UNDERGROUND MINING ENGINEERING 46 (2025) 41-66 UDK 62
UNIVERSITY OF BELGRADE - FACULTY OF MINING AND GEOLOGY EISSN 2560-3337

Original scientific paper

COMPARATIVE ANALYSIS OF SURFACE INFRASTRUCTURE MODELS
FOR AN OIL FIELD IN THE PANNONIAN BASIN: EVALUATION OF
ASPEN HYSYS AND GAP SOFTWARE

Jelena Markovi¢!, Bojan Martinovi¢', Nikola Zori¢', Milica Jesi¢', Miroslav
Crnogorac?, DuSan Danilovié¢?

Received: November 29, 2024 Accepted: January 10, 2025

Abstract: The Integrated Production Model (IPM) acts as a digital twin of the
actual field, representing reservoir behavior, all wells and their equipment, as well
as the entire surface infrastructure. This model allows for changes in parameters
within the virtual environment, enabling the simulation of various scenarios to
determine how these changes affect the entire system. Consequently, it is possible
to select the most optimal scenario and validate its impacts. The development of
the surface infrastructure model represents the final step in integrated production
modeling, and this study focuses on creating a surface infrastructure model of an
oil field in the Pannonian Basin using two software tools: Aspen HYSYS and
Petroleum Experts - GAP. The goal is to compare the results obtained and identify
the advantages and limitations of these software solutions. This analysis offers
valuable insights into the capabilities of each program in simulating and optimizing
oil operations. Engineers use a range of computational strategies and mathematical
models to design and operate processing facilities. Aspen HYSYS is a widely
recognized tool in the oil and gas industry for process simulation, allowing
engineers to model various operational scenarios in detail and assess their impact
on system performance. Aspen HYSY'S is used for modeling the entire production
process, including oil and gas processing, refining, and chemical plants, while GAP
specializes in integrated asset modeling (IAM), modeling wells, flowlines, risers,
and surface facilities, optimizing the entire production system from the reservoir
to the processing plant. This paper first provides the theoretical background
relevant to the research topic, including the basic concepts of process simulation
in Aspen HYSYS and GAP. Following that, the research methodology is presented,
including the steps of simulation and analysis. Finally, the simulation results are
discussed, and conclusions are drawn regarding the applicability of both software
tools for modeling surface infrastructure in oil fields.
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1 INTRODUCTION

The gathering station is one production facility at the oil field that serves as a gathering
place for several liquids produced from production wells to measure the production flow
rate (Madonna et al., 2022). The development of surface infrastructure models in the oil
and gas industry is a crucial step toward process optimization, increasing efficiency, and
reducing costs. The application of software tools such as HYSYS and GAP enables
engineers to simulate various operational scenarios, analyze performance, and identify
potential issues before they arise in actual operations.

HYSYS enables precise modeling of various phases in the production cycle, particularly
the separation of oil, gas, and water. Based on simulations, it is possible to reduce costs
and increase efficiency (Elkamel et al., 2003). GAP software integrates surface gathering
system components with subsurface simulations and enables the optimization of oil and
gas transport, which is particularly useful in complex production systems (Petroleum
Experts, 2010).

Aspen HYSYS is used as an integrated process simulator in both steady-state and
dynamic modes. The simulation models created in HYSYS are utilized for various
purposes: plant design, performance monitoring, problem-solving, operational process
improvement, business planning, and asset management. The software offers an
integrated set of intuitive and interactive tools for simulation and analysis, as well as
real-time applications. It provides rapid evaluations of safe and reliable designs through
the quick creation of interactive models for "what-if" studies and sensitivity analyses
(Guo et al., 2007).

GAP's robust calculation engine can optimize highly complex networks consisting of
thousands of components, such as wells, pipelines, compressors, pumps, heat
exchangers, and more, interconnected in any configuration, including intricate loops
with multiple control points throughout the system. This flexibility is complemented by
GAP's state-of-the-art optimization engine, which is considered the most powerful and
fastest in the industry, utilizing advanced non-linear optimization techniques (Petroleum
Experts, [PM13).

The development of the surface infrastructure model in GAP requires the prior creation
of the reservoir model in MBAL and the models of all wells in the observed oil field
using PROSPER. All of these software tools belong to the group of Petex software for
integrated modeling. The first step involves the preparation and verification of input data
on pipelines and the creation of a custom database in Excel, which facilitates the
automatic generation of the GAP model. Using a Python script developed through
OPENSERVER, the automatic creation of the GAP model is enabled, significantly
simplifying the process of building the surface infrastructure model compared to the
model in HYSYS. The created script allows for the connection of multiple objects, pipe
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trimming and positioning, entry of data on wells and pipelines, pipe matching, and
selection of the best correlation.

The following section provides a detailed description of the model development process
in both software tools, including specific steps and methods used to optimize
performance. Additionally, the results of the simulations are presented, offering insights
into the efficiency and accuracy of each model, as well as an analysis that considers the
advantages and disadvantages of the software solutions employed. Finally, conclusions
are drawn that summarize the key findings and provide recommendations for future
research and improvement of surface infrastructure models in the oil and gas industry.

2  METHODOLOGY

The analysis began with the development of a base model for the existing state of the
surface infrastructure at oil field X using Aspen HYSYS and GAP software. When
modeling surface infrastructure, it is crucial to accurately model the fluid, with the
precision of the PVT model and the selection of the appropriate equation of state being
the most important factors. To achieve alignment between the measured field data and
the model data, the proper selection of correlations that describe pressure loss through
the pipeline is essential.

The physical and chemical properties of crude oil vary significantly depending on the
concentration of different types of hydrocarbons and minor constituents, as well as
temperature and pressure. Accurate values of oil’s physical properties and their changes
during flow from the bottom of the well to the surface are essential as input data for fluid
and heat transfer modeling (Martinovi¢, 2022).

PVT properties of reservoir fluid are very important in petroleum engineering
calculations, therefore, the accuracy of the calculations depends on the exactness of PVT
properties. Ideally these properties are determined from laboratory analysis, of the
samples (Kazemi, 2011).

