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Abstract:

Due to the complexity of Hassi Messaoud oil field, the production engineers are facing
many exploitation problems (depletion, backpressure, network management ...) that
unfavorably affecting the wells’ production.

Towards solving such problems, solutions have been brought different techniques and
“Surface Jet Pump” is one the latest innovation in the industry in order to fix problems such
as backpressure. To predict the outcome, integrated production systems modelling is
employed to analyze and optimize the influencing parameters on the sequential production
chain, our study focuses on:

v’ Establish an integrated well-network model and run sensitivities via PROSPER

v Analyzing the result of simulating the SJP’s addition and benefit occurred with GAP

The key words: Integrated production system, PROSPER and GAP, Surface Jet Pump,
optimization, depletion, backpressure.

Résumé:

Due a la complexité de gisement de Hassi Messaoud, les ingénieurs de production sont
confrontés a de nombreux problémes d'exploitation (déplétion, contre-pression, gestion du
réseau ...) qui ont affecté défavorablement la production des puits.

Afin d’affronter ces problémes, des solutions ont été amenés par différentes techniques
et la “Surface Jet Pump“ est I'une des derniéres innovations dans l'industrie pour résoudre
des problemes comme contre-pression. Pour prédire le résultat, la modélisation de systéeme
de production intégrés est employée pour analyser et optimiser les parametres influenceurs
sur la chaine de production séquentielle, notre étude est axée sur :

v Etablir un modeéle puits-réseau intégré fiable et lancer des sensitivités via PROSPER
v Analyser le résultat de simulation de I'ajout du SJP le bénéfice obtenu par GAP

Les mots clés : Systeme de production intégré, PROSPER, GAP, Surface Jet Pump,
optimisation, déplétion, contre-pression.
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Nomenclature et Abbreviations

A (in CH3): Drainage Area, m?

A (in CH1): Cross-sectional flow area of the pipe, m?
Agas: pipe area occupied by gas, m?

Aliquid: pipe area occupied by liquid, m?
ANSI: American National Standards Institute
AOF: Absolute Open Flow m3/hour

API: American Petroleum Institute

ASME: American Society of Mechanical Engineers
BHP: Bottom Hole Pressure, kg/cm?_g

BU: Build Up

Bo: FVF, formation volume factor, bbl/stb

D: Pipe Diameter, inches

Dp: difference between the discharge and the LP pressure, kg/cm?_g
DST: Drill stem Test

E: Estimated Error, %

EOR: Enhanced oil recovery

ESP: Electrical Submersible Pump

f: The Moody friction factor

FLP: Flowline Pressure, Bars

g: Acceleration due to gravity, m/s

GAP: General Allocation Program

GL: Gas Lift

GLR: Gas Liquid Ratio, Sm®/Sm?

GOR: Gas Qil Ratio, Sm®/Sm?

GVF: gas volume fraction

h: Reservoir thickness, ft

HI-SEP: High inline separator

HMD: Hassi Messaoud

HP: High Pressure

ID: Inside Diameter, inches

IOR: improved oil recovery



IPM: Integrated Production Modelling
IPR: Inflow Performance Relationship
I-SEP: inline separator

J: PI or IP productivity index, stb/day/psi
K: Permeability, md

L: the length of the pipe, m

LCP: Liner Cemented Perforated

LP: Low Pressure

MD: Measured Depth, m

MEG: mono-ethylene glycol

Mv: volumetric flow ratio

N: pressure ratio

n;: efficiency

OD: Outside Diameter, inches

Pb: Bubble point, kg/cm? g

PETEX: Petroleum Experts

Pf: Downhole Pressure, kg/cm? g

PFD: Dynamic Downhole flowing pressure, kg/cm? g
PFS: Static Downhole flowing pressure, kg/cm?_g
Pnode: Node pressure, kg/cm?_g

Pp: Pipeline pressure, kg/cm? g

Pr: Pg, Reservoir pressure, kg/cm? g

PR: Pressure Ratio

PROSPER: Production System Performance
Psep: Separator pressure, kg/cm? g

PVT: Pressure, Volume, Temperature
Pwf: Downhole flowing pressure, kg/cm?_g
Pwh: Pt, Wellhead pressure, kg/cm?_g

Q: liquid rate, m3/hour

Qmax: AOF, m¥hour

Qo: QOil flow rate, m3hour

re: external drainage radius, ft

RR: Recoverable reserves

Rs: Gas solubility at Saturation pressure, Sm3 Sm?



rw: wellbore radius, ft

S: Skin factor, dimensionless

SJP: Surface Jet Pump

SSSV: SubSurface Safety Valve
TVD: True Vertical Depth, m

U: overall heat transfer coefficient, BTU/h/ft?/F
u: Velocity, m/s

VLP: Vertical Lift Performance
VM: Master Valve

Vs, gas: superficial gas velocity, m/s
Vs, lig: superficial liquid velocity, m/s
WC: Water Cut, %

AP;: Pressure drop due to frictional forces, kg/cm?_g

AP ,: Pressure drop due to gravitational energy change, kg/cm?_g

AP, Pressure drop due to kinetic energy changes, kg/cm? g

AP: pressure differences between WHP and FLP, kg/cm? g

€: roughness, inches

0 : the angle between horizontal and the direction of flow, degrees

Agas: Gas void fraction

Miquid: Liquid Hold-up

u: viscosity, cp

Woil: Oil viscosity, cp

p : the density of the fluid, kg/m?, API



Introduction




General Introduction

Introduction

The most important problems that petroleum production engineers try to find solutions for
it are in manifold system, traditionally, choke valves are used to drop the pressure of high
pressure (HP) wells and to combine the production from LP and HP wells. The use of
choke valves in this way is a waste of energy. Also, in most applications, the production
from LP wells is restricted so that their operating pressure meets the pipeline pressure. These
problems demand solutions to maintain production and to enable the total recovery from the
field to improve before the field is abandoned. Without the use of systems or solutions to
maintain production, total recovery from the field may be limited to only 35 % (world average)

of the total recoverable reserves (RR), or lower values.

Many fields rely heavily on IOR (improved oil recovery) and EOR (enhanced oil recovery)
solutions. There are, however, methods to improve production without the need for major
capital investment. Surface jet pump systems (SJPs) are among the least costly, value added,
solutions to extend the life of many LP wells. Field applications have shown that the recovery
of the capital spent in installing Surface Jet Pumps is generally achieved within a few weeks
to a few months which use a high pressure (HP) fluid as the motive force to boost the pressure
of produced gas and liquid phases. The system enables the flowing wellhead pressure (FWHP)
to be reduced in order to increase production, whilst meeting the downstream production

pressure requirements. A high-pressure fluid is needed as the source of energy or motive flow.

The integrated production system modelling approach consists of a focussed team of
surface and subsurface staff working together to identify opportunities based on existing field
constraints and limits. To explain in further detail, using IPM allowed petroleum engineering
to understand the behaviour of fluids through the production system and the interactions
between its different segments for possible optimizations and improvements in the

performance of an oil field.
In order to achieve our goals, the thesis’ chapters are as follows:
e Chapter 01: Production Systems Analysis
e Chapter 02: Surface Jet Pump

e Chapter 03: Well Modelling and Optimization



General Introduction

e Chapter 04: Network Modelling and Optimization

The objective of this thesis work is to maximise the oil production rates by using the new
technology SJP for two (HP is OMM412 - LP is OMMZ202) producing wells to optimize the
network of Hassi Messaoud field, especially in W1F sub-manifold. The thesis work had been
performed by the application of PROSPER and GAP software. In the result two well models
had been prepared in this thesis work. Finally, a complete production network had been
developed by combining all well models. By running a simulation results with implementing
SJP program in GAP, optimized oil rate had been determined for LP well system and the

maximum oil production rate had been achieved for the whole production system.



Chapter 1

Production Systems
Analysis



Chapter 1 Production Systems Analysis

1.1

1.2

Introduction

The well performance is defined by its capacity to deliver oil or gas to the surface.
In petroleum engineering, the determination of the relationship of the combination of
reservoir inflow and outflow performance in order to analyze the production’s systems.
The main purpose of this analysis is to predict the achievable fluid production of the
reservoir through the tubing string, the very commonly used technique in petroleum

engineering is called ‘’Nodal Analysis’’.

Nodal Analysis

Nodal Analysis have been applied for many years to analyze the performance of
systems composed of interacting components. Its application to well producing systems
was first proposed by Gilbert in 1954 and Mach, Proano, and Brown in 1979 further
developed the concept [1].

In Nodal Analysis, a specific point in the system is chosen (node) and the system is
divided in two parts. All of the components upstream of the node comprise the inflow
section and all components downstream of the node comprise the outflow section. The
inflow and outflow curves are illustrated in Figure 1.1. Each component behavior in the
system is directly related to flow rates and pressure drop. The flow rate through the whole

system can be determined once the following requirements are satisfied:

1. Flow into the node equals flow out of the node.

2. Only one pressure can exist at a node.

Further, at any time, the pressure at the end points of the system {separator (Psep) and

reservoir pressure (Pr)} are both fixed. Thus:
Pg- (Pressure loss upstream components) = Ppoqde Eql.1l

Psep + (Pressure loss downstream components) = Pyqqe Eql.2
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1.3

The Nodal Analysis method uses single or multiphase flow correlations and
correlations or theoretical models developed for the various components of reservoir,
well completion, and surface equipment systems to calculate the pressure loss associated
with each component in the system. This information is then used to evaluate well
performance under a wide variety of conditions, which will lead to optimum single well

completion and production practices [2].

Mode Outflow

Pressure at Node
Operating Point

Pressure

Mode Inflow

1

Flow Rate Through Node

Flow Rale ———

Figure 1.1: System Nodal Analysis [3]
Reservoir inflow performance relationship (IPR)

For a well to flow, there must be a pressure differential from the reservoir to the
wellbore at the reservoir depth. If the wellbore pressure is equal to the reservoir pressure,
there can be no inflow. If the wellbore pressure at the pay zone is zero, the inflow would
be the maximum possible: The Absolute Open Flow (AOF). For intermediate wellbore
pressures, the inflow will vary. For each reservoir, there will be a unique relationship

between the inflow rate and wellbore pressure [2]

Figure 1.2 shows the form of a typical oil/gas well IPR curve. It is the deliverability

curve, or "inflow performance relationship.”
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Figure 1.2: Typical reservoir IPR curve [4]

1.3.1 Productivity Index

The productivity index (PI) is the measure of the ability of the well to produce fluids.
It is derived by the Darcy’s equation for radial semi-steady state flow and it is the ratio
of liquid flow rate to the pressure drawdown. It can be applied only in single phase flow,
hence in the case of an undersaturated reservoir [5].

] _ q _ 2mkh
PR—Pws  MBoIn(=%)-3/4+S
Tw

Eq1.3

Where g: liquid rate, stb/day

J: productivity index, stb/day/psi

Pr: average reservoir pressure (static pressure), psi
P, . downhole flowing pressure, psi

1, Wellbore radius, ft

1,. External drainage radius, ft

S: Skin factor, dimensionless

h: Reservoir thickness, ft

W: viscosity, cp

Bo: formation volume factor, bbl/stb

The productivity index is proved to be a very useful tool in Petroleum Engineering
in order to predict future performance of wells, since, during the well’s lifespan, flow

regimes are approximating the pseudo steady-state ones. It should be underlined that

5
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unexpected declines in the value of J can be concrete indications for a series of well

issues such as damages due to workover, completion, mechanical problems etc. [1].
1.3.2 IPR curve in undersaturated reservoirs

It is the linear relationship between the liquid flow rate and the pressure drawdown,

for a single constant value of productivity index, as seen below:
q=J(Pr = Puy) Eq 14

Graphically, it is represented by a straight line with a slope equal to —1/J (Fig. 1.3).
Note that the above methodology can only be applied to reservoirs with pressures above
the bubble point pressure. When P, ¢ is equal to the average reservoir pressure, no flow
IS observed due to zero pressure drawdown value. On the other hand, maximum liquid

rate occurs when P, ¢ is zero and it is called absolute open flow (AOF) [1].

