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Abstract: Azerbaijan is one of the oldest oil and gas provinces, where more than 2 bln tons of oil have been
extracted over more than a century. At present, the oil production is declining and mainly determined by production
from the Azeri-Chirag-Guneshli offshore block (AChG). Compared to oil, the opportunities for further growing
natural gas reserves and production are very promising. For the latest years, a number of large gas condensate
fields have been discovered in the deep-water part of South Caspian Sea, such as Shakh-Deniz, Apsheron, Umid.
There are a number of prospects that have not yet been drilled in this part of the sea basin. The paper assesses their
prospectivity, substantiates the priority exploration targets and, on the basis of the statistical analysis of the quan-
titative gas/oil ratio data for many other Azerbaijanian and world basins, an attempt is made to assess the reserves
in the prospects. The total recoverable oil reserves in Azerbaijan are estimated at 3.5 bln tons, of which slightly
above 2 bln tons have already been extracted. Based on the statistically estimated ratio between the volumes of
gas and oil in various basins of the world, including Azerbaijan, the total possible natural gas reserves in Azerbaijan
are estimated at about 4 trillion m>. This is in agreement with the other available estimates. Of this volume of
natural gas, 0.85 trillion m? has already been extracted, and the approved geological reserves are estimated at 2.55
trillion m®. Almost 83% of the extracted natural gas belonged to offshore fields. This trend will continue in the
future, and, moreover, will be strengthened due to large volumes of gas condensate accumulations in the deep-
water part of the basin. In this part of the basin, the most attractive prospects are Mashal, Shafag, and Israfil
Huseynov, total reserves of which are expected at 0.6 trillion m® of natural gas.
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O cooTHOMIEHNH MPUPOIHOTO ra3a U HePTH
B CBSI3U C IPOrHO30M HX 3a11aCOB B A3epOaiiKaHe

A A d)einyn.naeB

WucturyT reonoruu u reopusnku HarmonansHoit Akanemuu Hayk AsepOaiimkana, r. baky, AzepOaiimpkan

AHHOTanUsA: AsepOaii/pkaH SBIISICTCS OJHOM M3 CTapeHImx He()TEera30HOCHBIX ITPOBHUHIIMM, TJIe 3a 00Jiee YeM BEKOBOM
niepro 13 Henp 100bITo Oostee 2 Mutpa T HeTH. B HacTosiiee BpeMs 100b4a HepTH HIET Ha CIat ¥ B OCHOBHOM OTIpelie-
JsieTcst 100bI4eld U3 Mopckoro 0moka Asepu — Yupar — [Nonenm. B cpaBHeHNN ¢ He)TBIO MEPCIIEKTHBEI TATbHEHINETO
MPUPOCTA 3aI1acoB U JOOBIUM Ia3a OUeHb BRICOKUE. B nocieiHme rojip B riry0okoBoaHOM yacTu FOxxHoro Kacmus BeisiBiieH
PSIA KPYIHBIX Ta30KOHIEHCATHBIX MECTOPOXKICHHH, Takux Kak llax-/lenn3, Ammuepon, Ymun. B 3toit yactu 6acceiina nme-
eTcs psizl ele He pa30ypeHHBIX CTPYKTYP. B cBsi3u ¢ 3TUM B cTaThe OLleHeHBI MX IIEPCIEKTUBEI, 000CHOBaHBI IEPBOOUYEpPE-
HbIE TIONCKOBBIE O0BEKTHI ¥ HA OCHOBAaHHH BHITIOJIHEHHOTO CTATHCTHYECKOTO aHAT3a KOJIMUECTBEHHOTO COOTHOIIICHNSI T'a3a
1 He(pTH 110 JAHHBIM Pa3IMYHBIX OacCeHHOB/CTpaH MUpa, a Takke AzepOaiipkana IpeIIpUHSTa MOBITKA OLEHUTH 3aI1achl
B HHX Ta3a. CyMMapHbIe U3BlIeKaeMble 3arackl HeTH B A3epOalibkaHe OLEHUBAOTCS B 3,5 MIIPH T, U3 KOTOPBIX U3BJICYECHO
4qyTh Oosee 2 MiIpy T. MIcX0/s U3 CTaTUCTUYECKH BRISIBIICGHHOTO COOTHOIIEHHS MEXKTy 00hEMaMH Ta3a M HE(PTH B paziIIHBIX
Oacceiinax (cTpaHax) Mupa, BKIOUast 1 AzepOaiikaH, IPOrHO3HAas OIICHKA CyMMAapHBIX 3arlacoB rasa B AsepOaipKaHe
COCTABJISIET OKOJIO 4 TPITH M°. DTO B IIEJIOM COIIIACYETCS € CYIIECTBYIOIIMMU OLeHKaMH. V3 31010 06beMa rasa yike J100bITo
0,85 TpiH M>, a yTBEpIKICHHBIE NIEPCTIEKTUBHBIE 3aIachl ra3a OLeHUBaroTes B 2,55 TpimH M. [Toutw 83 % rasa n00bITO M3
MOPCKHX MECTOPOK/ICHHI. ITa TCHICHIS B Oy TyIIIeM He TOIBKO COXPAHUTCS, HO M OYJIET YBEIMIMBATECS O71aroapst BBe-
JICHHIO B Pa3palbOTKy KPYITHBIX TA30KOHICHCATHBIX CKOTUICHHH B TTyOOKOBOIHOM YacTH OacceiiHa. B 3Toit yactu Oaccelina
K HauOoJiee MePCeKTUBHBIM MOTYT OBITh OTHECEHBI CTpyKTypbl Marai, Hladar u Mcpadun ['ycelinos, cymmapHsie 3a-
ackl B KOTOPKIX IIPorHo3upyrores B 0,6 TpiH M rasa.
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Introduction

