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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. This
fold-thrust belt is characterized by an area approximately 2000 km long and 300-100 km wide (Moteiei,
1993, 1995), having a 7 to 14 km thick sequence of deposited sediments. The capabilities of the three-
dimensional geostatic models in evaluating reservoir potential and attributes such as porosity, permeability,
water saturation, oil saturation, net thickness, and total storage rate have made these models replace their
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 (Mitra et
al., 2006; Moradi et al., 2015; Maroufi et al., 2017; Mirzaee Mahmoodabadi, 2018, 2020,2022; Alizadeh et
al., 2020;). 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 regarding the reservoir's development, operation, and maintenance. By dealing with the
three-dimensional model, designing future wells, and simulating the behaviour of the reservoir for its
development, operation, and proper management during the production history, one could reduce the
production and operation costs on the one hand and add the useful life of the reservoir on the other.

The study area is 35 km north-northwest of Andimeshk City in Khuzestan province. Kabud oil field is
located in the range of longitudes 48° 00' to 48° 30' and latitudes 32° 30" to 32° 45'. This field is located in
the southwestern part of the folded Zagros belt, in the area of Dezful Embayment and adjacent to the Qaleh-
nar oil field. Kaboud anticline, in terms of location and tectonic-geological division of the Zagros, is located
at the northwestern tip of the North Dezful Embayment zone (Fig.1).

2- Methodology
All reservoir evaluation data, including digital Gama-Ray, Neutron, Density (FDC), Resistivity, and
Caliper, entered the modelling software to study the Bangestan reservoir in Kabud oil after being edited
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field. Then, to acquire a three-dimensional model of the Bangestan reservoir of the Kabud oil 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 and the good picks' depth
were added to the model. Then, through the stratigraphic modelling method, the maps of equivalent
underground lines on all zones of the Bangestan reservoir and the head of the Gurpi Formation were
supplied. After preparing the horizon maps, each was controlled and corrected separately according to the
depth of the wells. The structural modelling of the Bangestan reservoir is accompanied by stratigraphic and
fault modelling. Afterwards, the most crucial step of reservoir modelling- petrophysical modelling- was
taken in four stages. These include 3D Grids, Blocked Well, Data Analysis, and 3D Petrophysical
modelling. First, a 3D grid was created for the Bangestan reservoir using the construction model to get the
three-dimensional porosity distribution and water saturation, models.
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Fig. 1. (a) Tectonic classification of Iran (Modified by Alavi, 2007) (b) The geographiclocation of Kabud oil field in
SW of Iran, and (c) a three-dimensional view of the Kabud anticline.

3- Results and Discussion

3-1- Stratigraphy/Structural Geology

The stratigraphic sequence drilled in Kabud Well 1 comprises Aghajari Formations to 3865 meters depth.
Structurally, the anticline of the Kabud 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 two faults with the
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 the Qalehnar field.

3-2- Zonation

Using a combination of geological (palaeologs), petrophysical and structural data and the output of RMS
software, this reservoir can be subdivided into eight zones and four subzones. Well, number 1 of the Kabud
oil field as a key and sample well is depicted in Figure 2. Considering that only six zones of the Bangestan
reservoir zones of the Kaboud oil field have acceptable reservoir potential, so only for the desired zones,
the interpretation of the petrophysical model is provided, and zones 1, 3, and 4 and subzones 5-1, 6 -1, and
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6-2 are evaluated and interpreted. Petrophysical and structural characteristics of evaluated zones of the
Bangestan reservoir consist of the Isopach map, Mean porosity distribution average map, mean total water
saturation distribution map, and NTG (Net-to-Gross ratio) are in Figure 3. petrophysical features of the
Bangestan reservoir in Kabud oil field show in tablel.
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Fig. 2. Lithostratigraphycal column and zonation of Bangestan reservoir in well No. 1 in Kabud oil field.
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Fig. 3. Petrophysical and structural characteristics of evaluated zones of Bangestan reservoir in Kabud 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), 1) Zone#1, 2) Zone#3, 3) Zone#4, 4) Zone#5-1, 5) Zone#6-1, and 6) Zone#6-2.
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Table 1. Mean of reservoir zones and petrophysical features of Bangestan reservoir in Kabud oil field.