A good PVT fluid model is crucial for successful modeling and simulation in the oil and
gas industry.

In today's oil and gas industry, using a composite model and equation of state is
increasingly important for accurately modeling the behavior of oil fluids. Black Oil
correlations are typically used when limited information is available about the oil and
gas in the system. The properties of oil and gas fluids are calculated from correlations
with their specific weights, as well as several other easily measurable parameters
(Honeywell, 2009).

The Black Oil fluid model assumes that the fluids consist only of liquid and gas phases,
with the amount of gas dissolved in the oil depending on thermobaric conditions. The
data necessary for creating the Black Oil fluid model includes: 1. oil density, 2. gas
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density, 3. gas-to-oil ratio (GOR), and 4. water saturation. This data must be obtained
from laboratory flash analysis—analysis of multi-stage evaporation (usually three
phases). The sum of the gases released from each phase of the laboratory evaporation is
known as the production GOR. The density of oil produced from the last stage of
evaporation defines the density of oil in the reservoir. The analysis should be conducted
under conditions closely related to the operating conditions in the field (Zhao Y., 2016;
Al-Safran Eissa & Brill P. James, 2017).

Compositional PVT models are developed based on reservoir fluid compositions and
reservoir temperature. The mole fractions of hydrocarbon components (Ci, Cz, Cs, Ca,
nCjy, Cs, nCs, Cs, C7, Cs, Co, Ci9, C11 and Ci2+) and non-hydrocarbon components (H=S,
CO: and N:), molecular weight (MW) of C12 and specific gravity (Sp.Gr) of Cip+ are
usually measured in the reservoir fluid compositions test. These parameters and reservoir
temperature are used to prediction of bubble point pressure Pb, solution gas to oil ratio
on bubble point - Rsb and formation volume factor for oil at bubble point — Bob (Kazemi,
2011).

When comparing Black Oil and the composite fluid model, it is evident that the
composite model has greater accuracy in predicting the fluid properties of the
hydrocarbon mixture. On the other hand, the Black Oil model requires only a few input
data points (Mittbock, 2014). Due to the limitations of input data, the fluid model in the
simulation was constructed as Black Oil.

The components that make up the oil were taken from the well model in PROSPER and
selected when creating the component list, which effectively represents a starting step in
the simulation itself. Pure components and pseudocomponents were selected based on
the following parameters: critical temperatures, pressures, and volumes, molar masses,
and acentric factors—as one of the parameters that provide information about the degree
of polarization and interactions among molecules.

The equation of state is used to describe the thermodynamic behavior of fluids and
enables engineers to understand and predict how fluids will behave under different
conditions of pressure, temperature, and volume.

Equations of State (EoS) are becoming more prevalent for modeling the fluid properties
of crude oil and gas reservoirs, providing a more accurate prediction of fluid behavior
compared to traditional black oil models (Almehaideb et al, 2000).

In 1873, van der Waals proposed an EOS that represented non-ideal behavior by
accounting for finite volumes occupied by molecules of substances and the repulsive and
attractive forces between these molecules. The van der Waals EOS is shown as:

(p+:5) v —b)=RT (1)
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In Eq. 1, p is pressure; V is volume; T is temperature; a is the attraction parameter to
correct pressures for attraction between molecules; b is the effective molecular volume
to correct for volume occupied by the molecules; and R is the universal gas constant.

The equation of state applied in both software is the Peng-Robinson equation, which will
be elaborated on later.

In 1976, Peng and Robinson introduced a new two-parameter equation of state developed
primarily to improve calculations in the vicinity of the critical region and improve
calculation of liquid densities. The PR EOS (Eq. 2) is expressed as:

a(T, w) _RT
+V(V+b)+b(V—b)_V—b

P )

o — shape parameter in gamma function
w — acentric factor. (Ezekwe, 2010)

The Peng-Robinson equation of state was used, which is applicable to single-component
systems for defining the partial pressure of a component and its volumetric state.
However, it is also utilized in two-phase or multiphase systems to describe the phase
behavior of the observed thermodynamic system. This equation is an improved model of
the Soave-Redlich-Kwong equation of state and demonstrates its greatest advantage in
defining the density of the liquid phase (Grubac, 2019).

The advantage of using it in the simulation package is that it represents the most
advanced model in Aspen HYSYS, providing high accuracy over a wide range of
temperatures and pressures (Zhao, 2016). Additionally, the Peng-Robinson equation of
state is also employed in GAP software.

2.1 Data Collection

All necessary data for creating the model were obtained from the technical regime in
Sahmatka for April 2024. To create a model of the surface infrastructure in GAP, it is
first necessary to develop the reservoir model in MBAL and the well models in
PROSPER.

In this process, it is essential to collect data on oil, gas, and water production (Tables 1,
2, and 3), as well as pressures for a specific date that will be used to create the model.
Additionally, data on pipelines, including their lengths and diameters, must be gathered
from the pipeline database and GIS (Tables 4, 5, 6).

An Excel table has been created, customized for automatic data input into GAP through
OPENSERVER, utilizing a developed Python script.
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In addition to the previously mentioned data, it is necessary to enter the components that
constitute the oil in HYSY'S. The oil composition includes components C1 to C50+. For
HYSYS, due to modeling fluids as Black Oil, the gas composition input is also required
(Table 7).

Furthermore, data on oil density, gas specific gravity, water salinity, and the molar
fraction of non-hydrocarbon components—H-S, CO:, and N2 (Table 8)—are required.
For the HYSY'S model, the input of viscosity variation with temperature is necessary due
to working with the Black Oil model of fluid, and this data is provided in Table 9.

All well pipelines connecting the wells at GS-1 and GS-2 are made of pipe material ®73
mm x 5.2 mm API STD 5L GRADE B, buried and protected against corrosion. The fluid
is transported via pipeline from GS-2 to GS-1, where the process of separating the liquid
from the gas phase occurs, along with the dehydration of oil and its preparation for
shipment, as well as the disposal of formation water into designated wells. The extracted
dissolved gas is further prepared and delivered to end consumers, including shipments
to JP Srbijagas, as well as for the operation of a cogeneration plant where electricity is
produced.

