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Abstract

The depth conversion process is a significant task in seismic interpretation to
establish the link between the seismic data in the time domain and the drilled wells
in thedepth domain. To promote the exploration and development of theSubba
oilfield, more accurate depth conversion is required. In this paper, three approaches
of depth conversions: Models 1, 2, and 3 are applied from the simplest to the most
complex on Nahr Umr Reservoir in Suba oilfield. This is to obtain the best
approach, akesgiving less mist with the actual depth at well locations and good
inter/extrapolation between or away from well controls. The results of these
approaches, together with the uncertainty analysis provide a reliable velocity model
and more accurate predicted depth that reduced the ambiguity of the subsurface. The
uncertainty analysis reveals that Model 3 is considered a more practical and most
accurate approach because it gives a minimized standard deviation value of 14 with
less residual and error values. The uncertainty of the depth conversion and the
standard deviation values is raised towards the eastern part of the field due to an
increase in the dipping depth in this region that affects the depth conversion results.
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1. Introduction
Seismic reflection data involves subsurface images of geological features in the time
domain, which geophysicists interpret to determine the subsurface geology structures, where
hydrocarbon accumulations may be found. However, the initial interpretation and geological
model must be in depth domain because wells are drilled in depth. Therefore, depth
conversion is applied to reduce the structure ambiguity associated with structures in thetime
domain. In particular, areas that lacked geologic information due to the complexity in the
subsurface [1] [2]. The velocity model is a significant step in converting seismic volumes or
seismic events in time to depth. Many velocity models are built using different approaches to
estimate a quantitative velocity and depth uncertainty [3]. The determination of the suitable
approach of depth conversion is based on the level of geological complexity, the availability
of the data, and the aim of depth conversion, whether detailed or regional. Some uncertainties
in hydrocarbon exploration are linked to depth uncertainties. These uncertainties are the
availability of geological and geophysical information, errors in horizons picking, facies, and
property modelling [4].

There is a challenge in evaluating the accuracy of depth conversion approaches. The
interpreter has a minor guide on potential depth errors, especially in regions away from well
control or the factors that affect the accuracy of depth conversion [5]. Therefore, determining
a proper seismic time-to-depth conversion approach and the accuracy of this conversion
requires choosing the optimum velocity model, which is a subjective choice that the
geophysicist makes. Previous studies on Subba oilfield in Iraq as in [6] and other fields in
Iraq, e.g. Khashim Al-Ahmer gasfield; Merjan oilfield and Huwaiza oilfield Southeastern Iraq
[7] [8] [9] generally, used the simple method of depth conversion to convert the two-way time
map to depth map. However, this method cannot accurately evaluate the predicted depth of
inter/extrapolation away from well controls.

Previous authors working on depth conversion [3] [10] [11] [12] [13] used more than one
method of conversion to investigate the suitable velocity parameters like instantaneous
velocity (Vo) and depth gradient (K) or to determine the level of velocity reference of V, for
velocity model building [14]. However, these studies do not use these methods to decide
which velocity model to be applied in the depth conversion process. Using more than one
method for the depth conversion allows the interpreter to diagnose the causes behind
increasing the difference (residual) between the actual depth and the calculated depth that led
to an increase in the uncertainty of depth conversion. It is possible to determine the region
with high uncertainty especially, away from well controls area by using the depth maps
resulting from applying different methods of depth conversion to generate a standard
deviation map. The purpose of this study is to determine the suitable approach for depth
conversion with less depth uncertainty at or away from well controls. Hence, in this study, we
investigate the extent depth conversion approaches and avoid anchoring on a single approach
[15] [16] and evaluate uncertainties along complex regions. Three different common methods
are applied in Nahr Umr Formation using the Subba oilfield 2D seismic dataset. Then, a
standard deviation map is extracted, giving the amount of uncertainty in the study area.
Analysis of these depth conversion approaches is used as a guide to evaluate the uncertainty
of calculating depth at/away from well controls and choose the suitable approach for depth
conversion in this field. The economic feasibility of this research is to reduce well drilling risk
in the future, which is necessary to optimize the location of productive wells by obtaining the
best tie between the predicted and the actual depth at well locations and get a better
inter/extrapolation away from well control area within the boundary of Subba oilfield.
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2. Location and Geology Setting

