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STATISTICAL METHOD

Abstract

The purpose of this study is to analyse and evalute the effectiveness of the
statistical method in estimating oil reserves on the example of a field in
Turkmenistan. Various methods such as analytical, statistical, correlation
tables, moving average, calculation were used to arrive at the conclusion.
Residual oil reserves were estimated taking into account different types of wells
and cumulative production, which provided a more complete picture of the
field’s potential. The results of the study showed that the use of statistical method
for estimating oil reserves in the Goturdepe field in Turkmenistan is of high
importance for effective production management. The analysis of well
production data and the application of statistical methods allowed the
identification of important trends and patterns in oil production, which is a key
step for optimizing the field development process. One of the key findings of the
study is the need to account not only for current production, but also to forecast
future production. This helps to optimize the field development process and make
informed decisions about further investment. Within the framework of this study,
it was noted that, given the complex geology of the region, the use of statistical
methods is critical to ensure the accuracy and reliability of reserve estimates.
This approach allows for the consideration of many factors, including variations
in production and geological features, providing more accurate estimation
results and informed decision-making in the management of oil production in
Turkmenistan. The results of the study confirm the effectiveness of the statistical
method for estimating oil reserves in the Goturdepe field, which contributes to
effective production management and also allows optimization of the field
development process, helping to improve the efficiency and reliability of
production in the region.

1.0 INTRODUCTION

Turkmenistan’s oil industry is vital to its economy,
generating significant revenue. Accurate reserve
estimates are essential for efficient field exploitation,
especially given the complex geology and rock
diversity in  Turkmenistan. Reliable reserve
assessments are crucial for informed production and
development decisions. Inaccurate estimates can lead
to inefficient resource use, missed opportunities, and
economic losses. Thus, there is a need for estimation
methods that consider Turkmenistan’s specific
geological conditions to improve reserve accuracy.
Research into oil and gas reserve estimation methods

© 2024 by the author(s). This article is open access under the CC BY -

can address limitations in current approaches, which
often overlook geological complexities.
Turkmenistan, like many other regions with
significant hydrocarbon reserves, faces challenges
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associated with the availability of large areas for
drilling rigs. The region is characterised by desert
terrain and harsh climatic conditions, which may limit
the availability and suitability of certain areas for
drilling operations [1; 2]. Western Turkmenistan has
limited access to large areas suitable for drilling rigs,
which may pose challenges to the development and
expansion of the oil and gas industry.

Previous studies have emphasised the importance of
considering geological structures in estimating
hydrocarbon reserves. For example, T. Muter et al. [3]
and C. Zou et al. [4] have shown that structural
features such as anticlinal folds and reservoir
permeability  significantly affect hydrocarbon
distribution and recoverability. These findings are
particularly relevant to the Goturdepe field, where the
complexity of the geological structure requires a
detailed understanding of subsurface conditions to
ensure accurate reserve estimates. The work of J. Li et
al. [5] also show that fields with certain geological
structures usually have higher reserves and more
efficient extraction methods. J. Boak and R. Kleinberg
[6] emphasised the impact of innovations such as
hydraulic fracturing and horizontal drilling on
production efficiency. This is directly applicable to the
Goturdepe field, where conventional drilling methods
may not be able to cope with the unique challenges of
the region. Integrating modern drilling techniques
could potentially increase resource recovery and
extend the life of the field. Q. Lei et al. [7] and H.
Mahmoud et al. [8] also confirm the need for
innovation in the oil and gas industry in conducting
reserve estimation to achieve more accurate and
relevant results. The use of modern techniques
becomes essential to achieve competitiveness and
sustainable development of the oil industry.