1 Pr (Reservoir Pressure)
- — +_ -
k- !
o 1 Well
o ! Drawdown
a 1
@ i
o i Slope = -1/]
o 1
= !
_g - — — — L —_ =
b i
FE-: : Well Production
s i
] :
= Y ADF
Liquid Flow Rate ([) e— q (max)

Figure 1.3: Straight IPR (undersaturated reservoir) [5]
1.3.3 IPR curve in saturated reservoirs

Muskat and Evinger [6] (1942) and Vogel [7] (1968) observed that when the pressure
drops below the bubble-point pressure, the IPR deviates from that of the simple straight-
line relationship as shown in Figure 1.4 (curve C), it is proposed the following equation
for predicting a well’s inflow performance under a solution gas drive (two phase flow)

conditions based on a large number of well performance simulations.
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a_ _1_ PwrY _ 0.g(P%fy2
=1-02() 0.8(25) Eq L5

Amax PR
Where g4 : Absolute Open Flow (AOF), bbl/day
The combination of the straight and Vogel’s curved IPR can fully describe the inflow
performance at any pressure. Above Pb, the IPR is a straight line, while below Pb it is

curved. In Figure 1.4, the area created between A and C represents the occurrence of

two phase flow.

_L
=}

Reservoir _
Pressure (P) A Straight line IPR (undersaturated oil)

B Vogel or Curved IPR (saturated oil)
C Combination of Aand B when resernvoir

pressure was above the bubble point.
IPR becomes curved at the bubble point

Normalised Wellbore Flowing Pressure (P, /P )

~ A
J
~
{ C "«
: NCTTS
\ \ -
'.B A\ .
\ ~
\ \ I
'|_ '-;
¥ II ™
q, Max q. max q, max

Oil Flow Rate ——

Figure 1.4: Combined IPR curve for saturated and undersatured reservoir [3]

1.3.4 Factors affecting IPR

IPR is influenced by parameters related to the reservoir. The bottomhole flowing
pressure is the solution node that separate the two systems and effectively determine
which components related to reservoir and those related to the flow in the tubing lift to

surface. The most notable components affecting an IPR curve are the following:

e Rock Properties

e Fluid Properties
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e Reservoir Pressure
o Well Geometry

e Well Flowing pressure

Examples demonstrate different values of some components potentially affect the
IPR, in Figure 1.5, illustrates the effect of the viscosity, increasing oil viscosity affects
the mobility of the oil through the porous media and leads to a lower productivity index,

and Figure 1.6 shows the effect of reservoir depletion to the IPR [1].

Qil A is More Viscous than Qil B

Wealbora Flowing Pressura .:-'._|
=

Production Rate (q)
Figure 1.5: Effect of oil viscosity on the IPR: Oil A is more viscous than Oil B [3]

A decrease in the skin factor increases the deliverability of a system up to a point. Figure
1.7 shows the effect of well stimulation techniques, such as fracturing or acidizing, on the
inflow performance. When skin factor is further reduced, productivity of the system is

unaffected.
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Figure 1.6: Effect of reservoir pressure to the IPR: Pressure is lowered from right to left
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Figure 1.7: Effect of skin factor on the IPR: Skin factor is decreasing from left to the right
[3]
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1.4

Vertical lift performance

One of the most important components in the production system is the tubing string.
As much as 80 percent of the total pressure loss in an oil well can occur in moving the
fluids from the bottom of the hole to the surface [8]. Vertical lift performance expresses
the bottomhole flowing pressure as a function of liquid rate in the wellbore during the
production of reservoir fluids. the outflow performance depends on several factors;

liquid rate, fluid type (gas-liquid ratio, water cut), fluid properties and tubing size [9].

1.4.1 Pressure drop calculations

Generally, the total pressure drop in a well is the summation of the pressure drop due

to frictional forces (APy), gravitational energy change (AF;) and kinetic energy changes

(APy), with the last one to be omitted as its value is usually negligible compared to the

previous two sources

AP = AP; + AF, + APy Eq 1.6
Pressure drop due to potential energy change:

APg = gpL sin6 Eq 1.7
where g: the acceleration due to gravity,
p : the density of the fluid,

L: the length of the pipe

0 : the angle between horizontal and the direction of flow
Pressure drop due to kinetic energy change:

AP, =p (ui—u?) Eq18

Pressure drop due to frictional forces:

2
AP, = 121 Eq 19

Where f: The Moody friction factor
Estimation of the friction factor during turbulent flow is more complicated and other
methods are used for its calculation. The most common is the use of the Moody chart

which requires the knowledge of the roughness (g) of the examined pipe.

10
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Specialized software can perform all these complex calculations of pressure drop in
pipelines. To do so, the pipelines are split in a set of many small segments and pressure
drop calculations are held for each segment individually. The splitting is done adaptively
so that are exhibiting big contribution to the total pressure loss are simulated with small

segments, while in others of minor interest the software uses larger segments [1].

1.4.2 Tubing outflow curve

The outflow performance is also necessary to estimate the bottomhole flowing
pressure P, And it’s done by using the following method. For various flowrates and for
a fixed wellhead pressure, the total pressure loss can be calculated using the Equation 1-
6 for the whole length of the production tubing. The outcome of this approach is the
Tubing Performance curve (or else known as VLP curve) and its importance lies on the
fact that it captures the required flowing bottomhole pressure needed for various liquid
rates. The VLP depends on many factors including PVT properties, well depth, tubing

size, surface pressure, water cut and GOR [1]

3,000
2,500
2,000 S —
© \_-—
‘B
% 1500
'\E '
= Tubing Performance Curve
Fixed Wellhead Pressure
1,000
500
0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4000 4,500

o, STB/D

Figure 1.8: Typical tubing performance curve [10]
1.4.3 Factors affecting the VLP curve

Some of the factors affecting the vertical lift performance of the well are:

e Production Rate

11
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e Well Depth

e GOR/GLR

e Tubing Diameter
e Water cut

e Restrictions (Scale, waxes, SSSV etc.)

Figure 1.9 showcases the different flowing rates in changing the tubing’s
diameter, although, it’ll be discussed later that very large tubing size results in the
large decrease of the upward gas flow velocity that it is no longer sufficient to
efficiently lift the liquid to the surface.

Resareoir Pressura

ncraasing
Tubing
Diameter

Pressure at Sandface —— &

Ll om oo oo oo oo oo oo oo o e o
Cih e e - - -

Production Rate

Figure 1.9: Effect of increasing tubing diameter on the VLP: Diameter is
increasing from left to right [3]

Water cut is also an important parameter that must be taken into consideration.
An increasing water cut reduces the gas-liquid ratio. Less oil means that less gas will
be evolved from it, and in combination with the greater density of the water in respect
to that of the oil, the average density of the fluid will be greater than initially was.
This eventually leads to an increase of the hydrostatic head between the reservoir and
the surface (Fig. 1.10). Heavier flowing fluid requires more pressure from the

reservoir to be lifted up to the surface [1].

12
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Figure 1.10: Effect of increasing water cut on the VLP: Water is increasing from right
to left [3]

Multiphase Flow

Flow regimes

In oil and gas production, multiphase flow often occurs in wells and pipelines
because the wells produce gas and oil simultaneously. This is called two-phase flow. In
addition to gas and oil, water is also often produced at the same time. This is called three-
phase flow. The calculations of pressure drop along the production tubing become more
complex than the ones described in previous section. Common single-phase
characteristics are thus inappropriate for describing the nature of such flows. The flow
structures are classified in flow regimes, whose characteristics depend on a number of
parameters such as operating conditions, fluid properties, flow rates and the orientation
and geometry of the pipe through which the fluids flow. The distribution of the fluid
phases in space and time differs for the various flow regimes, and is usually not under

the control of the designer or operator [11].

13
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All flow regimes however, can be grouped into dispersed flow, separated flow,
intermittent flow or a combination of these:

e Dispersed flow: Bubble and mist flow are characteristic examples of this
category. The main characteristic of this type of flow is the uniform
distribution of phases in both radial and axial directions.

e Separated flow is characterized by a non-continuous phase distribution in the
radial direction and a continuous phase distribution in the axial direction.
Examples of such flows are stratified and annular.

e The intermittent flow regime is characterized by discontinuity in liquid and
vapor flow. In this flow regime, vapor slugs or plugs are formed, surrounded
by a thin liquid coating on the periphery and blocked by a liquid slug between

successive vapor bubbles [12].
1.5.2 Superficial velocity and flow regime maps

The term superficial velocity is often used on the axes of flow regime maps. Flow
regime maps are a qualitative tool used to define the type of flow, when superficial
velocities are known. The velocity of a single phase vapor or a liquid (through vessels,
pipes, etc.) is equal to the volumetric flow rate divided by the cross-sectional flow area
of the pipe ““A”’ [1].

= dgas Eq 1.10

Vs,liquid = Eq1l.11

Where: Vg 545,V 114+ Superficial gas velocity and superficial liquid velocity

respectively (m/s)

In Figure 1.11, we illustrated the dependency of the flow regime by the superficial
gas and liquid velocities in vertical flow. In horizontal flows as well, the flow regime
transitions depend upon many factors such as gas-liquid velocities, fluid properties,
orientation of conduit, tube diameter (D) and operating conditions [13]. The following
map (Fig. 1.12) shows qualitatively, how flow regime transitions are dependent on
superficial gas and liquid velocities in horizontal multiphase flow. A map like this will
only be valid for a specific pipe, pressure and a specific multiphase fluid.
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Figure 1.11: A generic two-phase vertical flow map [11]
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Figure 1.12: A generic two-phase horizontal flow map [11]
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1.5.3 Slip effect

Experiments have shown that one fundamental phenomenon occurring in inclined
multiphase flow (oil-gas, water-oil, etc.) is the concept of slip and hold-up. These
phenomena are most important for the gas/liquid case since the density differences are
greatest: Slip refers to the ability of the less dense (“lighter”’) phase to flow at a greater
velocity than the denser (“heavier”) phase. Hold-up is a consequence of slip - the volume
fraction of the pipe occupied by the denser phase is greater than would be expected from
the (relative) in — and outflow of the two phases - since its flow velocity is slower than
that for the light phase [3]. This is something which severely affects calculations of
pressure drop in a pipe. When more gas is present in a pipe segment, friction is the main
factor of pressure loss due to its increased actual velocity. On the other hand, pipe
segments almost full of liquid, exhibit pressure losses due to the increased gravity term
[8].

The phase velocities are the real velocities of the flowing phases. They may represent
velocities in a local scale in the pipe cross section or a velocity of a cross sectional

average of the pipe. They are defined by:

dgas
Voous = —— Eq1.12
gas Agas q
dliquid
Viiquia = Eq1.13
liquid Aliq uid

where A;;quiq and Ay, are the pipe areas occupied by the liquid and gas respectively.
Gas and liquid will flow at different phase velocities within the pipe. The relative phase

velocity or slip velocity is defined by:
Vs = [Vgas — Viiquid | Eql.14

Liquid hold — up and gas void fraction are defined as the ratio of the area occupied
by each phase (liquid or gas) to the total cross sectional area of the pipe.

