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Abstract

3D seismic reflection structural study of (250) km? of Balad Qil field located in
central part of Iraq within Salah Al-din province (Balad area) was carried out.
Faults were picked using instantaneous phase attribute of seismic sections and
variance attribute of seismic time slices across 3D seismic volume.

A Listric growth normal fault is affecting the succession of Cretaceous Formation
and cut by strike slip fault. In addition, minor normal faults (Dendritic and tension
faults) are developed on the listric normal growth fault. As a result, a major graben
is separated by Strike slip fault into two parts (north and south parts) and trend in
NW-SE direction.
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Introduction

The seismic reflection exploration method passed through numerous development stages from
mid last century to the present time including the field survey, data processing & interpretation. 3-D

*Email: naalridha55@yahoo.com
38



Proceeding of the 2™ International Conference on Iraq Oil Studies, 11-12 Dec. 2013

seismic survey gives huge amount of the seismic data which permit a better interpretation and gives
detailed picture to the subsurface geology [1].

The current research is structural interpretation study of the seismic reflection data for the Balad 3D
seismic survey which is the first 3D seismic survey carried out in Iraq by the Iragi seismic 3D crew
and Halliburton Corporation. Data acquisition began in 1990 and was completed in 1992.

Location of the study area
The Balad oil field is located in the middle of Iragq along the Tigris River within Salah Al-din
province approximately (60-70Km) to the north of Baghdad as shown in the figure-la & b.

Figure 1- Location maps of the study area.

Theoretical background
Reflection coefficient

The role of seismic reflection gives more direct and detailed picture of the subsurface geological
structures. The essence of seismic reflection technique is to measure the time taken for a seismic wave
to travel from a source (at a known location near the surface) down into the ground where it is
reflected back to the surface and then detected at a receiver which is also near the surface at a known
position. This time is known as Two- Way-Travel time [2].

The ratio between reflected energy to incident energy is representing reflection coefficient [3], the
successive reflection coefficients on the surfaces separating between layers (interfaces) are called the
reflectivity function or reflection coefficient log. This log is derived from acoustic impedance log as
shown in figure-2. The reflectivity function is earth property represents the geological information we
are looking for [4].
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Figure 2- The steps of the reflection coefficient log derivation, after [4].

Re = Ar‘ _ z2-21 e (1)
Ai Z2+ 71

Re = (V2x p2)— (V1X p1) e (2)
(V2x p2)+ (V1x p1)

Where:

Rc: is reflection coefficient.
Ai: is consequent amplitude of the incident energy.
Ar: is consequent amplitude of the reflected energy.
Reflection data processing

The aim of seismic data acquisition and processing is to deliver products that mimic cross-sections
through the earth [5]. In order to do this, the correct amount and types of data must be acquired,
processing applied to remove unwanted energy (such as multiples), and to place the required events in
the correct location. At the same time, a balance needs to be struck between cost and timelines of data,
while attaining also the important objectives of safe operations and doing no harm to the environment
[6]
Interpretation and Attribute Analysis

Seismic interpretation is directed toward geological understanding of the subsurface geological
picture, the dense data provided by 3D seismic offers more scope for defining the external geometry
and internal architecture of reservoir bodies. The detailed 3D seismic map view is often more
instructive than an individual section.

The faults determination is achieved according to the principle indications of faulting on seismic
sections as described by [7]. They are the followings:

1. Discontinuities in reflections falling along an essentially liner pattern

2. Disclosures in tying reflections around loops.

3. Divergences in dip not related to stratigraphy.

4, Diffraction patterns, particularly those with vertices which line up in a manner consistent with
local faulting.

5. Distortion or disappearance of reflections below suspected fault lines.

The seismic trace represents the variable function between the amplitude and time in the time
domain. The Hilbert transform is a kind of filtering which does not affect the amplitude of the spectral
component, but it causes changes in the phases of these components by 90° to obtain the imaginary
part of the complex function that we get from knowledge of the real part which represents the
conventional seismic section [8].
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Faults Picking and Recognition

[8] has indicated that seismic attribute sections, especially the instantaneous phase section are very
important for the distinction of reflector surfaces continuity termination because it does not depend on
the reflection strength. Thus, instantaneous phase attributes technique is applied for all seismic
sections in 3D volume. The faults were picked in all the area along each inline, cross lines and
arbitrary lines. Each inline is used because it is normal on the general dip of reflectors. Thus, the fault
is more distinct along the inline sections.

The instantaneous phase section shows that the study area to be affected by major normal fault
which called Listric growth normal fault and its branches (Dendritic faults); it is interpreted as main
major graben with variable width by approximately (3.5 to 4.0 km) on seismic sections and large
displacements of all studied reflectors except the top Hartha reflector. Another small graben with
small displacement is distinguished in the northeast of study area. Generally, the graben axes have
northwest- southeast trends (approximately N 35° S) figure-3a & b.

The variance phase attribute technique is applied on seismic time slices for all study area of target
reflectors. This type of attribute helps to distinguish the animation of faults and fractures that affected
on the studied reflectors to draw their boundaries on maps. The fault boundaries map shows presence
of shift and discontinuity for major graben boundary in the middle of study area, it was interpreted as
Strike-Slip fault affecting study area and dividing the major graben to north and south parts figure-4a
& b. Then minor tension faults have small displacements were picked, they locate in the south part of
major graben and eastern shoulder.

