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ABSTRACT
A major drawback of old resistivity tools is the poor vertical resolution and estimation of

hydrocarbon when applying water saturation (Sy) from historical resistivity method. In
this study, we have provided an alternative method called saturation height function to
estimate hydrocarbon in some clastic reservoirs in the Niger Delta. The saturation height
function was derived from pseudo capillary pressure curves generated using modern
wells with complete log data. Our method was based on the determination of rock type
from log derived porosity-permeability relationship, supported by volume of shale for its
classification into different zones. Leverette-J functions were derived for each rock type.
Our results show good correlation between Sy, from resistivity based method and S, from
pseudo capillary pressure curves in wells with modern log data. The resistivity based
model overestimates Sy, in some wells while Sy, from the pseudo capillary pressure curves
validates and predicts more accurate S,. In addition, the result of S,, from pseudo
capillary pressure curves replaces that of resistivity based model in a well where the
resistivity equipment failed. The plot of hydrocarbon pore volume (HCPV) from J-
function against HCPV from Archie shows that wells with high HCPV have high sand
qualities and vice versa. This was further used to predict the geometry of stratigraphic
units. The model presented here freshly addresses the gap in the estimation of S, and is
applicable to reservoirs of similar rock type in other frontier basins worldwide.

Keywords: Water saturation, Leverette-J functions, Reservoir, Core data, Pseudo
capillary pressure curves
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1. Introduction

A common shortcoming with conventional resistivity methods is poor resolution in thinly
bedded formations (laminations occur within less than 1m interval). Other problems
include the effects of the mud filtrate invasion, water imbibition processes, clay excess
conductivity and determination of the Archie saturation exponent “n” that is itself
wettability dependent during imbibition (Harrison and Jing, 2001). These shortcomings
are challenging and always lead to inaccurate calculation of S,,. Water saturation (S,) is
conventionally from electrical resistivity methods or from capillary pressure, which can
equally be called saturation height functions. Archie saturation equation, which relates
resistivity to porosity, water saturation and various rock parameters, is the industry
standard for clean formations and the foundation of quantitative petrophysics (Archie,
1942). All other expressions for estimating water saturation from resistivity log responses
for example, laminated shale model, dispersed shale model, structural shale model
simandoux model (Simandoux,1963), indonesia model (Poupon and Leveaux, 1971) etc.
developed for shaly sand analysis are based on the Archie relationship. As the amount of
shale decreases to zero, the shaly sand equations all revert to this same algorithm (Goetz,
2002).

The shaly sand analyses are based on the distribution of shale or clay in the sand. Most
logging tools average formation response over 2 ft. to 4 ft. vertical intervals (Dewan,
1983). In these ‘unresolvable’ intervals, shale or clay may be disposed in the sand in
three ways or in combinations thereof; laminated, dispersed, and structural (Dewan
1983). This distribution has led to the development of commonly used shaly sand models
such as laminated shale, dispersed shale, structural shale and simandoux (Dewan,1983),
while shaly sand models based on cation exchange capacity (CEC) are Waxman-smiths
and dual water (Bateman, 1990). The measured resistivity of the reservoir can be affected
by other factors, such as low-salinity pore fluids or conductive minerals like chlorite
(Joanne et al., 2014) and more commonly, by the presence of shale and clay
minerals(Archie, 1942). When clay minerals are present in a sandstone reservoir
especially when they coat the quartz grains, the measured total resistivity can be lowered
as clays exhibit an excess conductivity (Joanne et al., 2014). This excess conductivity
associated with the clays can counteract the increase in resistivity caused by the presence
of hydrocarbons in the pore space, resulting in the resistivity across the hydrocarbon-
bearing zones becoming indistinguishable from the lower-resistivity water-bearing zones.
This phenomenon is commonly referred to as ‘low-resistivity pay’ or ‘low-resistivity
contrast (Worthington, 2000). Hence, there is need for an alternative method of
evaluating the Sy, in lieu of the conventional resistivity method.