South Caspian Basin (SCB) of Azerbaijan, lo-
cated within the Alpine-Himalayan tectonic belt, is
a typical intermount basin. Recent structure of the
basin is controlled by the ongoing collision of the
Arabian and European (Russian) plates.

Recent geological and geophysical studies
have revealed some features being characteristic
of subduction regimes at the northern boundary of
the SCB [1]. The main structural element of this
zone is the Apsheron-Pribalkhan uplift zone, lo-
cated immediately above the frontal part of the
subduction zone. The studies showed the most fa-

vorable conditions for generation of hydrocarbons

(HC) were in place here [2]. The largest oil and
gas accumulations of the SKB continental and
offshore parts (Apsheron Peninsula and Apsheron
Archipelago) are confined to this sub-latitudinal
belt, from which more than 1.5 bln oil have been
extracted (about 75% of total oil produced in
Azerbaijan) (Fig. 1).

In the early exploration stages within the
SKB, in its continental part, oil fields were mainly
discovered; therefore Azerbaijan was referred to
as an oil province. This was for both objective and

subjective reasons.
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Fig. 1. Oil and gas potential of Azerbaijan:
1—4 — hydrocarbon deposits; / — oil; 2 — gas; 3 — gas and oil;
4 — gas condensate; 5 — prospects (exploration targets)
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The objective reason comprises three main
factors: 1) the presence of vertical zoning of oil
and gas formation; 2) phase redistribution of hy-
drocarbons in the section caused by the processes
of their subvertical-lateral movement; 3) unfavor-
able preservation conditions and significant losses
of the gas component of hydrocarbons in shallow
fields subject to intensive degassing. This ex-
plains the absence of gas fields in the upper dia-
genetic gas formation zone. This is typical for al-
most all sedimentary basins located in mobile tec-
tonic belts. More than 90% of these gases have
been lost in this belt. Commercial accumulations
of biochemical methane are known only in Italy
(in turbidite sediments of the Po river basin) and
in Western Siberia, where these gases have been
preserved due to the permafrost layer playing the
role of a seal.

The subjective reason is connected with the
lack of data on the zone oil-and-gas potential and the
phase state of hydrocarbons (HC) in the deep-water
part of the basin at the initial stage of exploration.

