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The Bulla-Deniz field which is characterised by deep wells has not been fully explored
despite its commissioning since 1975. Consequently, the intersection of the Productive
Series (PS) deposits has been drilled to the top of the Kirmaky group. The deposits of the
sub-Kirmaky and Gala formations have not been exposed in the field area. The Bulla-
Deniz field is located in the northern portion of the oil-gas region of the Baku archipelago,
which is part of the Azerbaijani sector of the Caspian Sea. The structure was investigated
through a comprehensive geophysical exploration program which included mapping,
structure-search and logging datas.

The Bulla-Deniz structure is described in these materials as an asymmetric brachyan-
ticline, extending in a northwest-southeast direction. Its dimensions are given as 27x9 km
along the roof of the VII horizon and up to 1400 m high. The Bulla-Deniz fold is further
complicated by the presence of longitudinal and transverse tectonic faults, which divide it
into a number of tectonic blocks. The northeastern wing is divided into six tectonic blocks
by six transverse faults. Two transverse fractures are noted in the southwestern wing, which
divides the wing into 3 blocks (A, B and C blocks). In the geological cross-section of the
Bulla-Deniz field, the sediments of the PS, Agcagil and Quaternary periods were identified
in wells. The presence of Miocene sediments, as evidenced by excavations in the cross-
section of neighboring deposits, is beyond doubt. The Miocene sediments have not been
subjected to drilling studies. In consideration of the area's geological tectonic structure,
it can be postulated that the sediments underlying the PS may start at with the Pont floor,
which is estimated to be 150 to 200 m thick. The intersection of the PS sediments was ex-
posed by drilling wells to the top of the Kirmaky formation. The Sub-Kirmaky and Gala
formations were not subjected to field investigation. In accordance with the classification
system utilized by the Absheron division, the VIII horizon is identified as the Kirmaky
sandy formation. Two sand-siltstone layers are observed in the lower and upper portions
of the horizon. The VII horizon is equivalent to the «Fasilah» formation, as defined by
the Absheron division. It is primarily composed of sandstones. Horizon V (corresponding
to horizons VIII-IX according to the Absheron division) was represented by alternating
layers of thick sand, sandstone and shale. The oil and gas in the Bulla-Deniz field are
located within the V, VII, and VIII horizons of the PS. However, since these horizons in
the southwestern wing have not been accessed through wells, their oil and gas content
remains unknown. From this point of view, important issues such as detailed study of the
Bulla-Deniz field, evaluation of its horizons and strata in terms of productivity, determina-
tion of its petrophysical parameters and calculation of reserves are still valid today.
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The article deals with the determination of petrophysical parameters of reservoirs, cal-
culation of oil reserves and determination of oil-water contact using complex well logging
data on promising horizons and reservoirs of the productive series of the Bulla-Deniz field.

To solve the problem, the Techlog software was used to study the total and effective
porosity, clay content, permeability, oil and gas saturation and water saturation of reservoirs
in perspective reservoirs in terms of productivity on the basis of integrated log data from 6
well sections of the Bulla-Deniz oil and gas condensate field characterised by deep wells.
The total volume of oil by wells in blocks A and B, separated by faults, was calculated ac-
cording to our parameters, intervals of oil-water contact were determined and correlation
by reservoirs was made for wells belonging to each block.

The density logging data were used to calculate the values of total and effective po-
rosity of reservoirs for each well section and to construct curves characterising variations
of these parameters over the survey interval. Given that these parameters are dynamic
parameters of reservoir layers, the intervals of reservoir layers along the section were
determined using these curves.

In the course of the research work for each well section we investigated, using electric
logging data and Techlog software, we determined the intervals of the oil-water contact,
determined oil- and water saturation parameters and established curves of their variation
by depth. The curves were used to determine the intervals of water-bearing and oil-bearing
layers in the section. Determination of the oil-water contact is of scientific and practical
importance in determining the nature of the boundaries of the oil and water zones in the

reservoir and identifying watered productive layers.
In this article, using the average values of parameters determined in the Bulla-Deniz
field, the oil volume for blocks A and B separated by the fault and the total oil volume for

the studied area were also calculated.

As well as in the detailed determination of petrophysical parameters, in determining
the relationship between them, in the more precise calculation of reserves at the fields.
Key words: well, logging, Techlog, interpretation, density, porosity, effective porosity,

saturation, shale, oil-water contact.

