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— About this Book

This Participant Handbook is designed for providing skill training and /or upgrading the knowledge level
of the Trainees to take up the job of an “Assistant Technician- Production (Oil & Gas)” in the Hydrocarbon
Sector.

This Participant Handbook is designed based on the Qualification Pack (QP) under the National Skill
Qualification framework (NSQF) and it comprises of the following National Occupational Standards
(NOS)/topics and additional topics.

¢ Introduction

e HYC/NO0104 Perform Production activities (On Shore and Off Shore)
e HYC/NO0102 Occupational health and safety (OHAS)

¢ HYC/NO0103 Working effectively with colleagues and supervisor

¢ Employability and Entrepreneurship Skills

- Symbols Used

@ E .

Key Learning Unit Summary Tips Notes
Outcomes Objectives
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\ 1. Introduction

HYDROCARBON SECTOR Unit 1.1 An Introduction to the Sector and its Sub-sectors
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Unit 1.2 An Introduction to the Job Role (prospects, job
responsibilities, job description, skillset, personal attributes, etc.)
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— Key Learning Outcomes | ¢

After attending the session, you will be able to:

1. Analyze the general information about Hydrocarbon sector

2. Evaluate the Job Role (prospects, job responsibilities, job description, skillset, personal attributes, etc.) of
the production technician (Oil and Gas)
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Unit 1.1 An Introduction to the Sector and its Sub-sectors

— Unit Objectives ©

At the end of this unit, you will be able to:
e Evaluate the condition and possibilities of growth of the Hydrocarbon Sector in India

Hydrocarbon sector, to be more precise Oil and Gas sector plays a pivotal role in determining the economy of
India. It is one of the six “core sectors” or “core industries” that influence the Indian market and the economic
strategies of the country. Owing to the rising demand for Energy and Energy Supplies, the Indian Government
envisaged a new policy in 19997-98, the New Exploration Licensing Policy (NELP). The project was initiated to
meet the increasing demand for energy which in turn would control the domestic economy of the country as
well. The Indian Government, unlike its policies and norms with the other industrial sectors, has been quite
lenient with the Hydrocarbon sector. Even in the case of several segments of the Hydrocarbon sector, the Indian
Government has allowed 100 percent Foreign Direct Investment (FDI) including natural gas, petroleum products,
and refineries, among others.

At present, India is the third-largest oil-consuming country in the world. In 2016, the growth of oil consumption
was 8.3 percent, whereas, the global rate of growth of the oil-consumption was 1.5 percent. The statistics show
the dire need for oil and petroleum in India. Therefore, the Oil and Gas sector has been given special emphasis
and the domestic production of the energy has become one of the most important factors to drive the Indian
economy.

.‘—d- SHR T : I. |

Figure 1.1.1: Oil Mining at Site (Western Coast of India)

It is expected that by 2040, the requirement for oil will grow at a CAGR of 3.6 percent to 458 million tonnes while
the demand for energy will get doubled (by 2040). Therefore, the Oil and Petroleum production has become a
chief parameter in regulating the Indian market and economy.
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The oil industry in India is based on a threefold structure. That means, from the excavation and production to
selling the oil at retail price undergoes three phases. They are —

Upstream
Mid-stream

Downstream

Upstream Mid-stream Downstream

{Production (Refining Phase) (Marketing
Phase) Phase)

e Upstream Phase refers to the exploration, excavation, and production of oil

¢ Mid-stream Phase deals with the unrefined oil came directly from the upstream sector. The key responsibility
of the Mid-stream phase is to refine the oil and prepare it for selling

e Downstream Phase is the final phase where the refined oil from the Mid-stream sector is marketed at the
current retail price

In this book, we will discuss the upstream phase, the details of oil mining. The upstream sector is associated with
the production of oil and gas. Few of the most famous upstream oil companies in India are —

e ONGC [Oil and Natural Gas Corporation Limited] (National Company)

e OIL [Oil India Limited] (National Company)

¢ Vedanta (National Company)

¢ Shell (Private Company)

e Reliance (Private Company)

Figure 1.1.2: ONGC Logo
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Unit 1.2 An Introduction to the Job Role (prospects, job

responsibilities, job description, skillset, personal attributes, etc.)

— Unit Objectives ©

At the end of this unit, you will be able to:

e Gauge the job responsibilities of the production assistant (oil and gas)

The key job responsibilities of a production assistant (oil and gas) can be classified into two parts-

1. Technical Skills
2. Soft Skills

Technical skills refer to the skills related to the job profile. In this case, the technical skill refers to the set of
skills related to oil and gas production. The Production Assistant is responsible for all duties associated with
gathering, tabulating and performing data entry of the Company’s oil and gas daily operations. This includes
daily production and pressure information, drilling, completion and remedial well work reports and any
additional required information for all activities in the assigned region.

The key job responsibilities of a production assistant are:

e Performing well visit/ site visits/plant visit (observing all static and rotary equipment)

¢ Collecting the data during well visit/ site visits/plant visit (Note down the data from instrument display) and
reporting timely to the Officer In- charge

e Assisting to the technical staff with special projects and research

e Locating, retrieving, exchanging information, and coding well field and log data

e Assisting in preparation of computer generated reports and corresponding as required

e Helping to maintain and monitoring data and providing assistance with routine application

Figure 1.2.1: Sucker Rod Pump(SRP)
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Other than these, a production assistant must be —

e Well acquainted with the production equipment, machines and Instruments as per their function in
operation.

e Able to operate the equipment, machines as per their SOPs and operational requirement.

e Obey the instructions of control room.

¢ Follow the safety rules.

¢ Doing the particular job sure shot with cool mind.

e Reported Immediately to the In-charge, whatever abnormality observed

¢ in entire production process system

In the upcoming chapters, we will discuss the job responsibilities, machines, and their functions, essential
technical skills to excel as a competent worker.

The soft skills refer to the physical and mental attributes to cope with the production assistant job profile. The
job role of a production assistant calls for physical dexterity. The conditions may not be soothing all the time,
and therefore, a production assistant must adapt to the circumstances even if it is hostile. Working in an oil
mine associates the risk factors as well. Qil is highly combustible and therefore, the risk of fire is something that
always prevails in an oil mining area. A worker must possess the basic knowledge of firefighting. Above all, like
any other job profile, it requires patience. In the case of oil and gas production, one should always be patient
and not to rush. Oil excavation is a delicate job and thus, one must keep his cool and be composed while working
at an oil mine.

Reporting any incident or deciphering any information to the supervisor is also a significant job responsibility
of a production assistant. An employee should know the process and protocol of reporting something. Even at
the time of reporting, an employee is expected to maintain proper decorum. These all are parts of the essential
soft skills of a worker. It is useless if a worker has great technical abilities if he is devoid of the proper manner
and soft skill.

Oil production is a hard working job and thus, the workers should be prepared to maintain good health. Here is
a bunch of tips to be physically fit in adverse circumstances.

e Drink about 250 ml or 1 cup of water every 15 minutes while working

e Ensure that you are properly hydrated before you start working in the heat

e A person loses water and salt from the body through sweat

e On an average, more than one liter of water per hour must be drunk to replace lost water and salt

e Ensure that you drink water from time to time even if you are not thirsty

e If you are properly hydrated, you will urinate more often than usual

e Ensure that there is enough cool (10-15°C) or room temperature (20°C) drinking water available at the work
site
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Owing to the rising demand for Energy and Energy Supplies, the Indian Government envisaged a new policy
in 19997-98, the New Exploration Licensing Policy (NELP)

In case of several segments of the Hydrocarbon sector, the Indian Government has allowed 100 percent
Foreign Direct Investment (FDI) including natural gas, petroleum products

India is the third-largest oil-consuming country in the world

In 2016, the growth of oil consumption was 8.3 percent, whereas, the global rate of growth of the oil-
consumption was 1.5 percent

Upstream Phase refers to the exploration, excavation, and production of oil

Mid-stream Phase deals with the unrefined oil came directly from the upstream sector. The key responsibility
of the Mid-stream phase is to refine the oil and prepare it for selling

Downstream Phase is the final phase where the refined oil from the Mid-stream sector is marketed at the
current retail price

The Production Assistant is responsible for all duties associated with gathering, tabulating and performing
data entry of the Company’s oil and gas daily operations
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After attending the session, you will be able to:

L N Uk W R

Analyze Oil and Gas production process and operations

Categorize measuring and marking-out and control systems’ instruments

Ensure 100% adaptation of production techniques

Prioritize the Jobs according to saving the losses and safety severity as per situation and condition may be
Review the Qil and Gas production processes

Emphasize the health and safety in production and maintenance

Quantify the engineering communications

Evaluate the numerical data

Revise Physical Science and basic properties of materials
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Unit 2.1 Basic Oil & Gas Production Process and Operations

— Unit Objectives ©

At the end of this unit, you will be able to:
¢ Analyze oil and gas production and processing method

* Interpret the operations and maintaining processes

Understand Production Process in Oil & Gas field operation

The production of oil is a subtle work and should be calculated multiple times before excavating. The entire
process has four major steps:

1. Exploration

2. Well Development

3. Production
4

Abandonment

Exploration: Explore literally stands for the quest, in
simpler terms, search. In this phase, the rock-formations
and geophysical prospects of the possible sites for oil
production are examined. It is absurd to excavate every
possible site. Therefore, proper scrutiny is carried
out before excavation to understand the prospect of
production and its economic viability.

Well Development: After successful exploration, a
site (which is confirmed) is excavated. This refers
to the construction of wells, often termed as spud,
to mine oil and gas. At the time of construction, the
economic viability, amount of resources and plausible
abandonment strategies are taken into the account.

Production: Qil is extracted from the wells in this
phase. At first, the extracted oil contains impurities.
The crude oil is a mixture of oil, gas, water, minerals
and other impurities. The production phase takes care
of the excavation of the crude oil and segregating the
hydrocarbon in two major classes — oil and gas.

Abandonment: When a well runs out of enough
resource or becomes economically less viable, the well
is plugged and the site is restored to its previous form.
This is known as abandonment. This is the final stage of
the entire oil production process.
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A. Oil and Gas Processing Operations: Identify the key features of oil and gas well
Oil and gas wells produce crude oil, which is a mixture of various materials. Generally, the mixture contains —

e Hydrocarbon Gas

e Condensate or Oil

e Water with Dissolved Mineral

e Alarge amount of Salt

e Other Gases such as Nitrogen, Carbon dioxide, Hydrogen sulphide etc.
e Reservoir Dirt

e Sand

e Corrosion Wastes

The purpose of oil and gas processing is to separate, remove, or transform these various components to make
the hydrocarbons ready for sale.

For the hydrocarbons (gas or liquid) to be sold, they must be:

e Separated from the water and solids

e Measured

e Sold

e Transported by pipeline, truck, rail, or ocean tanker to the user

Figure 2.1.1: Crude Oil

To obtain excellence, the oil and gas processing is segregated in various wings. The segments are:
1. Well Surveillance

2. Monitoring and Maintenance

3. Wireline Operation
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Well Surveillance: Oil well surveillance is a practice that reduces the possibility of any accidental calamities.
Previously, the wells used to be supervised on a calendar-date basis. For example, the wells used to be invigilated
in a periodic manner (assume, every Monday). However, the method was not capable enough to avoid accidents
or an emergency crisis. The new practice of well surveillance, with the help of modern equipment like CCTV,
Sensor, Smoke Detector, Oil Detector, and Combustible Scale allows the supervisors to invigilate a well on a 24
by 7 basis.

Maonitor

= Asset performance and productivity

« Safety of exploration, production assets, and personnel
= Cost of operations

Review

= Detect events and anomalies

» Diagnose events and candidates
« Classify detected events

Act

= Plan remediation action and assign actors
= Measure, analyze, and improve action plan
- Capture and report solution effectiveness

Figure 2.1.2: Flow of Surveillance

There are handful gadgets available in the market which aid the oil industry to monitor wells on a 24 by 7 basis.
The stages of well surveillance are monitoring, reviewing and taking proper actions. The first and foremost
parameter in the well surveillance is to ensure the safety of the worker and the environment. In case any
anomaly is observed, a quick action must be taken to prevent it.

To maintain the sustainability of Production from the well, well testing, daily monitoring and maintenance and
pipe line maintenance is required.

Regular Monitoring is Key to identify the requirement of well maintenance & services. In case of On-shore,
each and every well should be daily checked physically in order to ensure whether the well is following and
production is going on.
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Tree cap and gauge
Tree adapter
Swab valve

Production wing valve

Kill wing valve

Kill wing __,. Surface choke
connection

To production facilities
Upper master valve

Lower master valve

Tubing-head adapter

Production string

Fig 2.1.3: A view of horizontal christmas tree

Monitoring and Maintenance: A constant monitoring allows the oil industries to get real-time updates of the
well. Oil wells need to be monitored to measure and prevent —

e Suboptimal water injection rates

e High water-cut producers

e Artificial lift equipment faults

e Scale build-up

Surveillance instrument installation is a way to avoid such things. The instruments are planted on the path of the
fluid-flow. This allows capturing real-time data. The data stream informs a predictive model for:

e Solids deposition

e Corrosion

¢ Rheology

e Thermodynamics
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Another vital task in this phase is to monitor and maintain the well-condition. This is done by well-mode
calculation. Well mode calculations determine the operational mode of a well and an estimated real-time well
flow rate. The calculation is based on the amount of pressure variation during a specific time period.

e If the production wing valve is open, the well mode is either “stable” or “unstable”

e A stable well is within a particular variability threshold based on the previous behavior of that well

e An unstable well shows more variability than allowed

¢ If the well choke is closed, the mode is termed “shut-in”

Well performance, also known as Key Performance Indicator (KPI) measures and estimated the amount of
hydrocarbon production from a well in real-time. There is an optimum value or a predetermined level which
indicates a well to be stable.

e KPlis below the predetermined level — investigate well for production loss

e KPI significantly above predetermined level — you may have an invalid well model, substantial changes in
production conditions, or an expected change in water cut

CONTROL =%
WELL PLAN IMPLEMENTATION upm e EVALUATION =1

|
|
|
|
|
|
!
MONITORING ——— :
1
|
1
|
1
|
|
|

FEEDSAC RS R ]

Figure 2.1.4: Plan monitoring and evaluating system

Wireline Operation: In oil and gas industry, wireline operations refer to the cabling technology. Wireline operators
need to deal with various equipment to lower the measuring instruments into the oil reservoir or well. Wireline
is an equipment, also known as slickline, is used to single strand wire which is used to run tools into the wellbore
for several purposes.
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— Stuffing box

Alternate Braided Line Sealing Devices

— Rope blocks

— Lifting clamp

Lime wiper

— Slickline clamp Gmmaﬂm

Chain or steel strop OMNLY

ALY R

Hay Pulley
Weight Indicator load cell

Chain or steel strop ONLY

Figure 2.1.5: Wireline or Slickline

Wireline is more commonly used in the production tubing. The wireline operator monitors at surface the
slickline tension via a weight indicator gauge and the depth via a depth counter ‘zeroed’ from surface, lowers
the downhole tool to the proper depth, completes the job by manipulating the downhole tool mechanically,
checks to make sure it worked if possible, and pulls the tool back out by winding the wireline back onto the
drum it was spooled from. The wireline drum is controlled by a hydraulic pump, which in turn is controlled by
the wireline operator’.
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This is a significant process as this determines the depth, temperature, pressure along with many other
parameters inside a well. A wireline operator’s duty is not only limited to measuring and monitoring the well
but also expanded to the documentation of the observations.

