Petroleum Oil &
Gas Downstream
Application note

Oil and natural gas are part of everyday life. Together, these fossil fuels represent 86 % of global energy demand. Products produced
from oil and gas are used throughout the world as fuel (such as gasoline and diesel fuel), or as building blocks for the petrochemical
and chemical industries.
The process to extract, transportation, process and refine oil and gas is complex and wrought with danger to workers and to assets.
One of the most dangerous is the risk of fire or explosion due to the presence of flammable gases and liquids. Toxic gases and chemicals encountered throughout the processes add the risk of asphyxiation, burns, cancer and system corrosion.
To reduce the risks to life, property or the environment, oil and gas companies follow mandatory safety practices. Portable and fixed
gas detection systems, and flame detection systems play a critical role in monitoring the environment for hazards. Respiratory or other
safety gear can then be provided to workers to keep them safe.
The good news is that the oil and gas industry, as a result of understanding and addressing hazards through mandatory regulations, has
fewer safety incidents today than in the past.
The oil and gas industry is typically divided into three major sectors: upstream, midstream and downstream.
Upstream

Midstream

Downstream

Searching for underground or underwater crude oil and natural gas fields
by drilling and operating the wells that
recover and bring the crude oil and/
or raw natural gas to the surface. Upstream exploration and production can
occur onshore or offshore. Shale gas &
oil exploration are nowadays a very
active part of this sector.

The transportation (pipeline, rail,
barge, oil tanker or truck) and storage of oil and gas from the well to
the refinery or natural gas processing plant.

The refining of crude oil and the processing and purifying of raw natural
gas that produces petroleum products such as gasoline, diesel fuel,
base for asphalt, heating oil, kerosene, and liquefied petroleum gas
(LPG). Often integrated in the downstream market are petrochemical
plants that utilize the petroleum and
gas products to produce Ethylene,
Propylene, Benzene, Butadiene and
other by products used by multiple
types of industries.
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Oil refineries are considered an essential part of the downstream side of the petroleum industry. These large scale plants process several
hundred thousand barrels of crude oil a day.
Crude oil is processed and refined into more useful products such as gasoline, diesel fuel, base for asphalt, heating oil, kerosene, and
liquefied petroleum gas.

Oil refineries are typically large, sprawling complexes with extensive piping running throughout the facility. These interconnected pipes
carry streams of fluids between large processing units.
There is usually an oil depot or tank farm at or near an oil refinery for the storage of incoming crude oil and liquid products processed by
the refinery. Oil refineries are typically located nearby navigable rivers or on a sea shore, nearby a port. These locations provide access
to transportation by river or by sea and supply the abundant source of water required for cooling the equipment. Often, a petrochemical
plant may be located in the same complex as the refinery.

The refining process separates crude oil into components used for a variety of purposes, from high-performance fuels to plastics. The refining process begins with crude oil which is unrefined liquid petroleum that ranges in color from yellow to black, is described as “sweet” or
“sour” according to its sulfur content and heavy or light according to its API (American Petroleum Institute) Gravity. “Sour” crude contain
1%–5% sulfur content, while “sweet” crudes will have less than 1% sulfur content. The API Gravity index is a relative measure of weight;
heavy crude is less than 30°API, while light crude is greater than 30°API. Crude oil is composed of thousands of different chemical compounds called hydrocarbons, all with different boiling points.
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The Refining process
Refining converts oil and gas into gasoline, jet fuel/kerosene, liquified petroleum gas (LPG), distillate fuels (propane and butane), marine/residual fuels, coke and asphalt, solvents (benzene, toluene and xylene), solvents, petrochemicals (ethylene, proplyene, butylene,
isobutylene), and lubricants.

There are three general steps to refining:
1) separation/distillation,
2) conversion
3) treatment

1) Separation & distillation
The first step in refining is separation and distillation to remove salts and water, and to separate crude oil into a range of hydrocarbon
compounds. The crude oil distillation unit (CDU) is the first processing unit in virtually all petroleum refineries. Applying heat to crude petroleum changes the petroleum into a gas. For example, a typical crude oil may begin to boil at 104° F to produce petroleum gas used
for heating and making plastics, and finish boiling at greater than 1112° F to produce residuals such as the base for asphalt and tar. The
hot gases enter a distillation column and become cooler as they move up the height of the column. As the gases cool below their boiling
point, they condense into a liquid. The liquids are then drawn off the distilling column at specific heights, ranging from left over oil at the
bottom, raw diesel fuels in the mid-sections, and raw gasoline at the top. The left over oil, raw diesel and raw gasoline are then processed
further within the refinery,

2) Conversion
After distilling, the second step is conversion of the hydrocarbons into more valuable products by changing the size and/
or structure of the hydrocarbon molecules.
This is done through processes such as thermal or catalytic cracking (breaking apart),
combining (joining molecules together)
through alkylation and polymerization or
modification (rearranging molecules).

