good reservoir quality.
Based on the sedimentological and petrographical analy-
sis, the texture and detrital mineralogy were established as
well as the various diagenetic phases were observed i.e.,
compaction, cementation, the occurrence of clay minerals
in the pore spaces and dissolution. Despite the presence
of clay minerals and carbonate cement and their nega-
tive impact by impeding the reservoir quality the intense
compaction and dissolution processes resulted in the for-
mation of primary and secondary porosities due to which
the Farewell Formation exhibited a good reservoir qual-
ity. Lastly, the qualitative and quantitative well log analy-
sis revealed that the Farewell Formation showed average
effective porosity of 22.2%, moderately low average water
saturation of 35% and significant average hydrocarbon
saturations of 65% along with good net pay zones. Kupe
South-7 well is the most prolific well with the highest
thickness of net pay zones (108.6 m) and hydrocarbon
saturation (77.7%). The integrated study shows that the
Farewell Formation within the Kupe Gas Field exhibits a
very good reservoir quality with good reservoir attributes.

Conclusions

e The fine to very coarse-grained, moderately well sorted,
Farewell sandstones demonstrate feldspathic arenite to
lithic arenite character.

e Well log analysis indicated a very good poro-perm rela-
tion indicating the porosity ranging from 10.9 to 26.2%
and permeability ranges from 0.43 to 1376 mD, showing
the reservoir can accumulate and capability to transmit
the hydrocarbon.

e Carbonate and authigenic clay are the major diagenetic
cement which has obstructed the pore spaces ranging
between 0.2 and 18% and 3-35%, respectively. The
impact of these diagenetic cements was minimized due to



Journal of Petroleum Exploration and Production Technology (2021) 11:11-31 25

Fig. 11 Lithological interpreta- 19 o ‘
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Table 3 The findings from the quantitative well log analysis of the studied wells encountering the Farewell Formation at various depths

Studied wells Depth (m) Total Reservoir  Eff. thickness (m) Total Eff. porosity (%) Shale Water Hydrocarbon
thickness interval porosity content ~ wetness  saturation (%)
(m) (m) (%) (%) (%)

Kupe S-1 3200- 3680 480 110 22.5 31.9 27 29 38.5 61.5

Kupe S-2 3085.1-3250.2 165.1 35.7 11.1 22.1 18 253 44.9 55.1

Kupe S-5 2890.3-3200.5 310.2 752 16.2 323 26.2 28.1 343 65.6

Kupe S-7 3190.5-3500  309.5 130.5 108.6 19 17 10.9 22.3 71.7

Vg indicates the shaly contents, S, is the water wetness, whereas S is the hydrocarbon saturation within the pore spaces
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Fig. 15 The neutron-density 0.5
(porosity) plotted against sonic
(porosity) cross-plot indicating
the intergranular and secondary
porosity as the major types of 0.4
porosity observed within the
analyzed wells
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the occurrence of an intergranular, secondary and hybrid
type of porosity, thus not impeding the reservoir quality.

e Well log-based petrophysical analysis verified the pet-
rographical analysis indicating sandstone as the major
lithological component with shale and carbonates as the
subordinate lithology.

e The well log analysis also agreed to the presence of the
significant total and effective porosity fluctuating from
19 to 32.3% and 17-27%. These analyses also confirmed
the existence of intergranular and secondary porosity.

e The quantitative well log analysis highlighted low shale
volume of up to 29%. Water saturation between 44.9 and

Porosity (Neutron-Density)

22.3% and a substantial hydrocarbon up to 77.7% within
the analyzed wells.

The detailed analysis also verified the nine net pay zones
with substantial hydrocarbon accumulation.

The net to the gross percentage from the pay zones fluc-
tuating between 17.8 and 85.9% also indicates the good
reservoir quality.

The findings from the sedimentological and well log-

based petrophysical analyses were in good agreement to
verify the good reservoir quality of the Farewell Formation.
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Fig. 16 The vertical distribution of the petrophysical parameters is displayed within the Farewell Formation encountered in the Kupe South-7
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Fig. 17 The reservoir and pay zones are discriminated by the variable colors i.e., green and red shades, respectively. The thickness of the pay
zones is quite significant within the sand zones of the Kupe South-7 well
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