B. Oil & Gas Production Processes
Identify tools, equipment and material that would be required for a range of basic routine for Off Shore Oil
and Gas Production tasks and Prepare the tools, equipment and materials for given Production tasks

The generated well fluid is usually a mixture of oil, water, salt and natural gas. Separation of gas and liquid is
the first processing step. The separated liquid is further subjected to refinery. The water removed from oil
known as effluent water is treated to meet the environmental system disposal requirements and is then
disposed of. The gas separated from oil is further treated for dehydration, liquid recovery / LPG production
and finally sent to consumers.

Field processing of crude oil involve three objectives:

e Separation of crude oil from free and emulsified water or brine and entrained solids (mainly sand)
e Stabilization of crude oil (removal of free or dissolved gases to the extent that it is safe for transportation)

e Removal of impurities from the crude oil and any separated gases to meet the sales/
transport/reinjection specifications requirement

Separation

The separation of well fluids into gas and liquid components is the first step in the processing of well fluids and
it is carried out in the pressure vessel called separator.

A separator can be referred in the following ways

Oil and gas separator

Stage separator

Trap

Knock out vessel/ knock out drum
Flash chamber/vessel

Scrubber

o v kA wN

The physical separation of gas and liquids is based on three principles:

e Fluid phases with different densities will have different momentum

e If two Phase stream changes direction sharply, greater momentum
will not allow the particles of the heavier phase to turn as rapidly as
the lighter fluid, so the separation occurs

Momentum Change

e Liquid droplets will settle out of gas phase

Gravity Settling e |f the gravitational force acting in the droplet is greater than the force
of the gas flowing around the droplet.

e Very small droplets such as fog or mist cannot be separated by gravity

Coalescing e These droplets can coalesce to form larger sized drops that will settle
by gravity
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Sections of the Separator:
Primary Separator section:

The primary separator section is used to segregate the bulk portion of the free liquid in the inlet stream. The
inlet component allows the bulk separator is the diverter. These devices take advantage of the inertial effects
of the centrifugal force or a sudden change in the momentum or direction. Usually inlet baffles are used for the
purpose.

Secondary section or gravity separation:

The secondary section or the gravity separation is formulated to utilize the force of gravity to increase separation
of the entrained droplets. It contains a segment of the vessel where the gas moves at a relatively low velocity
with little turbulence.

Coalescing section:

The coalescing section utilizes a coalescer or mist extractor, which comprises a knitted mesh pad, or a series of
vanes. Very small droplets cannot be separated by gravity alone. In this section they are made to impinge on the
surface where they coalesce to form the larger droplets, which settle, by gravity.

Classification of Separators

e \Vertical separators

Vertical separators are usually used when the gas to liquid ratio is low or the total gas volume is low

In the vertical separator the fluid enters the vessel striking the baffle plate, which initiates the primary
separation

Liquid removed by the inlet falls to the bottom of the vessel

The gas moves upward usually passing through the mist extractor to remove the suspended and then
the dry gas flows out

o Liquid removed by the mist extractor is coalesced into larger droplets which fall through the gas to the
liquid section at the bottom of the vessel

o The liquid collected is removed through a level control valve
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e Horizontal separator

o Horizontal separator is used where the large volumes of fluids and large quantities of gas are present
with the liquid

o The greater liquid surface area in the separator provides optimum conditions for the releasing entrapped
gas

o The liquid, which has been separated from the gas, moves along the bottom of the separator to the
liquid outlet

e Spherical separators

o This is used where extremely large volumes of gas from extremely small volumes of liquid
o Itis mainly used as scrubber and seldom used at well site as an oil and gas separator
o These are occasionally used as high-pressure separator.

Dehydration and Desalting Of Oil:

The presence of water in the crude oil presents the single largest problem to the producers. Difficulties
experienced due to the water are:

e Marketability of the oil is adversely affected

e Corrosion problems are enhanced

e Production costs are increased.

e Frequently results in reduced net oil production

e Higher pressure drop in the pipeline
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Condition of water in Petroleum
Water may be carried mechanically with the oil in either or both of the two forms -

Free water: The microscopic droplets remaining in suspension due to viscosity of oil and ¢ severe agitation
which settles out when left undisturbed.

Emulsified water: In this the water is in the site of emulsion in which the droplets of microscopic size are
more or less in permanent suspension.

This water does not separate when left standstill. The petroleum emulsion contains the electrified charge. As
the charge increase the stability increases and the reluctance of the globules from coalescing may be due to
these phenomena.

Dehydration of crude oil: Dehydration of crude can be categorized as:

e Removal of free water
e Removal of emulsified oil

Removal of free water

Free water can be separated from liquid hydrocarbons by giving sufficient settling time and absence of
turbulence without the aid of heat.

This can be achieved by:

* Free water knock out
e Three phase separator

Emulsified water
There are three different methods of treating the emulsion which are widely used in the industry

e Mechanical

This can be further divided into:

o Gravity settling

o Thermal treating

o Centrifuge method Filtration method
e Electrical method
* Chemical method

Storage Tanks

Once the incoming fluid has been segregated into oil, water and gas, these must be either stored or transported.
Gas is normally not stored as it is expensive to store it. Oil and water are stored in tanks for limited time.
Welded steel tanks are used widely for the storage of crude oil. Various sizes of tanks are used depending on
the requirements of storage. The most common oil storage tank is the vertical upright cylindrical tank made of
steel sheet.
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Metering of Oil and Gas

The measurement of crude oil is normally carried out by using any of the following meters
Positive displacement meter

Turbine meter

Orifice meter
Ultrasonic meters

v e W

Mass flow meters

Positive Displacement (PD) Meter:
¢ Asthe name suggest the PD meters are unique because they mechanically isolate and pass a known volume
of liquid with every revolution

e Thetrapped volume is defined by sliding vanes, oval gears, reciprocating pistons etc. One type of sliding vane
meter is the Lease Automatic Custody Transfer(LACT) unit which is the traditional standard for measuring
crude oil

¢ In this meter the measuring element measures the volumetric flow by separating the flow into segments or
measuring chambers of known volume and counting the segments

Turbine Meters:

e Turbine meters operate under the principle that a free running rotor (coaxially mounted on the pipe
centreline) with an angular speed proportional to the actuating fluid velocity

¢ Inline turbine meters are the standard method for custody transfer of high volume , low viscosity crude

e Other uses include natural gas measurement and water

Orifice Meter

e An orifice meter consists of an orifice plate (thin plate having a circular hole located centrally) installed in the
circular pipe with the pressure taps, upstream and downstream

e The pressure difference measured by the pressure taps is used to calculate the flow rate ‘of the fluid

Waste Water Treatment

* Proper disposal of wastewater is very important

¢ In order to prevent the contamination of surface and ground water, the wastewater is not permitted to be
discharged without proper treatment

¢ The treatment consists of reducing the oil and sediments content within the permissible limits

e Effluent treatment plants are installed to meet the effluent water disposal requirements

Precautions during Pumping and Compressor Stations

¢ No repairs shall be undertaken in respect of any gas compressor and pipelines and fittings connected to it
unless the control valves on the inlet and discharge lines are closed and securely locked.

e Every flywheel and every other dangerous exposed part of any machinery used as or while the parts of the
machinery are in motion or in use but they may be removed for forming part of the equipment shall be
adequately fenced by suitable guards of substantial construction to prevent danger and such guards
shall be kept in position carrying out any examination, adjustment or repairs if adequate precautions are
taken.




e Crew to examine | inspect/ observe the running compressor or pump should use ear muff/ear plug. Noise
level at the machine should be written at the machines.

¢ No repairs, lubrication or pressing shall be done unless the pumping /compressing unit is stopped.

e All surface control valves for compressed gas distribution for gas lift, intermittent gas lift or free plunger lift,
customer etc. all shall be clearly marked for ready identification

e Every engine, motor, compressor, turbine and pump room hall be kept clean and provided with at least two
exits. Every such exit shall be clearly marked, properly maintained and kept free from obstruction.

e Adequate general lighting arrangements shall be provided during working hours at the allowing places -
o every engine and pump house;
o every place where persons are to work;
o every means of escape, access or egress;

e No person shall be allowed to shift or adjust a driving belt, chain or rope while the machinery is in motion
unless a proper mechanical appliance is provided for the purpose

e No person in close proximity to moving machinery shall wear or be permitted to wear loose outer clothing.
Wearing neck chain, wrist watch, wrist chain, finger rings etc. while at running machines are strictly
prohibited.

¢ No unauthorised person shall be permitted to enter in any engine room, including gas turbine, compressor,
or other machine area, or in any way interfere with the machinery .

¢ No machinery shall be operated otherwise than by or under the constant supervision of a competent person.

e Every person incharge of pumping & compressing stations shall before commencing work shall see that
it is in proper working order and if he observes any defect therein, he shall immediately report the fact to
the installation manager or other competent person.

e Standard Operating Procedures of the engines, pumps, compressors should be conspicuously displayed in all
languages convenient to the operating crew

” u ” u

e Prohibitory signs and instructions like “no use of mobile”, “no naked fire”, “use of proper PPE like safety
shoe, helmet, goggles, ear muff/plug” etc. should be displayed at the pumping | compressing stations

e Constant monitoring of hydrocarbon concentration at the pump or in the vicinity should be carried out.
Automatic gas detection is must at the gas compressing station.

e A competent person or persons appointed for the purpose shall, once at least in every seven days, make a
thorough inspection of all machinery and plant in use, and shall record the result thereof in a bound paged
book kept for the purpose. In respect of electrical machinery and plant, the competent person shall be a
person holding qualifications specified in the Central Electricity Authority (Measures relating to Safety &
Electric Supply) Regulations, 2010.

Heater Treater

De-emulsification of emulsion oil to the required characteristics of oil and water by chemical, thermal
and electrical means.

Heater treater is a pressure vessel consisting of the following four sections:

Inlet degassing section

2. Heating section
3. Differential oil control system
4. Coalescing section
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1. Inlet degassing section
Function

Emulsion oil from separator is first mixed with de-emulsifier and then taken into Heater Treater.
Emulsion oil first enters Inlet Degassing Section
A fire tube is fitted in the heater treater encompassing degassing section and heating section

Due to the effect of heat, the free gas in emulsion oil is liberated and then enters into the heating
chamber through the equalizer

The fluids enter into the heating chamber through multiple orifice distributors

2. Heating section
Function

The fire tubes which extend up to this section are in a submerged condition in emulsion oil

The heating of emulsion oil decreases the viscosity of oil and water and reduced the resistance of droplet
movement

The heat further reduces the surface tension of individual droplets by which they collide form bigger
droplets

This progressive action results in separation oil and free water to a greater extent and water settles
down in the heating chamber

3. Differential oil control system
Function

The fluids from the heating chamber enter into this chamber through fixed water
It does not allow the gas to pass into electrical chamber which is hazardous.

The gas which enters heating chamber through equalizer leaves the heater treater from the top of this
chamber through a mist extractor contained in a centrifugal scrubber

From scrubber the gas releases into a gas line through a back pressure control valve, which maintains
the pressure of the valve

The oil level in the chamber is controlled by the oil level controller which operates through a float

4. Coalescing section
Function

Oil enters this chamber through a distribution tube

Constant level of water is maintained in this section so that oil is washed and free water droplets are
eliminated before the fluids proceed towards electrode plates

These plates are connected with high voltage supply of 10,000-25,000 volts
When fluids pass between these electrode plates, the droplets are polarized and attract each other

This attraction causes the droplets combine; they become larger enough to settle into oil and water
layers by the action gravity

The interface level controller which senses oil water interface level and actuates the control valve for
draining free water
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Utility System Description
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Fig 2.1.6: Process Block Diagram

The utility system of GGS consists of the following components:

Fire Water System: Generally A reservoir Tank having a capacity of 400 m3 is provided for storing of
fire water. There is one diesel engine driven fire water pump of 170m3/hr capacity at 10.0 Kg/cm2 discharge
pressure and one motor driven pump of same capacity and pressure. Fire water is supplied to the system
through a 6” cp ring to which discharge of all the above pumps are connected. Jocky pump is also provided to
keep the fire network pressurized.

Drinking water system: An overhead tank is provided to cater the drinking water requirement. RO -is provided
for hygienic drinking water.