However, the results of further prospecting
and exploration, as well as widespread introduc-
tion of modern geological and geochemical meth-
ods for studying organic matter (OM), oil and gas
served as the basis for changing ideas about the
phase relationship of hydrocarbon resources in
the SKB. This was facilitated by:

- discovery of a number of large gas con-
densate fields, such as Shah Deniz, Apsheron,
Umid, with reserves ranging from several hun-
dred bln to more than a trillion cubic meters in the
deep-seated part of the SKB;

- identification of qualitative characteristics
of the OM of the parent Oligocene-Miocene rocks
capable of generating, along with oil, significant
volumes of gaseous hydrocarbons (about 70% of
the total generation);
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- widespread development of mud volca-
noes in the SKB, which permanently carry large
volumes of gases to the surface during periods of
both gryphon activity and paroxysm.

By now, Azerbaijan has turned from an oil
supplier only into a major supplier of natural gas
to foreign markets. The peak of oil production in
Azerbaijan was recorded in 2010 at 51 million t.
Then, up to now, natural decline in the oil produc-
tion takes place. Further increasing the HC re-
serves is expected in connection with discovery of
mainly gas condensate fields in the central, deep-
seated part of the basin [3]. In this regard, the is-
sue of predicting gas reserves in the SKB is of ex-
ceptional interest.

Research Methods

To date, in the world, there are a huge num-
ber of classifications of oil and gas reserves and
resources. In fact, each oil-producing country has
its own classification, but there are also generally
recognized world classifications and methods for
estimating oil and gas reserves, which are used in
many countries [4].

Depending on the exploration maturity and
availability of the necessary data, different ap-
proaches and methods for estimating hydrocarbon
resources and reserves are used:

Analogy method. 1t is based on the assumption
that the reservoir under consideration is comparable
with the analogous reservoir in terms of poroperm
properties and fluid properties, which determine the
volumes of ultimate recoverable reserves.

Volumetric method. 1t is based on using
data on reservoir poroperm properties and fluid
properties for estimation of initial geological re-
serves and then determining their recoverable part
for a specific development project. This method is

used in early exploration stages.
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Material balance method. 1t is based on an-
alyzing a reservoir pressure changes while ex-
tracting HC from it. This method is applied in the
intermediate exploration stages.

Performance analysis method. 1t is based
on the analysis of the rate of extraction and phase
composition of the extracted HCs depending on
the time and the amount of accumulated extrac-
tion as the reservoir is depleted. The method is ap-
plied at the end of the field's life, when most of
the oil and gas has already been extracted, and the
field's production rate is declining.

Of'the above methods, the volumetric one is
the most commonly used.

This study provides an assessment of the pos-
sible recoverable natural gas reserves in Azerbaijan
based on statistical analysis of the ratio of proven re-
serves and production of natural gas and oil in 30
countries. In addition, the results of statistical analy-
sis of the primary values of gas/oil ratio (GOR, the
ratio of gas and oil production volumes) in Azerbai-
jani gas field for 54 continental and offshore fields
(754 data points in total) are used.

Although this statistical method cannot
claim universality, it may well be applied in the
conditions of Azerbaijan. This is due to the fact
that one of the parameters (oil reserves) is quite
reasonable and predictable in comparison with
another parameter (gas reserves). In the future,
there are no convincing prerequisites for discov-
ery of new commercial oil reserves, and further

prospects for increasing hydrocarbon reserves in

Azerbaijan are connected with discovery of ex-
clusively gas (gas condensate) fields in the SKB
deep-water part.

Research Findings

Existing estimates of recoverable oil re-
serves in SKB

The first well in Azerbaijan with a depth of 21
m was drilled for oil production in 1846 at the Bibi-
heybat area near Baku, and in 2017 the total amount
of oil production in Azerbaijan exceeded 2 bln tons.
The first bin t of oil was extracted for 125 years (by
1971), whereas the second one, for 46 years.

