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Abstract

The progressive cavity pump (PCP) is one of the best method of artificial lift which
achieves the economic goals which achieve the country and company policies. Its

component and function and the factor affecting it have been discussed in this research.

The aim of this study is prediction production performance of progressive cavity
pump by using PIPESIM to estimate the oil flow rates for numbers of wells (four wells
located in Alrawat field) have viscous crude oil, whereas Progressive Cavity Pump

consider one of the best artificial methods that is Compatible with this crude .

Also Number of Parameters sensitivities, Nodal Analysis™ for tubing size by using
PIPESIM have been done for the wells to show the effect of those parameter on their

optimal design.

The study shows that Using PCP increases the overall oil flowrate from (322.845
bbl/day) to ( 4012.348 bbl/day ) .
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Chapter one



Chapter 1

Introduction

1.1 Introduction

Petroleum production involves two distinct but intimately connected general
system. The reservoir which is a porous medium with unique storage and flow
characteristics; and the artificial structure which include the well, bottom hole, and well
head assemblies .and surface gathering, separation and storage facilities. The goal in the
development of production engineering might be said to be the attainment of maximum
efficiency in the operation of those producing wells drilled into an oil —bearing reservoir;
this implies the realization of the maximum profit from each and every such well. In
order to achieve this end of the production engineer must not only know how to analyze
and interpret well performance but also be able to maximize production or injection in

cost effective manner (Michel, Adaniel,1994).

1.2 Artificial lift:

Acrtificial lift is a method used to lower the producing bottom hole pressure
(BHP) on the formation to obtain higher production rate from the well this can be done
by gas lift or positive displacement down hole pumps.

Artificial lift methods

1.2.1 Sucker Rod pump:

Sucker rod pumping system Consist of pumping unit at surface and plunger pump
submerged in the produced liquid in the well. The sucker rod pump can pump-a well

down to very low pressure to maximize oil production rate its applicable to slim holes,
multiple completion and high-temperature and viscous oils. The main advantages of

sucker rod pumping that its mechanically simple and units easily changed to other wells

22-



with minimum cost, also corrosion and scale treatments easy to perform and availability
of different sizes and can apply varying degrees of automation the main disadvantages of
rod pumping include excessive friction in crooked /deviated wells ,solid sensitive
problems ,low efficiency in gassy wells ,downhole-pump design selection in small-
diameter casing and special requirement needed to install in some irrigated fields
(Larry,2006).
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Figure (1. 1) schematic diagram of sucker rod pump(Larry,2006)

1.2.2 Gas lift:

Gas lift is method of artificial lift that uses an external source of high-pressure gas
for supplementing formation gas to lift the well fluids. The primary consideration in the
selection of a gas-lift system is the availability and cost of gas, gas lift s particularly
applicable for lifting wells where high-pressure gas is available of highly deviated wells
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that produce sand and have high formation gas/liquid ratio are excellent candidates for
gas lift when artificial lift is needed also its applicable in deviated or crooked wells. The
main advantages of gas lift method includes ability of handling large volume of solids
with minor problems ,easy to obtain downhole pressures and gradients , flexible system
and a wide range of volumes and lift depth can be achieved with essentially the same

well equipment ,but gas lift has limitation includes lift gas is not always available
,compressors are expensive , need for space and must properly maintained ,difficult to lift

emulsions and viscous crudes and safety problems with high-pressure gas (Larry,2006).
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Figure (1. 2) schematic diagram of gas lift system (courtesy of schulmberger)

1.2.3 Electrical submersible pump (ESP):

ESP is multistage centrifugal pump for lifting moderate to high volumes of fluids
from wellbore. Its effective in deeper wells and wells that produce large amount of water

with oil. The pump is driven by an electric motor connected by cables to electrical power
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source at the surface. The main advantages of ESP that it’s easy to install on operate,
lifting cost for high volumes are generally very low, corrosion and scale treatment easy to
perform and availability of different sizes. in other hand the dis advantages include
limitations in high voltage, not applicable to multi completions, also not suitable to deep
and high temperature oil reservoirs, gas and solid production is troublesome, casing
sizing limitation, cable causes problems in handling tubulars and costly to install and
repair (Larry,2006).

Figure (1. 3) Schematic Diagram of an ESP (courtesy of schulmberger)

1.2.4 Hydraulic Pumping
Generally, there are two primary kinds of hydraulic pumps:
Jet pumps:

For this kind high-pressure power fluid is directed down the tubing to the nozzle
where the pressure energy is converted to velocity head (kinetic energy). The main
advantages of jet pump that power fluid require less cleaning than piston pump, power

source can be remotely located and can handle high volumes, on other hand it has
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complex design, sensitive to change in back pressure and power oil systems are suffering
from fire hazardous (Larry,2006)

Figure (1. 4) schematic of jet pump system ( courtesy of weatherford )

Reciprocating Positive displacement pump:

It consists of reciprocating hydraulic engine directly coupled to a pump piston or
pump plunger in general either water or oil may be used as power fluid. Hydraulic
pumping is applicable to wells that have great depth and large volume of liquid with low
pressure, multiple completions and offshore operations, both electricity and natural gas

can be used as power source (Larry,2006).



1.2.5 Progressive Cavity Pump (PCP):

The progressive cavity pump is a positive displacement pump using an eccentrically
rotating single-helical rotor, turning inside a stator. The rotor is usually constructed of a
high-strength steel rod, typically double-chrome plated. The stator is resilient elastomer
in a double-helical configuration molded inside a steel casing, thus an interference fit can
be obtained when the rotor is inserted in the stator, two chain lenticular, spiral cavities are
formed. As the rotor turns within the stator, the sealed cavities spiral up the pump without
changing size or shape and carry the pumped product, for oil production. Work of
progressing cavity pumps is based on rotation of a rotor inside screw stator. The rotor of
the pump sensitively is turned from the stainless steel or hardened steel, and the stator is
formed from elastomer. The form and the sizes of these details are picked up in such
manner that at enclosed rotor in stator the chain of water-proof cells (similarly to honey
cells) is formed. At rotation of a rotor inside stator, these « honey cells » move on a spiral
along an axis of the pump and thus without any changes under the form or the
maintenance in liquid structure. This process moves working mass through the pump
from an input to an output. PCP can be run into deviated and horizontal wells also can
handle solids wells but the coating will erodes over time further than that the pump
handles highly viscous in a production well .PCP is sometimes retrievable with rods
,moderate cost ,low profile , can use down hole electric motor that handles sand and
viscous fluid and it has high electrical efficiency otherwise PCP lose efficiency with
depth ,pumps shutdown control is difficult ,Elastomer in stator swell in some well fluids
and rotating rods wear tubing ( wind up and after spin of rods increase with depth
)(Larry,2006).
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Figure (1. 5) schematic diagram of PC Pump (NETZSCH Oil Field Products)

Table (1. 1) capacity of various artificial lift methods (Larry,2006)

Method | Sucker Gas lift ESP Hydraulic PC Pump
Rod pump
Capacity <100 800 >1000 800 600
m”3/day




Table (1. 2) Efficiency of various artificial lift methods (Larry,2006)

Method Rod Gas ESP Hydrau PCP
pump lift lic pump
Efficienc 30- 25-32 50-60 30-40 60-80
y % 40

Table (1. 3) working temperature of various artificial lift methods (Larry,2006)

Method Rod Gas ESP Hydrau PCP
pump lift lic pump
260 175 160 260 120
Temperature
(co)

1.3 Problem statement:

Design a progressive cavity pump to estimate production of high viscous oil from
wells located in alrawat field, and design network to calculate the overall flow rate for

those wells by using PIPESIM software.

