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The relevance. Well geophysics is considered as a typical method that can assist in determining the petrophysics properties of reservoirs
and further location of the petroleum product-containing reservoirs. For reservoirs formed from fractured basement rock, studies on the
petrophysics properties of fracture zones can contribute to the identification of petroleum products.

The main aim. The study applied the cross-plotting method based on raw well-logging data to identify the possible correlation between the
gamma-ray logging with well-logging including neutron porosity, sonic transient time, and bulk density in three wells (BH-433, BH-809, and
BH-905) of Bach Ho field in the Cuu Long Basin, Vietnam.

Methods. To deploy this study, well-logging data were integrated into formation of micro images and neutro, speed of sound, and density
of the basement at the surveyed reservoir positions.

Results. The results indicated that granite in the investigated zones responds to the two tight value ranges (no-oil exist zones) neutro
(0,000-0,100) and speed of sound (46-64), and neutro (0,000-0,100) and density (2,375-2,750) while the value ranges deviate from
0,000-0,100, 46-64, and 2,375-2,750, respectively for neutro, speed of sound, and density are closely related to the good permeability
and porosity zones (oil exist zones). Based on the findings, it can be confirmed that the cross-plotting analysis has contributed positively to
the initial assessment of potential ranges of the oil reservoirs in Bach Ho field. The application of the cross-plotting method will contribute

to enhancing the predictability of oil and gas in the reservoirs.
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Introduction

Oil and gas exploration and exploitation activities for
new reserves as well as recovery from prevailing accumu-
lations are facing increased challenges due to the lack of
essential seismic and geophysical information [1, 2]. The
grasp of reservoir characteristics, therefore, plays an im-
portant role in quantifying producible oilfields [3]. They
are considered as important input parameters for deter-
mining the location and reserves of oil reservoirs [4]. The
challenges in oil reserve determination are commonly
supposed to be the effects of lithology ingredients on the
reservoirs [5, 6]. In addition, they are related to poor
forecasting methods of reservoir properties as well as
lithological constituents in the reservoirs [5]. The main
reason for these problems may be caused by poor-quality
core [7] or sample preservation techniques [8, 9]. Accord-
ing to [10] poor input information can lead to fewer cor-
relations with seismic or well-logging data. The cross-
plotting method based on well-logging data analysis is
considered as a useful solution to decipher the reservoir
properties when other traditional forecast methods of the
reservoir properties have not been as effective as ex-
pected. Nowadays, cross-plotting approaches based on
well-logging data analysis are evaluated as one of the ef-
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fective methods to determine reservoir properties as well
as their other lithological constituents [2, 11]. The cross-
plotting is known as a typical visualization analysis
method that is applied in well-logging data interpretation,
and to identify or detect anomalies that could be inter-
preted as the presence of hydrocarbon, fluids, or other li-
thologies in the reservoirs [12]. Cross-plotting is, there-
fore, considered as one of the typical methods that can as-
sist in determining the petrophysics properties of reser-
voirs and the location of the petroleum product-
containing reservoirs [13, 14]. For instance, in Nigeria
[10] the cross-plotting method is applied to determine the
reservoir properties of three wells in the Daura oilfield.
The results indicated that the cross-plotting method can
support delineating correctly the reservoir features. Ac-
cording to [10], understanding of the reservoir's geophys-
ical properties will contribute to determining the location
of the petroleum-containing reservoirs. The geophysical
properties are important because they play a role of input
information for reservoir location determination [1, 2].
These parameters are commonly applied in the petroleum
relationship industries to evaluate the potential spatial
distribution of the oil reservoir [13].
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Cuu Long Basin is considered as the major reservoir
for Vietnam's oil production activities [14, 15]. As a part
of the actual requirement, petrophysical estimation is
commonly required for optimizing production [14, 16]. It
is difficult to apply traditional methods for determining
the reservoir properties thereby identifying the potential
oil reservoirs. In order to assist in the exploration and ex-
ploitation of petroleum products, the application of cross-
plotting to determine the reservoir properties is very nec-
essary and the aim of this study is, therefore, to apply the
cross-plotting method to determine the petrophysics
properties of Bach Ho field in the Cuu Long Basin.

