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UNDERSTANDING PRESSURE

Pressure is an expression of force (weight) exerted on a surface per unit area.

What is Pressure?

In simple words, pressure is the amount of force (weight) applied on one unit of exposed surface area

or

Total weight divided on whole area of exposed surface.

Pressure = Force ÷ Area
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UNDERSTANDING PRESSURE

Measurements of Pressure

▪ ATMOSPHERE (Atm.)

1 Atmosphere is equal to normal atmospheric pressure.

▪ BAR

1 Bar = 0.9869 Atm. (it is roughly equal to 1 Atmosphere).

▪ POUNDS SQUARE INCH (PSI)

Number of Pounds each Square Inch area of surface is subjected to.

1 PSI is a force of 1 Pound per Square Inch.

1 Bar ≈ 14.5 PSI

▪ PASCAL (Pa)

1 Pascal is a force of 1 Newton per Square Meter.

1 Bar = 100 000 Pa; 1 PSI ≈ 6895 Pa.

Kilopascal (kPa) = 1 000 Pa
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UNDERSTANDING PRESSURE

Amount of Pressure

▪ Typical air pressure in car tyre is approximately 30 PSI

▪ Air pressure in Breathing Air Cascade System low pressure manifolds is approximately 100 PSI

▪ Pressure washer systems eject water with pressure up to 2 000 PSI

▪ Nominal working pressure of BOP accumulator unit is 3 000 PSI

▪ Compressed gas cylinders contains pressures up to 4 500 PSI

▪ Rig Mud systems are operating on pressures up to 7 500 PSI

▪ Well service activities may utilize pressures up to 15 000 PSI

▪ Well Control equipment can be rated for pressures up to 15 000 PSI and are subjected to

periodical pressure tests
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UNDERSTANDING PRESSURE

Potential Risk Areas

▪ Compressed gas cylinders

▪ Compressed air

▪ Breathing air systems

▪ Drilling muds and fluids system

▪ Well control equipment control systems

▪ Water injection

▪ Pressure testing of equipment

▪ High pressure washing equipment

▪ Hydrocarbon processing

▪ Any enclosed drum, vessel or pipe could be

pressurised
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Mud Systems

▪ Mud Pumps

▪ Pulsation Dampener

▪ Mud Lines (steel piping, vibrator and rotary hoses)

▪ Stand Pipe Manifold

▪ Top Drive System

HIGH PRESSURE EQUIPMENT ON RIG
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WHAT CAN GO WRONG? INCIDENT LESSONS LEARNT

Click Thumbnail to Enlarge
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Well Control Systems

▪ BOPE

▪ Accumulator Unit

▪ BOP Control Lines

▪ Choke Manifold

▪ Kill Line, Emergency Kill Line, Choke Line

HIGH PRESSURE EQUIPMENT ON RIG
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WHAT CAN GO WRONG? INCIDENT LESSONS LEARNT
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HIGH PRESSURE EQUIPMENT ON RIG

Cementing Systems

▪ Cementing Pump

▪ Cementing Piping

▪ Cementing Manifold
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Well Service Equipment

▪ Coiled Tubing

▪ Well Testing

▪ Well Flaring

▪ Well Killing

▪ Well Stimulation

▪ Water Injection

HIGH PRESSURE EQUIPMENT ON RIG



12

Pipe Handling Equipment

▪ Iron Roughneck

▪ Power Tong

▪ Pipe Spinner

▪ Hydraulic Pipe Elevator

▪ Spider Pipe Elevator

▪ Spider Pipe Slips

HIGH PRESSURE EQUIPMENT ON RIG
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Pressure Testing Equipment

▪ High Pressure Test Pump

▪ Test Lines and Fittings

HIGH PRESSURE EQUIPMENT ON RIG
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Pressure Testing Equipment

Pressure test pump pressure bleed off to be done only through bleed off manifold

HIGH PRESSURE EQUIPMENT ON RIG

Test Pump

Manifold

Bleed-off

Valve

Discharge Line
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Pneumatic / Hydraulic Hoisting Equipment

▪ Air Winches

▪ BOP Hoists

▪ Supersack Hoists

▪ Overhead Lifting Equipment

▪ Hydraulic Cranes

HIGH PRESSURE EQUIPMENT ON RIG
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Breathing Air Systems