1.4 Research Objectives:

1. Calculate the natural oil flow rate of each well, and calculate oil flow rate after
using progressive cavity pump.

2. Perform nodal analysis for each well to study the effect of the tubing on the
production rate.

3. Study the effect of various sensitivity data such as (water cut, pump speed) on the

production rate for each well.




4. Simulate the system in the PIPESIM software and show the results in tables and
figures.

5. Design network to calculate the overall production.

1.5 Zone of study (Al-Rawat)

The block (25) located in the al-Rawat area in White Nile state, It’s in the range
block (7) within the scope of Maloot basin. Located between the White Nile and the
South Kordofan and Blue Nile and Sinnar, it is about (40) km from the south of Kosti,
about (132) Km south west of Kosti. Covers an area of about (26500) square kilometers,

and is the northern part which was followed Petrodar.

This field has been discovered since the year “2000” and developed period (14)
years, companies there are estate petroleum of Canada, and express the Nigerian and
Sudapet National. The agreement was signed. On (26/3/2015) share Sudapet (70%),
Express (15%) and estate (15%).

This block is at the frontier of the pipeline 0f Adarail, Bashair where the distance
from the wells Explored less than (60) km and which is also close to the station treated
the central city of the mountain of the White Nile that offer their services for the South

petroleum.

1.6 Thesis outlines :

This thesis is divided into five chapters. In Chapter 1 introduction of petroleum
production and artificial lift methods and the objectives of the study were provided .
Chapter 2 is literature review contains progressive cavity pump system and progressive
cavity pump studies over the world. Chapter 3 explain the software (PIPESIM) used to
design pump and network .The results are displayed in Chapter 4. Chapter 5 contains the

study conclusion ,discussions, and recommendations.
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Figure (1. 6) REGIONAL STRUCTURE MAP OF AL-RAWAT
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Chapter 2

Literature Review

2.1 Progressive Cavity Pump (PCP) Background:

Progressing cavity pump systems drive their name from the unique, positive
displacement that evolved from the helical gear pump concept first developed by Rene
Moineau in the late of 1920s, they also called screw pump, the PC pump initially were
used extensively as fluid transfer pumps in wide range of industrial and manufacturing

applications, with some attempt made to use them for the surface transfer of oil fields.

The two key features that differentiate PC pump system from other forms of
artificial lift are the down hole pc pump and associated surface drive systems also other
components such as the production tubing and sucker rod strings, are found in down hole
lift system, the design and operational requirement typically differ for PCP applications
also many additional equipment component, may be used in conjunction with PCP

systems to contend with specific application condition.

The down hole PC pump is positive displacement pump that consists of two parts: a
helical steel “rotor” and “stator” comprised of a steel tubular housing with a bonded
elastomeric sleeve formed with a multiple internal helix matched suitably to the rotor
configuration. The stator is typically run into well on the bottom of production tubing,
while the rotor is connected to the bottom of the sucker rod string. Rotation of the rod
string by means of surface drive system causes the rotor to spin within the fixed stator,
creating the pumping action necessary to produce fluid to the surface (Michel,
Adaniel,1994).

-13-



2.1.1 PC Pump system

The current line for artificial left applications and manufactured are progressing
cavity pump and drives head, enabling to compound basically two different types of

system:
1-conventional PCP system.
2-submersible PCP system.

These PC pumps system completion are shown in figure (2-1) even though the
pumps basically the same, the systems are distinguished of each other depending upon

the way the power is transmitted to the pump.

In conventional pc pump system, the power required to run the pump is transmitted
to the rod string by the drive, located on surface. Typically, the conventional pc pump

configuration involves:

e Drive head and prime mover.
e Sucker rod string.
e Down hole pc pump.

e Accessories (torque anchor, tubing anchor rod centralizers, BOP).
e Generally, the drive head is multifunction device on surface necessary to:

e Provide sealing from the well fluid on tubing head and polished rod.

e Provide the proper means to avoid pack spin of the rod string.

e Carry the weight of rod string and the load determined by the pumping
action of a down hole pc pump.

e Transfer the power from the prime mover to the rods in order to run the

pump.

-14-



The prime mover is the source of power supplier to the system, the amount of the
power that the prime mover must deliver depend on the power demand at the polished rod
and the efficiency of the power transmission system.

The Sucker Rod String acts as a driving shaft and is required to convey the power to
the downhole pump. The rod on the bottom of string is directly coupled to the rotor while
at the top of the rod column is coupled to a polished rod or axle that works on mechanical
sealing through the drive head. Commonly, the sucker rods follow the API spec 11B,
specification that originally covers Beam Pump applications, so that is only designed to
axial loads. For this reason, the rods have been considered the weakest component of the
system. Alternatively, though, some special rods exceeding API spec 11B requirements
have been developed in order to accomplish with the tensile and torsion combined loads
determined by the PC Pump when in operation. To date there are already enhanced rod
types that make feasible the use of PC Pump Systems in adverse environments such
deviated wells, for instance, with extended operating life.

In contrast to the cyclic rod stresses that occur in beam pumping, the rod stresses in
PC Pump applications are relatively constant. As a result, effective rod stresses may
approach the yield stress of the rod material without causing failures in PC Pump
applications, although fatigue induced by bending can be an issue in directional and
horizontal well applications. Deviated wells use rod centralizers to avoid premature
failure of the rods and tubing string, consequently, to increase the life of the system. The
centralizers are considered auxiliary devices and not properly another component of the

system (larry,2006).

-15-



Prime Mover
Wellhead Drive

Rod String
Production Tubing

Rotor
Stator

Figure (2. 1) Configuration of a typical progressing cavity pumping (PCP) system
(larry,2006).

2.1.1.1 Down hole Equipment:
PC pump Down hole equipment include:

Polished Rod

Sucker rods

Sucker Rod Centralizers
Rotor & Stator

Pup joint

Stop bushing

N o g s~ w0 D e

Torque anchor
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Polished rod:

The upper most joint in the string of sucker rod. Its enable an efficient hydraulic

seal to be made around the reciprocating rod string.
Sucker rods:

Sucker rods function is to transmit the rotation from Top Drive to the rotor. The
max stress is at the top of the rod string. (Sucker rod length 25 or 30 ft, Pony rods 1- 2-
4- 6- 8- 10- 12 ft.