Power Supply System
Normal Power

e The normal power to the plant is supplied from 11KV grid of the State Electricity Board
¢ The overall normal power requirement envisaged has been of the order of 100 KVA.
Emergency Power

e Emergency power to the plant is maintained by a Diesel Generator set

¢ In case of normal power failure, the DG set shall be manually started to provide power supply to essential
services

e However, it shall not be possible to run all the equipment at the same time because of limitations of the
generator capacity

¢ Depending on the situation, the operator will select the equipment to be operated

¢ The normal sequence of starting the system with power supply from the DG set may be lighting, dispatch
pump etc.
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Two numbers of 12 volt batteries are provided for starting the DG set. A trickle and booster charger is provided is
provided to maintain the batteries fully charged, even when the DG set is not running. As there is no uninterrupted
power supply system, there will be total shut down of the plant in case of power failure. Emergency light is
available at the plant to provide lighting till DG set is started in case of power failure during night.

Recording well head pressures
After Bean Pressure (ABP)

¢ Fit the pressure gauge carefully on the needle valve provided on the flowline
e Open the needle valve ensuring no leakage and record the ABP.

¢ Close the needle valve and remove the pressure gauge gradually so that trapped fluid pressure is bled off
slowly.

Tubing Head Pressure (THP)

e Fit the pressure gauge on needle valve provided on bull plug of bean housing /cross or tee of ‘X’ mass tree .
e Open the needle valve ensuring no leakage and record THP.

¢ Close the needle valve and remove the pressure gauge gradually so that trapped fluid pressure is bled off
slowly.

Casing Head Pressure (CHP)

e Fit the pressure gauge on needle valve provided on annulus valve.
¢ Open the annulus valve

¢ Open the needle valve and record the pressure.

¢ Close the annulus valve.

¢ Close the needle valve and remove the pressure gaeuge gradually so that trapped pressure is bled off
slowly.

Checking of changing the bean

¢ Close the flow arm valve of X- mass tree
¢ Close the line valve

Release the pressure through needle valve

e Open the bean/housing cap carefully
e Remove the bean from housing

e Check the bean for paraffin deposition/sand cutting/gas cutting, clean if necessary, replace the bean and
close the housing cap tightly

¢ C(Close the needle valve




Working Guidelines for Installation
e Check the instruction register and enquire from the relieving shift about any abnormality, if not mentioned
in instruction register.

e Check all the belonging of installation including tools for maintenance safety torch, first aid box and key
bunch etc.

e Check the dip of all the oil storage tanks. Ensure tank level should not be more than 213rd of its capacity.
e Record pressure, temperature and flow rate at regular interval wherever required.

e Check level transmitter and controller, temperature controller and pressure controller wherever fitted. If any
abnormality observed, which cannot be rectified by the shift personnel, write in the complaint register and
inform the instrument party.

e Check proper functioning of flow recorders.

e Check tubes oil in pumps. In case of any abnormality inform the mechanical maintenance party for
rectification.

e Check Gen.-Set (Diesel) i.e. Diesel in tank/batteries cable connections/oil level in crank case/start-up/shut
off etc. In case of any abnormality inform the mechanical maintenance party.

e Check well position in header as per instruction register/DPR.

Guidelines for testing of well in GGS

e Take the dip of the tank before diverting the well in test header.
e Set the pressure (through controller fitted on gas outlet line) of test separator as per the need.

e Divert the well into the test header by first closing the group’s header valve of the well and then open the
valve in the test header. If the high pressure testing is carried out in low pressure test separator open the
valve of test header slowly so that line pressure of well is stabilized.

e Take the tank dip hourly.
o Difference of final and initial dip will give the rate of production of the well.

e For the measurement of gas, fit proper size orifice plate between the orifice flanges so that differential
reading in the recorder should be in the range 40% to 80%.

¢ The ratio of total gas to total liquid will give the value of GLR and the ratio of total gas to total oil will give
the value of GOR

e Before starting the engine of the tanker ensure gas concentration around the area is below the lower
explosive limits

Compressor: A Compressor is a machine that increases the pressure on the naturals gas and oil while it travels
through the pipeline to the refineries. Refining industry or the mid-stream industry is an offshore industry. The
common practice of the upstream industry is to send the oil (crude oil) to the refining industry. The crude oil,
after excavation, is sent to the refineries through metal pipelines. The compressor increases the pressure inside
the pipeline to push the crude oil from the spot of production to the refineries. It acts more like a pump.

In the oil and natural gas sector, the most prevalent types of compressors used are reciprocating and centrifugal
compressors.

e Reciprocating Compressor: Reciprocating compressor is also known as Piston Compressor because of its
traditional piston-push functional structure. In the reciprocating compressor, there is a piston, which is
driven by a crankshaft to deliver gases with high pressure.
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Figure 2.1.7: Reciprocating Compressor Function Layout

The reciprocating compressor allows the gas to enter through the manifold and goes into the cylinder. Once the
gas gets into the cylinder, the piston is driven to produce ample amount of pressure. The pressure generated by
the piston helps the gas to reach the pipeline (running to the refineries or any other destination). The gas inside
the cylinder needs extra pressure to get delivered through the pipeline and the piston creates the pressure by
compression. Thus, the compressor is called a piston compressor.

Reciprocal compressors are used in gas, oil, chemical or plastic industries where compression plays a major role
in the production. In the case of oil and gas sector, the reciprocal compressor is used to deliver crude oil or gas
to the destinations.

Figure 2.1.8: A six-cylinder Reciprocating Compressor
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e Centrifugal Compressor: Centrifugal compressor, also termed as Radial Compressor, is a type of compressor
that works on the theory of conversion of energy.

The compressor allows the fluid (or gas) inside its impeller which at first gains kinetic energy due to rotation of
the compressor. The rigorous rotation converts the kinetic energy of the fluid in static pressure. The pressure
within the impeller compresses the material inside it. There is a perforation situated at the front (beyond the
turbine) which acts as an outlet. Due to high pressure inside the impeller, the fluid (or gas) gets out of the outlet
and runs through the pipeline. We will discuss the parts and functions of a centrifugal compressor below.

Figure 2.1.9: Centrifugal Compressor 3D Model

Parts of a Centrifugal Compressor

e Inlet: theinlet of a centrifugal compressor is a normal pipe along with several joineries like a valve, stationary
vanes or airfoils. These joinery features help to regulate pressure and temperature inside the inlet and allow
the fluid (or gas) to swirl inside the pump or centrifugal impeller.

e Centrifugal Impeller: Centrifugal impeller is the main functioning body of the compressor. The impeller
rotates and gradually increases the Rotation per Minute (RPM). As a result of the increase in the speed, the
kinetic energy of the fluid or gas inside the impeller increases. The rise in kinetic energy is the key feature of
the impeller which allows the fluid or the gas inside it to get released with a much higher velocity. In some
modern compressors, the fluid or the gas gets delivered at a speed of sound through the outlet.

Figure 2.1.10: Centrifugal Impeller
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e Diffuser: The next component of the centrifugal compressor is a diffuser. The diffuser is attached to the
impeller and after the fluid (or gas) getting triggered from the impeller, travels through the diffuser. The
diffuser slows down the speed of the exerted material. The decrease in the speed of the fluid creates
pressure inside the diffuser. In the diffuser, the kinetic velocity of the fluid gets converted to high pressure
by slowing down the speed of the exerted material. The high pressure inside the diffuser allows the fluid or
gas inside it to travel through the pipelines, from the compressor to the destination.

Figure 2.1.11: Diffuser

e Collector: Collector is the last component of the centrifugal compressor. The shape and size of the collector
vary depending on the amount of discharge it receives from the diffuser. Normally, the collectors are snail-
shaped or take a shape of the French horns. The collectors may or may not have any valves attached to its
body. The key function of the collector is to receive the discharge of fluid (or gas) from the diffuser.

Figure 2.1.12: Components of Centrifugal Compressor
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Static and Mobile Boiler

The boiler is a closed vessel which converts the water inside it to steam by the application of high magnitude of
temperature. The initial temperature is gained by the combustion of the fuel (oil or gas). Due to the combustion
of the fuel, the high temperature is generated. The temperature passes from the boiler to the substance inside
it (temperature tends to flow from one body to another when they are kept in contact). The substance inside
the boiler gets boiled quickly as the boiler is a closed vessel and capable of producing excess pressure when the
temperature rises.

The boiler is a closed pressure vessel and inside this vessel, any liquid or water heated by another heat source
and convert this liquid and water to steam. Now generated steam when used for another purpose which is
outside from the main vessel then it will call a boiler. Primary generated steam can contain humidity level from
0.5% to 5%. Then a super heater and re-heater use to heat primary steam to make full steam that can use in
power plant operation.
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Figure 2.1.13: Boiler

In chemical, oil or in a broad sense, hydrocarbon sector, boiler acts as the source of energy. Boilers keep the
entire system up and running by producing a sufficient amount of pressure. There are mainly two types of
boilers used:

1. Water-Tube Boiler

2. Fire-Tube Boiler

Water-tube boiler uses hot water as the source of heat, which in turn produces energy. In this case, hot water
passes through the tubes producing heat (steam) which helps the system to run smoothly.

Fire-tube boiler uses hot gases to produce energy. Hot gases pass through the tubes which through thermal
conduction, heats the surrounding water. The water then turns to hot steam which keeps the system running.
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Figure 2.1.14: Fire-tube boiler and Water-tube boiler

Major Components of Boilers

1. Feedwater Heaters
Function
e Feedwater heaters are energy recovery devices generally found only in the large steam generating plants
where all of the steam generated is not reduced to condensate by the steam user
e This “waste steam” is reduced to condensate for a return to the boiler in the feedwater heater

e The boiler feedwater is used as a cooling medium to reduce the steam to condensate, which increases
the temperature of the feedwater and, thereby, increases the thermal efficiency of the boiler

2. Fuel Heater
Function

e Many boilers firing heavy fuel oil require fuel heaters to reduce the fuel viscosity, so the fuel can be
atomized by the burner system for complete combustion

3. Deaerators
Function
e A deaerator is a special case of feedwater heater that is designed to promote the removal of non-
condensable gases from the boiler feedwater

e The principal gases of concern are oxygen, carbon dioxide, and ammonia, which are major contributors
to boilers, and steam and condensate piping corrosion problems

¢ Insmall steam plants, a portion of the steam generated by the boiler is used to operate the deaerator if
“waste steam” is not available

e Failure to maintain and properly operate the deaerator can lead to early failure of the boiler, steam using
equipment, and the steam and condensate piping
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Pumps
Function

In most hot water systems, the system circulating pumps are electric motor-driven, end suction
centrifugal pumps. In steam systems, the condensate return pumps are typically electric motor-driven,
end suction, centrifugal or turbine-type pumps

Feedwater pumps are generally electric motor-driven, multiple-stage, end suction centrifugal pumps
The shutoff head of the pump must be greater than the steam or hot water system operating pressure

Combustion Air Blowers

Function

In many packaged boiler installations, the combustion air fan is designed and provided by the boiler
manufacturer and is integral with the boiler housing

In installations where a stand-alone fan is provided, low-pressure centrifugal blowers are commonly
used

An important characteristic of the blower is the ability to maintain a relatively constant air pressure over
a wide range of airflows

Economizer

Function

An economizer is an energy recovery device that uses the hot exhaust gases from the boiler (waste heat)
to heat combustion air or feedwater

Figure 2.1.15: Components of a boiler
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Multi-Phase Separation in Separators and Emulsion Treaters: Knowledge of the Key Features of Separation
System

The multi-phase separator is the most important instrument in an oil-production platform. When the oil is first
excavated from the oil well, it contains impurities. Thus, the oil is called crude oil. The task of the multi-phase
separator is to separate the gaseous and liquid portion of the crude oil. After the separation of the crude oil,
it goes through various equipment like compressor, boiler etc. the first task of separation is done by the multi-
phase separator.
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Different Common Designs of Horizontal Three-Phase Separators; (a) “Simple”, (b) “Boot”, (c)
“Weir”, and (d) “Bucket and Weir”.

Figure 2.1.16: Multi-phase separators

The oil and gas separator is conventionally installed on the oil production facility. These separators work usually
at a low temperature. A “gas scrubber” is an oil and gas separator with a high gas to liquid ratio. In a “wet-type
gas scrubber”, dust, rust, and other impurities of the gas phase are washed using a bath of oil or other liquid,
and the gas flows through a demister to further remove liquid droplets from the gas stream. A “dry-type gas
scrubber” or “gas filter” is equipped with demisters and other coalescing media to aid in the removal of most
of the liquid from a gas stream.

Understand Oil and Gas Processing Operations

Oil and gas processing is a significant job of a production assistant. We have already discussed that the oil
excavated from the wells are blended with impurities and needs to undergo processing. The processing of the
crude oil involves different stages, such as —
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Pigging

Hot Tapping

New flow line laying

Replacement of existing flow lines
Clearing of flow line plugging

Gas dehydration

No vk wnNRe

Water injection

Pigging

e “Pig” stands for Pipeline Intervention Gadget
e Anpigisinserted into the pipeline by a pipeline launcher

¢ The pig moves through the pipeline and detects if there is any obstruction or unnecessary build-up within the
pipeline. In case there is any hindrance created within the pipeline, it is removed to enhance performance

e A pig receiver or pig trap is placed at the other end of the pipeline to receive the pig
e Pigs are usually spherical or cylindrical in shape

Hot Tapping

e Hot tapping is also known as pressure tapping

¢ The key function of hot tapping is to allow the gas or fluid tank to undergo modifications as per requirement
without disturbing the fluid or gas inside the tank

e This process is very useful in oil and gas industry as the process is not dependent on the other processes.
Tanks or vessels are not required to be emptied when hot tapping is performed

e The process is also used to drain off pressurized casing fluids and add test points or various sensors such as
temperature and pressure

e Hot taps can range from a % inch hole designed for something as simple as quality control testing, up to a
48-inch tap for the installation of a variety of ports, valves, T-sections or other pipes




Assistant Technician- Production (Oil & Gas)

New Flow Line Laying

e The well flowline, or simply flowline, is the first “pipeline” system connected to the wellhead

¢ The flowline carries total produced fluids (e.g., oil, gas, and production water) from the well to the first piece
of production equipment—typically a production separator

¢ The flowline may carry the well-production fluids to a common production battery, a gathering pipeline
system, process facility, or other

e This is the first process of connecting the well, which is the source of the oil and gas, and the production
platform.