▪ Breathing Air Cascade Cylinders

▪ Breathing Air High Pressure Piping

▪ Breathing Air Compressors

▪ Self Contained Breathing Apparatus

▪ Breathing Apparatus Refilling Stations

HIGH PRESSURE EQUIPMENT ON RIG
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Compressed Gases Cylinders

▪ Oxygen

▪ Nitrogen

▪ Propane

▪ CO
2

▪ Freon

HIGH PRESSURE EQUIPMENT ON RIG
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Compressed Air

▪ Air Compressors

▪ Compressed Air Receiver Tanks

▪ Compressed Air Transfer Lines

HIGH PRESSURE EQUIPMENT ON RIG
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High Pressure Cleaning / Washing

▪ High Pressure Wash Gun

▪ High Pressure Water Jetting

▪ Sandblasting

HIGH PRESSURE EQUIPMENT ON RIG
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High Pressure Cleaning / Washing

OPERATING PRECAUTIONS

▪ Never point a pressure washer at

yourself or others, whether the pressure

washer is operating or not. It could discharge

unexpectedly

▪ Avoid washing of any PPE or clothes with

water jet

▪ Wear appropriate PPE while using pressure

washer (as a minimum safety goggles, face

shield, steel toe rubber boots, apron)

▪ Maintain a distance from 8 to 24 inches

between the spray-wand nozzle and surface

being cleaned

HIGH PRESSURE EQUIPMENT ON RIG

▪ Never attempt to push or move objects with spray from the washer

▪ Be aware of the work environment and keep high-pressure spray away from electric wiring,

receptacles, or junction boxes

▪ Turn water pump off, close water supply valve and depressurize equipment when not in use
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Portable Power Tools

▪ Air powered hand tools (grinder, drill, spanner, etc.)

▪ BOP Bolts Torque Up Wrench

▪ Hydraulic crimping machine

HIGH PRESSURE EQUIPMENT ON RIG
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High Pressure Pipework

Permanent of temporary pipework can be utilized for direction of fluids or gases under pressure from

one point to another.

Hard and flexible piping are being utilized in the following operations:

▪ General pumping operations (transfer of fluids, mud/brine mixing operations, (reverse) circulating

well fluids, etc.

▪ Pressure testing of downhole equipment (casing, packers, tubing, plugs, valves, accessories).

▪ Cementing.

▪ Well killing.

▪ Well stimulation.

▪ Nitrogen pumping.

▪ Well clean-up (Flowbacks).

▪ Well testing.

▪ Under balanced drilling operations.

▪ Managed pressure drilling operations.

HIGH PRESSURE EQUIPMENT ON RIG
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Hammer Union Connection

The union parts are identified using a nominal pipe size,

a FIG designation and a code e.g.1502.

For example: 3” FIG 1502

▪ 3” - is the nominal diameter and is close to the

inside diameter.

▪ The meaning of “FIG” is an abbreviation of “figure”

– meaning drawing

▪ 1502 is a code for the working pressure rating:

– First two digits (15) referring to 15,000 PSI.

– Last two digits (02) referring to the sealing

arrangements (square gasket seal).

HIGH PRESSURE PIPEWORK

NOTE: For H
2
S applications pressure rating has to be

downgraded, e.g. FIG 1502 pipework for H
2
S service

shall be utilized for 10 000 PSI pressure only.
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WHAT CAN GO WRONG? INCIDENT LESSONS LEARNT
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Hammer Union Connection  Mismatches

Mismatches in hammer unions are severe mechanical hazards

to the integrity of the system. They are weak points that may

fail under pressure and can result in serious personal injury,

death, and/or property damage.

