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Abstract

The estimation of rock petrophysical parameters is an essential matter to
characterize any reservoir. This research deals with the evaluation of effective
porosity (Pe), shale volume (Vsh) and water saturation (Sw) of reservoirs at Kumait
and Dujalia fields, which were analyzed from well log and seismic data. The
absolute acoustic impedance (Al) and relative acoustic impedance (RAI) were
derived from a model which is based on the inversion of seismic 3-D post-stack
data. NahrUmr formation’s sand reservoirs are identified by the RAI section of the
study area. Nahr Umr sand-2 unit in Kumait field is the main reservoir; its
delineation depends on the available well logs and Al sections information. The
results of well logging interpretation showed a decrease of Sw and Vsh and an
increase of effective porosity in the oil reservoir area, which coincides with the
decrease of Al values. The existence of the water reservoir in Du-2 well revealed a
convergence of the results of Al and effective porosity with those of Kumait wells ,
along with and some differential results of Sw and Vsh values that may be related to
changes in lithology and fluid density.

Keywords: Nahr Umr Formation, Acoustic Impedance, Water Saturation, Shale
Volume, Kumait oil field, Iraqg.
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1. Introduction
The detection of petrophysical properties, including Pe, Vsh, water saturation (Sw), and reservoir
volume, size and thickness, has a key role in oil and gas industry [1, 2]. Spatial variation of
petrophysical properties can be identified by using the well logging and seismic data which are
available to characterize the reservoir. Conversion of Al to any of the petrophysical parameters in the
homogenous medium may provide a reliable indication for the petrophysical properties in the seismic
portion. The inversion technique is concerned with evaluating the quality of the various parts of the
formation and separating the reservoir as an isolated unit in order to determine the most promising
depths to improve the exploitation of the reservoir and to develop the oil fields. This may be achieved
by evaluating the petrophysical properties and interpreting data obtained from well logging. Lithology,
(Vsh), total porosity (Pt), effective porosity (Pe) and (Sw) are the most relevant parameters in the
petrophysical analysis to evaluate the quality of the reservoir formation [3]. According to experts from
exploration and production companies, hydrocarbon reservoirs consist of two separate phases of
liquids, namely the water-gas and oil-water. Most of the reservoirs have all the three phases of gas, oil,
and water [4]. Sandstone is the most famous type of rock reservoir, which seems to have plenty of
void to reserve hydrocarbons [5, 6]. The goal of the proposed study is to interpret well logging data
and evaluate quantitatively the petrophysical properties, such as effective porosity, volume of shale
(Vsh) and water saturation (Sw), in the study area. Sand-2 unit in Nahr Umr Formation is the main
reservoir in Kumait field and presence water reservoir in Dujalia field. Using well log and 3D post-
stack seismic data, the research included determining the sand reservoirs from Nahr Umr Formation in
the Middle Cretaceous period. We concentrate on log interpretation for assessing effective porosity,
volume of shale, and water saturation, while linking the synthetic model to surface seismic data,
absolute acoustic impedance (Al) inversion, and relative acoustic impedance (RAI). The petrophysical
parameters from inversion to reservoir delineation included those of the oil reservoir, or water
reservoir, and Al inversion from sections in the study area.
2. Location of Study the Area
Kumait and Dujalia Oil Fields are located in Missan city and northeast of Nasiriyah City, southeastern
Irag, as shown in Figure-1. There are four wells (Kt-1,2 and Du-1,2) that penetrate Nahr Umr
Formation in Kumait and Dujalia Oil Fields , within the Universal Transverse Markator (U.T.M)
coordinates, as given in Table -1.

Table 1- Coordinates of the study area.

Point Northern Eastern
A 3560000 620000
B 3560000 682000
C 3520000 682000
D 3520000 620000
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Figure 1- Location and base map of the study area, after [5,6,7].