3) Treatment
Treatment processes further prepare hydrocarbon streams for additional processing.
This may include removal or impurities or
contaminants, or may involve chemical or
physical separation such as desalting, drying sweetening, solvent extraction, or other
procedures. The treatment depends upon
the requirements for the final product.

Other refinery operations
Formulating, blending and other operations occur in refineries following the three main steps. For example, water/wastewater used in
operations must be treated, and end products must be stored.

Petroleum Oil & Gas Downstream
Application note

Petroleum Oil & Gas Refineries Common Hazards
The refining process releases a number of different hazards into the atmosphere. In addition to risks of industrial exposure to chemicals,
and accidents such as fire and explosion, there are health and hygiene hazards caused by air contaminants which may be part of the
normal refining process or that can escape unexpectedly in an oil refinery. Crude oil contains thousands of hydrocarbons and other chemicals which may result in short and long term health problems, corrosive burns and or asphyxiation to individuals working in refineries. As
a consequence, gas & flame detection are essential in the different units of a refinery but some specific risks can also be met in the different
units and should be monitored such as listed below.

Refining Process - Separation/distillation:
Desalter Unit

Distillation Unit
Description: Washes out salt from the
crude oil before it enters the atmospheric distillation unit.

Description: Distills crude oil into fractions, the various components that are
further refined to produce gasoline, jet
fuel, and diesel.

Potential Hazards:
H2S

H2

Potential Hazards:
SO2

H2S

SO2

NO2 CO

Refinery Processes - Conversion:
Steam Reforming Unit :

Description: produces hydrogen for the
hydrotreaters or hydrocracker.

Potential Hazards:
H2S

SO2

Catalytic Reformer

Description: Unit is used to convert molecules
into higher reformed product. An important byproduct of a reformer is hydrogen
released during the catalyst reaction. The
hydrogen is used either in the hydrotreaters
or the hydrocracker.

Potential Hazards:
H2

Hydrocracker Unit

Coking Units

Description: Process very heavy residual oils
into gasoline and diesel fuel, leaving petroleum
coke as a residual product.

Potential Hazards:
NO2

Potential Hazards:

NH3

H2S

Isomerization Unit

Alkylation Unit

Description: Converts linear molecules
to higher-octane branched molecules for
blending into gasoline or feed to alkylation
units. H2S, SO2

Potential Hazards:
H2S

SO2

Description: Uses hydrogen to upgrade
heavier fractions into lighter, more valuable
products.

CO

Description: Uses sulfuric acid or hydrofluoric acid to produce high-octane
components for gasoline blending.

Potential Hazards:
H2S SO2 CO
H2SO4 HF C6H6
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Refinery process units - treatment:
Amine Gas Treater

Hydrotreater Unit

Description: Claus unit, and tail gas treatment
convert hydrogen sulfide from hydro desulfurization into elemental sulfur.

Merox Unit

Description: Uses hydrogen to desulfurize
naphtha from atmospheric distillation. Must
hydro treat the naphtha before sending to a
catalytic reformer unit.

Potential Hazards:

Potential Hazards:

H2S

SO2

Description: Treats LPG, kerosene or jet
fuel by oxidizing mercaptans to organic
disulfides.

Potential Hazards:

SO2

H2S

SO2

Refinery operations

Description: store propane and similar gaseous
fuels at pressure sufficient to maintain them in
liquid form. These are usually spherical vessels
or "bullets" (i.e., horizontal vessels with rounded
ends).

Potential Hazards:
H2S

SO2

Wastewater Collection and
Treating Systems

Storage tanks

Liquefied Gas Storage Vessels

Description: Store crude oil and finished
products, usually cylindrical, with some sort
of vapor emission control and surrounded by
an earthen berm to contain spills.