Kabud Oil Field
Minimum, maximum and average thickness of reservoir zones Petrophysical characteristics of reservoier zones
ISOPACH (m.) ISOCHORE (m.) NTG POROSITY SwW

Zone Mean Min Max Mean  Min Max Mean Min Max Mean Min Max Mean Min Max
Zonet#l 29 23 34 29 23 34 0.5 0 1 3% 2% 4% 70% 3% 98%
Zone#3 31 28 33 31 28 33 0.3 0 0.9 1% 04% 2% 82% 55% 99%
Zone#4 60 50 63 60 50 63 0.3 0 0.69 1% 05% 4% 71% 27% 96%
Zone#5-1 71 61 80 71 61 80 05 003 1 1% 06% 2% 77% 57% 99%
Zone#6-1 35 30 41 35 29 42 0.5 0 095 3% 1% 6% 69% 41% 93%
Zonet#6-2 51 41 58 51 41 58 0.48 0 0.9 3% 1% 6% 74% 43% 96%

3-3- Reservoir Modeling

Preparing the geological model of the reservoir in RMS software includes two basic steps: structural
modelling and petrophysical modelling. The cross-section of the ratio of useful rocks to the total volume
of reservoir rock (NTG) is observed in Figure 4. Based on this figure, the study of the petrophysical model
of the Bangestan reservoir shows that wells No. 2, 3, and 5, according to the NTG map and porosity, it has
a better hydrocarbon potential compared to other areas of the reservoir.
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Fig. 4. (@) 3-D model of the NTG (Net-to-Gross ratio) of Bangestan reservoir in Kabud oil field (b) 3-D porosity
model in Kabud oil field, and (c) 3-D water saturation model in Kabud oil field.

3-4- Volumetric Calculation

The parameters such as fluid contact surfaces (W.O.C.), oil volume coefficient (B.O.), gas volume
coefficient (B.G.), model of volume ratio of useful rocks to the 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

388 ISSN: 2717-0764



aV

Shahid Chamran Adv. Appl. Geol. Summer 2023, Vol. 13(2), 384-407

University of Ahvaz

required. In the studied reservoir, the WOC value is equal to the depth -2148.7, the value of Bo is equal to
1.42, the value of G.O.C. equals the depth -1847, and the Bg value is 0.0046043, to do volumetric
calculations of Bangestan reservoir of Kabud oil field. Finally, according to the standard cut-off of the
National Company of Southern Qilfields, if the porosity is more than 4.5%, 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 2).

Table 2. Volumetric calculations of Bangestan reservoir zones of Kabud 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 AsssocGas Barrel
1 809038769.9 417773035.5 14993400.31 7779208.171 5478315.686 873188733.9 34457510
3 733101925.8 186804739.4 3592540.286 1457549.295 1026443.179 163604777.6 6456122.305
4 1039059060 387182354.8 12863882.62 7457995.537 5252109.601 837133745.9 33034718.97
5 796777447.2 258308949.7 6797715.782 3393380.555 2389704.647 380895022.2 15030764.29
6 168731440.9 111534251.6 5565192.803 3149953.088 2218276.851 353571145.7 13952517.73
7 118460906.3 74157612.93 4269441.843 2306951.927 1624614.055 258947233.3 10218497.49

Totals 3665169550 1435760944 48082173.65 25545038.57 17989464.02 2867340659 113150130.8

4- Conclusion

- Using the merge of geological (paleologs), petrophysical, structural, and RMS output data, the
Bangestan Reservoir was subdivided into eight zones and four subzones.

- The geostatic models RMS gave showed that the most proper reservoir zones for petrophysical traits
in Bangestan Reservoir are zones 1, 3, 4, and subzones 1-5 and 2-6.

- The petrophysical investigation of the model of Bangestan Reservoir confirms that the environs of
wells Nos. 2, 3, and 5 enjoy a better hydrocarbon potential than other areas due to the NTG map and
porosity.