3. Subsurface Geology
3.1. Nahr Umr Formation in Kumait field

The well Kumait-1 is located within the depth range of 3700 and 3838.5 m., while the well Kumait-
2 is located within the depth area of 3707-3857 m. From the examination of the reservoir, it was
possible to distinguish sand units separated by cover layers of nonporous shale rocks, as demonstrated
in Figure -2. Three sand units were recognized in the wells Kt-1 and Kt-2, which is described below.
a- First Sand Unit SAND1

The well Kt-1 shows this unit at a depth range of 3793 - 3795 m, while the well Kt- 2 lies within a
depth range of 3810 - 3817 m and consists of porous sand. Sandstone porosity values range between 0
and 38.5% with values of 22% and 22.2%, respectively, in the two wells of Kt-1 and Kt-2 [5]

b- Second Sand Unit SAND2

The well Kt-1 shows this unit which is found within a depth range between 3804 and 3815 m,
while Kt- 2 well appears within a depth range between 3823.5 and 3829.5 m. These units are
composed of porous sand rocks with porosity ranges of 20-28.5% and 17-22.5% at the two wells of
Kt-1 and Kt-2, respectively [5].

The production of this unit was tested in the well Kt -1, where the oil proved to be present The
results of well evaluation which were obtained by using Computer Processing Interpretation (CPI)
indicated that the unit contains water in the well Kt-2.

c- Third Sand Unit SAND3

The well Kt-1 lies within a depth range of 3822.5 - 3840 m, while the well Kt-2 is located at a
depth range of 3831- 5 - 3854 m. It consists of porous sand with porosity values ranging between 12-
25%and 14-35 % for the two wells, respectively [5].

The results of well evaluation by using CPI indicated that the unit contains water in the two wells.
3.2. Nahr Umr Formation in Dujaila field

Nahr Umar Formation rocks are found in the well Du -2 which is located within a depth range
between 3471and 3610 m. As related to the reservoir, it was possible to distinguish sand units
separated by covers of layers of nonporous shale rock and limestone. The logs data are not available in
Dujalia -1 well (Figure-3) [6].
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Figure 2- Geological column in_Kt—l well, after [5].
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Figure 3- Geological column in Du-2 well, after [6].

4. The regional tectonic situation of the study area

The Irag tectonic map shows that the area is located at the central part of the Mesopotamian basin
near the north-eastern slope of the Arabian-African platform; it is located between Zagros Faulting
zone at the east and the Arabian Shield at the west [8,9]. The general faulting trends are in the
direction NW-SE, due to the stresses of tectonic movements. A group of small fold closures appear in
the region, such as those found in Dujaila, Abu Amoud, East Abu Amoud and Kumait fields. The
trend of structure axes of Dujaila and Kumait agrees with the adjacent structure axes [10, 11]. Kumait
and Dujaila fields are located within the Euphrates structural subzone in the area that does not show
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any structural features [12]. The Mesopotamian basin shows many subzones from north to south ,
which are Tikrit-Amara, Samawa-Nasiriya, and Zubair subzones [12]. Some parts of the study area
are located in Tikrit-Amara subzone, whereas other parts are located in Samawa- Nasiriya subzone
[12, 13].
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Figure 4 (a)-Tectonic elements and basement fault trends for the NE Arabian Plate [7] with an inset
map that shows the tectonic zones of Irag. (b) Tectonic map of the study area, after [8].

5. Post-Stack Seismic Resolution Inversion

Few reflection coefficients with higher amplitudes were distinguished by the Post-Stack seismic
resolution inversion technique. The inversion results are presented as Acoustic Impedance (Al) which
was calculated from rock density and p-wave velocity. Al is a rock property that could be derived
from seismic reflection data, which is also considered as an interface property. At every trace, seismic
data can be transformed to an acoustic impedance log. Acoustic impedance is used to make more
accurate and acoustic structural and stratigraphic measurements . It is also associated to many
geological environments and has a strong relationship to petro-physical properties such as porosity and
type of lithology. Interpretations of seismic attributes and petroleum properties, including porosity,
lithology and fluid saturation are strongly related to seismic acoustic impedance. In many geological
settings, seismic inversion results may be used in seismic reservoir characterization studies to provide
a spatial distribution of the properties of lithology, petro-physics and reservoirs. This will provide
information that could be used directly to quantify hydrocarbons. The data integration process is
performed at first by achieving a rock physical study by using well information in order to evaluate the
ability of seismic-derived acoustic and elastic properties to discriminate the lithology and fluid content
of the reservoir. The integration processor uses inversion and petro-physical information to build a
bridge between the two domains. The conditional probability of predicting reservoir distributions and
petro-physical properties is essential in characterizing any reliable seismic reservoir [14].

