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Abstract. With reference to the reservoir characterization regarding the Khuff
Formation — Khurtam Member (KSA), better reservoir quality prediction can be assigned to
the characterization of its physical properties. These properties determination are depending
on facies description. These properties can be erratic according to the diagenetic change
and control on pore geometrical attributes and reservoir characterization. In this
investigation, permeability and porosity have been measured in the laboratory. Rock
Quality Index (RQI), flow zone index (FZI) as well as porosity groups have been
calculated. The use of different determined physical and petrophysical parameters and their
plots have defined two Flow Zone Indicators (FZI) characterized by a restricted distribution
of porosity permeability and rock quality index. Different approval statements were made
by correlation process. These confirmation and data support made of the considered
reservoir as relative tight reservoir and tight reservoir. The use of the R35 was organized to
make an approval to different statements with reference to the considered reservoir which
can be classified as relative tight reservoir and tight reservoir. The R35 was carried out to
approve not only that the reservoir is relative tight and tight but it can be classified in the
range within the range of nano to microporous system.

AHHoTanus. YTo KacaeTcsi XapaKTEpPUCTUKHM KOJUIEKTOpa OTHOCHTEIBHO IIIacTa
Xybd — unen Xypram (CaynoBckas ApaBusi), JIy4IIUM IPOTHO30M CBOMCTB KOJUIEKTOpPA
SBIISIETCSA XapaKTePUCTUKA ero PU3NUecKuX CBOWCTB. OnpeeneHne 3TuX CBOUCTB 3aBUCUT
oT onucaHus Qauuil. ITH CBOHCTBa MOTYT OBITh HENOCTOSHHBIMH B 3aBUCHUMOCTH OT
JUareHeTUYECKOr0 H3MEHEHHS U KOHTpOJII TE€OMETPUUYECKHX CBOWCTB IIOpBl U
XapaKTepUCTUKU KOJUIEKTOpa. B 1naHHOM HccinenoBaHUM MPOXOJUMOCTh M IOPUCTOCTH
u3MepsuiMch B Jjaboparopuu. bbul BbluMcieH mnokaszatens npodyHoctd nopon (RQI),
IJIOTHOCTH ruapasianueckoro notoka (FZI), a Takke rpynmsl nopuctoctu. Mcnons3oBanue
pa3IMYHBIX YCTAHOBJIECHHBIX QU3NYECKUX U HePTe()U3MUECKUX NapaMeTpOB U UX CTPYKTYp
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ONpeNeNIUI0 JIBa IOKa3aTeNs IUIOTHOCTH TruipaBiuyeckoro mnotoka (FZI), kotopsle
XapaKTepU3yIOTCsl CTPOTUM pPACIpEesIEHUEM MPOXOIUMOCTH MOPUCTOCTH U TOKa3aTelleM
IPOYHOCTH TOpoA. Paznuunble 3asBiIeHHUs 00 yTBEpP)KICHMH ObUIM CHETaHbI B IpoLecce
napajulelu3anui. OTO IMOATBEPXKJICHHE M HHPOPMAIMOHHOE OOECleYeHHE CHAENaHO O
paccMaTprUBaeMOM KOJUIEKTOPE KaKk 00 OTHOCHUTENBHO - IJIOTHOM KOJIJIEKTOPE U IJIOTHOM
koiiekrope. Mcnonb3oBanue R35 ObLI0 OpraHuM30BaHO [UIsl YTBEPXKIACHHS pa3iIMYHBIX
3adBJICHMM  KacaTeIbHO  pacCMaTpUBAaeMOro  KOJUIEKTOPA,  KOTOPBIA  MOXHO
KJIaccu(pUIUpPOBaTh KaK OTHOCUTENBHO - IUIOTHBIM KOJUIEKTOP U IJIOTHBIN KOJIJIEKTOP. Bbla
ucnonb3oBaH R 35 g yTBep)KAEHUS HE TOJIBKO TOrO, YTO KOJUIEKTOP OTHOCHTEIbHO-
IUIOTHBIM M IUIOTHBIM, HO TaK)Xe, YTO €ro MOXKHO KJIacCU(UIMPOBAThH B IMANa30HE HAHO U
MHUKPOCKOIINYECKON CHCTEMBI.

Keywords: permeability, rock quality index, flow zone indicator, Winland R3s,
Tight Carbonate Reservoir.

KiroueBble €JIOBA: MPOXOJAUMOCTh, IMOKa3aTejlb MPOYHOCTH IOPO, IJIOTHOCTH
ruapaBianueckoro noroka, Winland Rss, m0THBINM kKapOOHATHBIN KOJIIEKTOD.