Various methods are widely used for industrial
assessment of oil reserves [9; 10]. Thus, the studies of
A. Sircar et al. [11] and Z. Caili et al. [12] included
statistical methods to identify patterns in production,
as well as geological modelling to assess the structural
distribution of reserves in the deposits. Engineering
modelling to analyse well production parameters was
carried out in the works of X. Ma et al. [13] and C.
Sun et al. [14]. The results of the studies showed that
the use of different methods and their complex
analysis contribute to a more accurate and reliable
assessment of oil reserves, taking into account many
variables. The purpose of this study is to carry out an
industrial evaluation of oil reserves in the field of
Turkmenistan using the statistical method. The main
objectives of the study were to determine the volume
of recoverable oil reserves on the example of a

@ © 2024 by the author(s). Licensee NIJOTECH.

This article is open access under the CC BY-NC-ND license.
http://creativecommons.org/licenses/by-nc-nd/4.0/

specific field, as well as to identify patterns and trends
in the process of its exploitation.

20 MATERIALS AND METHODS

A study on commercial oil reserve estimation using
the statistical method was carried out in the Goturdepe
field in Turkmenistan. The study involved a
comprehensive analysis of well production data,
focused on identifying relationships between previous
and subsequent production rates. This involved the
use of correlation tables, in which the production rates
of each well were separated and characterized by a
series of interval distributions. A moving average was
used to smooth the data, which was calculated based
on consecutive values of ordinates. In order to
simplify subsequent calculations, similar decline rates
were combined into three intervals, for each of which
the average flow rate of the pre-calculation month was
calculated. To determine recoverable oil reserves, the
sum of flow rates was calculated.

When justifying the oil recovery factors of the
Goturdepe field deposits, it was decided to consider
three main options. In the first case, only old wells in
operation at the time of the study were considered. In
the second case, both old and re-entry wells were
considered, and in the third case, old, re-entry and new
(design) wells were considered. This made it possible
to take into account different field development
scenarios and provide a more complete picture of the
field’s potential. Residual recoverable reserves
attributable to return wells and new wells were
determined using the same decline rates as for the
main wells. This provided a uniform method of
analysis and evaluation for all well types, allowing
comparison of their performance and contribution to
total recoverable reserves. Then, a graph of the
behaviour of the average flow rate of one well by year
was plotted. Then, the flow rates of new wells that
were put into operation in different years were plotted
on the same graph. Further, the degree of excess of
new wells’ flow rates over the average flow rate of the
object and changes in this ratio over time were
assessed. The data obtained on the ratio of new well
production rates at various dates served as a basis for
analysing and forecasting their efficiency.

In order to determine the remaining recoverable oil
reserves for the existing return wells and new wells,
oil reserves were calculated for each well, taking into
account their production activities. These values were
then summed for all the re-entry and new wells to give
the total remaining recoverable oil reserves.
Cumulative oil production was then added to this total
to determine the initial recoverable oil reserves of the
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field. This took into account both current oil
production and the potential reserves that could be
recovered from existing and new wells in the future.

3.0 RESULTS

The statistical method of oil reserves estimation is a
comprehensive approach based on a thorough analysis
of well flow data. It is based on the study and
processing of information on the dynamics of flow
rates, which makes it possible to identify patterns and
the nature of the relationship between previous and
subsequent flow rates. This relationship is established
with the help of correlation tables, which allow
predicting future flow rates on the basis of available
data [15-17]. One of the key aspects of the statistical
method is the extrapolation of data to the final
conditions of the reservoir development. This means
that a model is built from the available flow rate data
to predict oil flow rates under different field
conditions. In estimating the ultimate recovery of
reservoirs, the value of the ultimate oil flow rate is
calculated using the formula (1):

— 3ft3p+3e Q31043 Q30 Q (1)
f 365P,

Where, p¢—is the ultimate flow rate of the well, tonnes
per day; 3; — well equipment maintenance and
operation costs, manat/sq.m./sg.year; 3, — basic,
additional wages and social insurance contributions,
manat./sg.yr; 3. — energy costs spent on liquid
extraction, manat./t; 3; — expenditures on artificial
impact on the reservoir, manat./tu® water; 3. — oil
gathering and transportation costs, manat./t of liquid,;
3ot — expenses for technical treatment of oil, manat./t
of liquid; Q; — annual liquid production per one well,
tonnes; P, — wholesale (closing) enterprise (or world)

Table 1: First correlation table

price for oil or marginal cost of oil production from
marginal wells, manat/t.

