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Abstract

Image logs have higher resolution than conventional logs and it makes them
powerful tools for detailed reservoir characterization and modeling. Hence,
thin beds, which are not detectable using conventional logs, can be characte-
rized by image log data. The present study focuses on the Permian-Triassic
carbonate reservoirs of Dalan and Kangan formations in one of the gas fields
in southern Iran. In this study, the reservoir porosity was estimated using
Fullbore Formation Microimager (FMI) image log. Then, the results were
compared and validated with the core data. Porosity was estimated as
2-dimentional image by rescaling the FMI image log with Micro-Spherical
Focused Log (MSFL). The image log-derived porosity was then compared
with conventional logs-derived and core porosities. The image log-derived
porosity is in good agreement with the core data. In this paper, a procedure
was introduced which can be used to recognize very narrow pay layers
(thickness in centimeters). This work is very important for identifying the
proper perforation intervals in heterogeneous reservoirs.
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1. Introduction

One of the main goals in evaluation of hydrocarbon fields is the generation of
detailed reservoir model. Such model requires fine-scale data such as porosity
and permeability that should be accurately used in the model; hence, image logs,

by their higher resolutions, can be regarded for this aims. Image logs have been
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widely used in natural fractures’ characterization [1]-[9] and borehole failures’
detection for geomechanical modeling [10]-[15], but less used in petrophysical
evaluations.

In the following, a number of petrophysical uses of image logs are presented.
Some of the cases used image logs to estimate reservoir permeability. Classifica-
tion and clustering methods were used by some of the authors to estimate per-
meability from image logs [16] [17]. Also, cementation factor (m) was estimated
as a continuous curve from borehole images and petrophysical logs [18] and
shale volume calculated using binarization technique by electrical image logs
[19]. Furthermore, in some studies it was attempted to separate and calculate
vuggy porosity using electrical image logs [20] [21]. But the purpose of this
study is to determine the effective porosity (primary and secondary porosities)
using electrical image logs. The results of this study are vital to determine the
sudden changes of porosity, which happen in a few centimeters, in reservoir
units of Dalan and Kangan formations. The mentioned reservoirs are very hete-
rogeneous, so tiny porous-permeable parts are vital to be detected for perfora-
tion jobs.

This study was done in a carbonate gas reservoir located in southern Iran. No
natural fracture was recorded over the studied interval and the essential permea-
bility is supplied by interparticle and intercrystaline porosities. In this study FMI
image log, Fullset logs and core data were used for porosity estimation by dif-

ferent methods and comparisons.

2. Geological Setting

The studied onshore gas field is located in northeastern Arabian Plate, based on
the geological classifications. In the northern Arabian Plate, the Permian-Triassic
successions are dominated by thick shallow-marine carbonate-evaporite sedi-
ments which developed on a passive margin of Gondwana [22]. In the studied
field, the Dalan and Kangan formations geometry is stratiform or “layer-cake”
[23]. In south of Iran, the Permian-Triassic succession is referred to as the Dalan
and Kangan formations (Figure 1) which are equivalents of the Khuff Forma-
tion in the southern Arabian countries [24]. The Late Permian Dalan Formation
is divided into limestone and dolostone members separated by the Nar member
[25], (Figure 1). This formation is overlain by the Early Triassic Kangan Forma-
tion [26]. The Dalan-Kangan succession can be divided into five reservoir units,
namely K1 to K5 (Figure 1), based on lithological variations [24]. In this study,
theK1 to K4 reservoir units were focused for porosity estimation using FMI im-

age log.
3. Materials and Methods

3.1. Electrical Image Logs

Image logs have much more resolution than conventional well logs. So, more

detailed interpretation of the wellbore wall can be achieved using them.
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Figure 1. Stratigraphic column of studied formations (Dalan-Kangan) in southern Iran.
Reservoir units of these formations are also shown along with lithological variations
(modified from Rahimpour-Bonab et al, 2014).

Electrical image logs allow continuous observation of detailed vertical and lateral
variations in formation properties. The vertical resolution of electrical image
logs are 0.2 in. (5 mm) which is much more than the conventional well logs [27].
The observation and analysis of images provide information related to changes

in rock composition, texture, structure and fluid content [27].

3.2. Image Rescaling

The pixel digits of the electrical image logs are relative but absolute resistivity
values are required for petrophysical estimations using image logs. So, the rela-
tive digits of image should be calibrated into absolute resistivity values by using
shallow resistivity logs. Image rescaling is an approach to calibrate image data
with a shallow reading resistivity log. The scaled image has important applica-
tions for quantitative image analysis such as fracture aperture estimation, thin
bed evaluation, porosity computation and permeability analysis.