1. Introduction

The first khuff Formation which include the Khartam Reservoir Formation has been
discovered in 1948. It is of Permo-Triasic in age. The term Khuff was introduced by
Steineke and Bramkamp (1952 b). The formation was formally defined by Steineke et al
(1958). In 1966 Powers et al modified and published the measured and described section of
the Khuff limestone of Bramkamp et al (1945 unpub. Rep.). Powers et al (1966) subdivided
their reference section of the amended Khuff Formation into four lithologic units as follow:
from top to bottom are aphanitic — calcarentic limestone, aphanitic limestone, dolomite and
limestone, and dolomite and shale. Delfour et al (1983), in their subdivision of the Khuff
Formation introduced the Khartam and Midhnab members, which were discarded by
Powers et al (1966). The two members, Khartam limestone and Midhnab shale were
originally introduced by Holm et al (1948 unpub.rep.).The Khuff Formation was divided by
Delfour et al (1983) into five informal members, and the uppermost member is named
Khartam member.

Al Jallal (1987) studied effect of diagenesis on reservoir properties of the Permian
Khuff Formation in the Ghawar Field of Eastern Saudi Arabia. He stated that, the reservoir
development of reservoir quality seems to be controlled by the lateral changes in facies
deposition and more effectively by the diagenesis effect. A.S Alsharhan et al (1994) have
stated that the Khuff carbonates are found within a complex formations constituted of
dolomite, limestones and anhydrates. The development of their H-C exploration and
exploitation are still depending on more detailed reservoir description.
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Later in (1997) subdivided the Khuff Formation, in the Bahrain Field, into four flow
units based on Neutron and Density logs. These units from top to base are K0, K1, K2, and
K3. Vaslet et al (2005) subdivided petrographically and sedimentologically the Khartam
Member of the Permian- Triassic Khuff Formation of Central Saudi Arabia into two units:
A lower unit of dolomite and clayey limestone and an upper unit consisting of oolitc
limestone.

Florian Mauer et al (2009), from the availability of outcrops, found better input for
studying the Permo-Triasic Khuff Reservoirs. This was of big contribution towards the
improvement of exploration and Oil accumulation prediction.

Bastin Koehrer et al (2011) studied the lateral continuity and geometry of potential
reservoir grainstone geobodies in outcrops of the Upper Khuff Formation time-equivalent
strata in the Jebel Al Akhdar area (Oman Mountains, Sultanate of Oman). Such data may
be useful for correlation and modeling of subsurface reservoirs.

In the Kingdom of Saudi Arabia, the Permian Khuff Formation is a part of the
Unayzah Formation. It has been described by Al-Laboun (1987) as the result of the cyclic
transgression and regression occurring during that period.

In the case study, and owing to a suitable approach for better understanding of the
H-C potential, investigation will be carried out towards the Khartam Reservoir Formation
which is a part of the Permian Khuff Formation. It will focus essentially on the
determination of the physical characteristics and their attributes in order to acquire
improved reservoir information prediction.

Law and Curtis (2002) defined low-permeability (tight) reservoirs as having
permeabilities less than 0.1 millidarcies. Therefore, the term "Tight Gas Reservoir” has
been coined for reservoirs of natural gas with an average permeability of less than 0.1 mD
(1 x10-16 m?).

Recently the German Society for Petroleum and Coal Science and Technology
(DGMK) announced a new definition for tight gas reservoirs elaborated by the German
petroleum industry, which includes reservoirs with an average effective gas permeability
less than0.6 mD.

2. Methodology

The identification of the carbonate Khartum formation was based on their physical
parameters determination. These physical parameters calculation were applied for 64
samples. These samples were collected from Khartam Member of the Permo-Triassic Khuff
Formation. Permeability and porosity determination in addition to the RQI, normalized
porosity index (¢,) , Flow Zone Index (FZI) were targeted. These parameters were
conducted to make mainly an assessment for the fluid flow circulation and accumulation.
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2.1 Permeability Porosity measurement:

The permeability and porosity were measure in KACST using Helium porosimeter,
model HP-401 and electronic field gas permeameter. Permeability and porosity were
defined at the laboratory, whereas the aimed physical parameters were calculated according
to different related equations.

Table 1 shows the permeability and porosity as set from the experimental work in
the laboratory based on Khartum selected limestone samples. Results on these
characteristics were exploited for investigating the fluid physical properties. Among these
physical characteristics:

2.2 Rock Quality index (RQI)

RQI = 0.0314* (Soto et al., 2010) (1).
This equation is mainly established to assess the reservoir quality based on its
characteristics related to reservoir description beyond fluid properties and fracture system.

2.3 Normalized porosity index (¢,)

The normalized porosity was aimed to evaluate the reservoir quality based on its
fluid circulation and accumulation. It is aimed to be set as main parameter for the
evaluation of the flow zone indicator. It can be calculated according to Soto (1010) as
follow:

&= deore / (1-deore) (Soto et al., 2010) (2).

