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Notation scheme
𝜶𝜶 symbol represents SHALL[PS]: mandatory requirement with Process Safety.

𝜷𝜷 symbol represents SHALL: mandatory requirement without [PS].

𝜸𝜸 symbol represents “should”: a recommendation 

If neither 𝜶𝜶, 𝜷𝜷 or 𝜸𝜸 is mentioned, then the procedure is merely permitted.

⋱ symbol indicates that the subject shall be clarified in the coming slides; otherwise, there will 
be no further clarification. 
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References (Ver. Freeze) 
Document Reference Name Revision 

SP-1208 Pipeline Construction Specification 6.0

SP-1211 Onshore Pipeline Engineering 6.0

SP-1212 Hydrostatic Pressure Testing Of New Pipelines 5.0

SP-2199 Design Class Selection 2.0

MBR-11-PDFEED-PX-7704-00001-
0000

Mabrouk North East Development Project-FEED: 
42TProcess Design Basis

3.0

MBR-16-105729-BA-3581-00007-
0000

Method Statement For Final Hydro testing of Pipeline 
section

5.0

MBR-16-105729-BA-3581-00008-
0000

Method Statement for Dewatering, Swabbing, Drying & 
Preservation of Pipeline

3.0

Test Pack No.: 21-PL-01-TP-01 Hydrostatic Test Package for DSS Pipeline 16 Inch – PL-5 -
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Mabrouk North East Development 
Project
OBJECTIVE OF PROJECT

The major objectives of Mabrouk North East Development Project are as follows:
◦ To produce a 16 MMSCMD of gas with associated condensate and water from Mabrouk North East field 

in order to secure mid to long term gas supply.
◦ MMSCMD  Million Metric Standard Cubic Meter per Day

◦  Minimize development risks.
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• 24” x 35 km – DSS Export Pipeline (Blue Line) – 1 line
• 16” x 31 km – DSS Trunk line (Red Line) - 6 lines
• 8” x 52 km – DSS Flowlines (Black Line) - 16 lines
• OHL - 27 Km – 33 KV from Mabrouk GIS 

CEMS

RMS-6

RMS-5

RMS-4RMS-3

RMS-2 RMS-1

SRCPP

Saih Raw
l Central Processing Plant
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Dhofar

Al-Wusta

Al-Zahira
Al-Dakhliya

Al-Sharqiya

Muscat

Musandam

Al Buraymi
Al Batinah

Rustaq

Qurayyat



Cont.
Phases of project:

Phase-1 aims to bring the field on stream by 2022 and drilling total of 25 wells; (16 FEED; 9 GGE6 team) 

Phase-2 of the project will start in 2024 by drilling 5-7 wells per year. 
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Cont. 
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CGR Condensate Gas Ratio

WGR Water to Gas ratio

IA Instrument Air



CODES AND STANDARDS
PL (Policy) - Statement of PDO's attitude in response to a business need – provides the course of 
action stating intentions and principles – Mandatory

CP (Code of Practice) - Translates a policy into practical activities to be executed repeatedly - 
Provides rules and an overview of the required Procedures & Guidelines – Mandatory

SP (Specification) - Prescribes requirements to be fulfilled by a product, process or service in line 
with a Code of Practice - Provides rules and an overview of the required Procedures & 
Guidelines. DEM1 denotes that the SP contains AI-PSM elements – Mandatory 

PR (Procedure) - Formal description for executing an activity to achieve a result in accordance 
with the specification - Describes the purpose & scope of an activity and the specific way the 
activity is to be performed to achieve a satisfactory result – Mandatory 
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Cont. 
DEP (Shell Design & Engineering Practice) - Sets the recommended standard for good design 
and engineering practice and thereby achieves maximum technical and economic benefit from 
standardization. DEM1 denotes that the DEP contains AIPSM elements – Mandatory when DEP 
is specified. DEP version 42 shall be used in FEED. 
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Materials Handling 
According to SP-1208 Sec.2.3.4 : 

Pipe shall not be allowed to drop or strike objects which may damage the pipe and/or coating  
but shall be lifted, moved and lowered from one position to another by suitable equipment.

For lifting, non-abrasive wide nylon pipe slings or special lifting hooks equipped with a non-
metallic bevel protectors curved to fit the curvature. 

Pipes shall be protected against truck beds and side metallic posts by means of non-metallic soft 
materials.

Pipe ends should have non-metallic endcap to avoid any contaminant [entrance] from external 
sources (such as sand, water, salt, solids).
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Cont.
According to SP-1208 Sec.2.3.5 𝜷𝜷  : 

Ground surfaces to be used for stacking of pipe shall be reasonably flat.
Stacked pipes shall be raised above ground surfaces and prevented from movement by berms of 
screened sand covered by polyethylene sheeting or by using timber covered with non-metallic soft 
materials.

The bottom layer of pipes shall be wedged or clipped. 

Pipes of different diameter, wall thickness, grade or manufacturer shall be stacked 
separately, and shall be marked. 
All externally coated pipes shall be stacked during transport and storage using rubber.
Pipes shall not be stacked higher than 3.5 m. 