Several different rod-string configurations are commonly used in PCP applications.
These include continuous rods, standard rods with couplings (including hollow rods),
standard rods with centralizers, and standard rods with bonded/molded rod guides.

Sucker Rods Grades:
There are three grades of sucker rods

- API grade C, made from carbon-manganese steel. For medium duty in

noncorrosive fluid.

- API grade k, from nickel-molybdenum alloy steel. For medium duty in corrosive
fluid (Has, Coy).

- API grade D, from chrome-molybdenum alloy steel. For heavy duty in

noncorrosive fluid.
Sucker Rods Torque and Load:
The forces exerted on rods are

- An axial load - A torque which transmit the rotation.

-17-



The maximum stress in the rods is on the top of the rod string and The maximum
allowable stress for the rod is depends on the rod grade, and it is increase with the rod

outside diameter in the same grade.
Sucker Rods Centralizers:

To stabilize rod string, eliminate tubing wear and rod coupling wear.
Rotor:

Rotor is a single piece; total length of the rotor exceeds that of the stator by 0.45 to
0.50 m. There are different temperature codes and different outside diameters for each
type of rotor, the higher the code the smaller outside diameter. To select the temperature
code, we have to choose 2 scales over the actual downhole temperature. If downhole
temperature is 90 C (code 10), we need to go to code 12 (temp. 125 C). Most pc pump
manufacturers have stator products available with several different elastomer type.
Because the formulation of these elastomer is considering proprietary, there is no
standard naming convention. Certain generic names are common to the different
manufacture but elastomer properties may very significant, the common types of

elastomer are:

o Nitrile (NBR)

e Hydrogenated NBR (HNBR)

e Fluoroelastomer (FKMs)
Stator:

Stator is made from elastomer. The elastomer properties affected by the gas/liquid

ratio and the temperature at the pump setting depth.
The common changes in elastomer mechanical properties are:
- Swelling which leads to excessive interference between rotor and stator.

- Hardening which leads to loss the elastomer resilience.

-18-



Section A-A

Figure (2. 2) PC pump design with uniform thickness elastomer (courtesy
Weatherford).

Pup Joint:

The pup joint function is to allow for the movement of the rotor head and it is
coupling, because the inside diameter of the tubing is small. The common length of this

joint is 4 ft and the outside diameter is 4 inch.
Stop Bushing:

s connected to the bottom of the stator, it provides length of 0.30 m for possible

elongation of the rod and serves as landing spot during spacing out.
Torque Anchor:

When the rotor rotates clockwise, it is friction against the stator tends to rotate the
tubing clockwise and this creates a risk of tubing disconnected, the torque anchor
eliminates this risk (Mohamed,2011).
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Figure (2. 3) schematic of PC pump downhole Equipment (Mohammed,2011)

2.1.1.2 Surface Drive System:

The surface equipment used in a conventional surface-driven PCP system must

perform the following functions:

e Suspend the rod string and carry the axial loads

e Deliver the torque required at the polished rod

o Safely rotate the polished rod at the required speed

e Provide for safe release of the stored energy during shutdowns

e Prevent produced fluid from escaping the system.

To facilitate these requirements, all surface equipment systems include a wellhead
drive unit (drive head), a stuffing box, power transmission equipment, and a prime

mover, In addition, the surface equipment may also include safety shutdown devices,
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torque limiters, recoil control devices, and electronic speed control (ESC) and monitoring

systems.(larry,2006)

L)

(919)
(818

Wellhead Power Transmission
Drive Equipment

—Polish Rod

= Electric Motor
— Stuffing Box » Gas Engine

=

Figure (2. 4) Basic surface equipment for PC pumping systems (larry,2006)

2.1.1.2.1 Wellhead Drive Units

The wellhead drive unit consists of a wellhead frame, thrust bearing, a polished-rod
braking system (in most cases), and sometimes a fixed gear or belt and sheave system. In
many cases, the wellhead frame threads directly onto the tubing head. However, there is a
growing trend toward the use of flanged connections, especially for applications

involving drive systems that are 60 hp or larger (larry,2006)
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Polish Rod

Polish Rod
Clamps

Hydraulic
Motor

PCP
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Electric
Motor

Open Stuffing

Threaded Box

Drive Mount Sealed

Stuffing Box

Flanged
Drive Mount 5554
| ' adli
(@) Open frame with integrated gearbox (b) Closed frame with vertical input shaft

Figure (2. 5) Hollow shaft wellhead drive units. (larry,2006)

Normally, drive heads are connected to the power transmission equipment by a
vertical shaft. However, horizontal connections can be facilitated by incorporating right-
angle gearboxes directly into the drive head. These gearboxes typically enclose gears that
provide a reduction ratio of up to 4:1 . To prevent gearbox failure, operators should

adhere to manufacturer guidelines for maximum gearbox speed and torque ( larry,2006).

2.1.1.2.2 Power Transmission Equipment

Power transmission equipment is used to transmit power (torque and speed) from
the prime mover to the polished rod. This equipment almost always incorporates some
type of speed reduction/torque transfer system that permits the prime mover to operate at
a higher speed and lower torque than the polished rod. In some cases, power transmission
components, such as gearboxes and fixed speed belts and sheaves, are integrated into the
drive head. The various configurations can include almost any combination of hydraulic
equipment, belts and sheaves, and gearboxes to provide the desired operating speed and

torque characteristics. Note that power transmission equipment is usually “classified as
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either direct drive or hydraulic on the basis of whether or not it incorporates hydraulic

system components.

Gear Box /
Belts and Sheaves

Prime Mover

(a) Direct drive system schematic.

Gear Box /
Belis and Sheaves

<1

| Hydraulic
Reservoir

Hydraulic
Prime Mover  pymp

(a) Hydraulic drive system schematic.

Figure (2. 7) Direct drive power transmission systems (Larry,2006)
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Although hydraulic systems are typically less efficient than direct electric drives,
they generally require little field infrastructure and have a high variable-speed turndown
rate, which makes them popular for low-rate, high-viscosity applications in which prime-
mover speeds are much higher than pump speeds and flexible speed control is desirable.
The simplicity of mechanical fixed- and variable-speed systems makes them practical for
applications in which fluid rates are relatively stable and speed adjustment requirements
are limited. The direct-electric drive systems typically have better energy efficiency than
hydraulic drives, although they typically are more expensive and can be more difficult to
repair. Field electrification is usually required for effective use of electric-drive systems
(larry,2006).