The following tables present the input data that were used for model development.

Table 1 Input data for gathering station 1

ni‘:l‘;‘:r Parameter lf;::l:’rfe AMU-1 AMU-2 AMU-3 AMU-4 AMU-5
1 Qf m/day 268 304 1782 201 3982
2 Qo m¥/day 31 51 50 40,692 82,113
3 Qg m’/day 60 574 65 856 1248
4 p bar 500 480 490 580 547
5 T degC 20 20 20 20 20

Table 2 Input data for gathering station 1

Serial b rameter VM7 AMU-6 AMU7 AMU-S AMU-9  AMU-10
number measure
1 Qf md/day 1873 1568 1875 2253 1262
2 Qo m’/day 31,847 30,05 34,684 41,788 25234
3 Qg md/day 280 839 967 1464 427
4 P bar 594 500 500 500 670
5 T degC 20 20 20 20 20
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Table 3 Input data for gathering station 2

Serial Para- Unit of AM  AMU-

AMU- AMU- AMU- AMU- AMU-
num. meter measure U-1 2 3 4 5 6 7
1 Qf m’/day  220,7 2202  202,7 315 327 159,7 413
2 Qo m’/day 49,11 51,63 39,67 55,46 67 33,34 116
3 Qg m?/day 801 861 1160 914 104 2372 1521
4 P bar 676 682 679 696 682 1063 976
5 T degC 20 20 20 20 20 20 20
Table 4 Input data for pipelines on GS-1
Gathering station 1 (GS-1)
Serial Unit of AMU- AMU- AMU- AMU- AMU-
Parameter
num. measure 1 2 3 4 5
1 Pipe length m 10 10 10 530 130
,  [ntemal diameter of the mm 1563 1563 1563 1563 1563
pipeline
3 Wall thickness mm 6 6 6 6 6
Table 5 Input data for pipelines on GS-1
Gathering station 1 (GS-1)
Serial Unit of AMU- AMU- AMU- AMU- AMU-
Parameter
num. measure 6 7 8 9 10
1 Pipe length m 165 55 35 18 700
2 Internal diameter of mm 1563 1563 1563 1563 1563
the pipeline
3 Wall thickness mm 6 6 6 6 6
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Table 6 Input data for pipelines on GS-2

Gathering station 2 (GS-2)

Serial Parameter Unitof AM AM AM AM AM AM AM
num measure U-1 U2 U3 U4 U5 U-6 U-7
1 Pipe length m 15 15 15 15 15 650 10

Internal diameter mm 156, 156, 156, 156, 156, 156, 116
of the pipeline 3 3 3 3 3 3
3 Wall thickness mm 6 6 6 6 6 6 6

Table 7 Component composition of gas

Parameter Iﬂlel:ltszi C1 cc iC4 n i€ n ¢ ¢ N ¢
o 2 3 C4 5 C5 6 7 2 02
0
Component mol 8 32 03 o0 0 0 0 0 4, 438
participation % 7 3 ’ 0 02 02 01 03 02 49 9

Table 8 Viscosity at standard conditions — input for Hysys

Serial Parameter Unit of Value
number measure
1 Temperature degC 25 35 45 60
2 Viscosity at standard conditions mm 96,93 55,1 34,5 19,3

Table 9 PVT characteristics of fluids

Serial Parameter Unit of Value Parameter

number measure
1 Po kg/m? 914 Po - 0il density
2 Per pgr 0,687 Per - gas gravity
3 Water salinity ppm 6221,8 Water salinity
4 Molar percentage H,S mol % 0 Molar percentage H»S
5 Molar percentage CO» mol % 4,88  Molar percentage CO;
6 Molar percentage N> mol % 4,49 Molar percentage N>
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2.2 Creating and matching the model

Simulation is the process of creating an operational model of a system and conducting
experiments on that model to understand the system's behavior or evaluate alternative
strategies for its development and operation.

Models of the surface infrastructure for oil field X were created using Aspen HYSYS
and GAP software, and the process of developing the models is described below.

Modeling in HYSYS

Considering that it is heavy oil composed of fractions up to C50+, the hydrocarbon
components with more than 10 carbon atoms were grouped into pseudocomponents
based on critical conditions: pressure, temperature, volume, acentric factor, etc., and
entered into the software accordingly (Figure 1).

After defining the components that make up the oil, the next step involves selecting a
thermodynamic model, i.e., an equation of state. Equations of state were developed to
provide a mathematical relationship between pressure, volume, and temperature.
Initially, they were introduced as a method to interpret the non-ideal nature of many pure
substances. Later, the role of equations of state expanded to include the prediction of
properties for both simple and complex mixtures. The equations used in PVT analysis
are derived from the Van der Waals equation. In the software, the Peng-Robinson
equation of state was used (Petroleum Experts, 2011).
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The material streams, which represent automatic measuring units in the simulation, were
modeled based on data on fluid production, system pressure, and temperature. Given that
the base model was created using the Black Oil fluid model, input on the gas-to-oil ratio
(GOR), water-to-oil ratio (WOR), water cut, oil density, viscosity changes with
temperature, and the PVT composition of gas obtained from laboratory tests in the "oil
and gas feed" section was also required. Based on the input data, the software
independently calculated the molar fraction of each individual component in the fluid.
Figure 2 shows the method of defining material streams in HYSYS and in Figure 3, the
data input window for the Black Oil fluid model is shown.

