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O0nuMm 3 OCHOBHUX i BANCAUBUX PO3OINIE NPOEKMY PO3POOKU MOPCOKUX 2A306UX | 2A30KOHOEHCANHUX POOOGULY
€ npozno3 Koediyicnma syzaeeoonesiooaui. Hailbinvu mounuil npoznos xoediyicnma 6yzae001esio0aui MopCoKUx
2A306UX 1 2A30KOHOEHCAMHUX POOOBULL MAE 0COONUBE BANCIUBE SHAUCHH 05 AKICHO20 YNPABIHHA NPOUecamu ix
PO3POOKU ULLAXOM BUACHO20 6CMAHOBNEHH MA 30iLICHENH HeOOXIOHUX Nepuouepzosux 3ax00is. 3 0z1a0y na ye,
06’exmom Q0caiONCeHIsL € NPOZHOIYBANHS 8Y21C600HEBI00aUl MOPCLKUX 2A308UX i 2A30KOHOCHCAMHUX POOOBULY HA
pisnux emanax ix pos3pooxu. Jocaioxrcyemopcs 3a80anis subopy mMooeiell npozHO3YEaAHHs KoeQiuicnmis nomounoi
i Kinuyesoi 2a30- i Kondecamogiodaui MOPCOKUX 2A306UX | 2a30KOHOCHCAMHUX POOOGULL, 13 CMEOPEHHS CNeULALLHUX
modenetl ix eusnauenns 0is pisnux nepiodie neped 00600HeHHIM. 3A3HAUCHO, WO Ol MPUBANLO PO3POOIIOBAHUX
2a306UX 1 2A30KOHOCHCAMHUX POOOBULY, 3ACTNOCYBANHSL eBOJIOUILIHUX MoOeNell Oinvi Q0UiIbHO | ehekmueno Ons
MOUH020 NPOZHO3YBAHHA DOCMYNHUX 3ANACIE 2a3Y HA NesHUX emanax po3pobxu. Ilobydosa esomouitinux mooenei
Oyaa 6UKOHANA Y 080X eMAanax — eman nonepeonbo20 ananiy (iHmepeai Hasguanis) i eman npoznodyeanns (inmep-
gau icnumy ). B pesyavmami docaioxcerns sanpononosani naditini mooeni 0iis npozHo3Yeanis 3a PIsHUMU eManamu
PO3poOKU Koepiyicnmis nomounoi i Kinyeeoi 2a30- i KOHOecamosiodaui MOPCOKUX 2A306UX T 2A30KOHOCHCANHUX
Ppodosuy. Biominioio 0cobaueicmio maxozo 6usHauenis Mo0eieti npozHo3ysanis Koepiyienma eyzieeoonesiooaui
€ 6UKOPUCANHS 0aHUX OANANCOBUX T BUOOOYMUX 3aNacie pooosuwa 0as Pisnux emanie pos3pooxu. IIpu suxonanui
00CIONCEHMHSA BUKOPUCTNOBYBAIUCS 2€01020-NPOMUCL061 dani no VII zopuzonmy podosuwa Canzauar-mope-/lysa-
ni-mope-Xapa-3ups (Asepbaiioncar). Ha ocnosi 06panux mamemamuunux mooenei na pisHux emanax Moxcymo
Oymu suanaueni koeQiyienmu nomounoi ma Kinyeoi syaneso0nesiodaui ti oyineni epexmuernocmi npoyecy po3pooxu
podosuuy. Ompumani pesyivmamu cmeopsms MOICIUCOCME 0N YNPAGIIHHIA CIMPAMeziclo po3podKu poodosula
i 6UOOPY ONMUMATLLHOZO MEMOOY BUSHAUCHHS 2€0]1020-MEXHIMHUX 3aX0016, U0 3ACMOCOBYIOMbCS 3 MEMOI0 Ni06U-

wenns xoegiyicnma xinuyesoi 6yziecoonesiooaui.
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1. Introduction

Intensive development of the gas industry requires
increasing the efficiency of the natural gas and condensate
production process, increasing the hydrocarbon recovery
coefficient of the reservoirs, and improving the system for
the development and operation of gas and gas condensate
fields. This, in turn, indicates the need to pay special atten-
tion to the selection and application of new mathematical
methods in conditions of insufficient exploration data in
order to predict the main indicators of the development
of gas and gas condensate fields [1].

