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1-Introduction
Among the sedimentary basins of the world, the shallow ocean basins, or the so-called forelands, are the
most suitable places for hydrocarbon accumulation (Bordenave and Hegre, 2010). As part of the Alpine-
Himalayan orogenic system in southwestern Iran, the Zagros sedimentary basin is one of the richest fold-
thrust belts in the world, with a foreland basin enjoying more than 81 billion barrels of oil reserves. Having
a 7 to 14 km thick sequence of deposited sediments, this fold-thrust-belt is characterized by an area
approximately 2000 km long and 300-100 km wide (Moteiei, 1993, 1995). The belt stretches along the
north-northeastern edge of the Arabian plate, from southeastern Turkey, Syria and Iraq to near the Minab
fault in southern Iran (Bahroudi and Koyi, 2004). Nowadays, using hydrocarbon reservoir modeling
methods plays a key role in optimal production, prediction of reservoir behavior and production
management. The capabilities of the three-dimensional geostatic models in evaluation of reservoir potential
and attributes such as porosity, permeability, water saturation, oil saturation, net thickness and total storage
rate have made these models replace the two-dimensional counterparts. Indeed, the three-dimensional
models evaluate a mingle of petrographic, petrophysical and geological properties of the reservoirs and
display them in three dimensions (Al-Khalifeh and Makkawi, 2002; Mitra and Leslie, 2005; Valcarce et al.,
2006; Mitra et al., 2006; Moradi et al., 2015; Maroufi et al., 2017; Mirzaee Mahmoodabadi, 2018, 2020,
2022a, 2022b and 2022c; Alizadeh et al., 2020; Saedi et al., 2021). Generally, a precise knowledge of
reservoir parameters can play a central role in identifying high efficiency reservoir zones, reservoir fluid
dynamics, optimal production and maintenance of reservoir production capacity (Pringle et al., 2008).
The goal of modeling hydrocarbon reservoirs is to simulate their three-dimensional structure, identify
and expand the productive zones, calculate the volume of hydrocarbons in the reservoir, and generally,
manage it properly as regards development, operation and maintenance of the reservoir. By dealing with
three-dimensional model, designing future wells, and simulating the behavior of the reservoir for its
development, operation and proper management during the production history, one could reduce the
production and operation costs on one hand, and add the useful life of the reservoir on the other hand.

Balaroud oil field is a soft and asymmetric anticline pointing to a northwest-southeast direction and has
been affected by compressive forces in the region. According to the subsurface iso pach maps, Balaroud
field is 10 km long and 4.5 km wide on the Asmari - Shahbazan horizon. Based on the highest entry point
to the reservoir (698 meter) and the last closed contour on the Asmari-Shahbazan horizon (1200 meter), it
has a vertical closure of 502 meters. Due to lack of a study in terms of petrophysics and zoning of Asmari-
Shahbazan carbonate reservoir in Balaroud oil field, a three-dimensional model of Balaroud oil field
reservoir was prepared in this study via RMS (Reservoier Modeling System) to be used in finding suitable
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places for drilling new wells, identifying high-efficiency zones and predicting reservoir behavior during
operation (fig. 1a, b, c and d).
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Fig. 1. (a) Geographic location of Balarud oil field in SW of Iran (b) Transverse and longitudinal sections of the
building created on the Asmari/Shahbazan reservoir in Balarud oil field (c) Location of faults surrounding around of
Balarud oil field and (d) Three-dimensional view of the Balarud anticline.
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2- Materials and methods

Balaroud field is one of the Iranian oil fields in the southwestern part of the Zagros fold-thrust-belt, in the
area of Dezful emptyment and in the vicinity of Qalehnar, Labsefid and Kaboud oil fields. In order to study
Asmari reservoir in Balaroud oil field, all reservoir evaluation data including digital data of Gama-Ray,
Neutron, Density (FDC), Resistivity, and Caliper entered the modeling software after being edited. Then,
in order to acquire a three-dimensional model of Asmari -Shahbazan reservoir of Balaroud field in RMS
software, the map of underground iso pach curves of the reservoir obtained by the two-dimensional seismic
interpretation and corrected with well drilling data is used. Well trajectory data as well as depth of the well
picks were added to the model. Then, through stratigraphic modeling method, the maps of underground
equivalent lines on all zones of Asmari-Shahbazan reservoir and the head of Pabedeh Formation were
supplied. After preparing the horizon maps, each was controlled and corrected separately according to the
depth of the wells. The structural modeling of Asmari-Shahbazan reservoir is accompanied by the

stratigraphic and fault modeling .