Introduction. The Bulla-Deniz field is lo-
cated 55 km south of Baku, in the northern
part of the Baku archipelago, 10 km southeast
of the Sangachal-Deniz—Duvanni-Deniz—
Bulla island field. The structure of the field
was analyzed through complex geophysical
survey work, mapping, structure exploration,
deep exploration, and operational excavation
materials. The Bulla-Deniz structure is orien-
ted in the northwest-southeast direction. The
geological section of the Bulla-Deniz field
contains Productive Series (PS) of the Agca-
gilian and Quaternary deposits, which have
been confirmed by drilling. Additionally, the
presence of Miocene deposits in neighbor-
ing sections has also been confirmed, beyond
any doubt. The Absheron and Kuryan facies
expose the sediments of the Productive Series
[Yusifov, Aslanov, 2018; Salmanov et al., 2023].

The arch and southwest flank of Bulla-
Deniz are complicated by a parallel and re-
verse fracture. As a result, the southern wing
of the structure gradually dips to the south.
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The northeastern wing is blocked by cross-
cutting fractures (Fig. 1). Taking into account
that the blocks remaining between these frac-
tures have a high probability of being dredge
traps suitable for oil and gas accumulations,
the research objects of the article are the A
(conditional wells Nos. 1, 2, 3, 4) and B (con-
ditional wells Nos. 5 and 6) blocks of reservoir
layers. Determining the petrophysical para-
meters, calculating the volume of oil for each
block using their average values, determining
the intervals of the water-oil connection for
each well section, as well as conducting corre-
lation on the well sections characterizing the
distribution of sandiness, clay and porosity
on the field. is set.

The increase in the volume of geophysi-
cal surveys and the deepening of wells has
resulted in an excessive amount of time being
required for the interpretation of the data
from the wells. During the exploration pro-
cess, interpreters try to interpret only those
depth intervals that are considered important
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Fig. 1. Map of Azerbaijan's oil and gas fields (a); structural map of the researched area of the «Bulla-Deniz» field
(well sections 1, 2, 3, 4 of Block A, well sections 5, 6 of Block B) (b).
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to learn about [Seyidov, Khalilova, 2023]. This
is because the data obtained must be inter-
preted as quickly as possible. This results in
missing reservoirs containing thin oil, which
means a significant economic loss. Therefore,
the use of modern software packages remains
important for the interpretation of well data,
the detailed determination of petrophysical
parameters of prospective reservoirs, the ac-
curate calculation of oil volumes in the explo-
ration area and the precise determination of
oil-water contact intervals (software.slb.com).
Therefore, this paper discusses the solution
of the problems we identified for the 6-well
intersection of the Bulla-Deniz oil conden-
sate field characterized by deep wells using
Techlog software [Schlumberger, 2015].

Purpose. This research aims to confident-
ly determine the total and effective porosity,
shale volume, oil-gas, and water saturation of
the reservoir layers in horizons V, VII, and VIII
of the Productive Series of the Bulla-Deniz
field using complex logging data. Further-
more, we will calculate the oil volume in the
fractured A and B blocks and the total oil vo-
lume for 6 wells in the research field, as well
as determine the oil-water contact using the
determined parameters.

Methods. So, this research confidently
analyzes the petrophysical properties of re-
servoirs of 6 wells in the Bulla-Deniz field that
is divided into 2 blocks (A and B). The logs
are available in digital format (LAS) and were
directly imported into Schlumberger Techlog
software (version 2015.3).

Quality control was meticulously applied
to all logging measurements through two
steps to ensure the utmost accuracy of the
output.

Calculation of total and effective porosity
based on density log data. The property was
calculated accurately using the density log
at in-gauge intervals. Equation 1 was used in
order to calculate total porosity () from den-
sity log [Pashayev, 2010; Samadzadeh, 2023]:

@ — pma — pb , (1)
Pma —Pf
where J — total porosity; p,,, — the matrix

density (sandstone=2.65 g/cc), p;, — the for-

152

mation bulk density; p; — the fluid density
(equal to 1.0 g/cc for fresh mud).

