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1-Introduction

Carbonate rocks form the central part of hydrocarbon reservoirs worldwide, about 60% (Lamarche et al., 2012).
Fractured reservoir contributes about 85% of hydrocarbon reservoirs. Thus, the main reason to study this type
and fracture analysis is to understand the fracture behavior (Bourbiaux, 2010; Guerriero et al., 2011; Tarazona,
2017) due to their importance because of production and drilling process. Core samples, image logs, and sonic
tools are the foremost valuable tools for fracture analysis in subsurface studies (Esmersoy, 1995). Of these sonic
plots (e.g., compressive, shear, and Stonely waves), they have higher efficiency than other methods due to
estimating the primary porosity of matrix and are sensitive to reservoir properties such as permeability (Han et
al., 2018). There are available numerous research publications (Hsu et al., 1985; Cheruvier and Winkler, 1987;
Hornby et al., 1989; Zaree et al., 2015; Saedi et al., 2017). The present study gives a new way of determining
and interpreting fractures in subsurface formations in the Aghajari oil field. The Aghajari oil field is located at
the border of northern and southern Dezful embayment in the Zagross basin. The field is an asymmetrical
anticline with a 56km length and 6 km wide (Fig. 1; Arzani, 2016).

2-Methodology

Cross Multiple Array Acoustic Log (XMACEIite) is a new version of sonic tools with monopole and dipole
tools running in drilled wells in both open /casing conditions. The device can get data to study reservoir
heterogeneity using compressive and Stonely waves after needed corrections such as frequency and time
average filtering. Regarding the distance between receivers and linear dip estimation of the same options, the
velocity of options was calculated. Naturally, the slowness trend is observed including compressive wave, shear,
and also Stonely. The semblance technique was used, and the output is STC (Semblance Time Coherency) plot
to discriminate all waves.

Finally, based on direct and reflected waves (up or down) of Stonely wave, Chevron pattern of fractures was
detected (in zone-1) in data presentation of receiver no. 1 of monopole tool.

3- Results and discussion

Based on reflected Stonely waves in the vicinity of fractures, direct waves and then reflected waves are
subtracted from the initial wave. Reflected coefficient (RC) will be introduced by dividing reflected to
direct waves that its intensity will be proportional to fracture density:

RC (w) =R (w)/D (w)

The major parameters which are affected on Stonely waves must be removed or filtered. They should
be detected by VDL (velocity deviation log; Wyllie et al., 1956; Anselmetti and Eberli, 1993) and
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image logs. These parameters are lithological variation and layering, well breakout, and bad sectors of
the well. The STAR image log as a standard tool indirect detection and evaluation fracture and VDL
were used to uncertainty the results of Stonely wave application. STAR is an electrical image with six
pads, 24 sensors of micro resistivity with a resolution of 0.2 inches. In a well with 8-inch diameter, the
tool covered about 60% of the drilled well section. VDL is a synthetic log indicating differences

between the velocity of natural and synthetic compressive waves:
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Where DTlog is the reading of sonic log per micro second /feet (us/ft).
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Fig. 1. Seismic section of the Aghajari field near to the understudy well (top) along with subsurface contour
map (UGC) (below) at the top of the Asmari Formation. Modified after Arzani (2016).

To plot synthetic sonic log, porosity equation was used. Sonic porosity will be estimated through the
following eq. However instead of sonic we can use neutron-density porosity. As there is saline fluid in
annulus, DT is equal to 185 ps/ft (Serra and Serra, 2004). Then VDL will be plotted:
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Three zones can be detected based on VDL responses (Wang and Nur, 1990; Anselmetti and Eberli,
1999): DVp > +500 (high velocity and porosity type are intragrain and moldic), -500 < DVp < +500
(near zero velocity and porosity type are fine, intercrystalline and inter grains), and DVp < -500 (very
low velocity and high permeability esp. fractured zones).
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Fig. 2. The comparison of negative VDL and high RC in the vicinity of interpreted fractures in STAR image
log (FVAH, P10 and P21 logs are indicating opening, density, and length of fractures, respectively).
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Fig. 3. Induced error (negative VDL and high RC) due to lithological changes (layering plane with green
color) and well breakout in the vicinity of caliper log (FVAH, P10 and P21 logs are indicating opening,

density, and length of fractures, respectively).
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The results of the STAR image study revealed different parameters related to fractures such as
numbers (P10-C), length (P21), and opening factor (FVAH). These data were compared to XMAC
results. This comparison shows excellent consistency. In zone 1 chevron pattern is an indicator of
fractures. All data are exhibiting sound correlation (Figs. 2 and 3).

4-Conclusions

Fracture properties estimation such as density, length and width (opening) are essential in reservoir evaluation.
The present study introduced a new method to fracture study using Stonely wave in one of hydrocarbon oil
fields, SW lIran. This method has some advantages over standard techniques of fracture analysis. XMAC sonic
tools is a power full which is utilized of direct and reflected waves and Stonely wave and related equations to
estimate fracture properties. Destructive effective parameters on Stonely waves such as lithological variation
layering and bad sectors and breakout features of drilled well have removed.

The results were checked by VDL (velocity deviation log) and indicate a good correlation between RC and
other standard methods. The method is applicable and proposed to use in all those wells that are not taken the
required data such as core samples or image logs.
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top of Asmari Formation. Modified after Arzani (2016).
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