Such Mismatches occur in 5 main categories:

▪ Mismatching the same size (unions having the same size,

but different figure numbers)

▪ Mismatching the pressure ratings (union connections of

the same size and figure number but with different

pressure ratings)

▪ Mismatching of wing nuts (wing nut of one size and

figure number is mounted on the male sub of another

size and figure number)

▪ Mismatching of components (segments and nut of one

figure number are made up to a detachable male sub

with a different figure number)

▪ Mismatching of non-detachable and detachable

components (assembly of non-detachable nuts on

detachable male subs)

Go No-Go Gauge shall be used to

avoid mismatching of same size

unions

2” Fig 1502 Female: NO-GO

2” Fig 602 Female: GO

HIGH PRESSURE PIPEWORK
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Flange Connection

▪ Flange shall be OEM certified and rated for the pressures it

is subjected to

▪ All studs shall be in place (Grade B7)

▪ Nuts shall be tightened with pre-defined torque (Grade 2H)

▪ Bolts shall extend completely through the nut with at least

one thread exposed

▪ Proper O-rings shall be installed between flanges as required

HIGH PRESSURE PIPEWORK

Proper Installation

Improper Installation
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Hub-Type Connection

The mating of hub connector components from two

different manufacturers is only allowed if:

▪ The components are dimensionally the same and

mechanically equivalent.

▪ The hub connector face shall be from one

manufacturer and all the other connector

components shall be supplied by the other

manufacturer.

▪ The assembled connector integrity has been

validated at temperature, pressure and side-

loading by the manufacturer supplying the majority

of the components.

HIGH PRESSURE PIPEWORK
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Welded Connection

▪ All the welded connections in

high pressure systems shall be

rated for the pressure they are

subjected to during operation.

▪ Welds shall be made strictly in

accordance with appropriate

welding procedure by qualified

(certified) welder.

▪ Welds shall be NDT tested,

certified and pressure tested.

HIGH PRESSURE PIPEWORK
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Threaded Unions

Include but is not limited with:

▪ High Pressure Fitting

▪ High Pressure Valves

▪ Instrumentation Threads, e.g. gauges, sensors

▪ Hoses with threaded fittings

Considerations:

▪ Threads shall be rated for the pressures

▪ Male and Female threads shall be of same standard and

dimension

HIGH PRESSURE PIPEWORK
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Flexible Pipes - Hoses

▪ Hoses to direct well fluid from the test tree to the

stand pipe or choke manifold - test lines

▪ Cementing hoses

▪ Acid line

▪ Nitrogen lines

▪ Chemical injection hoses

▪ Kill and Choke lines

▪ BOP Control Lines

Considerations:

▪ Hoses shall be rated for the pressures

▪ Inspection, testing, certification, maintenance

handling and storage standards and OEM

requirements  shall be strictly followed

HIGH PRESSURE PIPEWORK
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Flexible Pipes - Hoses

HIGH PRESSURE PIPEWORK

COFLEXIP HOSES

Typical structure of the hoses:



32

Flexible Pipes - Hoses

HIGH PRESSURE PIPEWORK

COFLEXIP HOSES

A visual inspection throughout the entire length of the line should include:

▪ Stainless steel outer-wrap : the outer-wrap must always ensure its primary function which is

to protect the polymeric sheath underneath from being torn or punctured.

▪ Termination : record any damage to the coating on the end-fitting, and follow its progression,

if any.

▪ Connector : same as above, with particular attention to the seal area.
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Flexible Pipes - Hoses

HIGH PRESSURE PIPEWORK

HIGH PRESSURE DRILLING AND

PRODUCTION HOSES

Critical Elements of the Hoses:

▪ Rubber liner - The main sealing

membrane

▪ Inner metallic tube - Supports the

rubber liner under decompression

▪ Steel reinforcing cables - Main

strength of hose body providing

pressure retention

▪ Rubber cover - External sealing

compound preventing water

ingress to hose body

▪ Bonded hose coupling - End

coupling retention
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Flexible Pipes - Hoses

HIGH PRESSURE PIPEWORK

HIGH PRESSURE DRILLING AND PRODUCTION HOSES

The hoses shall be inspected on a regular on-going basis according to OEM recommendations,

international or local regulations / requirements.

Cuts or gouges in the hose should be addressed immediately.

Damage to the outer cover that is not too deep

and does not expose the steel cables can be

repaired using suitable sealants or patches.

If the damage exposes the steel cables and

corrosion is induced, then the strength of the

cables is weakened and the hose is not

repairable and must be condemned.
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WHAT CAN GO WRONG? INCIDENT LESSONS LEARNT
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Pipe and Hose Restrains

Restraints function to reduce movement of pipe and hoses

in the event of a pipe, hose or fitting failure.

