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Abstract 

The major objective of this paper is to recognize the flow units of Yamama 

Formation in the west Qurna oil field, south of Iraq. To attain this objective, four 

wells namely, WQ-23, WQ-148, WQ-60, and WQ-203 are selected and analyzed. 

The two techniques that proposed by some scientists to identify flow units are tested 

and verified. Results are also enhanced using well logs interpretation and the flow 

areas are proposed through the studying of the behavior of different well logs. 

Results of applying the two proposed techniques identify six flow reservoir units for 

the wells WQ-23, WQ-148, WQ-60, and WQ-203, respectively. This study also 

shows that the flow reservoir properties in the Yamama Formation improved towards 

the northeast of the West Qurna oil field.     

 

Keywords: Flow units, Carbonate reservoir, Yamama Formation, West Qurna oil 

field. 

 

 قالعرا يجنوب، تحديد وحدات الجريان من تكوين اليمامة في حقل غرب القرنة النفطي
 

 *2حسين عليوي جفيت ،1، فهد منصور النجم1آمنة مال الله حنظل
 قسم علم الارض، كلية العلوم، جامعة البصرة، البصرة، العراق  1

 العراق ،البصرة ،جامعــة البصـرة للنفـط والغـاز ،كليـة هندسـة النفـط والغـاز ،قسـم هندسـة النفـط والغـاز 2
 

 الخلاصة
إن الهــدا الاساســذ لهــرا الدراســة هــو ت ديــد و ــداي الجريــان لتكــوين اليمامــة  ــذ   ــ   ــر  ال رنــة  ــذ      

 WQ-23, WQ-148, WQ-60 andجنو  العراق. لت  يق هرا الهـدا، ختتيـري و للـي خربعـة  بـار هـذ 
WQ-203لبـا يين. بعـض ا الم تر ـة مـن قبـ  ايسـتتدمي الت نيـ. لت لي  و ـداي الجريـان  ـذ تكـوين اليمامـة خ

 .عــززي النتــاتف بتفســيراي الجــ  البتــرو وخقتر ــي و ــداي الجريــان مــن تــت  دراســة ســلو  المجســاي المتتلفــة
-WQو  WQ-23 ،WQ-148 ،WQ-60  ــذ اابــارو ــداي جريــان  ســي ــددي نتــاتف تطبيــق الطــري تين 

اا الشـما  الشـرقذ مـن . بيني الدراسة خيضاً بان تصاتص الجريان المكمنيـة  ـذ   ـ  اليمامـة تت سـن ب تجـ203
 ال   .

 

Introduction 

     Many scientists know the flow unit, [1] which is defined as "a mappable part of the total reservoir, 

where the geological and petrophysical properties that influence fluid flow are consistent and 

proportionally predicted by the characteristics of other rock sizes”.  While [2] defined as a " a 
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stratigraphically, continuous separation of a similar reservoir process that honors the geological 

framework and preserves the characteristics of the rock type." The definition identifies porosity, 

permeability and bed thickness data to determine the flow unit. . Flow units of cores were determined 

in terms of sedimentary environment, texture, capillary curves and petrophysical properties [3]. 

Several authors have various methods of flow units, based on descriptions of pore geometry, rock 

fabric depositional environment and diagenetic process. These methods include relationships between 

reservoir quality and rock type using two methods. 

     The flow unit is a method for classifying rock types in the pore range according to flow 

characteristics based on geological parameters and flow physics. These units are part of the complete 

reservoir, which is characterized by fixed geological and petrophysical properties that affect the fluid 

flow, and are clearly different from other sections [4]. 

     The typing of rock and flow unit determination in carbonates was difficult because of the 

complexity of pore networks that are the product of changes of facies and digenetic processes. The 

first step to identify the rock type and determination of flow unit is an analysis of facies depending on 

core tests and thin section studies. 

     Rock typing methods are based on Winland’s r35 [5] flow zone indicator (FZI), [6] and rock fabrics 

number (RFN), [7].  

     Several techniques for determining the flow unit are suggested in the literature, such as the 

modified Lorenz scheme used by Gunter et al. [2]. The amount of information required by each 

method varies basing on the data and tools available. This leads to the interpretation of the different 

flow unit of the same tank [8]. A simplified variation of Lorenz's modified locking technique is to 

determine the flow unit by drawing a normal cumulative flow capacity as a function of depth. 

    The Winland method is an experimental relationship between pore throat radius, porosity and 

permeability from the 35% mercury saturation point in the capillary pressure in some clastic 

reservoirs. Winland equation, as: 

Log r35 = 0.732 + 0.588 log Kair – 0.864 log  core ……………………………………………..   [1] 

Where: 

r35: the pore throat radius at 35% mercury saturation. 

K air: air permeability (mD). 

ϕ: porosity of core (%). 

     Pittman was found from the Winland method to be more graphically accurate; Pittman method is 

also called ‘‘apex method”. They are several methods and technologies have been use for predicting 

the flow units of carbonate extreme heterogeneity that characterizes carbonate reservoirs.  