Subba oilfield lies in southern Irag and is 72 km from Nasiriya City within the Mesopotamian
Basin, as shown in Figure 1. The most significant hydrocarbon reservoir units are located in
the Mesopotamian Basin in southern Iraq [17]. Lower Cretaceous succession contains 30% of
Iraq’s oil and gas reservoirs [18] [19] [20]. Hydrocarbon production in the Subba oilfield is
predominantly from Nahr Umr, Zubair, and Yamama formations [21] [22]. This study
concerned Nahr Umr Formation as a major clastic oil-producing reservoir in the
Mesopotamian Basin in southern Irag. It is composed of black shale interbedded with medium
to fine-grained sandstone, including lignite, pyrite, and amber [23] [24] [25] [26]. The Nahr
Umr Formation belongs to the Early Cretaceous (Albain cycle) is deposited in a clastic-
carbonate inner shelf environment [27] [28] [29]. Nahr Umr Formation is composed of three
main subsequence units, which are the upper subsequence (dominated by shale with a low
rate of sand facies); the middle subsequence (dominated by sand with a low rate of shale
facies), and the lower subsequence (dominated by sand facies). The middle subsequence is
considered as the main productive subsequence in the Nahr Umr reservoir with good
petrophysical properties in this field. However, the upper and lower subsequence reveal the
low quality of reservoir properties [30].

Tectonically, this field is located in the western boundary of the Mesopotamian Basin
within the Zubair subzone in the unstable shelf as a part of the Arabian platform [31]. The
Subba oilfield geometry is an asymmetrical anticlinal structure with the southern and northern
domes, discrete via the shallow saddle.
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Figure 1-Location map shows the Subba oilfield and the base map that includes six wells
within the 2D seismic survey.
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3. Data and Methodology

3.1 Dataset

Mapping subsurface structures on flat areas can be constructed only if the subsurface data are
obtainable; well data and seismic reflection sections provide different information from the
subsurface such as changes in the lithology and the existence of hydrocarbon accumulation
[32]. 2D seismic sections are used in this study (e.g. Figure 1) along the Subba-Luhais survey
(SL) in addition to sonic and density logs from six wells and all of these wells penetrated
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Nahr Umr Formation. All these data were obtained from an oil exploration company (O.E.C).
The quality of seismic data is good to use in this study. In this paper, the source of the
velocity data can be obtained from 1.well velocity directly from check shots of Su2, Su8, and
Sul0; 2. hybrid velocity, which is derived from the pseudo-velocity (i.e. the time from
seismic and depth from well) of Su9, Sull, and Sul2 wells; 3. a mix of these two sources
according to the availability of the velocity data. Figure 2 shows the workflow of seismic
interpretation and depth conversion uncertainty used in the Subba oilfield.
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Figure 2-Workflow for seismic interpretation and depth conversion uncertainty [33]

3.2 Methodology

3.2.1 Seismic Interpretation
In this study, three key seismic horizons were interpreted, representing the tops of Nahr Umr,
Shauiba, and Zubair formations using a 2D seismic survey of SL oilfield, Figure 3. These top
formations were assigned from the check shots and the synthetic seismograms together and
calibrated with the well velocity information. Then TWT grid surfaces are extracted as
illustrated in Figure 4. High-to-intermediate continuous seismic reflectors within the Subba
oilfield characterize the interpreted horizons; therefore, auto-tracking was used in the picking
process. While in regions with weak reflectors, the horizons were interpreted manually. The
accuracy of depth conversion depends on the number of TWT surfaces, so utilizing more
TWT surfaces in the velocity model enhances the predictability of the outcomes of depth
conversior:q [2].