They are a mitigation tool that can be used to minimize or

restrict damage to personnel and equipment from piping.

They are not capable of restraining every fitting that may

break free during a failure event.

Restraints are not a substitute for good integrity

management practices including proper design, iron

management, proper pipe support, and pressure testing.

When restraints are utilized on pressurized piping and hoses,

they must be

▪ engineered to withstand the anticipated force

encountered during a failure

▪ attached to equipment and/or supports that can

withstand the forces that will be put on them

HIGH PRESSURE PIPEWORK
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Pipe and Hose Restrains

WHIPCHECKS

▪ Intended for use with pressured hose lines, not

intended for use with hard pipe.

▪ Installation must minimize the amount of slack

in the cable as much as possible.

▪ Although whipchecks minimize the area which

the hose can whip around upon failure of a

coupling, they do not completely restrict

movement. This may result in injury to

personnel located along side it during an event.

▪ Whipchecks are typically designed with a 5 to 1

safety ratio, which often limits them to lower

pressure operations.

▪ Whipchecks must be used for their designed

purpose and rating.

▪ Common whipckecks are designed for pressure

rate not more than 200 PSI

HIGH PRESSURE PIPEWORK
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Pipe and Hose Restrains

WHIPSOCKS

Consist of twisted strands of metal wire that wrap

around a pressured hose with eyes hooks on the

connection end that secure to anchor points. The

sock diameter reduces when the hose is forced

away from the anchor points (coupling failure),

tightening around the hose and restraining it from

movement. Critical aspects include:

▪ Intended for use with pressured hose lines.

▪ Require anchor points for the whipsock eyes.

▪ They can be used on hose to hose

connections or hose to pipe connections.

HIGH PRESSURE PIPEWORK

▪ Whipsocks are preferable to whipchecks as they can significantly reduce the area of potential

movement of a hose during failure compared to a whipcheck.

▪ Whipsocks are preferable to whipchecks as they can restrain a separation of the hose from an

end fitting. A whipcheck may not restrain in this scenario.

▪ Nominal breaking strength is much higher then of whipcheck.
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Pipe and Hose Restrains

ANCHORAGE

Hard piping shall be anchored on regular intervals

in order to eliminate excessive vibrations.

Intervals between anchor points will be calculated

considering the following factors:

▪ Piping characteristics, such as:

– Diameter

– Wall thickness

– Metal composition

– Yield strength

▪ Pressure rating

▪ Internal and external forces piping can be

subjected to

▪ Configuration of the piping

▪ Environmental factors

▪ Types of connections utilized

HIGH PRESSURE PIPEWORK
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Pipe and Hose Restrains

CABLE & SHACKLE (WIRE & CLAMP)

Critical aspects of this type of

restraint include:

▪ In order for the shackle/clamps

to work correctly, they must be

tightened adequately onto the

pipe to prevent the clamp from

sliding.

▪ They are designed for specific

force/pressure ratings. If used

beyond their rating they actually

increase risk by becoming

potential projectiles in the event

of a pipe or fitting failure. The

manufacturer’s intended design

must be confirmed in order to

use.

▪ A point for regular tie down is

preferable.

HIGH PRESSURE PIPEWORK
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WHAT CAN GO WRONG? INCIDENT LESSONS LEARNT
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Pipe and Hose Restrains

ROTARY AND VIBRATOR HOSES RESTRAINS

Rotary hoses and Vibrator hoses 8’ or longer are marked with the notation “Attach Safety Clamp

Here”. Safety clamps must be installed prior to placing hose into service. The safety clamp is located

on the hose body behind the built-in bend stiffener on the following distance (A) from the inboard

length of coupling:

▪ For rotary hose - 6” to 18”.

▪ For vibrator hose - 6” to 10”.

HIGH PRESSURE PIPEWORK

Safety clamp should be

tightened securely, but not to

such an extent as to damage

hose or reduce the inside bore

diameter.

Safety clamp shall never be

used for lifting.

Safety clamp installation

procedure will be provided by

hose OEM.

End of Coupling

Built-in Bend

Stiffener

A
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Pipe and Hose Restrains

SLING RESTRAINS

intended for use with high pressure systems.

Depending on the specific design, these restraints

include soft slings that wrap around the pressured

piping, and anchor points, and may utilize sling

connections or spines.