The saturation height functions can be from special core data and/ or logs. The
relationship between capillary pressure and water saturation offers a technique to
estimate water saturation versus depth which is independent of wire line logs, and
provides the ability to calibrate log-derived saturations. Saturation height models, if
implemented successfully, would also eliminate or minimize the uncertainties associated
with electrical parameters measurements (Amabeoku et al., 2005). When the
conventional methods for the calculation of the water saturation (Sy,) profile in the
reservoir are not reliable for different reasons, a viable alternative is the calculation based
on capillary pressure (P.) curve. If the capillary pressure in a point were known, water
saturation could be calculated without the need of any standard resistivity model
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whenever free water level (FWL), fluid density of hydrocarbon were determined with
certain precision (Juan et al., 2003).

To test the validity of the saturation height functions over conventional methods, a case
study area where several wells have drilled is chosen. The study area lies within the Niger
Delta where vast commercial accumulation of oil and gas is produced from sandstones,
limestones or dolomites (Schlumberger, 1989). In main reservoir rocks of the Niger Delta
are within the Agbada Formation, which includes alternating sandstones and shales
varying in thickness from 100 ft. (30 m) to 15,000 ft. (4600 m) (Short and Stauble, 1967).
The poor vertical resolution of old resistivity tools in some of the wells in the Orire Field,
Niger Delta could not adequately account for the hydrocarbon in the G-01 sand. Hence,
the alternative capillary based method of generating water saturation is proposed. In this
study, we have used developed rock type from log-derived permeability — porosity
relationship supported by volume of shale to classify the lithology and rock type zones.
To achieve this, the Leverett J — function was applied for the analysis. The method here
provides an innovative technique for properly estimating hydrocarbon in the subsurface.

2. Geology of the study area.

The Niger Delta (Fig.1a) is a prograding depositional complex within the Cenozoic
Formation of Southern Nigeria. The Niger Delta covers an area of about 75,000 square
kilometers and it extends from the Calabar Flank and the Abakaliki Trough in Eastern
Nigeria to the Benin Flank in the west and opens to the Atlantic Ocean in the southern
territory (Fig. 1a). The delta extends into Gulf of Guinea from the Benue Trough and
Anambra Basin Provinces (Evamy et al., 1978). From the Eocene to the present, the delta
has prograded southwestwardly resulting in depobelts that represent the most active
portion of the delta at each developmental stage (Doust and Omatsola, 1990).

There are three major lithostratigraphic units in the Niger Delta: Akata, Agbada and
Benin Formation (Short and Stauble, 1967; Fig.2). The Akata Formation is a shale unit
recognised as the major source of oil and gas (Evamy et al., 1978; Ekweozor et al., 1979;
Ekweozor and Okoye, 1980; Lambert-Aikhionbare and Ibe, 1984; Doust and Omatsola,
1990). The Agbada Formation consists of sands and shales units, while the Benin
Formation is composed mainly of sands (Weber and Daukoru, 1975; Frost, 1977; Evamy
et al., 1978; Ejedawem et al., 1979; Ekweozor and Okoye, 1980; Ekweozor and Daukoru,
1984; Lambert-Aikhionbare and Ibe, 1984; Doust and Omatsola, 1990; Stacher, 1995;
Haack et al, 1997). These lithostratigraphic units form one of the largest regressive deltas
in the world with an area of some 500,000 km? (Kulke, 1995), a sediment volume of
about 500,000 km® and a sediment thickness of more than 10 km in the basin depocentre
(Kaplan et al., 1994).