Pipes shall be stacked in such a way that no water is retained inside the pipe during storage.
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Wedged pipes stack 



Pipeline routing: 1. Survey 
The surveyor uses an original benchmark (x,y,z)

The original point will be used as datum for:
◦ Other benchmarks (off-construction site)
◦ Other benchmarks for each construction site

The surveyors utilize surveying equipment and PDO 
Earth.
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Cont. Survey 
In accordance to SP-1211 sec. 4.2.2 the following data should be obtained and considered:

1. Population and building densities.

2. Topographical data.

3. Records of any existing special features.
4. Soil investigation for foundation design.

5. Soil resistively for cathodic protection design.

6. Environmental data.
7. Existing facilities and CP systems.

8. Buried pipelines and cables.

9. Over head high voltage power lines.
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Cont. Survey
According to SP-1208 Sec. 2.4.1.2 :

The Company shall survey the route for the pipeline and prepare route maps from which the 
centerline of the pipeline shall be staked out.

The construction survey shall adopt the same marks and benchmarks as used in the Engineering 
design unless otherwise approved by the Company.
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Pipeline routing: 2. Classifications

FDP MOCK PRESENTATION 17

Classifications:

A. Fluid categories.

B. Location classifications.

C. Criticality classifications.

D. Design classifications.

E. Wadies classifications.

F. Health and safety consequences classifications.



Cont. [A] Fluid Categories Classes 
Fluid Categories as per ASME codes (SP-1211 Sec. 2.1):

A. Non-flammable water-based fluids. Example: water, (as in water injection / disposal / supply lines).

B. Flammable fluids that are liquids at ambient temperature and at atmospheric pressure conditions [STP]. 
Example: stabilized crude oil (such as Main Oil Line).

C. Flammable multiphase liquids. Example: unstabilised crude (as in interfield headers / pipelines) and crude 
(as in flowlines).

D. Flammable multiphase fluid which are gases at [STP] ambient temperature and atmospheric pressure 
conditions (such as gas flowlines / pipelines, Gas lift network lines, export natural gas lines, etc.).

◦ # Liquid petroleum gas and anhydrous ammonia 

E. Critical sour fluids as defined by SP-1190-1.

Design codes as per fluid classification:
◦ Categories  A, B, and # ASME B31.4 + SPs.
◦ Categories C,D, and E  ASME B31.8 + SPs.
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Cont. [B] Location Class 
Location Class is an onshore area that extends ¼ mile (400 meters) zone along to pipeline route with 
pipeline route centered along the zone for continuous 1-mile (1.6 kilometers) of pipeline length.

Location classes as per B31.8:

1. Location Class 1 (MBR): It is any 1-mile (1.6-km) section that has ≤ 𝟏𝟏𝟏𝟏 buildings intended for 
human occupancy.

2. Location Class 2 (MBR): It is any 1-mile (1.6-km) section that has 𝟏𝟏𝟏𝟏 < 𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩 < 𝟒𝟒𝟒𝟒 
intended for human occupancy.

3. Location Class 3: It is any 1-mile (1.6-km) section that has ≥ 𝟒𝟒𝟒𝟒 buildings intended for human 
occupancy except when a Location Class 4 prevails.

4. Location Class 4: It includes areas where multistory (≥ 𝟒𝟒 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇) buildings are prevalent, where 
traffic is heavy or dense, and where there may be numerous other utilities underground. 
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Cont. [C] Criticality Class; SP-1211 
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As Per SP-1211 Sec. 3.4/4.5/:
Pipeline criticality is related to the risks as the 
combination of two parameters namely, susceptibility to 
failure and consequence of failure.

Dependent on risk matrix (See [F])

Gas flowlines from gas wells SHALL [PS] not be installed 
aboveground.

Class 2 and Class 3 pipelines may be installed above 
ground.



Cont. 
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Cont. [D] Design Class
As per SP-2199 Sec. 3.3 :

There are 3 different Design Classes used to describe the levels of capability in each of the 
performance categories:

Class 1 – Minimum cost and minimum flexibility.

Class 2 – Intermediate in flexibility and cost.

 Class 3 – Maximum flexibility, highest cost.
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Cont. [E] Wadis Classes 
As per SP-1208 Sec. 2.9.3.3 :

Wadis may be classified based on judgement and careful evaluation of the crossing location with 
due consideration to wadi’s width, bed slope, past discharge history and erosion potential at the 
crossing location. 

1. Type ‘A’ wadis are those where low velocity flow is expected after heavy rains.

2. Type ‘B’ wadis are those where erosion due to high velocity flow is expected after heavy 
rains.

3. Type ‘C‘ wadis are those where heavy erosion due to high velocity flow is expected after 
heavy rains combined with the existence of large stones and boulders.

4. Type ‘D’ wadis – for Type ‘C’ wadis, in case of high H2S levels (critical sour asper SP-1190) 
and MOL (Main Oil Line) / SOGL(South Oman Gas line) pipelines
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Cont. [F] Health and Safety Consequence
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Class H

SP-1211 (Table A1.5):

Method Statement For Final Hydro testing of 
Pipeline section; pages 10/11:



Pipeline routing: 3. ROW
According to SP-1208 Sec. 2.4.1.3 :

The Right-of-Way for the pipeline is a corridor of 50 meters overall width.