The effective porosity (J°) which repre-
sents our target in this step, was calculated
from the following equation:

@ ="' -0.35V,, (2)

where @° — effective porosity, @' — total
porosity, (shale porosity is 0.35 for Azerbai-
jan), Vy, — shale volume [Seyidov, Kerimova,
2018].

In the evaluation of hydrocarbon potential,
&° is the most important petrophysical pa-
rameter. The structural element can have an
effect on the evolution of &°, which has a large
influence on the &° [Lyaka, Mulibo, 2018].

Shale volume calculation. Using gamma
log results from 6 well sections, Techlog soft-
ware and the following formula, the shale vo-
lume was determined in a similar manner:

(©)

where /5 — the intensity of gamma-ray, GR, .
— intensity in front of the designated layer.
GR, . GR, ;. — thevalue of intensity corres-
ponding to maximum and minimum values
across the respective layer.

Saturation calculation. The oil-gas satura-
tion coefficient is one of the main parameters
characterizing the reservoir properties. It is
well known that high shale content in the field
and large variations in porosity lead to close
resistivity values of oil-bearing and water-
bearing layers, which in turn create difficul-
ties in distinguishing between oil-bearing and
water-bearing reservoirs [Kerimova 2023]. Ar-
chi method has been used to calculate water
saturation in the Bulla-Deniz field for the true
zone (S, [Archie, 1952]:

Sw' = aRw '

"Rt
where, S, —water saturation of the uninvaded
zone, a — Archie's exponent, it is normally 1,
n — saturation exponent, which varies from
1.8 to 4.0 but normally is 2.0, R, — downhole
water resistivity, R, — deep resistivity, it was
determined as 0.066, & — porosity, m — ce-

(4)
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mentation exponent, which varies from 1.7 to

3.0 but normally is 2.0.

Also, after determination after saturation
oil-water contacts were identified for all wells.
The calculated results presented in Figs. 2—4
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and Table 1 for the study wells. Moreover,
the average results of this interpretation are
shown in Table 1 for the study wells.

Stock Tank Oil Initially in Place (STOIIP)
calculation. In this paper Stock Tank Oil Ini-
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tially in Place value was determined using
formula 5 for A and B block [Dandekar, 2013]
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GRVEQ(I—SW)
STOIIP = 7758 G B ,

&)

where STOIIP — stock tank oil in place, GRV
— gross rock volume, m? , & — rock porosity,
%, S,, — water saturation, %, B, — oil forma-
tion volume factor, 7758 — conversion factor,
N/G — Net-to-gross ratio is the fraction of the
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gross reservoir thickness that is net reservoir  the total thickness of the reservoir interval,
thickness. including non-reservoir zones. N/G reflects

Net reservoir thickness is the sum of the the reservoir continuity and heterogeneity.
thicknesses of the zones that meet the petro- It is usually expressed as a percentage or a
physical cutoffs. Gross reservoir thicknessis decimal fraction. The results of this calcula-

ISSN 0203-3100. Geophysical Journal. 2024. Vol. 46. Ne 4 155



K.A. KERIMOVA, U.Y. SAMADLI

LAYOUT B2 Techiog
I Well(s): WellX-1, WellX-2, WellX-3, WellX-4 oo v
= rm\"\'t‘ll: Wellx-1 Well: WellX-2 Well: Wellx-3 Well: WellX _‘:f"m'm
—3050—1—% 3050
Y
3100 3100173
3150 3150 { 4
]
3200 8200 { 3
| L 2900
3250 3250 { L
i i -20504/:
8300 3300 { } 3
3000
3350 3350 =
3400 3400 i, R 3100 §:
3430 3430 1 ¢ 3100 {1 3150
3500 3500 b ey
3550 3550
_ F 3200 1 4 3250
3600 i 3600
{ L 3250 3300
3650 { & 3650 £+
- 3300
3700 { §
<
"
bbsg 3350
3800 + 3400
3850 F3A50
[7
i3
3900 F
E SIUU

Fig. 5. Correlation for wells of A block.

tion are shown in Table 2 for A and B blocks.