Afterwards, the most important step of reservoir modeling- petrophysical modeling- was taken in four
stages. These include 3D Grid, Blocked Well, Data Analysis, and 3D Petrophysical modeling. To get the
three-dimensional models of porosity distribution and water saturation, a 3D grid was created for Asmari-
Shahbazan reservoir using the construction model.

3- Results and discussion

3-1-Stratigraphy/structural geology

The stratigraphic sequence drilled in Balaroud well 1 comprises Aghajari Formations to Sarvak Formation.
Structurally, the anticline of the Balaroud oil field is semi-elongated and asymmetrical. The trend of this
anticline is NW-SE, where the slope of the southern limb is greater than that of the northern limb.
Examination of the geophysical map and information obtained from drilling shows that there are two faults
with northeast-southwest direction in the capes of Balaroud field and one fault in its southern limb in the
east-west direction separating Balaroud field from Qalehnar field.
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3-2- Zonation

Zoning of Asmari reservoir of Balaroud field was performed for the first time in this study. Using a
combination of geological (palaeologs), petrophysical and structural data as well as output of RMS
software, this reservoir can be subdivided into 5 zones, and zone number 2 can be divided into three sub-
zones. Well number 1 of Balaroud field as a key and sample well is depicted in Figure 2. Asmari-Shahbazan
reservoir zones of Balaroud field are inserted in Table 1. Also, Table 2 contains the average thickness of
Asmari-Shahbazan reservoir zones along with their petrophysical characteristics. Drilling has been carried
out in well number 3 to the top of zone 3, and in well number 5 to the top of zone 4, and wells 4, 2, 1 and
6 embrace all reservoir zones (Table 1). Studies indicate that zone #1 of average thickness of 98 m is the
highest portion of Asmari reservoir in Balaroud field and is deposited under the evaporation sequence of
Gachsaran Formation. According to the isopach map, the highest thickness of this zone is observed in the
northern limb at the eastern part of the field and around well #3, and its lowest thickness is seen around
well #5. The average thickness of subzone #2-1 is 40 meters, the highest thickness of which is based on the
isopach map and is located in the northeast of the field around well #3, and its minimum thickness is around
well 4. Subzone 2-2 with an average thickness of 59 meters has the least thickness around well # 1 at the

center of the field (Fig. 2, Table 1).
Well Balarud - 01

Fig. 2. Asmari/Shahbazan zonation in type well in Balarud oil field.

120 ISSN: 2717-0764



aV

Shahid Chamran OPEN
University of Ahvaz

Adv. Appl. Geol. Spring 2023, Vol. 13(1): 118-143

Table 1. Asmari/Shahbazan reservoir in Balarud oil field.

Balarud oil field

Minimum, maximum and average thickness of Asmari / Shahbazan reservoir zones Petrophysical characteristics of reservoir zones

ISOPACH(m.) ISOCHORE(m.) NTG Porosity SW
zone Mean. Min. Max. Mean. Min. Max. | Mean.|Min.| Max. | Mean. | Min.| Max.| Mean. | Min.| Max.
1 89 80 106 98 84 117 020 | 0 | 0.90 | 5.7% [2.3%|8.9%| 0.59% | 32% | 82%
2-1 36.3 315 415 40 32 51.6 0 0 0 1.2% |0.5%|2.1%| 84% |50%/| 99%
2-2 53 44 63 59.5 44 86.5 033 0 1 | 54% |7.1%|8.1%| 50% |20%| 84%
2-3 46 31 58 495 42 59.7 0.03 | 0 | 0.75| 2.9% [0.2%| 9% | 70% |30%|100%
3 75.5 61 101 86 62 138 026 | 0 1 | 42% |1.6%|7.3%| 50% |20%| 89%
4 217 173 264 240 210 272 0.004| 0 0.4 | 2.5% |0.8%| 5% | 75% |42%]| 95%
5 75 67 81 85 68 112 0.006| 0 | 0.18| 2% [0.9% 4% | 88% |59%  99%