Materials and method
Materials

The Cuu Long Basin is an oil and gas basin formed
on the southern shelf of Vietnam, spanning an area esti-
mated at approximately 25000 km? (Fig. 1). It is assumed
to have been formed during the rifting in the Early Oligo-
cene based on the main source rocks being Oligocene la-
custrine mudstones [17, 18].

The major reservoir rocks in the Cuu Long Basin are
weathered and fractured with granite and granodiorite
basement up to 1000 m layer thickness below the seabed
surface [9, 16]. Cuu Long Basin is estimated to contain up
to 20 % of the total hydrocarbon resources of Vietnam and
it is considered to be the major source of Vietnam's oil pro-
duction with 90 % of which is from fractured basements
[14, 17]. Fracture zones in the basement are commonly
formed along the vertical direction with the porosity of the
basement stone around 1,0-5,0 % [11, 14]. The major pe-
troleum bodies in the basin consist of the tertiary granite-
fractured basement on tilted fault blocks [14, 18].

Methods

In terms of petrographic composition, Bach Ho founda-
tion rock is a magmatic rock with a complex rock-forming

mineral composition [14, 18]. Therefore, the traditional
methods for porosity determination are prone to errors be-
cause of the difficulty in determining the matrix parameters
of the rock [2, 8]. The cross-plotting method is widely used
in assessing the petrographic composition of sedimentary
rocks [16, 17]. It is, therefore, very appropriate to deter-
mine the correlation between the geophysical values of the
well-logging with the permeability characteristics of the
granite foundation rock of Bach Ho field in the Cuu Long
Basin of Vietnam (Fig. 2, a—c).
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Fig. 1. lllustrations of Cuu Long Basin in the Southeast
Continental Shell of Vietnam [17]

Puc. 1. Hanocmpayuu bacceiina Kyy Jlone 6 1o20-6ocmounotii
KOHmMuHenmanbHo yacmu Bvemnama [17]
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Fig. 2. Petrophysical characteristics of the basement reservoir of BH-415 (a), BH-809 (b) and BH-905 (c) wells belonging
to Bach Ho Field in the Cuu Long Basin
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Cross-plotting is a typical visualization analysis
method which is commonly applied in well-logging data
interpretation [10, 11]. The cross-plotting method is con-
sidered as visualization analysis of the correlation be-
tween two or more reservoir attributes, and it is common-
ly applied to identify or detect anomalies of lithological
constituents in the reservoirs [8]. The cross-plotting ap-
proach based on well-logging data is an efficient tool for
analyzing responses to identify the correlation between
geophysical properties [2]. The two-dimension (2D) im-
age interpretation of a cross-plotting and the well-logging
form data are assessed as the ideal method of analysis for
reservoir engineers [19, 20]. In geophysical study, analy-
sis of cross-plotting well-logging data can actively assist
in determining the exact location of oil and gas fields in
the reservoirs [2]. In addition, cross-plotting analysis does

not only enhance knowledge of the reservoir behaviour,
but researchers are able to take advantage of those in-
sights to appraise the productivity of the well [13, 20]. An
advantage of applying seismic cross-plotting for assessing
the permeability and porosity characteristics of the base-
ment is based on the ability of the technique to extract
more information from well-logging data to better dis-
criminate the geological tectonic zones that are not well
responded to other approach methods.

Results and discussion

The results of cross-plotting analysis of the BH-415,
BH-809 and BH-905 wells (BH-809 and BH-905 wells
are not presented) in Bach Ho field are shown in Fig. 3.

