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	DISCLAIMER

The information contained in this document has been prepared by L’Air Liquide S.A. and/or its controlled subsidiaries (“Air Liquide”), exclusively for their use, and is Air Liquide property. Air Liquide believes the information is current and accurate, but circumstances may warrant additional requirements or procedures. This document is subject to periodic review and users are cautioned to obtain the latest edition.

Air Liquide makes no representations or warranties to third parties as to the quality, accuracy or completeness of information contained in this document and EXPRESSLY DISCLAIMS ALL WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE WARRANTY OF MERCHANTABILITY AND THE WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE.

No part of this document may be copied or otherwise shown or disclosed to third parties without the prior consent of Air Liquide.

Unauthorized use of this document by any third Party, including Air Liquide contractors and subcontractors, shall be at such Party’s own risk, and Air Liquide assumes no liability in connection with information contained herein. Air Liquide disclaims any liability for any damage suffered by any company or person as a result of or in connection with the use, application or implementation of the information contained herein or any part thereof. The benefit of this disclaimer shall inure to Air Liquide and its affiliates.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations, insurance requirements or national safety codes.

	

	This document is issued and administered by the Air Liquide Global E&C Solutions Standards Department.

Paper copies of this document are considered to be “uncontrolled” and users should always check for the most recent revision.

	

	INFORMATION HANDLING GUIDELINES

	●INTERNAL
	●●CONFIDENTIAL-RESTRICTED
	●●●CONFIDENTIAL-SECRET

	Access to the document on a need-to-know basis

Do not share this document outside of Air Liquide unless approved by the department manager.

The electronic version of the document must be stored into an Air Liquide approved IT media, server, or equipment.

Report to your IPC incidents related to the respect of confidentiality rules. 
	Do not share or transfer the document out of the distribution list unless it is approved by the owner.

Access by non-Air Liquide party must be covered by a specific confidentiality agreement.

Share the document using a link to corporate file share, corporate database, ALAIR, LiveLink, or via Large File Transfer.

Email attachment tolerated as encrypted/password-protected archive only.

The electronic version of the document must be stored into an Air Liquide IT approved device with encrypted media storage.

Print only when necessary and use the secure print function.

Report to your IPC incidents related to the respect of confidentiality rules.
	Do not share this document out of Air Liquide and the distribution list.

Only the owner can share the document out of Air Liquide and with a confidentiality agreement in place.

The electronic version of the document must be stored into an Air Liquide approved IT device with encrypted media storage.

Share the document using a link to corporate file share, corporate database, ALAIR, LiveLink, or via Large File Transfer.

Print only when necessary and use the secure print function.

Do not scan. Do not fax.

Paper shredding is mandatory.

Secure erase the document from personal computer

Store the document in a locked environment with access restriction.

Report to your IPC incidents related to the respect of confidentiality rules.


1 GENERAL PRESENTATION

1.1 Presentation of APSA L4
1.1.1 Description
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APSA L4 is a standard plant producing 4000 Nm3/h of Nitrogen. It may co-produce liquid Nitrogen when it is forecasted by the project development.
An APSA L4 plant is composed of MAC unit, Pre-cooling unit, Warm unit and Cold unit.

The highest package is 17m.

The heaviest package is 40T.

The main air compressor requires a 1.6 MW power supply.
Refer to project document A4-011-001 Main Characteristics of the Plant for more details.
1.1.2 Plant Functional Units

1.1.2.1 Plot Plan
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1.1.2.2 MAC Unit 
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The MAC unit is delimited by the GREEN line on the plot plan.

Normally, the MAC unit is composed of the following skids/equipments:

· C01A_Air Compressor A, including Motor, Air Filter and Air blow off silencer.

· C01B_Air Compressor B, including Motor, Air Filter and Air blow off silencer. 

In some projects, only one compressor C01 may be used.
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PRE-COOLING Unit
The PRE-COOLING unit is delimited by the YELLOW line on the plot plan.