- Inthe prepared cross-section, according to NTG, it is observed that the reservoir quality improves
as the layers move towards the east of the field.

- Volumetric calculations tell us that the volume in place of oil in normal conditions is 048/308/72
barrels and corresponds to zone No. 4.

- Of this amount, the most significant volume of oil is allocated to zone No. 4.
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Fig. 1. (a) Tectonic classification of Iran (Modified by Alavi, 2007) (b) The geographiclocation of Kabud oil field in SW

of Iran, and (c) a three-dimensional view of the Kabud anticline.
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Table 1. Bangestan reservoir zonation in the Kabud oil field.

Kabud Oil Field

Bangestan Zonation

Zone# Zone# Zone# Zone# Kz
Well RTE Zone#l Zone#2 Zone#3  Zone#d Zone#7  Zone#8 E TD
51 52 6-1 6-2 Q
1 580.5 2397 2426 2438 2469 2532 2619 2747 2685 2776 2837 4318 3865
2 498.5 2263 2293 2301  2329.5 2391 2454 2527 2463 2613 2744 3097
3 569.6 2545 2579 2588 2620 2671 2748 2820 2850  2902.5 2930
5 562.9 2412.5 2436.5 2448 2481 2534 2612 2719 2719 2776 2894
(b o Sy el e 4 (LSn e slagyg; cwls g e el il Sl Y oo
Table 2. Mean of reservoir zones and petrophysical features of Bangestan reservoir in Kabud oil field.
Kabud Oil Field
Minimum, maximum and average thickness of Bangestan reservoir Petrophysical characteristics of Bangistan reservoir zones
zones
ISOPACH (m.) ISOCHORE (m.) NTG POROSITY SW
Zone i i i i
Mean. Min Max. Mean Min. Max. Mean Min Max Mean Min Max Mean Min Max
Zonettl 29 23 34 29 23 34 0.5 0 1 3% 2% 4% 70% 3% 98%
Zone#3 31 28 33 3 28 38 03 0 09 1% % 2% 8% D gy
4% %
0. 0. 27
Zonett4 60 50 63 60 50 63 0.3 0 e % oy 4% T1% o 96%
- 0 0, O 0, 0, 57 0,
Zonet5-1 71 61 80 71 61 80 0.5 03 1 % oy 26 TT% . 99%
Zone#6-1 35 30 41 3 29 42 05 0 s(a)é 3% 1% 6%  69% f}/i 93%
Zone#6-2 51 41 58 51 41 58 048 0 0.9 3% 1% 6%  74% f,‘/f 96%
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Fig. 4. Petrophysical and structural characteristics of Zone#1 of Bangestan reservoir in Kabud 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. 5. Petrophysical and structural characteristics of Zone#3 of Bangestan reservoir in Kabud 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 Bangestan reservoir in Kabud 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#5-1 of Bangestan reservoir in Kabud 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. Petrophysical and structural characteristics of Zone#6-1 of Bangestan reservoir in Kabud 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. 10. Petrophysical and structural characteristics of Zone#6-2 of Bangestan reservoir in Kabud 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).



Y O)LQJ:J AY O)ﬁcb AF-Y uLo.wL)

w

wh s PN . e
A8yl Lgbﬁ)L{ stLw o) J[‘,:Iu!{‘wfﬂﬁfj

O35 Gilwao -0 -F

Ol (3l 15925 5,000 (3o (3l e 5l Bun
030 2 Sayg) AT 0978 5 (plulid (P (Gaman
o pde A 5bar 9 35 sl )0 9,5 9,008 > dlne
O 5l ileo 5 G lo e crwg pogas 0 ol e
slaal> b (Sl (gaman Jaw sl Lasl o bl
95 S0 po e dangi Sz )3 e ) (sileand g ST
5SSl lgse g azsub Job 5o ol e o pae
25 G g ol el (gl po s 5wy slaas po
O Giledoe addllas (ul 55 3538 (35 wrde e b
Sype RMS 158l 551 eolaal b 095 olae ()b
RMS Jl38le 55 50 30 (smletiine Joe sbml ol a8 08
el (Sazdg g Sletle (culul al> e g0 Juli

