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Abstract

The reserve estimation process is continuous during the life of the field due to risk and inaccuracy that are considered an endemic
problem thereby must be studied. Furthermore, the truth and properly defined hydrocarbon content can be identified just only at the
field depletion. As a result, reserve estimation challenge is a function of time and available data. Reserve estimation can be divided
into five types: analogy, volumetric, decline curve analysis, material balance and reservoir simulation, each of them differs from
another to the kind of data required. The choice of the suitable and appropriate method relies on reservoir maturity, heterogeneity in
the reservoir and data acquisition required. In this research, three types of reserve estimation used for the Mishrif formation / Amara
oil field volumetric approach in mathematic formula (deterministic side) and Monte Carlo Simulation technique (probabilistic side),
material balance equation identified by MBAL software and reservoir simulation adopted by Petrel software geological model. The
results from these three methods were applied by the volumetric method in the deterministic side equal to (2.25 MMMSTB) and
probabilistic side equal to (1.24, 2.22, 3.55) MMMSTB P90, P50, P10 respectively. OOIP was determined by MBAL software equal
to (2.82 MMMSTB). Finally, the volume calculation of OOIP by using the petrel static model was (1.92 MMMSTB). The percentage
error between material balance and the volumetric equation was equal to 20% while the percentage error between the volumetric
method and petrel software was 17%.
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1- Introduction Therefore, the level of uncertainty is impacted by the
following factors: [3]
The amount of crude oil that exists in the subsurface 1. Reservoir type
related to the deposition of organic matter which in turn 2. Source of the reservoir drive mechanism
attributed to the sediments. The type and amount of 3. Amount and accuracy data used
hydrocarbon generated in the trap depend on several 4. Auvailable technology and
factors: quality of organic matter in the sediments, the 5. Knowledge and experience of the estimator.

abundance of organic matter, the area and size of organic However, the uncertainty problem is decreased with
matter was matured during burial and also circumstances time until the field reaches abandonment point.
of the environment (pressure and temperature) in which  Consequently, reserve estimation is a function of time and

organic matter accumulated [1]. data as shown in Fig. 1.
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thereby, erratic quantifying of uncertainty leads to Fig. 1. Changes in reserve estimation along time and
underestimation or underestimation of reserves [2]. suitable method [4]
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Fundamentally, the main objective of this work is
carried out to find out the appropriate and consistent
method for hydrocarbon in place estimation pertinent
taking in the account easily using computers and the
petroleum software which is helps us to achieve accurate
reserve estimation.

In this paper, three major approaches; volumetric,
material balance calculation and reservoir simulation
technique to determine volume of oil in place and
compare stock tank oil in place (STOIP) results obtained
for analyses of possible variation in estimation process
this comparison can be lead to a reasonable and reliable
estimate of oil reserves according to reservoir
characteristics.

1.1. Reserves and Resources Definition

The diagram in Fig. 2 illustrates the classification and
categorization of reserves and petroleum resources
systems according to the Petroleum Resources and
Management System (PRMS) [5] definitions established
by SPE/ WPC /SEG /SPEE/ AAPG/ SPWLA/ EAGA.
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Fig. 2. Recourses Classification systems framework [5]

The terms "reserve" and "resource" have a specific
meaning in petroleum qualification and therefore
distinguish between them are essential.

Reserves in the PRMS definition are "these amounts of
hydrocarbon can be obtained from commercial processes
after implementation of these projects in order to
identified accumulations under the specific date and
defined Conditions". Reserves can be classified into
discovered, recoverable, commercial, and remaining
depends on projects applied. Also, reserves can be sub-
classified according to the level of uncertainty into
Proved, Probable and Possible reserves.

Proved reserves in PRMS definition are "these amounts
of hydrocarbon can be estimated with appropriate
certainty under available data that are related to the
reservoir has commercial benefits".

Probable reserves in PRMS definition are "these extra
reserves are referred to less than Proved Reserves but
increasingly accurate than Possible Reserves".

34

Possible reserves in PRMS definition are "these more

reserves are considered are less recoverable than Probable
Reserves".
On the other side, resources in the PRMS definition are
"all amounts of hydrocarbon normally happening in the
subsurface formations, discovered and undiscovered
(recoverable and unrecoverable), as well as these amounts
already produced. At last, It contains all kinds of
petroleum regarded Conventional or Unconventional”. In
addition, the resources can be sub-classified into two
kinds: contingent resources and prospective resources.

Contingent resources in the PRMS definition are "these
amounts of hydrocarbon are computed, at a specific date,
to be possibly recoverable from identified accumulations,
by applying projects that not regarded inside commercial
process because of more than contingencies".

Prospective resources in the PRMS definition are "these
amounts of hydrocarbon determined, at a particular date,
as possibly taken from unknown accumulations".