Correlation. Correlation was tested sepa-
rately on the well sections in blocks A and B
to observe the distribution of sandstone, shale
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and porosity within each block (Figs. 5—6).
When analyzing Fig. 6 it is seem that solid
rock is visible in the 2900—3065 m interval on
well 5 section included in block B. Notably,
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this interval is shale-free and has total poro-
sity and effective porosity ranges of 0—13 %.
A similar scenario is observed in well 6 in the
interval 3016—3074 m. Shale was not ob-
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served in this interval. The porosity and effec-
tive porosity values range 0—9 %. Reservoir
layers dominate the 3065—3305 m interval
on well 5. The shale content varies from 0 to
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Table 1. The results of petrophysical properties as average values

Well Top depth,| Bottom Oil-water Average of total | Average of effective| Average of water
m depth, m |contact depth, m| porosity, % porosity, % saturation, %

1 3124 3367 3300 24.5 24.3 20.1
2 3238 3508 3310 21.7 21.4 26.5
3 3127 3332 3310 25.2 25 25

4 3121 3473 3304 27.7 27.3 19.3
5 3057 3270 3200 22.8 22.4 25.3
6 3078 3218 3216 23.7 23.2 22.9

Table 2. Value of STOIIP and value of all
parameters used to calculate STOIIP

Block A B
Well 1]2]3]4]5]6
GRV, m’ 266382 40112
Porosity, % 23.4 21.2
N/G 0.87 0.87
Sy % 77.3 77
B, 1.35 1.39
STOIIP (MMSTB) 241 32
Total STOIIP (MMSTB) 273

40 %, while the porosity and effective porosity
values range from 0 to 30 %. This is observed
in well 6 at the interval of 3074—3214 m. In
this interval, the shale value varies between
0—45 % and the porosity and effective po-
rosity values range between 0—30 %. Well
5 and well 6 both exhibit shale layers domi-
nating the 3305—3402 m and 3214—3355 m
intervals, respectively. Within these intervals,
shale volume ranges from 0 to 100 %, while
total porosity and effective porosity values
range from 0 to 18 % and 0 to 12 %, respective-
ly. A correlation analysis was also conducted
for the well sections in block A.

Conclusion. The selection of reservoir for-

References

Archie, G.E. (1952). Classification of carbonate
reservoir rocks and petrophysical consider-
ations. AAPG Bulletin, 36(2), 218—298.

Dandekar, A.Y. (2013). Petroleum Reservoir Rock
and Fluid Properties. International Standard
Book, 508 p.

Kerimova, K.A. (2023). Study of petrophysical

158

mations was based on log data from 6 well
sections in the Bulla-Deniz field.

The porosity, shale volume, and saturation
values of the reservoir layers have been mea-
sured and averaged. The total and effective
porosity, shale volume, oil-gas saturation and
water saturation have been calculated.

Stock Tank Oil Initially in Place (STOIIP)
was determined for 4 wells in block A and 2
wells in block B which separated by faults.

Oil-water contacts were determined for
each well intersection.

Correlation was conducted to show the
intra-block variation of sand, shale and po-
rosity for wells in blocks A and B separately.

The obtained results can be applied to
other oil fields of Azerbaijan and in the study
of the filtration-capacity characteristics of the
reservoir layers in the fields, as well as in the
detailed determination of petrophysical pa-
rameters, in determining the relationship bet-
ween them, in calculating the reserves in the
field, as well as in the process of exploitation,
in determining the nature of the boundaries
of the oil and water zones in the field and in
the production of diluted productive it gives
a reason to form a certain opinion both sci-
entifically and practically in the selection of
layers.

parameters of productive series by use of well
data. Geophysical Journal, 45(3), 135—142.
https://doi.org/10.24028/gj.v45i3.282421.

Lyaka, A.L., & Mulibo, G.D. (2018). Petrophysical
Analysis of the Mpapai Well Logs in the East
Pande Exploration Block, Southern Coast of
Tanzania: Geological Implication on the Hy-

ISSN 0203-3100. I'eogpizuunuti xypuaa. 2024. T. 46. Ne 4



DETERMINATION OF PETROPHYSICAL PARAMETERS OF RESERVOIRS IN PROMISING ...

drocarbon Potential. Open Journal of Geol-
ogy, 8(8), 781—802. https://doi.org/10.4236/
0jg.2018.88046.

Pashayev, N.V. (2010). Processing and interpreta-
tion of geophysical survey data of wells. Text-
book, Baku, 293 p. (in Azerbaijan).