3-3- Reservoir modeling

Preparing the geological model of the reservoir in RMS software includes two basic steps, one is structural
modeling and the other is petrophysical modeling. In the cross section of the ratio of useful rocks to the
total volume of reservoir rock (NTG) observed in Figure (3a), one could say that the more the layers extend
to the northeast of the field, the better the reservoir quality. Zones 1, 3 and subzone 2-2 display good
reservoir qualities. Figure (3b) shows the cross-section of porosity guaranteeing that zones 1, 3 and subzone
2-1 of the reservoir in Balaroud oil field have a significant porosity development toward northeast. The
water saturation model in the field is shown in Figure (3c). As seen, the percentage of water saturation is
significantly high in zones 4 and 5 (Fig. 3).
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Fig. 3. (@) 3-D model of the NTG valum rocks to the total volume of Asmari/Shahbazan reservoir in Balaroud oil field
(b) 3-D porosity model in Balarud oil field and (c) 3-D water saturation model in Balarud oil field.
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3-4- VVolumetric Calculation

Calculating the volume of oil in the initial place is one of the most important factors in the evaluation of oil
reservoirs and determination of the future strategy for their exploitation. Various methods are used in this
respect such as volumetric calculations, material balance calculations and analysis of discharge loss curves.
Among all, volumetric calculations based on the computation of rock mass volume and average
petrophysical parameters are of vital importance, because it signifies the volume of all hydrocarbons in the
reservoir, both active and inactive.

To do volumetric calculations of Asmari- Shahbazan reservoir of Balaroud field the parameters such as
fluid contact surfaces (W.0.C), oil volume coefficient (B.O.), gas volume coefficient (B.G.), model of
volume ratio of useful rocks to total volume of reservoir rock (N.T.G.), the total porosity model, and the
water saturation model (S.W.) all calculated by the following formulas are required. In the studied reservoir,
the WOC value is equal to the depth -1410 and the value of Bo is equal to 1.292, the value of GOC equals
the depth -1070 and the Bg value is 0.9949. Finally, according to the standard cut off of the National
Company of Southern Qilfields, if the porosity is more than 4.5%, and the ratio of useful thickness to total
thickness is equal to zero, and water saturation is less than 50%, the volume of the reservoir can be
quantified using the software (Table 3).

Table 3. Volumetric calculations of Asmari/Shahbazan reservoir zones of Balarud oil field (m?)
UNITS:
Input unit (ZY): meter
Input unit(Z): meter
Output unit, reservoir:  cubic meter
Output unit, surface oil:  st. cubic meter
Output unit, surface gas: st. cubic meter

Zone Bulk Net Pore Hcpv Stoiip Assoc.Gas
1 4905952153.52 1049619246.96 75225831.51 47284958.54 36598285.17 3982259321.76
2 2356057537.24 0.00 0.00 0.00 0.00 0.00
3 303535312.91 1057981707.89 71122993.02 46858825.79 36268440.18 3946368885.64
4 3256720429.67 101991581.35 8697694.42 5373132.55 4158771.23 452515886.76
5 3317886374.03 842735829.08 50496486.10 34629100.11 26802708.45 2916402640.60
6 6378406373.12 20953128.42 1096303.34 730430.78 565348.89 61515611.11
7 24205203905.26 8369554.09 528983.34 331008.60 256198.60 27876969.28
Totals 24205203905.26 3081651047.79 207168291.72 135207483.37 104649752.52 11386939315.15

4- Conclusion

The study of cross sections prepared from the reservoir shows that the layers have a constant thickness and
extend with a mild slope toward the northwest of the field and the reverse fault in the northeast of the field
has caused the layers to be thrusted upwards.

Zonation of Asmari reservoir of Balaroud field was done for the first time in this study. Using a
combination of geological (palaeologs), petrophysical and structural data and output of RMS software, this
reservoir can be divided into 5 zones, and in between, zone #2 can be divided into three sub-zones.

The average thickness of Asmari-Shahbazan formations in Balaroud field is 592 meters, which is
subdivided into 5 zones based on geological and reservoir features, so that while dividing zone #2 into three
subzones, zones #1, #3, #4 and subzone 2-3 have reservoir characteristics. The other zones are less
important due to the high percentage of water saturation.

According to the petrophysical properties, zone #1 is the best productive zone of Asmari-Shahbazan
reservoir. Studies show that zone #1 is the highest part of Asmari reservoir in Balaroud field and is deposited
beneath the evaporation sequence of Gachsaran Formation. The average thickness of this zone is 98 meters.
According to the isopach map, the highest thickness of this zone is observed in the northern limb, at the
eastern part of the field and around well #3 and its lowest thickness is detected around well # 5. The average
thickness of subzone #2-1 is 40 meters. The highest thickness based on the isopach map is located in the
northeast of the field and around well # 3 and the minimum thickness is around well # 4. Subzone 2-2 with
an average thickness of 59 meters enjoys the least thickness around well # 1 in the center of the field.