Two-way Time (ms)

621



Al-Khazraji et al. Iragi Journal of Science, 2022, Vol. 63, No. 2, pp: 618-631

| Top Zubair ;

Figure 4-Three-time horizons mapped from 2D seismic time sections. Contours are in two-
way time (TWT). The vertical axis (Z) is TWT in ms.

3.2.2 Depth Conversion Approaches
In the current study, three approaches 1, 2, and 3 Models were applied for depth conversion,
which are:

Model 1: In this approach, the depth conversion was carried out using a simple approach. This
approach is one of the most common methods in seismic interpretation to convert the
geological features in the time domain into the depth domain, which is also called the direct
or pseudo-velocity approach [34]. The predicted depth from this approach should match the
actual depth at each well location, and this approach is only applied at certain depth locations
(i.e. only at well locations) [1]. Many previous studies were used this method in Irag, such as
in [6] [7] [8] [9]. This approach was involved in this study to show the limitation of this
approach.

To apply this simple depth conversion, the average velocity was calculated by dividing the
actual depth by one-way time to the corresponding seismic horizon of Top Nahr Umr at well
locations. The average velocity map of Top Nahr Umr Horizon is computed by using a mix of
two velocity sources: the actual velocity information of check-shot (Su2, Su8, and Sul0) and
the pseudo-velocity of wells (Su9, Sull, and Sul2). Then, convert to (X, Y) grid surface to
construct an average velocity map from six well points (Figure 5a). This average velocity map
was multiplied by the one-way time surface in Figure 4 that was divided by two to give one-
way time of the Nahr Umr horizon to generate a depth map, Figure 5b.
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Figure 5-a) Average velocity map of Top Nahr Umr Reservoir generated from 6 well points,
b) Depth map of Nahr Umr Reservoir using simple approach Model 1.
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Model 2: In this approach, at each (X, Y) location, the velocity is varied with depth in the
vertical direction by a factor of depth gradient (K). The velocity is varied in the horizontal
direction by instantaneous velocity (Vo). According to this approach, the relationship between
the average velocities can be computed by the following equation:

Vay = Vo +KZ.oooiiiiiiin Q)
V,y I the average velocity; Vo is the instantaneous velocity; K is a depth gradient, and Z is the
well depth. This approach was applied in [2] [5] [30] [32]. In the current study, the velocity
parameters (instantaneous velocity (Vo) and depth gradient (K)) are cross-plotted against the
corresponding actual depth values from the check-shots of three wells Su2, Su8, and Sul0, as
shown in Figure 6. A best-matching straight line that passes through these points represents
the depth gradient (K). Then V, of Top Nahr Umr Horizon at well locations is calculated by
using the following equation:
Vo=Va—KZoooiiiiiiiin, (2)
Velocity parameters (Vo and K) are then converted into (X, Y) grid surface to generate Vg
and depth gradient (K) maps from three well points, as shown in Figure 7. The correlation
value from the cross-plot in Figure 6 between the average velocity and the depth reflect the
quality and the degree of the linear function between them. If the linear function has a wide
scatter of points and low regression, then this function represents unsuitable relation to
applied in this area because this function doesn’t represent the velocity-depth relation
therefore, another function should be used.
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Figure 6-Check-shot analysis to derive the velocity parameters VO and K of Su2, Su8 and Su
10 wells.

Figure 7-The maps ofu\;élocitymb‘uarameht'grs of three wenlkixnbointsngn Topﬁahr Umr Reservoir a)
instantaneous velocity map and b) depth gradient (K) map.
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In this approach, the average velocity map (Figure 8a) of the Nahr Umr horizon is
computed by equation 1, where V, and K are used as shown in Figure 7a and b, respectively,
Z represents the actual depth for each well location. This average velocity was used to convert
the TWT map of Top Nahr by multiplying the one-way time surface in Figure 4 that divided
by two to obtain the one way time by the average velocity map in Figure 8a to generate the
depth map at Nahr Umr Formation as in Figure 8b.
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Figure-8 a) averagé‘velocitymrﬁap andeo) Depth map ofwl\eloahr Un?rfo Reser\;S?r using Model (2).