For the case study this term was determined from the experimental work laboratory

((I)COI'G)

2.4 Flow Zone Indicator

Determination of the ¢, and the RQI were intended to resolve the flow zone
indicator (FZI) evolution. Thus, flow zone indicator as specified by (Amaefule et al., 1993)
is derived from the RQI and normalized porosity index (¢;) as follow:

FZI=RQI/ ¢, (Amaefule et al., 1993) (3).

Determination of this parameter will support the samples data not only on rock
quality index and its attributes but also on the hydraulic flow units. This latter parameter
can be used for characterizing the degree of heterogeneity when the fluid flow permeability
and storage are not constant.
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Xu et al (2012) used the concept of rock quality index to distinguish between
various carbonate lithofacies. They reported that the reservoir quality in carbonate rocks
enhanced towards grainstone facies or marine sandstone . On other wards, high values of
rock quality index correspond generally to grainstone carbonate.

3. Results and Interpretation

According to the obtained results on physical parameters (table 1), variation on each
factor corresponding, can be related to the variation of Khartam reservoir deposits. Thus,
these acquired results constitute fundamental factors controlling the quantitative and
qualitative fluid flow circulation and accumulation. In that purpose the use of measured
petrophysical characteristics versus each other (fig 1) has revealed two populations
corresponding to two probable types of reservoir zones. These zones are: zone one and
zone two. Zone one can be characterized as relatively tight, whereas the second zone is
almost tight. The relative tight zone is mostly characterized by permeability values
oscillating from 1 md to 19 md with an average permeability of 5.16 md (fig 1. and tablel).
The average porosity for this zone was found to be almost 11 % (tablel). Within the tight
zone permeability and porosity values are in the range of 0.28 md to 0.99 md 8 %
respectively (figure 1 and table 1).

Table 1. Parameters characterizing the two zones in Khartam member of the Permo-triassic
Khuff Formation

K(md)  [é(%) [RQI(um) [FZI(um) |[Rss (um)
Relative tight zone 5.16 10.64 0.22 2.87 0.29
Tight zone 0.65 7.57 0.095 1.47 0.15
100

® Relative tight zone @ Tight zone

10 e ©

o
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b (%)
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Figure 1. Permeability versus porosity
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Further support can be obtained through the use of RQI (Rock Quality Index) versus
the measured petrophysical characteristics. The acquired plot also corresponds to almost
two concentration zones. Similar results are in harmony with the previous correlated
parameters. In the plot of permeability versus rock quality index (figure 2), the RQI values
range from 0.08 um to 0.22 um with an average value of 0.53 um in the case of relative
tight zone. However, within the tight zone, RQI values vary from 0.05um to 0.16pum
(figure 2 and table 1).

100

@ Relative tight zone @ Tight zone

*‘.

19 (mad)

RO (pm)

01
0.01 0.1 1

Figure 2. Permeability versus rock quality index

100
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N Y

RQI {pm)
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Figure 3. Porosity versus rock quality index

Concerning the samples respective porosity versus the same parameters (figure 3)
the presence of the two reservoir zones is confirmed. The use of FZI versus permeability
and porosity (figure 4 - 5) has also demonstrated the possible presence of the two
population zones.
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Figure 4. Permeability versus flow zone indicator
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Figure 5. Porosity versus flow zone indicator

Since flow zone indicator is related to permeability, porosity, rock quality index and
normalized porosity index (;), the obtained results can also support the statement of not
only the presence of two zones population but also the reservoir heterogeneity type. By the
use of these parameters classification, the Khartum reservoir can be allocated to the
Wackstone and fine grains limestone type (Xu et al 2012). Further support of the fine-
grained limestone behavior of Khartam Member of the Permo-Triassic Khuff Formation
can be achieved through Winland pore radius corresponding to 35% mercury saturation.
This parameter is correlated to permeability and porosity (figure 6 and figure 7).
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Figure 6. Permeability versus Winland R3
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Figure 7. Porosity versus Winland R35

It confirmed respectively the statement on the existence of the two populations
regarding the case study reservoir. According to Winland (In Pittman, 2001) classification,
the overall obtained results can fit the nanoporosity to microporosity rock type. Therefore
the Khartum carbonate reservoir and according to the different physical paramers which
have been correlated to each have revealed a limited reservoir physical properties.

4. Conclusion

1. On the basis of permeability-porosity relationship two flow units have been
identified for Khartam Member of the Permo-Triassic Khuff Formation.
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2. Based on the obtained results the Khartam reservoir can be classified as
relatively tight reservoir and tight reservoir.

3. Physical properties which are depending mainly on the textural properties of the
deposit and fluid flow: rock quality index, flow zone indicator and Rss and their plots
versus permeability and porosity characterized two reservoir clusters. These groups are also
indicator of the Khartam reservoir heterogeneity degrees despite its tightness.
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