The study of the profile and cross sections prepared by the modeling software and the ratio of useful
rocks to the total volume of the reservoir rock show that the more the layers stretch to the northeast of the
field, the better the reservoir quality would be.
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The petrophysical data and studies on porosity model have shown that zones 1, 3 and subzone 2-1 of the
reservoir in Balaroud oil field have a substantial porosity development to the northeast.

Inspection of the data in the water saturation model in the field under study shows that the water
saturation percentage is significantly high in zones #4 and #5.

Volumetric studies of Asmari-Shahbazan reservoir in the field indicate that the highest oil volume
corresponds to zone #1, where the total volume of hydrocarbons in normal conditions is about 658,226,133
barrels, and the volume of hydrocarbons in zone #1 is about 230,195,894 barrels.
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field and (d) Three-dimensional view of the Balarud anticline.
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Fig. 2. (a) Structural cross section in Asmari/Shahbazan reservoir in Balarud oil field (section A-A) (b) Structural cross
section in Asmari/Shahbazan reservoir in Balarud oil field (section B-B') and (c) Structural longitudinal section in
Asmari/Shahbazan Reservoir of Balaroud oil Field (CC section), all units in meters.
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Fig.3. Petrophysical and structural characteristics of Zone#1 of Asmari/Shahbazan reservoir in Balarud oil field. (a)
Isopach map (b) Mean porosity distribution average map (c) Mean total water saturation distribution map and (d) NTG
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Fig.4. (1) Petrophysical and structural characteristics of Zones 2-1, 2-2 and 2-3 of Asmari/Shahbazan reservoir in Balarud
oil field. (1a) Isopach map (1b) Mean porosity distribution average map (1c) Mean total water saturation distribution map
and (1d) Mean thickness ratio of NTG to total thickness map (2) Petrophysical and structural characteristics of Zone#2-2
of Asmari/Shahbazan reservoir in Balarud oil field. (2a) Isopach map (2b) Mean porosity distribution average map (2c)
Mean total water saturation distribution map and (2d) Mean thickness ratio of NTG to total thickness map (3)
Petrophysical and structural characteristics of subzone#2-3 of Asmari/Shahbazan reservoir in Balarud oil field. (3a)

Isopach map (3b) Mean porosity distribution average map (3c) Mean total water saturation distribution map and (3d)
NTG (Net-to-Gross ratio).
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Fig.8. Petrophysical and structural characteristics of Zone#3 of Asmari/Shahbazan reservoir in Balarud oil
field (a) Isopach map (b) Mean porosity distribution average map (c) Mean total water saturation distribution

map and (d) NTG (Net-to-Gross ratio).
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Fig.6. Petrophysical and structural characteristics of Zone#4 of Asmari/Shahbazan reservoir in Balarud oil field (a)
Isopach map (b) Mean porosity distribution average map (c) Mean total water saturation distribution map and (d) NTG

(Net-to-Gross ratio).
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Fig.7. Petrophysical and structural characteristics of Zone#5 of Asmari/Shahbazan reservoir in Balarud oil field (a)
Isopach map (b) Mean porosity distribution average map (c) Mean total water saturation distribution map and (d) NTG

(Net-to-Gross ratio).
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Fig. 8. Asmari/Shahbazan zonation in type well in Balarud oil field.
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Table 1. Asmari/Shahbazan reservoir in Balarud oil field.

Balarud oil field
Minimum, maximum and average thickness of Asmari / Petrophysical characteristics of reservoir zones
Shahbazan reservoir zones PRy
ISOPACH (m.) ISOCHORE (m.) NTG Porosity W
Zone

Mean. | Min. Max. Mean. | Min. Max. Mean. | Min. | Max. | Mean. Min. | Max. Mean. Min. Max.

1 89 80 106 98 84 117 0.20 0 0.90 57% | 2.3% | 89% | 059% | 32% | 82%
2-1 36.3 315 415 40 32 51.6 0 0 0 1.2% | 0.5% | 2.1% 84% 50% | 99%
2-2 53 44 63 59.5 44 86.5 0.33 0 1 54% | 7.1% | 8.1% 50% 20% | 84%
2-3 46 31 58 495 42 59.7 0.03 0 0.75 29% | 0.2% 9% 70% 30% | 100%
3 75.5 61 101 86 62 138 0.26 0 1 4.2% 1.6% | 7.3% 50% 20% | 89%
4 217 173 264 240 210 272 0.004 0 0.4 2.5% 0.8% 5% 75% 42% 95%
5 75 67 81 85 68 112 0.006 0 0.18 2% 09% | 4% 88% 59% | 99%

2o ,Ul (1 Glae 50 il s el (350 (slayg) (o ids i Lo Shy 9 S slapyg) Cwlbe (Sile Y Jgax
Table 2. mean of reservoir zones and petrophysical features of Asmari/Shahbazan reservoir in Balarud oil field.