The PRE-COOLING unit is made of steel structure on which an after cooler (E10) is bolted and a water chiller (X60) is welded. Pipes between the after cooler and the water chiller are flange connected. The dimensions of the skid are 5000X3400X2095, with a weight of 9t. The skid is bolted on the foundation.
1.1.2.4 WARM Unit
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The WARM unit is delimited on the plot plan by the RED line on the plot plan.

The WARM unit is composed of the following skids/equipments:

· WRM_Warm Skid, made of open steel structure supporting the electrical heater, piping and valves, which will be bolted on the foundation. The dimensions of the warm skid are 6080X2500X2800, with a weight of 7.5t.
· R01 & R02_Adsorbers, which will be transported to site after fabrication, and erected near the warm skid, whose outlet piping and inlet piping will be flange connected with the piping of warm skid. Each adsorber has dimensions of 2896X 2178X 5954, and a weight of 6743kg. The adsorbers have been filled with nitrogen with the pressure of 0.04Mpa.

· S04_Silencer Chimney, installed on the top of the skid after the erection of the warm skid.
1.1.2.5 [image: image81.jpg]


COLD Unit

The COLD unit is delimited on the plot plan by the BLUE line on the plot plan.

The COLD unit is composed of all the elements and systems involved in the cryogenic distillation:

· Cold Box, made of steel structure packaged by steel sheeting. There is an operation platform at the foot of the cold box, which is located by the turbine oil tank, turbine casing (ET01), and piping, valves and instruments. A manhole is located on one sheeting of cold box at the elevation from +700 to +1700, with the size of 1000X1000. There is another anti-sliding platform at the elevation of +3500 used for the fixation of piping and valves and the operation of safety valves and silencer S02. There is also a platform on the top of cold box, which will be installed with handrails, where there is a manhole with the size of φ600 used for perlite filling, and an inspection hole with the size of 800X600. In the internal of cold box, A MP column with the diameter of 1050 and the length of 15260 is located at the elevation from +570 to +15830, and a heat exchanger (E01) with the dimension of 405X713X1809 is fixed at the elevation of +5230 and +7900. The overall dimension of the cold box is 5220X 3625X 16815, net weight is 40t. Internal of piping and equipments have been filled with nitrogen with the pressure of 0.04Mpa.

· E80_Cryogenic Disposal System
1.2 Erection Philosophy

The APSA L4 has been designed to reach the objective of short erection time. Compared to usual tailor-made ASU, APSA L4 requires much few Site Works. Nevertheless APSA L4 remains an ASU and requires experienced and professional CONTRACTORS to perform Site activities.

All the main equipments are delivered in packages, but all the interconnection piping and structures need to be supplied by the INTEGRATOR based on isometrics and guide drawings.
Normal Erection Process for APSA L4 is shown in the following chart:


[image: image3]
1.3 Erection Manual Introduction

1.3.1 Purpose

The purpose of this document, part of “White Book APSA L4”, is to provide detailed instructions for the construction and pre-commissioning of the APSA L4. This document also describes the optimized works organization and methods to be implemented in order to realize the Site Works:

· In respect of “Safety First” and “Zero Accident” Policies,
· In conformity with AL standards,

· Within minimum schedule.

Any deviation to this document shall be submitted to arbitration of the Construction & Commissioning Manager.

This document can not replace assistance on Site by qualified construction engineer / supervisor.

Note: All sketches, drawing extracts and quantities included in this document are for information only; their aim is to give a better understanding of the activities to be done on Site. This document is to be adapted by each project according to latest project documents.

1.3.2 Scope of Application

This document is applicable to the following Site activities of a standard APSA L4 plant, excluding any particular additional activities linked to project specific requirements:

· Lifting,

· Equipment & Mechanical Installation,

· Piping Works,

· Insulation and Painting Works,

· Instrumentation Works,

· Electrical Works,

· Pre-commissioning Works,

1.3.3 Definitions
	ALHZ
	Means Air Liquide Hangzhou

	INTEGRATOR
	Means Air Liquide entity in charge of Site installation of APSA L4 

	CONTRACTOR
	Means Company mandated by INTEGRATOR to perform the construction works

	END USER
	Air Liquide entity investing the APSA L4 and operating the APSA L4 in future

	SITE
	Means the land where the APSA L4 is to be constructed and installed as well as the temporary Site for storage of Equipment.