Potential Hazards:

Potential Hazards:
NO2

H2S

Description: Consist of API separators, dissolved air flotation (DAF) units and further
treatment units such as an activated sludge
biotreater to make water suitable for reuse
or for disposal.

SO2

Cl

NO2

Utility Units
Description: Cooling towers circulate cooling water,
boiler plants generates steam, and instrument air
systems include pneumatically operated control
valves and an electrical substation.

Potential Hazards:
H2S

SO2

H2

Cl2 H2S
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Gas and Flame Detection Systems in Refining.
Fixed Gas and flame detection systems are used throughout refineries to detect leakage or spills of toxic or flammable gases. The sensor
selected for detection depends upon careful assessment of the potential hazards, while placement and configuration such as open path,
fixed point or a combination of systems help ensure coverage across the area while minimizing false positives. Teledyne Gas & Flame
Detection offers consulting, design, integration , commissioning and training for customers to ensure effective solutions for their specific
situation.
Portable gas detection systems are worn by workers and contractors based on the standard operating procedure of the refinery. Typically
gas detectors are worn in all zones deemed as potentially hazardous. With the decreasing size of multi-gas detectors, many refineries
are choosing to use these instead of single gas detectors. There are specific applications such as confined space, that require the use of
portable and/or transportable gas detectors to comply with regulations.

Confined Spaces

A confined space is an enclosed or partially enclosed area that is big enough for a worker to enter. It is not
designed for someone to work in regularly, but workers may need to enter the confined space for tasks such
as inspection, cleaning, maintenance, and repair. Employers are required to conduct a hazard assessment
for every confined space on a worksite. If the confined space has certain characteristics, it is considered by
OSHA and other regulatory bodies to be a “permit required confined space”, which has strict requirements
for labeling, training, equipment and procedures. Entry into confined spaces are common in refineries because of the numerous collections of tanks, reactors, vessels and ducts. Workers have died because they
did not take the necessary precautions and have the proper equipment before entering a confined space.

OSHA and other regulatory bodies require employers to provide appropriate PPE, including respiratory protection and portable and /or
area monitoring to employees working in permit required confined spaces. Strict gas monitoring is required prior to and during the entry
into the confined space.
Examples of confined spaces:
•
•
•
•
•
•

Storage tanks
Process and reaction vessels
Boilers
Ventilation and exhaust ducts
Tunnels and pits
Pipelines

Potential Hazards:
Oxygen Deficiency
H2S
NH3

CO

SO2

NO2

HCl

Cl2

H2

Hot work
Hot work operations are those such as welding, brazing, cutting, grinding, soldering and thawing that
create heat, spark and hot slag that may ignite flammable and combustible materials in the area of
hot work activities. This type of work often occurs during refinery or storage tank maintenance. In the
event that work and equipment cannot be located outside of hazardous areas, precautions must be
followed to enhance safety. Fire equipment should be on hand, and a person called a “fire watch”
must guard while the hot work is being performed.
The atmosphere is monitored before starting hot work with a gas detector, and typically is reassessed
throughout the duration of the work. Hot work that is done in a confined space must also follow confined space regulations.
Potential Hazards:

Turnarounds and shutdowns

H2S

Flammable gases

Turnarounds are scheduled maintenance and cleaning of processing and storage units as part of normal operating procedures. Companies spend considerable time planning for such events so that they
can execute the maintenance as quickly as possible to reduce down time for the refinery. Shutdowns
are usually unexpected stoppage of work within a refinery. In either case, it is common for refineries
to utilize service companies that bring contractors to the site for the work to be done. These contractors
are equipped with PPE, including portable gas detectors, to wear for the duration of the turnaround.
The transportable BM 25 has been specifically designed for team protection or area surveillance
where fixed detection systems are not suitable.
Hazards depend on the processing unit being served and any hot work or confined spaces that are encountered while doing the maintenance.
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Dangers of hydrogen sulfide (H2S)

Colorless gas with the odor of rotten eggs. Excessive exposure has been linked to many confined space deaths. Hydrogen sulfide causes
a loss of our sense of smell, causing people to mistakenly think that the gas has left the space. Hydrogen Sulfide inhibits the exchange of
oxygen on the cellular level and causes asphyxiation.
10
ppm

50
ppm

Time weighted
average exposure
level

125
ppm

Eye & throat
irritation

Temporary loss of smell

200
ppm

500
ppm

Headache and vomiting, potentially fatal

Fatal within 30 to 60
minutes

Dangers of nitrogen dioxide (NO2)