Geological Setting 

     West Qurna (WQ) is one of the giant oil field in Iraq. The West Qurna field is located in Southern 

Iraq approximately 70 km NW of Basra city (Figure-1) in Zubair subzone within Mesopotamia zone 

according to the tectonic subdivision of Iraq. The West Qurna oil field is associated with elongated 

double plunging asymmetrical anticline trending in a northwest-southeast direction. This field is 

represents the north extension of North Rumaila Field. The Yamama Formation is of Berriasian- 

Valanginian age [9]. The formation widely distribution in Iraq, it is represents reservoirs in southern 

Iraq and it is product in the some oil fields. In study area the contacts of the formation with the 

overlying Ratawi Formation and the underlying Sulaiy Formation are conformable, Figure-2. 

     The Yamama Formation in southern Iraq comprises outer shelf argillaceous limestones and oolitic, 

pelloidal, pelletal and pseudo-oolitic shoal limestones [10]. The Sadooni [11] suggests “in SE Iraq, the 

formation comprises three depositional cycles. Cycle tops contain oolitic grainstone inner-ramp facies 

which pass down into finer-grained peloidal facies and middle-ramp bioclastic/coral/stromotoporoid 

pack-wackestoncs. Outer-ramp cycle bases comprise thick grey shales with stringers of chalky micrite 

[12], Figure-3. Al-Siddiki [13] has divided the Yamama Formation into five rocks units with different 

petrophysical properties, three of this units are reservoir (YA, YB and YC) separated by two units 

rocks (CI and CII). 
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Figure 1- A Location map of the study area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2- Stratigraphic column in southern Iraq (WQ-60). 
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Figure 3- Facies model for the Yamama Formation ramp system in SE Iraq [11]. 

 

Materials and Methods 

The research methodology used two methods:  

1. Gunter et al. [2] method of flow unit characterization. This method for flow units based on 

petrophysical rock/pores types, storage capacity, flow capacity, it is requires only porosity and 

permeability data. Gunter et al. [2]. Construct the stratigraphic modified Lorenz plot (SML) plot. The 

SML plot is a cross plot that relate the cumulative flow capacity (CFC) and cumulative storage 

capacity (CSC). The CFC is a product of the permeability (k) and layer thickness (h), while CSC is a 

term that used to describe the product of average porosity () and layer thickness [14]. To create SML 

plot, the values of , k, and h should be arranged in a stratigraphic order [15]. The following equations 

were used to estimate CFC and CSC [16]: 

      CFC = k1 (h1+h0) + k2 (h2-h1) +···+ ki (hi-hi-1)/ ∑ki (h1-hi-1)                              (1) 

      CSC = (h) cum = 1 (h1-h0) + 2 (h2-h1) +···+ ki (hi-hi-1)/∑ ki (hi-hi-1)                        (2) 

         Where: 

k: permeability (mD). 

h: thickness of the layer (ft). 

: effective porosity (%). 

2. Amaefule et al. [6] introduced the concepts of Reservoir quality index (RQI) and Flow zone 

indicator (FZI) to derive flow units. The RQI and FZI is written mathematically as:  

 

e

k
RQI


0314.0

  (µm) 

 zFZIRQI 
  

The z  is the ratio of pore to grain volumes and defined mathematically as: 

e

e

z








1
 

Results and Discussions 

     Results of applying Ameefule et al. [6] indicated that the Yammam Formation can be classified into 

six flow units in WQ-203, WQ-60, WQ-148 and WQ-23 wells Figures-(4, 5, 6, 7, 10, 11, 12, 13, 16, 

17, 18, 19, 22, 23, 24 and 25). From Winland plot, the Yammam Formation can be classified into five 

rock groups according to the values of k and  (Figures 8, 9, 14, 15, 20, 21, 26 and 27). These groups 
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are: mega-porous, macro-porous, meso-porous, micro-porous, and nano-porous. The meso, mircro, 

and nano groups are more frequently exist within the formation.  

On the other hand, the pore throat size (r35) calculated from core k and  values revealed that Yamama 

reservoir units can be categorized into three types macro pore, meso pore, and, micro pore. Results 

also enhanced using well logs interpretation and the flow areas that proposed by studying the behavior 

of different well logs (Figures 28, 29, 30, and 31) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4- SML plot of the WQ-203. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 5- Log-log plot of RQI versus z. 
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Figure 6- Histogram hydraulic flow units of WQ-203. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7- Flow units (Leverett’s reservoir quality index). 
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Figure 8- Winland’s plot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9- Pittman’s plot (r35). 
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Figure 10- SML plot of the WQ-60. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11- Log-log plot of RQI versus z. 
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Figure 12- Histogram hydraulic flow units of WQ-60. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13- Flow units (Leverett’s reservoir quality index). 
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Figure 14- Winland’s plot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15- Pittman’s plot (r35). 
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Figure 16- SML plot of the WQ-203. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17- Log-log plot of RQI versus Φz. 
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Figure 18- Histogram hydraulic flow units of WQ-148. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19- Flow units (Leverett’s reservoir quality index). 
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Figure 20- Winland’s plot. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21- Pittman’s plot (r35). 
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Figure 22- SML plot of the WQ-203. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23- Log-log plot of RQI versus Φz. 
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Figure 24- Histogram hydraulic flow units of WQ-23. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25- Flow units (Leverett’s reservoir quality index). 
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Figure 26- Winland’s plot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27- Pittman’s plot (r35). 
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Figure 28- Depth plot of well logs, the distributions of the flow units of WQ-148. 
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Figure 29- Depth plot of well logs, the distributions of the flow units of WQ-203. 
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Figure 30- Depth plot of well logs, the distributions of the flow units of WQ-23. 
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Figure 31- Depth plot of well logs, the distributions of the flow units of WQ-60. 