	TPAI
	Third Party Authorized Inspection


1.3.4 Applicable Codes, Standards, and Documents

The CONTRACTOR shall comply with all documents and specifications handed over. The most stringent between Air Liquide Standards and Local Regulation shall apply. In case of conflict, it will be discussed case by case with the INTEGRATOR and the END-USER.
	Applicable Documents
	As presented in the document

	Applicable Standards, Specifications
	As presented in the document

	Applicable Construction Codes
	To be defined by Project

	Applicable Statutory Regulations
	To be defined by Project


2 WORKS MANAGEMENT

A successful project depends on its preparation, and planification.

The INTEGRATOR will issue a dedicated Construction and Commissioning Management Plan. This document describes the works organization and methods implemented by the INTEGRATOR in order to realize the Site Works (Construction and Commissioning):

· In respect of “Safety First” Policy,

· In conformity with the requirement of the “good for construction” drawings and specifications,

· In conformity with Air Liquide Standards and Local regulation,

· Within the “Plan Do Check Act” execution philosophy

· Within the forecast schedule,

· Within the forecast budget.

2.1 HSE Management

2.1.1 Site HSE Management

Refer to following Engineering Practices:

· C-EP-9-10-3 HSE Management On ALHZ Construction And Commissioning Sites

· E-EP-9-10-29 Site Safety Management

These documents describe the HSE organization to be implemented by the INTEGRATOR at the preparation and all along the duration of the Site in order to achieve the Air Liquide’s “Safety First” objective.

Safety signs: reminders about the main safety signs and signification:
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2.1.2  Site HSE Requirements 

Refer to following General Specifications:

· E-GS-9-10-6 Hygiene, Safety and Environment Requirements for Construction Site

· C-GS-17-0-6 Confined Space Procedure

These specifications define the HSE rules and procedures required by E&C Cryogenics for CONTRACTORs to implement and organize the safety on Site during the construction and commissioning, in order to achieve the AIR LIQUIDE objective: “Safety First”.

Typical list of prohibitions:

	[image: image5.jpg])




 
No smoking 
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No naked flames 
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No entry
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No admittance
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No mobile phones 
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Do not drink 
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Do not operate
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No fork lifts 
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No dogs
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2.1.3 Site HSE Specificity

INTEGRATOR will submit and agree Health, Safety and Environmental management plan with END-USER for the construction and commissioning phases. The rules and systems described in this document will be made compatible with Site and local regulation requirements in addition to the requirements defined in the documents mentioned above.

2.2 Quality Management

2.2.1 General

The CONTRACTOR shall implement a valid quality management system to control, follow-up and trace the works quality realization and quality procedure implementation.

The quality management of the CONTRACTOR shall be in conformity with the local laws, codes, regulations and decrees, and the Employer’s specifications.

Quality management shall include but shall not be limited to:

· Submission of a Quality Assurance Plan,

· Procedures to define treatments rules for non-conformities, modifications, procurement on Site,

· Inspectors for each technical discipline,

· Tools, instruments and resources required to perform the inspections,

· Report writing, submission and filing.
2.2.2 Standards Reference

The CONTRACTOR shall comply with all documents and specifications handed over. The most stringent between Air Liquide Standards and Local Regulation shall apply. In case of conflict, it will be discussed case by case with the INTEGRATOR and the END-USER.

2.2.3 Site Works Inspections

The overall construction quality management for APSA L4 is based on Quality Files handed over. Site inspections organization is based on these Quality Files. 

2.2.4 Site Works Documents

This section deals with the documents to be produced by the CONTRACTOR during the course of the Site Works. Transmittal of the following documents to the INTEGRATOR and END-USER is one of the conditions for obtaining the final acceptance of the Site Works.

2.2.4.1 Quality Files

A pre-filled Quality File will be provided by the INTEGRATOR at the beginning of the works Site. The Quality Files will include all the APSA L4 test packs and quality forms.  CONTRACTOR shall fill/update these test packs, and quality forms during the progress of the Site Works.  CONTRACTORS shall also complete the Quality Files by incorporating any additional reports and records issued during the progress of the Site Works.

