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Introduction

NMR (Nuclear Magnetic Resonance) has been used as
one of the important logging tools in the oil industries
[1]. NMR logging tools are basically similar to other
logging tools such as neutron, density and sonic that
is affected by all components of the reservoir rock is
different. NMR logging tools are essentially similar
to other logging tools, such as neutron, density, and
sonic, in that they are affected by all components of the
reservoir rock, but they also have distinct differences.
In addition, NMR instruments are able to identify the
type of hydrocarbon in the reservoir and to determine
some of its properties such as density [2]. Also, other
petrophysical outputs such as permeability, capillary
pressure, water and hydrocarbon saturation, wetting,
identification of voggs, fractures and grain size in
the reservoir rock can be measured through this
petrophysical log [3].

In this study, to describe the most reservoir
characteristics of upper part of Dalan Formation (late
Permian) known as K4 unit in the South Pars Gas
Field, all geological and petrophysical data have been
used, but the estimation of porosity and permeability
with it is not possible to use coring method for all oil
fields. On the other hand, the combined use of coring
and NMR methods for all oil fields is not possible
due to its high costs. Therefore, it is necessary to
use simple, low-cost and strategic techniques. The
desired technique in this project is the use of NMR
data conducted in the South Pars oil reservoir and it is
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used and combined with the core analysis data to gain
a more accurate understanding of the characteristics
of the reservoir (porosity and permeability) and as a
result, the reservoir potential of the desired section can
be obtained.

Study Area

The studied area is a part of South Pars gas field which
is shared between Iran and Qatar countries. This field
is located 105 kilometers southwest of Asalouyeh port
and in the common waters of Iran and Qatar.

Materials and Methods

The cores related to the SP-A well had already been
examined by the Tehran Oil Industry Research
Ingtitute, and the data of porosity, permeability and
capillary pressure resulting from K4 mercury injection
were calculated and available in the laboratory. The
Techlog software was also used for the reservoir
parameters estimation.

Converting Laboratory Data Obtained from Core
to Reservoir Conditions

The test fluids and conditions are different from what
happens in the reservoir. Therefore, it is necessary to
coordinate the laboratory results with the reservoir
conditions. In this article, the air-mercury system is
used to measure the capillary pressure, while the water-
oil system is established in the reservoir conditions.
Therefore, if it is assumed that the measured porosity



and permeability of the rock sample under test
represents the actual porosity and permeability of
the reservoir, the capillary pressure in the reservoir
conditions can be calculated (using Equation 1) as
follows [4]:

0. cosf
(PC)R: - MX(PC)L (1)
Oy €08,

dres: surface and interfacial tension of fluids in the
tank (dyne/cm); 6lab: surface and interfacial tension of
fluids in the laboratory (dyne/cm); 8: contact angle (°);
(Pc)R: capillary pressure in reservoir conditions (psi);
(Pc)L: Capillary pressure in laboratory conditions
(psi).

In this research, porosity and permeability are first
determined using NMR, and then capillary pressure is
obtained by calibrating the data.

Estimation of Porosity through NMR Log

To determine the porosity using NMR, plotting the
attenuation amplitudes of the echoes as a function of
time will create a curve that the first recorded spin echo
amplitude is related to all the hydrogen nuclei that are
in the fluids inside the pores. Therefore, this range can
be an indicator of porosity [5].

Permeability Estimation Through NMR Log

Permeability is one of the most important characteristics
of hydrocarbon reservoirs, the correct estimation of
which is very important for oil engineers, because
it is very effective in finding solutions to increase
oil recovery, determining the volume of oil and gas
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reservoirs, and managing them is as best as possible

[6].

Determination of Capillary Pressure Through
NMR Log

One of the parameters that the NMR log is able to
respond to is capillary pressure, but when the shape
of the cavities becomes crooked and they change
from conventional to unconventional shapes (crooked
and warped), equalization of capillary pressure and
equations for T2 decay may be problematic [4]. The
relationship between pore volume and throat radius
size changes and becomes more complex. As a result,
the ability to calculate properties that depend on the
characteristics of the throat radius through the use
of properties of the size of the pores becomes more
unreliable. However, the shape of the holes in this
research was assumed to be conventional (spherical
or tubular) and the ratio of surface to volume was
calculated based on the size of the holes. Finally, the
algebraic relationship between constant C, capillary
pressure and T2 time was expressed (using Equation
2) as follows [4]:

Log C =Log (l/Pc)—Log (Tz) (2)
Equation 2 was used in Techlog software, and the
constant number C in this software is automatically
defined as 1000. However, the constant number C
is variable for each field, and to obtain the number
C, first an NMR of the well is called, and then the
constant number C is changed so much that the PC
obtained from the NMR log matches the core PC the
most (Figures 1 to 2).
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Fig. 1 Comparison of core capillary pressure (Pc res) with NMR capillary pressure (Pc NMR- irreducible water (Swir), and
capillary pressure (Pc) (both core and NMR) and water saturation (Sw) in K4 unit of Dalan Formation in individual depth (D).
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Fig. 2 Correlation coefficient of NMR porosity and permeability with core porosity and permeability.

This constant number C was obtained for two wells
(two phases separated from each other) from South
Pars field, 2300.

Results and Discussion

Comparison of Core Porosity and NMR

Porosity obtained from NMR is independent of
lithology. Neutron log considers all hydrogens as
part of porosity regardless of their location, but NMR
porosity only considers hydrogens inside fluids.
Unlike other logs, the NMR log is able to separate
different types of parts that make up the porosity of
the whole rock, which has many applications in the oil
industry [7-8]. In this study, the NMR porosity diagram
obtained from the K4 section of the Dalan Formation
has been compared with the porosity obtained from the
core, which shows a good match (Figurel).
Comparison of NMR (Timur) with Core Permeabilities
The correlation coefficient of NMR permeability
(Timur) with core permeability in K4 section is equal
to 0.98 (Figure 2). The obtained results show a very
good agreement between NMR permeability (Timur)
and core permeability (mD).

Conclusions

The following results have been obtained from the
studies conducted in this research:

The comparison of core porosity and NMR porosity
shows a good match and the correlation coefficient
between core porosity and NMR porosity for the best
K4 reservoir zone is 0.93. According to the comparison
of core permeability with permeability NMR (Timur)
shows a very good match and the correlation coefficient
between them is 0.98 for the best reservoir zone, K4,
mean permeability NMR (Timur) is 80 mD. According
to the comparison of core permeability with NMR
permeability (Timur), there is a strong correlation
between them, with a correlation coefficient of 0.98
for the best reservoir zone, K4. The mean permeability
obtained from NMR (Timur) is 80 mD.Therefore,
according to the output obtained from the NMR log
and its comparison with the PC curve obtained from
the cores of the K4 unit, it can be said that the NMR
log has a very good accuracy for PC estimation.

Also, based on the evaluations done on the well
loggings and interpretation by the software to measure

the porosity, the studied area shows a high average
porosity (the average total porosity is 15.55% and the
average effective porosity is 11.9%). Due to the low
shale volume and suitable porosity, the net thickness of
this formation is high, and as a result, the ratio of net
to gross thickness, which is a parameter to show the
potential of the reservoir, is high.
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