The study area (Fig. 2) falls within the offshore part of the Niger Delta (Agbada
Formation). G-01 sand used for analysis in Field X is characterized by shoreface sands,
which are deposited in high energy environment (Peter and Darwin, 1982). Shoreface
sands are divided into three: upper shoreface sand, lower shoreface sand, and middle
shoreface sand (Avbobvo, 1978; Doust and Omatola, 1990; Kulke, 1995). The G-01 sand
predominantly falls between lower shoreface and middle shoreface but G-01 sand in well
41 experiences upper shoreface with channel cut. Upper shoreface sand has been
characterized by trough-cross bedded fine to medium grained sandstones with very little
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bioturbation (Adeyemo et al., 2005). The cross bedded upper-shore face sandstones form
in response to fair-weather reworking by near-shore current with coarsening upward
sequence, which tends to be blocky at the top. It is rare to find any shale. Middle shore
face sand is sandwiched between lower shoreface and upper shoreface sands. There is
intercalation of shale in the body of sand and also coarsens upward. Lower shoreface
sand is characterized by very dirty sand and is dominantly typified by the facies such as
hummocky cross-stratification and fine-grained sands (Adeyemo et al., 2005). The beds
show varying degrees of burrowing, and shale laminations are often completely
fragmented by bioturbation. It has a considerable amount of marine deposit (shale)
interbedded with sand
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3. Materials and methods
3.1 Data Gathering

The data used for this study are from the clastic reservoirs in the Niger Delta Basin (Fig. 1).
Thirty five (35) well log data were available, 3 were bad, 22 wells have complete wireline
log data (e.g., gamma, resistivity and neutron-density logs) while the remaining 10 wells
limited log data (gamma, resistivity and neutron logs). After the well data were quality
controlled, 21 of the wells were found suitable for this study. Consequently, the main
hydrocarbon sands in the field are designated as D-03, G-01, G-04, G-07, H-01, H-04, J-10,
J-17, and J-20 sands. The G-01 sand was used in the analysis because as it contains core
data. A correlation panel of the G-01 sand across wells 10, 08, 07 and 41 is shown in
Fig.1b while the cross section of the same wells is presented in Fig.3.
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Fig. 3. Cross section of G-01 sand across wells 10, 08, 07 and 41.
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3.2 Data validation / quality control

Core data were used for validation /quality control (Fig. 4a). Density log in cored well 41
was validated because it is a sensitive log in the calculation of total porosity and was used
for modeling G-01 sand in other wells. Core porosity (POR_2) and apparent density from
core (RHOB_A _2) as obtained in the expression in equation 1 shows good agreement with
the actual density (RHOB) in cored well 41(Fig. 4b).

RHOB_A 2 = core. grain density — core. porosity * grain density + core. Porosity (1N

RHOB A 2
1.65 G/C3 2.65
@ POR2 "5
0.5 G/C3 0
RHOB

s

Fig. 4: a. core photographs of G-01 sand at depth interval 7650ft. — 8150ft. b. Log
showing the agreement between the two validation techniques and the actual density
(RHOB) in cored well 41.
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3.2 Water saturation analysis from Archie equation

The water saturation (S,,) from Archie equation (Archie, 1942) as shown in equation 2 was
used for conventional method

1

_|aR, |
SW_[W RJ @

where, a = tortuosity factor = 1.0, m = cementation exponent = 1.8, R, = true resistivity,
Qm, R,, = formation water resistivity, Qm, ¢= porosity fraction, n = saturation exponent
=2.

The workflow in respect for the saturation height function and the estimation of
hydrocarbon pore volume is presented as a flow chart in Fig.5. The details of the flow

chart are presented in sections 3.3-3.7.
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( Start

v

Estimate permeability as K
where;
K=10**[-1.34006 + 1.3676 * (¢)]

e

‘ Do rocktyping ‘

‘ Compute Saturation height ‘

v

‘ ‘ Generate pseudo capillary pressure curves ‘ ‘

v

Compute height (H) above Free Water Level (FWL)
where;
H=FWL - TVDSS

v

Convert H above HWL to capillary pressure (Pc)
where;
Pc=H (Pw—Po) /144

Generate Leveret J-Function [J(Sw)]
where;
J(Sw) =0.22 * (Pc / ocosB) * [sqrt (k/d)]

Determine Hydrocarbon Pore Volume (HCPV)
where;
HCPV =¢ *h * (1 —Sw)

t Stop )

Fig.5. Flowchart showing the sequence for the estimation of permeability for
computation of hydrocarbon pore volume.