Salmanov, A.M., Maharramov, B.I., & Qarago-
zov, E.Sh. (2023). Geology and indicators of oil
and gas field development in arid regions of
Azerbaijan. Baku: MSY LLC publishing house,
624 p. (in Azerbaijani).

Samadzadeh, A.A. (2023). Assessment of the qual-
ity reservoirs for some deposits of the Baku Ar-
chipelago. SOCAR Proceedings, (1), 013—018
(in Russian).

Seyidov, V.M., & Kerimova, K.A. (2018). Geophysi-
cal research methods and interpretation. Baku,
233 p. (in Azerbaijan).

Seyidov, V.M., & Khalilova, L.N. (2023). Evolution
of hydrocarbon deposits in the South Caspian
Basin. Geofizicheskiy Zhurnal, 45(3), 126—134.
https://doi.org/10.24028/gj.v45i3.282420.

Schlumberger. (2015). Techlog Wellbore Software
Platform version 2015.1. Retrieved from: www.
software.slb.com.

Yusifov, X., & Aslanov, B. (2018). Oil and Gas Ba-
sins of Azerbaijan. Baku: Mars Print, 324 p. (in
Azerbaijan).

BusHayeHHS neTpo(i3zsnyHuX nmapaMeTpiB KOAEKTOPIB
MePCIeKTUBHUX T'OPU30HTIB i IIAACTIiB
poapoBuiia byanra-AeHi3 Ha miAcTaBi
KOMITA€KCHUX CBEPAAOBUHUX AAHUX
(3 BUKOpUCTaHHSIM NporpaMHoro 3ade3neuyeHHs Techlog)

K.A. KepimoBa, Y.Al. Camapai, 2024

A3zepOalip)KaHChKUHN Aep KaBHUM yHiBepcuTeT Ha(pTH Ta IPOMUCAOBOCTI,
baky, AzepbaiipkaH

Poposuiiie Byara-AeHi3, 110 AOCAIAKeHe TAMOOKUMY CBEPAANOBUHAMY, He OYAO IIOBHIC-
TIO PO3BiAQHO, HA3BAKAIOUU HA Te, 1110 BBEAECHO B eKcIAyarallito 1975 p. OTxe, cBepAAOBU-
HaMU PO3KPUTO IIePETHUH BiAKAaAIB TpoAyKTHBHOI ToBI (ITT), mpoOypeHo A0BepXy rpynu
Kupmaku. BiaAkaaAd CBIT TIAKMPMaKUHCBKOI Ta raAd Ha TEPUTOPIl pOAOBUIIA HE PO3KPUTO.

3 IIbOTO IOTASAY TaKl Ba’KAUBI IIUTAHHSA, K A€TaAbHE BUBUEHHS POAOBUINA bByana-
AeHi3, OI[IHIOBaHHA MOT'0 TOPU30HTIB I IAAQCTIB 3 TOUKU 30PY IPOAYKTUBHOCTI, BU3SHAUYEHHSA
neTpodi3uYHUX ITapaMeTpiB Ta MAPAXyHOK 3allaciB aKTyaAbHI U CbOTOAHI.

Y crarTi pO3rASHYTO NUTAHHS BU3HAYEHHS METPOPI3UYHUX IIapaMeTpiB IIAACTIB-
KOAEKTOpIB, MIAPaXyHKY 3anaciB HapTH Ta BU3HAUYEHHSA BOAOHA(PTOBOTO KOHTAKTY 3a
KOMIIAEKCHHUMHU AQHUMHU reoi3ndHUX AOCAIAKEHb CBEPAAOBUH Ha IePCIEeKTUBHUX I'O-
PHU30HTAX 1 IAACTaX IPOAYKTHUBHOI TOBIII popoBuUIlla byanra-AeHis.