Polished l Contboy e lBeltsand < l Hydraulic | Prime

Rod ' Sheaves Systems Mover

Figure (2. 8) Alternative configurations of power transmission equipment.(Larry,2006)

2.1.1.2.3 Prime Mover:

The prime mover provides the energy to drive the surface equipment and ultimately
the rod string and downhole pump. The amount of power that the prime mover must
deliver depends on the power demand at the polished rod and the efficiency of the power
transmission system. Typical prime-mover power ratings range from 4 to 75 kW [5 to
100 hp], although higher capacity wellhead units designed to accommodate twin electric
motors providing power up to 225 kW [300 hp] have recently been introduced by several
vendors in conjunction with new large displacement PC pumps. The two types of prime
movers commonly used to drive PCP systems are internal combustion engines and
electric motors. Internal combustion engines have the advantages of a simple setup with
minimum capital investment and variable-speed capability. They are often used on wells
in remote areas where electricity is not available. In some situations, depending on gas
production and composition, it is possible to fuel the engine with produced gas.

Nevertheless, electric motors are the most common form of prime mover used for PCP
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systems because of low maintenance requirements, high efficiency, low energy costs,

easy operation, and low noise levels(Larry,2006).

2.1.2 PC Pump Installation:

The process of installation progressive cavity pump (from PCM MOINEAU
OILFIELD Services) includes the following:

¢ Pre — operational Checks

e Pre — commissioning inspections

e Pump and Drive-head installation

¢ Close monitoring of the PCP upon commissioning

e Installation & Maintenance Training

e Installation report

e 1 or 2 PCM Engineer (s) for a duration of 5 to 6 days

Timing:

Run in Hole Tubing String  (Set the torque anchor 4,0 hrs) 22

Run in Hole Rotor String (Tag the Rotor on Stop Bushing 4,0 hrs)
Space out (Measure for length adjustment 0,5 hrs)

Connect the Polished rod (0,5 hrs)

Install the Drive head (1,5 hrs)

Install motor support assembly (1,0 hrs)

Install motor (and electrical connections) (0,5 hrs)

Install and Adjust the Belt and the Pulleys (0,5 hrs)

© © N o 1w Do

Install Flow lines and sensors — open the valves (1,0 hrs)
10. Connect VSD /VFD (1,5 hrs)
START THE PUMP Total 15/16 hrs

Run In Hole Tubing String :

e Tubing Hanger
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e Tubing Drain

e Cross over Tubing / Pup Joint
e Pup Joint

e Collar Pup / Stator

e Stator (1, 2 or 3 element’s)

e Tag bar / Stop Bushing

e Torque Anchor / Packer

e Cross over to tail joint

NOTE: Other DH tools maybe included; (Ex: Gas Separators, Tubing Drain, DH

Gauges)

Tubing string

Figure (2. 9) Tubing string. (PCM MOINEAU OILFIELD)

Setting the torque anchor

e Before setting the tubing hangar it is important to set the Torque Anchor
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e At approximately 50 — 60 cm before the hangar is set, turn the tubing with a pipe
wrench clockwise.

e Hold that position until the Tubing Hangar is firmly set.

\ T ez

o

Figure (2. 10) setting torque anchor (PCM MOINEAU OILFIELD)

Rod String Standard — Configuration:

¢ Rotor + Rotor Coupling

e Pony rod — 10ft or 12ft / Coupling
e Centralizer / Coupling

e Sucker Rod + Coupling

e Centralizer + Coupling
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e Sucker Rod + Coupling
e Centralizer + Coupling

¢ Rod String to surface + Coupling

!
|

Figure (2. 11) rod string (PCM MOINEAU OILFIELD)
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Running Rotor in the Hole

ROTOR

e Make sure that the Rotor is clean and free from any foreign elements / damages.

e Make sure that the bottom of the Rotor is protected at all times.

e For new Stator’s it is advisable to lubricate the Rotor with grease. To avoid any
dry contact between the Elastomer of the Stator & the Rotor

¢ Do not drag the Rotor on the Catwalk or the Rig Floor

= V, o
-w \

___ &

N

Figure (2. 12) running rotor in hole (PCM MOINEAU OILFIELD)

Sucker Rods

o Check all the threads on Sucker Rods, pins and couplings to avoid down time
and unnecessary fishing due to damaged threads

o These Checks should be carried out even when the Sucker Rods are new

o Put in place all the centralisers at this point to ensure correct installation of the

rod string
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e Lay out the exact number of rods according to the depths and tally the rod string

as itis RIH.

Table (2. 1) Sucker Rod Sizes and Threads
APl sucker | 1chw 1%chw| 1%cw
. in 3/4 7/8 1 , 11/8 , ,
rod size 7/8 pin 1pin | 11/8pin
Thread size | in 11116 13/16 13/8 13/16 19/16 13/8 19/16
Length of
ft 25,30 25,30 25,30 25 25,30 25 25
sucker rod
Length of
ft |124681012( 124681012 | 124681012 | 246810 | 124681012 [ 246810 | 246810
pony rod
Tightening
Lbs-ft 350 510 800 510 1100 1600 2400
torque

Space Out — The Rod String :

Spacing out done by the following steps :

Once the Rig Weight Indicator r shows ZERO, it would suggest that the Rotor
is sitting on the Stop Bushing.

At the Well Head- Use a Paint Marker and tag the Sucker Rod

This tag will be the “Zero String Weight Tag”

Continue to run in & out of the stator a few times — To be sure that the Zero
String Weight Tag is always in line with the well head.

After marking the ZeOro String Weight Tag, pick up the Rod String very
slowly until the Total String Weight is observec again.

At this point, the Rotor is still inside the Stop Bushing but not sitting in it.
Tag the Sucker Rod — This tag will be the “Total String Weight Tag”

Pick up the Rod String another 30 cm more and tag it.

This tag will be the “Stop Bushing Tag”

This indicates that the Rotor is out of the Stop Bushing

The last tag of the space out will be the value calculated by PCM’s Win Petro
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e  Software + a safety margin of 25 — 30 cm.

o This last tag will be the “Space Out Tag” and break one or 2 rods depending
on the location of the last tag.
Polished rod string

STANDARD ASSEMBLY from Top:

e 2ft Pony for lifting
e Full Size Coupling
NOTE: Coupling must be bigger than Hex Shaft

¢ Hexagonal Shaft — Pin on top
e Hex clamp on the Hex shaft @ 15 cm from top
NOTE: The bolts must be cross tightened.

e Polished Rod PR
NOTE: Must be tightened on the Hex Shaft with a pipe wrench and measure the
torque

¢ Bullet on the bottom of PR — Thread protection

Polished rod SPACING OUT

o Lay the Polished Rod Assembly beside the Sucker Rod which was Tagged
and place the Last Tag (Tag 4) parallel with the Polished Rod Tag.

o If the length of the Polished Rod exceeds the length of the Sucker Rod —
Break out another Sucker until it exceeds the length of the PR.