Replacement of Existing Flow Lines

¢ Flowlines need to be replaced from time to time
e The main reason behind the replacement is that the pipelines may under-perform due to long usage
e To enhance the performance, or to avoid accidents, flowlines are replaced after inspection
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Clearing of Flow Line Plugging

e Arterial blockage of the flowline is a common phenomenon of the hydrocarbon industry

¢ Due to deposition of heavy organic molecules from the petroleum, deposition of wastes like minerals block
the flowline, choking the entire passage

e This results in slow production. Thus, plugging is incorporated to abandon the wells which are no longer
economically viable.

¢ Plugging must be done carefully with patience.

Gas Dehydration

. rﬁasq-ﬁﬂsﬂ'ﬂ
. Distillate
Heater ] ]

e Dehydration is the method of removing water part from the oil
¢ When crude oil is excavated from the well, it contains a large number of water molecules

e Gas dehydration is the process of eliminating water from the hydrocarbon. There are many methods to
implement gas dehydration:

o Water absorption
o Glycol dehydration
o Dry gas method
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Water Injection

¢ In the oil industry, waterflooding or water injection is where water is injected into the oil field, usually to
increase pressure and thereby stimulate the production

e Water injection wells can be found both on- and offshore, to increase oil recovery from an existing reservoir

Operation and maintenance of various well stimulation & servicing units
Well Stimulation:

The word “stimulation” stands for inhibition, in simpler words, enhancement of a particular action. In the case
of oil and gas production, well stimulation refers to the action of increasing the flow of hydrocarbon from the
well, which makes the oil production economically viable. Well stimulation can be done using an offshore ship
or drilling vessel, also known as Well Stimulation Vessel.

The flow of hydrocarbon from the well gets affected due to two reasons:

e Rock or chips may block the flow of path of the hydrocarbon

e Debris, produced at the time of drilling the well, may act as obstacles during the flow of hydrocarbon from
the well

Well stimulation takes care of these issues by getting rid of the blockages, making the flow of hydrocarbon
smooth and steady.

Stimulation services include following jobs:
e Acidization

e Hydraulic fracturing

e Surfactant/solvent treatment

e Nitrogen application and Coiled tubing
e Hot oil services

* Sand control
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Figure 2.1.17: Well stimulation

Acidization: After initial drilling, the wells are treated with formic acid to clean the mud and skin damage.
This process is known as acidization. If mud and skin damages are not cleaned, they block the flow of the
hydrocarbon.

Hydraulic Fracturing: Hydraulic fracturing at times referred to as “fracking,” is an oil and gas well stimulation
process that involves injecting water, sand, and chemicals under high pressure into a bedrock formation. This
process is intended to create new fractures in the rock as well as increase the size, extent, and connectivity of
existing fractures. Hydraulic fracturing is a well-stimulation technique used commonly in low-permeability rocks
like tight sandstone, shale, and some coal beds to increase oil and/or gas flow to a well from petroleum-bearing
rock formations.

Surfactant/ Solvent Treatment: While drilling wells, deposition of wax, paraffin, asphalt or sludge is a common
thing. The deposition hinders the flow of hydrocarbon, results in slow production. To remove the deposition
of such things, surfactant or solvents are used. The solvents react with the deposition layer components and
remove them from the path of flow of the hydrocarbon.

Nitrogen Application and Coiled Tubing: Nitrogen is an inert gas and in the recent past, the production cost
of nitrogen has reduced drastically. Hydrocarbons are highly reactive with oxygen. When a well is dug, the
hydrocarbon may come in contact with the atmospheric oxygen. Nitrogen is used as a blanket, making the
hydrocarbon inert to the atmospheric oxygen. Another usage of nitrogen is to decrease the weight of the
hydrocarbon. Usually, nitrogen is pumped into the hydrocarbon through a coiling tube. When nitrogen gets
mixed with the hydrocarbon, the weight of the hydrocarbon gets reduced, making the production smooth.

Hot Oil Servicing: Hot oiling is one of the most popular methods of deposited wax removal. Wax is melted and
dissolved by hot oil, which allows it to be circulated from the well and the surface producing system. Hot oil is
normally pumped down the casing and up the tubing; however, in flowing wells, the oil may be circulated down
the tubing and up the casing. This is a thermal solution for the wax deposition.

Sand Control: Sand is produced while drilling, which obstructs the flow of hydrocarbon from the oil well. Sand
control refers to the precautions taken to minimize sand. Sand is also responsible for erosion and plugging.
There are many methods to control the sand production. Few of them are —

e Resin coating

e Plastic consolidation

e Gravel Packing
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Figure 2.1.18: Stimulation services

Operation and maintenance of work-over well completion

A work-over is any operation done on, within, or through the wellbore after the initial completion. Although
proper drilling, cementing, and completion practices minimize the necessity of work-over, virtually every well
will need several work-overs during its lifetime to satisfactorily fulfill its purpose. Work-overs may be required
for one or more of the following reasons:

¢ Unsatisfactory production or injection rates

¢ Supplemental recovery project requirements

e Regulatory requirements

e Competitive drainage

e Reservoir data gathering

e Lease requirements

e Abandonments

PROOUCTION
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Figure 2.1.19: Recompletion wells or work-over




Wellbore work-overs include equipment repair or casing, but may also simply involve circulating chemicals to
remove scale or paraffin or cleaning out fill over the producing zone. Many work-overs include the maintenance,
installation, and repair of artificial lift equipment in the wellbore.

Work-overis performed by using conventional drilling rigs; however, non-conventional riggingis alsoimplemented
often to abandon the wells. Wireline unit (discussed under monitoring system) is a very useful instrument in
work-over.

Rig Building Operations

During rig building, rig remains idle and therefore best efforts should be made to complete all the activities in
a shortest possible. Rig building operations are very critical and require time bound fool proof planning while
ensuring safety in each operations/ activities. Rig building operations involves following activities.

Site Preparations

Route Survey

Rig Release | Rigging Down

Load Handling, Transportation of Rig and Rig Equipment

Rigging Up

v s W

Site Preparation (Before Rig Release)

e Once decision is taken to deploy a rig on a well, all statutory and regulatory clearances should be obtained,
wherever it is necessary

¢ Itshould be seen that no overhead electrical line passes through well site area (at least 30 meters away from
well mouth).

e An area of 110 m x 110 m size should normally be available / acquired for safe operation of a work-over
rig.

e Basedonthetype ofrig, the well site must be prepared for proper placement of rig and associated equipment.
The land around the well site should be cleared, graded & levelled.

e Surrounding area of all equipment foundation should be hardened to bear the load of heavy transport
vehicles. Hard surfacing of the well site should be done for movement and proper handling of equipment
during rigging up.

¢ Rig foundation should be prepared as per the rig manufacturer design and design should be based on load
bearing capacity of soil. Check the level of the base foundation. Unevenness of the foundation may cause
problems in rig centring. Foundation level should be maintained for sub base structure and for the auxiliary
equipment.

¢ Rig foundation can be made new or by modifying the existing foundation of drilling rig. However, levelling
and load bearing capacity of the rig foundation must be assured.

e For auxiliary equipment placement, levelled foundation strips should be made. If concrete slabs or wooden
logs are used as foundation for auxiliary equipment or work-over fluid tanks,

e Then all the slabs should be at the same level and ground should be strong enough to support the load.

e If necessary, approach roads/ bridges/ culverts etc. should be repaired and appropriate areas around the rig
should be surfaced to facilitate the transportation of rig equipment.

¢ Check the level of the base foundation. Unevenness of the foundation may cause problems in rig centring.
Foundation level should be maintained for sub base structure and for the auxiliary equipment.

e Anchors for top man escape device, wind guy ropes etc. should be grouted properly as per the
recommendations of the rig manufacturer/APLIf old anchors are to be used, they should be inspected for
rust, damage; general condition, load bearing capacity etc. To ensure they don’t fail during rig operation .In
the absence of mast manufacturer’s recommendations or where mast manufacturer’s recommendations
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cannot be utilized because of obstructions at the well site location (such as roads, pits, energized power
lines, etc.), then the values shown in API RP- 4G.

e Entire drill site area should be fenced with barbed wire and there should be only one entry point.

e X-mass tree of old wells in cluster location should be caged and nearby wells should be checked for any
leakage.

e Security personnel should be posted at new location before commencing transportation.

Route Survey (Before Rig Release)
e Route survey shall be conducted prior to rig shifting .In case, if any problem r;elated to following aspects is
noticed, then it should be rectified before start of rig shifting.

e Check width and strength of the roads, bridges and culverts for safe passage of rig and equipment during
transportation

e Look for radius of curvature on turnings. Approach road should not have sharp turnings as this may cause
over turning of trailers during transportation . Approach road should preferably be such that enough space
for vehicle movement is available.

e Look for any low lying electrical cables/transmission lines crossing the approach roads. Disconnect/de
-energise them with the approval of Competent Authority, if required.

e Look for railway crossing and traction lines, obstruction due to trees / branches, crossing points availability
/ requirement, traffic in the cities en-route at peak hours.

¢ Route survey team should consist of: -
Rig In-charge

Electrical Engineer

Civil Engineer

Logistics personnel

O O O o

Land acquisition man

Rig Release/ Rigging Down
e Derrick floor should be free of all unwanted materials prior to lowering of mast. It should be ensured that
there is no loose item on mast members.

¢ Flow line of the existing well or cluster wells, if any should be protected from any inadvertent damage by
using half cut casing or sand bags.

e |t should be ensured that safety clips of every pin are in place.

e Rotary hoses should be secured.

e Mast raising and lowering lines, sheaves and their guards should be inspected for any damage.
e Tackle system should be checked for free rotation of pulleys.

e Proper functioning of the clutches, brakes and quick release valve should be checked.

e It should be ensured that the monkey board railings and fingers are folded.

e All long hanging lines, cat lines, and sand lines should be tied up to the mast.

e Ensure that all un-wanted persons are away from rig floor during mast lowering. 11) Before telescoping top
section down:

o Release all guy lines to allow easy retraction of load

o Bleed air from rams and circulate hydraulic oil (one complete cycle) before releasing load latches.
o Uncouple all electric and air lines in mast and free all other lines

o Remove tools/ loose material from derrick




o Unlock the mast locking system

e Mast should be lowered at slowest possible speed. Application of brakes at any stage should not create
any jerk. During lowering, check the rotation of the pulleys, and if any abnormality is observed, operations
should be stopped for taking corrective action.

e A designated experienced person who knows the procedures should lower the mast.

Load Handling and Transportation Of Rig

e Rigequipment dimensional details, weight with regard to transportation should be well documented. Proper
transport fleet should be deployed chosen based on equipment dimensions and weight and route selected,
especially in hilly area.

e Capacity and fitness certificates of transport fleet including cranes should be checked/ ensured before
commencing load handling/ shifting.

e Ensure that crane operator and other logistic crew are working with proper PPE.

e Planks / concrete slabs should be provided below the crane jacks based on the weight of the equipment to
be lifted and soil condition.

e Hooks for lifting should be engaged only on lifting lugs/eyes provided on the equipment being lifted.

e Unwanted person should not be allowed in the vicinity of the lifted load. Tug lines should be used for
handling loads while lifting / placing. Never walk under suspended load.

¢ Damaged or kinked or twisted slings should not be used for lifting of loads. Only undamaged and load
certified slings should be used.

e On trailers, load should be properly secured with chains/ropes during transportation.
e The equipment with liquid inside the tanks e.g. work-over fluid, diesel etc. Should not be lifted/ transported.

e Minimum clearance from overhead lines to the transporting equipment shall be maintained. In case
minimum clearance required is not met, then power lines shall be de-energized/ disconnected.

e Incasethere are sharp bends and/ or sloppy hill terrains en route to well site, there may be need to dismantle
the mast from the rig trailer . This type of situations should be considered well in advance to avoid problems
in transportation of the rig.

e Transportation of Mobile Rig

Tyres pressure

Pneumatic/ air system pressure (100 psi minimum)

Engine instruments are functional d. Power steering oil level
Radiator water level

Fuel level

O O 0O 0O o o

Lubrication oil level: check with dipstick the lubrication oil level of engine crankcase, hydraulic reservoir,
and torque converter/transmission.

Drive control in-position

Transmission in neutral

Derrick lowered

Rigs brakes on

Rig tied down

Inter-axle differential in unlock position
Wheel brake system

Parking brake released.

Mast is secured to the carrier.

O 0O 0O 0o O OO O O O

Proper pads are available at mast rest.
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o Secure all matting boards, cables, etc.
o Secure travelling block in its cradle
o Ensure that jacks are retracted to maximum.

Rigging Up
e Ensure all equipment reaches at new location in good working condition.

e Align sub-base structure to the centre of the well. Assemble the sub-structure. Place the rig on foundation
and level the rig.

e All hoisting lines, casing and sand lines should be inspected thoroughly for broken wires, corrosion,
incidenta | da mage etc.