The “Restricted Area”, a strip of land 25 meters wide on either side of the pipeline measured 
from the centerline of the pipeline.

Contractor may make use of a Working Strip, having a width of 31 meters.
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wide vehicle access strip 6m

SP-1208 :TYP-3-0001-001
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SP-1208 : TYP-3-0002-001



Cont.
According to SP-1208 Sec. 2.4.1.4 (Planning/Approvals) :

Contractor should notify the Company 7 days in advance before start of work.

Work near live pipelines shall comply with the requirements of GU-501.

FDP MOCK PRESENTATION 29



Pipeline routing: 4. Clearing and Grading
According to SP-1208 Sec. 2.4.2.2 (Definitions) :

‘Clearing’ shall mean but is not necessarily limited to the cutting and disposal of trees, farm 
crops, bushes and undergrowth

‘Grading’ shall mean but is not necessarily limited to removal and disposal of rock, sand 
dunes, tree stumps and roots.

‘Point of Intersection’ [PI] shall mean a point in which the centerline of the straight sections of 
the pipeline route changes direction in the horizontal plane. In general such a point will be 
outside the actual pipeline centerline because of the bending radius to be applied.
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Cont.
According to SP-1208 Sec. 2.4.2.5 :

The Working Strip should be cleared over its entire width, unless restricted by the terrain or 
other features shown on the drawings. Contractor shall carry out all operations within the limits of 
the Working Strip and shall not operate within 25 meters from existing pipelines without 
Company approval.

According to SP-1208 Sec. 2.4.2.7 :

Contractor shall grade off high points and fill low points to allow the pipe to be bent and laid 
within the limits set forth herein with due regard to the minimum radius of bends allowed and shall 
drill, blast, and excavate rock or other material which cannot be graded off with ordinary 
grading equipment.
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Pipeline routing: Stacking 
According to SP-1208 Sec. 2.4.2.3 :

The centerline of the pipeline shall be staked by the Contractor with markers [bury] visible by 
binoculars or survey equipment.
◦ Reference markers are established at the Points of Intersection, perpendicular to the previous pipeline direction, at 

25 meter steps from the pipeline centerline.
◦ The markers are angle-iron profiles or wooden posts with sequential numbers, starting with no. 1 at start point 

of the pipeline.

Markers in the centerline of the pipeline at distances of maximum 100 meters for straight line 
sections and maximum 10 meters for horizontal bends, but in any case not less than one at the 
center of every bend.

Two construction markers shall be installed at every existing marker location or at least every 500 
meters except where these have already been provided at Points of Intersection.

The distance from construction marker to pipeline centerline shall be 25 meters wherever possible.
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Pipeline routing: 5. Trenching
According to SP-1211 Sec. 4.5 (table 3):

Minimum depth of cover shall be measured from the top of the pipe the top of the undisturbed 
surface of the soil or top of graded Working Strip whichever is smallest.
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Cont. 
In areas where the risk of interference by mechanical excavators is high, a warning 
tape should be installed in the trench above the pipeline to further lower the risk. 
According to SP-1208 Sec. 2.4.2.4 :

Trenching or other excavation within 2m from any underground services shall be by 
hand only.
According to SP-1208 Sec. 2.4.3.3 :

Blasting classification 
1. More that 50m 
2. Less than 50m and more than 20m
3. Less than 20m 
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Cont. 
For depth of cover purposes, rock in trench is defined as the rocky part of the specified 
trench which cannot be removed by ditching machines, rock plough, back hoe or ripper, 
to be decided after two passes of a D9 Caterpiller tractor.
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Cont.
Trenches having a longitudinal slope of more than 10% shall be provided with structures or 
retaining barrier(s)
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Cont.
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Pipeline routing: 6. Stringing 
All the pipes and the parts arranged in the sequence as they labeled from manufacture to ease 
identifying and retrieving defect parts should they occur.   

According to SP-1208 Sec. 2.5.2 :

No pipe shall be strung before the trench is excavated to full depth.

Pipe shall not be placed directly on the ground but on wooden skids with proper protective padding 
or sand bags.

Dragging, skidding or dropping of the pipe is not permitted.

Length of individual pipe strings should not exceed 1 km.
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Bending
Cold bend is the process of bending pipes on site utilizing “bending machine” without heating.

Procedure:

1. AFC shall specify the locations where the cold bend shall be preformed.

2. Preform the calculations in accordance to SP-1211 Sec.4.3.8. [⋱]

3. Marking the bend center and steps of bend.

4. Inserting the marked pipe into bending machine over the rolling rack.

5. Inserting the mandrel and locating at the bending step, and expanding it.

6. Press (bending force)

7. Relief mandrel from pneumatic pressure and move into next step using side crane. Bending angel shall be verified 
intermittently.