Cross-plotting: BH415.BSM
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Fig. 3. Results of cross-plotting speed of sound (DT)-neutron (NHPI) analysis of BH 415 well in Bach Ho Field
Puc. 3. Pesynomamer nepekpecmuozco ananusa DT-NHPI cxeascunvt BH 415 na mecmopoacoenuu bax-Xo

The results of cross plotting speed of DT-NPHI anal-
ysis for fresh and fractured rock zones (e.g., 2, 4 and 8
zones) indicated that the obtained value ranges of DT
(46-64) and NPHI (0,000-0,100) are corresponded to no-
oil exist zones while the obtained value ranges around
46-64 for DT and 0,000-0,100 for NPHI (e.g., 1, 3, 5, 6
and 7 zones) are recorded as the presence of oil exist

zones. For cross-plotting gamma ray (GR) — neutron
(NPHI) analysis the results pointed out that the obtained val-
ue ranges of NPHI and GR corresponding to 0,000-0,100
and 75-120, respectively did not recorded the oil exist
zones while the obtained value ranges of NPHI and GR
deviate from 0,000-0,100 for the NPHI and 46-64 for DT
detected the presence of oil exist zones (Fig. 4).

Cross-plotting: BH415-BSM
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Fig. 4. Results of cross-plotting GR-NHPI analysis of BH 415 well in Bach Ho field
Puc. 4. Pesynomamor nepexpecmuozco ananusa GR—NPHI ckeaxcunvr BH 415 na mecmopooiwcoenuu bax-Xo
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For cross-plotting analysis of deep resistivity (LLD)-
neutron (NHPI), the results also pointed out that the fresh
or fractured rock zones (e.g., 2, 4 and 8 zones) responded
with the value ranges of 1000-100000 for LLD and
0,000-0,100 for NPHI. It implies that no. 2, 4 and 8 zones

Cross-plotting: BH415-BSM

did not record the existence of oil wells. While no. 1, 3, 5,
6 and 7 zones responded the value ranges exceeded be-
yond 0,000-0,100 for NPHI and 1000-100000 for LLD
(Fig. 5). It means that no. 1, 3, 5, 6 zones recorded the
presence of oil wells.
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Fig. 5. Results of cross-plotting LLD-NHPI analysis of BH415 well in Bach Ho field
Puc. 5. Pesynvmamor nepekpecmnozo ananusza LLD-NPHI cxeascunvt BH415 na mecmopooicoenuu bax-Xo

A similar cross-plotting analysis of RHOB-NPHI is
presented in Fig. 6. The results indicated that the fresh or
small fractured rock zones responded the value ranges
varying from 0,000-0,100 for NPHI and 2,375-2,750 for

Cross-plotting: BH415-BSM

RHOB. This means that no. 2, 4 and 8 zones did not rec-
ord the presence of oil wells in the reservoir. While no. 1,
3,5, 6 and 7 zones responded the value ranges more than
0,090 for NPHI noted the appearance of oil wells (Fig. 6).
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Fig. 6. Results of cross-plotting RHOB-NHPI analysis of BH415 well in Bach Ho field
Puc. 6. Pesynomamer nepexpecmuozo ananuza RHOB—NPHI cksasicunvt BH415 na mecmopodicoenuu Bax-Xo

For cross-plotting analysis of GR-DT, the results not-
ed that the fresh or small fractured rock in no. 2, 4 and 8
zones resolved the value ranges varying from 75-120 for
GR and 46-64 for DT. This implies that no. 2, 4 and 8
zones are formed by fresh and small fractured rock, and
there are no existing oil wells. While no. 1, 3,5, 6 and 7
zones responded the value ranges around 38-65 for GR
and 65-75 for DT to the subsistence of oil wells (Fig. 7).

In a similar cross-plotting analysis, the results of DT-
LLD analysis pointed out that the fresh and fractured
rocks in no. 2, 4 and 8 zones responded to the value rang-
es of 75-120 for GR and 46-64 for DT (Fig. 8). This
means that no. 2, 4 and 8 zones did not detect the oil exist
wells. While no. 1, 3, 5, 6 and 7 zones obtained the value

38

ranges deviated below 75-120 for GR and to 46-64 for
DT. These values imply that no. 1, 3, 5, 6 and 7 zones
recorded the subsistence of oil wells. Especially, no. 1
and 3 zones have significantly lower value ranges com-
pared to 160-450 and they are recorded as the main oil
reservoirs in the Bach Ho Field (Fig. 8).