¢ Fix the casing line guide roller on the mast wherever it is applicable.
e Reeve the travelling block, fix fast end, spool the casing line on drum and tighten the dead end properly.
e Check functioning of clutch and brake.
¢ Check mast members for corrosion, cracks and bends etc before lifting.
e Grease all the pins before fitting and fit all the safety clips in all pins.
e Observe casing line of tackle system for any obstruction with monkey board while lifting of mast.
e Before raising mast to vertical position:
o Level the rig from side to side
o Get the mast free and ready to raise (hoses, cables, lines, etc.)

o Unwanted lines like tong hanging lines, cat lines etc. should be tied to the side of the mast to avoid
entangling during lifting of mast

o Check the hydraulic fluid level
o Bleed the air out of all erect cylinders by circulating the hydraulic oil
o Make sure derrick and guy lines will not come within close proximity to power lines

Park automobiles out of fall lines
e While mast is raising:

o Unwanted crew members, not involved in operation of raising mast, should be at safe distance from
the rig carrier, rig floor and mast

No employees should be allowed in derrick before mast is engaged
Keep block positioned in its cradle during this operation
Keep all lines free while mast is being raised

O O O o

Raise the mast with slowest possible speed while observing the lifting mechanism sheaves for any
hindrance in rotation

o Keep a watch on hydraulic oil pressure. If it exceeds the normal operating pressure, stop the operation
and check the system before proceeding further

o Keep a watch on sequence of ram opening during mast raising operation. If any abnormality observed,
stop the operation and check the system before proceeding further

¢ While telescoping the mast:

Check again to insure that all wire lines stay clear

Secure mast properly to the base section with bolts

Operator should keep the travelling block close to the floor at all times during the operation
Move ram stabilizers into place and properly secure the telescoping ram cylinder

O O O O

Bleed out air from the cylinders by circulating the hydraulic oil. (One complete cycle)




e After mastis up:

o Climb the derrick (with a ladder climbing safety device) to visually inspect load latches are engaged and
properly locked.

Operator should crack control valve to “lower position to relieve pressure on telescoping cylinder.
Tighten load guys with equal tension.
Space out crown wind guys according to manufacturer’s specifications.

O O O o

The guy wires should never be turned back over small radius eyes when making an end termination.
Wire rope thimbles or appropriately sized sheaves should be used to turn back the guy wire ends.

Guy w ire hardware such as shackles, turnbuckles, walking boomers, chain come-a longs, load binders,
etc., that remain in the live guy wire system should have safe working load capacities.

(0]

The use of grab hooks or open hooks on guy wire terminations is not recommended.
Lock mast erection control valve in neutral.
Align block and hook with well centre.

O O O o

Inspect guy lines for the required number of clamps.

Procedure for Raising and Lowering Of Mast

e The well has been killed/ closed and is in inactive condition.
e Hydraulic and pneumatic pressure lines functioning and sealing .

e Test pneumatic system of rig at a pressure 1.5 times the working pressure but not less than 3 atmospheres
above the working pressure.

e Check brakes, pins and shoes (if necessary burn brakes in case there is oil on the same).
e Lubrication of all necessary parts.

e Locking device functioning properly.

e Briefing of all operating crews and defining signalling procedures.

¢ Do away with the jerks while lowering and raising the mast.

e Emergency plan drawn up a nd briefed to the operating crews.

e Raising and lowering of mast should be done in daylight

e Guy lines, sub lines and such other lines shall not be installed within six metres of any electric overhead
transmission lines.

¢ All normal checks, as per the instructions of manufacturer, during positioning, rigging and de-rigging should
be made and recorded.

DO’S and DON’TS
Dos

e Obtain all statutory and regulatory clearances
¢ For safe operation of a work over rig, ensure the availability of an area of 110 m x 110 m size.
e Ensure no overhead electric line is passing through well site area (at least 30 meters away from well mouth)

e Cellar pit size should be reduced to 1.1 m X 1.1 m in size, if necessary, and rig specific foundation should be
made for placement of rig

e Based on the type of rig, the well site must be prepared for proper placement of rig and associated
equipment. The land around the well site should be cleared, graded & levelled. Surrounding area of all
equipment foundation should be hardened to bear the load of heavy transport vehicles. Hard surfacing of
the drill site should be done for movement and proper handling of equipment during rigging up

¢ Rigfoundation should be prepared as per the rig specifications and designed based on load bearing capacity
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of soH. Check the level of the base foundation. Unevenness of the foundation may cause problems in rig
centring. Foundation level should be maintained for sub base structure and for the auxiliary equipment

e For auxiliary equipment placement, levelled foundation strips should be made. If concrete slabs or wooden
logs are used as foundation for auxiliary equipment or work over fluid tanks, then all the slabs should be at
the same level and ground should be strong enough to support the load

e If necessary, approach roads/ bridges/ culverts etc. should be repaired and appropriate areas around the rig
should be surfaced to facilitate the transportation of rig equipment. Approach road. should preferably be
such that enough space for vehicle movement is available

e Anchors for top man escape device, wind guy ropes etc. should be grouted properly as per the
recommendations of the rig manufacturer. If old anchors are be used, they should be inspected for rust,
damage, genera | condition, load taking capacity etc. To ensure they don’t fail during rig operation

e Entire drill site area should be fenced with barbed wire and there should be only one entry point and
e X-mass tree of other wells in cluster location should be caged

e Check width and strength of the roads, bridges and culverts for safe passage of equipment during
transportation

e Look for radius of curvature on turnings as sharp turnings may cause over turning of trailers during
transportation, any low lying electrical cables/transmission lines crossing the approach roads. Disconnect/
de-energise them with the approval of Competent Authority, railway crossing and traction lines, obstruction
due to trees / branches, crossing points availability / requirement, traffic in the cities en-route at peak hours

e Derrick floor should be free of all unwanted materials prior to lowering of mast. It should be ensured that
there is no loose item on mast members

¢ Flow line of the existing well or cluster well, if any should be protected from any inadvertent damage

e Mast raising and lowering lines, sheaves, proper functioning of the clutches, brakes and quick release valve
and their guards should be inspected for any damage and Raising and lowering of mast should be done in
daylight

¢ Tackle system should be checked for free rotation of pulleys

e Test pneumatic system of rig at a pressure 1.5 times the working pressure but not less than 3 atmospheres
above the working pressure

¢ [t should be ensured that the racking board, stabbing board, railings, fingers of monkey board etc. is folded
wherever applicable and rotary hoses should be secured

¢ Alllong hanging lines, cat lines, and sand lines should be tied up to the mast

e A designated experienced person who knows the procedures should lower the mast and all un-wanted
persons should keep away from the rig floor during mast lowering/ raising

e Before telescoping top section down , release all guy lines, bleed air from rams and circulate hydraulic oil
before releasing load latches, uncouple all electric and air lines in mast and free all other lines, unlock the
mast locking system

e Wooden planks / concrete slabs should be provided below the crane jacks based on the weight of the
equipment to be lifted and soil condition

e Hooks should be engaged only on lifting lugs/eyes provided on the equipment and on trailers, load should
be properly secured with chains/ropes during transportation

e Grease all the pins before fitting and fit safety clips in all pin

e Observe casing line of tackle system for any obstruction with monkey board while raising the mast

e Before raising mast to vertical position, level the rig, make the mast free from hoses, cables, lines etc. By
tying them to the side of the mast to avoid entangling during lifting of mast, check the hydraulic fluid level,
bleed the air out of all erect cylinders and circulate the oil

¢ Rig should be of sound construction, maintained in safe working order, adequate strength, sufficient height
and should be adequately secured to prevent it from overturning because of wind velocity and dynamic
loading




e Guy, ropes should be anchored properly as per the recommendations of the manufacturer/APL

e All normal checks, as per the instructions of manufacturer, during positioning, rigging and de-rigging should
be made and recorded.

¢ The exhausts of internal combustion engines shall be provided with water quenched or other effective
spark arrestors

¢ While dismantling the rig the wellhead shall be protected against damage from sliding or falling object
e Tongs, ends of rotary hose and suspension sheaves shall be fitted with Safety Chains or wire line

Don’ts

e Don’t transport equipment/ tanks with liquid inside e.g. work over fluid, diesel etc.

e Don’t use damaged or kinked or twisted slings for lilting of loads. Only load tested and certified slings
should be used

¢ Never walk under suspended load
¢ Do not use grab hooks or open hooks on guy wire terminations
¢ Don’t allow any person in derrick before mast is engaged

e Never turn back the guy wires over small radius eyes when making an end termination. Wire rope thimbles
should be used to turn back the guy wire end

¢ Don't allow anyone to work at site without proper PPE

As procedure for lowering and raising the mast may differ from rig to rig, procedure as recommended by the
manufacturer in operation manual should strictly be followed. The recommended practices described above are
general in nature based on experience and should be followed to inbuilt safety in operations. Further, following
checks should be performed and recorded before initiating the rigging up or down operations;

Prior to taking the carrier mounted rig on the road for transportation to well site, the carrier should be checked
to ensure that it is in proper operating condition. Following, but not limited to, should be checked:

Monitoring and maintenance of field Indirect Heaters

The indirect heater is widely used in oil and gas wells to avoid direct contact between fire and the hydrocarbon
(which is highly combustible). In the indirect heater, the fire is fuelled by the natural gas or propane and is
kept within the burning chamber. The burning chamber heats the “heat exchanger” situated over the burning
chamber. There is a passage over the heat exchanger which allows cool air to pass through it. The cool air, when
comes in contact with the heat exchanger gets hotter. Thus, the process is known as indirect heating. The cool
air does not come in direct contact with the fire; however, the heat exchanger heats the cooler air or gas.

Indirect fired heaters offer several positive aspects, like:

e 100% clean, dry air — The air being circulated never comes in direct contact with the flame
* Built-in thermostats — Almost all indirect fired heaters use a thermostat
e Can operate in tightly sealed spaces — Indirect fired heaters do not release carbon dioxide into space




Assistant Technician- Production (Oil & Gas)

Some negative aspects about indirect fired heaters are:

Higher Cost — The rental cost is nearly quadruple that of direct fired
Lower Efficiency — Fuel efficiency is usually close to 80%
Electricity Required — Indirect fired heaters always need an electrical outlet

Requires exhaust ventilation — You must either vent the exhaust outside or duct the hot air inside. This
makes installing and removing indirect heaters cumbersome because of the setup and tear down of duct
work

Hard to transport — Indirect fired heater units are much larger and less portable

Emulsion Treaters and Crude Oil Storage Tanks

The emulsion is a chemical term, which refers to the colloid or a mixture of minute particles of two immiscible
liquids. For example, oil and water do not mix with each other. When the mixture of oil and water forms a
colloid, it can be termed as an emulsion.

MoOst of the oil wells around the world produces a mixture of oil and water. The liquids are subjected to shear
forces through pumps or other lifting methods or are sheared as they pass through pressure-reducing devices
in the production line.

-

-

Traabed Ol

Figure 2.1.20: Emulsion Treater
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Storage tanks containing organic liquids, non-organic liquids, and vapours and can be found in many industries.
Most storage tanks are designed and built to the American Petroleum Institute API-650 specification.

These tanks can have different sizes, ranging from 2 to 60 m diameter or more. They are generally installed
inside containment basins in order to contain spills in case of rupture of the tank.

Industries, where storage tanks can be found, are petroleum producing and refining, petrochemical and
chemical manufacturing, bulk storage and transfer operations, other industries consuming or producing liquids
and vapours.

Types of Storage Tank:

¢ Fixed-roof tanks

e External floating roof tanks

¢ Internal floating roof tanks

¢ Domed external floating roof tanks
e Horizontal Tanks

e Pressure Tanks

e Variable vapor space tanks

¢ LNG (Liquefied Natural Gas) tanks

The first four tank types are cylindrical in shape with the axis oriented perpendicular to the sub grade. These
tanks are almost exclusively above ground. Horizontal tanks can be used above and below ground. Pressure
tanks often are horizontally oriented and spherically shaped to maintain structural integrity at high pressures.
They are located above ground. Variable vapour space tanks can be cylindrical or spherical in shape.

Figure 2.1.21: Crude oil storage tank
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Unit 2.2 Basic Measuring and Marking-out Instruments: Outline
typical maintenance requirements of measurement systems and
equipment

— Unit Objectives ©

At the end of this unit, you will be able to:

e Recognize different types of measuring instruments

¢ |dentify the method of measurement

* Analyze the marking instruments and their applications

What are Measuring Instruments?

e Measurement is the process of determining the magnitude of and quantifying a physical parameter
¢ The method of measuring physical parameters is called Metrology

e Each physical parameter is estimated and expressed in numerical values, along with Units. For example, the
units for temperature are Kelvin, Celsius, Fahrenheit, etc.

e Units of measurement are of many types: System International (Sl) and the Centimeter - Gram - Second
(CGS), Meter- Kilogram- Second (MKS), Foot- Pound- Second (FPS)

A. Understanding System International

This comprises the Base Units, measuring the Base Quantities and the Derived Units, measuring the Derived
Quantities. Base Quantities are those physical quantities, which are distinct and are independent of other
physical quantities. Derived Quantities are those physical quantities, which result from the Base Quantities.

Base Quantities: Length, Time, Mass, Electric Current, Temperature, Amount of Substance and Luminous Intensity.

Derived Quantities: Velocity, Acceleration, Area, Volume, Force, Capacitance, Density, Electric Charge,
Voltage, Energy, Work, Resistance, etc.

Examples of Sl units are: (Both Base and Derived Quantities)

Length, Width, Height, Depth Meter
Time Second
Mass Kilogram
Temperature Kelvin
Electric Charge Coulomb
Force Newton
Electric Current Ampere
Electric Power kiloWatt
Energy Joule
Luminous Intensity Candela
Plane Angle Radian
Solid Angle Steradian
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B. Understanding CGS Unit
Examples of CGS units are:

Length, Width, Height, Depth Centimeter
Time Second
Mass Gram
Temperature Kelvin
Electric Charge Franklin
Force Dyne
Electric Current Biot
Energy Calorie

C. Understanding the MKS and the FPS system
The FPS system, or the Foot - Pound - Second system, comprises the following:

Inch 1/12th
Foot 1

Length Yard 3 ft
Mile 5280
Nautical Mile 6080

Area Acre 43,560 Sq. ft
Fluid Ounce 1/20th
Pint 1

Volume Pint
Quart 2
Gallon 8
Ounce 1/16th
Pound 1

Weight Lb
Stone 14
Ton 2240

The MKS system, or the Meter - Kilogram - Second system, comprises the following:

1 Km =1000 m 1 Kg = 1000g 1kL=1000L
1 m=0.001 Km 1g=0.001Kg 1L=0.001 kL
1m=100cm 1g=100cg 1L=100cL
1cm=0.01m 1cg=001g l1cL=0.01L

1 m=1000 mm 1g=1000 mg 1L=1000 mL
1mm=0.001m 1mg=0.001g 1mL=0.001L
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Figure 2.2.1: Various tools used in oil and gas production platform

Types of Measuring Instruments

Various measuring instruments include UV photometric analyzers, electrolytic moisture analyzers, quartz

crystal moisture analyzers, quadruple mass spectrometers, hydrocarbon dew point analyzers, and trace oxygen
analyzers in oil and gas industry.