The key step in the estimation of oil reserves by
statistical analysis is the determination of annual fluid
production per well [18-20]. It is important to take into
account that this estimate is based on the final water
cut of the deposit, which in this case (2) is 97%:

_ 365qk

= = 33.3 *365¢gk
1-0.97

Q (2)
The water cut, which is the ratio of water to oil, plays
a significant role in determining production. For each
volume of oil produced, a significant amount of water
is required, which in turn requires the application of
appropriate technologies for its treatment and
utilization [21; 22]. The results of calculations based
on Equations (1) and (2) made it possible to determine
the value of the ultimate flow rate of one well at
Goturdepe field. The results obtained were 0.68
tonnes per day, 0.66 tonnes per day and 1.23 tonnes
per day, respectively. These values reflect the
maximum possible oil production that can be achieved
by each well in the field under certain operating
conditions. However, it should be noted that these
figures are affected by many factors, such as
geological features of the reservoir, well
specifications and production methods. The process of
determining recoverable oil reserves using the
statistical method is then examined in detail using
specific well data. To begin with, the data on the
production rates of each well are systematized into a
correlation table, which reflects the relationship
between the values of one variable depending on the
intervals of another variable (Tables 1 and 2).

Follow-up (fgy) 2.65 2.45 2.25 2.05 1.85 1.65 1.45 1.25 1.05
Flow rate (fgy;) 2.75 2.65 235 2.15 1.95 1.75 1.55 1.35 1.15
Previous (tgy;_,) -2.55 2.35 -2.15 -2.95 -1.75 -1.55 -1.35 -1.15 -0.95
Debit (y;:y;_1) 562 2-354 7-223 8-141 2-89 0-56.1- 35.4- 22.3- 14
fgx fox;box; ¢ Xi Xi_q -354 8-223 9-141 3-89 1-56 2-35.5 -22.4 -14.1 -8.9
2.65 2.75-2.55 562.2-354.8 22 4

2.45 2.55-2.35 354.7-223.9 4 22 14

2.25 2.35-2.15 223.8-141.3 7 52 28 2

2.05 2.15-1.95 141.2-89.1 16 105 35 1

1.85 1.95-1.75 89-56.2 1 23 63 24

1.65 1.75-1.55 56.1-35.5 2 11 30 15 1

1.45 1.55-1.35 35.4-22.4 5 17 9 2
1.25 1.35-1.13 22.3-14.1 6 16 4
1.05 1.15-0.95 14-8.9 3 4
0.85 0.95-0.75 8.8-5.6 2
0.65 0.75-0.55 5.5-3.5

0.45 0.55-0.35 3.4-2.2

0.25 0.35-0.15 21-14

0.05 0.15-(-0.05) 1.3-0.9

Source: developed by the author

Q
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Table 2: Second correlation table

Follow-up ({gy) 0.85 0.65 0.45 0.25 0.05 Ni
Flow rate (tgy;) 0.95 0.75 0.55 0.35 0.15 S niyi v Monthly flow rate decline rates
Previous (Igy;_) -0.75 -0.55 -0.35 -0.15 -0.05 F.
Debit (y;:yi—1) 8.8- 5.5- 3.4- 2.1- 1.3- In log. Smoothed In numbers
Cex E‘;’i:'_l XiXiq 5.6 35 2.2 1.4 -0.9
2.65 2.75-2.55 562.2-354.8 26 68.7
2.45 2.55-2.35 354.7-223.9 40 96
2.25 2.35-2.15 223.8-141.3 89 195.25 2.1938-0.0562-0.0324 0.9281
2.05 2.15-1.95 141.2-89.1 157 317.65 2.0232-0.0266-0.0276 0.9384
1.85 1.95-1.75 89-56.2 111 205.55 1.8518-0.0018-0.0273 0.9391
1.65 1.75-1.55 56.1-35.5 59 96.95 1.6432-0.0068-0.0129 0.9453
1.45 1.55-1.35 35.4-22.4 33 46.25 1.4015-0.0485-0.0032 0.9927
1.25 1.35-1.13 22.3-14.1 26 32.9 1.2654-0.0154-0.0082 0.9813
1.05 1.15-0.95 14-8.9 2 9 9.65 1.0722-0.0222-0.0024 0.9945
0.85 0.95-0.75 8.8-5.6 11 4 17 14.05 0.8265-0.0235-0.0327 0.9275
0.65 0.75-0.55 5.5-3.5 4 3 1 1 9 6.05 0.6722-0.0222-0.0252 0.9436
0.45 0.55-0.35 3.4-2.2 1 5 1 7 1.75 0.2500- 0.2
0.25 0.35-0.15 2.1-14 1 2 12 15 1.55 0.1033 0.0533
0.05 0.15-(-0.05) 1.3-0.9