Figure 3a- Inline seismic section with instantaneous phase attributes shows the picked faults in the north part of
study area.
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Figure-3b Inline seismic section with instantaneous phase attributes shows the picked faults in the south part of
study area.

Figure-4a Shows a time slice at 1400 ms, represents time of top Khasib reflector without faults interpretation.
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North graben

Strike-Slip fault

South graben

Figure 4b- Shows a time slice at 1400 ms, represents time of top Khasib reflector with faults interpretation.

Faults Interpretation

Based on interpretation of picked reflectors and formations thickness in the wells drilled in the
Balad field, the orogenic movements of the mentioned faults can be divided as follows:
1-Stage of Listric growth normal fault:
According to seismic sections and well data, this type of normal faults develops due to increase in
weight (thickness) of sediments which are variety at the head of the hanging wall comparing with
thickness at foot wall where it almost constant and thinner [9].
The interpretation of seismic section shows that interval time of Hartha and Sadi reflectors is variable
with presence of the on lap stratigraphy features inside the major graben area; this refers to the
increase in the thickness of sediments to the south of the study area. While in the shoulders area, the
interval time is less and almost fixed. On the other hand, the interval time of Khasib reflector is almost
fixed and equitable both inside major graben and shoulders area figure-5.
The well data showed that thickness of the Hartha Formation was 460, 560, 439 and 436 meters
respectively, of wells Ba_1, 3, 4 and 8 drilled inside major graben area, compared with the Hartha
Formation thickness of 316, 306, 307 309 and 304 meters respectively of wells Ba_ 2, 5, 6, 7 and 9,
which were drilled on the east shoulder of the study area. Additionally, the thickness of Sadi
Formation in wells Ba_1 and 4 was also variable between 183 and 190 meters.
The Khasib thickness was similar in all wells, both within major graben area and on the east shoulder
where it is 119 m in well Ba_9 and 114 meters in the well Ba_8.
This lead to Listric growth normal fault which begun during the deposition of Sadi and Hartha
Formations as a result of gravitation force, which has occrued after the first stage of tectonic
movements on upper Cretaceous Formations and the underlying layers [10].
2-Stage of Strike-Slip fault:

This fault was developed as a result of the rotation movements of Arabian plate due to the opening
of the Red sea which tack place during the Oligocene age.
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3— Stage of compression:

Separation of the Arabian Plate from the African continent led to collision between Arabian Plate
with the Eurasian plate that occurred in the Oligocene age. This collision led to compressing of the
Mesopotamia basin, shifting the old structural axes from the north-south to the northwest-southeast

trend and in addition, tension faults were developed figure-6 [10].
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Figure-5- Cross-line seismic section passes in the south graben area illustrates on lap stratigraphy feature and
the variable of the interval time of Hartha and Sadi to south of study area comparing with the fixed interval time

of Khasib reflector.

|
Figure 6- Block diagram model illustrated the geometry of faults system in the study area.
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Conclusions

Based on the seismic interpretation given in this research, the following conclusions can be made:

1. A major graben was picked along study area on instantaneous phase sections. Also, a local
graben picked in the northeast part of study area and formed a horst area with the major
graben. These features extend in NW-SE trend. They affect Cretaceous rocks and underlying
layers. Top Hartha reflector represents the end of fault effects.

2. The variance phase attribute was applied on time slices to follow the faults animation and
termination. It showed shift and discontinuity of major graben faults in the middle of study
area. These shift and discontinuity were interpreted as strike-slip fault with E-W trend. It cuts
the major graben faults and separates the study area into two parts (south and north parts). In
addition, secondary minor faults were shown and picked.

3. Based on the stratigraphy features in the seismic sections and well data drilled in the field, the
type of normal faults that affected the study area was listric growth normal fault with branches
(Dendritic faults).

References

1 Yilmaz, O., 2001, processing, Inversion, and Interpretation of Seismic Data, society of
exploration geophysicists, V.1,pp: 836.

2 Milson, John 2003, Field Geophysics, 3rd Ed. University College London, pp: 232.

3 Kleyn, A., 1983, Seismic Reflection Interpretation, Elsevier Applied Science Publishers, pp: 269

4 Lindseth, R., 1979, Synthetic sonic logs — a process for stratigraphic interpretation: Geophysics,
44, pp: 3-26.

5 Sheriff, R.E., and I.P. Geldart, 1983, Data processing and interpretation, Cambridge Univ. press,
Cambridge, Exploration seismology. Vol. 2.

6 Kiran K. T., 2005, 2D and 3D Land Seismic Data Acquisition and Seismic Data Processing,
College of Science and Technology, Andhra University, Andhra Pradesh, India, pp: 1-116.

7 Dobrin, M., 1976, Introduction to Geophysical Prospecting, 3" ed., McGraw Hill. Int. co.,
International Student Edition pp: 386.

8 Taner, M.T., Kohler, F. and Sheriff, R.E., 1979, Complex trace analysis, Geophysics, 44(6),
pp:1041-1063.

9 Lowell, J. D. 2003, Structural Styles in Petroleum Exploration, 51 ed., OGCI Publications, Oil &

Gas Consultants International Inc., Tulsa, pp: 504.

10 Muhsin S. U., 2012, 3D Seismic Structural Study of Subsurface in Balad Oil Field — Center of

Irag, M.Sc. thesis of master (unpublished), University of Baghdad, pp: 120.

45