Aliquid

Miquia = e Liquid holdup Eq1.15

Agas

Agas = . Gas void fraction Eq1.16
pipe

16
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}\gas + }\liquid =1 Eq 1-17

Only under no-slip conditions is the gas void fraction equal to the gas volume
fraction, and the Liquid Hold-up is equal to the Liquid VVolume Fraction. The flow in
this case is homogeneous and the two phases travel at equal velocities. In reality,
however, the Liquid Hold-up will be larger than the Liquid VVolume Fraction and,

consequently, the gas void fraction will be smaller than the gas volume fraction.

Multiphase flow correlations are used to predict the liquid holdup and frictional
pressure gradient. Depending on the particular correlation, flow regimes are
identified and specialized holdup and friction gradient calculations are applied for
each flow regime. The density difference between gas and either water and oil is far
greater than the density difference between oil and water. The multi-phase flow
correlations lump oil and water together as liquid and calculations are based on
liquid/gas interactions. Such flow correlations are more accurately described as two-
phase methods. The calculation errors resulting from lumping the water and oil
together have been found to be insignificant for the majority of oil well pressure
calculations. The primary purpose of a flow correlation is to estimate the liquid
holdup (and hence the flowing mixture density) and the frictional pressure gradient
[1].

Some of the correlations most widely accepted for oil wells are:

e Duns and Ros
e Hagedorn and Brown
e Orkiszewski

e Beggs and Brill

1.5.4 Flow regime through choke

The choke has an important role in the production cycle, allow to control the flow
via adjusting the wellhead pressure, with taking consideration to reservoir-well-network

constraints:
e Water coning
e The vertical flow regime through the tubing

e Surface installations available to handle the production

17
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We use multiphase flow formulas through choke in order to calculate the flow, the
equations attach coefficients that differ from a field (Hassi Messaoud in our case) to

another depending on the report of pipeline pressure to wellhead pressure.

In Figure 1.13, we distinguish the three types of flow regimes across a choke, we
obtain the critical regime when Pp/P,,;, is inferior 0.5, the flow, pressure are constants

despite modifying the pressures (zone I11).

The estimated interval for transient regime is between the values 0.5 to 0.75 (zone

1)

When the report Pp/P,,,, is superior to 0.75, the flow is dependable to the variation
of the pipeline and wellhead pressure and the flow is not stable in the non critical flow

regime (zone 1)
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Figure 1.13: Flow regimes through a choke in Hassi Messaoud Field [14]
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2.1 Introduction

Jet pump technology dates back to 18" century! The early applications were, however,
limited to combining two streams of steam at different pressures and, in some cases, jet pumps

were used to combine two liquids of different pressure for mixing purposes.

In a manifold system, traditionally, choke valves are used to drop the pressure of
high pressure (HP) wells and to combine the production from LP and HP wells. The use of
choke valves in this way is a waste of energy. Also, in most applications, the production

from LP wells is restricted so that their operating pressure meets the pipeline pressure.

Jet pump is a simple and reliable system to use some of the energy from high pressure
wells to boost the production pressure and flow rate of LP wells.

2.2 Jet Pump operation

Jet pumps are also known as educators, ejectors or gas jet compressors, depending on their
application in various industries. In oil and gas production applications, onshore or offshore,
it is preferred to refer to them as surface jet pump or “SJP” for short, and use this abbreviation
for simplicity. Figure 2.1 shows the general configuration of the jet pump and key

components of the system.

HP
NOZZLE DIFFUSER  piscHARGE
SECTION 10w

SURFACE JET PUMP
(SIP)

HP FLOW

—
I COMMINGLED
PRODUCTS

HIGH PRESSURE

WELLS
—)

LP FLOW

MANIFOLD

MANIFOLD

LOW PRESSURE
T ¢ WELLS

Figure 2.1: Key components of the Surface Jet Pump [16]
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The HP fluid passes through the nozzle of the surface jet pump (SJP) where part of
potential energy (pressure) is converted to kinetic energy (high velocity). As a result, the
pressure of the HP fluid drops in front of the nozzle. It is at this point where the LP flow is
introduced. The mixture then passes through the mixing tube where transfer of energy and
momentum takes place between the HP and LP fluids. The mixture finally passes through the
diffuser where the velocity of fluids is gradually reduced and further recovery of pressure
takes place. The pressure at the outlet of the jet pump will be at an intermediate value between

the pressure of the HP and LP fluids.
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Figure 2.2: Surface Jet Pump internal flow dynamics [17]

The level of boost in the pressure of the LP fluids depends on a number of factors which

include:
e HP/LP flow ratio and pressure ratio
e Density or molecular weight of the HP and LP fluids

There are also secondary factors such as the operating temperature and whether the jet
pump is operating under its optimum design conditions. Figure 2.3 shows the performance of

the SJP in gas production applications at different HP/LP pressure ratios. [18]
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Key Factors For Performance
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Figure 2.3: Performance curves for Surface Jet Pumps-gas production application

homogeneous [18]

2.3 Application of Jet Pumps

2.3.1 Downhole

Jet pumps have applications in both gas and oil production. They can be used downhole,
offshore and onshore. One of the first applications of the jet pump in the
oil and gas industry has been downhole for well kick-off or for increasing production from
low pressure oil wells. A specially designed and slim-line unit is installed downhole close to
the production zone. A motive fluid (oil or water) is injected via a dedicated pipe or through
the annulus. This allows the production from the well to be increased because of the said
pressure drop generated by the jet pump in its suction side. It is further possible to introduce
additives or diluents to the motive flow to improve the properties of the produced oil (e.g.

Viscosity).

Jet pumps can also be used downhole for gas production in cases where the reservoir
pressure is low and liquid in form of condensate or water is also produced and causes the
seizure of production from such low-pressure wells. High pressure gas could be the motive
flow in this application. The economics of this method of recovery is dependent on the

availability of high-pressure gas or compressors to provide the motive flow. [15]
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2.3.2 Gas production

In the case of gas production, both HP and LP fluids are primarily gas. Presence of liquids
(condensate, oil or water) in the LP flow can be tolerated so long as the volumetric flow rate
of liquids is below 1% to 2% of the volumetric flow rate of the LP gas at the operating pressure
and temperature. Beyond these values, the effect on the achieved dp (discharge pressure — LP
pressure) could be significant, requiring the LP liquids to be separated upstream of the SJP

and be boosted separately.

Alternatively, the LP liquids can be sent to a part of the process system which operates at
a lower pressure, if such a source is available. Presence of liquids in the HP gas also has a
similar limitation, beyond which the liquids need to be separated upstream of the SJP. The
main reason in this case is that the performance and sizing of the nozzle is affected based on
whether the HP flow is liquid or gas phase. A further point is that if the HP flow is multiphase
(a mixture of gas and liquids) the fluctuating flow regime associated with multiphase flow

reduces further the efficiency of the SJP significantly as the mixture is not usually. [18]
a) Noise control

As the flow of gas through the nozzle of the jet pump could reach and
exceed the sonic level, noise generated by the SJP could exceed 85 dBA, which is generally
the acceptable level onshore and offshore.. The level of noise depends on a number of factors
including the pressure and flow ratios of HP and LP gas, the wall thickness of the pipeline and

installation support details. [15]

Silencers are therefore needed to prevent noise travelling beyond the SJP along these lines.
Silencers are flanged spool pieces which are installed at the LP inlet and the discharge line of
the SJP. In some cases, the noise emitting through the body of the SJP may be beyond the
permitted limit. In this case the body of the SJP can be acoustically lagged. In-line acoustic
silencers can be designed to limit the noise to lower than the quoted 85 dBA in cases where

the SJP is close to populated onshore areas. [18]

Figure 2.4: In-line silencers [20]
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Figure 2.5: In-line acoustic silencers [20]
b) Temperature effect

A significant drop in the HP gas pressure at the outlet of the nozzle of the SJP could cause
adrop in the temperature of gas at the outlet of the SJP. This is a complex phenomenon beyond
that expected under pure Joule-Thomson cooling principle, as immediately after the nozzle,
LP gas is combined with HP gas, and further recovery of the pressure takes place. There is
also the generation of shock waves within the SJP in most cases, which affect the resultant
temperature. Analytical tools are available to predict the temperature at the outlet of the SIP

at each stage of operation, including the start up.

In general, the temperature of the gas at the outlet of the SJP is well above that calculated
by considering only the Joule- Thomson cooling effect as a result of HP pressure dropping to
the LP pressure in front of the nozzle. In exceptional cases where the temperature at the outlet
of the SJP is expected to be within the hydrate formation band, introduction of hydrate
suppressant such as Glycol or MEG, or equivalent will be advised upstream of the SJP.

Presence of liquids in the HP or LP gas also reduces the cooling effect.

In oil production application cases where HP liquid is the motive flow, neither noise, nor

temperature, poses any problems. Silencers are therefore not required in such cases. [18]

2.3.3 Oil production - multiphase applications of SJPs

Production of oil involves multiphase flow, a mixture of gas and liquid phases. This often
involves fluctuations in the flow and flow regimes such as the slug flow in both HP and LP
lines. In order to optimise the performance of the jet pump, gas is separated from the HP
mixture and only the liquid phase is used as the motive flow entering the jet pump. The entire
LP mixture, in this case, enters the suction side of the jet pump. Figure 2.4 shows the general
configuration of the System for oil production, the system has been given the trade name
“WELLCOM?”, short for a Well Commingling System. WELLCOM consists of a compact
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inline separator (I-SEP), a specially designed multiphase jet pump and a commingler. The
commingler enables the separated HP gas to be combined efficiently with the flow from the

outlet of the jet pump. [15]
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FROM
LOW PRESSURE
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Figure 2.6: General configuration of WELLCOM system for oil production [19]

It is difficult to produce general performance curves (fig 2.3), for the WELLCOM system,
as in addition to HP/LP pressure ratio and flow ratio, other factors such as temperature, flow

rate of LP gas and liquids also affect the performance of the system.

Software is however developed and fully validated to predict the performance of the

system in oil production applications. [18]
a) Compact separator (I-SEP) in conjunction with SJPs

When either HP or LP flow is multiphase, a mixture of gas and liquids, separation of gas
and liquids is required. Gravity separators can be used to achieve the desired separation of gas
and liquids. Gravity separators are however bulky and have limitations in their design
pressure. Ideally, a compact unit is required so that the total system occupies minimum space

and the system is easy to operate.

A compact separator under the trade name of I-SEP, developed and patented by Caltec, is
available to perform the desired separation duties. I-SEP is a cyclonic passive device which

requires no active level or pressure control. In applications where a high degree of separation
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efficiency is desired, a combination of I-SEP and HI-SEP (knock-out pot) can be used. These

units are compact with a foot print which is a fraction of those for gravity separators. [18]
I-SEP has been used for a variety of applications including:

e Phase splitting including gas - liquid separation
e Sand separation
e Oil - water separation

e Compact multiphase well testing using conventional meters [17]

Figure 2.7: I-SEP compact separator [17]

2.4 Performance of the system and key components

The performance of I-SEP in this application is assessed by its efficiency in separating gas
from the multiphase HP fluids. The purity of the separated liquid phase (free of gas) is of
particular importance in this application as the separated liquid phase is the motive flow and

excessive free gas carried into this phase affects the efficiency of the jet pump.

