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Summary

Potential hydrocarbon bearing formations are identified
from well log data from 3 wells in Cauvery Basin. The
quick look interpretation technique has been used for
identification of hydrocarbon bearing zone. The
multimineral lithology such as: sandstone, limestone and
dolomite exist in these formations. This work was
dedicated to evaluate the reservoir characteristics of the
Andimadam, Bhuvanagiri, Nannilam and Kamalapuram
formations. Pickett’s plot has been applied to investigate
petrophysical parameters. These parameters include
cementation factor, capillary pressure, pore throat aperture
radii, height above the free water table and bulk volume of
water. The cementation factor (m) varies from 1.33 to 1.83
in these formations whereas permeability varies from 0.1 to
300 md, capillary pressure varies from 10 to 400 psi, pore
throat aperture radii varies from 0.25 to 8 µm and  height
above free water table 25 to 200 ft.

Introduction

Pickett’s plot (resistivity vs. porosity) characterizes flow
units in reservoirs (Martin et al., 1997, Aguilera and
Aguilera, 2002). The technique has been utilized to
estimate few petrophysical parameters from three wells
namely, CKK, CPV, CKP of Cauvery basin (Figure 1).
Sanyal and Ellithorpe (1978) and GreenGold (1986)
demonstrated computation of cementation factor (m) from
Pickett’s plot.  This paper is describing the uses of Pickett’s
plot for computation of petrophysical parameters such as
water saturation, permeability, capillary pressure, pore
throat aperture radii and height above free water table and
bulk volume of water (Aguilera, 2001). This technique of
Pickett’s plot modeling enables us to visualise the above-
mentioned parameters on a single plot.

Study area

The Cauvery basin is a pericratonic rift basin, which came
in to existence due to Gondwanaland fragmentation during
drifting of India-Srilanka landmass system in Late
Jurassic/Early Cretaceous. The basin exhibits a highly
differentiated nature in to a number of parallel horsts &
grabens trending in a general NE-SW direction, typical of
rifting.

Figure 1: The tectonic framework of Cauvery basin and well
location

The initial rifting caused the formation of NE-SW horst-
graben feature, subsequent drifting and rotation caused the
development of NE-SW cross faults. The generalized
stratigraphy of the basin Age varying from Pre Cambrian to
Miocene is shown in figure 2 (Figure 2). The well log
correlation through three wells is shown in (Figure 3).

Methodology

Hydrocarbon bearing zones in Andimadam formation,
Sattapadi Shale, Bhuvanagiri formation, Kudavasal Shale,
Nannilam formation, Portonovo Shale, Kamalapuram
formation Karaikal Shale and younger formations are
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identified from three wells penetrating sediments of age
Lower Cretaceous to Middle Miocene.

Figure 2: Petroleum System and Generalized Stratigraphy of
Cauvery basin (Courtesy DGH)

Figure 3: Well log correlation using Gamma ray and Resistivity
log of three wells CPV, CKP, CKK

These zones are characterized by resistivity varying from
0.8 to 500 ohm-m, neutron-density cross over. The well log
responses and neutron-density crossplots for water bearing
and hydrocarbon bearing zones are illustrated through
figure 4 and 5 for a well CKK (Figures 4 and 5). The
hydrocarbon bearing zones are noticed from neutron-
density overlay and Deep, Medium and Shallow resistivity
logs. Table 1 shows the evaluation of hydrocarbon bearing
zones from three wells.
For estimation of petrophysical constant like m and
reservoir parameters such as permeability, capillary
pressure, pore throat aperture radii, height above free water
table and bulk volume of water, the procedure is illustrated
in the flowchart (Figure 6).

Figure 4: Well log panel of the well CKK (1946-2070m) showing
different hydrocarbon bearing formations

Figure 5: Neutron-Density cross plot of the well CKK (1946-
2070m)
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Table 1: Estimation of petrophysical parameters and m
from three wells in Cauvery basin

Figure 6: Work Flow Chart for Pickett plot modelling

Pickett’s plot

This plot is generated using Archie’s formulae (Archie,
1942). By rearranging the Archie equation we get

Water saturation (Sw) = I-1/n (1)
Where I is the resistivity index and n is the saturation
exponent.

I = Rt /Ro = (FRw) (2)

Formation factor (F) = aՓt
-m (3)

where a is tortuosity, Փt = total porosity

Equation (1) and (3) can be combined to yield

Resistivity (Rt) = aՓt
-mRwI = aՓt

-mRwSw (4)
where Rw is the formation water resistivity.

By using Logarithm with base 10 the equation (4) (Pickett,
1966), leads

Log Rt = -m log Փt + log (aRw) + logI (5)

This is an equation of straight line on log-log paper. The
line has a slope of (-m) which is determined manually. An
example from a well CKK for Bhuvanagiri formation is
shown in figure 7. The intercept ((aRw) is indicated in this
figure with Փt =1. Water saturation lines varying from 25
to 100% are shown here.