Quality Files will be classified by functional units and by specialist.

To summarize, the CONTRACTOR’s Quality Files shall include:

· All APSA L4 inspection forms duly completed, as mentioned in related Quality Files handed over,

· All procedures applied by CONTRACTOR for Erection Works, and approved beforehand by INTEGRATOR,

· All Inspection forms required by local regulations, codes, decrees and laws for the Works, duly completed.

Note: Weld radiograph films and copies of the complete Quality Files shall be kept by the CONTRACTOR for a period of 5 years and/or according to the local regulations. Should the CONTRACTOR be unable to guarantee the correct storage and preservation of these films and of the complete Quality Files, the CONTRACTOR shall inform the END-USER.

2.2.4.2 “As-Built” Drawings

The CONTRACTOR mark up the drawings with all modifications done during the Construction Works with red ink to trace the actual “as-built” condition at Site: Plot plans, Isometric, General Arrangement, Detailed drawings…
“As-built” mark up shall be gathered in a file at the INTEGRATOR’s disposal at any time for any inspection.

2.2.4.3 Capitalization File

Capitalization file to be filled is provided by the INTEGRATOR.  The CONTRACTOR will hand over to the INTEGRATOR at the end of the Erection Phase the capitalization file duly completed.

This file is summarizing the following Construction Works Data related to the Site Works:

· Works summary per discipline including as built quantities,

· List of the technical problems faced during erection,

· CONTRACTOR to issue a breakdown of hours spent by type of works and by speciality (management hours shall be separated).

2.2.5 Third Party Inspection

Depending of local regulations, decrees, codes and regulation, Third Party will have to perform inspections on some part of the Works.

For the required inspections the CONTRACTOR will be in charge of the:

· Management of the Authority. It shall include the selection, contracting of Inspection Authority as well as mobilization at Site on due time for the required inspections,

· Coordination and assistance with Authority. It shall include the preparation of documents and services necessary for the Inspection Authority to perform the required inspections in time.

2.2.6 Endorsement, Certifications, Legal requirements

The whole plant shall be compliant to all applicable standards in force in the country where the plant is installed (such as GB, ASME, EC…) at the date of contract agreement.  INTEGRATOR shall be in charge to arrange all inspections / certifications required by the standards and/or local authorities before commissioning.

See relevant procedure, for example, E-EP-20-0-1 Application of EC conformity marking to equipment and plants.
2.3 Schedule

2.3.1 Final Acceptance

The Works shall be considered complete when:

· All the Works have successfully passed the statutory and/or mandatory inspections,

· Any surplus free issue materials and/or equipment and/or spare parts have been handed over to the END-USER as the case may be,

· All Site Works documents have been collated, classified and handed over to END-USER with the required number of copies,

· All documents required by Authority have been handed over to END-USER,

· Full acceptance of the Site Works by END-USER (punch list issued by END-USER has been cleared and accepted by END-USER, without any pending matters).

2.3.2 Scheduling

The estimated total time for erection and commissioning is around 2 months (1month for construction + 1 month for commissioning). This duration is based on the following working hours: 6 days a week, 8 hours per day.
Typically, the Erection Schedule is as follows:

· Mechanical (incl. equipment installation, alignment and first grouting): 1 week

· Piping (incl. piping, connection to utilities): 2 weeks

· Electrical: 1 week (same period as the latter part of piping works)

· Instrumentation: 1 week

· Platforms + Ladders (prefabricated): 1day

This duration could vary depending on:

· The completion of all the activities to be done prior to arrival of first APSA L4 equipment on Site,

· Weather conditions,

· CONTRACTOR experience and skills,

· CONTRACTOR productivity

· Site environment,

· Conflicts with other equipments than APSA L4,

· Any other interfering events.

2.4 Materials & Equipment Management

Materials and Equipments delivered by INTEGRATOR are managed according to INTEGRATOR standard E-GS-9-0-15 Management of the Material on Site.
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Safety Note: Equipments delivered on Site are inerted with Nitrogen for transport. It is dangerous and therefore forbidden to enter inside equipment without preliminary permit. Appropriate safety precautions shall be taken before removing the caps or transport flanges.
2.4.1 Detailed Packing List

Detailed Packing List is provided by ALHZ before Site delivery.