Model 3: As in the preceding approach, at each (X, Y) location, the velocity change in the
vertical direction by depth gradient (K) and in the horizontal direction by instantaneous
velocity (Vo). Therefore, this approach is similar to the previous approach, but we use time
rather than real depth to compute the average velocity using the following equation:

Voo =Vo+ KT (3)

Vv IS the average velocity; V, and K are velocity parameters of the Nahr Umr horizon,
which were calculated the same way as in the previous approach (Figure 7); T represents the
travel time of the picked surface. The average velocity (Figure 9a) was computed by using
equation 3, which is used in depth conversion to extract the depth map for Nahr Umr
Formation by multiplying the one-way time surface in Figure 4 by the average velocity map
in Figure 9a to generate a depth map at Nahr Umr Formation, Figure 9b. This approach was

applied [3] [4] [5].
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Figure 9-a) average velocity map. b) Depth map of Né{ﬁr Umr?eservdfrw using Model (3).
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3.2.3 Residual Maps
The most standard approach to apply the residual corrections is by matching the predicted
depth of a particular horizon, at each well location in the study area, with the actual depth, at
the exact well location. This is done by founding the difference between the predicted depth
and the true depth at well locations and converted into (X, Y) grid surface to generate a
residual depth map. The main aims of the residual calculation are to improve the depth
conversion accuracy and get a general view of depth conversion performance [35]. The
residual map is used as quality control (Q.C.) to immediately diagnose any residual values of
considerable magnitude. This help to review and verify the data and the interpretation near the
well area, where the residual value is high. Two residual maps were computed for Nahr Umr
Formation by subtracting the actual depth from the predicted depth at well location, as shown
in Figure 10, representing the residual maps using Mer_ls 2 and 3.
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Figure 10-Contoured well residual map produced by subtracting the actual depth from
predicted depth at well location. a) Residual map resultant from Model 2, b) Residual map
resultant from Model 3

3.2.4 Correction and Uncertainty Analysis of Depth Conversion

The computation of the residual map was carried out to correct the depth map and remove the
mistie between the predicted depth and the actual depth at the well location. The depth map
produced from Model 1 does not correct because the predicted depth match exactly the actual
depth at well locations. The residual maps show that the range of the residual values produced
by Model 2 is higher than the residual map produced from Model 3. The depth map was
corrected by subtracting the residual map (Figure 10 a and b) from the calculated depth map
resultant from the depth conversion (Figures. 8b and 9b) of Nahr Umr Formation (Figure 11).
These corrected depth maps show that the actual and predicted depth difference is zero at each
well location, and errors are removed.
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Figure 11-The cor}géted depth map was produced by sa)gtractiné‘-&tahe resicia';l map from the
predicted depth map a) corrected depth map using Model (2) b) corrected depth map using
Model (3).

Statistically, the depth map that gives a minimum standard deviation is considered a more
accurate depth map [32]. The current method of assessing the depth uncertainty depends on
using the standard deviation of three depth maps. These depth maps were tied and corrected at
well locations of different depth conversion approaches except the depth map produced from
Model 1to determine the predicted depth accuracy away from well controls. Figure 12 shows
the standard deviation of the corrected depth map at the top Nahr Umr Formation because of
three depth conversion approaches.