6. Shale Volume (Vshale)

Vshale is the volume of shale within a given rock volume. It is typically synonymous with clay, but
it should be calculated specifically on a different scale; V., pertains to a rock, whereas Vs, pertains to
an interval of strata. The technique that uses geological observations and information to estimate the
original fluids in place is the volumetric analysis technique. As it primarily sources its data from core
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samples, the static method is generally referred to as wireline logs. Usually, volumetric calculations
use prior production to estimate reserves, and after a considerable production, the recovery efficiency
of the reservoir areal extent is identified and used as the basis for advanced studies such as reservoir
simulations [15].

6.1. Calculation of the Shale Volume

Larionov 1969 [16] suggested two formulas to measure shale volume by using gamma ray log.

The first formula is for recent rocks and expressed as follows:

Vsh =0.083(23.7* 1GR-1) ... (1)
The second formula is for older rocks and expressed as follows:
Vsh =0.33(22*1GR-1)  ....c.ceeiinie (2)

IGR= GRlog—GR min
B GRmax—GRmin . . . .
where Vsh is the shale volume, IGR is the gamma ray index, , GRlog is the gamma ray reading,

GRmax is the maximum gamma ray reading, and GRmin is the minimum gamma ray reading.
Computation of shale volume is necessary because it is useful in calculating water saturation. If the
reservoir has shale within its body (shaly), like that with delta, the reservoir will have greater
saturation of water. This is based on the ability of the shale to absorb water, which will increase water
saturation. Low permeability could be an indication of whether the zone is of interest or not upon
estimating shale volume. Many users will not usually classify a high shale volume formation as a
reservoir [17].

Nahr Umr Formation appears in a blue-purple color as distinguished in the seismic section (Figure-
5). It is composed of compacted limestone. The behavior of the Vsh log in this layer showed an
increase in the shale ratio.
Sand-1 unit appears in red and green colors in the seismic inversion section, as shown in Figure-5,
which represent a shale. A change of the curve behavior was noticed for the Vsh log near this layer,
where a high drop is present, due to the fact that the shale reduces hydrocarbon accumulation.
Sand-2 (reservoir unit) is shown in a brown color in the seismic inversion section. It was noticed that
the behavior of the Vsh log curve near this layer shows a slight drop, which is due to the presence of
shale and the increase of sand with relatively low acoustic impedance. This confirms a clean reservoir
unit that contains high accumulation of hydrocarbon, as shown in Figure-5.
Sand-3 appears in green yellow color in the seismic inversion section. The behavior of the Vsh log
curve in this layer showed a slight increase in the shale to sand ratio.
4 13 23 33 43 53 63_73 83 93105119 133 147 161 175 189 203 217 231 245 259 273 287 301 315 329 343
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Figure 5- Arbitrary section of inverted Relative Acoustic Impedance (RAI) with volumetric shale logs
in Nahr Umr Formation passing through the wells Kt_land Kt_2.
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The color data in the seismic inversion section show an acoustic impedance value only around the
well Du-2, while well data of Du-1 is not available, as shown in Figure-6. The existence of sandstone-
shale in the stratigraphic column of Nahr Umr Formation refers to a relatively low acoustic
impedance, as shown in Figure-6. It could be recognized as green color in the seismic section. Also, an
increase was observed in the volumetric shale ratio. A low water content was proved in the sandy
shale bed in this formation, as detected by CPI and shown in the arbitrary section of inversion in
Figure-6. The acoustic impedance might vary laterally due to porosity variation or changes in reservoir
quality. Such changes may be interpretable in terms of rock property variation.
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Figure 6- Arbitrary section of inverted Relative Acoustic Impedance (RAI) with volumetric shale logs
in Nahr Umr Formation passing through wells Du_land Du_2.