Figure 7: Pickett plot for the well CKK showing the water
saturation lines and cementation factor

Permeability

The rocks ability to conduct fluids is termed as
permeability (K) which depends on its effective porosity.
The empirical equation in terms of irreducible water
saturation (Swi) (Morries and Biggs, 1967), as follows,

K1/2 = 250Φt
3 / Swi (6)

Swi is the irreducible water saturation
The irreducible water saturation, in turn, can be solved by
using the following equation

Swi = Φt * Sw / Φeff (7)

After incorporating into Equation (4) the formulae is
obtained (Aguilera, 1990)

Rt = aΦt
-3n-m Rw (250/K1/2)-n (8)

By taking logarithm on both sides
log Rt = (-3n-m) log Φt + log [ aRw (250/K1/2)-n] (9)

Wells Hydrocarbon
bearing
zones

Petrophysical Parameter

Depth
interval (m)

Resistivity
(Ohm-m)

Vsh
(%)

Effective
porosity

(%)

Saturation
(%)

m

RS RD

CPV

1649.5-1651.5 2.5 6 0.0 24 60

1.5
3090.2-3091.5 8 25 12 10 50
3279.5-3281 10 40 0.0 28 20

3336.6-3340.8 12 30 10 15 30
CKP 1891-1893 0.8 2 30 20 55 1.33

CKK

1957-1965 6 110 0.0 23 11

1.83

1972-1973 3 150 0.0 22 13
1974-1985 5 500 0.0 23 12
1985-1987 6 20 0.0 23 35
1992-2004 10 400 0.0 21 15
2015-2034 6 400 0.0 20 20
2044-2048 3 18 0.0 25 30
2051-2053 2 8 0.0 25 30
2065-2069 2 5 15 20 48
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From equation (9), by plotting Rt vs Փt on log-log co-
ordinates, the relation results in a straight line with a slope
equal to (-3n-m) with a constant aRw and Permeability.
Since m=n, the slope equals (-4m).
The intercept of straight line with 100% porosity gives
aRw(250/k1/2)-n.
The line of constant permeability equals to 0.01 to 100md
is drawn by calculating Rt from equation (8).

Figure 8: Pickett plot incorporating formation permeability for the
well CKK

Capillary Pressure

Capillary pressure is the difference in pressure between two
immiscible fluids across a curved interface at equilibrium.
From the empirical relationship capillary pressure (Pc)
(Kown and Pickett, 1975) is incorporated as follows

Pc = A / [K/1000]-B (10)

[B=0.45(approx), A ranges from 151.35 to 22.91]

A = 19.5 Sw 1.7 (11)
[Sw is the water saturation in fraction]

Inserting Equation (6) and (11) in Equation (10) (Augilera,
2001) we have,

Pc = (Swi-0.8 * Φt
-2.25) /0.929 (12)

By solving equation (12) for Swi and inserting it in
equation (4) this leads to,

Rt = Φt
-m+2.8125n (aRw) [1.0961Pc-1.25]-n (13)

Taking logarithm on both sides
Log Rt = (-m+2.8125n) log Φt +
Log [aRw (1.0961*Pc-1.25)]-n (14)

The line of constant parallel capillary pressure ranges from
10-800 psi shown in figure 9 (Figure 9).
The point with the values of Rt and Փ t is plotted and from
it, a straight line is drawn through this point with a positive
slope. This straight corresponds to constant capillary
pressure.

Figure 9: Pickett plot incorporating formation permeability and
capillary pressure for the well CKK

Pore Throat Aperture Radii

Washburn (1921) presented a technique for relating the
mercury capillary pressure (Pc in dyne/cm2) to the surface
tension of mercury (σ in dyne/cm), contact angle of
mercury in air (ϴ) and the pore aperture radius (r in
µm).The Washburn equation is

Pc=-2σ (cosθ)/r (15)

If Pc will be pounds per square inch and pore throat radius
in microns

r= -2(0.147) σ (cosθ)/Pc (16)

Inserting equation (16) in equation (14) and taking
logarithm on both sides

log Rt = (-m+2.8125n) log Φt + {aRw(1.0961
(-2(0.147) (σ (cosϴ)/r)-1.25}-n (17)

If σ=480 dyne/cm θ=1400 equation (17) reduces to

log Rt = ( -m+2.8125n) logΦt +
{aRw [ 1.0961( 108.1/r)-1.25]-n} (18)

While pore size (Martin and et al., 1999) comprises
megaports (>10 μm), macroports (10–2 μm), mesoports (2–
0.5 μm), microports (0.5–0.25 μm) and nano (<0.25μm).
Figure 10 shows Pickett’s plot including parallel lines of
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constant pore throat aperture radii that ranges from
4(macro) to 0.25(nano) in micrometer.

Figure 10: Pickett plot incorporating formation permeability and
pore throat aperture radii for the well CKK

Height above the free water table

Calculation of the height above the free water table is done
through the following equation:

Pc = 0.433(ρw-ρh) h [-σ (cosθ)/ (σh cosθh)] (19)

Where

σh is the brine hydrocarbon surface tension.
θh is the contact angle of the hydrocarbon in water.
Inserting equation (19) in equation (14) leads to,

log Rt = ( -m+2.8125n) logΦt +
log {aRw [ 1.0961(0.433 (ρw – ρh ) * h
[-σ (cosϴ)/ σhcosϴh]-1.25}-n (20)

Figure showing parallel lines of constant height above the
free water table that ranges from 50 to 500 ft.