Azerbaijan’s offshore gas and gas condensate fields are
at the final stage of development. Therefore, at present,
there is a certain amount of geological exploration data
in the fields for predicting both the current and final gas
and condensate recovery coefficients.

The final hydrocarbon recovery coefficient is a very
important parameter characterizing the economic efficiency
of the gas and gas condensate field development system.
In this regard, it can be noted that the assessment of the
hydrocarbon recovery coefficient at the stage of develop-

Copyright © 2019, Samadov T., Novruzova S., Samadzade A.
This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

ment of the technological scheme of the pilot operation of
the field and the development project is important [1, 2].

The relevance of improving methods for assessing the co-
efficients of final and current hydrocarbon recovery directly
depends on the principle of a more accurate determination
of hydrocarbon reserves and the level of provision of the
country as a whole with these reserves. The application
of these methods is of great importance in the design of
development of both individual and group fields, as well
as in long-term planning of gas and condensate produc-
tion. Errors in the determination of hydrocarbon reserves,
both in the direction of decrease and in the direction of
increase, can lead to unnecessarily large additional costs
for the national economy [3, 4].

So, in [5], the tasks of creating methods for increas-
ing the gas recovery of natural gas deposits are studied
taking into account the use of geological and field data.
And in [6], one effective scheme is given for calculat-
ing the gas recovery coefficient for offshore fields using
the regression approach. In [7, 8], the tasks of predicting
the effect of formation water on condensate recovery and
justification of design production at an offshore field are
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analyzed. In [9, 10], on the basis of a systematic approach
to assessing the most important characteristics of a gas
field development — the completeness of gas extraction
from a deposit — the main factors affecting the ultimate
gas recovery coefficient and the main provisions of the
methodology for substantiating the final gas recovery of
deposits are presented.

Given the importance and great interest of researchers,
the object of research is prediction of the hydrocarbon
recovery of offshore gas and gas condensate fields at dif-
ferent stages of their development. The aim of research is
selection of the models for predicting the coefficient of
current and final gas and condensate recovery of offshore
gas and gas condensate fields to create special models for
their determination for different periods before flooding

the field.

2. Methods of research

It should be noted that in the complex of problems
of estimating the hydrocarbon recovery coefficient, there
remain issues that have not yet been studied or are not
adequately studied. Naturally, the methods for predicting
the hydrocarbon recovery coefficient, as well as methods for
increasing them, are not the only solvable problems [1, 3].

In the research work [11] fairly detailed conclusions
were given on this issue. Consider some of the main results
obtained as a result of these research works.

1. Depending on the specific geological, technical and
economic conditions for the development of gas and gas
condensate fields, the final hydrocarbon recovery coef-
ficient can vary within wide limits — from 45 to 98 %.

2. The highest coefficient of gas recovery (85-95 %
or more) is typical for fields operated in the gas mode
for depletion and in the elastic-water pressure mode with
a smaller amount of infiltrated water.

3. The final gas recovery coefficient for gas fields de-
veloped in the elastic-water pressure mode with uneven
movement of the contour and bottom water along hete-
rogeneous reservoirs is 60-70 %, and 85-90 % for gas
fields with more favorable geological conditions. In some
cases, high gas recovery coefficients (90 % or more) are
observed in highly permeable homogeneous reservoirs and
in fields developed in a hard-water mode.

4. Tt is found that the coefficient of final gas recovery
of gas fields developed in the gas regime mainly depends
on well productivity, pressure and rock permeability at
the final stage of development.