o Add a Centraliser at the end of the PR and fill in the remaining length with
Pony Rods. NOTE: Pony Rods should not exceed the Sucker Rods.

e  Add the Pony Rods to the Rod String.
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Figure (2. 13) space out the polished rod (PCM MOINEAU OILFIELD)

2.2 Progressive Cavity pump Studies over the World:

Most of The previous studies focused on progressive cavity pump parts and

optimization of Progressive cavity pump performance.

e Michael W. Glier in 2011 Texas A&M University, presented study under title (the
experimental Examination of Progressing Cavity Pump operating at very High
Gas Volumes Fracture) focused on testing progressing cavity pump model
manufactured by seepex at half and full speed by Using air-water mixture with
gas volume fractions to show the effect of high gas volume fractions on pump’s

volumetric flow rate .

e Mohammed Bashir et, al.in 2009 Sudan university of science and technology
presented study under title (Optimization of progressive cavity pump), this study
discussed optimization of PCP focused on selection of the optimum parts of the
pump which achieve the optimum performance and productivity according to the

various condition of the producing wells.
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Cesar Ivan Medina-Chavez et, al. 2005 The University of Texas presented study
under title (Design Standards, Special Specifications, and Monitoring Plan for
PCP in Texas) focused on the effective application of the required procedures for
the final design and construction of the new PCP and also on the development
evaluation and monitoring plans for both short-term and long term performance of
the PCP.

Jose Gamboa et,al. in 2003 in 2003 Research and Development Institute of
Petroleos de Venezuela S.A ,presented study under title (Understanding the
Performance of Progressive Cavity pump with a metallic Stator) focused on
Analytical and Experimental studies carried on progressive cavity pump fitted

with a metallic stator with affixed positive clearance around the helical rotor.
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Chapter 3

Methodology

3.1 PIPESIM:

PIPESIM is a steady-state, multiphase flow simulator used for the design and
analysis of oil and gas production systems. With its rigorous simulation algorithms,

PIPESIM helps you optimize your production and injection operations.

PIPESIM is most often used by reservoir, production or facilities engineers as an
engineering user type to model well performance, conduct nodal (systems) analysis,
design artificial lift systems, model pipeline networks and facilities, and analyze field
development plans and optimize production. The PIPESIM graphical user interface (GUI)
allows you to easily construct well and network models within a single
environment(PIPESIM USER GUIDE, Schulumberger,2015).

3.1.1 Applications:
1. Accurate flow modeling over the complete lifecycle of system.

2. Operating oil and gas gathering system while honoring multiple system

constrains.
3. Determine the optimal locations for pumps and compressors.
4. Designing and operating water or gas injection network.
5. Calculation filed full deliverability to ensure contractual delivery rates are met.

6. Analyzing hundreds of variables such as pressure, temperature and flow

assurance parameters through complex flow paths.
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3.1.2 Objectives:

Pipe sim can build the following basic models :

e pipeline and facilities

e production well

e single completion well

e Multiple completion well

e Horizontal completion well

e Injection well

e Subsurface and surface networks
e Gathering system

e Looped System

e Distribution systems

e Multilateral wells

3.1.3 Key features:

A. Gas lift design accounts for changing condition and hydraulic effect of the total

system.
B. Gas lift diagnostics analyzes performance of gas lift value system.
C. Perforation design determines perforation gun selections phasing and spacing.
D. Data matching automatically tunes multiphase flow and heat transfer coefficient.

E. Advanced network solver helps solve complex network problems.
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3.2 Model Building by PIPESIM:

3.2.1 Physical component of the model :

Table (3. 1) Physical Component Of The Model (PIPESIM USER GUIDE,

Schulumberger)

Button

Function

4

Well

A well where fluids exsists (production well) or enters

(Injection well) the network .

Placing the tubing object in the allow modeling of vertical or

near vertical flow (production or injection) in the wellbore

Tubing
(- Placing a flow line in the model allow modeling horizontal or
- Fowine | near horizontal flow (up or down hill).

@

Junction

Is location in the model where two or more branches meet, the
fluids from the incoming branches are then mixed at the junction, the

junction itself has no associated pressure drop

&

Sink

Is a point in the network where the fluid leaves the system
normally used to represent a surface out flow opposed to an injection

well.

3.2.2 Model Design procedures

In this case study the system was designed by the following procedures :
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1- Collection of inserted Data:

The first step in the design process is to gather information for the application of

interest; fluid properties, reservoir parameters and production data from testing reports

for example :
Parameter Well data

Casing (ID) (in) 7
Casing depth  (ft) 5679

Tubing(ID)  (in) 3.5
Tubing Depth (ft) 5220
Initial Reservoir Pressure  (psi) 2134.7

Reservoir temperature  (°F ) 194

Oil gravity  (API) 24

Ambient temperature (F) 95
Perforation Depth (ft) 5220
Pump Depth (ft) 5183

Pump speed (rpm) 250

Table (3-2) Example of Inserted Data in PIPESIM

2- Define the physical component of the model by the following steps :

Step 1 : General data

From the workspace screen of pipesim select the option create new network and
select well type (production or injection) and well name .
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OEE WELL TOOLS New wrksasce] - PIPESM - B x
HOME INSERT FORMAT o e
Casing Tubing |~ Choke Packer Separstor Sliding 5SSV Tubing Completion Nedal Engine Gas ESP  PCP Rod
slesve plug point  keywords equ\pmert' litt Pump. equ\pmert'
Tubulars Downhole equipment Artificial lift
Studies: | < |Study 1 BB S Wells 4 Well SR X 4
.
3 General | Tubulars | Deviation survey | Downhole equipment | Artificial lift | Heat transfer | Completions | Surface equipment
2 Well name: Well
i Active:
Well type: ® Production () Injection
Check valve setting: Block reverse
It
[E] Message center @) Validation (1)
Ready
Step 2: Tubular data:
Choose the well description mode (simple or detailed), insert the measured depth
and the inside diameter of casing and tubing.
HE WELL TOOLS New wrksaace] - PPESM - B x
HOME INSERT FORMAT o e
Casing Tubing  Choke Packer Separator S\dng 555V Tubing Compietion Nedal Engine Gas ESP  PCP Rod User
plug point  keywords equ\pmert' litt Pump eguipment
Tubulars Downhole equipment Artificial lift
Studies: | < |Study 1 BB S Wells 4 Well SR X 4
.
General | Tubulars | Deviation survey | Downhole equipment | Artificial lift | Heat transfer | Completions | Surface equipment
g Mode: imple O Detailed
- Dimension option: () OD  ® Wall thickness

Name

BottomMD [ID Wallthickness  Roughness |
v m -|in -|in -|in -
|1 [casing 1731 7 0575 0.001 |
[1591 [35 [os [0.001 -1

e )
e

6791t

[E] Message center
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Step 3 : Deviation survey:

Select the survey type (vertical or horizontal) and enter the bottom hole depth.