3.3 Permeability

Permeability is not directly related to porosity; therefore, it cannot usually be determined
from porosity alone (Adeoti et al., 2011). There is often a high correlation observed
between porosity and permeability, particularly in sandstones and granular limestones
(Adeoti et al., 2011). Then, an improved predictive relationship may be obtained when
additional independent variables such as shale indicator are included. Hence, in this
study, permeability was developed from the cored well 41. Fig. 6a shows the application
of crossplot regression to the plot of core permeability (corex.kh) against core porosity
(corex.por_2) before being filtered and this plot could not be used for permeability
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development because it was affected by lamination. The regression equation from Fig.6b
was obtained from the application of crossplot regression to the plot of horizontal core
permeability (corex.kh) against core porosity (corex.por_2) filtered by core permeability
(corex.kh)>4.

y = 10¥* (- 1.34006 + 1.3676 *(x)) 3)
Then volume of shale was used to define lithology. Then equation 3 was rewritten as

K =10 ** (- 1.34006 + 1.3676 * (@)) 4)

Total porosity (¢) derived from neutron/density data corrected to core porosity

(phitc_nd_1) was substituted for x in the equation 3 to get y as permeability (k nd 1).
This was applied to all the wells having neutron and density logs.

= = = = = =
E$ £ 2 2 § 8 28 & §8 g 3
= = = = = = = =
10000 10000
1000 - 1000
=
100
10
1
0.1
0.01 I 0.01
2 % 8 ® 8 T & ® 8 T B
4= 4 & &8 & @4 % =% v
= = = = = = = = = =
COREX.POR 2 (V/V)
]  eeeeee— ——————— Ml
Color: VSH T
Functions: y = 10**[-3 2787 + 21 084*(X)] RZ=0.909763

Fig. 6 (a). Plot of core permeability (COREX.KH 1) vs core porosity (COREX.POR 2)
before being filtered.
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Fig. 6(b). Plot of core permeability (COREX.KH 1) vs core porosity (COREX.POR 2)
after being filtered.

3.4 Rock type

Rock typing is a process of classifying reservoir rocks into distinct units, each of which
was deposited under similar geological conditions and have undergone similar diagenetic
alterations (Guo et al., 2005). The rock types derived in this study do not represent units
deposited under similar geological conditions and have classified based on similar
wireline log responses. Hence, they are pseudo rock types. The absolute value of
permeability for a given porosity range can vary widely from one reservoir or rock type
to another. Also within a reservoir, there can still be variation. The analysis for rock type
development in this study was based on the plot of permeability (k nd 1) against total
porosity (phitc_nd_1) colored by volume of shale.
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3.5 Saturation height functions

In this work, the saturation height functions are used to check that the log-derived water
saturation is correct, generate water saturations in geological models away from well
control and determine what the original water saturation was when the wells were drilled
post production. The capillary pressure could be obtained from either special core data or
logs (e.g., Leverrett,1941; Johnson, 1987; Cuddy et al., 1993; Skelt and Harrison,1995;
Geir and Johne, 2000; Harrison and Jing, 2001; Adams, 2003; Juan et al., 2003;
Anijekwu et al., 2004; Shawket et al., 2004; Amabeoku et al, 2005; Bech et al., 2005;
Biniwale, 2005; Egermann et al., 2005; Guo et al., 2005; and Joanne et al., 2014). Due to
the absence of special core data in the Orire Field and the need to have continuous water
saturation throughout the formation thickness, water saturation was thus developed from
pseudo capillary pressure curves generated from the use of modern wells with complete
log data in the field.

3.5.1 Water saturation from pseudo capillary pressure curves

3.5.1.1 Pseudo capillary pressure curves

The pseudo capillary pressure curves were made based on the relationship between depth,
Archie water saturation, sand on sand and rock type. The rock type was used to
characterize the zonation of capillary pressure curves and was used to relate rock sample
to the properties of the reservoir. Six wells (05, 06, 07, 22 29 and 41) were considered for
the plot as they have the four rock type zones. Additionally, the plot was used to predict
free water level (FWL) at 6085 ft.