Sling restraints are designed to absorb the kinetic

energy from moving pipe where rigid systems would

otherwise break. Critical aspects include:

▪ Intended for hard pipe, not for use with hoses.

▪ Must be specifically engineered for system

pressures and forces.

▪ Correct installation of the system is crucial,

and sling slack must be minimized throughout

the system.

▪ Maintenance program for sling quality is

critical.

▪ Chemical corrosion of slings should be avoided.

HIGH PRESSURE PIPEWORK
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Pipe and Hose Restrains

BLOCK ANCHORS

Block anchors must be of sufficient weight to prevent

movement of the anchor in case of a line failure.

Because block applications are often not designed but

simply mimic other local convention, they may pose a

particular hazard.

All anchors, must be appropriately engineered for the

potential static and dynamic forces in the case of a

failure.

Don’t use block anchors that do not have a channel for

the piping. This results in elevation of the block, which

negates their restraining effect.

HIGH PRESSURE PIPEWORK
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Pipe and Hose Restrains – Practices to Avoid

▪ Don’t use whipchecks on pipe,

regardless of the pressure. They

are designed only for hoses.

▪ Don’t use block anchors that do

not have a channel for the piping.

This results in elevation of the

concrete block on wood shims,

which negates their restraining

effect.

▪ Don’t stack items on top of

concrete block anchors as these

items can become projectiles in

the event of a line separation

▪ Don’t use chains, as they are not

designed for use as restraints

(exceptions exist, but design of

chain for application must be

verified)

HIGH PRESSURE PIPEWORK
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Pressure Relief Valves

Pressure Relief Valves (PRV) prevents overpressure damage, rupture and explosion in vessels,

pipes, pumps and other pressurized containers that hold liquid or gas. They are designed to be

either pre-set of adjustable to a desired relief point at which the completely sealed valve opens

to allow the escape of the gas or liquid, reducing or eliminating internal pressure.

Some of the important reasons for excess pressure in a vessel or system are:

▪ Blocked discharge

▪ Exposure to external fire

▪ Thermal expansion

▪ Chemical reaction

▪ Heat exchanger tube rupture

▪ Cooling system failure

HIGH PRESSURE EQUIPMENT PROTECTION

Each PRV shall be tested and calibrated on periodical basis:

▪ Annual calibration, test and certification by 3
rd
 party.

Calibration tags shall be provided on each PRV.

▪ Quarterly internal inspection and function test.

Inspection tag shall be provided on each PRV. Records

shall be maintained.



47

Mud Pump PRV

The mud pump delivery line is protected by means

of high-pressure reset relief valve, preset at a

certain value of pressure according to the mud

pump working pressure.

The discharge lines should be a minimum of 3”

diameter, constructed from high-pressure pipe and

slope downwards to facilitate drainage.

There shall be no other valves installed between

mud pump and end of discharge line.

Screwed valves should be phased out and replaced

with a flanged type.

The elbow outlet on the mud tank should be

secured by cable and shackle method.

HIGH PRESSURE EQUIPMENT PROTECTION
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Hazard Assessment and Mitigations

▪ Perform Hazard Assessment to identify and mitigate environmental and operational hazards

▪ Identify pressure levels in each section of pressurized equipment

▪ Ensure all components of equipment are rated to the pressures they are subjected to

▪ Verify equipment are tested and certified for the appropriate pressure levels

▪ Utilize only OEM equipment. Strictly avoid any homemade modifications and repairs

▪ Ensure pressure monitoring systems, e.g. gauges, are provided in all critical points, duly

calibrated and certified

▪ Ensure Safety and Pressure Relieve Valves are provided as required, duly calibrated and certified

▪ Anchor all the components of the high pressure system firmly to eliminate any whipping effect

when pressurized

▪ Ensure adequate primary securing of all components of pressurized systems

▪ Provide safety restraints, e.g. safety cables, Flowline Safety Restrains, in all connections as

required. Safety restrains shall be rated to the pressure equipment is subjected to.