The performance of the jet pump, the key component of the system, is presented by two

dimensionless terms - N, pressure ratio and the efficiency n as follows:

Py — P
N= =—2% Eq2.1
P, - P3

QiLp) (P3 — P2) + P2 Qgp)In(P3 /P2)
1’1‘:

Eqg 2.2
Qiap) (P1 — P3) a

where:

19



Chapter 2 Surface Jet Pump

P3 is the discharge pressure

P> is the LP pressure

P is the HP pressure

My the volumetric flow ratio of LP tb HP fluids, is defined by:

Q +Q
iy = 0 * Qep)

Eq: 2.3
Qiup)

Where:

Ql and Qg are the volumetric flow rates of the liquid and gas phases at the operating

temperatures and pressures.

The term gas volume fraction (GVF) is used as the ratio of the volumetric flow rate of gas
at the operating pressure to the total volumetric flow rate of gas and liquid phase in each

stream under the operating conditions:

QgLp)

GVF=r—=>———
QgLr) + Quup)

Eq:2.4
The above terms are used to define and demonstrate the performance of the jet pump and

the total System.

The performance of I-SEP affected by the flow regime generated in the
production/test lines. Slug flow was experienced in most test cases, this was caused by the
configuration of the piping system upstream of the separator and the gas and liquid velocities
in the line. Presence of slug flow resulted in a small percentage of free gas to enter the liquid
outlet line of the separator. The values varied depending on the gas volume fraction of the
mixture and by the set position of the gas outlet valve. This valve controls the back pressure
on the gas outlet line and also controls the optimum flow rate of the liquid phase through the

liquid outlet line. Its position also affects the level of liquid carried over into the gas phase.

It is important to note that I-SEP can be designed and set to minimise the liquid carry-
over or gas carry-over in each application. It is also worth noting that so long as the gas carried
into the separated liquid phase is kept to below 5%, its effect on the performance of the jet

pump is negligible [15]
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In general, the jet pump performance is dominated by the total volumetric flow rate of
LP fluids and the GVF of the LP flow. Figure 2.8 shows the variations in performance
presented by dimensionless value N against the various ratios of LP to HP flow. The results
show that as the GVF of the LP flow is increased, the LP liquid flow rate which the jet pump
can handle under a given discharge pressure is reduced so as the LP flow rate increases, more
energy is required to boost its pressure and, as a result, the pressure ratio N is reduced. In this

case also includes the volumetric flow rate of gas in the LP fluid mixture.

GVF OF THE LP FLOW
TS UL AU PDRRRE——— -7 7 0}

Pressure Ratio, N

mase e s sl R IEEE TR T TR TR S S S S Wy E Ay

1 ]

0 02 0.4 0.6 08 1 ' 12 1.4
LP to HP Liquid Flow Ratio

Figure 2.8: WELLCOM Jet Pump performing for different GVF of the LP flow [20]

Figure 2.9 shows the efficiency of the jet pump under different LP to HP flow ratios (Mv).
The maximum efficiency relates to a specified value for each system design. The relatively
flat efficiency curve, however, confirms that the efficiency does not drop significantly under

a wide range of production conditions.

Figure 2.10 shows the effect of free gas in the motive liquid phase. The values confirm
that presence of a few percent of gas in the motive liquid phase does not affect the performance
of the jet pump significantly. For higher volumes of the gas in the motive liquid phase, the jet

pump performance drops, but it still operates safely and in a stable manner.
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WELLCOM JET PUMP PERFORMANCE
LIQUID / MULTIPHASE OPERATION

HP Flow - Oll Flow rale 35 m*3/hr @ 0% GVF
LP flow-Oil and Gas GVIiF @ 50%
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Figure 2.9: Typical efficiency curve of WELLCOM Jet Pump in liquid/multiphase
operation [15]

COMPARISON OF JET PUMP PERFORMANCE
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Figure 2.10: Effect of free gas in the motive (HP) liquid phase [15]

In the other way Figure 2.11 shows the effect of liquid in the motive gas phase. The
values confirm that presence of a few percent of liquid in the motive gas phase does not affect

the performance of the jet pump significantly. For higher volumes of the liquid in the motive
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gas phase, the jet pump performance drops, but it still operates safely and in a stable manner.

[15]
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Figure 2.11: Effect of liquid present in the (LP) gas phase [20]

The performance of the SJP is assessed simply by noting the dP, the difference between
the discharge and the LP pressure of the SJP. The discharge pressure is not controlled by the
SJP and is mainly dictated by the downstream pipeline and production system. The SJP,
however, responds to changes in the parameters which affect its performance by adjusting the

LP pressure which it generates. [18]

2.5 Field applications

A review on the installation of WELLCOM system on typical field production scenarios

has helped to identify the following main applications:

2.5.1 Gas production

The main applications are:

e High pressure wells drive the low-pressure wells and boost their production. (Fig

2.12).

19



Chapter 2 Surface Jet Pump
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Figure 2.12: High pressure well driving low pressure well using a gas-gas Jet Pump [15]

e Use high pressure gas from downstream of compressors as the motive flow to boost
the production of LP wells or LP gas from the process System. This concept will be
economically viable if the existing compressors have the spare capacity to provide and

handle the additional gas. (Fig 2.13).

INTERMEDIATE
PRESSURE

GAS h HP GAS] TO EXPORT OR GASLIFT
|

ONE OR MORE STAGE Y
GAS COMPRESSORS

LP GAS FROM LP WELLS OR
FROM PROCESS SYSTEM

-l

Figure 2.13: Compressed gas used as motive flow to boost low pressure wells [15]

e Use high pressure gas from a high-pressure process stream to boost the pressure of LP
gas from the second LP stream. This solution enables the elimination of a compressor

on the platform as shown in (Fig 2.14)
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Figure 2.14: Using HP gas to boost LP production with a gas Jet Pump [15]

There are a number of scenarios where using a jet pump may eliminate the need for additional
compressors or may prevent flaring the LP gas. Each application should be reviewed to assess
the viability of the concept which depends on the pressure and volumetric flowrates of LP and

HP gas and other details of the platform facilities which are specific to each field. [15]

2.5.2 Oil production applications

Typical applications of the WELLCOM system and jet pump technology in oil production

are as follows:

e High pressure wells drive low pressure wells (Fig 2.15). Figure 2.16 shows how the
WELLCOM system increases the production and meets the pipeline
pressure. The shaded area in Fig 2.16 is use additional production achieved by using
the jet pump. In this example, the increase in production is shown for

two wells with different production characteristics.
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Figure 2.15: Using HP wells to drive LP wells with a WELLCOM system [15]
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Figure 2.16: The effect of WELLCOM system to increases LP production for

two wells with different production characteristics [15]
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e In applications where high pressure wells do not exist, motive fluid can be supplied
via a booster pump. This application is particularly suitable for deep-water production
where the hydrostatic head of produced oil restricts production from LP wells.
In this case the reliable jet pump is the only component of the System subsea, as shown
in (Fig 2.17).The motive flow, in this case, can be dosed with Chemicals or additives
which may be required to prevent formation of hydrates, to reduce the viscosity of

produced oil (for heavy oils) or for suppressing wax deposition in the line.

TO PROCESS SYSTEM

I .
PRODUCTION
MOTIVE FLUID | ' ol
: " PLATFORM
H BOOSTED PRODUCT \
\
MANIFOLD \

\
\

~\
N

Yyvy

#TRU® 7 eep WATER APPLICATION

Figure 2.17: Example - using a Jet Pump and Booster Pump for deep-water applications

[15]

e In particular applications where the use of compressors is avoided for economic
reasons, a booster pump can be used to supply (HP) the motive flow to the jet pump
and to enable low pressure wells to produce at pressures below that of the 1% stage
separator. The separator pressure is, in this case, dictated by the minimum pressure
required for transportation of gas by pipeline without the aid of a compressor (Fig

2.18).
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Figure 2.18: Example - using a Jet Pump and Booster Pump to boost LP oil and gas
production [15]

2.5.3 HP sources as motive flow for the SJP

The HP fluid provides the power (motive force) for the SJP to do its work (i.e. to lower
the FWHP of the LP well etc):

a) Typical HP Gas Sources

e HP gas wells

e HP gas from process system

e HP gas from HP production or test separator
e Qas lift or injection gas

e Compressor re-cycled gas

e N2 or C02 injection as HP gas

b) Typical HP liquid sources

HP oil well

e Injection water pump

e HP export oil pump

e ESP boosted production as HP

e Oil or water flow from a HP production or test separator

e Spare booster pump to further boost the pressure of the available liquid phase. [19]
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2.5.4 HP candidate well selection for SJP

e Review HP well production history for sustainability

e Ensure stability of well production

e Ensure it will be able to maintain its pressure and flowrate for a longer duration
e Confirm its flow rates (via flowmeter, test separator etc.)

e  Confirm It will be able to deliver the flow and pressure required by the SJP

e If, for some reason, all HP flow is not needed, a by-pass with a globe valve &

isolation valves should be provided to by-pass the excess HP flow. Isolation valves

should also be provided around the SJP. [19]

2.5.5 LP candidate selection for SJP

e Select well which will respond to lowering of FWHP

e Choose wells with Higher PI (Productivity Index)

e For LP Oil wells, choose wells with low water cut

e Check reservoir related issues (previous slide)

e Review production history of the LP wells

e If LP well has been shut in, check the reasons why

e Choose wells with low/zero sand production

e Review stability of flow through LP wells

e Review condensate/water content (for gas wells)

e As a first choice Use a Test separator (if available) to test the wells & record
production at reduced FWHP (predicted by Caltec) to validate the production gain.

e Preferable location of SJP is at the manifold where the HP and LP wells meet, in
order to minimise pipework

e For loaded LP wells, severity of loading may lead to the need for an initial AL

solution.

LP well Candidate Selection: for best results & minimising costs [19]
2.6 Effect of variations to the operating conditions

The operating conditions of both the HP and LP sources may change during the service

life of the SJP. The SJP system is initially designed for a base case agreed with the client. This
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condition often relates to the operating conditions within the initial life of the SJP. The SJPs
supplied can be of universal type with the internals (the nozzle and the mixing tube)
replaceable if needed. Figure 2.19 shows the key features of the replaceable internals. If the

HP pressure or flow rate changes significantly, only the nozzle of the SJP needs changing.

If, however, the total HP and LP flow rate changes beyond 20% to 25%, a change of the
mixing tube may become necessary to optimise the performance of the system. Change-out
of the internals is a relatively simple operation and can be carried out by platform crew within
a matter of a few hours. Detailed procedures are available for change-out operation. It is worth
noting that in practically all cases experienced so far, the cost of replacing the internals has
been recovered over a few weeks from the enhanced production achieved by optimising the

design of the SJP. [18]

Replaceable
Mixing tube / Diffuser

Removable
, Nozzle

Figure 2.19: Surface Jet Pump [20]

2.7 The best location for the SJP

Location in most cases dictated by the site conditions:

e At the wellhead

e At the manifold

e At the transportation line

e At pipes connections (e.g. Tee)
e At the by-pass line

e Upstream, inlet of a separator
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e Downstream, at the outlets of a separator (production/Test)
e Upstream of compressor suction line

e From the re-cycle line of compressor

e Downstream of compressor

e Between compressor stages

e Upstream of a pump [20]

The best location for the SJP is dictated by the details of the production system and
where the sources of HP and LP fluids are located. In most cases the aim is to minimise
the interconnecting pipe work. This rule applies to both onshore and offshore applications.