This list shall be used to locate material on Site.

Refer to Packing List of the Project.

2.4.2 Equipment and Materials Unloading

For heavy equipment, it is recommended to organize in such a way that equipment is unloaded from truck and installed directly on its foundations at final location, except for cold box on which if accesses (platforms, ladders & handrails) are to be installed before its erection.

A storage map for packages and bulk shall be created to avoid lack of organization after the unloading to locate all the boxes.

2.4.3 Equipment and Materials Unpacking & Receipt

Unpacking and inspection of the materials and equipments delivered to Site is performed in the presence of the INTEGRATOR and CONTRACTOR representatives on Site. Claims about the materials and equipment delivered are refused by INTEGRATOR if:

· Packages have been opened before the arrival on Site of INTEGRATOR representative,

· Packages are damaged,

· Packages are still not inspected 1 month after their delivery at Site and/or 1 month after the arrival on Site of INTEGRATOR representative.

Equipment and materials shall be unpacked and arranged in the appropriate storage location, even for temporary storage.

Unpacking and receipt include but are not limited to:

· Packing opening,

· Packing materials evacuation,

· Materials & equipment inventory,

· Materials & equipment arrangement in the store (appropriate handling means: forklift…).

2.4.4 Equipment and Materials Storage & Issue

Storage of equipment or materials directly on the floor is forbidden: CONTRACTOR shall at least lay equipment or materials on wooden supports. CONTRACTOR may use wood from equipment packing, if appropriate and sufficient in quantity.

For heavy equipment, the equipment shall be supported at the prescribed locations (transport sketches, painted indication on the equipment).

In order to prevent rust and/or corrosion unpacked equipment must be purged with Nitrogen or dry air, particularly by outdoor installation.

The necessary precautions shall be taken to keep equipment clean. Dirty equipment shall be washed with fresh water or blown with air by the CONTRACTOR before Site erection.  Spare parts (commissioning and 2-years) are sorted and stored apart, in a closed store.

Equipment and Materials storage & issue include but are not limited to:

· Warehouse installation, maintenance and final dismantling,

· Open storage areas preparation, maintenance and final demobilization (gravel laying, cleaning…..),

· Storage management: inventory, issues….. ,

· Storage security: guarding if considered necessary,

· Storage according the local regulations: classified goods, retention pits…..,

· Issue traceability and records.

Refer to document A4-011-011 APSA L4 Material Receive check and Storage Guide for a guide.
2.5 Recommended Site Organization

See following Construction Organization Chart + <Site Presence Duration> .
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Note: Detailed Site job description shall be developed in the Construction Management Plan issued by the project team.

3 SITE INFRASTRUCTURE

The purpose of this chapter is to define the infrastructure that will be put in place on the work Site.

3.1 Mobilization / Demobilization

Site temporary facilities shall be operational 1 week before arrival of the first APSA L4 Equipment.  Upon demobilization, the land previously occupied by INTEGRATOR’s temporary facilities and lay-down area will be returned to its pre-construction condition or better; this includes but is not limited to removal of contamination such as oil spills. This requirement will also apply to all temporary roads, and parking, lay-down areas and temporary utilities.

3.2 Permits for Temporary Facilities

INTEGRATOR will, in close cooperation with END-USER, obtain all permits, licenses and government approvals for its temporary facilities. It is clear that this is INTEGRATOR’s sole responsibility to ensure that these facilities are provided, operated, maintained and disposed of in accordance with all applicable laws and regulations.

3.3 Temporary Facilities Area

The area used for the temporary facilities will be split into the following area:

3.3.1 Area Name Surface (m²)

· Guardhouse (5)

· INTEGRATOR Offices (30)

· CONTRACTOR Offices By CONTRACTOR

· WC / Shower By CONTRACTOR

· Open Storage Area for Wooden boxes , Bulk, & CS vessels (200)

· Covered Warehouse (10)

· Site Workshop By CONTRACTOR

3.3.2 Site access Preparation

END-USER shall provide access to the APSA L4 plot fence which means connections to internal Site temporary roads. Access will be suitable for heavy traffic.