The standard deviation values are nearly zero at each well location because the depth map
is tied and corrected to the actual depth at well locations. While, in areas away from well
locations, the standard deviation map shows the bull’s eye (for illustration purposes, zoom in
was carried out at each well location) which are formed due to the high values of the standard
deviation around to well locations and hence, it reduces the accuracy in measuring the
predicted depth. As shown in Figure 12, the maximum value of the standard deviation is 37m
in the southern part of the study area. Figure 13 illustrates an arbitrary cross-section of
different scenarios of the predicted depth between the well locations of the three approaches
of depth conversion through the Subba oilfield along the Top Nahr Umr Formation. These
approaches are Model 1 (yellow line), Model 2 before correction (red line), Model 2 after
correction (in green line), Model (3) before correction (in blue line), and Model 3 after
correction (black line). This cross-section displays the variation in the predicted depth on the
Top Nahr Umr Formation surface for the three different depth conversions. The variation and
the inconsistency in the predicted depth surface are increasing between or away from well
controls and the difference is becoming more significant towards the flank of Subba
Structure’s across the eastern part of the field. This helps to determine the most accurate
approach of the well tie. Table 1 shows the analysis of depth conversion uncertainty for the
two approaches in Models 2 and 3 at well locations. Model 3 gives low residual values and
fewer errors compared with Model 2. The highest error value for the two approaches is
located at well Su 12.
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Figure 12-Standard deviation map of three approaches Model 1, 2, and 3. The values of the
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Figure 13-Arbitrary cross section through Su2, Sul0, Sull, Sul2, Su9 and Su8 wells,
illustrate the different scenarios of different depth conversion approaches on Top Nahr Umr
Formation along Subba oilfield.

4. Results and Discussion

The comparison between the depth map of Nahr Umr Formation, which products from this
study and the previous studies shows a difference in the structural shape image than the
previous studies. The current interpretation illustrates that the structure consists of several
enclosures, while the previous interpretations demonstrates that the structure is one enclosure.
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The contoured maps for the velocity parameters (Vo and K) on the Top Nahr Umr Formation
were generated from three well points. The Vo map (Figure 7a) shows non-constant values
with a range of velocity variation from 3100 to 3440 m/s because of changing the depth
gradient (K), as presented in Figure 7b.

The comparison between these calculated depth maps (Figures. 8b and 9b) shows the
effectiveness and accuracy of the velocity model used for each depth conversion approach.
The three predicted depth maps Figures. 5b, 8b, and 9b show similar subsurface structural
images with slight differences in the size and shape of the enclosures. The depth map from
Model 1 was tying exactly at well locations, but the Q.C. of the contour line of the
interpolation and the extrapolation rely only on the interpreted time surface. Thus, the residual
calculation is considered a Q.C of depth conversion results, and the distinction can be made
immediately for any significant value of the residual. This conclusion leads us to investigate
and revise the data and reconsider the interpretation of the regions around this well. As
mentioned earlier, all depth conversion approaches except Model 1, don’t show exact
matching at well location. The magnitude of the residual maps illustrates how the depth map
extracted from the depth conversion process is accurate. It gives us a realistic visualization for
general performance for the depth conversion process. The depth maps from Models 2, and 3
give mistie (residual) between the predicted and the actual depth at each well control.
Therefore these predicted depth maps should be corrected by computing the residual values at
each well location and converted into a grid surface and then subtracted from the predicted
depth map to remove these errors. The residual map from Model 2 gave a greater values range
than those in the residual map from Model 3. The corrected depth map of Nahr Umr
Formation from the Model 2 shows a slight difference away in predicted depth from well
controls compared to the corrected depth map from the Model 3 as seen in Figures. 8b and 9b.
Models 2 and 3 show positive errors at each well location and the highest errors were at Sul2
well. The more accurate depth conversion results considered one of the main factors to
minimize the residual value, guided by determining the main factors that are responsible for
the residual value. Also, the residual values produce because the interpreter might pick the
wrong reflector or the depth value at well location was inaccurate. A depth cross-section was
extracted along the Su2, Sul0, Sull, Sul2, Su9, and Su8 wells to show the differences among
Model 1, Model 2 (before and after correction), and the Model 3 (before and after correction).
As expected, the simple approach Model 1 and the corrected predicted depth map of Models
2and 3 tie exactly at well locations, but the mistie increase away or between well controls. To
decide which depth conversion approach could be considered as an accurate approach;
uncertainty analysis of depth map, modeled by different approaches should be applied on the
depth map to detect the suitable approach. According to the uncertainty analysis (Table 1),
Model 3 gives minimum standard deviation, and this means that this approach could be
considered as a better approach to use in this field. The corrected depth maps (Figure 11) tie
all the wells exactly but have a slight resemblance. Figure 14 shows the difference between
two corrected depth maps of Figure 11.