The final gas recovery coefficient of formations deve-
loped in an elastic-water pressure mode is mainly deter-
mined [12]:

— rate of gas extraction;

— intensity and nature of the flow of water into the

reservoir;

— saturation with gas of the flooded part of the for-

mation;

— parameters of reservoir reservoirs;

— geological structure of productive horizons.

5. The final gas recovery coefficient can be estimated
using simple dependencies given below [13]:

a) for gas operation:

(1

b) for the elastic-water pressure regime covered by
the process of flooding the entire volume of productive
formations:

Bez()
2B’

Be=1-n 2)

¢) for an elastic-water pressure regime partially co-
vered by the process of flooding the initial pore volume
of productive formations at the end of development:

Qoz 20 Be Pz
QOPO[ nz,,]'
Let’s explain the symbols adopted in formulas (1)—(3):
- P, Py, P, — respectively, the initial and final values
of the weighted average pressure in the gas part of
the formation and the value of the weighted average
pressure in the water part of the formation;
— 2y, 2, 2o — respectively, the coefficients of gas super-
compressibility for these pressure values;
— mn - residual gas saturation of the formation: n=
= (60— Q0)/ Qo0
- Q,, Q, — respectively, the initial and aquifer pore
volumes of the reservoir;
— Q, — the volume of water that has invaded the for-
mation.
6. The final condensate recovery coefficient in the de-
velopment of gas condensate fields is determined as the

ratio of the total condensate production to the initial con-
densate reserve [12]:

2
Qun

Pz,
2B

Br=1- 3)

Bi= (4)

If, when water is injected into the formation, the reser-
voir pressure will remain at the initial value or higher than
the initial condensation pressure, and also if the reservoir
will be developed in a hard-water mode, then the final
condensate transfer coefficient will be equal to the final
gas recovery coefficient.

Part of the gas and gas condensate fields located in the
Azerbaijani sector of the Caspian Sea is being exploited
at the final stage of development. This means that for the
analysis of field development processes, as well as various
activities carried out in the development process, a suf-
ficient amount of geological exploration data has now been
accumulated for these fields. In addition, based on the
selected best mathematical model, it is possible to pre-
dict the coefficients of the current and final hydrocarbon
recovery of various fields.

For this purpose, it is possible to use geological and
production data for the VII and VIII horizons of the gas
condensate field Bulla-Sea (Azerbaijan), as well as for the
VII horizon of the Sangachal-Sea-Duvanny-Sea-Khara-Zirya
field (Azerbaijan).

From the analysis of gas recovery processes, it is known
that when choosing models for predicting the coefficients
of the final gas and condensate recovery, various methods
are used [3].

To increase the efficiency of developing gas and gas
condensate fields, it is necessary in the first approach to
select the most accurate models for predicting technologi-
cal indicators [13].
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3. Research results and discussion

Mathematical modeling is one of the most widely used
and effective methods of analysis and processing of gas and
gas condensate fields to predict technological parameters.
In particular, mathematical models are widely used to diag-
nose characteristic development processes on the basis
of integrated characteristics, qualitative and quantitative
forecasting of key indicators, establishing the subsequent
appropriate solution to the problem and determining the
dynamics of changes in gas recovery rates.

The practice of developing long-term developed gas
and gas condensate fields shows that the use of evolutio-
nary models is more appropriate and effective for accurate
prediction of their gas reserves at certain stages of de-
velopment [13]. In this approach, gas and gas condensate
valves are considered as a complex system, a growth pro-
cess that is evolutionary in nature and consists of some
semi-systems due to the complex influence of external
factors. In the process of gas recovery, such factors can
indicate the nature of changes in reservoir pressure, well
stock, watering the formation, as well as various methods
of stimulating the formation.