3.3.3 Temporary Drainage

The temporary drainage for Site facilities will be part of the global dewatering plan. Storm drainage, surface drainage and discharge of constructions wastes will be managed to prevent pooling of water on the work Site and to prevent interference with the operation of other company on or adjacent to the discharge area.

3.3.4 Site Internal Temporary Road and Car Park

INTEGRATOR is in charge of the construction of the car park and temporary roads in accordance with the Site plan. Roads will be suitable for heavy transport and constructed in a manner ensuring the avoidance of damage to permanent road, facilities and underground structures.

3.3.5 Site Entrance Flags and Panels

INTEGRATOR will supply and install panels and flags as per AL standard E-GS-9-0-3 Site Entrance panels and flags based on international signage.

In addition, INTEGRATOR will supply and install some temporary road signs to indicate the location of the construction Site and to identify the different Site areas.

3.3.6 Site Fencing

Temporary fence should be installed in order to secure work areas, temporary facilities area, materials and equipment storage areas.

Installation of temporary fencing includes:

· Temporary fencing with a minimum height of 2m,

· Main vehicle access gate,

· Main pedestrian access gate.

3.3.7 Electricity Distribution

END-USER provides temporary facilities area power source.

INTEGRATOR is in charge of the connection to / disconnection from the power source, transforming to lower voltage and distribution.

Before any connection to END-USER’s plug socket, INTEGRATOR ensures that the appliance is in good condition and is fitted with a suitable cable, including fully rated and insulated neutral conductor and protective ground conductor.

All electrical installations within temporary buildings shall be in accordance with local regulation.  If necessary, On Site generation of power will be used by means of diesel generators, such generators mobilized on Site will be equipped with:

· Retention trays to avoid oil spills below the generator,

· Fire extinguishers,

· Retention trays and dedicated area for storage of oil drums,

· Acoustic protection.

Note: Power consumption is determined by INTEGRATOR & CONTRACTOR during the tender phase.

3.3.8 Water Distribution

3.3.8.1 Construction Water

Normally not required for APSA L4. Particular application cases to be evaluated.

3.3.8.2 Potable Water

Potable water, for workers should be available on Site. If no potable connection is made available, potable water in fountain must be organized.

3.3.8.3 Testing Water

Normally not required for APSA L4. Cooling water can be used for water piping testing. Particular application cases to be evaluated.

3.3.8.4 Pressure Test Medium

All tests are pneumatic, only pipes carrying cooling water can be tested using hydraulic tests. Main test medium could be either oil free and dry air or Nitrogen. 
Note: For high pressure test, above approx. 8 bar, Nitrogen or air cylinders may be needed to reach the final pressure.

Pressure test medium shall be available 1 week after the beginning of equipments erection.

3.3.8.5 Air

Unless otherwise indicated in the project specifications, and for safety reasons, the CONTRACTOR shall supply and use dry and oil free air in sufficient quantity and quality to perform the tests.

Supplied air shall meet the following characteristics:

· Dew point: max. - 40°C

· Oil content: max. 3 ppm/m3

It is highly recommended to use Atlas Copco machine “ZT” type oil free screw compressor or equivalent to produce compressed air meeting the above characteristics.

3.3.8.6 Nitrogen

If and only if it is not possible to supply dry and oil free air according to the above mentioned characteristics, the CONTRACTOR might use Nitrogen to perform the tests. Due to the large volume of the networks to be pressure tested it is recommended to use existing Nitrogen network (if available) or to use vaporized liquid Nitrogen (tank or truck + vaporization system)

The Nitrogen used to perform the tests shall meet the same dew point and oil content characteristics as the dry and oil free air defined above.