OaE WELL TOOLS
HOME | INSERT | FORMAT

- 0 x

- @

VTIXHOOXNATOG © [l @

(Casing Tubing | Choke Packer Separs msmgsssv TthmpIEl n Nodsl Engine jser Gas ESP PCP Rod User
point keywords equi met it Pump equipment ~
Tubulars Dawnnmeequ pment Artificial lift
Studies: Study 1 - S Wells Well - X +
33

Tubing
2204

_
%798 - -

Message center () Validation (1)

A TubingSection, Tubing is selected.

Step 4 : Heat transfer data:

General | Tubulars | Deviation survey | Downhole equipment | Artificial ift | Heat transfer | Completion:
CALCULATION OPTIONS
Surveytype: | Vertical

s | Surface equipment

REFERENCE OPTIONS

Depth reference: | Original RKB
Wellhead depth: [0 ft
Bettom depth: |5679.134 ft

From this window insert the ambient temperature, total measured depth and bottom

hole temperature.
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BEE = WELL TOOLS Mewwerkspace] - PPESHA a x
HOME INSERT FORMAT & e
‘o
VIXHQOXNH ECO® © [Iee®], @
Casing Tubing  Choke Packer Separstor Siiding 5SSV Tubing Completion Nodal Engine User Gas ESP PCP Rod User
sleeve plug point keywords equipmentr  Iift Pump equipment ™
Tubulars Downhole equipment Artificial lift
Studies: Study 1 . F o Wells Well . X +
General | Tubulars | Deviation survey | Downhole equipment | Artificial ift | Heat transfer | Completions | Surface equipment
U Value input: @ Single ) Multiple
Heat transfer coefficent: |2 Btu/(h.degF ft2)
W Ambient temperature input: ® Single O Multiple
Soil temperature at wellhead: 95 degF
220
EZI -
Message center () Validation (1)

A TubingSection, Tubing is selected.

Step 5 : Completion data:

Select the perforation depth and choose the inflow performance relationship model

(well PI) and insert its data (reservoir pressure and temperature, IPR basis (liquid or gas).

BEE = WELL TOOLS New merkepacel - PRESM x
w HOME | INSERT | FORMAT o @
VIXHEAXNH &

Casing Tubing  Choke Packer Separator Sliding 5SSV Tubing Completion
I iug

9@ € el @

Nodal Engne  User G ESP PP Rod  User
point keywords equipment~ | it

[E] Message center () Validation (1)

Pump equipment *
Tubulars Downhole equipment Artificial lift
Studies: Study 1 - P4 Wells: Well . X +
.
, General | Tubulars | Deviation survey | Downhole equipment | Artificial ift | Heat transfer | Completions | Surface equipment
g, ~) COMPLETIONS
> Name Geometry pro... Fluidentry  Top MD MiddleMD  Bottom MD  Type Active IPR model
)~ Tubing flow from Cpl it M L C|ft
Cpl Vertical - [ Single point - 5219.816 Perforation | [Well PI -]
Reservair | Fluid model
Reservair pressure: 21347 psia
Reservoir 320 degF
IPR basis: ® liquid O Gas
Productivty index: 05 STB/(d.psi)
Use Voge! below bubble point:[]
Use test data: O
.
P cpl
S220f A | ) g
:
seraf

A Perforation, Cpl is selected

Step 6: Surface equipment:
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Insert its outlet pressure and temperature and fluid parameters in fluid model

e - o x

BEHE =+ WELL TOOLS —
HOME | INSERT | FORMAT o @

Ve INGE e oD 8 BeeNaT

Source Sk | Junction Cnoke Check Twophase Threepnase Generic Mufiphase  Heat  Compressor Epancer Generic  Mutplier/Adder Injecton Engine  User  Nodal  Connector Flowine Riser
vave sepwrafor separstor  pump  booster  exchanger equipment point  keywords equipment~ | point
Boundary nodes Internal nodes Otners Connections

Studies: | 4 [study 1 Jew]d X+ wels[ 4]« r X +

33t | General | Tubulars | Deviation survey | Downhole equipment | Artifical it | Heat transfer | Completions | Surface equipment

--------------- 0 No surface
= | equipment found Well
. s
o _~{Casing flow from Cpl

—{Tubing flow from Cpl

Il | 3

WELLSTREAM QUTLET CONDITIONS

Provide boundary conditions for se in network simulations
with boundary conditions specified at the surface

@  (welistream outlet). The fluid model defined represents the
full wellstream fluid mixture to account for gas it injection,
multiple completions, etc.

PQ curve: O
Pressure: 21387 psia B
[320 || degF -
|Liquid flowrate - }[ STB/ -
FLUID MODEL
Fuid: [Borid [[+ e
Cpl Override phase ratios: []

e ]

[E] Message center ()} Validation (1)

A Perforation, Cpl is selected.

& =nomu O x
FLUID

Name  [BOFluid Save as template.

Description: | |

Properties |Viscosity |Ca|ibration |Therma| |

STOCK TANK PROPERTIES CONTAMIMANT MOLE FRACTIONS

Watercut e DI S - | CO2fraction: ICI
GOR k[0 SCF/STB - H25 fraction: o ]
(Gas specific gravity: N2 fraction: ICI
Water specific gravity: H2 fraction: ICI

R — B T —

[ ripesim ()

Step 7: Run model in pressure / temperature (P/T profile) to show the natural production

of the well.
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Name: Well - P/T profile

P/T profile | Engine console | System results | Profile results

Show grid (®) Show plot
Case

1 | Flowrate=21.67932 shbl/da

P/T profile : Well - P/T profile

0

-500

-1000

-1500

-2000

-2500

-3000

Elevation (ft)

-3500

-4000

-4500

-5000

200 400 600 800 1000 1200 1400 1600 1800 2000
Pressure (psia)

Run Stop

Step 8: Select Artificial lift method ( PC Pump )and insert its data as follows:

e Name

e Measured depth

e Performance data:

e Manufacturer (PCM or wheatherford)

e Model (the most common type of PCM is 500-86E2000)
e Diameter (5.43inch)

e Nominal rate (526.0926 bbl /day)

e Base speed (100 rpm)

e Operating speed ( 250 rpm)
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4 2 WELL TOOLS - 0 x
DIHE =