[18]

2.8 Control, instrumentation, material selection and codes

Jet pumps are passive devices with no moving parts and are simple to operate. They do not
usually need any control system. There are exceptional cases that some type of control may
be required in order to ensure that the SJP operates safely under all expected operating

conditions.

iy _Vent g
F-IP'T;as (XQCP i ] Jet Pump -CPQD " Discharge
o= Hr I >

Flow

Discharge % Drain
Silencer

(XQCP LP
I ~d T Silencer

Figure 2.20 Typical instrumentation for a Jet Pump

The jet pump can be supplied in a variety of materials as required by the specific
applications. The materials covering pipework and fittings normally meet the standards of the
oil and gas industry such as ASME/ANSI codes. The selected materials need to meet two

basic requirements:
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e Suitability based on the nature and composition of produced fluids
e Compatibility with the existing equipment and pipe work on the platform or fields.

The selected materials could therefore range from simple carbon steel to high grade duplex.
In case of sand production, parts of the internals which are subject to high velocities and
erosion, such as the nozzle or the mixing tube, can be coated with hard wearing materials such
as tungsten carbide, or ceramic lining is added which has the highest level of resistance to
erosion. The modularization of the jet pumps allows easy modification and the change-out of

the key components or internals.

2.9 Commercial benefits

e Extend the life and productivity of oil and gas fields

e Pay back in days to months

e FEasy to deploy

e Near zero maintenance

e Low risk equipment

e Boost production rates (usually 20%-40%)

e Lower the unit cost of production [17]
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Chapter 3 Well Modelling and Optimization

3.1 Introduction

The main objective of well modelling and optimization is to construct a
computerized and representative model of the well OMMZ202 in order to achieve to
the optimization purpose which is to maximize the production and define the various
components limiting upstream flow (GOR, pressures ...).

Establishing the model is essential towards the integration of the well model into
the network model by using one of PETEX programs “PROSPER” as we take well
202 as setting up well model example for chapter 3.

Our job is divided in two tasks:
- Collecting well data required to build the model

- Well modelling and analyze the sensitivities on the different parameters

3.2 Well presentation

3.2.1 Background

OMMZ202 is a vertical well located in zone 1A-Complexe, drilled on 12/10/81
and completed on slotted liner. The well was side tracked on 08/07/05 and

completed as LCP.

3.2.2 Localization

Zone: 1A
Perimeter: HMD Central area.
Coordinated:
X: 791699.375
Y:130351.141
Manifold: W1C
Sub / Manifold: W1F
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Figure 3.1: Well location of OMM202
3.2.3 Performed Well tests: (Table 3.1)
Test Date PG PFD PT Qil IP HKP | HKL | Skin | Choke Remarks
(kg/ (kg/ (kg/ Rate (Hw*
cm?) | cm?) | cm?) | (m/h) Kyz)
DST 25/10/1981 348 267.03 53 6.35 0.085 116 - 0.14 9.5 -
EP BU | 12/01/1982 | 352.2 | 214.72 33 3.12 0.026 | 1015 - 11.6 9.5 EP
PFS | 29/08/2009 | 260.87 | - - - - - - - - PFS
BU 05/01/2016 | 297.29 | 143.62 335 6.5 0.044 -- 98.9 1.94 12.5 PFD at
-3122.18m
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3.3 Input Data

OMMZ202 has a low well head pressure and back-pressure problems. Hence, one
of the suggested solutions is to implement surface jet pump to optimize the
production. OMM202 was selected along with OMM412 to install the innovative
technology in Algeria. The available data is separated into various categories and it
will be presented in this chapter and extracted from various data source in
SONATRACH data bank, Cahier du Courbe and interpreted PVT, reservoir and
many information and knowledges from the company’s engineers. Each data
category will be modeled separately and subsequently all of them will be joint in a
unified model. When this model is tuned to real field data, PROSPER can confidently
predict the well’s performance under various scenarios. In the further sections we’ll
be showcasing a detailed explanation of the role of each data category will be

analyzed along with the way it is introduced to the software.

3.3.1 PVT Data

Table 3.2: Fluid PVT properties

Oil API Gravity 45 API

Oil Specific Gravity 0.8017

Gas Specific Gravity 0.836 0.793

Water Salinity 350,000 ppm

Water Gravity 1.2748

RS at Saturation Pressure | 190.0359 | Sm3/Sm3

Fluid Model Black Qil
Laboratory Data

Saturation Pressure 153.966 | kg/cm2_g

Temperature 118 °C

Table 3.3: Effect of pressure on Bo, Rs and Oil viscosity

Pressure Bo Rs o
viscosity
kg/cm2 (gauge) m3/Sm3 | Sm3/Sm3 cp
153.9668 1.715 | 190.0359 0.245
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3.3.2

3.3.3

138.9668 1.65 176.1066 0.263

118.9668 1.58 155.2126 0.288

78.9668 1.4 108.4498 0.334

58.9668 1.3 83.576 0.36

18.9668 1.11 29.8486 0.407
Well Data

The well was sidetracked on 07/08/05 where the deviation point is at 3347.5 m.
The target inclination degree is 5° and TVD is 3450.6 m. the wellbore diameter is
0.354ft.

The production casing diameter is 7°” and the is completed as LCP with a 4/2,
no available measurements of a subsurface safety valve (SSSV). According to
Prosper manual in case of oil producing wells the overall heat transfer coefficient is
estimated at 8 to 9 BTU/hr/ft3/F [21].

Reservoir Data

A general description of the reservoir data is presented in Table 3.4. From a well
test conducted and after the correction, the estimated skin value is 2.75 and the Dietz
shape factor is calculated at 10.853, a value that corresponds to the shape of the
drainage area which is approximately a rectangle and the well is placed in the upper

center.

Table 3.4: Basic Reservoir characteristics

Property Value Units
Reservoir pressure 306.14 Kg/cm2
k 4.49 md
A (drainage area) 614300 m2
h (thickness) 22.32 m
S 2.75 Dimensionless
Dietz shape factor 10.853 Dimensionless
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3.3.4 Well test Data

Bottom hole pressure and temperature were measured using gages at the seating
nipple, above the perforations. So, the pressure and temperature values of the static
and dynamic must be corrected, taking into account the gradient of pressure and
temperature.

The gauge depth is subsea and to be corrected 3122.18+147.82=3270m (master
valve VM)

To correct these measures and the values submitted in the modelling procedures,

we proceed as follows:

Pf (Perfos) = Pf (gauge) + [pressure gradient * (perfos depth —
gauge depth)] Eq3.1

Where the value of pressure’s gradient in Hassi Messaoud field is 0.06. Further

in the following section, a quality check for well test is performed in order to be

corrected.
Table 3.5: Well test data
Tubing | Tubing Head | Liquid Gauge | Gauge Water | Reservoir
Head Temperature Rate Depth | Pressure Cut Pressure
Pressure (measured)

(kg/cm2) (degC) (m3/hour) | (M) (kg/cm2) (%) | (kg/cm2)

Test point 335 37 6.51 3276 143.62 0 306.14

We have to point out that some parameters may are not representable or missing
s0, some correction and conclusion of their value to latest update we’ll be explained

in further sections of the chapter.

3.4 Setting up the Well model in PROSPER

The main objective is to generate a mathematical model, tuned against real field

data that can describe as accurately as possible the well’s behavior under various
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34.1

34.2

future production scenarios. Each category of data will be modeled separately and
the developed sub-models will be joined to develop a complete model capable of

predicting both the inflow and outflow performance of the well.

Workflow

The general workflow starts with the introduction of the basic information about
the examined well in the summary section. After that, PVT data is entered and the
appropriate fluid PVT property correlations are selected. The system is described in
terms of downhole and surface equipment and trajectory of the well. As the
temperature plays an important role to pressure drop calculations, the geothermal
gradient (i.e. rate of increasing temperature of the surrounding formation with respect
to increasing depth) and average heat capacities (ratio of the amount of heat energy
transferred to oil, water or gas over the resulting increase in their temperature) are
also take into consideration. In the IPR section, the available data on reservoir
properties is used to generate the IPR curve for the current reservoir pressure. Then,
a quality control of the well test data is run in the VLP section to discard unrealistic
measurements. Subsequently, the correlation that best describes the multiphase flow
in the tubing is matched against the measured data. After completing all the above
tasks, nodal analysis (see Section 1.2) and investigation of future production

scenarios is possible.

Options summary

Recall that it is a single branch producing well, with a cased hole, no sand control,
while production fluids travel through the production tubing. In this section, the main

characteristics of the well are entered as the following options:

e Fluid: Oil and Water

e Method: Black Oil

e Separator: Single-Stage Separator

e Emulsions: No

e Water Viscosity: Use default correlation

e Viscosity Model: Newtonian Fluid
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e Flow Type: Tubing Flow

o Well Type: Producer

e Artificial Lift Method: None

e Predict: Pressure and Temperature (on land)
e Temperature Model: Rough Approximation
e Range: Full System

e Well Completion: Cased hole

e Sand Control: None

e Inflow Type: Single Branch

e Gas Coning: No

3.4.3 PVT Data Input and Matching

The surface PVT data given, such as Solution GOR (equal to Rs in this case
because reservoir pressure is above Pb), API gravity, gas gravity and water salinity

are used as input as seen in Figure 3.2

Done I LCancel | Table= | kMatch Datal Fiegressian| l:nrre_latinnsl Calculate Save Open Composition Help
| _I U=ze Tables | ‘ Export ‘ | ‘
—Input Pararneter: Correlation:
Selution GOF | [EIE SmassSm3 | Pb. Fis. Bo |[Lasater -
Oil Grawity | 45 Oil “WWiscosity || Fetrosky et al -~
Gaz Grawity | 0836 =p. grawvity L

“afater S alinity | 50000

 Impuritie:;

taole Percent H2S | o percent
tole Fercent CO2 | percent

Figure 3.2: PVT Input data section
PVT Laboratory analysis carried out on the produced fluid which that it has a
bubble point pressure of 153.97 Kg/cm2_g and solution GOR at this pressure is
190.0366. Figure 3.3 is introducing the variations of Bo, GOR, u,; Vversus pressure

in the PVT match data screen.
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Figure 3.3: PVT Match data screen

PROSPER supports several built-in correlations to predict the Pb, Bo, GOR, p;
based on experimental data of various crude oil/natural gas mixtures. More
specifically, for the calculation of Pb, Bo, GOR.

PROSPER was used to model the reservoir fluid. This is done by matching the
PVT data obtained from laboratory analysis to the available correlations. The match
is performed through nonlinear regression, adjusting the correlations to best fit
laboratory measured PVT data. It applies a multiplier (parameter 1) and a shift
(parameter 2) to each of the correlations. The correlation that best matched the fluid
is one which required the least correction. The standard deviation represents the
overall closeness of the fit. The lower the standard deviation, the better the fit.

As it is mentioned in the Chapter 1 that the main cause of pressure drop in the
tubulars is the gravity and the corresponding hydrostatic term. The density of gas and
liquid phase at various pressures and temperatures, as well as the knowledge of the
proportion of the pipe occupied by liquid (holdup) and it is affected by different
parameters and are closely related with the PVT data. Thus, a consistent PVT model

is essential.