Through the cross-plotting analysis, the study found
that two combinations of speed of sound with neutron
measurement and neutron with density measurement re-
sponded to granite bedrock in the Bach Ho Field the value
ranges of (0,000-0,100; 46-64) and (0,000-0,100; 2,375~
2,750) corresponding to the no-oil exist zones while the
value ranges of right deviation of both NPHI- DT and
NPHI-RHOB are closely related to the oil exist zones.
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Fig. 7. Results of cross-plotting GR-DT analysis of BH415 well in Bach Ho Field

Puc. 7. Pezynomamor nepexpecmnozco ananuza GR—DT ckeasicunvt BH415 na mecmopooicoenuu bax-Xo
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Fig. 8. Results of cross-plotting DT-LLD analysis of BH415 well in Bach Ho Field

Puc. 8. Pesynvmamor nepekpecmuozco ananusa DT-LLD cxeascunvr BH415 na mecmopoarcoenuu bax-Xo

Based on the findings, it can be stated with certainty
that the use of the cross-plotting technique can contribute
to distinguishing the zones with and without the presence
of oil reservoirs in the basement rock similar to oil wells
where they have mainly lithological compositions of
granite and granodiorite rocks.

Specifically, based on the cross-plotting RHOB-DT
can distinguish the granite rock from the granite-
granodiorite group in the BH415-BSM, BH809-BSM and
BH905-BSM wells of Bach Ho Field (Fig. 9).
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Fig. 9. Petrographic composition of the foundation rock of the BH415, BH809 and BH905 wells based on the cross-plotting
analysis

Puc. 9. Ilempocpagpuueckuii cocmag nopoowvt ¢ynoamenma cxeancun BH415, BHS809 u BH905 Hna ocnose ananuza
nepeKpecmubIX 2papuxos

39



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2023. V. 334. 7. 35-42
Nguyen Xuan Kha et al. Bach Ho field geological features identification using well logging data

The well-logging interpretation results based on the
cross-plotting technique are relatively consistent with the
formation microimages as well as with the mined actual
data from the wells. So, the determining of cross-plotting
value ranges of DT-NPHI and RHOB-NPHI from the
BH415-BSM well, then apply for the BH809-BSM and

BH905-BSM wells obtained good results with correlation
coefficients and divergence at BH415-BSM, BH809-
BSM and BH905-BSM wells varied from 0,070 to 0,976
and from 0,019 to 0,710, 0,700 to 0,976 and 0,013 to
0,376, and 0,661 to 0,998 and 0,011 to 0,222, respectively
(Table).

Table. Correlation between theoretical and measured curves of BH415-BSM, BH809-BSM and BH905-BSM wells be-
longing to the Bach Ho Field in the Cuu Long Basin
Taonuua. Koppensyus medcoy meopemudeckumu u usmepeHHoiMu Kpusvimu ckeadxcun BH415-BSM, BH809-BSM u
BH905-BSM, npunaonexcawux mecmoposicoenuro bax Xo 6 bacceiine Kyy Jlone
Curve type BH415-BSM BH809-BSM BH915-BSM
T ype Divergence Correlation Divergence Correlation Divergence Correlation
HII KPpUBOU
OTKJI0HEeHHE CooTBeTcTBHE OTKIIOHEHHE CooTBeTcTBHE OTKII0HEHHE CooTtBercTBHE
DT/AT 0,052 0,700 0,035 0,732 0,046 0,661
GR/ITP 0,710 0,756 0,023 0,983 0,016 0,998
NPHI/HIIXU 0,019 0,863 0,376 0,936 0,222 0,902
RHOB/POb 0,019 0,976 0,013 0,887 0,011 0,886
Conclusions In general, efficient extraction of information from

The study focused on the apply of cross-plotting tech-
nique for analysing the raw well-logging data of three
wells — BH415-SBM, BH809-SBM and BH905-SBM,
belonging to Bach Ho field in the Cuu Long Basin, Vi-
etnam to identify the potential oil reservoirs. The ob-
tained results are cataloged as bellows:

Granite in the analyzed zones responds to the value
ranges encompassing 0,000-0,100 for NPHI and 46-64
for DT and 2,375-2,750 for RHOB corresponding to no-
oil existing zones while the value ranges deviating from
the above-mentioned value ranges are recorded as the oil
existence zones.