Current estimates of recoverable oil re-
serves in Azerbaijan are shown in Table 1.

As follows from the table, total recoverable
oil reserves in Azerbaijan are estimated at 3-4 bln
tons. However, when determining the fairest
value of the total oil reserves, a number of facts
must be taken into account. Firstly, for more than
a century of exploitation, slightly above 2 bln tons
oil have been extracted from more than 70 fields.
Secondly, at present, almost all oil fields in the re-
gion are at late stage of development and highly
depleted, with the only exception of the Azeri-
Chirag-Guneshli (AChG) mega-block, where oil
reserves are predicted to be between 511 and 923
million tons [9]. Considering that this block pro-
vides 91-93% of the country's oil [9, 10], the pos-
sible, not yet discovered oil/gas condensate re-
serves in Azerbaijan as a whole can be assumed
to be about 1.5 bln tons.

Table 1

Current estimates of oil reserves in Azerbaijan

Recoverable oil reserves, bln tons

Source

4.1

[3]

4.05

[6]

4.04

[7]

3

[8]

24 1.2%=32%*

[9]

*including estimated AChG oil reserves

**author’s estimate (produced + possible reserves)
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According to Khoshbakht Yusifzade, first
vice-president of the State Oil Company of Azer-
baijan (SOCAR), in Azerbaijan, the updated re-
coverable oil and gas condensate reserves are es-
timated at 1.5 bln tons [11], and taking into ac-
count the already extracted 2 bln tons of oil/gas
condensate, the total initially available reserves
are estimated at 3.5 bin t.

Thus, the volume of the initially available
recoverable oil reserves in Azerbaijan at 3.5 bln
tons can be taken as the most reasonable.

About relations between natural gas and
oil volumes

Analysis of data for different basins (coun-
tries). Fig. 2 presents a histogram of proved gas to
oil reserves ratio distribution for 30 countries,
drawn up based on BP data [12] (excluding coun-

tries with large gas resources).
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Fig. 2. Histogram of proved gas to oil reserves ratio dis-
tribution (2014 [12]) in 30 countries

Fig. 3.

According to the presented histogram, in
slightly more than 60% of cases, the ratio do not
exceed 2 trillion m® of gas per 1 bln tons of oil,
and the average ratio is about 1.2 trillion m® of gas
per 1 bln tons of oil.

The analysis of the gas to oil production ra-
tio calculated based on the 2016 data for 35 coun-
tries [13] is illustrated in Fig. 3, which presents
the of the

The average value of the ratio is 1.1 bln m*/1 mil-

histogram ratio  distribution.
lion tons (1.1 trillion m*/1 bln tons).

Analysis of GOR data for the SKB fields.
Compilation and analysis of GOR data for fields
in Azerbaijan based large statistically significant
data array showed its values ranging 2.5-80,000.0
m>/t (1,457 m>/t on average). Histogram of GOR

values distribution is shown in Fig. 4.
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Fig. 4. Histogram of GOR distribution for the fields of Azerbaijan
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The revealed interval of the GOR values (for the proved reserves and the produced vol-
variations is typical for both oil and oil-gas, and umes of gas and oil in various countries, as well
gas condensate fields [14-16]. In this regard, as the GOR values for the SKB fields) were car-
GOR can serve as a criterion for assessing the ried out on the basis of the accepted value of the
phase state of hydrocarbon accumulations and the total recoverable oil reserves in Azerbaijan of
patterns of its spacial changes. 3.5 bln tons.

In the SKB, GOR increases from the side Taking into account the average value of the
parts towards the deep-water part (Fig. 5). This is proved gas to oil reserves ratio calculated based on
in good agreement with changing the HC phase the data of 30 countries, the possible gas reserves in
state in this direction, which is manifested by suc- Azerbaijan can be estimated as follows: 3.5 bln tons
cessive change from oil fields to oil-and-gas and of oil x 1.2 trillion m*/bIn tons = 4.2 trillion m®. This
gas condensate ones. is graphically presented in Fig. 7.