Source Databank: HYSYS
Component Type Group
Nitrogen Pure Component
co2 Pure Component
Methane Pure Component
Ethane Pure Component
Propane Pure Component
i-Butane Pure Component
n-Butane Pure Component
i-Pentane Pure Component
n-Pentane Pure Component
n-Hexane Pure Component
n-Heptane Pure Component
n-Octane Pure Component
n-Nonane Pure Component
n-Decane Pure Component
C11-C13*  User Defined Hypothe... Assay Hypos
C14-C25*  User Defined Hypothe... Assay Hypos
C25-C50*  User Defined Hypothe... Assay Hypos
C50+*  User Defined Hypothe... Assay Hypos
H20 Pure Component

Figure 1 Component List (Aspen Hysys V12)

Worksheet | Attachments | Dynamics

Worksheet Stream Name Ve-184 Vapour Phase Liquid Phase Aqueous Phase
Conditions || Vapour / Phase Fraction 0.0012 0.0012 0.0135 0.9852
Properties Temperature [C] 35.90 35.90 35.90 35.90
Composition Pressure (kPa) 1150 1150 1150 1150
S:;‘:é:;‘::i Molar Flow [kgmole/h] 2308 2881e-002 03126 2274
p “‘,am Y || Mass Flow [ka/h] 4917 0.5093 81.56 409.7
User Variables Std Ideal Lig Vol Flow [m3/h] 05016 1.568¢-003 8.954e-002 04105
Notes Molar Enthalpy [k/kgmole] -2.893e+005 -8.001e+004 -5.984e+005 -2.854e+005
Cost Parameters Molar Entropy (k/kgmole-C] 63.38 167.3 5546 5649
Normalized Yields| | Heat Flow [ki/h] -6.6780+006 -2305 -1.871e+005 -6.488¢ +006
Emissions Lig Vol Flow @Std Cond [m3/h] 0.5042 0.6793 89360-002 0.4037

Fluid Package Basis-1
Utility Type

Figure 2 Defining material streams in Hysys (Aspen Hysys V12)
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Worksheet | Attachments I Dynamics

Worksheet | 0il & Gas Feed with Bulk Oil Pr ~|
Conditions .
Properties Oil Properties - i Viscosity -
Composition Density [kg/m3] 917.0 | Number Of Inputs 4 ;%
Oil & Gas Feed Gas-Qil Ratio (GOR) [STD_m3/m3] 12.40 ‘
Petroleumn Assay Water-Oil Ratio (WOR) 4.5560 j At Temp [C] 25.00 35.00 45, -+
Esvc:.:'h\l/:riables Wastor Cot fvol 9] 82.00 Value [cSt] . ?6.93 L 55.10 3’4_ -
Notes Gas Composition Additional Inputs
Cost Parameters
Normalized Yields Mole % ‘ Watson K 11.50
Emissions Nitrogen 2.2300 - | Oil Flow Target [m3/h] 9.075e-002
co2 6.4200 _ |
Methane 80.6200
Ethane 8.9500
Propane 1.2900
i-Butane 0.2200
n Butane 0.1200 ~
| Edit

Gas-0il Flash Calculation

Number Of Stages 1 /=)

Temp Press Total GOR Stg GOR . Liq Density
Sty a O S R
StgNo i< {kPa] [STD_m3/m3] | [STD m3/m3) | 't WOR | StgWOR | o) s
1 15.00 101.3 <empty> <empty> <empty> <empty> <empty:>

Figure 3 Defining material streams in HYSYS (Aspen Hysys V12)

The pipelines were modeled based on data regarding their length and diameters — both
internal and external (Figure 4). This data was obtained from the pipeline database. The
heat transfer coefficient (Figure 5) was determined using the "Estimate HTC" option
based on data on burial depth and ambient temperature, as well as the soil composition
at the burial depth, which is moist clay — data from the Republic Hydrometeorological
Institute.
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Design: Rating | Worksheet [ Performance l Flow Assurance I Dynamics

Rating Length - Elevation Profile
}S-I:::%ransler Segtment g
Fitting/Pipe Pipe
Length/Equivalent Length 40.00
Elevation Change 0.0000
Outer Diameter 73.00
Inner Diameter 62.60
Material User Specified
Roughness 9.000e-003
Pipe Wall Conductivity 45.00
Increments 5
FittingNo <empty>
Append Segment t Insert Segment ) View Segment...
Delete Segment | Clone Segment | Clear Profile

Figure 4 Defining pipelines in HYSYS (Aspen Hysys V12)

Design | Rating | Worksheet | Performance i Flow Assurdn(.e] Dynamics

Rating Heat Transfer Coefficient Estimation
Sizing Ambient Temperature: 5.0000 C
4 Heot Transfer 9] Include Pipe Wall: @ Global By Segment
Heat Loss N
Owerall HTC ¥} Include Inner HTC: | Correlation Profes
Segment HTC - . I \ T
Estimate HTC Include Insulation: Insulation Type Urethane Foam
Thermal Conductivity 1.8000e-002 W/m-K
| Thickness <emply>
¥ Include Outer HTC: [ Ambient Medium Ground
GroundType Wet Clay
Ground Conductivity 1.4000 W/m-K
| Buried Depth 1.0000 m

Figure 5 Calculation of the heat transfer coefficient (Aspen HYSYS V12)

Figure 6 shows the window in the software Aspen Hysys for selecting correlations.
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Design | Rating | Worksheet | Performance | Flow Assurance | Dynamics

Design Horizontal Pipe Flow Correlation

Connections Tulsa Unified Model (3-Phase) -
Parameters

Calculation
Emulsions
User Variables Tulsa Unified Model (3-Phase) &
Notes

Vertical Pipe Flow Correlation

Inclined Pipe Flow Correlation

Tulsa Unified Model (3-Phase) e

Additional Parameters

clude Accl. Pr. Drog

Delta P 0.5088 kPa  Duty 8812

Gravitation Energy Change

oo | |

"

Figure 6 Selecting correlations for pipelines (Aspen Hysys V12)

By selecting the appropriate correlations, it was possible to achieve a match between the
measured values from the field and the results of the base model. For this reason, special
attention must be paid to the correlations. At the end of this chapter on models, the
theoretical basis of the correlations used to define pressure drop through the pipeline in
both software programs is presented.