Lasater’s correlation for Pb, oil FVF and solution GOR is selected while
Petrosky’s correlation is selected to model the oil viscosity as the values of
Parameters 1 and 2 lie closer to 1 and O respectively compared to any other
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correlation. PVT data at every any pressure and temperature can now be predicted

with the adjusted black oil correlations.
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Il/ Ol Wiscosite 00061674 o.=22682 0070673

Figure 3.4: Correlation matching regression screen
An overview of the matching parameters for all black oil correlations is given in

Figure 3.5.
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Figure 3.5: Matching parameters 1 and 2 for all black oil correlations

3.4.4 Equipment Data Input

In this section of PROSPER, a detailed description of the well’s trajectory,
surface and downhole equipment, geothermal gradient and average heat capacities is
given

3.4.4.1 Deviation Survey

A consistent deviation survey is necessary to obtain accurate calculations in the
VLP section. TVD of the well is essential for the calculation of the pressure drop due
to gravity (or vertical elevation) since it only depends on the change in elevation and
the density of the fluid. On the other hand, the very sensitive issue of pressure loss

due to friction and the generation of the corresponding temperature profile are
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intimately related to accurate values of MD. All equipment placed in the production
tubing is always described in terms of MD.

As we introduced in Section 3.4.2, OMMZ202 is a vertical well and then it was
side tracked afterwards. That means that, it is vertical down to a certain point. Below
this point, an inclination angle is built and determined 5 degrees to the verticality. In
Figures 3.6 and 3.7 the description of the well and the profile of the well are

illustrated respectively.
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Figure 3.6: Well's trajectory description
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Figure 3.7: Profile of the well. On the x axis is the cumulative displacement

while on the y axis is the measured depth

3.4.4.2 Surface Equipment

As the wellhead pressure was provided in the well tests, it was decided, for the

Nodal analysis calculations, the set top node at the wellhead. For this reason, the
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manifold TVD was set at 0’ TVD. The only values set in this form are the ambient
temperature at 15°C and the overall heat transfer coefficient at 8 BTU/h/ft?/°F.
3.4.4.3 Downhole equipment

As similar to the deviation survey, the description of the well’s equipment is
necessary to calculate the VLP of the well and the pressure and temperature
gradients. the calculations performed by the “Rough Approximation” model depends
on the tubing ID. Tubing’s ID and inside roughness are also used to estimate
frictional pressure losses during production.

The Downhole Equipment screen (Fig. 3.8) enables the downhole completion
data to be entered. Working with the available data, the production packers are set at
3280 m MD. The production tubing ends a few feet deeper at 3321 m. The production
casing runs from the surface and reaches bottomhole at 3437m.

The rate multiplier at the right hand side of the screen in Figure 3.8 is related to
the calculation of pressure losses due to friction in dual completion wells. Due to the
fact that the well is a single branch one, the value of this variable was set to its default

value of 1.
Qunel Eancel‘ [LE] | Help ‘ Ingert | Qelele| Copy | Cut | Easte| Al | |mpgrt| EHpgrl‘ Hepgrt|£quipmenl‘
~Input Data
Measured || Tubing | Tubing | Tubing | Tubing | Casng | Casing Rate
Label Type Depth |Fzide Ingide | Outzide | Outside | Inside Inside | Multiplier
Diameter |Foughness| Diameter |Roughness| Diameter | Roughness
(] (inches) | (inches] | [inches] | [inches) | (nches| | [inches]
i #mazs Tree |[(
2 Tubing K| 15 noma 1
3 Casing KPR B.36E nomg
4

Figure 3.8: Downhole Equipment data input screen

A schematic representation of the downhole equipment, as obtained by
PROSPER, is presented below (Fig. 3.9):
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Figure 3.9: Simple schematic of the downhole equipment

3.4.4.4 Geothermal gradient
The formation temperature at any depth can be computed by PROSPER by the
means of the geothermal gradient. A rough approximation of the temperature profile
can be achieved by introducing the known values of temperature at the surface and
at the reservoir. Because of the linear interpolation by PROSPER at least two data
points must be introduced. geothermal gradient and overall heat transfer coefficient
are also introduced as take part in predicting the temperature fluids at any given point

for the sake to investigate the hydrates formation (flow assurance).

Input D ata
Formation Farmation Owerall Heat
teazured Depth Temperature Tranzfer
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1110 15 _ BTU A2 F
2| 33875 18 8

Figure 3.10: Geothermal Gradient data input screen
3.4.4.5 Average heat capacities
The average heat capacities of water, oil and gas are used in the “Rough
Approximation” temperature model (in addition geothermal gradient and heat
transfer coefficient) to calculate the dissipated heat when the fluid changes
temperature. A good approximation can be given by using the default values of Cp
of oil, water and gas. it should be noted that, Cp for oil and gas is not a constant value

since their composition changes and thus their properties change along depth.
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3.4.5 IPR Data Input

This section defines the Reservoir Inflow Performance curve. Calculating an IPR
curve results in a relationship between the bottomhole pressure and the flow rate
passing in the well. In this case the “Darcy” model is used entering skin by hand
option. The software uses the Darcy’s equation above the bubble point and the
Vogel’s model below the bubble point. The Vogel’s model applies by the time when
the flowing pressure at the bottom node (Pwf) becomes equal to the bubble point and
hydrocarbon two phase flow takes place. The IPR curve derivation and its role on

Nodal analysis were well-discussed in Chapter 1. The main screen of the IPR section
is offered in Figures 3.11.

Mechanical / Geometncal Skin Deviation and Partial Penetration Skin Darcy Feseraoir Model

Feservoir Permeability |[|4.49 md
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Skin By Hand kMethod
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Reszersair Temperature (113 deg C Skin ”E.'-"Ei
“whater Cut (|0 percent
Taotal GOR (130,036 Sm35m3
Compaction Permeability Beduction Maodel Mo j

Fielative Permeability | Mo -

Figure 3.11: IPR data input main screen

3.4.6 VLP/IPR match procedures

The general procedure in this section implies, first of all, the introduction of the
well test data to the main screen. Afterwards, the procedure of processing the data is
done by following 4 steps in sequence.

Estimate U-value

PROSPER estimates the overall heat transfer coefficient that matches the wellhead
temperature of the well test. The calculations for temperature prediction along the wellbore
can be more accurate with the revised U-value. The value should be close to the interval 8

to 9 BTU/h/ft2/F as mentioned in Section 3.4.2. The optimized value will replace the initial
one in all successive calculations.
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Figure 3.12: Estimated U-value for well test (BU 2016)

Correlation comparison

The selection of the most appropriate correlation to describe pressure drop in the tubing
consists in comparing correlations with gauge pressure and depth measured from well test.
The determination of the correlation to be used to simulate the OUTFLOW curves of the
wells, this is due to the complexity of the multiphase flow in the tubing.

Choosing the correlation for the vertical two-phase flow is a very important step for the
rest of the calculations. This then determines the accuracy of the predictions of pressure
drops in the tubing and towards an effective analysis. The correlation to which the plotted
measurement of pressure is closer to the gradient curves is valid for match (Fig. 3.13). It is
clear that the correlations that match best with the test point is Hagedorn and Brown’s

correlation.
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—8—ukerjee Brill
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------------------- [—2——Orkiszewski
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4
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Fluid Oil
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; ; H H Predicting Pressure and Temperature {on land)
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Bottom Measured Depth 3347.5 (m)
Bottom True Vertical Depth 3347 5 (m)
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First Node 1 Xmas Tree 0 (m)
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Figure 3.13: Correlation comparison plot: All correlations plotted

(Blue squared point corresponds to the well test 1 point)
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VLP matching

Once the most representative correlation has been selected, a match is carried out so that
the gauge pressure calculated exactly matches the measured pressure.

This is done by applying a multiplier to both the gravity pressure drop term (parameter
1) and the friction pressure term (parameter 2) [21]. The selected correlation’s parameter 1
and 2 values should be the closest to 1. In Figure 3.14, we could validate the selected
correlation from the correlations’ comparison which the value of the two parameters are

closest to 1 “’Hagedorn Brown’’

Canelation FParameter 1 | Parameter 2 S::aavr?adt?;?w
1 Reset Dung and Roz Modified | 1.07404 1 0.00012207 J
2 Feset Hagedorn Erowr | 1.01047 1 0.0001 2207
3 Reset Faricher Brown [ 1.01523 1 0.00012207
4 Feset l kukernee Brill | 1.071404 1 0
5 Reset Beggz and Bl | 073555 1 0.00036621
E Feset Petroleurn Expertz | 0.93315 1 0.00042825
7 Fieset Orkiszewski| 0. 74165 1 0.00025443
e Fazst Petraleurn Experts 2 | 097505 1 000071 2207
a II” Reset | Diuns and Ros Driginal | 0. 73965 1 000024414
10 Fazst Petraleurn Expert: 3| 093363 1 000024474
1 Fosat | GRE [madified by PE] | 054025 1 06245
12 Feset Petroleurn Experts 4 | 0.33153 1 0.0001 2207
13 || Feset | Hydio 3P| 006288 |1 0
14 Fazst Petroleurn Experts 5| 0.8667 1 0000651025
15 11T Reset | OLGAS 2P [0.2296 02296 0.00073242
16 Fezat OLGAS 3P | 02286 02286 000073242
17 = ' OLGAS3P BT | 02286 02286 0000732242 J

Figure 3.14: Matched parameters for all tubing correlations

IPR/VLP matching

Now we arrive to the final step of setting up the well model which is match IPR/VLP.
Since the VLP is matched and trusted as seen in the previous section. We must verify the
intersection of VLP curve with the inflow relationship performance and whether the Liquid
Rate and the BHP that meet the operating point (discussed in Chapter 1). The calculations

indicate that the differences between measured and calculated liquid rate and BHP are
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negligible and we can valid these values and the matching of VLP/IPR as it is shown in
Figure 3.16. for liquid rate the difference was -1.96% and the difference between BHP
measured and calculated was 0.0074153%. if the differences were not negligible, the steps
we can take is to modify either the reservoir pressure or skin factor as they affect the IPR
curve. we may after this step valid the values of parameters related to the tubing curve
performance and those are affecting IPR.
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Figure 3.15: VLP/IPR Matching of OMM202 (05/01/2016)
3.4.7 Update to current condition (Latest test)

Our task is not accomplished yet in terms of establishing a representable system
performance model for OMM202 for its current condition as we need to update it according
to the latest gauging test dated 10/02/2020.notice that the steps are reduced from the previous
section as we need to update IPR and VVLP and match reproduce the new system performance
curve and then we shall perform our typical analysis on our selected well.

One of the principal purposes of the previous step is to choose the correlation the most
representable (both gravity and friction related pressure parameters are closest to 1) in order
to predict new BHP for the new well conditions like different reservoir pressure, skin, Liquid

rate...etc.
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Calculate recent Bottom Hole Pressure

The new BHFP is calculated using the selected correlation ‘’Hagedorn Brown” like we
confirm is the correlation that represent our well i.e. using latest gauging test 10/02/2020
through °BHP from WHP’’ feature in ‘’Analysis Summary”. In Figure 3.17 we present
latest gauging test numbers in order to calculate new BHFP.
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Figure 3.16: Calculate BHP from WHP from latest gauging test

Update IPR

After we obtain new reference point (Liquid rate vs BHP), we shall update our IPR to
10/02/2020 condition. Two parameters to adjust are skin factor and reservoir pressure. First,
we predict the reservoir pressure and this is may contain a certain amount of error the reason
is we use extrapolation and some considerations like near Water flooding/injector wells.
Figure 3.17 shows the graph of predicting the reservoir pressure via extrapolation using

OMM202 reservoir pressure’s history. We can assume it is approximately 250 kg/cm?_g.
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Figure 3.17: Reservoir pressure prediction
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Secondly, we adjust the skin factor value according to the predicted reservoir pressure
and our reference point which is 2.55 m3/hour and 120.245 kg/cm?_g. In Figure 3.18, we
introduce our updated IPR with predicted skin factor assumed by PROSPER by 14.3,
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Figure 3.18: IPR section is updated to recent condition
Finally, system VLP/IPR is matched with model calculated oil rate and from gauging
with differences close to null as it is shown in Figure 3.19 with the system performance

curve in the recent condition.
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Figure 3.19: VLP/IPR Matching (10/02/2020)
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3.5 Sensitivities and results discussion

Our analysis is based on the interpretation of results obtained by sensitivities on different
factors/parameters affecting the inflow performance relationship from one hand and the
tubing curve performance on the other hand (discussed in Chapter 1). Notice that some
parameters could affect both. We have selected reservoir pressure, skin, WHP and GOR to
be spotted on to observe the different IPR and VVLP produced from the sensitivities on them.