Sbele gilwJow - -0 -F

Oty G35 5l gamtes loizle Jae agd pslate 4
s g aidi I RMS Jl8le 5 50 095 (locs
Gn9d Slas )50 i Jol> a5 (350 cnl (e
waiplsl bol> 5,l> 5 Jol> slaosls b saipmmas
Well ) bol> e 4 bgipe sloosls ays,5 solicil
S5 S8 gime & 2959 Ges eizeen 5 (Trajectories
alol Jow 4 (39,9 sbrosls pluw oylgzear (Well Picks)
Stratigraphic ) luz sjludoe (og) & G 03,5
plad 89, 2 se0inty Slie bsks sleasis (Modeling
Sloald agd 5l dar a0 S 4 LS e slagg;
@ azg by alla jsba bl ) plaS e ;550 slagsl
Sleitle giludoe ol memai 5 ;S5 boly 95,5 Gos
DBl e glanzr il Lol yen LSy (55

S il ¥ -0 -F
AL siledse e e Semdert iledse
sl al>yo ez )0 45 35800 Cgmine (P (gudige
o255 455k «BD Grid) ()35 (soarn (glwaSad 0,5 o0
olelbl obj,l (Blocked Well)) kol> (gjluaské |
Sy ole> (gamdw Joe olx! o (Data Analysis)
S slo Jow ags > (Petrophysical Modeling)
coloilo Jow 5l ool blaml jo OF glasl g J5dss a0 595
20,5 sl el 55w sl 3D Grid) (gomdw 4

f.

\

V-7 093 20 -Y -F
e Jeily 5 e YO Cwlied (5:Kle L VP (9505
Vool gl Glaee 3550 50 1) Cuald (i gl il
oz sl Lls ¥ ele GLLL o | cald o ,zeS
07 93y ol 50 Oie S S5 o a4 pie oS
Seax 1y i ol U5 JHBS eadans (Sasdern Joe s
A oo sl deye £ O elal (Sl g vy ¥
Ll slacsalfos Jols V-F oe5n) embisKon
Joli (2] (oipands )3 45 Canl S50 S 00l naglg
O oA Gt Y 5 ) Jgaz) sl e T 5 111 glgi

V-7 09 23-7 ¥ -¥F
Saelid g oothae (S Jonily b Y7 o)led (9505
S g0 o led ol yo ) Caalrs (g yiiin e 00 Lawgie
P> Sl 0RO (0 ol Y o,les ol.? 5o |) Sl
a5 398 0995 1° e S JS e 4 sde slaSis
3ga ;8 a5 opl JS Jodss nmKile il +/FA Lasgie
00 dwlee o, YO dg0> ] Ol glesl . 55ko g o yo ¥
U coglgo Sal slackw Joli  pwlbnKiw Ha 51 .l
I glgil a1y byl g5 co o)1 (Goipommds ;0 g Sl (ouw,

S5 Ol LSy (350 Sl @allas i -F -F
bl 2058 Gl S e eulidansy Gl
sl 0dal V) ojlas S 10 0 9 ¥ Y o) olads glaol>
4T 5V o)led o) Culbs op e JSO (nl ol
Voo e e oddlie Vo O o)leads laol> o oSy
Pl Celd (yeS 5 Voojled ol o ) Culs o i
g O o> o |y Cwls i ¥ og) oyl ) ojleds ol
Iy Caales o iis ¥ gy 00 Vools jo |y cualbes o 2aS
SBogipy 3,0 B ol o 1y Culd (S 5 ) oy o
leol> o 1y Culbes (i cud 5 4 V-0 5 V-0 o)leuds
Sl ¥ o )led olr o | i (pyzaS 5 B o ¥ ojles
Iy Cwlbes cp i Y=F 5 V-F o)lods slaiyg) ) aimd oo
Ol Y olz jo 1y Culded 0 1S 5 0 o jlad ol o i 4
A D93 g ablo 092 Vg | slaoly jo L3V (455 im0