In the following table, we will discuss the measuring instruments and their usages.
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Siemen, Rosen, Noshok are few of the reputed companies which manufacture equipment for Hydrocarbon
industry. In a hydrocarbon industry, the parameters of measurement are mainly:

The temperature of the Well/ Site

2. Pressure the Well/ Site
3. Level of Fluid
4. The flow of Fluid and Gas

How to Measure using these Measuring Instruments (for each tool - steps and images)

1. Resistance Thermometers (RTD)

RTD Thermocouple

e RTD is used to measure the temperature. Previously Thermocouples were used to measure temperature.
However, RTD has higher accuracy and can be used for a long time (repeatability)

¢ The three main categories of RTD sensors are thin-film, wire-wound, and coiled elements. While these types
are the ones most widely used in industry, other more exotic shapes are used; for example, carbon resistors
are used at ultra-low temperatures (-173 °C to -273 °C)

e Resistance thermometers are constructed in a number of forms and offer greater stability, accuracy, and
repeatability in some cases than thermocouples. While thermocouples use the Seebeck effect to generate a
voltage, resistance thermometers use electrical resistance and require a power source to operate

¢ The platinum detecting wire needs to be kept free of contamination to remain stable. A platinum wire or film
is supported on a former in such a way that it gets the minimal differential expansion or other strains from
its former, yet is reasonably resistant to vibration

2. P/l1 Convertor (Pressure-to-Current convertor)




] Assistant Technician- Production (Oil & Gas)

e It converts pressure input to a current in mili-ampere range. P/l converter is a common instrument in the
automation system

e |t transmits data to other sources like PLC, an instrument to control systems Here the input is a pressure
which gets converted to current

e If we set 0to 6 bar for 4-20 mile-amps current, in case of 0 bar pressure there will be 4 mile-amps current in
the P/l converter output and for 6 bar there will be 20 mile-amp current

Flow Meter

e A flow meter is a device used to measure the flow rate or quantity of a gas or liquid moving through a pipe

¢ Flow meters are referred to by many names, such as flow gauge, flow indicator, liquid meter, etc. depending
on the particular industry; however, the function, to measure flow, remains the same

¢ Flow meters consist of a primary device, transducer, and transmitter. The transducer senses the fluid that
passes through the primary device. The transmitter produces a usable flow signal from the raw transducer
signal. These components are often combined, so the actual flow meter may be one or more physical devices

* Flow measurement can be described by

o Q=A v, which means that the volume of fluid passing through a flow meter is equal to the cross-
sectional area of the pipe (A) times the average velocity of the fluid (v); and

o W =r-Q, which means that the mass flow of fluid passing through a flow meter (A) is equal to the fluid
density (r) times the volume of the fluid (Q)

3. Hydrostatic Pressure Level Sensor

Pi<P:<Pa
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e Hydrostatic pressure level sensors are submersible or externally mounted pressure sensors suitable for
measuring the level of corrosive liquids in deep tanks or water in reservoirs. For these sensors, using
chemically compatible materials is important to assure proper performance

e Sensors are commercially available from 10mbar to 1000bar

¢ Since these sensors sense increasing pressure with depth and because the specific gravities of liquids are
different, the sensor must be properly calibrated for each application

e These sensors can be designed to keep the diaphragm free of contamination or build-up, thus ensuring
proper operation and accurate hydrostatic pressure level measurements

What are Marking-out Instruments?

Marking is the process of creating a rough layout of the finished product with useful markings on the piece of
work. For example, before drawing a blueprint, we use to draw margins. This is also a form of marking where
we determine the working area. Similarly, in the oil and gas industry, there are different parameters which
require proper measurement. Marking is essential in those cases. In a nutshell, marking is the second step after
measurement. The flow of work is —

e Measure the piece of work

e Mark accordingly

e Work on the piece

¢ Finish the product (or service)

The instruments, which help in marking-out, are known as marking-out instruments. There are different
instruments which help in the marking-out process. For example, we need a ruler, pen/ pencil to mark the work-
piece. Thus the instruments can be referred to as marking-out tools.

Figure 2.2.4: Marking-out is the second step after measurement




Assistant Technician- Production (Oil & Gas) L

Unit 2.3 Basic Production Techniques

— Unit Objectives ©

At the end of this unit, you will be able to:

e Prepare the work area for a given task
e Analyze basic oil and gas production process
e Prioritize the significance of inspecting, recording and reporting the data

Prepare the work area for given Production tasks

The workplace in case of oil and gas production is the oil plants or the oil terminals, generally known as oil
production platforms. We have already discussed the oil production procedure and the necessary equipment in
the last unit. Here, we will discuss a few essential tips to prepare the workstation for the oil production process.

Perquisites

e Explore and confirm the site of installing an oil terminal

e Calculate the risk factors

e Consider the ecological effects of installing the oil terminal at a particular place
e Understand the viability in terms of economy

e Prepare a blueprint or an extended diagram with useful markings (mark where the wells will be dug, where
the platform will be installed, positioning of the pipes etc.)

Process

e After exploration, the excavation of the well begins
¢ In this phase, with the help of drilling rigs, oil wells are dug
e Throughout the process, strict invigilation is required

¢ Qil well digging is a tedious task and requires a lot of patience. Ensuring the safety of the workers and the
ecology are of utmost importance

Preparing the Workplace

e Once the oil well starts producing crude oil, the key functions of the production artists begin

e Check the pipes, valves and other equipment before using them. Once the production begins, ensure the
functionality of the equipment and accessories are at par. DO NOT TAKE CHANCES

e Allow the hydrocarbon fluid to flow through the pipes with proper choke valves. Choke valves control the
flow of fluid. We have discussed in the last unit that the flow meter is a popular equipment to measure the
flow of the fluid inside the pipes. Choke valves come into operation to control the flow of liquid through the
pipe

e A coalescer is a tool which comes handy to separate the components of an emulsion. The emulsion is a
colloid of two immiscible liquids. Coalescer separates the constituting liquids, which in oil and gas industry
plays an important role

e Crude oil is a mixture of oil, water, gas and other components. Always keep the coalescer up and running to
separate the oil and water from the crude oil
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¢ The produced water is often routed to a hydrocyclone to remove entrained oil and solids and then either
re-injected into the reservoir or dumped overboard depending on the circumstances and cleanliness of
the water. The associated gas is initially dubbed “wet gas” as it is saturated with water and liquid alkanes.
The gas is typically routed through scrubbers, compressors, and coolers which will remove the bulk of the
liquids. This “dry gas” may be exported, re-injected into the reservoir, used for gas lift, flared or used as fuel
for the installation’s power generators. To maintain the process, always keep the machine functional

e To get rid of the blockages, obstructions from the path of flow of the hydrocarbon fluid, keep on monitoring

the same on a 24 by 7 basis. This not only raises the production rate but also reduces the accidents in the
oil terminals

Figure 2.3.1 Coalescer machines to separate oil and water from the emulsion

Carry out Basic routines for Oil and Gas Production Process

Routine is a term that we all are familiar with. It stands for the schedule. For example, routine in school life refers
to the classes or the subjects that would be taught on a particular day. Similarly, in the case of oilrigs, there are
certain duties that a worker should abide by. Although the routine and timing vary from rig to rig, depending on
the time zone, culture and other parameters — the basic concept of the routine work remain the same.

e Usually, a day at an oilrig is divided into two shifts, which is termed as “tour” and pronounced as “tower”

e The span of each shift is 12 hours (usually the timing is 6 a.m. to 6 p.m. and 6 p.m. to 6 a.m.

e Before every shift, there is a half-an-hour pre-tour is held to hand over the job

¢ The shifts timing depends on the time zone, however, the span and concept of shifts are by and large generic
as all the oilrigs work on a 24 by 7 basis

e The workers need to check the equipment before starting their duties

e Maintenance of the equipment is another significant part of the routine. Equipment used at an oilrig are
expensive and thus, regular maintenance of the equipment is so important
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¢ On Sundays, a weekly safety report meeting is held

e For a production technician assistant, documenting and reporting the data to the immediate boss 9Field
Supervisor) is extremely important. The report contains a thorough detail of the work progress, current
status, production rate, expenses, equipment and their condition, anomalies etc.

¢ Incasetherigandthe head office is at different time zones, meetings (video conference) are fixed beforehand
and the participants should be available at the time of the meeting

This is a picture of an oilrig and the life there. The life is no doubt a hard one; duties and responsibilities bestowed
on the production technician are humongous.

Figure 2.3.2: An oilrig during the shift change

Ensure Appropriate Cleaning Routines Using the Correct Cleaning Agents

The selection of cleaning agents at the oil plant is the significant task of the production technician. Considering
the impact of the reaction between the chemicals used as a cleaning agent and the hydrocarbon, housekeeping
should be done.

Global Drilling Fluids and Chemicals Ltd. is one of the most famous manufacturers of cleaning agents for oilrigs.
The essential cleaning agents are discussed below.
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1. Drilling Detergent

Drilling detergent is a special aqueous blend of anionic and non-ionic surfactant equally effective regardless
of makeup water, whether it is fresh or saturated salt water

It also has a Lubricating effect. It is designed to reduce the surface tension of the Water-based Mud System
It may be used in any area where it is desirable to reduce the foaming tendencies of water base muds

It is compatible with fresh water mud, sea water mud and brine system mud. It is also effective in KCL and
sea water muds

Advantages:
o It can be used in all drilling areas of water base drilling fluids.

o It works as an oil emulsifier in fresh water and sea water mud’s and reduces the viscosity of oil
contaminants

o Reduces torque and drag

o Minimizes Bit balling

o Effective in all water-based muds

Drilling detergent must be handled as an Industrial chemical, wearing protective equipment

Rig Wash
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¢ Rig wash s an Environmentally Friendly non-polluting liquid detergent designed for Rig wash application

e |t is a special aqueous blend of anionic and non-ionic surfactant equally effective regardless of makeup
water, whether it is fresh or saturated salt water

e Itis an excellent emulsifier and may be used at any point in the drilling operation to improve emulsification
and to reduce torque and drag. It is highly effective in both fresh water and sea water

¢ Advantages:
o It can be used in all drilling areas of water base drilling fluids
o It works as an oil emulsifier in fresh water and sea water muds
o It reduces torque and drag

Carry Out Routine Lubrication, Using the Correct Lubricant for the Application

Lubricants are the special type of additives when mixed in drilling fluids imparts lubricating properties into metal
and metal to borehole contacts under extreme pressure conditions. These are specially used in directional and
crooked holes, deeper holes and the packed hole where frictional forces tend to be relatively high to reduce the
loss of mechanical power.

Figure 2.3.3: Lubricating oil

1. Water Base Mud Lubricants

e Water Base Mud Lubricants is water-soluble lubricant designed to reduce torque and drag and to lower the
potential of bottom hole assembly balling in all water base mud’s under extreme pressure conditions
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e Advantages:
o It reduces torque and drag
o It will not adversely affect rheology or gel strength
o Itis easily miscible in water base muds and works in all fresh water or salt water muds
o Dispersible in water-based muds and high compatibility with most additives

2. Ester-Based Mud Lubricants

e Ester-Based Mud Lubricants is an environmentally friendly biodegradable water-soluble lubricant designed
to reduce torque and drag and to lower the potential of bottom hole assembly balling in all water base
mud’s under extreme pressure conditions

¢ |timparts extreme pressure Lubricating Properties to the drilling fluids
e Advantages:
o It reduces torque and drag
It will not adversely affect rheology or gel strength

o Itis easily miscible in water base muds and works in all fresh water or salt water muds
o Dispersible in water-based muds and high compatibility with most additives
o

3. Oil Based Mud Lubricant

Oil Based Mud Lubricant is an environmentally friendly Oil Based lubricant specially formulated for Sodium
Silicate systems, designed to reduce torque and drag
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e [timparts extreme pressure Lubricating Properties to the drilling fluids and prevents wall sticking
¢ Advantages:
It reduces torque and drag

o It will not adversely affect rheology or gel strength
o Stable at high circulation temperatures and does not undergo chemical degradation
o May Help in Shale inhibition

4. High-Temperature Mud Lubricant

e High-Temperature Mud Lubricant is a Hi-performance lubricant designed to reduce torque and drag and
to lower the potential of bottom hole assembly balling in all water base mud’s under extreme pressure
conditions

e Advantages:
It reduces torque & drag
It will not adversely affect rheology or gel strength

o Itis easily miscible in water base muds and works in all fresh water or salt water muds
o Stable at high circulation temperatures and does not undergo chemical degradation
o Dispersible in water-based muds and high compatibility with most additives

Tighten Fastenings Using Correct Tools and Equipment

In oil and gas industry, equipment in use are mainly related to drilling, pumping and transporting. The equipment
has to work in some of the harshest conditions. All the tools have to survive and perform under a magnitude
of adverse temperature and pressure. Fasteners are the instruments come into the picture when assembling of
the equipment is considered.

A fastener is used to tighten the joints of two different modules or sub-assemblies. Providing strength is the key
concern of the fasteners. However, the flexibility of the machine (assemblies) has to be considered so that the
fasteners don’t become a hindrance in the production rate. Fasteners can be used in the assembly of

e Qilfield skids

e Solids handling systems

e Offshore structures.
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The fasteners use in oil and gas industry include —

e Assemblies, Brackets, and Plugs
e Cold Form Fasteners

e Inserts

e Lock Bolts
e Metal clips
e Nuts

e Pins

e Plastic Fasteners
e Rivets
e Studs
e Screws and Bolts

Figure 2.3.4: Screws and Bolts

In this chapter, we will discuss several fasteners which are widely used in the hydrocarbon industry.