3.5.1.2 Determination of height above FWL

Each curve was digitized at different depths above FWL with their water saturation
values. The depth intervals were subtracted from FWL to obtain height above the FWL
(H) as shown in equation 5.

H=FWL - TVDSS 5)

3.5.1.3 Conversion of height above FWL to capillary pressure

The pressure gradients for the oil and water phases are determined by the fluid densities.
The S, distribution above FWL is controlled by the balance of pressure and buoyancy
(gravity and density difference) forces. Then the capillary pressure (Pc) and height (H)
are related by equation (6) of Harrison and Jing (2001),

_Hp,-p,)
‘ 144
where p,, and p, are the water and oil densities, respectively.

(6)

In this analysis, height above FWL was converted to the capillary pressure (P.) by using
equation (6), once height above FWL has been estimated (equation 5).

3.5.1.4 Capillary application of J-function in analyzing pseudo pressure data
The J- function has been applied for the analysis because it accounts for differences in

rock types. The leveret J-function (Leverett, 1941) is written as
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J(Sw)=0.22
ocos@\ ¢

K is permeability (md), o is interfacial tension between the fluids in dynes/cm, & is the
contact angle relating wettability and rock-fluid interaction in degrees and @is porosity.
The Leverett J-function has the effect of normalizing all curves to approach a simple
curve and is based on the assumption that the porous medium can be modelled as a
bundle of non-connecting capillaries (Leverett, 1941). Obviously, the more the capillary
bundle assumption deviates from reality, the less effective the J-function correlation
becomes. The correlation is not unique but seems to work better when the rocks are
classified as rock types. The Leverett J-function has been widely used as a correlating
group for all capillary pressure measurements using different fluid systems but it only
applies if the porous rock types have similar pore size distributions or pore geometry. For
a set of samples with similar pore size distribution, a least square regression analysis is
then made using the J-values as the independent variable. The best correlation is often
obtained using a power law equation of the form (Harrison and Jing, 2001)

J=a (Sw)’ (®)

The derived J-function now becomes a master curve that can be used to represent the
reservoir and in the absence of other data can be used for other reservoirs of similar rock
type. K and ¢ in equation 7 were obtained from the distribution of porosity and

permeability in the reservoir from the histogram of porosity from neutron-density and the
histogram of permeability derived from log filtered by four rock types. The mean of the
frequency curves was considered for choosing porosity and permeability in each zone.

Then, the results are shown in Table 1. The values of (,OW, P50, 6’)(C0re laboratories,
1941) used in this study are presented in the Table 2.
Table 1. Results of the mean of the frequency curves considered for porosity and

permeability in each rock type zone.

Rock type (rtyp) Porosity (por) (frac.) Permeability (K) (md)
1 0.35 3508
2 0.304 768
3 0.248 107
4 0.18 10.5

Table 2. Contact angle, interfacial tension and density variation for fluid pairs. Contact

angle and interfacial tension for average reservoir (Core laboratories, 1982).

Parameters Units Values
Reservoir interfacial tension (o) dyne/cm 30
Reservoir contact angle (0) degree 30
Reservoir ocosb dyne/cm 26
Density of water ({w) Ib/cuft 62.4
Density of oil (£0) Ib/cuft 46.8
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By using porosity and permeability derived from logs and pseudo pressure data, J values
for the four rock types were estimated. Thereafter, the non-linear regression (power law)
was applied to the plots of water saturation values from 4 rock types against
corresponding J function values to obtain water saturation for the four rock type zones.