Note: F — frequency.

Source: developed by the author.

Table 3: Table of average debits of the pre-settlement month

Group number by Intervals of average daily Number of wells in operation Average daily flow rate of Monthly flow rate

flow rate intervals flow rates, tonnes/day as of the calculation date one well, tonnes/day decline rate

1 562.2-70.8 29 159.9 0.9382

2 70.7-44.7 10 58.5 0.9453

3 44.6-0.9 30 19.1 0.9875
Average daily flow rate per well for the entire facility 88.9

Source: developed by the author.

Next, the arithmetic mean of the subsequent flow
rates, the monthly decline rate in logarithms and its
smoothed versions in both logarithms and numbers are
calculated. The monthly flow rate decline factor is
defined as the ratio of the average monthly flow rate
for the subsequent period to the average monthly flow
rate for the previous period [23]. The moving average
method is used to smooth the dynamics of oil
production. In this case, each new value is added to
the eight previous values and then the result is divided
by 9 [24].

After smoothing, the antilogarithms of the obtained
average values are calculated. The antilogarithm is
necessary to return to the original absolute flow rate
values. Then, based on these values, monthly
coefficients are calculated in numbers, which
represent the ratio of the average flow rate of the
current month to the average flow rate of the previous
month. For further analysis and to simplify subsequent
calculations, similar flow rates are combined into
three intervals. In each of these intervals, the average
flow rate of the pre-calculation month is calculated to
establish the overall production trend over a period of
time (Table 3).

An important stage in assessing the potential of a field
and planning its further development is also the
calculation of recoverable oil reserves. It is necessary
to take into account both current well flow rates and

Q
© 2024 by the author(s). Licensee NIJOTECH.
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their dynamics of change over time, which are
presented in Equation (3):

Q=30,Re XS 3)
Where, Q —residual oil reserves; 30 — number of days
in a month; n — number of wells; R, — exploitation
coefficient; S — sum of monthly average daily flow
rates for one well.

The sum of monthly average daily flow rates for a
single well is an important indicator that reflects the
overall production dynamics over a certain time
interval [25; 26]. This indicator is calculated by
expression (4):

_nR
§=H""—q 4)

Where, q: — input flow rate (at the beginning of
calculations average daily flow rate of one well),
tonnes per day; g,— minimum flow rate of the interval,
tonnes per day; R — decline coefficient.

This formula allows taking into account the dynamics
of oil production changes over time and obtaining the
total value of production for the entire period of well
operation. Such an assessment allows determining
more accurately the potential of the field and making
informed decisions on its development and
exploitation [27]. Then for the first group of 29 wells
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— for the first, the second and the third interval of flow
rates accordingly:

__159.9-70.8+0.9382

S:,L = 1To9ssz 159.9 = 1352.6 t,
sy = TR 70.7 = 4493,
5y = TR0 44.6 = 34714t

Next, the residual reserves of the wells are determined.
This makes it possible to estimate how much oil can
be produced from wells after they have already
worked for a certain time [28; 29]. In this case, the
statistical method is used to analyse and predict
production on the basis of available data and to
establish general patterns in its dynamics. Thus, the
residual reserves will be:

Qq =30.29%0.976 (1352.6 + 449.3 + 3471.4) =
4477664 t.