Electrical image logs are composed of two-dimensional array digits whereas
conventional well logs are 1-Dimentional. FMI image log has 192 reading (8
pads and flaps that each have 24 sensors) for each of the sampling depths, whe-
reas Fullset logs have one reading for each of the sampling depths. So, the image
should be transformed into 1-D quantity by averaging each of image rows (Im-
age-Mean) for comparison to the conventional logs.

Calibration logs are shallow resistivity logs like MSFL or LLS. The shallowest
resistivity log can be a better choice for image rescaling because the depth of in-
vestigation of FMI image is very low (1 inch), but in some cases like bad-hole
condition, MSFL may be contains invalid digits. Therefore, LLS log can be used
instead of MSFL. In this study, the raw FMI image (Image Raw Mean) rescaled
to absolute digits of resistivity by using the MSFL Log (Figure 2). The vertical
resolution of MSFL and FMI are 4 and 0.2 in., respectively. So, the Image Raw
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Mean curve was upscaled by 20 orders for matching of the two curves in regres-
sion cross plot (Figure 2). As can be seen in Figure 2, there is an exponential
relationship between the MSFL and the average of raw image. Raw image can be
rescaled to the absolute digits of resistivity by the relationship between MSFL
and the average of raw image (Figure 3). In Figure 3, the raw image varies from

65 to 100, whereas scaled image range is 0.2 to 2000 which shows the logarithmic
nature of this image.

MSFL = 10*%(30.5365 - 0.768279*(IMAGE) + 0.00489636*(IMAGE)**2)
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Figure 2. Crossplot of IMAGE RAW MEAN and MSFL logs. For making the resolutions
more Comparable, the IMAGE RAW MEAN curve is upscaled by 20 orders. There is an
exponential relationship between the IMAGE RAW MEAN and MSFL curves.
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Figure 3. Image rescaling results. Image-Scaled was calibrated as logarithmic digits (pix-
els) by MSFL log and now its nature is like resistivity logs. The Image-Scaled-Mean log is
in good agreement with MSFL (right track).
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3.3. Porosity Estimation

Electrical images are conductivity (or resistivity) map of the borehole wall within
the flushed zone. Resistivity data from the electrical images is measured in the
flushed zone of the borehole. So, the calibrated image (inputted as Rxo in fol-
lowing formula), can be transformed into porosity image of the wellbore wall by
using Archie equation [28]. The Archie saturation equation in the flushed zone
is:

Rmf

Sxo"' = ——M— (1)
d" x Rxo

By transforming the above equation:

1
Rmf m
®-= [—m j @)
Sxo" x Rxo
where, Sxo = Water Saturation, Rmf = Resistivity of Mud Filtrate, ® = Porosity,
Rxo = Resistivity of Flushed Zone (Image-Scaled), m = Cementation Factor and
n = Saturation Exponent.

Then, Image-Scaled can be transformed into porosity image by using the Arc-

hie equation and mentioned petrophysical parameters (Figure 4).
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Figure 4. Estimated porosity image using Archie equation and its correlation with the
other porosity calculation methods. Thin porous thin beds are detected by image log de-
rived porosity which me be masked by conventional logs due to their lower resolutions.
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4. Discussion

Porosity-Image-Mean curve was calculated by averaging from the rows of Po-
rosity-Image. So, image-derived porosity can be comparable with the other po-
rosity calculation methods such as core data and neutron-density porosity
(PHIE). As can be seen in Figure 4 there is a good correlation between the im-
age-derived and the core porosities. More spikiness of Porosity-Image-Mean
curve is related to higher resolution of image logs than conventional logs. The
vertical resolution of conventional well logs is about 2 feet, so, they cannot detect
layers which have thickness less than their resolution and they miss thin layers
properties by averaging phenomenon [29].

As can be seen in Figure 4, in 1836 - 1838 m and 1842 - 1844 m depth inter-
vals, there are some thin beds with high porosity which are detectable by Poros-
ity-Image-Mean curve and validated by core data, but cannot be detected on
PHIE curve.

5. Conclusion

An evaluation of porosity data has been done in a gas reservoir (Dalan-Kangan
formations) in southern Iran, using the FMI image log. Then, the estimated po-
rosity was compared and validated with other petrophysical logs (ie. PHIE) and
core data. The narrow porous-permeable layers can be detectable by integration
of electrical image logs with the conventional logs. These layers are not identifia-
ble using Fullset logs because of their low resolution. Coring process costs too
much and usually their recovery are not complete. Hence, electrical image logs
can be regarded for petrophysical parameters’ extraction as continuous curves,
economically. This proposed method can be used for the low resistivity pay
zones in the future works. The low resistivity pay zones, which are not detectable

by conventional logs, can be triggered utilizing image logs resolution.
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