In Figure 7, the base model of the surface infrastructure for oil field X created in Aspen
HYSYS software is shown.
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Figure 7 Base model of the surface infrastructure for oil field X (Aspen HYSYS V12)
Modeling in GAP

Before creating the surface infrastructure model in GAP, it is necessary to develop the
reservoir model in MBAL and the well model in PROSPER, generate VLP tables from
the well model, and import everything into GAP. The data required for the surface
infrastructure model was obtained from the Pipeline Database (data on the diameter and
length of pipelines), production data by well from the Sahmatka, pressure data from the
SCADA system, and the GIS Odeon (pipeline situational map).

In this software, the Black Oil fluid model and the Peng-Robinson equation of state were
also used.

The measured field data on pressures and production by wells, obtained from the
Production Worksheet, are entered into the created skeleton of the surface infrastructure,
which consists of wells, pipelines, and separators. To achieve a match between the model
and the measured data, the correlation parameters that define the pressure drop through
the pipeline are adjusted.

Figure 8 shows part of the surface infrastructure of this oil field, specifically one
automatic measurement unit to which 16 wells are connected.
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Figure 8 Automatic measurement unit — part of the surface infrastructure (GAP
IPM13)

Figure 9 shows the input window for wells in the software — the corresponding
PROSPER file with the previously created well model and the VLP table extracted from
the model is imported.

Label Hame Mask
[werx [ Includedin system v

Comments

Wel Type Model
|0l Procuces (SAP lited) =] [P /PR intersection | I~ Transient IPR
-
PROSFER il
Data Summary (click item to activate]
Tank Conns [ISEEIN Controls | INENSEN Schedule [IINGREN
PR R Pusnp Cortrol INGSEN
VP Downtime INEREN
Constiants [IEEHEN oy

Figure 9 Input data for wells (GAP IPM13)
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For pipelines, it is necessary to enter the length, diameter, roughness in the description
window (Figure 10).

Segment Type | Length VD Dl;f,:“: o Roughness | K Value F;;";g

1 0 | Choose |
2 |Line pipe _¥] 795 0 62 0.01524 | Choose |
3 { Choose |
4 | Choose |
5 | Choose |
6 | Choose |
7 [ Choose |
8 | Choose |
3 | Choose |
10 | Chogse |
1 | Choose |
12 | Choase |
13 | Choose |
14 | Choose |
15 | Choose |
16 | Choose |
17 | Choose |
18 | Choose |
19

Copy | Paste | Al | Invet | Cut | Insert | Delete | Total length [795 m

Enter elevations as |Node TVDs v Flow Type | Tubing Flow :I'
Transient Pipe Step 0.48 Calculate Heat Transfer Coefficient [~
RateMuliplier [ Conelation [HydodP  ~|
Masimum Length Step [3048  m Gravity Coefficient [1

Friction Coefficient |15.166263

Figure 10 Description window for pipeline (GAP IPM13)

It is also necessary to enter the parameters for achieving a match between the model and
the facts: molar fractions of nitrogen, carbon dioxide, and hydrogen sulfide, relative gas
density, gas-oil ratio, water salinity, and inlet and outlet pressure in the matching window
(Figure 11).
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Lg::‘;r: T':;’:::&g Liquid R ate D';.":::::" ‘Water Cut Gs;gl Oil gravity ~ Gas qravity \;\;';:'y H2s coz N2 Comments
R s — 138 673 84 34466312 314 0667 522183 |0 68 3
2
3
4
5
E
7
8
-]
10
< >
Co Paste | Al Invest | _Enable | Disable
Expected Fluid Type |0 hd Rate Type |Liquid -

Mateh | Stalisics |

Conelation Selection |Hydio-3P x|

Figure 11 Matching window for pipeline (GAP IPM13)

Since there was an existing surface infrastructure model for oil field X in GAP, an update
of that model was performed for April 2024. All necessary data has been entered into a
unified Excel database, where, through the development of Python code, automatic data
transfer to the model is carried out via OPENSERVER. This enables automatic
communication between OPENSERVER and GAP.

The operational parameters of the wells in GAP have been updated, IPR data in
PROSPER have been adjusted, new well models that were not included in the base model
have been created, and changes in equipment in existing models have been made if
maintenance is conducted. A review and verification of the production parameters of the
wells have been performed, and all PROSPER models, as well as the necessary
parameters in the GAP model, have been updated.

Models of gathering stations with corresponding wells for GS-1 and GS-2 have been
created. Fluid is transported from GS-2 to GS-1 via two pipelines, and the station
operates in a flow-through manner. GS-1 is equipped with a separation system where,
after separation, gas and oil are transported further through separate pipelines.

A base model has been created with 248 wells that were operational on April 14th, 2024.

Figure 12 shows the surface infrastructure model of oil field X created in GAP software.
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Figure 12 Base model of surface infrastructure of oil field X in GAP (GAP IPM13)
Model matching

The behavior of multiphase flow is significantly more complex compared to single-phase
flow. When gas and liquid flow simultaneously, they tend to segregate due to variations
in fluid properties. These fluids will experience different shear stresses as a result of their
differing densities and viscosities (Brill and Mukherjee, 1999).

In the oil industry, multiphase flow models are often used to simulate the flow from the
reservoir to the production unit. Flow simulations help monitor production and optimize
processes to support decision-making. Despite the need for accurate simulations that
support production operations, multiphase flow models are primarily developed using
laboratory data and are rarely validated under field conditions (Chaves et al, 2022 &
Xiao et al, 1990).

By matching pressure losses through the pipeline, an accurate integrated model is
developed, starting from the reservoir, passing through the wells, gathering systems, and
reaching the production separator.

It's crucial to carefully approach the pipeline matching process, especially when dealing
with multiphase flows through long, undulating pipelines where field measurements
have been taken over considerable distances. Pressure measurements may not align with
production data due to the combined effects of fluid compressibility and the time
required for the fluid to travel between measurement points.