The sum of monthly average daily flow rates for the
next group of 10 wells and their remaining reserves is
determined in the same way:

58.5—44.7x0.9453

Sy = —58.5 = 238.6t,
1—506'2383:3875
gy = 1207000 0TE _ 446 = 347141,

1-0.9875
Q, = 30.1%0.976(238.6 + 3471.4) = 1086288 t,

as well as for the third group of wells:

Sg, — 19.1-0.66%0.9875 —19.1 = 1456.9 t,
1-0.9875

Thus, total remaining recoverable oil reserves for the
entire production fund will be as follows:

Q]_l = Q]_ + QZ + Q3 = 6843693 t.

When justifying oil recovery factors, different
development scenarios must be considered. For fields
with established core stocks, the approach differs from
that used for new fields [30-32]. A suboptimal
calculation method for new reservoirs may be
unproductive for long-term fields. Thus, in Southwest
Turkmenistan, the statistical method is used to justify
recovery factors under three development scenarios: 1
— Old wells only: Estimates production potential using
only existing wells. 2 — Old and return wells: Includes
previously shut-in or suspended wells, estimating
production potential with reactivated wells. 3 — Old,
Return, And New Wells: Considers all wells,
including future projects, providing a comprehensive
view of the field’s potential and optimizing
development strategies. Decline rates [33-35] are used
to predict future production changes based on
production dynamics. Aggregating well flow rates

)
© 2024 by the author(s). Licensee NIJOTECH.
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into intervals simplifies analysis and enhances the

accuracy of predicting remaining recoverable
reserves:

88.9—-70.8%0.9382
SHB = 22222 — 36401t

1-0.9382

A special method is used to determine the initial
production rates of new and return wells, which takes
into account the dynamics of their production over
time. First, a graph is plotted showing the behaviour
of the average production rate per well over the years
of operation. This graph makes it possible to assess the
general trend in production over time (Figure 1).

Average daily flow rate
of a new well

Average daily flow rate
of an operating well

Average daily flow rate
of one well, tonnes per

day

Years of

development

Figure 1:  Graph comparing average daily flow
rates of new and operating wells [Source: developed
by the author]

The flow rates of new wells drilled in different years
are plotted together to compare them with the average
flow rate of the facility and observe changes over time.
Currently, there are 52 return wells, and since the
existing network does not cover all field zones, an
additional 15 wells are planned to enhance coverage
and access under-explored reserves. This expansion
aims to improve field productivity and long-term
exploitation. The initial flow rate for both new and
returning wells is 88.9 tonnes/day. The residual
reserves for these wells are:

__ 70.7—44.7%0.9453

=70.7 = 449.3 ¢,
1-0.9453
44.6 —0.66%0.9875

=446 = 34714t
1-0.9875

QYB = 30(52 + 15) * 0.976(364.1 + 449.3 +
3471.4) = 8405749.2 t.

HB
S2

HB _
S3° =

Remaining recoverable oil reserves from existing
return wells and new wells will be as follows:
Qresrec. = Q% + Qll-IB = 15249000.4 t

By summing these reserves with cumulative oil
production, initial recoverable oil reserves are
determined:
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Qrec. = Qres.rec. T Qo-

This approach is crucial for field development
planning and production strategy [36; 37]. Applying
the statistical method to a field in Turkmenistan
provided a detailed analysis of production data,
revealed trends and patterns, and determined initial
well rates and recoverable reserves. In Southwest
Turkmenistan, oil and gas reserves are estimated using
various methods: the volumetric method, which relies
on geological data and reservoir geometry; the
material balance method, which uses production data
and residual reserves to track volume changes over
time [38-43], and the statistical method, which
analyzes production data and forecasts future
production.