3.5.1 Sensitivity analysis on Reservoir pressure

Our first scenario is variating of reservoir pressure to observe the change of oil
rates through the sensitivity case and mark our interpretation on the results obtained

that indicated and shown in Figure 3.20.

191.857|
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Figure 3.20: Sensitivity on reservoir pressure

Results
Based on the results obtained that OMM?202 won’t produce naturally below Pp=222

kg/cm2_g so it is important to maintain the pressure using the second method of oil recovery

through gas flooding or water flooding as they’re available for the use in Hassi Messaoud.

3.5.2 Sensitivity analysis on skin factor

The second scenario is projecting the effect of reducing the damage factor as we

would see in Figure 3.21 and predicting the IPR curves resulted by it.
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Figure 3.21: Sensitivity on skin factor
Results

OMMZ202 needs well intervention and stimulation in order in reduce the skin factor in

the sake of a predicted increase in oil rates.

3.5.3 Sensitivity analysis on Wellhead pressure

Next scenario is the trying different WHP values and named by PROSPER by
“’first node pressure’’ and its impact on the oil rate, resulting VLP curves as shown

in Figure 3.22.
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Figure 3.22: Sensitivities on WHP
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Results
We remark that the oil rate increases when the WHP is reduced and it indicates to

OMMZ202 very sensitive towards the variation of the wellhead pressure.

3.5.4 Sensitivity analysis on GOR

Last scenario is the implementation of different Gas Oil Ratio values and the
action on OMMZ202 to whether consider the artificial lift solution. And the results are

as shown in Figure 3.23.

Qil Rate {m3/hour)

[ Totsl GOR _[Sma/Sma) 1

Figure 3.23: Sensitivities on GOR

Results
The observation on the sensitivity is the oil rate increases alongside the increase of GOR

but the increase is barely notable with 0.1 m3/hour.

3.6 Conclusion

We have completed an important phase into the optimization of the performance
of OMM202 after we established the well modelling workflow via PROSPER
platform and the update to its recent condition the well is producing under, we carried
a group of cases of sensitivities on skin, GOR, reservoir pressure and wellhead
pressure as they have an important role into the increase of oil rate and precede to
the network modelling and optimization phase so we could integrate the wells models
of OMM202 and OMM412 to complete our work.
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Chapter 4 Network Modelling And Optimization

4.1 Introduction

Making designs and optimisations for wells, and surface facilities without taking into

account the network, may result in production losses or investing in the wrong area.

In this chapter, the evaluation of production enhancement by using the new technology
SJP for two (HP-LP) producing wells had been performed using GAP software, and print
screens of well OMM202 had been used as representative samples in this section.

4.2 System description

The wells OMM412 & OMMZ202 were selected to be respectively motive well, and

motivated well for surface jet pump, based on these criteria:

e Motive well: should have high well head pressure, in OMMA412 case WHP = 67.4 Bars
and FLP = 46.7 Bars.

e Motivated well: should have low well head pressure, in OMM?202 case WHP = 23.7 Bars
and FLP = 15.6 Bars.

e Low differential pressure across the choke for LP well, AP = 8 Bars.
e Flow line pressure too high for HP well, FLP = 46.7 Bars.
Problems statement:

e Since 2016, OMM202 has faced a sharp decline in production, from 6.5 Sm*h to
2.62 Sm*/h (currently).

e  OMM202 required an artificial lifting.

e Due to OMM202 location, it will be costly to extend gas lift network (the nearer
manifold of GL is MD403 which is 3 km away).

e ESP isn’t an option due to the absence of electricity in the area plus, flow assurance

Issues.
Wells description:

In our case study, the location of wells candidate for SJP is given in Figure 4.1 (HP well
IS OMM 412 and LP well is OMM 202), and Table 4.1 represents their flowline specification.
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Figure 4.1: SJP selected wells candidates

Table 4.1: Flowline specification of wells candidates for SJP case study

Well name | Sub- Manifold | Nominal | Flowline | Design Design Material
manifold | name diameter | length pressure | temperature
name (Inch) (Meter) | (Bars) (°c)
OMM 412 | W1F w1C 8 2626
OMM 202 | W1F wicC 4 1230 90 -10/+125 | API5L
6 5232 GRADE B

4.3 Surface network modelling

4.3.1 Defining system options

This option allows setting up overall system parameters. The following system options

had been defined for this GAP model.
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System Options
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Figure 4.2: GAP options

Other options can be set for the suitable applications.

4.3.2 Drawing system schematic

The system drawing in Figure 4.4 had been prepared according to the production network
of wells candidate for SJP in WIF sub-manifold of Hassi Messouad Field (Figure 4.1)

First, define end point for production fluids by adding a separator:

ﬁﬁ\e Options View Edit Constraints Generate Model Validation Solve Network Prediction Results Reports Window Units  Help

D] ||%| ©|A|S]ts| fessoaamtrinniicer <] [« Al ||| 7| @[] =] || 0|w| &le|x| x| [ | &[¢|k|x| W] [erlcio] 2] o

Choose Equipment Type

Select Type
Production S eparator

Water Injection Manifold
(as Injection Maniold
Steam Injection Manifald
Oil Injection Manifold
LNG Process Plant

Figure 4.3: Insert production separator

In our thesis work, there are only two wells, two chokes, two pipe line segments and a

separator.
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OMMa12-CHPR

OMM412

WAr
OMMa12

OMMZ202-CHFR
4"1230m g§-2232m

OMM202

Figure 4.4: A complete GAP model structure of our base case study

It’s a good idea to save GAP model often especially during the initial model construction

stages.

4.3.3 Generate & validate well IPRs and VLPs

e Attach well models to GAP model

To attach a previously prepared well model to GAP, a well model must be created,

properly calibrated, checked for consistency, and VLP table generated.

Ao (i)

Syste Tpee gl

Cratmre | Travene
WP (Tubeng Curvenl » 1w abies
Chobe Performance
Genesste For GAP
P fhirms AVE

Feoint 8o oy

Figure 4.5: Generating the lift curves in PROSPER
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For describing the input data for individual well in GAP program, print screens of well
OMMZ202 had been used as representative samples in this section. The well OMMA412 can be

done in a similar manner.

In GAP main panel, double click on Well to bring up well dialogue and click Browse Icon
next to PROSPER File Field to select well model to be inserted to well in GAP.

‘wiell Type Madel Rate Model
|U|I Producer [No lift] ﬂ |VLP # IPR intersection LI [Use volumes LI [ Tight Oil
PROSPER File

by prosper

Data Summary [chck item to activate)

Tark Canns _l Contrals _l
IPR _l Dowmtime _l
VLP _| Coning _|
Constraints _l Scheduls _l

Figure 4.6: Inputting the generated IPR file from PROSPER into GAP
e Define well types in GAP

The wells OMM202 and OMMA412 keep the default setting for natural flowing well.

wiell Tupe hModel Fate Model

Oil Producer (Mo lift] LI IVLF' / IPR intersection LI [Llse wolumes ;I [~ Tight Oil
CEBM W ater Praducer [ESP lifted)
£BM water Producer PEP lited] (508 GAP workflow\, OMM202_Out PUEEN  Browse
Condenzate Producer [Gas Lifted)
Gas Injector

G as Producer

G as Producer [Foam Lifted)

Liquid Inpectar

il Producer (Diluent & Gas injechon)
il Producer [Diluent injection)

il Producer (ESP lifted)

Ol Producer (G as lifted)

Qil Producer [HSP lifted)

Qil Producer [Jet F'umi lifted|

Ol Produwcer (Mo lift

0il Producer [PCP hifted)
Qil Producer [SRP [fted)
whater lrgector

W/ ater P'?c:fﬁ:\e\',umu ——— Controls _l
PR D oventime _I

WLP _l Coning _l

Constraints _l Schedule _l

Figure 4.7: Leave well type as oil producer (no Lift) for well OMM202
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e Generate IPRs

IPRs generate for all the wells by follow these steps: Generate -> Generate IPR from

Prosper Models

il |
Generate I&

Select | Eancel| Help |

Mawells ar Inflows have been selected!
Preszs the <ALL> button to select all W ells or Inflows and continue with Generate.

Preszz the <SELECT » button to highlight the SELECT icon. *'ou will then be able to
gelect individual items to include in the generate list and then re-start the Generate
proCess.

Figure 4.8: Get ready to generate IPR curves for all wells
e |InputVLP

To import VLP table for well, double click on Well Icon in GAP work space. Then, select
VLP table file by click Browse Icon next VLP Table Field.

VLP Details
VLP File Name
| . e
[mport | | | Generate | I™ Tumoff if unstable
[™ Force left hand side intersection (solver)
v Allow left hand side intersection (oplimiser)
[ Safe VLPAPR intersection (much slower) nput VLP table file
VLP Information

Figure 4.9: VLP file name import field in GAP for wells
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4.3.4 Choke data

To add data for choke, double click on Choke Icon.
Insert choke size for well OMM202 - 09mm.

d¥ Confiol

dP Contral | Fiked choke dametes =

Chaoke Dismeter m

Dizcharge Coafficient Comectian |1

Lhoke Calculstar

Figure 4.10: Input choke size for well OMM202 - 09mm

Note the color change for choke of OMM202.

4.3.5 Pipe data

To add pipeline data to GAP model, double click Pipeline Icon on a pipe in the GAP
model. The pipeline data dialogue will show up as shown below.

Input 30C, it is the actual temperature value for surrounding of the pipeline.

Environment Parameters

Surrounding Temperature [Eﬁ]_ degC
Overall Heat Transfer Coefficient |45.431864  'W/m2/K
Oil Heat Capacity W KJ/Kag/K
(as Heat Capacity W KJ/Ka/K

Water Heat Capacity |4.1 868 KJ/Kg/K

Figure 4.11: Input environmental parameters for pipeline
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e Description
A general description of the pipeline data for HP-LP wells is given in Table 4.2.

Table 4.2: Pipeline data

Well Nominal diameter | Inside diameter | Length | Elevation | Roughness
(Inch) (Inch) (Meter) | (Meter) (Millimeter)
OMM412 8 7.981 2626 1.52 0.0018
OMM202 4 4.026 1230 2.17 0.0018
6 6.065 2232 1.94 0.0018
Segment Inzide Fittirng
Time Length ™D Diameter Roughnesz | K Walue Tome
1 o |
2 1230 217 4.026 0.0018 |
3 | Choose |
4 | Choose |
5 | Choose |

Figure 4.12: Dialogue for pipeline data input for well OMM202
Note that more pipe segments can be entered similarly.

Once all pipeline data are entered, the GAP model is fully defined.

4.3.6 Matching our pipe lines data

Input the test data, then we will click on the Match button and choose the correlation that
best fits. Petroleum Expert 2 is the correlation that best represents the behaviour of the fluid
through surface installations. Parameter 1 (gravity coefficient) was found 1.00 and Parameter
2 (friction coefficient) was found 1.14, which showed very close to unity.