The correlations used to achieve alignment with the measured data are: Beggs and Brill,
Hydro 3P, and Petroleum Experts 5 in GAP, as well as Tulsa 3 Phase and Beggs and
Brill in HYSYS. The following describes the correlations used.
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The Beggs and Brill equation, first introduced in 1973 and later improved in 1979, is
applicable to pipelines in horizontal, vertical, and inclined positions. This equation
accounts for pressure drop due to friction and hydrostatic pressure changes. The first part
of the equation addresses the determination of flow pattern and liquid holdup, followed
by the calculation of the densities of the liquid and gas phases. Based on this, along with
the flow pattern, the hydrostatic pressure drop is determined (Beggs & Brill, 1973).

Initially, the pipe was positioned horizontally, and the flow rates were adjusted to
observe all horizontal flow patterns. Afterward, the inclination of the pipe was altered,
allowing for the measurement of liquid holdup (HL(0)) and pressure drop. This setup
enabled the study of the effect of inclination on holdup and pressure drop. Beggs and
Brill proposed the following equation for the pressure gradient (Eq. 3)

v, 2 ,
dp [0V 1, gsing 3)
dL ~ 1—Ek

where Ek, dimensionless kinetic-energy pressure gradient, is defined by (Eq. 4)

Ek = ZmYscPn &)
p

and mixture density should be calculated as (Eq. 5):

Pm = PLHyey + P6[1 — Hyo)) ©)
Liquid holdup and friction factor should be found as described in the following.

Gravity forces act on the liquid, causing a decrease in the liquid velocity and thereby
slippage and holdup is increased. By further increasing of the angle, liquid covers the
entire cross section of the pipe. The slippage between the phases is reduced and liquid
holdup reduces. Beggs and Brill observed that degree of holdup with angle varied with
flow rates. To include effects of pipe inclination, it was decided to normalize liquid
holdup. The following equation was proposed (Eq. 6):

H
p— _LO® (6)
Hi 0y

where WV is inclination correction factor, HL(0) is holdup at angle 6 from horizontal, and
HL(0) is horizontal holdup (Fossmark, 2011).

On the other hand, the Tulsa 3 Phase correlation provides a unique methodology for
hydrodynamic calculations, allowing for the prediction of flow patterns, pressure drop,
holdup, and even the characteristics of slug flow in multiphase fluids. This model is
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applicable in horizontal, vertical, and inclined pipelines. The first step in solving the
equation is defining the fluid flow pattern, followed by calculating the pressure drop
through the system using the appropriate relationships (Grubac, B. 2019).

The TUFFP unified model for gas/liquid flow in pipes was designed to predict transitions
between flow patterns, pressure drop, liquid holdup, and slug properties across all
inclination angles from -90° to +90° relative to horizontal. The TUFFP unified model is
based on the dynamics of slug flow. Because slug flow has transition boundaries with all
other flow patterns, the equations of slug flow can be used not only to calculate the slug
characteristics, but also to predict transitions from slug flow to other flow patterns.
Therefore, flow pattern transitions and other hydrodynamic behaviors are all calculated
within a single model. Oil and water can be found as a fully mixed pseudo-single-phase
in a slug body and in bubbly, dispersed, bubble and annular flow. On the other hand,
they may not be fully mixed, and the local holdups may not be the same as the input
fractions. Presumably, the continuous phase is slower than the dispersed phase due to its
contact with the pipe wall. The relative velocity between the continuous phase and the
dispersed phase needs to be modeled under different flow conditions. As mentioned
above, if the oil and water are fully separated, like in stratified flow or in the film region
of slug flow, then the flow can be modeled with the three-layer approach. The model for
predicting the transition from stratified to dispersed liquid-liquid flow can be developed
based on the local turbulent intensity and the physical properties of the liquid phases.
(Sarica & Zhang, 2006; Zhang et al, 2003; Al-Safran & Brill, 2017).

The upgraded Petroleum Experts 5 mechanistic correlation improves upon the previous
Petroleum Experts 4. While PE4 exhibited instabilities (like other mechanistic models)
that restricted its use, PES minimizes these issues by using a calculation approach that
avoids flow regime maps as a starting point.

PES can model any type of fluid flow through various well or pipeline paths. It accounts
for fluid density changes along both upward and downward trajectories.

Additionally, well stability can be assessed using PE5 by calculating gradient profiles,
which also enable the modeling of liquid loading, slug frequency, and more (Fetoui, I.
2017).

The multiphase flow correlation is suitable for predicting and analyzing the behavior of
three-phase flow in pipelines and wells. Applicable to both gas and oil fields, the "Hydro-
3P" correlation offers accurate predictions for horizontal pipeline simulations across
various flow regimes. It is particularly well-suited for stratified and annular flows, but it
can also handle other flow regimes encountered in multiphase flow systems.
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3  RESULTS AND DISCUSSION

The fluid production at the GS-1 facility, Field X, on April 14th, 2024, amounted to
approximately 2233 m?®/day, with a water cut of 83.1%. Oil production on that date was
398 m*/day, and gas production was 6780 m*/day.

In the base model in HYSYS, the fluid production at GS-1 is 2159.8 m*day, of which
396 m*/day is oil. The percentage difference in fluid production between the base model
and actuals is 1.66%, the oil production difference is 0.52%, while the pressure
difference at GS-1 is 0.21%. In the actuals, the pressure at GS-1 is 4.69 bar, while in the
base model it is 4.68 bar.

On the other hand, the differences between the base model and actuals at GS-1 in GAP
are as follows:

e  Fluid production: AQf = 3.06%;
e Oil production: AQn = 4.52%;
e Pressure at GS-1: Ap = 1.07%.

At GS-1 and GS-2, the temperature, according to actual data, varied between 19 and
22°C on the date the data was analyzed. A temperature value of 20°C was used as input
for the models. In the HY SYS model, only the arithmetic value of the input temperatures
can be obtained, slightly reduced due to the roughness of the pipelines through which
the fluid flows and the chosen correlations, so the model was not matched based on
temperature data.