If the Initial petroleum in — place (IPIP) is divided in
reserves, this terminology can be classified as 1P
(proved), 2P (proved and probable), and 3P (proved,
probable and possible) reserves, the contingent resources
are classified into 1C, 2C, and 3C, while the term 1U, 2U,
and 3U are used for perspective resources.

Hence, reserves compose subdivision of resources as
shown in Fig. 3 below:
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Fig. 3. Resources classification tree [6]
1.2. Reserves estimation framework

Reserves estimation procedure in petroleum basin

involves several aspects summarized below: [7]

1) Seismic surveys, to identify subsurface structures

comprising hydrocarbon accumulation.

Drilling exploration wells, to discover subsurface

circumstances (geologically and petro — physically).

Valuation of hydrocarbon accumulations, which

involves;

a) Determine amounts of hydrocarbon trap in the
discovered structure area.

b) Fluid properties ( to identify physical characteristics
for oil, water, and gas formation)

¢) Core analysis, to study different petrophysical

d) Parameters for reservoir rocks. Finally, reserves
estimation to calculate hydrocarbon content in place
existed in the reservoir.

2)

3)
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1.3. Reserves Estimations Methods

Reserves estimation methods can be broadly classified

in to: [8]
1-  Analogy method
2-  Volumetric method
3- Material balance calculations
4-  Decline Curve analysis
5- Reservoir simulation method

Reserves estimation can be categorized relating to pre-
and post-production stages i.e. (static and dynamic). The
static methods indicate to analogy and volumetric
calculation which used before the start of production in
the reservoir and generally used geologic and engineering
data while dynamic methods involved performance
techniques applied after production started in the field and
typically need production data and pressure of wells. Fig.
4 below illustrates reserves estimation methods.
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Fig. 4. Reserves estimation methods [8]
1.4. Reservoir Description

Amara oil field is located at southeastern Iraq in
Maysan governorate, the distance of around 10 km
southeastern of Amara city. It is surrounded by different
oil fields about 25 Km east of the Al-Rafedain field, and
30 Km southeastern Al Kumait field. The field lies on the
unstable shelf at the Mesopotamian basin at coordinate
(UTM38R  694628.72mE,  3520629.67mN)  and
(706121.34mE, 3516859.11mN). [9] As shown in Fig. 5
below.
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Fig. 5. Location of Amara oil field [9]

2- Methodology

In this study, three methods of hydrocarbon initially in
place (HIIP) are used, the result obtained with the select
most suitable and confidence method according to
reservoir characteristics for Mishrif formation / Amara oil
field as a case study as follow:

In this study, three methods of hydrocarbon initially in
place (HIIP) are used, the result obtained with the select
most suitable and confidence method according to
reservoir characteristics for Mishrif formation / Amara oil
field as a case study as follow:

1- Volumetric Method:
The conventional volumetric equation is:

STOOIP = 7758*A*h*@*(1-Swi) / Boi (1)
It is obvious, the volumetric equation based on area, net
pay, effective porosity, water saturation, and formation
volume factor. Deterministic and Stochastic approach
used to estimate hydrocarbon amount. In deterministic
approach single best value input to obtain one value for
reserve while, in probabilistic approach involves the
following procedure: firstly input all reservoir variables as
max, min, mode then select the suitable distribution for
each input parameter such triangular, rectangle and
normal after that run Monte Carlo Simulation (MCS) by
Model Risk Analysis to obtain Pessimistic, most likely
and optimistic reserve value (P90, P50, P10) and quantify
error percentage for each parameter by Tornado plot.

2- Material Balance Equation:

The material balance equation has been considered for
many years as a basic tool for reservoir engineers for
predicting and interpreting reservoir performance. The
material balance (MB) equation can be used to calculate
hydrocarbon content (N), water influx (We), predict
future reservoir performance, forecast reservoir pressure,
and predict ultimate hydrocarbon recovery under many
types of the drive mechanism.

@

One of the intrinsic principles used in petroleum
engineering is the Law of Conservation of Mass. The
application of this law to a petroleum reservoir is known
as the "material balance equation”. It is necessary for
reservoir engineers to understand realistically the material
balance during its depletion history. MBAL software was
adapted to accomplish Material Balance Equation
calculations.

M initiat + M add — M removed = M remaining
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3- Reservoir Simulation:

The term "reservoir simulation" commonly refers to the
building and execution of a particular model that
represents the actual reservoir behavior in other words, it
is a tool used to mirrors the activities that happen in
producing a reservoir.

This process includes the integration of production data,
petrophysics, PVT data, rock and fluid properties, and
geology.....etc. so on to obtain the best view of reservoir
behavior. The model may be a mathematical or physical
model subject to limitations and conditions depending on
the nature of the reservoir.