40 DISCUSSION

Research into the commercial evaluation of oil and gas
reserves is crucial for the energy industry, given their
significant role in the global economy. This need
arises from the rapidly changing production
conditions and their substantial effects on the
economy, environment, and public safety. Reliable
data enable optimization of operations, risk reduction,
and maximization of resource benefits. This study at
the Goturdepe field in Turkmenistan validated the
effectiveness of the statistical method for estimating
oil reserves, demonstrating its accuracy and
applicability in complex geological settings. The
findings align with those in the work of S.
Bhattacharyya and A. Vyas [44], which highlighted
the method's ability to account for various production
factors, including well flow rate changes and
geological features. This study, however, further
underscores the importance of forecasting future
production and considering different development
scenarios to optimize the development process and
guide investment decisions.

Findings of T. Afeni et al. [45] and M. Mallick et al.
[46] highlighted that geostatistical methods improve
accuracy and reliability by accounting for spatial
correlations and geological features. This study
complements their work by emphasizing the
importance of diverse estimation methods and
focusing on a specific field in Turkmenistan. A.
Radwan et al. [47] evaluated conventional and
unconventional gas resources using various estimation
methods, including geological and statistical. While
both studies address oil reserve estimation, Radwan et
al. examine multiple resource types and methods,
whereas this study provides a detailed analysis of a
specific field wusing the statistical method,
demonstrating its relevance for field management. M.

@ © 2024 by the author(s). Licensee NIJOTECH.
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Wang et al. [48] demonstrated that the accuracy of
shale oil resource estimation relies on proper
consideration of geological structure and field
operation specifics. Their study complements this
research by providing additional insights into the
application of statistical methods for oil reserve
estimation, enhancing the understanding of different
methodologies in various contexts. A. Altowilib et al.
[49] highlighted the importance of using multiple
calculation methods to account for diverse geological
and technical factors in hydrocarbon production from
coal seams. A. Banerjee and R. Chatterjee [50]
focused on calculating reserves for coalbed methane
reservoirs. While their work underscores the value of
statistical methods in reserve estimation, this study
specifically addresses oil reserves in the Goturdepe
field in Turkmenistan, reinforcing the significance of
statistical approaches in oil reserve estimation, as
noted by Altowilib et al. [49] and Banerjee and
Chatterjee [50].

Thus, all such studies are critical to the development
of the oil and gas industry and exploration. Such
research can enable developers and engineers to
develop more accurate and reliable production and
field management strategies, ultimately contributing
to the efficient utilization of energy resources and
overall energy security.

5.0 CONCLUSIONS

This study highlights the importance of using
sophisticated drilling techniques to efficiently exploit
oil fields, especially in complex geological
environments such as the Goturdepe field. The use of
statistical techniques to estimate oil reserves
highlights the critical importance of accurate and
proactive drilling operations to optimise production
efficiency. However, it is important to consider the
wider implications of drilling in such environments.
Drilling in regions with complex geological
formations, such as western Turkmenistan, often
requires the use of advanced technologies such as
directional drilling, hydraulic fracturing and enhanced
oil recovery techniques. These techniques increase the
availability of hydrocarbons in hard-to-reach areas
and help reduce the risks associated with drilling in
unstable or unexpected geological formations. The use
of these sophisticated techniques can lead to the
adoption of more environmentally friendly drilling
operations, which can minimise environmental impact
and maximise the efficiency of resource extraction.

Continued advances in drilling equipment are
improving well control and minimising downtime.
The results of the study show that using an integrated
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methodology that combines traditional statistical
approaches with modern technological advances can
provide more accurate reserve estimates and improve
field development strategies. Given the potential for
technical breakthroughs in drilling, oil companies can
enhance their ability to strategically prepare for long-
term field development and investment. Ultimately,
the efficiency of drilling operations in fields such as
Goturdepe is largely dependent on the continuous
development of drilling technology. Future research
should focus on exploring the possibility of applying
sophisticated drilling techniques along with statistical
analysis to improve the accuracy of reserve estimation
and optimise oil production in Turkmenistan and other
regions facing similar geological obstacles.
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