Balarud Field
Asmari & Shahbazan Zonation
WELL RTE Zone#l Zone#2 Zone#3 | Zone#5 PD DT
Zone#2-1 Zone#2-2 Zone#2-3

1 503.4 1202 1288.5 1325 1372 1421 1710 1780 3745
2(D1) 442.1 2057.5 2171 2220 2302 2342 2688 2790 3251

3 517.7 1622 1728 1770 1882.5 1957

4 577.6 1520.5 1609.5 1642 1690.5 1750 2108 2122
5(D1) 526.6 1503 1609 1655 1720 1772 2055

6 428.1 15235 1617.7 1650 1702 1748 2091.5 2171 2270
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Fig.9. 3-D Models of Asmari/Shahbazan reservoir in Balaroud oil field (a) 3-D model of the NTG volume rocks to the
total volume (b) 3-D porosity model in total reservoir and (c) 3-D water saturation model.
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Fig.10. (a) Transverse section model of the ratio NTG rocks to the total volume of Asmari/Shahbazan oil field (b)
Transverse section of porosity and (c) Transverse section of water saturation.
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Table 3. Oil volumetric calculation formulas.

Volumetric calculations

Bulk(m?) =Structural Volume Volume of reservoir

Vhetm®) = Bulk x N/G Volume of reservoir

V porem’) = Vnet x PH1 Porosity volume

Hcpv(Oil) =Vporex (1-SW) Hydrocarbon in place volume

Stollp = Hepv (Oil)/Bo

The volume of primary oil in the conditions of the

storage tank

(nSo i) 99,0l lae 3Ll (5 5loms] (3500 (slagg) (oo Slwlone -F Jgar
Table 4. Volumetric calculations of Asmari/Shahbazan reservoir zones of Balarud oil field (m?).

UNITS:

Input unit (ZY):

meter

Input unit(Z): meter

Output unit, reservoir:
Output unit, surface oil:
Output unit, surface gas:

cubic meter
st. cubic meter
st. cubic meter

Zone Bulk Net Pore Hepv Stoiip Assoc.Gas
1 4905952153.52 1049619246.96 75225831.51 47284958.54 36598285.17 3982259321.76
2 2356057537.24 0.00 0.00 0.00 0.00 0.00
3 303535312.91 1057981707.89 71122993.02 46858825.79 36268440.18 3946368885.64
4 3256720429.67 101991581.35 8697694.42 5373132.55 4158771.23 452515886.76
5 3317886374.03 842735829.08 50496486.10 34629100.11 26802708.45 2916402640.60
6 6378406373.12 20953128.42 1096303.34 730430.78 565348.89 61515611.11
7 24205203905.26 8369554.09 528983.34 331008.60 256198.60 27876969.28
Totals 24205203905.26 3081651047.79 207168291.72 135207483.37 104649752.52 11386939315.15

(40) 99,U0L Hlase 315l (6 Lol (350 (slays ) (som Slowlne —0 Jgo

Table 5. Volumetric calculations of Asmari/Shahbazan reservoir zones of Balarud oil field (barrel)

UNITS:
Input unit (ZY): meter
Input unit(Z): meter
Output unit, reservoir:  Barrels
Output unit, surface oil:  st. Barrels
Zone Bulk Net Pore Hcpv Stoiip
1 30857457855.22 6601895139.52 473155435.02 297413102.04 230195894.08
2 14819130697.73 0.00 0.00 0.00 0.00
3 19091796716.54 6654493346.28 447349401.47 294732642.43 228121235.02
4 20484120158.51 641506648.39 54706758.38 33795929.12 26157839.26
5 20868841715.38 5300639817.74 317612798.26 217810113.88 168583675.62
6 40118900405.63 131790987.14 6895528.72 4594263.54 3555931.45
7 6005643974.28 52642821.31 3327199.43 2081977.91 1611437.97
Totals 152245891521.00 19382968760.38 1303047121.28 850428028.92 658226013.41
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