▪ Implement No-Go Zones procedure barriering off pressurized areas and limiting unautorized

access of personnel

▪ Post relevant warning signs as applicable

▪ Assign experienced, skilled and trained personnel to activities containing hazards of high pressure

WORKING WITH HIGH PRESSURE EQUIPMENT
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WHAT CAN GO WRONG? INCIDENT LESSONS LEARNT
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Position of Body

When reading gauges or working on pressured equipment, keep body out of “line of fire” of all

connections.

WORKING WITH HIGH PRESSURE EQUIPMENT

Gauge positioned directly above a

pressurized pipe connection

A 1/2" NPT plug projectile is

potentially lethal even with 1 000 PSI

pressure behind
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Administrative Controls

▪ Obtain Work Permit for non-routine operations containing high pressure equipment, such as:

– Pressure Testing of equipment;

– Well service operations, e.g. cementing, Coiled Tubing operations, well testing.

▪ Work out JSA prior to starting operation reflecting all contained hazards and identifying their

mitigation measures; JSA shall be agreed and bridged with 3
rd
 party service provider whenever

applicable.

▪ Carry out proper pre job meeting involving all concerned personnel and discussing all hazards

and respective mitigations as identified in JSA. Clearly identify duties and responsibilities and

ensure proper communication with all crews.

▪ Carry out pre job inspection on all components of high pressure equipment. Develop relevant

check lists as required

WORKING WITH HIGH PRESSURE EQUIPMENT
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Vibration

Vibration can be a significant risk to equipment integrity, leading to mechanical failure, fluid

release, and potentially serious safety implications. Common areas of vibration are:

▪ Long pipe runs

▪ Piping fixtures and instrumentation such as gauges

▪ Equipment such as valves, chokes, etc.

▪ Pumps

Common causes of vibration include:

▪ Excessive pulsation (from pumps for example)

▪ Mechanical natural frequencies

▪ Inadequate supports and/or support structure

Common effects of vibration include:

▪ Loosening of bolts

▪ Compromising of mechanical joints (backing-off of wing nuts)

▪  Movement or slackening of tie downs and restraints.

WORKING WITH HIGH PRESSURE EQUIPMENT
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Shock Loading

A significant change in the flow rate, or pressure, during an operation (such as the emergency

closure of a valve) causes a sudden extra load or “jolt” on the system.

The temporary increase of load on the system usually imposes increased pressure, vibration, and

bending forces on the system. During this period of Shock Loading, any sub-standard part of the

system (inferior pipe, worn connections, mismatched connections, wrong pressure rated

equipment) can fail with potentially disastrous consequences.

Hazardous Fluids

Many fluids used in operations (such as brines or acids) are corrosive to temporary pipework and

will cause a reduction in wall thickness. It is important that all pipework and connections used

have been properly maintained, inspected, and certified before use. Standard Service components

shall not be used on “Sour Service” wells (wells where H
2
S, is present), as this will cause stress

corrosion cracking, and pitting in the metal as well as destroying any elastomer seals in unions,

etc. These factors can lead to premature failure under pressure of components in the system.

WORKING WITH HIGH PRESSURE EQUIPMENT
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Depressurizing

▪ Properly de-pressurize connecting lines before attempting to seal or break joint components.

▪ When bleeding the pressure from a section of the line, use extreme caution. Slowly bleed

pressure following a test.

▪ Always verify that complete depressurization has occurred through the use of pressure gauges

and visible checks.

▪ Securely support and tie down bleed off lines at the discharge end to prevent uncontrolled

movement.

WORKING WITH HIGH PRESSURE EQUIPMENT
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Emergency Response

Safety equipment and supplies should be readily available and should include, but are not

limited to:

▪ Emergency spill kit

▪ Fire extinguisher

▪ Portable Ladders

▪ Stretchers

▪ First Aid Facilities

▪ MEDEVAC Facilities

WORKING WITH HIGH PRESSURE EQUIPMENT



56

No-Go Zones

RESTRICTED ACCESS AREAS MANAGEMENT

▪ Obtain Work Permit for non-

routine operations containing

high pressure equipment.

▪ Limit presence of personnel in

the high pressure hazard areas

(No-Go Zones).

▪ Eliminate all unessential /

unauthorized personnel from the

zones.

▪ Barricade No-Go Zones,

preferably with rigid barriers.

▪ Provide necessary prohibition

signs / warning messages.

▪ Transmit prohibition and warning

messages through Public Address

systems.
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