8. Check visually for any coating damage, wrinkles, and ripples. 

9. Preform gauging test. If it fails gauging test, the pipe considered defected and shall be replaced.  
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Cont. 
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AFC alignment sheet: radii 60D, 2 pipes, 2 bending locations; one on each pipe 

AFC alignment sheet: radii 30D, 2 pipes with 45 ֯ degree angle, 2 bending 
locations; one on each pipe   
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A

D

CB

A Bending machine 
B Neutral axis 
C Steps marks
D Mandrel insertion  
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A FEDCB

A Mandrel: a tool inserted inside the pipe to prevent ovalities, and it operates using hydraulic force. 
B Bending machine.
C Crane. 
D Abney level: non-digital degrees measurement tool.
E Protractor: measures the angle automatically without the user having to read it from a scale.
F Gauge: a tool to verify the absence of ovalities and defects in the bend.
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Cont. 



Cont.
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See Graphical User Interface GUI in appendix_1
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*

* On summery data sheet, the Max. operation T is 107 C; see slide # 91



Welding
Welding is one of the processes that its integrity cannot be verified until it’s delivered.

Methods of welding:

1. GTAW/TIG

2. SMAW: Shielded metal arc welding

3. SAW: Submerged-arc welding

4. FCAW: Flux-cored arc welding

5. GMAW/MIG: Gas metal arc welding

6. Electro Slag Strip Cladding
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• Welding Procedure Specifications 

• Welders Qualification Testes

• Procedure Qualification Records
• Previously qualified PQR for Pipe to fitting/ flange and fittings to flange, may be 

accepted.

Welding Process Requirements

PQR

WPS

WQT



Cont. Materials 
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Heat input is determined by current (Amp) 
and Voltage (V).

The welding method could be automatic 
or manual. 



Cont.
Automatic welding components:

1. Control box.

2. Welding bug: the component responsible for welding.

3. Welding power source.

4. Spool holder.

5. Gas mixing system.

6. Communication and supervision module/software.

7. Welding wire (feeding wire).
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Cont. 
Manual welding components:

1. Welding machine.

2. Remote control.

3. Grinding machines.

4. Gas cylinders. 

5. Pneumatic claps.
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Tie-ins
According to SP-1208 Sec. 2.8.4 :

Tie-ins shall take place in the trench.

For tie-ins outside the trench, holding and lowering operations shall be undertaken in such a 
manner as to minimize stresses in the pipe and therefore avoid movement of the pipe from the 
skids, for safety reasons.

Due consideration shall be given to ambient temperature changes throughout the day and the 
resultant pipe length changes/stresses.
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Non-Destructive Tests: 1. PT 
Penetrant Testing, or PT, is a nondestructive testing method that builds on the principle of 
Visual Inspection. 

PT increases the “seeability” of small discontinuities that the human eye might not be able to 
detect alone.
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Cont. PT
Works on:

Almost any material that has a relatively smooth, non-porous surface on which discontinuities or 
defects are suspected.

Doesn’t work on:

1. Components with rough surfaces, such as sand castings, that trap and hold penetrant.

2. Porous ceramics 

3. Wood and other fibrous materials

4. Plastic parts that absorb or react with the penetrant materials. 

5. Components with coatings that prevent penetrants from entering defects.
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Cont. PT
Working principles:

I. In penetrant testing, a liquid with high surface wetting characteristics is applied to the 
surface of a component under test. 

II. The penetrant “penetrates” into surface breaking discontinuities via capillary action and 
other mechanisms.

III. Excess penetrant is removed from the surface and a  developer is applied to
pull trapped penetrant back 
the surface. 

IV. With good inspection technique, visual indications of any discontinuities present become 
apparent.
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Cont. PT
Procedure of PT:

1. Pre-clean

2. Penetrant Application

3. Excess Penetrant Removal

4. Developer Application

5. Inspect/Evaluate

6. Post-clean
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Non-Destructive Tests: 2. RT 
Radiography test uses penetrating radiation that is directed towards a component. 

Working principles:

1. The component stops some of the radiation.  The amount that is stopped or absorbed is 
affected by material density and thickness differences. 

2. These differences in “absorption” can be recorded on film, or electronically. 

3. Higher energy radiation can penetrate thicker and more dense materials.

4. The radiation energy and/or exposure time must be controlled to properly image the region 
of interest.
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Cont. RT
Types of radiation source:

1. X-ray: produced by an X-ray generator system. These systems typically include an X-ray tube 
head, a high voltage generator, and a control console. 

2. Gamma: produced by a radioisotope artificially produced, where it has an unstable nuclei 
that does not have enough binding energy to hold the nucleus together. The spontaneous 
breakdown of an atomic nucleus resulting in the release of energy and matter is known as 
radioactive decay.
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Cont. RT
Imaging Modalities:

1. Film Radiography [⋱]

2. Real Time Radiography

3. Computed Tomography (CT)

4. Digital Radiography (DR)

5. Computed Radiography (CR)
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Cont. RT
Film radiography:

Film contains microscopic material called silver bromide. 

Once exposed to radiation and developed in a darkroom, silver bromide turns to black metallic 
silver which forms the image.

Once exposed to radiation and developed in a darkroom, silver bromide turns to black metallic 
silver which forms the image.
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Cont. RT
Film must be protected from visible light.  Light, just like x-rays and gamma rays, can expose film. 
Film is loaded in a “light proof” cassette in a darkroom. 