OV JSS) 098 o0 cvaline oS &jgoas Vool o



Y O)Loui} AY 0)50 AF-Y UL....«;U

%

wn s ea o, . e
Mj.m.u Lgo).g)ls GWL..M: o) ;,‘,"'qu/:#;apf}

39 B Lol i) iy S92g S jg 8 g Wad oy (Z
G sl Jos 0505 Jloy laools puiei 5w 51 al> e
Olse galz 5 (IS (g 2 (6l 0525 Slae jo (LS (550

VY gbVY @VY sla o) wileasans

00 «(Column) joiw VYA lhls jsS0e (gamdun aSb
VoOPYAY axs o ¢ (Layer) aU YoV 3 (Row) s,
ul.wl.‘?uv B ‘SA.AJLAAJ‘ .b).w 9o o (Ce") 0A u.)).u Jﬁl‘*‘
&5 shls bosls canligo Jol a5 el (il S belias;
> yo 50 alple ails sgzge lap)] o saig) pgo 5 Jley
(Data Analysis) a3 )5 1,5 50T 0,50 4653 (slaosls o

(%abud-o1

Zonatioa

Rock Unit | zuwica.

Depth s

(m) g E ors

) e
----- SRl
e - 25|

2400 =
2420

2460
2480

2500
2520
2540

2560
2580
2600

faed bt
N

2620
2640 g
2660

2680
2700

2720
2740

2760
2780
2800 &l
2820
2840
2860
2880

T N it LA I T

A

VW'WW

2900
2920
2940
2960
2980
3000
3020
3040
3060
3080
3100
3120
3140
3160
3180
3200

b Mda it il

3220
3240
3260
3280
3300

Kazhdumi
Equivalent

" ww’"‘”f‘wwmwu i O‘f\'_;\\» WAL Y A JW/N‘”MV,««\,( J\\Mm“ o s

TD=3865 m

258 Gl Y ojlad olr 5o LSy (e ok 095 5 SIS Az g ) 0 JSS
Fig. 10. Lithostratigraphycal column and zonation of Bangestan reservoir in well No. 1 in Kabud oil field.
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Fig. 11. Stratigraphic correlation chart of Bangestan reservoir in Kabud oil field.
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Fig. 12. (a) 3-D model of the NTG (Net-to-Gross ratio) of Bangestan reservoir in Kabud oil field (b) 3-D porosity model
in Kabud oil field and (c) 3-D water saturation model in Kabud oil field.
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Table 3. Volumetric calculation formulas of oil tank.

Bulk(m?®) =Structural Volume

Reservoir total volume

Vnel(m3) = Bulk x N/G

\Y Pore(m3) = Vnet x PH1
Hcpv(Oil) =Vporex (1-SW)

Stollp = Hepv (Qil)/Bo

Reservoir effective volume
Porosity volume
Volume in situ oil
volume of oil in the storage tank
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Table 4. Volumetric calculations of Bangestan reservoir zones of Kabud oil field.

Zone Bulk Net Pore Hcpv Stoiip AsssocGas Barrel
1 809038769.9 417773035.5 14993400.31 7779208.171 5478315.686 873188733.9 34457510
3 733101925.8 186804739.4 3592540.286 1457549.295 1026443.179 163604777.6 6456122. 305
4 1039059060  387182354.8 12863882.62 7457995.537 5252109.601 837133745.9 33034718.97
5 796777447.2 258308949.7 6797715.782 3393380.555 2389704.647 380895022.2 15030764.29
6 168731440.9 111534251.6 5565192.803 3149953.088 2218276.851 353571145.7 13952517.73
7 118460906. 3 74157612.93 4269441.843 2306951.927 1624614.055 258947233.3 10218497. 49

Totals 3665169550 1435760944  48082173. 65

25545038. 57  17989464.02 2867340659  113150130. 8
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Fig. 14: View of the volume of water, oil, and gas in the Bangestan reservoir of Kaboud oil field.
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