QOil exist zones are identified by applying the cross-
plotting technique based on well-logging data and the re-
sistivity ratio method. The results indicated that most of
the oil-exist zones are located within the granite fractures.
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BbeTHam, r. XowmmuH, yn. Yopgd fuHe TpyHr, 268.

2 HUMW mopHedpTeras «BbeTcoBneTpoy,
BbeTHam, npoBuHuus bapus-ByHrray, r. ByHrray, ksaptan TxaHrHbu, np. 30/04, 67.

B uccnedogaHuu npumeHscs Memo0d KpoCCnIommuHea, 0CHOB8aHHbIU Ha HeobpabomaHHbIX OaHHbIX Kapomaxa CKeaxuHb! Orsl 8bissre-
HUsI B03MOXHOU Koppensyuu mMexdy OaHHbIMU 2aMMa-kapomaxa U Kapomaxa CK8axXUHbl, 8KIoYas HelmpOHHYI0 NOpuCmMocmb, 8pemsi
38yK08020 Nepexo0Ho20 npouecca U 06beMHY NIomHocMb 8 mpex ckgaxuHax (BH-433, BH-809 u BH-905) mecmopoxdeHus bax Xo &
bacceliHe Kyy IToHe, Beemnam. [nsa passepmbigaHus smoeo uccredogaHus daHHble MMC bbinu UHMe2puposaHsl 8 MUKPOU30BpaxXeHus
nnacma u Helimpo, CKOpoCmb 38yKa U NIOMHOCMb (hyHOaMeHma 8 U3y4eHHbIX no3uyusx Komnekmopa. Pesynbmamsi nokasanu, Ymo
2paHum 8 uccnedogaHHbIX 30Hax omeeyaem 08ym duana3oHam NOMHbIX 3Ha4eHul (30HbI omcymemeusi Hegpmu) Helimpo (0,000-0,100)
u ckopocmsb 38yka (46-64), a makxe Hetimpo (0,000-0,100) u nnomHocms (2,375-2,750), 8 mo epems kak Ouana3oHbl 3Ha4eHul, Komo-
poie omknoHsomes: om 0,000-0,100, 46-64 u 2,375-2,750, coomeemcmeeHHO, 0nisi Helimpo, CKOPOCMb 38yKa U NIOMHOCMb, MECHO
c83aHbI C 30HaMu Xopowell npoHuyaemocmu u nopucmocmu (3oHamu HeghmeHocHocmu). OCHO8bIBasCL Ha Pe3yfibmamax, MOXHO
nodmeepdums, Ymo aHanu3 KpoCcc-niomos 8HEC NOMOXUMENbHbIU 8K1ad 8 NepeoHayYanbHY OUEHKY NOMeHUuanbHbIX 0uanasoHos
HeghmsAHbIX Konnekmopos Ha mecmopoxdeHuu bax Xo. [pumeneHue memoda kpoccnnommurea 6ydem cnocobecmeogamb NOBbILEHUI
npedckasyemocmu Hehmu U 2a3a 8 niacmax.

Kniouesnbie cnosa:
mecmopoxdeHue baxxo, 6acceliH KyynoHe, Kpoccniommuke, NlomHOCMb, Kapomax.

Paboma evinonnena npu noddepocke Bvemnamckozo Hayuonanvnozo Ynusepcumema, 2. Xowumun, koo C2021-20-37. Aemo-
Dol gvipadicaiom 2nyOoKylo 01a200apHOCb 6CeM 3a NONe3Hble KOMMEHMApUl, Komopble NOMO2nU YI4uums cmamoio. Aemopsl
maxkaice gvipascaiom 2nyookyio oaaeodaprocms HUIIU mopreghmezas « Boemcosnempoy 3a ucxooHvie danHble.
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Mait Xyy Cyan, PhD, npenogasarens, BoetHamckuit HanonHanbHbiii YHUBEpCUTET, XOITMMHEH.
Tpan Ban Cyan, PhD, npodeccop, npenonasareins, Boetnamckuit HaronnaneHelil Y HUBepCHTET, XOIINMUH.
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