This cassette is then placed on the specimen opposite the source of radiation.  Film is often 
placed between screens to intensify radiation.

In order for the image to be viewed, the film must be “developed” in a darkroom. The process is 
very similar to photographic film development.
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Cont. RT
Image Quality Control: 

Various tools called Image Quality Indicators (IQIs) are used for this purpose.

Some IQIs contain artificial  holes of varying size drilled in metal plaques while others are 
manufactured from wires of differing diameters mounted next to one another. 

Quality typically being determined based on the smallest hole or wire diameter that is 
reproduced on the image.
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Non-Destructive Tests: 4. UT 
Ultrasound test is sound with high frequency that penetrates the test material and its damping will 
give indication of defects.

Working principles of ultrasonic waves:

I. Ultrasonic waves can be reflected, refracted, and focused.

II. Reflection and refraction occurs when sound waves interact with interfaces of differing acoustic 
properties. 

III. In solid materials, the vibrational energy can be split into different wave modes when the wave 
encounters an interface at an angle other than 90 degrees.

IV. Ultrasonic reflections from the presence of discontinuities or geometric features enables 
detection and location. 

V. The velocity of sound in a given material is constant and can only be altered by a change in the 
mode of energy.
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Cont. UT
Ultrasonic waves source:

Ultrasound is generated with a transducer. A piezoelectric element in the transducer converts 
electrical energy into mechanical vibrations (sound), and vice versa.
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Cont. UT
Ultrasonic testing techniques:

1. Pulse-echo and Through Transmission. [⋱]
(Relates to whether reflected or transmitted energy is used)

2. Normal Beam and Angle Beam.
(Relates to the angle that the sound energy enters the test article)

3. Contact and Immersion.
(Relates to the method of coupling the transducer to the test article)
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Cont. UT
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Non-Destructive Tests: 5. MT 
Magnetic particle inspection can detect both production discontinuities (seams, laps, grinding 
cracks and quenching cracks) and in-service damage (fatigue and overload cracks).

Working principle:

A ferromagnetic test specimen is magnetized with a strong magnetic field created by a magnet 
or special equipment.  If the specimen has a discontinuity, the discontinuity will interrupt the 
magnetic field flowing through the specimen and a leakage field will occur.
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Cont. MT
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Applying UV for better visibility 

Maximum detectable defect depth 
is



Cont. 
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Cont. MT
Procedure of MT:

1. Component pre-cleaning
◦ No contaminations e.g. oil and dry

2. Introduction of magnetic field
◦ longitudinal magnetic field  or circular magnetic field 

3. Application of magnetic media:
◦ Wet or Dry

4. Interpretation of magnetic particle indications

5. Demagnetization (if required)
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Non-Destructive Tests: 6. VT/BT 
Visual testing or Boroscopic testing  is a non-destructive test that 
depends on the experts’ visual inspection. Usually used to spot 
oxidization for welds.

Procedure of BT:

Inserting boroscope inside the pipe and using live video feed or 
recordation to inspect the weld. 
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Cont. VT/BT
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PLATE 1: ACCEPTABLE; VERY GOOD RESULT; NO DISCOLOURATION

PLATE 2: ACCEPTABLE; WELD FREE OF SIGNIFICANT OXIDATION

PLATE 3: ACCEPTABLE; SLIGHT DISCOLOURATION; WELD SHINY, NO SCALE PRESENT

PLATE 4: ACCEPTABLE; SLIGHT DISCOLOURATION; WELD SHINY, NO SCALE PRESENT

PLATE: 01 PLATE: 02 PLATE: 03 PLATE: 04 PLATE: 05 PLATE: 07
PLATE 5: UNACCEPTABLE; OXIDE LAYER PRESENT (GREY COLOUR) 
ON AND NEAR WELD; LACK OF PROPER BACK-PURGING
PLATE 6: UNACCEPTABLE; OXIDE LAYER PRESENT (GREY 
COLOUR), WELD BURNED; LACK OF PROPER BACK-PURGING
PLATE 7: UNACCEPTABLE; EXTREMELY BAD RESULT; VERY HEAVY 
OXIDE LAYER PRESENT - THIS MAY DEVELOP WHEN WELDING WITH 
COATED ELECTRODES (SMAW) OR WITH TIG WELDING (GTAW) 
WITH SEVERE LACK OF BACK-PURGING

PLATE: 06



Non-Destructive Tests: 7. HT
A holiday test is an inspection method used to detect discontinuities in painted/coated surfaces 
using specialized tools and equipment. 

Working principle:

Holiday tests work on the concept of electrical conductivity. Metal substrates are excellent 
conductors of electricity, and therefore allow current to flow through them. On the other hand, 
many coatings are poor conductors of electricity and resist the flow of electricity.

Holiday test types: 
o Ring Type.
o Brush Type.
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Field joint coating HSS
A heat-shrink sleeve is a corrosion protective coating for pipelines in the form of a wraparound 
or tubular sleeve that is field applied.