High gas saturation of liquid hydrocarbons Taking into account the average value of the
in the offshore part of the basin provides their rel- gas to oil production ratio (1.1 trillion m?*/bln
atively lower density (less than 880 kg/m®) in tons) in 2016 calculated based on the data of 35
comparison with the continental fields (Fig. 6). countries, the possible gas reserves in Azerbaijan

According to the exploration findings, the can be estimated as follows: 3.5 bln tons of oil x
central deep-water part of the basin is exclusively 1.1 trillion m*/bln tons = 3.9 trillion m>.
gas-bearing, with gas condensate and no oil. Un- The value of possible gas reserves, esti-
der the temperature and pressure conditions in this mated taking into account the average GOR of
part of the basin, in addition to gas condensate, 1,082 m*/t, estimated for 54 fields in Azerbaijan,
also light, so-called "volatile" oils can be found. is 3.5 x 1,082 = 3.8 trillion m>.

Estimation of possible gas reserves in Azer-
baijan. All estimations of the possible gas re-
serves in the SKB based on the ratio of gas and oil
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Fig. 5. Distribution of the average GOR values in the produc-  Fig. 6. Spatial regularities of liquid hydrocarbon density
tive strata (Lower Pliocene) over the area (to exclude the in- variations in the SCB
fluence of the preservation conditions on the average values,
the data for depths below 2 km only were used)
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Fig. 7. Relationship between proved oil and gas reserves
in various countries and predictive estimate for Azerbaijan

Thus, total recoverable gas reserves in
Azerbaijan, estimated based on three different in-
dicators of the gas to oil ratio, can be accepted at
about 4 trillion m?, including the already extracted
0.85 trillion m® of gas [17].

According to the existing official estimates,
in Azerbaijan, possible not yet extracted gas re-
serves are estimated at 2.55 trillion m? [11, 6].
These reserves mainly belong to such already dis-
covered fields as Shakh Deniz, Umid, Apsheron,
the AChG block and the Babek prospect. Proved
gas reserves for these fields amount to 1.2, 0.2;
0.35;0.35, and 0.4 trillion m?, respectively (a total
of 2.5 trillion m*) [10].

Thus, the official estimate does not take into
account the prospects of discovering new gas con-
densate accumulations in the SKB deep-water
part. The volume of the unaccounted possible gas
reserves, according to our estimations, may be
about 0.6 trillion m>: 4 trillion m? (the estimated
total reserves) — 0.85 trillion m? (the already ex-
tracted volume) — 2.55 trillion m® (the approved
proved gas reserves) = 0.6 trillion m3.

Such a volume of natural gas, depending on
the size of the structure, can correspond to gas re-
serves of some two or three prospects. Based on
the modern tectonic-geophysical model of the oil-

GEOLOGY OF MINERAL DEPOSITS

and-gas potential of the South Caspian Basin
(SCB) [2], most likely, Mushvig, Mashal, Shafag,
and Israfil Huseynov structures can be among
such prospects (see Fig. 1). However, it should be
noted that although the Mushvig structure is the
most promising, it is most likely to be classified
as unprofitable due to its small dimensions.

Conclusion

Total recoverable oil reserves in Azerbaijan
are estimated at 3.5 bln tons, of which slightly
above 2 bln tons have been extracted. Based on
the statistically estimated ratio between the vol-
umes of gas and oil in various basins of the world,
including Azerbaijan, the predictive estimate of
the total natural gas reserves in Azerbaijan was
estimated at about 4 trillion m>. This is in agree-
ment with the other available estimates. Of this
volume of natural gas, 0.85 trillion m* has already
been extracted; the approved geological reserves
are estimated at 2.55 trillion m°.

Almost 83% of the extracted natural gas came
from offshore fields. This trend will continue in the
future, and will be even strengthened due to large
volumes of gas condensate accumulations in the
deep-water part of the basin. In this part of the basin,
the most attractive prospects are Mashal, Shafag,
and Israfil Huseynov, total reserves of which are ex-
pected at 0.6 trillion m* of natural gas.
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