 

Conclusions 

     The purpose of this study was to identify flow units for use in reservoir modeling of the Lower 

Cretaceous West Qurna oil field, South Iraq. Six flow units (FUs) were defined from analyses of 

porosity and permeability relationships. Data Flow units FU3, FU4 and FU6 have the best reservoir. 
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Because it possesses large and very large pores as well as medium to good permeability. The behaviors 

of well logs indicate that these units have very good hydrocarbon quantity in Yamama Formation of 

the West Qurna oil field.  

    

References 

1. Ebanks, W.J. Jr., Scheihing, M.H. and Atkinson, C.D. 1992. Flow units for reservoir 

characterization. In: D. Morton - Thompson, A.M. Woods (Eds.), Development Geology 

Reference Manual, AAPG. Methods in Exploration Series No. 10, : 282-284. 

2. Gunter, G.W., Finneran, J.M., Hartmann, D.J. and Miller, J.D., 1997. Early determination of 

reservoir flow units using an integrated petrophysical method. In: Proc. Soc. Petrol. Engn. Ann. 

Tech. Conf. and Exhibit. No. SPE-38679, pp: 373-380. 

3. Taghavi, A.A. Mørk, A. and Kazemzadeh, E. 2007. Flow unit classification for geological 

modeling of a heterogeneous carbonate reservoir: Cretaceous Sarvak Formation, Dehluran field, 

Sw Iran.  Journal of Petroleum Geology. 

4. Abbaszadeh, M., Fujii, H. And Fujimoto, F. 1996. Permeability prediction by hydraulic flow 

units-theory and applications. SPE Formation Evaluation, 11: 263-271. 

5. Pittman, E.D., 1992. “Relationship of Porosity and Permeability to Various Parameters Derived 

from Mercury Injection-Capillary Pressure Curves for Sandstone”. AAPG Bulletin, 7: 191-198. 

6. Amaefule, J.O., Al-tunbay, M.H., Tiab, D., Kersey, D.G., and Keelan, D.K., 1993. “Enhanced 

Reservoir Description Using Core and Log Data to Identify Hydraulic (Flow) Units and Predict 

Permeability in Uncored Intervals/Wells.” SOC. Petrol. Eng. Paper No. 26436. 

7. Lucia, F.J. 1999. Carbonate reservoir characterization. Springer-Verlag, Berlin Heidelberg. 

8. Stolz A.K. and Graves R.M., 2003. Sensitivity Study of Flow Unit Definition by Use of Reservoir 

Simulation. SPE Annual Technical Conference and Exhibition, 5-8 October, Denver, Colorado, 

paper 84277. 

9. Bellen, R.C., Van, Dunnington, H.V., Wetzel, R. and Morton, D. 1959. Lexique Stratigraphic 

International: Asie, V.3, Fasc.10a, Iraq. Centre National de Ia Recherché scientihique, Paris, 333 

P. 

10. Jassim, S. Z. and Goff, J.C. 2006. Geology of Iraq. Published by Dolin, Prague and Moravian 

Museum, Brno, 341 P. 

11. Sadooni, F.N. 1993b. Stratigraphic Sequence, Microfacies, and Petroleum prospects of the 

Yamama Formation, Lower Cretaceous, Southern Iraq. AAPG Bulletin, 77(11): 1971-1988. 

12. Roychoudhury, S.C. and Handoo, A.K. 1980. Stratigraphy and geology of oil bearing horizons in 

the areas around Iraq-Kuwait-neutral zone (between Iraq and Saudi-Arabia) trijunction. Journal of 

the Geological Society of Iraq, 13(1): 187-198. 

13. Al-Siddiki, A.A.M. 1978. Yamama's oil: A big exploration project executed by national staff (ln 

Arabic). INOC First Science Conference, pp: 23. 

14. Roger, M.S. 2006. Stratigraphic Reservoir Characterization for Petroleum Geologists, 

Geophysicists and Engineers, First Edition, Elsevier, 478 P. 

15. GOMES, J.S., RIBERIO, M.T., STROHMENGER, C.J., NEGAHBAN, S. and KALAM, M.Z. 

2008. Carbonate reservoir rock typing the link between geology and SCAL. SPE paper 118284. 

16. Maglio-Johnson, T. 2000. Flow unit definition using petrophysics in a deep water turbidite 

deposit, Lewis Shale, Carbon County, Wyoming. Unpubl. M.Sc. thesis, Colorado School of 

Mines, 121 P. 

 