Procedure:

1. Measure 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 ,𝑇𝑇𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ,ℎ𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢,𝑑𝑑𝑑𝑑𝑑𝑑 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝;
◦ Pipe temperature shall be more than 3 C above ambient dew point.
◦ Humidity as per table in Appendix_1

2. Blasting;
◦ 100 psi
◦ Deadman handle 
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Cont. 
3. Random check of:
◦ Salt contamination shall be less than 2 �𝜇𝜇𝜇𝜇

𝑐𝑐𝑐𝑐2 ; Steps_Appendix_1
◦ Dust cleanness test as per ISO-8501 [A]
◦ Roughness test with profile 50 𝑡𝑡𝑡𝑡 100 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 [𝐵𝐵]

4. Pre-heat to 75 ≤ 𝑇𝑇[℃] ≤ 85 using induction heating coil. [C]

5. Mixing the two fluids .

6. Applying epoxy on the joint.

7. Measuring wet film thickness 100 ≤ 𝑃𝑃[𝜇𝜇𝜇𝜇] ≤ 300.

8.  Post-heat to 170 ≤ 𝑇𝑇[℃] ≤ 190. 
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[A]

[B_1] [B_2]

[C]



Cont. 
9. Installing HSS, as per requirements;

◦ Overlap 50𝑚𝑚𝑚𝑚
◦ Gap at down 50𝑚𝑚𝑚𝑚

10. Visual testing.

11. Peel test [D]
◦ ⁄1 100  𝑜𝑜𝑜𝑜 �1 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

◦ 1 minuet 
◦ Acceptable values 

12. Holiday test with  𝑉𝑉𝑀𝑀𝑀𝑀𝑀𝑀 = 25 𝐾𝐾𝐾𝐾
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Pre-padding
According to SP-1208 Sec. 2.8.2 :

All trenches shall be pre-padded (150 mm below the invert of the pipe) before lowering in of 
pipe string.

Contractor shall use mobile screening plants with [𝜷𝜷] 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 5 𝑥𝑥 5 𝑚𝑚𝑚𝑚.

The installed padding material shall be free of sharp rocks, stones, metal parts, roots, clods, etc.

Shall consist mainly of sandy material;
≥ 75% 𝑤𝑤𝑤𝑤 ⇒ 0.06 ≤ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑚𝑚𝑚𝑚 ≤ 3.00
≤ 25% 𝑤𝑤𝑤𝑤 ⇒ 3.00 ≤ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠[𝑚𝑚𝑚𝑚] ≤ 5.00
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Lowering
According to SP-1208 Sec. 2.8.3 :

Welded pipe strings shall be lowered-in within three weeks duration of completion of joint 
coating or as [specified] by heat shrink sleeves manufacturer whichever is less.

Immediately before commencing the lowering-in operation, the coating shall be checked for 
holiday.

Only side booms shall be used for the lowering operation with requirements;
◦ Minimum 3 side booms.
◦ Wide non-abrasive slings or belts.

The trench shall be maintained in a dry condition during lowering-in and backfill operations.
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Cont. 



Post-padding

According to SP-1208 Sec. 2.8.3.7/8 :

Shall be placed around and above the pipe, so as to fill the trench to a depth of [min] 300 mm 
above the crown of the pipe.

No pipe shall be left overnight in the trench without sand padding.

At any point around the pipe 150 ≤ 𝑑𝑑[𝑚𝑚𝑚𝑚] ≤ 300

Where the trench has been excavated through or along drive-ways, walk ways, roads, etc. and 
at live stock passage ways and other locations indicated on the drawings, the sand padding shall  
be thoroughly compacted by watering and Company approved hand tools, to achieve a 
compacted sand fill around the pipe and up to 300 mm above the crown of the pipe.
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Back-filling
According to SP-1208 Sec. 2.8.5 :

The trench shall not be backfilled until the Company has approved the sand padding around and 
above the pipe and has approved starting the backfilling operation.

The material used for initial backfill shall be from the screening plant or other loose material not 
greater than 100 mm in diameter.

In case of wadi crossings, the backfilling material is:
≥ 75% 𝑤𝑤𝑤𝑤 ⇒ 200 ≤ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑚𝑚𝑚𝑚 ≤ 300

≤ 25% 𝑤𝑤𝑤𝑤 ⇒ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠[𝑚𝑚𝑚𝑚] ≤ 200
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Post-backfilling: Windrow
According to SP-1208 Sec. 2.8.5.4:

The remaining excavated material shall be neatly crowned over the trench (the windrow), except 
in wadi areas.

On either side of road crossings, the windrow shall be tapered from full height to ground level to 
improve the visibility of drivers on the ROW.
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Livestock Passageways
According to SP-1208 Sec. 2.8.7:

Livestock passageways shall be installed at intervals of approximately 2 km.

Shall be constructed with a minimum of 1.5 m cover.

The width of the live stock passage shall be 2.5 m.

Compaction of the livestock passageways shall be such that the passing of light vehicles will not 
have any detrimental effect on the passageway.
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Road and Wadi crossing
According to SP-1208 Sec. 2.8.5.5/6 :

Trenches crossing ditches shall be backfilled with the material excavated from the trench at the 
location.

The initial backfill shall be thoroughly compacted by mechanically tamping the material into 
place.