3.6 Determination of hydrocarbon pore volume

Hydrocarbon pore volume (HCPV) from Archie and J-function results was determined to
predict sand qualities from equation 9 (Bateman, 1990),

HCPV= ¢ *h * (1- Sy) )

where h = net pay (ft)

4. Results and discussion
4.1 Results

4.1.1 Characterization and analysis of rock types

The plot of permeability against total porosity from neutron-density led to the
characterization of permeability into five zones by the volume of shale (Fig. 7). The
different rock types with their permeabilities are presented in Table 3. Rtyp 5 was not
considered for further analysis because it is totally shale. The different rock type zones
delineated are rock type 1 to 5 (Fig. 8). While owing to five classes of grain sizes with
each occupying a fairly range of permeability, rocktype 1 can be likened to lower
medium sand while rock type 2, rock type 3, rock type 4 and rock type 5 are diagnostic of
lower — upper fine sand, lower very fine sand, burrowed very fine shaly sand and shale
respectively..
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381 Fig.8. A log sample indicating the five rock types: 1 I - Yellow 3, Rtyp 1;
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384

385

386  4.1.2 Generation of water saturation profiles from pseudo capillary pressure data

387 The four rock types exhibit distinct J-function profiles (Fig. 9 a-d) and their
388  corresponding Sw equations are:

389 i.  Sy=0.5934 "% for rock type 1,
390 ii. Sy =0.6942 "% for rock type 2,
39] iii. Sy =0.7416 I'>'* for rock type 3

392 iv. Sy =0.8554 I'%" for rock type 4.

393  The composite Sy, profile (Sw2) was generated based on the distribution of the four rock
394  types within the reservoir using four S,, equations obtained from Fig.9 a-d.
395

396
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411  Fig. 9: J-function curves (a) rock type 1 (b) rock type 2 (c) rock type 3 (d) rock type 4.
412
413  Then, J — function formula (equation 7) was substituted into four Sy, equations from

414  the four rock types (Figs. 6a to 6d) as shown in equations 10-13.

P k d —0.3274
{0.22 Ce( h.—” d]
415 rtyp = 1,8, =0.5934 O Cos &\ phitc _n (10)

P k d —-0.2228
0.22—-¢ 7
ocos@\ phitc_nd
rtyp = 2, Sy = 0.6942
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[ —0.1353
o Fe |_k_nd ﬂ
rtyp =3, Sy =0.7416- ocos@\ phitc_nd .
i —0.0574
oLt | _k_nd ﬂ
rtyp= 4, S, = 0.8554 L ocos@\ phitc_nd .

Thereafter, Equations 10 through 13 were collapsed into one to obtain S,2 (water
saturation from pseudo capillary pressure curves) from the four rock type zones within a
rock type by interpretation software (Geolog). Sy2 is the water saturation from the
combination of the four rock type zones. The Sy2 generated from the four rock type
zones was now applied to the logs to verify the resistivity based water saturation

(sw_arch_nd)

4.2 Discussion

Comparison of the water saturation from the two models

Figure 10a (well 05) shows good agreement between the water saturation from the
resistivity based method and the one from pseudo capillary pressure because the wells are
modern and have good set of log data, especially in oil zone. Figure 10b (well 13)
depicts where the resistivity equipment failed, which led to the cutting off of a part of the
resistivity log, then Sy2 result can be used for its replacement i.e. the uncertainty
identified has been taken care by S,,2. Fig. 10c (well 31) describes where the Sy, value
from the resistivity based method is higher than that of Sy2, it was discovered that old
resistivity tools with poor resolution were run. These old logs are just inaccurate and
cannot measure the correct formation resistivity thereby underestimating the hydrocarbon
saturation. S,,2 was now used to verify the result, i.e. reduce the uncertainties associated
with Sy, from historical resistivity based method. Sy2, therefore, captures the hydrocarbon
ignored by resistivity based method because it accounts for difference in rock types. Fig.
10d (well 41) shows that S,,2 is higher than S,, from resistivity based method in some
parts of the reservoir because the height above the FWL is very close to the OWC. S2
validates the fact that if height above FWL is very close to the OWC, higher pressure will
be needed to draw water from the reservoir (Okolie and Ujanbi, 2007); therefore, water

saturation from pseudo capillary pressure will be higher than water saturation from
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447
448
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451
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453
454

resistivity based method. Fig. 10e (well 03) reflects that where the Sy, values from the
resistivity based method is lower than that of Sy2, the uncertainties were attributable to
old resistivity tools cum effects of cementation factor ‘m’ which could be further

investigated by using special core data.
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Fig. 10a. Composite log showing an agreement between Archie water saturation and S,,

from Pc curves.
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455
456  Fig. 10b. Composite log showing failed resistivity tool which made Sy, from Archie