Approximately 1% of Nitrogen dioxide is formed naturally in the atmosphere by lightning and some is produced by plants, soil and
water. The major source of nitrogen dioxide is the burning of fossil fuels: coal, oil and gas, oil and metal refining, electricity generation
from coal-fired power stations, other manufacturing industries and food processing.
The main effect of breathing in raised levels of nitrogen dioxide is the increased likelihood of respiratory problems. Nitrogen dioxide
inflames the lining of the lungs, and it can reduce immunity to lung infections. This can cause problems such as wheezing, coughing,
colds, flu and bronchitis.

Dangers of carbon monoxide (CO)

Odorless, colorless gas (asphyxiant) that is formed by burning carbon based fuels (gas, wood). Carbon monoxide inhibits the body’s
ability to transport oxygen to all parts of the body and will cause suffocation by interfering with the bloods ability to carry oxygen.
25
ppm

200
ppm

Time weighted
average exposure
level

Headache after several hours

400
ppm

1500
ppm

2500
ppm

Headache within 2 hours

Mental confusion,
possible loss of consciousness

Fatal

Dangers of sulfur dioxide (SO2)

Colorless, corrosive gas with an irritating pungent odor. It causes severe irritation to the eyes, nose, throat and lungs. Can affect you
when inhaled or by passing through the skin. Direct contact with the liquid can cause frostbite. Reacts with water or moisture to form
sulfuric acid.
5
ppm

15
ppm

Drowsiness
Headaches

50
ppm

1000
ppm

Increased blood pressure difficulty
breathing

Unconsciousness

Dangers of ammonia(NH3)

Corrosive to the skin, eyes, and lungs. It is also flammable at concentrations of approximately 15% to 28% by volume in air. When
mixed with lubricating oils, its flammable concentration range is increased. It can explode if released in an enclosed space with a
source of ignition present, or if a vessel containing anhydrous ammonia is exposed to fire. Fortunately, ammonia has a low odor threshold (20 ppm), so most people will seek relief at much lower concentrations.
0-25
ppm

Eyes, lung & skin
irritation

25
ppm

35
ppm

50- 100
ppm

Long-term
Short-term
Exposure Limit (LTEL) Exposure Limit (STEL)

100-500
ppm

Irreversible blindness & lung
damages

Pulmonary Oedema
Temporary blindness

Dangers of chlorine (CL OR CL2)

Toxic gas with corrosive properties; it causes an inflammatory effect on tissues, especially in the respiratory tract through contact with
the compound.
0.5
ppm

Time weighted average
exposure level

3
ppm

Eye irritation

15
ppm

Throat irritation

50
ppm

Potentially fatal
after prolonged exposure

1000
ppm

Fatal
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Teledyne Gas & Flame Detection Products and Solutions.
There are several technologies that can be employed to detect gases present in petroleum oil and gas refineries. Electrochemical sensors
are used to monitor oxygen rates in the air, or the presence of toxic gases such as CO, H2S, Cl and Cl2. Semi-conductor sensors are
used where there are high concentrations of H2S or where the ambient temperature is high. Catalytic and infrared sensors are used for the
detection of explosive gases such as CH4 or carbon dioxide (CO2). Infrared sensors are also recommended for corrosive atmospheres or
where high levels of H2S are present. At Teledyne Gas & Flame we develop products that uses all of these different technologies so that
you can focus on the job at hand. Teledyne Gas & Flame offers a wide range of fixed and portable products.

Key products
Portable- transportable detectors

PS200

PS500

Protégé ZM

GT Series

BM 25 & BM 25 Wireless

Controllers

X40

SIL2

SIL2

MX 52
16-channel controller

MCX-32

MX 62
64-channel controlller

Multisafe
NFPA72 - EN54-10

Flame Detector

Detectors

SIL2

SIL2

Spy Glass

MultiTox, MultiXplo

SIL2/3

CXT SmartWireless
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SIL3

SIL2

GD 10

GD1

SIL2

Meridian

DFTT7 Flame Detector

SIL2

700 Series

ProDetec Pty.Ltd.
P. +61 (02) 9620 8700
F. +61 (02) 9620 8755
E. info@prodetec.com.au
A. 17/38 Powers Rd,
Seven Hills NSW 2147
www.prodetec.com.au