FDP MOCK PRESENTATION 84



FDP MOCK PRESENTATION 85

FOC

Ba
ck

fil
lin

g



Cont. 
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Permeant marks 
According to SP-1208 Sec. 2.11.2 :

The Contractor shall supply and install permanent pipeline markers along the buried pipeline 
route as close as possible to the windrow(Max 3m).

Pipelines marker shall be installed only at every Km and at road crossing.

Color coding of the background of the pipeline markers shall be as follows:
◦ Crude / Condensate : red
◦ Gas : blue
◦ Water : green
◦ Instrument Air : blue with white stripes
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Case Study: PL-05 
HYDROTEST 
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Reference:
MBR-16-105729-BA-3581-00007-0000_05 
- Method Statement For Final Hydro 
testing of Pipeline section; pages 10/11.

Applicable to all ∅16“ pipelines.
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Reference :PIPELINE/FLOWLINE DESIGN DATA SUMMARY SHEET



List of equipment 
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Safety measures and equipment 
calibration 
All instrumentation shall be provided along with valid calibration certificate. The certificates 
shall not be older than 6 months at the start of testing.
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Cont. 
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Sequence of activities 
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Cont. 
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Test Pack Cleaning Gauging Water filling

Stabilization PressurizationStrength testLeak test

Dewatering Drying Nitrogen 
preservation 

The 11 major steps of 
hydrotest, and post-
hydrotest 



Test Pack
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Contains all the information 
regrading the hydrotest.



Cleaning and Gauging 
According to SP-1212 Sec. 6.1 :

Temporary pig launchers and receivers shall be approved by the Company prior to use and shall 
be welded to the test section or flanged if a permanent flange is available.

If compressed air is to be used as the driving medium, the air should be water-free and the inlet 
line of the driving medium should be fitted with a pressure relief valve set at 7 bar (g).

In pipelines longer than 5 km, single pigs or the last pig of a pig train should be fitted with a pig 
location device.

All pigging operations shall be documented in a pig register.

If a pig becomes stuck in the pipeline and the driving medium is air, the Contractor shall not 
employ a differential pressure greater than 7 bar to dislodge the pig ∆𝑷𝑷[𝒃𝒃𝒃𝒃𝒃𝒃] ≤ 𝟕𝟕.
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Cubic feet of air per minute 



Cont. Cleaning
According to SP-1212 Sec. 6.2 :

The speed of the cleaning pigs should  be 0.5 ≤ 𝑑̇𝑑[𝑚𝑚
𝑠𝑠

] ≤ 2.5.

The first pig driven through the cleaning section should be of bi-directional type.

A series of steel or metallic wire brush cleaning pigs in combination with a bi-directional pig 
should follow until the required cleanliness of the cleaning section has been established.

Pigging shall continue until the volume of the received material is less than 5 liters.
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Cont. Gauging
According to SP-1212 Sec. 6.3 :

After cleaning and back-filling the trench, the complete test section shall be gauged by means of 
either a gauge plate pig or an instrumented caliper pig.

A bi-directional pig with 2 sets of separate guiding and sealing discs shall be fitted with one or 
two aluminum gauging plates.

The gauging plates shall be examined for any signs of damage or irregularities such as dents and 
buckles.
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Therefore, 𝑑𝑑2 shall be used.



Water filling
For Duplex stainless steel pipelines & flow lines, the water quality analysis shall meet below 
requirements:
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Substance Concetration 

Chlorides <10.000ppm

Dissolved 𝑂𝑂2 < 20ppb

Sulphate <40ppm

Ammonium <1 ppm

Phosphorus <1 ppm



Cont. 
The water shall be filtered through 50 micron filters immediately prior to entering the pipeline. 

For use in Water Injection lines the filter size shall be 10 microns.

Air should be prevented from entering the pipeline, by leaving the system full of water and 
continuously pressurized at 1.5 bar.
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Corrosion inhibitor injection 
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Ambient temperature 
chart during water-filling. 



Stabilization
According to SP-1212 Sec. 7.2 :

Before the hydrostatic test is commenced, the water temperature should be within 1.0 °C of 
ground or seabed temperature.

The calculation of the temperature stabilization period based on the expected line-fill water 
temperature and ambient temperature shall be detailed in the test procedure.

Pressure and temperatures, including ambient, shall be recorded every hour during the 
stabilization period.

The test section temperature and the ambient temperature (ground/air/water) shall be plotted 
against time during the temperature stabilization period.
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For details, see chart
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Pressurization
During the hydrostatic pressure test the combined stress shall not exceed 100% SMYS of line 
pipe material based on minimum wall thickness. The combined stress shall be calculated in 
accordance with SP-1211 section 4.3.5. In no case the test pressure at the lowest point in the 
system, shall be more than 95 % SMYS.

The elevation profile shall be plotted to assist in checking that the test pressures at the low and 
high points and shall not result in pressures OR combined stresses outside the limits specified 
above.