7. Water saturation parameter
The volume values of water and pores are important in calculating water saturation. Water bound to
the shale is not included, while water saturation (Sw) is calculated from the resistivity and effective
porosity logging data. Water saturation of a reservoir is a function of height above free water and the
form of pore. The height (h), radius of pores (r), and pore throat size distribution in the reservoir
should be taken into consideration when interpreting Sw property. Archie is the most widely used
equation to calculate hydrocarbon saturation, as follows:
Hydrocarbon saturation (Sh) =1-Sw  ..................... (3)
The use of water or hydrocarbon saturation is an important petrophysical parameter to evaluate the
oil and gas reservoirs. In order to determine water saturation from well logs, there are many
relationships which depend on the physical properties of rocks. The exact determination of
hydrocarbon formation or water saturation depends on the precision of the measured parameters and
the relationships used. Hamada [18] defined the evaluation of water and hydrocarbon saturation as one
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of the main goals of well logging [19]. All reservoirs of oil and gas are water-wet; water coats the
surface of every grain of rock. Several reservoirs are oil-wet, with oil in the pores is surrounded by oil
on the rock surface, and water. Some of these reservoirs are partly oil-wet. Oil-wet reservoirs are very
low producers, because it is extremely difficult to separate oil from the rock surface. It is relatively
easy to take a core sample, clean and dry it, then make the rock-wet oil. Reservoir rocks, nevertheless,
are never clean and dry and, hence, the same in-situ rock is predominantly water-wet [16].

Sand-2 unit showed a decrease in water to oil saturation ratio during log interpretation. Around the
Kt-1 well, oil-water contact could be distinguished, particularly at the sand-2 unit, by the increase in
Sw ratio and Al value, , 8s shown in Figure-7.

= 135310 19 3 0 L0519 28 0 24M2 1) | mpedance (im/s¥(goo

---------------

...................

!
Sw: Water Saturation, O.W.C: Oil Water Contact, RLAI: Relative

low Acoustic Impedance, RMAI: Relative Medium  Acoustic
Impedance, RHAIL: Relative High Acoustic Impedance

Figure 7- Arbitrary section of inverted Relative Acoustic Impedance (RAI) with Sw logs in Nahr Umr
Formation passing through wells Kt_1and Kt_2.

By observing Figure-8, it could be observed that Dujalia oil field showed a relatively low acoustic
impedance value around the well of Du-2 at Nahr Umr Formation. The low acoustic impedance value
can be distinguished near the sandy-shale layer with increasing Sw ratio, which is higher than that of
limestone-shale layer at the upper part of Nahr Umr Formation. The changes of color indicate the
difference in acoustic impedance value of seismic inversion section. The values of water saturation in
Du-2 well within Nahr Umr Formation, as obtained by CPI logs, are shown in the arbitrary section of
inversion (Figure-8).
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Figure 8- Arbitrary section of inverted Relative Acoustic Impedance (RAI) with Sw logs in Nahr Umr
Formation passing through wells Du_land Du_2.

8. Effective porosity

Effective porosity is that portion of a porous material's total void space that transmits fluid. Total
porosity is the ratio of total volume of void to total bulk volume of rock.
One indicator of the ability to absorb or store fluids is the porosity of a rock. Porosity is measured as

the porous volume of the rock divided by its bulk volume.
Pore Volume

Porosity (@) = BulkVolume  treeeeeeeeeeeeeeeeneens 4
Expressed in terms of symbols, Eq. (4) is represented as:
= (5)
Vg