457  unknown.
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460  Fig. 10c. Composite log showing poor resolution of resistivity tool which overestimates

461 Archie water
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465  Fig. 10d.Composite log showing that the height above FWL is closer to OWC, then S,,
466  from Pc curves is higher than S, from Archie.
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468  Fig. 10e. Composite log showing the uncertainties attributable to old resistivity tools cum
469  effects of cementation factor ‘m’ where S, from resistivity log is lower than SW2.

470
471  Analysis of hydrocarbon pore volume
472  Table 4 shows the results of hydrocarbon pore volume from Archie (HCPV_A) and J-
473 function (HCPV_J). The plot of hydrocarbon pore volume values from both methods
474  (Fig. 11) reveals that wells with high HCPV have high sand qualities while those with
475  low HCPV have low sand qualities. Also, the geometry of the stratigraphic units could be
476  deduced from the plot.
477
478
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479  Table 4. Hydrocarbon pore volume from Archie (HPV_A) and J-function (HPV_J)
480  values.
481

WELLS 01 02 03 04 0s 06 07 08 09 10 13 22 29 31 32 33
HCPV_A 759 12773 6.12 10.68 4.75 9.52 236 3.66 6.72 734 394 6.01 678 2.83 157 020 0

HCPV_J 9.09 15.00 586 9.82 474 924 218 2.61 568 551 640 6.09 876 7.07 4.68 3.64 4

482

14 -

10 A

HCPV-J

0 2 4 6 8 10 12 14 16
483 HCPV-A
484
485  Fig. 11. Plot of hydrocarbon pore volume from J-function (HCPV_J) vs hydrocarbon
486  pore volume from Archie (HCPV_A).
487
488  Implication for hydrocarbon exploration in the Niger Delta and other similar basins
489  The saturation height function has assisted to address the issues of overestimating the

490  water saturation values in G-01 sands which eventually led to the discovery of more
491  hydrocarbons. This method could be applied to other reservoirs within the Niger Delta
492  province where similar problem is experienced. The model here could be used to generate
493  water saturations in geological models away from well control, or determine what the
494  original water saturation was when wells have been drilled post production. In addition,
495  this model could also be applied to reservoirs of similar rock type in other fields which

496  belong to the clastic environment. Apart from the Niger Delta, Guo et al., 2005 have
25
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applied saturation height function in clastic reservoir in the Oriente Basin ,South America
to show that consistent initial water saturation models (i.e., calculated and log measured
water saturations are in excellent agreement) could be obtained when the proper J-
function is used for a given rock type. These authors further stressed that uncertainty
associated with volumetric calculations could be greatly reduced as a more accurate

initial water saturation model was used.

5. Conclusions

This study has equally shown that the alternative method of generating water saturation
from pseudo capillary pressure curves called saturation height function is a potential
algorithm for calculating water saturation (Sy,) as a function of height above the free
water level. This model was further used to relate each capillary pressure curve to each
rock type zone. Comparison of water saturation from resistivity model with water
saturation from pseudo capillary pressure curves shows that where the wells have good
set of log data, the results of water saturation from both methods show good agreement.
However, in wells where the results of water saturation from historical resistivity method
are doubtful due to uncertainties arising from bad resistivity log and poor resolution of
old resistivity tools, saturation height function provides accurate water saturation. In
addition, the plot from the computation of hydrocarbon pore volume (HCPV) from
Archie and J-function shows that wells with high HCPV have high qualities while wells
with low HCPV have low sand qualities. The algorithm presented here can be applied to

reservoirs of similar rock type in other fields or frontier basins.
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HIGHLIGHTS
e Saturation height function (Sw2) provides accurate water saturation.
e The plot of permeability against total porosity reveals five rock types.
e Sw2 can predict similar rock types in other fields within clastic environment. .

e The relationship between hydrocarbon pore volume and sand qualities is established.
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