While suitable unit system can be selected, some specific units may need to be changed to
meet the customary preferences. For example, oil rate is commonly reported as Sm*/h in Hassi

Messaoud.

To change a specific unit, click on Units => Edit Units to bring up Units Editing Dialogue
as shown below to make the desired changes.
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F Bk
Unit System (]

~Unit System-
Unit Selections | Vadation (Input Units) | [ »

Unit Name ot | ShMJ_ Quipt | ShMY_ Minmum | Maxmum | Detals |
Inverse Liqud Rate dySnd s donSnd |ShMa 0 GHSEIOST | Deak |
Joules Thomson Coeff. degrees K/bar Ml' degeesKibar |ShyMy|  7BOSS60 | 780SS0 | Delak
Langmui Pressure BARa  ShMul  BARa  |ShoMul 094430591872 | 2069440353489 | Delais
Langu Vokume Constant (/mass) Sndforne | ShM|  Smalome St 0| 32Me® | Dewss |
Langnuir Volume Constant (/vokume) o3 ghMy sl ShMyl N N P 1 Detals |
Lengh (64F) mo WM om sk 0| 380 | Dewis
Linear Density Kg/m MJ Ke/m  |shu| 07488164 | 148164 | Detaks
Liquid Cost USS/3  (shM  USSm3 sk 0 6289000 Detals | '
Liquid Dropout percent w percent Ml 0 ' 100 Details
Liquid produced {1es cond) MRm3  Shau|  MRm3 M 0 | 1530000000 Detals | =
Liqud Rate [smitdsy  v|sha  Sm¥idy sha 0 TSR3 Detas
Liquid Rate (Reservoi) 5T/day ShMu|  mIdy  (shau| 00188 | 1800 | Detas
Liquid Rate per Unit Length mgw ShMu|  Smd/depm Sy 0 BELIS | e |
Liquid Reservor Rates % ShMul  Rm3/day ShiMy| 0 153000 Details
Liquid Volume L Sy MSn3  (shMd 0 | TSSO0000 | Detsks
Liguid Volume (STB) 5m3 MJ Sm3 'swuj' 00158387 | 1589870000 |  Detais
Log Permeabilty md Sh/Mu md Shitu 1 1000000 Details
Mass Kg w Kg Ml 0 45ETe1 | Detals [
Mass Concentration ppm Sh/Mu ' ppm Ml 0 1000000 Details I
Mass Flow Rate Ka/day Sh/Mu Ka/day Sh/Mu 0 453592370 Details
Molar Flow Rate kgmoles/day %J kgmoles/day | Shbul 0 55270 | Detals
Mole Compasition percent  ShMul  percent w 0 100 | Detais
Molecular weight ofgmole  Sh/Muy ' glamole  |ShiMu 2 1000 Details
Motor Speed P Sl em o Shavd 0 100000 | Detsls |~
[0k | cone | heo | Cotols | Delte | Save | Resel |

Figure 4.13: Unit change dialogue
4.3.7 Run GAP

To run GAP model, click Run Network Solver Icon as shown below:

il the Dymem g fdn Comsmmem  fuearss bl buime . L wiom e ey
Vol ejrinlE| e mﬁ e —— o) miaim) x| (k] | x+]%|x| ol i ]|

Figure 4.14: Solving the network in GAP

Nest, a dialogue will appear to accommodate input for the separator pressure.

Insert separator pressure for manifold W1F — 9 Bars.
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Preseuns

Sepl 1

Figure 4.15: Input for separator pressure

Now, GAP model is ready to run. There are a few modes to run GAP models for different

situations. Select the mode “No Optimization” for simulation run.

4.4 Results from the GAP model

One can examine the simulation results by placing cursor on any element in the GAP

model. These results can also be exported as needed.

Well oil rate for OMM202 from GAP simulation is 2.46 Sm3/h — very close to the oil rate
of 2.63 Sm%/h reported in gauging test.

In addition, well oil rate for OMM412 from GAP simulation is 4.02 Sm*/h — very close to
the oil rate of 4.16 Sm3/h reported in gauging test.

We have to calculate the error percentage, to check if our model is reliable.

Error estimate:

_ (measured parameter— calculated parameter) 100

E

calculated parameter

The actual total rate: 6.79 Sm/h.
The calculated total rate: 6.48 Sm3/h.
The error from the model and the actual total rate is of 4.7%, which is acceptable.
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4.5 Sensitivities

Once the model is matched, it can be used to evaluate impacts from different operating

conditions. Here is impact of SJP in total production from LP-HP wells.

4.5.1 Optimisation by SJP

OMM412-CHPR

OMM412

K
wif

omMM4a12 7—EH‘ H ¥ ey | [ & [ q

SIP

OMM202-CHPR
4"-1230m 6"-2232m

e

Figure 4.16: A complete GAP model structure with SJP for our case study
Base case:
e OMMA412 produce 100 Sm3/day, with WHP = 67.4 Bars and FLP = 46.7 Bars.
e OMM202 produce 63 Sm3/day, with WHP = 23.7 Bars and FLP = 15.6 Bars.

Simulation results with implementing SJP:

e Fixed the HP well oil rate and observe the incremental from the LP well at different

flow line pressure on HP side / Inlet pressure for SJP.

e Operating pressure limited to 50 Bars in the flow line. It realized the 45 Bars is good
enough to boost OMM202 production up to 11 Sm®day and maintain stable
production.

e Expected drop is around 9 Bars on OMM202 well head pressure.
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SJP Paiameters {?.S 321
Modsl P VRSP o5
v HE
Mozale Inket Diamater (2032 mm ¥ o2 e 5P
Vol
HF Wozzle Thicat Diameter |2 e VIR 02
el
i . v
Mozzle Discharge Coeficent |09 Ve cno el
Ly A OMM202
v o d o 5P
oo d
SJP Design VR34
. W e J3
~Design Data LVPDMHJQ
Nazde Ilet Diamater (2032 men HP Pressus [ 887274 BARa e
HP Nozzle Thioat Diameter LF Pressure  |B.5374656 BARa V8 SRR
Mozzle Discharge Cosficent 0.9 D Prezsure |
Input Rates | HP Orly vI Edit Fluad List |
HP Riste LP Rate D Rate
Fluid | Solver Resultz vI Fhid | - Fluid vI
Tupe  |Gaz Rale vI Tipe I - Tupe I
Rate [180.75977 10005m3/d Rata | Rate
Temp |30 degC Temp I Temp
Detigh Method | Mozzie Thioat Diameter 'I Caloulate Design | Copy Design To Model P .
Fiket |
Orientation | Constraints ; Schedule I Mak | MakAl | Unmark i |
S Beuts | _Pwins | New |
i3 | Cancel | Help | Revert I Yalidate | Calou :':| Flat | Repat |
Figure 4.17: Input for SJP parameter
LP-HP wells production m3/day
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Figure 4.18: LP-HP wells production Sm®/day at different flow line pressure on HP side
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Total production from LP-HP wells Sm3/day

170
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Figure 4.19: Total production from LP-HP wells Sm?/day at different flow line pressure on
HP side

4.6 Conclusion

Any investment or changes should take into account the effect on the network, most of the
investment on the network for the wells with gas lift injection is likely to increase the
production.

Due to OMMZ202 location, it will be costly to extend gas lift network but with the aid of
SJP, LP well can get benefits utilizing energy of HP well.

Finally, SJP will help to unlock the high-pressure wells production potential without
negatively impacts the low-pressure wells in the network, where you can recognize the

maximum return of investment.
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General Conclusion and Recommendation

General Conclusion

Petroleum Engineering need a powerful tool to achieve many important tasks, for
example: PROSPER software assists the production or reservoir engineer to predict tubing
and pipeline hydraulics and temperature with accuracy and speed, in addition, GAP software

is very general and has many functions for production and injection systems.

Data necessary to model the wells and the network is gathered, wells and network model
are generated and matched, sensitivities are run to evaluate and optimise the existing system.
On field trips took place to confirm the results. Discussions were conducted with the people
responsible to learn the real limitation and to be able to propose realisable and non-costly

solutions.

Surface Jet Pumps (SJPs) are simple, low cost, passive devices which use a high pressure
(HP) fluid as the motive force to boost the pressure of produced gas and liquid phases. The
performance of the SJP is assessed simply by noting the dP, the difference between the
discharge and the LP pressure of the SJP. The discharge pressure is not controlled by the SIP
and is mainly dictated by the downstream pipeline and production system. The SJP, however,
responds to changes in the parameters which affect its performance by adjusting the LP

pressure which it generates.

Obtaining the optimum oil rate is important but any investment or changes should take
into account the effect on the network, may result in production losses and increases operation
cost. To obtain the optimum oil production rate in our case study, all wells had been modelled
properly. Flash data of recombined reservoir fluid had been used for PVT matching. Lasater’s

and Petrosky’s correlations were found best-fit correlation for PVT matching.

Since the reservoir parameter is continuously changing from inception of production,
current well test data was the focus for quality checking of well test data. In this work, it was
found that current well test data for all wells had been matched with calculated data in Prosper.
For correlation comparison of VLP, Hagedorn and Brown’s correlation was found very close
to well test data for all well tests. Parameter 1 and 2 was close to unity. Thus, HB correlation
had been used for VLP matching in Prosper. While matching surface flow line in Gap
program, Petroleum Expert 2 was found the best-fit correlation for production and test flow
line. Calculated manifold pressure was compared with the measured wellhead pressure and

found very close results.
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Presently average total oil production rate of HP-LP wells is around 163 Sm3/day. From
simulation result of GAP program, maximum oil production rate was achieved 172 Sm3/day
at operating pressure limited to 50 Bars in the flow line. It realized the 45 Bars is good enough
to boost OMM202 production up to 11 Sm3/day and maintain stable production when we
fixed the HP well oil rate and observe the incremental from the LP well at different flow line
pressure on HP side / Inlet pressure for SJP Production.

Finally, SJP will help to unlock the high-pressure wells production potential without
negatively impacts the low-pressure wells in the network, where you can recognize the

maximum return of investment.
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Recommendation

® Typical (minimum) HP to LP pressure ratio should be 2 or higher

® Typical HP flowrate should be equal to or more than the LP flow

® For installation of SJP a by-pass line is recommended for both HP and LP sources

® Preferable location of SJP is at the manifold where the HP and LP wells meet, in order to

minimise pipework

e | P well candidate selection for best results & minimising costs:

o

o

o

Select well which will respond to lowering of WHP
choose wells with low water cut

Review production history of the LP wells

HP Candidate well Selection-General:

The HP well provides the power (motive force) for the SJP to do its work (i.e. to lower
the FWHP of the LP well)

The SJP does not sacrifice any of the flow from the HP well. It is normally designed
to utilise the maximum HP flow and pressure available

Even if the flow from the HP well has to be reduced slightly for operational reasons,

this is differed production and is not lost production

® The prerequisites for GAP models are:

o

o

The well models were created and matched to the most recent jageages for these wells
The vertical lift performance (VLP) tables have been generated in Prosper for these
wells

The well models and pipeline data for these wells will be used to create a GAP

model

® operating pressure limited to 50 Bars in the flow line
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® |t realized the 45 Bars is good enough to boost OMMZ202 production up to 11 Sm3/day
and maintain stable production when we fixed the HP well oil rate and observe the

incremental from the LP well at different flow line pressure on HP side / Inlet pressure

for SJP Production.
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