Assemblies, Brackets, and Plugs

1. Crest Cup

= ©
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¢ Ideal for use with soft materials

e Stamped into a broad pentagon shape

e Burr formed upwards, producing a truly flat bearing surface, free of sharp edges
* Preassembled to fasteners

e Can eliminate double washer combinations.

¢ Eliminates handling of loose washers and screws

e Adapts easily to automatic assembly equipment




Assistant Technician- Production (Oil & Gas)

e Maximizes joint integrity
e Helps prevent embedding, notching, and marring in application materials

2. Cage Nut

¢ Allows for variation management in a multitude of applications
¢ Heat treated floating nut inside a wieldable cage
e Automotive industry applications include body-to-frame, engine cradle, suspension, and body components

3. Flag Nut

e Designed for hard-to-reach areas

e Used in anti-rotation applications

e Available as a custom design

e Can be heat-treated

e Offered in straight, single bend, offset bend, double bend, and clip-on configurations

e Assembly applications include fuel tank hold-downs, interior cargo fasteners, and small footprint locations

4. Mini-cage Nut

e Two-piece design allows for variation management in a multitude of applications
e Proprietary coating helps achieve clamp-load with less torque. Protects from the build-up in threads
e Assembly applications include fuel tank hold-downs, interior cargo fasteners, and small footprint locations
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5. Nut Plate

¢ Used when the additional bearing surface is required
¢ Increased bearing surface reduces rupture or pull-through in the parent material
e Used in transportation for powertrain applications

Cold Form Fasteners

1. Cold Form Fasteners

¢ Improved strength and reliability through work hardening and an uninterrupted grain flow
¢ Improved surface finish over screw-machined components

¢ Reduced scrap rates

e High production rates

e Multi-piece components can be manufactured as a single component

Inserts

1. Tangless Screw Thread Insert

e Require no staking, locking, swaging, keying, or interference fit (Free-Running)

e Automatically adjusts to any expansion or contraction of the parent material (Free-Running).
e Anchor permanently in place against the tapped hole (Free-Running)

e Positively secures threaded members against vibration or shock loosening (Screw-Locking)

¢ High reusability factor due to the exclusive Heli-Coil Resilient Screw-Lock which permits frequent removal
and reassembly of the bolt without appreciable loss of torque (Screw-Locking)
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e Available in inch and metric series.
e Successful applications in aviation, electronics, industrial, automotive, and military

2. Pitch Screw Thread Insert

e Aunique series of screw thread inserts specially designed for 8-pitch threaded holes
e Helps save valuable parts that would otherwise have to be scrapped

¢ No special taps are ever needed

¢ Available in 18-8 stainless steel and Inconel X-750

3. Pipe thread Insert

¢ Eliminates thread failure due to stripping, vibration, fatigue, corrosion, or seizing.

¢ Prevents thread wear, even after repeated disassembly and reassembly

e Greatly increases thread strength under all operating conditions

e Leak-proof joints when used with thread sealant and recommended torque

e Savings in material, weight, and space, as minimum size bosses and flanges are permissible

e Allows the use of light materials instead of ferrous castings because connections will be protected by the
inserts

4, Wire thread Insert

e Accepts standard 2A/3A bolts (4g6g and 6g)
e Replaces Helicoil locking inserts
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e Spiralock insert meets or exceeds the applicable parts of NASM8846, e.g. the wire tensile strength, chemical
composition, and methods of inspection

e The spiralock insert is not a prevailing torque-type screw-locking insert—no risk of galling or seizing of the
bolt and insert

e Similar to NASM1130 inserts

e Provides proven superior vibration resistance to standard locking inserts

¢ Duplicates a Spiralock tapped hole

e Combines the advantages of wire inserts with the vibration resistance and load distribution of Spiralock

Check Tensions and Adjust As Required

For a production technician in the oil and gas industry, it is absolutely necessary to know the properties of oil
and gas. Few of the properties have been discussed before. Surface tension is one such property which must be
familiar with the production assistants.

Surface Tension
e Surface tension is defined as the measurement of the force of attraction acting between the surfaces or the
points of contact of two different elements

e For example, the measurement of the force of attraction between the layer of oil and well surface is the
surface tension of the oil

¢ Fluids tend to take the least possible surface area when it is kept in contact with a solid surface

¢ In the case of two immiscible liquids (or phases of elements), the surface tension is termed as interfacial
tension

e Surface tension is the elastic property of the liquid which allows it to take the shape of the surface of the
adjacent material

Calculation of Gas Oil Surface Tension
Two forms of correlations for calculating gas/oil surface tension have been developed.

e The first form is a pseudo-compositional black oil approach. Two components, gas, and oil, are identified,
and techniques used with compositional models are used to calculate surface tension
e The second approach uses empirical correlations to determine surface tension

Black oil correlations may provide less than accurate results because of the simplified characterization of the
crude oil. Generally, the heavy end components of a crude oil may be made of asphaltic and surface active
materials that have a measurable effect on surface tension.

With the compositional approach, surface tension is determined by the following equation proposed by Weinaug
and Katz.

: " .
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Figure 2.3.4: Weinaug and Katz Equation for Surface Tension
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Here the density terms are defined with units of g/cm3. Pi is the parachor of each component. This property is
a characteristic of pure components and is determined from surface tension measurements where the density
of the gas and liquid phases are known.

The du Nouy apparatus is essentially used to measure the surface tension of the crude oil. It is, in fact, a torsion
balance which exploits the ring method instead of using weights to measure the same. Using weights is a time-
consuming process, whereas, torsion balancing is comparatively quicker and more accurate method. The torsion
of the du Nouy apparatus is used to counteract the tension of the liquid (crude oil).

The readings come in Dyne per centimeter.

A production assistant should be aware of these things and must check the surface tension from time to time
because -
1. It gives the best idea of the cohesive properties of the crude oil

2. It allows the production team to get an idea of the amount, density, temperature and force of liquid flow
inside the well

3. Checking regularly produces a steady record and in case of any deviation or anomaly, it can be rectified
without facing huge damages

Figure 2.3.5: du Nouy Ring (often referred to as tension meter)

Carry Out Basic Visual Inspection for Common Faults and Record Observed for Any Faults: Carry out basic
inspections

Daily Inspection:

One of the positives of oilfield equipment is its reliability, and with the proper maintenance can function for years
before experiencing any serious issues. However, in order to prolong the unit’s life expectancy, daily inspections
should be performed to locate any issues prior to occurring damage.

When making inspections, lease pumpers should ensure the radio volume in the vehicle is completely down
(or shut off). By listening carefully, you can determine a great deal about the pumping unit’s condition. Lease
pumpers should also include checks for leaks (ex. lubricating oil) or loose objects (ex. nuts, bolts, washers, etc.)
in their daily inspections.
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Weekly Inspection:
Weekly checks should include the following:
e Perform Daily Inspection Steps

e Observe the Pumping Unit (make sure to completely walk around the unit)

e Stop at Proper Observation Points and Watch Each Component for One Entire Rotation (The lease pumper
should be looking for any signs of unusual motion, uncommon noises, or vibrations.)

e Examine the white safety line to ensure the pitman arm safety pins are correctly aligned

Monthly Inspections:
Monthly inspections should include:

e Completing the weekly check duties
e Examining the gearbox fluid levels (helps to determine if any leaks are present)
e Lubricating any worn components such as the pitman arm bearings, saddle, or tail

Figure 2.3.6: Worker inspecting the gearbox at the work site

Quarter and Semi-Annual Inspections:

Quarter and semi-annual inspections are essential. This is especially true for many new units, as many of these
devices require semi-annual lubrication procedures.

Figure 2.3.7: Worker examining the air cylinder (air balanced unit) to determine the level of oil

As the pumping unit gains wear over time, it will require the interval to gradually change first to five months,
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then four, and eventually every three months. However, some units may require monthly lubrication, as well
as additional special maintenance requirements in between lubrications. A portion of these examinations is
performed during operations, while others require the unit to be completely shut down and to set the brake
lever.

Pumping units have a variety of sizes, styles, gearboxes, and types of gearbox oil. This can include chain drives,
double-gear drives, and single-gear drives. In addition, each of these gears contains dippers, and with each
rotation, the dipper will pick up the oil, carry it, and empty it into a lubrication trough (allowing for the four shaft
bearings to be lubricated). However, poor maintenance can cause a variety of problems. This includes:

e Accumulating Sludge — typically caused by aged oil, incorrect additives, or mixing oil

o Difficulty Starting — typically caused by low oil or overly viscous oil, especially in cold weather

e Foam —typically caused by an overfilled gearbox

e Gear Wear — typically caused by contaminants (ex. bits of dirt, metal, etc.) in the oil

e Poor Lubrication — typically caused by low oil levels

e Rust —typically caused by water in the oil

e Poor Gear Surface Coverage — typically caused by overheating the oil, or too thin of oil

Figure 2.3.8: Workers at site inspecting the equipment
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Unit 2.4 Basic Maintenance Techniques and Practices

— Unit Objectives ©

At the end of this unit, you will be able to:

e Discuss the importance of maintenance

e Evaluate the method of maintaining practices

e Analyze the SRP system

e Describe the gas lift system

e Estimate the transmission system and its components

Basic Maintenance Hand Tools: Prepare for basic routine maintenance tasks and Describe basic routine
maintenance techniques

Diligent and routine maintenance on your oil and gas equipment is paramount to keep it running as efficiently
and effectively as possible for as long as possible. With the purchase prices of equipment being so steep, it’s only
logical to take as many precautions as possible to keep it all in excellent operating condition.

Every organization, where a Lead Assembler for Modular Furniture would work, has few predefined Standard
Operating Procedures (SOPs) for the safe handling of the various tools and equipment. Adherence to these
organizational procedures is extremely crucial for ensuring the safety of the individual as well as others.

A. Safe Handling of Powered Tools
e Before Using

o Appropriate measures should be taken to inspect the tool and the power supply. If the tool or any
part/accessory is found defective, it must be either replaced immediately or removed from service
and tagged appropriately as “Out of Service for Repair”.

Care should be taken that no defective tool must be used at any point of time.
All repair and maintenance work must be accomplished by licensed and experienced persons.
Before operating Powered Tools, the Instruction Manual must be read thoroughly.

O O O o

The guidelines and recommendations (by manufacturer) must be stringently followed, as per the
Instruction Manual or Directions of Use.

o The tools must be grounded adequately with the help of a three-pronged plug (equipped with
relevant 3-wired colour coded cord) and double insulation. This helps in preventing electric shocks.

o All powered tools must be checked with a continuity tester or a Ground Fault Circuit Interrupter
(GFCl), for effective grounding.

o Powered tools must be switched off before connecting them to a power supply.
o Powered tools must be switched off before connecting them to a power supply.
e While Using

o Issues, like a tool getting heated too soon or appearance of sparks, must be inspected and rectified
by a licensed electrician only.

All power cords must be kept clear of tools and the path along which the tool will operate.

Approved extension cords, with proper specifications, power requirement (for the tool) and
dimensions must be used, to prevent overheating and fraying of the cord.
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Outdoor work must be done with the help of outdoor extension cords labeled with “W-A" or “W”.
Cords must be suspended over the work area to mitigate trips and falls.

Octopus connections must be avoided by deploying a power bar or power distribution, comprising
multiple receptacle plugs.

o While unplugging the tool from the socket, the plug must be pulled gently and not the cord. Forcibly
pulling the cord leads to fraying and subsequent risk of electric shocks.

o The entire work area must be kept dry and away from heat, sharp edges, and oil, to avoid damage
of insulation.

o Cords, instead of knots, may be looped, using a twist lock plug.

B. Identify the use of basic maintenance hand tools

e The user must ensure that he/she is adequately trained in the secure usage of hand tools.

e The appropriate and accurate choice must be made on the right tool for the task.

e The user must deploy the correct techniques of handling and use the hand tools thus selected for the task.
e The user must operate hand tools by keeping the wrist straight.

e Hand tools must be thoroughly inspected before use and must be repaired immediately or replaced,
whenever necessary.

e The user must ensure that handles of axes, hammers, saws, and chisels must fit tightly into the head of the
tool, to avoid accidental injuries.

e One must always pull on pliers or wrench.
e Worn jaws of pliers, pipe tools, and wrenches must be replaced immediately.
e All hand tools must be kept in a robust toolbox, in a clean and dry place, away from the work area.

e While using hand tools, one must wear appropriate PPE, according to the types of hazards involved in the
task. This includes protective gloves of appropriate material, heavy aprons, safety goggles and face shields.

e When not in use, sharp and cutting tools must be covered with appropriate sheaths to avoid injuries.

Carry Out Basic Routine Maintenance Tasks

1. If your equipment does not consistently run and must be fired up from time to time instead, be sure to
check the equipment before you turn it on; this is especially true if the equipment hasn’t been used in a
while. You’ll want to make sure that all the engine components appear to be in good working condition, and
inspect the fuel lines and any wires and connections to make sure there is no corrosion. Check any and all
bolts and ensure they are not loose; tighten them as necessary.

2. Besure that if applicable, the furnace nozzle is cleaned regularly to prevent dangerous and damaging build-
up. In addition, keep in mind that air flow is crucial; your equipment will not run as efficiently as it should
without proper air flow. Be sure to check for dirty air filters and replace them as often as is necessary. When
professional maintenance services are needed, experts can perform everything from component repair and
spare parts supply to in-field overhauls and more. Professionals can perform upgrades, repairs, and services
with advanced technology and diagnostics.

3. Pumps should be serviced for draining, and any furnace chimney bases that are connected to furnaces (for
example) should be regularly cleaned, especially during periods of heaviest use. Any build-up of dirt, grease,
and grime can increase the amount of heat generated by your oil and gas equipment. When this happens,
unnecessary strain on your equipment can occur, shortening its lifespan and potentially causing permanent
(and expensive) damage. Use a degreaser to clean any dirt and grease, and keep any cooling fins clean with
a bristle brush.