In Eq. 5, @ = porosity; V, = pore volume; and Vg = bulk volume. Pore volume is the total volume
of pore spaces in the rock, while bulk volume is the physical volume of the rock, which includes the
pore spaces and matrix materials (sand and shale, etc.) that compose the rock [2]. Types of pores in the
rocks represent primary porosity and secondary porosity. Primary porosity is defined as the porosity of
a rock that is formed during the time of its deposition. Secondary porosity forms during rock
deposition. Secondary porosity includes vugular spaces produced by the chemical leaching process in
carbonate rocks, or fracture spaces formed in fractured reservoirs. Porosity is also categorized as total
porosity and effective porosity. Total porosity is known as the ratio of the total pore space in a rock to
its bulk volume. Effective porosity is the total porosity except for the fraction of the pore space
occupied by shale or clay. Total porosity is equal to effective porosity in very clean sands. Figure-9
illustrates the effective porosity which reflects pore space that contains hydrocarbon and non-clay
water. A precise definition of effective porosity is total porosity minus volume of clay-bound water
[2]. For a shaly sand model, the relationship between total porosity and effective porosity can be
represented as:

B =De+Vep *Dsp (6)
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Figure 9- The porosity model for a shaly sand reservoir, after [20].

In Eg. 6, @, = total porosity, fraction; @ . = effective porosity, fraction; V¢, = volume of shale,
fraction; and @ ¢, = shale porosity, fraction. It is often difficult and inaccurate to determine shale
porosity from well logs because the selection of the 100% shale section may be incorrect and
subjective. For this reason, an approximate form of Eg. 6 is obtained by replacing shale
porosity @, with total porosity @ .to get:

Q)t = Q)e + Vsh * Q)t ......................... (7)
Effective porosity for a clay model is represented by:
Dt = De + Vebw e (8)

In Eq. 8, V. = volume of clay-bound water, fraction. For the calculation of correct effective porosity,
the application of Eq. 8 depends on accurate quantification of the volume of clay-bound water. This
can be determined from Elemental Capture Spectroscopy (ECS) well logs.

The sand-2 unit within Nahr Umr formation in Kt-1well shows an increase of porosity with a low
density and relatively low acoustic impedance in this layer, which confirms the accumulation of
hydrocarbons, as shown in Figure-10.
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Figurel0- Arbitrary section of inverted Relative Acoustic Impedance (RAI) with effective porosity
logs in Nahr Umr Formation passing through wells Kt_land Kt_2.

Figure-11 shows the acoustic impedance values for Nahr Umr Formation around Du-2 well, indicating
relatively low acoustic impedance values with the increase of the porosity from log. The porous sand
and shale attenuates the energy and low density contents decline the acoustic impedance values, the
water reservoir proved in this layer.
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Figure 11- Arbitrary section of inverted Relative Acoustic Impedance (RAI) with effective porosity
logs in Nahr Umr Formation passing through wells Du_land Du_2.

The final results of the study are summarized in Table -2.
Table 2- The results of well log analysis for reservoir characterization and acoustic impedance in Nahr
Umr Formation

PRI el Sand-2 oil reservoir unit of Nahr Umr Water reservoir unit of
Petro-physical Esrrailn Nahr U_mr
characterization Formation
Kt-1 Kt-2 Du-2
Shale volume low
(Vshale) Low Medium to high
. Low in oil reservoir
Waterés\t,‘;’a“on High in oil-water high high
contact
Effective Porosity medium medium medium
Acoustic Impedance Relatively low Relatively low Relativelv |
(Al) elatively low

9. Conclusions

The reservoir properties of Kumait and Dujaila fields were examined through the relationships
between the reservoirs and the acoustic effect. The seismic acoustic impedance inversion method and
attribute analysis are considered as supportive methods to reservoir evaluation, based on the study of
physical and petrophiycal properties of the rocks. The target reservoir intervals in Kumait field
showed a hydrocarbon-bearing sand-2 unit in Nahr Umr Formation, which is identified by a relatively
medium level of porosity with low values of shale volume and water saturation. The relatively low Al
in this reservoir unit indicated hydrocarbon accumulation. Nahr Umr Formation in Dujaila field is
distinguished by the presence of a water bearing unit in Du-2 well, which is reflected on petro-
physical properties and Al values. This was achieved by comparing Al sections and well logs (shale
volume, water saturation). The interpretation of seismic inversion sections showed variations in color,
which is related to the change in lithology. Effective porosity can confer a new appearance to
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hydrocarbon accumulations. The authors recommend the use of such attribute to evaluate the
reservoir content.
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