Petrel software was adapted to establish the geological
model to reach volume calculation step after entered all
wellhead, well tops and contour map to construct
structural model for each unit of mishrif then upscaling all
well logs by arithmetic average and division each layer
according to hydrocarbon accumulation after that
distribution all petrophysical parameters by Sequential
Gaussian distribution for each zone of mishrif to create
property modeling finally, estimate original oil in place
(OOIP) by simulator run.

3- Results and Discussion

Volumetric equation method applied by using a
deterministic and stochastic approach. In deterministic
method, all volumetric equation parameters calculated by
IP software of detected depth of Mishrif formation /
Amara oil field (2840-3600) m of well (Am5, Am6, Am7,
Am8, Am10, Am11l, Am12, Am13, Aml4, Am15) as
shown in Table 1 the resulted OOIP was
(2.25 MMMSTB) while, the probabilistic manner, Monte
Carlo Simulation (MCS) adapted by Model Risk Analysis
software after inputs each of static volumetric parameters
in max, min, and average or mode values as shown in
Table 2 then select triangular distribution function for
each of them for (10000 samples) number of iterations to
generate proved (P90), proved plus probable (P50) proved
plus probable plus possible (P10) was (1.24, 2.22, 3.55)
MMMSTRB respectively the obtained result by volumetric
equation equal mode or P50 it is an indication the
estimation process was true.

The material balance equation was estimated by MBAL
software after inputs all reservoir properties: Tank
parameters, water influx, rock compressibility, relative
permeability, and production history the resultant OOIP is
equal (2.82 MMMSTB) Fig. 7 illustrates Havlena — Odeh
approach x-axis was F / Et and the y-axis was We / Et.

Finally, Petrel static model established by constructing a
structural contour map for each unit of Mishrif formation
then imported well logs information by IP software then
upscaling, layering, and distribution reservoir properties
by Sequential Gaussian Distribution (SGD) statistical
method to accomplish volume calculation step the
obtained totally hydrocarbon accumulation for all zone of
Mishrif was (1.92 MMMSTB).
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Table 1. Static volumetric parameters

Net Thickness

Well Av PHI AvS,
(m)
Am-5 91.91 0.22833333 0.284333333
Am-6 71.08 0.1885 0.283
Am-7 13.95 0.167 0.337
Am-8 44,08 0.204 0.289
Am-10 55.17 0.33016667 0.324
Am-11 89.55 0.1935 0.2445
Am-12 55.62 0.18825 0.27325
Am-13 126.41 0.187 0.274
Am-14 39.26 0.1665 0.235
Am-15 33.48 0.1395 0.279
4, 73.37875 0.23165625 0.318010417
Table 2. Uncertainty volumetric data
Net Av PHI AVS,, Area Bo;
Thickness (acre) (bbl./STB)
(m)

Min 13.95 0.1395 0.235 10670 135
Mode 71.635 0210781  0.275885 11000 1.38
Max 126.41 0330167  0.337 11330 141
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Fig. 6. Tornado plot for sensitivity analysis

Table 3. Comparisons of OOIP by three methods

Volumetric MBAL
Formation Petrel software
Method Software
2.82 MMM 1.92 MMM
Mishrif 2.25 MMM STB
STB STB




M. Najeeb et. Al. / Iragi Journal of Chemical and Petroleum Engineering 21,1 (2020) 33 - 38

Rt

Fig. 7. Havlena — Odeh Method of Amara Oil Field
4- Conclusion

According to this study, the main conclusion is: The
most reliable and reasonable method of Original oil in
place (OOIP) estimation in the Mishrif formation / Amara
oil field was the reservoir geological Model which was
(1.92 MMMSTB). Because was used well logs data
resulted from IP software, structural model of each unit of
Mishrif reservoir (MA, MB11, MB12, MB13, MB21,
MC1, and MC2), scale-up well logs, make horizons,
petrophysical distribution, detect oil-water contact level to
obtain the volume calculation result of OOIP. Hence, the
MA unit represents the best zone in the Mishrif formation
because it contains the biggest amount of hydrocarbon
accumulation of (1.53 MMMSTB).

Nomenclature

PRMS: Petroleum Resources and Management System
SPE: Society of Petroleum Engineering

WPC: World Petroleum Council

SEG: Society of Exploration Geophysicists

SPEE: Society of /petroleum Evaluation Engineers
AAPG: Association of Petroleum Geologists

SPWLA: Society of Petrophysicists and Well Log Analysis
EAGA: European Association of Geoscientists and Engineers
A: Area (acre)

Am: Amara

B: Billon

Boi initial oil formation volume factor

BSTB: Billon Stock Tank Barrel

H: net pay (ft.)

HIIP: Hydrocarbon initially in place

IP: Interactive Petrophysics

MB: Material Balance

MCS: Monte Carlo Simulation

@: effective porosity (percent)

OOIP: Original oil in place

P10: 10% confidence 90% error

P50: 50% confidence 50% error

P90: 90% confidence 10% error

Sw: water saturation (percent)
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