ANl po3B'si3aHHS 3aAaui 3a AOIIOMOTOIO ITporpaMHoro 3abesnedenHs Techlog 6yan
IIPOBEAEHI AOCAIAKEHHS 3aTaAbHOI Ta e(DEKTUBHOL HOPUCTOCTI, TAMHUCTOCTI, IPOHUKHOCTI,
Ha(@TOra30HOHACUYEHOCTI Ta BOAOHACUYEHOCTI KOAEKTOPCHKUX IIAACTIB Y IEPCIIEKTUBHUX
IIAQCTaX 3a MPOAYKTHUBHICTIO Ha MIACTaBl KOMIAEKCHUX AQHUX reO(Pi3UYHUX AOCAIAKEHD
CBEPAAOBHUH IIECTI PO3Pi3iB CBEPANOBUH HA(TOra30KOHAEHCATHOrO popoBHUIlla Byara-
AeHi3. 3a 3aAaHUMU HAMU ITapaMeTpaMy PO3PaXOBAaHUN 3araAbHUN 00CAT HA(PTU Y CBEPA-
AOBUHAX OAOKIB A i B, po3pireHHX po3AOMaMM, BU3HAUEHO iHTEPBAAM BOAOHA(TOBOTO
KOHTAKTY Ta IIPOBEAEHO KOPEASIIiIo IIAACTiB AASI CBEPAAOBUH, IO HaAeKaTh KOKHOMY

OAOKY.
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3a AQHMMMU IJIABHICHOTO KapOTa’ky pO3pax0oBaHO 3HaYEeHHS 3araAbHOI Ta e(DeKTUBHOL
IIOPUCTOCTI KOAEKTOPIB AN KOJKHOI'O PO3Pi3y CBEPAAOBHMH i TOOYAOBAHO KPUBI, 1110 Xa-
PaKTepu3yIoTh 3MiHYy [JUX IapaMeTpiB Ha iHTepBaAi AOCAIAJKEeHHS. 3 OTAGAY Ha Te, IO I
rnapamMeTpu € AMHaMiYHUMU IapaMeTpaMi KOAEKTOPHUX 1apiB, iHTepBaAr KOAEKTOPHUX
1I1apiB po3pi3y BU3HAUYAANCH 3@ IUMU BCTAHOBAEHUMU KPUBUMU.

[Tip yac AOCAIAHUITBKOT POOOTHU AAST KOJKHOI AOCAIAJKEHOT AIANTHKYU CBEPAAOBUHU 3 BU-
KOPHUCTAHHAM AQHUX eAeKTPUYHOI'0 KapoTaxKy Ta IporpaMHoro 3abesnedenHs Techlog
BHM3HA4Y€HO iHTepBaAUu BOAOHA(TOBOI'O KOHTAKTY, IapaMeTpy HaTO- i BOAOHACHUUYEHOCTI
Ta TOOYAOBAHO KPUBI IXHBOI 3MiHM 3@ TAMOMHOIO. 3a IIMMU KPUBUMU BU3HAUEHO iHTEepBaAU
BOAOHOCHUX i HA(pPTOHOCHUX IIapiB y po3pisi. BusBAeHHS BOAOHA(TOBOrO KOHTAKTY Ma€
HayKOBe Ta IIpaKTHYHe 3HaueHHd IIPU BU3HA4YeHHI XapaKTepy Me>X HapTOBOI Ta BOAHOL
30H y IIAQCTI Ta BUAIAE€HHI OOBOAHEHUX IIPOAYKTUBHUX IIAQCTIB.

3a cepepHIMU 3HaYeHHSAMHU ITapaMeTpiB popoBuilia byara-AeHi3 po3paxoBaHO o0CAr
Ha(pTU OKpeMo y OA0Kax A i B, po3aireHNX po3AoMOM, i 3araAbHUM 00CAT HaPTH ¥ AO-
CAIAJKYBAHIM IIAOIII.

OTpuMaHi pe3yAbTaTH AQIOTh IIIACTaBY A (POPMYBaHHS HAYKOBO-IIPAKTUYHOL AYMKU
1I0AO PIABTPALIMHO-€EMHICHUX XapaKTEPUCTHUK IIAACTiB-KOAEKTOPIB TUX YU IHIITUX POAO-
BHIII, @ TAKOJK AAS AeTaABHOT'O BU3HAUYEHHS IIeTPOPi3NUHUX IapaMeTpiB, B3a€EMO3B' 3Ky
Mi>K HUMH, 6€3[IOMUAKOBOTO PO3PaxXyHKY 3allaciB Ha POAOBUIIAX.

KAro4oBi croBa: CBepAAOBHHG, KapoTak, Techlog, iHTeprpeTarttist, r'yCTHHA, IOPUCTICTb,
edeKTUBHA MOPUCTICThb, HACUYEHICTh, CA@HEIlb, BOAOHA(TOBE BiAHOIIIEHHSI.
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