Bulk volume of water

The product of formation’s water saturation (Sw) and its
porosity (Φt) is the bulk volume of water (BVW) (Buckles,
1965) and (Aguilera, 1990).

BVW = Sw*Φt (21)

Where

BVW = Bulk volume of water
Sw = water saturation of uninvaded zone
Φt = total porosity

Figure 11: Pickett plot incorporating formation permeability and
height above free water table for the well CKK

Since m equals n, the slope of (n–m) is equal to zero, and
the lines of constant BVW will be vertical lines.

Figure 12: Pickett plot incorporating formation permeability and
bulk volume of water for the well CKK

Table 1 lists the values of petrophysical parameters like
effective porosity, volume of shale and m of three different
well in Cauvery basin. Other parameters are explained in
figures 7 to 12.

Conclusions

This work demonstrates the use of Pickett modeling for
estimation of m, capillary pressure, permeability, pore
throat aperture radii, height above free water table and bulk
volume of water from a well. Hydrocarbon bearing zones
have been identified from three wells. Thickness of 14
hydrocarbon bearing zones is varying from 1 to 15m.
Pickett plot technique is found useful for computation of
few petrophysical parameters such as capillary pressure,
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permeability, pore throat aperture radii, height above the
free water table and bulk volume of water from well log
data in Cauvery basin.

References

Aguilera R., 1990, A new approach for analysis of the
nuclear magnetic log, resistivity log combination, J. Can.
Pet. Technol. 29 (1) 67–71.

Aguilera R., 1990, Extension of Pickett plots for the
analysis of shaly formation by well logs, The Log Analyst
31 (6) 304–313.

Aguilera R., 2001, Incorporating capillary pressure, pore
throat aperture radii, height above free-water table and
Winland resistivity values on Pickett plots, AAPG Bull. 86
(4) 605–620.

Aguilera R., Aguilera M. S., 2002, The integration of
capillarypressuresand Pickett plots for determination of
flow units and reservoir containers, SPE Reservoir Eval.
Eng. 5 (6) 465–471.

Archie G.E., 1942, The electrical resistivity logs as an aid
in determining some reservoir characteristics, Trans. AIME
146 54–67.

Buckles R. S., 1965, Correlating and averaging connate
water saturation data, J. Can. Petrol. Technol. (5) 42–52.

Doveton J. H., Guy W. J., Watney W. L., Bohling G. C.,
Ullah S., Adkins-Heljeson D., 1996, Log analysis of
petrofacies and flow units with microcomputer spreadsheet
software; Kansas Geological Survey, University of Kansas,
Lawrence, Kansas.

El-Khadrag A. A., Ghorab M. A., Shazly T. F., Ramadan
M., El-Sawy M. Z., 2014, Using of Pickett’ s plot in
determining the reservoir characteristics in Abu Roash
Formation , El Razzak Oil Field, North Western Desert,
Egypt, Egyptian Journal of Petroleum 45-51.

Greengold G. E., 1986, The graphical representation of
bulk volume of water on the Pickett crossplot, The Log
Analyst 27 (3) 1–25.

Kwon B. S., Pickett G. R., 1975, A new pore structure
model and pore structure interrelationship, in: Society of
Professional Well Log Analysts, 16th Annual Logging
Symposium, 14pp.

Martin A. J., Solomon S. T., Hartmann D. J., 1997,
Characterization of petrophysical flow units in carbonate
reservoirs, AAPG Bull. 81 (5) 734–759.

Morris R. L., Biggs W. P., 1967, Using log-derived values
of water saturation and porosity, in: Society of Professional
Well Log Analysts Annual Logging Symposium, 26pp.

Phaye D. K., Nambian M. V., Srivastava D. K., 2011,
Evaluation of Petroleum System of Ariyalur-Pondicherry
sub-Basin (Bhuvavgiri area) of Cauvery Basin, India: A
two dimensional (2-D) basin modelling study, Second
South Asian Geoscience Conference and Exhibition
GEOIndia.

Pickett G.R., 1966, A review of current techniques for
determination of water saturation from log, J. Petrol.
Technol.1425–1433.

Saha G. C., Borhtakur A., Chaudhuri A., 2008, A Case
Study on Log Property Mapping in Ramnad  Sub-Basin for
Better Understanding  the nannilam Reservoir Distribution
and Risk Reduction in Exploration, SPG Hyderabad
seventh Biennel Conference and Exposition on Petroleum
Geophysics.

Washburn E. W., 1921, Note on a method of determining
the distribution of pore sizes in a porous material, Proc.
Natl. Acad. Sci. 7 (4) 115–116.

Acknowledgement

We sincerely thankful to ONGC for providing the well log
data for academic and research work. Dr. Rima Chatterjee
is highly acknowledged for her
guidance and valuable suggestions.

11th Biennial International Conference & Exposition