Table 1-Depth conversion uncertainty analysis using Models (2) and (3)

Model 2 Model 3

Well Actual depth Calculate Difference = Error Calculate Difference Error %

(m) depth (m) (m) % depth(m) (m) (el 4
Su? 2408.5 2441.2 32.7 1.6% 2432 235 0.97%
Sus8 2454.3 2481.5 27.1 1.1% 2474.9 20.6 0.83
Su9 2432.8 2457.3 24.48 1% 2449.9 17 0.7%
Su 10 2414.4 2453.8 39.4 1.6% 24455 31 1.3%
Sull 2417.6 2464.2 46.5 1.9% 2456.1 385 1.59%
Su 12 2438.8 2501.4 62.6 2.6% 2494 55 2.26%

S.D 14.2 14
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Figure 14-Difference map among depth maps of Fig. 10a, generated using Model 2, and of
Fig. 10b, generated using Model 3.

5. Conclusions

The simulation of the depth grid surfaces depends on a non-stationary model by combining all
available sources of uncertainties, from the processing stage to the data themselves (horizons,
seismic velocities, well tops, and time-depth relation). This study determines the suitable
depth conversion approach in Subba oilfield that helps to obtain the most accurate depth map
with low potential depth error in Top Nahr Umr Reservoir. These approaches are supported
by the standard deviation to give more strength and reliability in our interpretation and help to
understand the subsurface of Subba oilfield.

Determination of suitable velocity parameters (Vo and K) allows the development of
various models to check the accuracy of the depth conversion over the study area. the
instantaneous velocity (Vo) map shows the lateral variations of velocity, while the vertical
velocity variations showed by depth gradient (K) map. In current study, the lateral velocity
variations are more than the vertical variations. This is because instantaneous velocity values
ranged from 3060 to 3340 ms, while depth gradient map values ranged from 0.104 to 0.135.
Therefore, the lithology effect on velocity model and depth conversion results in more than
the velocity increasing with depth.

The uncertainty analysis of depth conversion is considered the most significant step in
seismic interpretation to investigate the predicted depth in all directions away from well
controls, especially when a few or no well markers are available. The depth uncertainty was
clarity a challenge in the Subba oilfield due to lack of well information (only six wells). To
manage this uncertainty, three of the most common approaches of depth conversion were
performed, ranging from the simple to more complex approaches, Models 1, 2, and 3. Each
approach gives slight differences in the structure depth map on top Nahr Umr Reservoir.
However, the uncertainty analysis revealed that Model (3) is more practical than the other
approaches (Model 1 and 3) in this field. This is attributed to the depth map derived from this
approach, which gives a minimized standard deviation with lower residual values. In addition,
the simple approach (Model 1) shows no mistie at well location but performed poorly outside
well control area, whereas Model (2) gives higher residual value in this field. The residual
values between the predicted and the actual depth at well location represent a diagnostic
factor in determining the accuracy of depth conversion. The consistent errors from different
depth conversion approaches raised the accuracy in the results and reduced the uncertainty.
The depth uncertainty was raised towards the structure’s flank (eastern part of the field) due to
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the increase in the standard deviation values on the map (Figure 12) and recorded the highest
value, 37m. This is because the increase in the dipping depth in this region leads to an
increase in the standard deviation values in the map.
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