HOME INSERT FORMAT @ e
PT NA SA oM VFP _ESP DIP PD
W B i by eds Vg &5 L @ -
Ficld
Perspective  PT Nodsl Sstem Data VPP ESP  Gas  Pedorton Smuaton  Fuid Prase | Resulfs
- profil analysis ansiysis matching tables design l*  desgn | seffings manager | envelcps | manager
Tasks Data Viewers and resuts Urits Application opions
Studies: Study 1 . P Wells: Well X +
BE_ General | Tubulars | Deviation survey | Downhole equipment | Artificallft | Hest transfer | Completions | Surface equipment
0 No surface .
= | cqpmentfound Equipment Name Active  |MD
4 m
o _Acesing fowiromcpl] | [* " ocp B ‘ i
|~ | {Tubing flow from Cpl] +
PCP
Name: RCP
Active:
Messured depth: (5183727 |t
A) PERFORMANCE DATA Performance curve | Varisble speed curve
Manufacturer PCM
PCM 500-86E2000
Medek 500-86E2000 T
Diameter: 543 -
jameter in E® 5 [l
Nominal rate: 5260026 | bbl/d 5
_ 1200
Base speed: 100 pm g
Operating speec: 250 rpm £ 1100
N Top Drive: m] £
Head factor: 1 H
: Fowteacor. [ o
verocn [ . 0 o
~) CALCULATION OPTIONS 0 1000 2000 3000 4000 45000, 6000 7000
Head (ff)

3.2.3 Tubing size selection:

One of the most important components in the production system is 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.
The procedures:

Selection a node in the well (bottom hole or intake).
Dividing the system at this point in to two section.
Determine the drop as function of flow rate for this point.

M wnp e

Calculate the node pressure from the two direction of the flow starting with the
fixed pressure (H.Dale,1991)

Thus:

The inflow to the node:-

Pr — AP(resistance)=Pwf
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The out flow from the node:-

Pwh + AP(tubing) = Pwf

Nodal Analysis by PIPESIM to study the effect of tubing size on oil flow

rate :

Name:  [RW-C3 - Nodal analysis

Description:

Nodal analysis | System results

GENERAL
Branchstart:  RW-C3 - Reservoir
RW-C3.NA
Branchend:  J4

Outlet pressure: | 145

Nedal point:

psia

INLET CONDITIONS
Override phase ratios: [ ]

Profile results

PLOT OPTIONS

Masimum outflow liquid rate - :

Max. outflow pressure:
Inflow points:

Outflow points:

Limit inflow curves:

Limit outflow curves:

Inflow Pressure Temperature  Fluid
psia - |degF
1| Vertwell_1 [2134 [320 |RW-C3 |

INFLOW SENSITIVITY

System Data

Range...

Stop

OUTFLOW SENSITIVITY
Tubing_1#1
Inside diameter

Range...

STB/d

psia

Reset inlet conditions

3.2.4 Effect of water cut:

Relative permeabilities can be used to calculate separately the flow of both oil and

water.

Kro = relative perm to oil

Ko =K *Kro

Kw =K * Krw

Krw = relative perm to water

Since the relative permeabilities are function of oil and water saturations of

reservoir so are the flow rates of the oil and water can be calculated from (Tarek,2010) .
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_ 0.007082K0h(P — Pwf)o _ 0.00708Kwh(P — Pwf)w
= " Bouo(nC/yw) + ) I ED)

Water fraction can calculated from the following equation:43

Qw

fW:Qw+Q0

Water cut % Sensitivity by PIPESIM :

Name: RW-C3
Description:
P/T profile | System results | Profile results
GENERAL CALCULATED VARIABLE
Branch start: RW-C3 - Reservoir Inlet pressure 2134 psia
Branch end: 14 . Outlet pressure 145 psia
Default profile plot: | Elevation vs. pressure O Liguid flowrate -
Custom
SENSITIVITY DATA
VertWell_1
Water cut
Range..
%
2 |20
3[4
4 |60
5 |80
6 [100
.
|2
N
0
1
L+
o Reset boundary conditions
Run top

3.2.5 Pump Speed design:

> Pump speed should be kept as minimum as practical for high viscous

cruder. Even though rpm as high as 500 is possible for a PC Pump, try to select a speed

in the med range, say 200-300 rpm.
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> While selecting speed, it is better to have different manufactures product
catalogues in hand, to verify the pump dimensions capable of producers the required rate
at the selected rpm(NETZSCH,2005).

theoretical displacement = cross section area * stator pitch length

v=a*p=4x*xexdxp

e = eccentricity d = rotor diameter

theoretical flow rate = theoretical displacement * pump speed

actual flow rate = theoreticalflow rate — slippage

actual flow rate

volumetric ef ficiency =
2 y theoretical flow rate
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Figure (3. 1) Rotor & Stator Geometry (NETZSCH,2005).
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Pump speed Sensitivity by PIPESIM:

Name: RW-C3

Description:

P/T profile | System results | Profile results
GENERAL CALCULATED VARIABLE
Branch start: RW-C3 - Reservoir ) Inlet pressure 2134
Branch end: 14 . Outlet pressure 5
Default profile plot: [Elevation vs. pressure

® |Liquid flowrate ~
) Custom

SENSITIVITY DATA

After completing data collection , data entering , and sensitivity tests repeat the

previous procedures for each well and the results are shown in the next chapter.
3.3 Network design:

Last upgrades of PIPESIM Makes that its capable of modelling complete field
developments including ; inflow performance , tubing , complex flow line systems and
field equipment through to production facilities.

The procedure

e From the existing work space select new junction to work as oil gathering
manifold (OGM).

e From each single branch (well) make flow line with 2000m length and
connect it with the junction (OGM).
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e Select new sink to work as field processing facilities (FPF).

BIHE = NETWORK TOOLS - 0 x
HOME | INSERT  FORMAT )
N % GEH 6 3F 0 B Tl
® (E22) Ldn ] G +| [J] Foatwingows 8P
Perspective Network Smuaton Fowine Zone  Fud GiS  Network Resuts Cawegs
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& w2
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» @ Sinks (1)

v+ % Connections (4)
[—1.%
=
@2
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&+ Network simulation
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0 tem(s) selected.

e From the junction (OGM) make flow line with 2000 m length connected to the

sink (FPF)

e Calculate the flow rate after entering the boundary condition.
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3.4 Design process as flow diagram

P

Data Collection

Insert Data in PIPESIM
to build PCP model

Model Sensitivity to tubing,
pump speed & water cut%

o

etwork design to
show overall flowrate

Figure (3. 2) Design flow diagram
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Chapter 4

Results

4.1 Data collection:

Table (4. 1) Inserted Data in PIPESIM™

Parameters Rawat-C3 Rawat-C4 Wateesh-1 Wateesh-2
Casing (ID)  (in) 7 7 7 7
Casing depth (ft) 5679 5675 8058 8061
Tubing(ID)  (in) 3.5 3.5 3.5 3.5
Tubing Depth (ft) 5220 5192 7847 7556

Initial Reservoir 2134.7 2192.5 3174.9 3292
Pressure (psi)
Reservoir temperature 194 195 224 225
(’F)
Oil gravity  (API) 24 24 24 24
Ambient temperature ( 95 95 95 95
)
Perforation Depth (ft) 5220 5192 7847 7556
Pump Depth (ft) 5183 5151 7815 7513
Pump speed (rpm) 250 150 250 250
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4.2 Results:

4.2.1 Oil flow rates results:

Table (4. 2) Oil Flow Rate Results

Natural flow Flow rate PC pump Flow rate
Well Name
(bbl/Day) (bbl/Day)
Rawat C-3 24.004 954.536
Rawat C-4 35.083 929.416
Wateesh -1 84.953 1006.382
Wateesh -2 178.805 1122.014

4.2.2 Nodal Analysis Results depending on different sizes of Tubing:

Table (4. 3) Nodal Analysis Results Depending On Different Sizes of Tubing

Oil Flowrate Oil Flowrate Oil Flowrate Oil Flowrate

(bbl/day) at (bbl/day) at (bbl/day) at (bbl/day) at
Well name Tubing Tubing Tubing Tubing

(ID=2.5inch) (ID=3inch) (ID=3.5inch) (ID=4 inch)
Rawat C-3 954.7998 953.765 951.699 951.598
Rawat C-4 929.416 927.523 926.125 925.511
Wateesh -1 1006.369 1004.459 1003.004 1002.245
Wateesh -2 1122.009 1120.354 1119.256 1117.134
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The above results are shown in figures below :
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Figure (4. 1) Rawat C-3 Tubing sensitivity profile
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Figure (4. 2) Rawat C-4 Tubing sensitivity profile

-56-




3200
3000

2600

2600

"i 2400

g8

1800

1600

1400

1200

1000

g

Pressure at nodal analysis point (]

200

— Inflow:
Outflow: IDIAMETER=4 ins

Figure (4. 3) Wateesh-1 Tubing sensitivity profile

Stock-tank liquid at nodal point (STB/d)

Q Operating Points

Outflow: IDIAMETER=2.5 ins

Outflow: IDIAMETER=3 ins

Outflow: IDIAMETER=3.5 ins

— Inflow:
Cutflow: IDIAMETER=4 ins

Figure (4. 4) Wateesh-2 Tubing sensitivity profile

1000

1500

Stock-tank liquid at nodal point (STB/d)

O Operating Points

Outflow: IDIAMETER=2.5 ins

-57-

QOutflow: IDIAMETER=3 ins

Outflow: IDIAMETER=3.5 ins



4.2.3 Sensitivity Results depending on different pump speeds :

Table (4. 4) Sensitivity Results Depending On Different Pump Speed

Oil Flowrate | Oil Flowrate | Oil Flowrate | Oil Flowrate | Oil Flowrate
Well name (bbl/day) at (bbl/day) at (bbl/day) at (bbl/day) at (bbl/day) at
Pump Speed Pump Speed Pump Speed | Pump Speed = | Pump Speed
=50 rpm =100 rpm =150 rpm 200 rpm =250 rpm
Rawat C-3 198.0238 391 .3636 584.1196 776.1 528 954.8037
Rawat C.A4 351 .4651 685.2849 929.4126 1088.022 1088.022
IC)y* (IC)*
Wateesh -1 216.33 416.3269 615.7154 814.82 1006.382
Wateesh -2 239.5014 460.7016 681.4914 901.8799 1122.014

( IC=1ll conditioned pump speed, that’s mean it’s not recommended to use pump at this

speed )

The above results are shown in figures below :

P/T profile : RW-C3
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P/T profile : RW-C4 - P/T profile
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Figure (4. 6) Rawat C-4 Pump speed sensitivity Profile
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P/T profile : Well - P/T profile
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4.2.4 Sensitivity results depending on different water cut %o:

Table (4. 5) Sensitivity Results Depending On Different Water Cut %

Oil Flowrate | Oil Flowrate | Oil Flowrate | Oil Flowrate | Oil Flowrate | Oil Flowrate
Well (bbl/day) at | (bbl/day) at | (bbl/day) at | (bbl/day)at | (bbl/day)at | (bbl/day) at
ell name
Water cut= Water cut= Water cut= Water cut= Water cut= | Water cut =
0% 20% 40% 60% 80% 100%
Rawat C-3 | 954.8037 956.5871 958.0061 959.2377 960.5004 961.5677
Rawat C-4 | 929.4126 930.5746 931.5347 932.1733 932.9965 933.2096
Wateesh -1 | 1006.382 1007.527 1007,906 1007.881 1007.985 1007.85
Wateesh -2 | 1122.014 1122.299 1122.442 1122.61 1123.005 1123.349
the above results are shown in figures below :
P/T profile : RW-C3
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Figure (4. 9) Rawat C-3 Water cut % sensitivity Profile
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P/T profile : RW-C4 - P/T profile
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Figure (4. 10) Rawat C-4 Pump speed sensitivity
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Figure (4. 11) Wateesh-1 Pump speed sensitivity Profile
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P/T profile : Well - P/T profile
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Figure (4. 12) Wateesh-2 Pump speed sensitivity Profile

4.2 5Network result:

e The Network Design shows that the total oil flowrate in the sink ( Considered as
field processing facilities FPF) is 4012.348 bbl/day.
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Chapter 5

Conclusion and Recommendations

Conclusion

The main purpose of this study is to design PC Pump and a Network by using
PIPESIM in order to estimate production of alrawat high viscous oil and analyze the
effect of some important parameters (e.g. pump speed) on pump performance ,and

present a design process in a simple way.

The estimation Results from PIPESIM Design shows that the amount of production
by Natural flow from RawatC-3, RawatC-4, Wateesh-1, Wateesh-2 is : 24.004, 35.083,
84.953, 178.805 bbl/day respectively ,and the amount of production by Progressive
Cavity Pump ( PCP) are 954.536, 929.416, 1006.382, 1122.014 bbl/day respectively ,
this results shows that the natural flow production is small and not feasible because
Alrawat crude oil is high viscous crude (200 cp) , so the Using of Progressive cavity

pump increases the amount of production to economical values.

Discussions:

All the development operations that had done to alrawat field considered before
the field enters to the general production of the country according to that the oil is

considered dead oil and GOR value neglected.

¢ Nodal analysis results show that the effect of changing the inside diameter of the

tubing is minimum or can be negligent.

e Sensitivity analysis results which based on water cut values show that the effect

can be considered minimum.

e Sensitivity analysis results which based on different speed pump values show that

the maximum flow rate of the PCP can be obtained from the high speed of the

pump.
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e In critical ill conditions the speed of pump reduced to moderate values (100 -150
rpm) In ( AlrawatC-4).

Recommendations

e The study recommend to do more experiments, researches and implement
more accurate sensitivity analysis On different parameters to obtain the
desired design.

e This study highly recommend in the future to take in mind the effect of
GOR.

e The study recommend more studies must be focusing on the ill conditioning
Reasons.

e The study suggest to Use heaters in production system which can achieve
good results.

e Further researches for more complex production systems using PIPESIM
software are obtained.
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