Fluid production at GS-2, according to the actual data, is 1858.9 m*/day, with oil
production around 411.94 m?/day. In the base model in HYSYS, the production values
are as follows: fluid 1853.1 m®/day, oil 411.12 m?/day, and gas 7733 m*/day.

In the base model in HYSYS, the fluid production at GS-2 is 1853.1 m?/day, of which
411.12 m*day is oil. The percentage difference in fluid production between the base
model and actuals is 0.31%, oil production differs by 0.2%, while the pressure difference
at GS-2 is 3.33%. In the actuals, the pressure at GS-2 is 6.3 bar, while in the base model
itis 6.09 bar.

On the other hand, the differences between the base model and actuals at GS-2 in GAP
are as follows:

e  Fluid production: AQf = 2.32%;
e Oil production: AQn = 4.96%;

e Pressure at GS-2: Ap = 4.44%.
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These deviations of the base model from the actual data in both software platforms are
also presented in tabular form (Tables 10, 11 12 and 13), where the differences in values,
not just the percentage deviations, can be observed.

Since all deviations are within the allowable limits of £10%, the models in both software
platforms are considered valid and can be used for various simulations and for
monitoring system behavior due to certain changes made to optimize the process of crude
oil and gas separation, storage, and transport.

Table 10 Value deviation of the model from the fact

Serial Parameter Unit of Hysys Gap Fact
number measure

1 Qr m?/day 2159,8 2164,6 2254
2 Qo m?/day 395,92 380 398
3 Q; m?/day 6260 7272 6780
4 Qw m?/day 1799,88 1784,6 1856
5 Pgs.1 kPa 468 464 469
6 T degC 20 20 20

Table 11 Value deviation of the model from the fact

Serial Parameter Unit of Hysys Gap Fact
number measure
1 Qr m?/day 1853,1 1815,8 1858,9
2 Qo m?/day 411,12 391,5 411,94
3 Qq m?/day 6609,6 7385 7733
4 Qw m?/day 1442 14243 1446,96
5 Pgsa kPa 609 602 630

6 T degC 18,84 20 20
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Table 12 Percentage deviation of the model from the fact on GS-2

Gathering station 1

ni(:;ll:‘;r nllj:al:l?:e Parameter Hysys Gap

A A(%) A A(%)
1 m®/day Qs -37 1,66 -68 3,06
2 m®/day Qo -2 0,52 -18 4,52
3 m®/day Q, -520 7,67 492 7,26
4 m®/day Qw -56,12 3,02 -71,4 3,85
5 kPa Pgs-1 -1 0,21 -5 1,07
6 degC T 0 0 0 0

Table 13 Percentage deviation of the model from the fact on GS-2

Gathering station 2

n?::rl;ll?el:r nlljen;:uorfe Parameter Hysys Gap

A A(%) A A(%)
1 m®/day Qr -6 0,31 43 2,32
2 m*/day Qo -1 0,2 -20 4,96
3 m3/day Qg -923 9,53 -348 4,5
4 m3/day Qw -20,33 1,39 -38 2,6
5 kPa Pgs-1 -21 3,33 -28 4,44
6 degC T -1,16 5.8 0 0

4 CONCLUSION

In this paper, a comparative analysis of the software solutions HYSYS and GAP for
modeling the surface infrastructure of oil field in the Pannonian Basin is conducted.

Error analysis shows that both software solutions provide reliable estimates, with
deviations within acceptable limits of £10%. At Gathering Station 1, HYSY'S displayed
a deviation of -37 m?/day for the parameter Qf, with a percentage error of 1.66%, while
GAP had a deviation of -68 m*/day, with a percentage error of 3.06%. These deviations
indicate that HYSYS provides more precise results for this parameter. Regarding oil
production (Qo), HYSYS had a minimal deviation of -2 m?/day (0.52%), while GAP
showed a larger deviation of -18 m®/day (4.52%), further confirming HYSYS provides
better accuracy in its estimates.

However, in the analysis of gas production (Qg), GAP had a deviation of 492 m3/day
with a percentage error of 7.26%, while HYSYS recorded a significantly larger negative
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deviation of -520 m?/day (7.67%), suggesting greater reliability of GAP for this
parameter.

At Gathering Station 2, the results also showed similar trends. HYSYS had a deviation
of -6 m*/day for Qf, corresponding to an error of 0.31%, while GAP had a deviation of -
43 m*/day (2.32%). In terms of gas production (Qg), HYSYS had a larger deviation of -
923 m*/day, with a percentage error of 9.53%, while GAP recorded a deviation of -348
m?/day (4.5%), indicating greater accuracy for GAP in this segment.

HYSYS excelled in estimates related to oil and fluid production, while GAP was more
successful in analyzing gas production. This complementarity suggests that both tools
can be used together to provide a comprehensive picture of the surface infrastructure
system. It is recommended to use HYSYS when there are time constraints for model
development, as it allows for modeling wells as material streams within the software
itself. This functionality significantly reduces the time required for model development,
making it suitable for quick analyses and simulations. On the other hand, GAP requires
the initial creation of the model for the reservoir and all wells, which can significantly
extend the modeling time.

The results indicate that HYSYS offers detailed simulation capabilities for the entire
production process, whereas GAP offers integrated asset modeling that optimizes
interconnected systems. The advantages of HYSYS include its versatility in various
operational scenarios, while GAP excels various operational scenarios.

The comparison between HYSYS and GAP highlights that HYSY'S is more suited for
complex process simulations, while GAP excels in specific flow applications. HYSYS
provides advanced capabilities for modeling multiphase flows, whereas GAP has
limitations in this area. The user-friendly interface of HYSYS makes it easier for
engineers to conduct simulations, while GAP requires a higher level of technical
expertise. In terms of optimization and performance analysis, HYSYS offers broader
options, while GAP focuses on specific flow calculations. Results obtained from HYSY'S
can be easily validated against real-world data, thanks to its advanced algorithms,
whereas GAP is accurate for predefined scenarios. Additionally, HYSYS integrates well
with various process units, while GAP is primarily geared toward pipeline flow analysis.