According to SP-1212 Sec. 7.3 :

The test engineer shall draw a plot of pressure/added volume (P/V plot, see appendix_2), taking 
the volume added as measured either by pump strokes or flow meter and the pressure as 
measured by deadweight tester or pressure data logger.
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Pressurization sequence 
1. Test pressure at the Dead weight tester shall be decided that lowest elevation does not 

exceed the maximum test pressure.

2. All the temporary valves, fittings and high pressure hoses shall be rated up to minimum 
6000PSI.

3. As soon as thermal stabilization is achieved, pressurizing can be started. Pressure and 
temperature chart shall be signed by all parties prior to start the pressurization.

4. The rate of pressurization shall not exceed 1 bar per minute and shall continue up to 35 Bar.

5. During this period volume and pressure reading shall be recorded at 1bar increment 
intervals. A plot of pressure/volume shall be made and the linear section of the curve 
extrapolated to the volume axis, which shall correspond to static head pressure.

6. Pressurization shall be stopped on reaching 35 bar of the test pressure and hold for 30 
minutes for Air Volume calculation [⋰]
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5km+0.169km 



Cont. TP Calculations  
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Cont. PV Calculations 
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Cont. Air Volume Calculations 
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; Appendix_2



Cont. Air Volume Calculations 
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For the value of actual volume pumped, see Appendix_2 

Since 0.0143% is less than 0.2% (total fill volume), then it 
satisfies the acceptance of Air Volume criteria.



Pressure – Temperature Effect 
Calculations
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See Appendix_2 



Cont. 
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Therefore; the change is due to weather 
change not leakage. 
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Strength test (4 hours test)
According to SP-1212 Sec. 8.2 :
The pressure shall be maintained during the strength test at strength test pressure ± 1 bar by 
bleeding or adding water as required.

During the test, the test pressure shall be recorded continuously, and the deadweight tester readings 
or pressure data logger readings shall be recorded at least every 30 minutes. The pipe soil and air 
temperature shall be recorded every 1.5 hours.

When leak is suspected, then according to SP-1212 Sec. 10.1 :
1. Contractor shall reduce the pressure to DP and hold line at DP until leak is detected, by carrying 

out a visual examination.

2. If it is not possible to locate the suspected leak by visual examination, the Contractor shall use a 
method which enables the locating of leaks at test pressure without endangering the personnel 
carrying out the work.

3. When the leak has been found, the Contractor shall repair the test section in accordance with (SP-
1212 Sec. 10.2 and Sec. 10.3).
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For Polar Chart Legends, see Appendix_2
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Leak test (or leak tightness test)
According to SP-1212 Sec. 8.3 :

No water shall be added or removed during the tightness test.

To allow for pressure variations caused by temperature fluctuations during the test duration, the 
test pressure should be set to a level of 1.1 times DP.

During the test, the pressure shall be recorded continuously, and the deadweight tester readings 
shall be recorded every 30 minutes.

If a leak is suspected, actions shall be taken in accordance with (SP-1212 Sec.10.1).
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Dewatering
Pre-dewatering: 
◦ Depressurization (SP-1212 Sec. 9.1):
 The test section shall be depressurized to static head plus 1.5 bar at highest point, so that air does not 

enter into the test section.
 The depressurization rate shall not exceed 1 bar per minute until the pressure has been reduced to 40 

% of the test pressure.
 Then depressurization shall continue at a rate of less than 2 bar per minute.

  Dewatering (SP-1212 Sec. 9.3):

Method statements for these activities shall be submitted by CONTRACTOR to COMPANY 
Pipeline TA3 for approval.
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Drying
According to Method Statement For Dewatering, Swabbing, Drying & N2

Preservation Of Pipeline Sec. 6.6 :

The pipeline will be dried by the introduction of dry air with a dew point below - 40 degree 
Celsius.

During the injection of the dry air, foam pigs will be propelled through the pipeline to further 
absorb any water pockets left in the line from the final swabbing operation.

The air-drying operation will be accepted upon maintaining the required dew-point below of 5 
degree Celsius or better at both ends of the pipelines.
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Nitrogen preservation 
The pipeline should be preserved with nitrogen until the system is ready for gas-in or 
commissioning.

The pipeline to be preserved under nitrogen pressure of minimum 1 barg or as instructed by 
owner in reference to overall pre-commissioning circumstances at that time.

Upon the completion of drying, the pipeline shall be preserved at pressure of 0.5 barg with 
nitrogen above the ambient pressure at any point along the pipeline.

Nitrogen used for purging and preservation shall have a minimum dew point of -50 degree 
Celsius at atmospheric pressure.

The oxygen content shall be checked and the same shall be less than 2% at the end of purging.

Temporary pressure gauge to be installed for verifying the positive nitrogen pressure in the 
pipeline and record it in a register, and to be monitored monthly. 
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Usage of 𝑁𝑁2



Appendix_1
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Inputs with options to choose compatible units
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QA/QC approval date 
and signature 
(Contractor)

Certified hydrotest 
engineer signature

The chart type
e.g. ambient temp 
chart

Location: CEMS
Date 
Duration: 24hrs.
Purpose: leak test and 
pressurization 

Project
Company
Contractor 
Test section
Line diameter 

Red  temperature 
Blue  pressure

Polar Chart Legends 

Approval signature 
(Company)
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