The growth curves of development indicators from the
impact of the above factors can be of a different nature
as a result of the forced effect of all factors on the gas
recovery process. These curves can be expressed by the
following types of evolutionary models:

V=A+Be™, (5)
where A, B, o — the coefficients of the model that cha-
racterize the characteristics of growth in the considered
stage; and for t—oo let’s have: V — A.

To determine the coefficients of the current gas and
condensate recovery of productive strata, the gas reserves
of the studied stratum are refined by the method of evo-
lutionary modeling, which consists of two stages [13].

At the first stage of the study, a preliminary analysis
(training interval) and prediction of the final part of the
production change curve (exam interval) are performed.

As a result of a variance analysis of the actual and
estimated gas production data, a more accurate view of the
model is determined.

At the next stage, using the aforementioned model coef-
ficients, gas reserves are forecasted for conditions in which
the performance of the development system remains constant.

It is often impossible to determine the boundary of
transients as a result of an initial analysis of information.

It should be noted that the application of the theory
of disasters allows us to determine the nature and time
of qualitative changes in the analyzed system. Accord-
ing to this theory, any system should be in equilibrium.
As a result of changes in its parameters, the stability of
the system is undermined, and as a result of qualitative
changes that can occur under certain circumstances, this
depletion can be completely eliminated. As a result, the
state of a parameterized system can lead to its transition
from one state to another.

When analyzing the gas production process, the geo-
logical and field data collected during the study period
are used to diagnose the state of the system [14].

In catastrophe theory, it is assumed that the state
of the considered process is controlled by any potential

function whose local minima coincide with the balanced
points of the system.

In this case, the obtained results can be expressed by
the following differential equation [13]:

y' =ax’+bx+c, (6)
where a, b and ¢ — the constant coefficients of the equation.

The potential function is chosen so that its critical
points coincide with the crisis points of the original system.

Using the condition D=5%—-4ac from the solution of
equation (6) for the potential function of the set of ac-
cidents, let’s determine the range of parameter values for
which qualitative changes in the system occur. The sign
of the parameter D allows one to determine the nature
of these changes.

In order to analyze the dynamics of changes in the
coefficients of the current and final gas and condensate
recovery from the balance and recoverable reserves, the
dependences By,—¢ and By—¢ are constructed (Bg — gas re-
covery coefficient).

Over time, gas and condensate production began to
decline due to flooding of existing wells. As a result, a spe-
cial model is developed for the previous and subsequent
periods before the field was irrigated in order to predict
the coefficients of the current and final hydrocarbon re-
covery of the VII horizon of the Sangachal-Sea-Duvanny-
Sea-Khara-Zirya field (Azerbaijan).

To calculate the hydrocarbon recovery coefficients based
on the results obtained, the following models can be proposed:

For stage I development:

1. By recoverable reserves:

By=1.202-1.673¢ 0078,
2. By balance reserves:
Bg:().886,1.2336—040783t.

For stage 11 development:
1. By recoverable reserves:

Bg:().995,1.886—041216t.
2. By balance reserves:
Bg=0.732-1.429¢ 0124,

where e — the base of the natural logarithm; ¢ — the de-
velopment time.

The proposed method allows to determine changes in
the development stages and select mathematical models
for predicting the coefficients of the current and final
hydrocarbon recovery for different stages of development.

4. Conclusions

The best mathematical methods have been applied to
predict development indicators and hydrocarbon recovery
coefficients. The mathematical models proposed in this work
make it possible to predict the coefficients of the current
and final hydrocarbon recovery for different stages of the
development of offshore gas and gas condensate fields. Also,
the obtained models make it possible to determine the

;38
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coefficients of the current and final hydrocarbon recovery
of offshore gas and gas condensate fields at existing well
grid densities and development rates.

The results will create opportunities for managing the
development strategy of the field and choosing the opti-
mal method of geological and technical measures used to
increase the coefficient of final hydrocarbon recovery. They
can also be used in predicting the coefficient of current
and final hydrocarbon recovery of deposits in offshore
gas and gas condensate fields, as well as gas condensate
fields with an oil rim.
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