Overall, HYSYS is more applicable to refinery and chemical processes, while GAP is
tailored for the oil and gas industry. Lastly, HYSYS tends to demand more resources and
is better suited for larger systems, whereas GAP is simpler and more efficient for smaller-
scale applications.

These findings are significant for the oil and gas industry, as they assist in selecting the
most suitable software depending on the specific project needs. Further research is
recommended to explore additional functionalities of these tools and their integration
with modern technologies.
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HYSYS allows engineers to explore various operational scenarios and optimize process
units. On the other hand, GAP provides integrated modeling that focuses on analyzing
the interconnections within the network, enabling the identification of potential
bottlenecks and a better understanding of pipeline dynamics.

Although this study did not include optimization, the simulation results demonstrate the
value of both software solutions in understanding the complexities of surface
infrastructure. This study highlights the need for further research to explore additional
functionalities of both tools, including possible approaches to optimization and the
integration of modern technologies in future analyses.

REFERENCES

ALMEHAIDEB R., AL-KHANBASHI A., ABDULKARIM M. & ALI M., (2000).
“EOS tuning to model full field crude oil properties using multiple well fluid PVT
analysis”, https://doi.org/10.1016/S0920-4105(00)00043-7;

AL-SAFRAN EISSA and BRILL P. JAMES, (2017). “Applied Multiphase Flow in Pipes
and Flow Assurance — Oil and Gas Production”, Society of Petroleum Engineers, ISBN
978-1-61399-492-4;

BEGGS, D. and BRILL, J., (1973). “A study of two-phase flow in inclined pipes”,
Journal of Petroleum Technology, Vol. 25;

BRILL, J.P. and MUKHERIJEE, H. (1999). “Multiphase Flow in Wells”. Monograph
series, SPE, Richardson, Texas 17: 2-69;

CHAVES G.S., KARAMI H., VIRGILIO JOSE MARTINS FERREIRA FILHO &
BRUNO FERREIRA VIEIRA, (2022). “A comparative study on the performance of
multiphase flow models against offshore field production data”, Journal of Petroleum
Science and Engineering, Volume 208, Part E, 109762, ISSN 0920-4105,
https://doi.org/10.1016/j.petrol.2021.109762,
https://www.sciencedirect.com/science/article/pii/S092041052101384X ;

ELKAMEL, A., PARASCHIVOIU, M., & ALATIQI, 1. (2003). "Process Optimization
of Oil and Gas Separation." Journal of Petroleum Science and Engineering, 40(3), 109-
123

EZEKWE NNAEMEKA, (2010). “Petroleum Reservoir Engineering Practice”, Prentice
Hall, ISBN 0-13-715283-3;

FETOUI ISLAM, (2017). ,,Multiohase flow correlations®, Production Technology;

FOSSMARK MARTHE GILJE, (2011). ,,Multiphase-Flow Correlations* University of
Stavanger, Faculty of Science and Technology;



66 Markovi¢ J., Martinovi¢ B., Zori¢ N., Je§i¢ M., Crnogorac M., Danilovi¢ D.

GUO BOYUN, LYONS C. WILLIAM & GHALAMBOR ALI, (2007). ,,Petroleum
Production Engineering A Computer-Assisted Approach®, ISBN: 0750682701,
Publisher: Elsevier Science & Technology Books;

GRUBAC BRANKO, (2019). ,,Uticaj utiskivanja gas-lift gasa na prenos mase i toplote*,
doktorska disertacija, Univerzitet u Beogradu Rudarsko-geoloski fakultet;

HONEYWELL, (2009). ,,UniSim Design Black Oil Tutorial“, Prepared in Canada,
dostupno na: Honeywell Black Oil;

KAZEMI KOROSH, (2011). ,,Prediction of Crude Oils PVT Properties Using Artificial
Neutral Networks®, Master of Science Thesis, Petroleum University of Technology,
Iran;

MADDONA S., NURPERBANGSARI DZ., SUGIANA AM. & ZULKIFLIANI,
(2022). ,,Bioprocess of Oil Contamined Water At Gathering Station Through A
Consortium Of Endogenous and Exogenous Bacteria®, IOP Conf. Series: Earth and
Environmental Science, doi:10.1088/1755-1315/1065/1/012063;

MARTINOVIC, B., ZIVKOVIC, M. & GRUBAC, B. (2022) "Convective heat transfer
in centrifugal pumps lifted wells: the case of South-Eastern Europe waxy wells”, Int. J.
Oil, Gas and Coal Technology, Vol. 30, No. 3, pp.229-249.;

MITTBOCK SEBASTIAN, (2014). ,,Development of a Slug Analysis Tool for Slugging
in Gas-Oil-Water Multiphase Pipelines and Comparison with Aspen Hysys®,
masterthesis Vienna University of Technology;

PETROLEUM EXPERTS, (2011). ,,User Manual*“ IPM PVTP Version 8.5 February;
PETROLEUM EXPERTS, IPM13. ,,Integrated Production Modelling User Manuals*;

PETROLEUM EXPERTS LTD. (2010). “Integrated Production Modeling Using GAP”,
Petroleum Expert Technical Papers;

SARICA CEM & ZHANG HOLDEN, (2006). “Development of Next Generation
Multiphase Pipe Flow Prediction Tools” The University of Tulsa, Tulsa University Fluid
Flow Projects, DE-FC26-03NT15403;

XIAO, J.J., SHOHAM O. & BRILL J.P., (1990). ,,A Comprehensive Mechanistic Model
for Two-Phase Flow in Pipelines®, University of Tulsa, Society of Petroleum Engineers,
SPE 20631;

ZHANG H., WANG Q.,SARICA C. & BRILL J. (2003). “Unified model for gas - liquid
pipe flow via slug dynamics-part 1: model development”, Journal of Energy Resources
Technology, Vol. 125;

ZHAO YUANX]I, (2016). ,,Property Package*; PVT-Flow-Assurance;