4. Don’tunderestimate the value of equipment upgrade programs and maintenance programs. These programs
provide much more than just peace of mind; they also help you avoid costly repairs, inconvenient down
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times, and the stress and upset that comes along with unexpected problems. Upgrade programs will allow
you to trade in your equipment for updated or more recent models at a sharply discounted cost when
compared to new equipment. Maintenance plans include preventive maintenance appointments to have
professionals come and do a full inspection on all parts of your equipment, and are able to catch small issues
before they become large problems.

Figure 2.4.1: Equipment Maintenance

5. Secure and protect equipment with a shelter or cabinet that meets equipment specifications, local and
state codes, and protection needs. Fiberglass shelters are recommended by experts for many reasons.
These shelters are pound for pound stronger than steel, can be virtually maintenance-free and with an
excellent shelter manufacturer and installer, they can be designed to accommodate any specifications. You
can custom-engineer a shelter that is durable enough to withstand extreme temperatures, hurricane-force
winds and all other types of weather, and should be able to resist damage from chemicals, water, impact,
and the damaging rays of the sun. The importance of protecting and securing your oil and gas equipment
should not be underestimated.

Describe the Key Features of Prime Movers

In the energy industry, pumping units, compressors, coolers, and other forms of related equipment are driven
by prime movers. The most common prime movers in the oil and gas industry are natural gas turbines and
reciprocating engines. Steam turbines can also be used. Steam turbines are not common in field operations
and are used primarily in plants; therefore, they are not discussed in this chapter. Electric motors are not
considered “prime” movers and are discussed in the chapter on Electrical Systems. Each type of prime mover
has unique characteristics that make it appropriate for an application on the basis of site conditions and fuel
energy availability.

Injector

Figure 2.4.2: Prime Mover and its components
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Types of Prime Movers:
The common types of prime movers are —

e Natural gas turbines

* Reciprocating engines
e Steam turbines

e Electric motors

Prime movers are often called “driving equipment” because they are the primary source of mechanical energy or
power. The mechanical energy produced by the prime mover is transmitted to another machine or mechanism,
such as a pump or air compressor, to do some form of useful work. The mechanism, or linkage, that transmits
the mechanical power developed by the prime mover is called the drive.

Understanding of the Key Features of SRP Systems

SRP stands for Sulphate Removal Package. The SRP uses nano-filtration membranes to remove the sulphates
from the seawater while leaving the other salts (sodium, chloride etc.) substantially unaffected, thus maintaining
the stability and permeability of the formation clays.

Figure 2.4.3: Sulphate Removal Package at the site of work

How does SRP work?

e The membranes are typically configured in an SRP with a “2-array, brine staged” arrangement

e With this arrangement, the seawater feed is introduced to the first array of membranes which allows 50% of
the feed to pass through the membrane material with the sulphate being rejected on the membrane surface

e The 50% reject water (or brine) is then fed to the second array of membranes where again 50% passes
through as low sulphate water

¢ The two flows of low sulphate water are blended to give an overall recovery of 75% with the remaining 25%
of increased sulphate reject being safely discharged overboard without endangering the environment
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Benefits of Sulphate Removal

e Reduces seawater ion concentration from around 2,500 ppm to less than 50 ppm (at temperatures of <
249(C).

¢ Significantly reduces sulphate scale precipitation in production wells

e Reduces the quantity of scale inhibitor required down-hole and in topsides equipment

¢ Eliminates economic and operational impacts resulting from scaling in the reservoir

¢ Increases productivity index by limiting pipe constriction due to scaling

e Assists in maintaining reservoir permeability by limiting formation plugging caused by scaling

e Prevents well souring by controlling sulphate reducing bacteria (SRB) which in turn reduces equipment
corrosion problems and the equipment required for scrubbing, removal, and handling of hydrogen sulphide

e Reduces safety hazards associated with hydrogen sulphide

¢ Has an additional safety benefit by reducing scale and thus the potential of naturally occurring radioactive
material which can be attached to the scale

e Meets the stringent design and environmental criteria related to offshore platforms

Describe the Key Features of Gas Lift Systems

Artificial lift is a process used on oil wells to increase pressure within the reservoir and encourage oil to the
surface. When the natural drive energy of the reservoir is not strong enough to push the oil to the surface,
artificial lift is employed to recover more production.

Beam Pumping: It engages equipment on and below the surface to increase pressure and push oil to the
surface. Consisting of a sucker rod string and a sucker rod pump, beam pumps are the familiar jack pumps seen
on onshore oil wells.

e Above the surface, the beam pumping system rocks back and forth. This is connected to a string of rods
called the sucker rods, which plunge down into the wellbore

e The sucker rods are connected to the sucker rod pump, which is installed as a part of the tubing string near
the bottom of the well

e As the beam pumping system rocks back and forth, this operates the rod string, sucker rod and sucker rod
pump, which works similarly to pistons inside a cylinder. The sucker rod pump lifts the oil from the reservoir
through the well to the surface

e Usually pumping about 20 times a minute, the pumping units are powered electronically or via the gas
engine, called a prime mover

e Inorder for the beam system to work properly, a speed reducer is employed to ensure the pump unit moves
steadily, despite the 600 revolutions per minute the engine achieves
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Hydraulic Pumping: Another artificial lift pumping system, hydraulic pumping equipment applies a down-hole
hydraulic pumps, rather than sucker rods, which lift oil to the surface. Here, the production is forced against
the pistons, causing pressure and the pistons to lift the fluids to the surface. Similar to the physics applied
in waterwheels powering old-fashion gristmills, the natural energy within the well is put to work to raise the
production to the surface.

e Hydraulic pumps are generally composed of two pistons, one above the other, which are connected by a rod
that moves up and down within the pump

e Both the surface hydraulic pumps and subsurface hydraulic pumps are powered by power oil or clean oil
that has been previously lifted from the well

e The surface pump sends the power oil through the tubing string to the subsurface hydraulic pump installed
at the bottom of the tubing string, the reservoir fluids are then sent up a second parallel tubing string to the
surface

Electric Submersible Pumping: Electric submersible pump systems employ a centrifugal pump below the level
of the reservoir fluids. Connected to a long electric motor, the pump is composed of several impellers or blades,
that move the fluids within the well.
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e The whole system is installed at the bottom of the tubing string. An electric cable runs the length of the well,
connecting the pump to a surface source of electricity

e The electric submersible pump applies artificial lift by spinning the impellers on the pump shaft, putting
pressure on the surrounding fluids and forcing them to the surface

e A mass producer, electric submersible pumps can lift more than 25,000 barrels of fluids per day

Gas Lift: Gas lift injects compressed gas into the well to re-establish pressure, making it produce. Even when a
well is flowing without artificial lift, it many times is using a natural form of gas lift.
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e The injected gas reduces the pressure on the bottom of the well by decreasing the viscosity of the fluids
in the well. This, in turn, encourages the fluids to flow more easily to the surface. Typically, the gas that is
injected is recycled gas produced from the well

e With very few surface units, gas lift is the optimal choice for offshore applications. Occurring down-hole,
the compressed gas is injected down the casing-tubing annulus, entering the well at numerous entry points
called gas-lift valves

e As the gas enters the tubing at these different stages, it forms bubbles, lightens the fluids and lowers the
pressure

When a well is drilled to tap the oil and gas to the surface, it is a usual phenomenon that oil and gas comes to
the surface vigorously because of the energy stored in them. Over a long period of production, the decay of
energy takes place and at one point, the existing energy is found insufficient to lift the desired quantity of oil to
the surface. From that point onwards, manmade efforts are required to lift oil and this is known as Artificial Lift.

What is Artificial Lift?
When a self-flowing well stops to flow or is unable to deliver the desired quantity of oil to the surface, the
additional energy is supplied either by injecting compressed gas or by mechanical means.

e Suppose a well which can deliver the required quantity of oil on to a certain height in the well, say 500 Mts.
from surface subsequently Artificial Lift equipment help to lift the required quantity of liquid from 500 Mts.
to the surface

Purpose of Artificial Lift
The purpose of Artificial is to —

e Create steady low pressure or reduced pressure in the well bore against the sand face

¢ Allow the well fluid to come into the well bore continuously

In other words maintaining a desired and steady low pressure against the sand face, which is called flowing
bottom hole pressure, is the fundamental basis for formulating any Artificial Lift installation.

Sucker Rod Pumping system or SRP is widely used as a mean of commercial artificial lifting of oil and gas.

Advantages of Sucker Rod Pumping System (SRP)

e Suitable for moderate to low flow rates
e Flexibility in handling varied flow rates
e Low capital cost

¢ Moderate operating cost

e Efficiency ranges from 50 - 60%

e Excellent reliability

SRP consists of three major units:

1. Surface pumping unit
2. Sucker rods
3. Sub-surface pump
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Fig 2.4.4: Components of an artificial pump

Components of SRP System
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API Pumping Unit Designation Depends On:
e Pumping unit geometry

e Max. Torque capacity of gear reducer

e Type of gear reducer

e Unit structural capacity

e Max. Polished rod stroke length

Types of prime mover used:

e Electric engine
¢ Internal combustion gas engine

Selection of prime mover depends on:

¢ Availability of gas/power at well site
e Capital cost

e Operating cost

e Service life

e Energy cost

Types of sub-surface pump

e Insert or rod pump
o Commonly used pump
o Barrel, plunger, travelling and standing valve form integral parts of sub-surface assembly
o Runs as an unit on the sucker rod string

e TUBING PUMP
o Suitable for pumping large liquid volumes
o Useful for inclined wells
o Working barrel is run as a part of the tubing

Different types of APl pumps and their advantages and disadvantages

¢ Due to top anchor position, barrel outside is

Stationary Barrel at suction pressure and inside is exposed to
Top Anchor Rod Recommended for sandy wells hydrostatic pressure of liquid column in the
Pump tubing large pressure

e Difference across wall can burst the barrel

Barrel outside is at hydrostatic
pressure of liquid column in

Stationary Barrel tubing pressure difference ¢ During intermittent operation, sand or
Bottom Anchor Rod | across the wall is much less other particles settle on the top of plunger,
Pump making pump less prone to preventing smooth pulling of pump

mechanical damage, thus, it can
be used to greater depths
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Knowledge of the key features of rotating equipment and tools and Outline typical maintenance requirements
of rotating equipment and tools

Static and rotating equipment form an essential part of the oil and gas infrastructure depends on the reliability
and quality of these tools. Rotating equipment is the general classification of mechanical components that add
kinetic energy to a process in order to move material.

Figure 2.4.5: Sample of a rotating equipment used in the oil and gas industry

Some of the common rotating equipment used in oil and gas industry are —

Centrifugal pumps
Vacuum pumps
Steam turbines
Gas turbines
Gearboxes

Mixing gear

Centrifugal Pump

Centrifugal pumps convert the rotational kinetic energy of the axis of the pump to hydrodynamic flow of
the fluid

When the fluid enters the pump through the inlet, the axis rotates vigorously. The rotational movement
of the fluid creates a hydrodynamic force inside the pump which helps it to pull the fluid to a particular
direction

In case of oil and gas industry, the hydrocarbon fluid is pumped from the depth of the well through the
pumps
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2. Vacuum Pump

e Vacuum pump works on the same principle as the positive displacement pump
¢ Toincrease output, several vacuum pumps can be connected in a series or parallel connection

¢ In vacuum pumps, the gas load enters the pump through the inlet and passes out of the exhaust (exiting
point) creating a vacuum inside

¢ The speed of passing of the gas load can be regulated externally

3. Steam Turbine

e Asteam turbineis a device that extracts thermal energy from pressurized steam and uses it to do mechanical
work on a rotating output shaft

e Asteam turbine is a form of heat engine that derives much of its improvement in thermodynamic efficiency
from the use of multiple stages in the expansion of the steam

e The thermal energy contained in the steam is converted to the mechanical energy by expansion through the
turbine. The expansion takes place through a series of fixed blades (nozzles), that orient the steam flow into
high-speed jets
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e Agasturbine, also called a combustion turbine, is a type of internal combustion engine

e Gas turbine allows atmospheric pressure to enter the body

¢ The air then is mixed with fuel by spraying

e This creates a high-temperature, high-pressure flow inside the body which further moves towards the shaft
¢ Duetothe flow of the air (ignited by fuel) produces a shaft output (this is based on the theory of combustion)
¢ The shaft is attached to the compressor which generates the final output

Gearbox is often referred to as the transmission system as it regulates the power inside a system. A gearbox is a
rotating tool which is indispensable in the hydrocarbon industry.

Know-how of the key features of transmission systems and components: Outline typical maintenance
requirements of transmission systems and components

Figure 2.4.6: Gearbox: often referred to as the transmission system

A transmission is a machine in a power transmission system, which provides controlled application of the power.
Often the term transmission refers simply to the gearbox that uses gears and gear trains to provide speed and
torque conversions from a rotating power source to another device.
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Features of Gearbox (Transmission System):

Transmission adapts the output of the internal combustion engine to the drive wheels. As discussed in the
table above, the gearbox helps to adapt the output of the gas turbine

Such engines need to operate at a relatively high rotational speed, which is inappropriate for starting,
stopping, and slower travel

The transmission reduces the higher engine speed to the slower wheel speed, increasing torque in the
process

Transmissions are also used on pedal bicycles, fixed machines, and where different rotational speeds and
torques are adapted

Often, a transmission has multiple gear ratios (or simply “gears”) with the ability to switch between them as
speed varies. This switching may be done manually (by the operator) or automatically

Directional (forward and reverse) control may also be provided

The output of the transmission is transmitted via the driveshaft to one or more differentials, which drives
the wheels
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Unit 2.5 Oil & Gas Production Processes (Onsite Training)

— Unit Objectives ©@

At the end of this unit, you will be able to:

e Analyze the oil and gas production process
¢ |dentify oil and gas equipment

e Evaluate preventive measurements

e Prioritize record-keeping and reporting

e Estimate the HSE requirements

Understand Preventive Maintenance Requirements

Oil and gas industry employs few of the most gigantic machines, operating on a 2