In any case of Nitrogen use for the tests (as single test medium or as complementary medium to reach higher pressure), the CONTRACTOR shall apply for a waiver request to the INTEGRATOR representative. The waiver request shall be attached with a detailed safety procedure defining all measures to be taken to perform the tests using Nitrogen. This safety procedure must give full details concerning the risk due to insufficient Oxygen and the means to be implemented to ensure safety of personnel (analyzer, prevention and rescue means, ventilation, nitrogen supply control….).
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Safety Note: Testing with Nitrogen is dangerous and therefore requires adapted safety considerations, as it may be a cause of anoxia when breathed by human personnel. It is therefore forbidden to enter inside equipment without preliminary permit. Appropriate safety precautions shall be taken for all operations with nitrogen.
3.3.8.7 Means of Communication

CONTRACTOR shall be autonomous with mobile phones. 

3.3.8.8 Lighting

Permanent lighting is not certain on the Site.

CONTRACTOR shall be autonomous with mobile lighting adapted to the works and the need.

3.3.8.9 Waste Disposal

CONTRACTOR shall ensure hauling, removal and disposal of construction waste and debris. 

3.3.8.10 Sanitary Facilities

END-USER is responsible for all temporary sanitary facilities

3.3.8.11 Site Access and Security Management

Site security and Site access management shall include:

· Permanent guarding of the Site (to be defined and agreed accurately later before contract award),

· Control of materials and equipment entering or leaving the Site,

· Control of personnel entering or leaving the Site,

· Control of vehicles entering or leaving the Site,

· Checking of the condition of the perimeter fence,

· Gate pass issue and follow-up:

· For personnel: pass issue, provision of safety induction training, pass restitution follow-up,
· For vehicles: pass issue and pass restitution follow-up, 

· For materials and equipment entering or leaving Site: declaration follow-up.

4 PREPARATION WORKS

4.1 General Site Infrastructure

Site infrastructure shall be made available at least one week before arrival of the material on Site.

4.2 Method of Statements

The following method of statements must be discussed, agreed and confirmed at least 2 weeks before the related task execution:

· Lifting Study for main equipments (including handling and transportation of equipments to the 
construction Site),

· Welding Works, 

· Safety Measures,

· Removal / untightening of supports if needed,
· Management of filler metal for cryogenic use,
· Pneumatic pressure test,

· Local/partial cleaning of piping spools,

· Perlite filling, or top up filling if the cold box is already filled-in.
4.3 WPS/PQR

The CONTRACTOR shall submit to the INTEGRATOR the PQR and WPS one month before the beginning of Site Activities.

The welding procedures are defined and qualified according to local regulations. If no statutory rules apply, the welding procedures are defined and qualified according to Chinese standards. The CONTRACTOR is responsible for his welding work and must therefore carry out the necessary tests (PQR) to qualify the welding procedures before issuing the WPS.

The welding procedures must cover all dimensions, thicknesses and grades of the materials chosen for the project. They are specific to each material and must be described in a document written by the CONTRACTOR, made available to the inspection organization.

4.3.1 Pipe Characteristics

Refer to A4-501-002 Piping Specification
4.3.2 Specific Requirements: Stainless Steel for Cryogenic Service

For work on equipment or piping for cryogenic service made of stainless steel, the PQR must meet the specific requirements and the additional constraints laid down in the codes concerning the cryogenic service, i.e. (non exhaustive list):

· Impact strength at very low temperature -196°C (traceability on the PQR),

· Referenced and compatible filler products < 10% on all the weld seam and measurement of ferrite contents,

· Welding energy during construction less than or equal to the energies used during qualifications,

· Stricter thickness ranges for the qualification of the various processes,

· Ferrite contents is measured with “ferritoscope” ref. “Fischer M30” or similar.

4.3.3 Filler Metal

· The filler metals (electrode or wire) must comply with the stipulations of the WPS.

· The filler metals (electrode or wire) are delivered with the manufacturer’s certificates showing, in compliance with the applicable provisions, the chemical and mechanical characteristics per lot and per diameter. They are stored in their original packaging.

· The lot must be qualified for cryogenic requirements; the impact strength must be checked with a test piece at the operating temperature (generally -196°C). If supplier certificates for filler metal are not provided, the concerned lot will be qualified by an impact strength test on production piece before commencing work.

· It is prohibited to weld austenitic steels with carbon steel filler metals as under cryogenic conditions such welds may break violently, causing very serious accident. A procedure indicating the measures taken to avoid this possibility will be implemented and must be approved by the INTEGRATOR. This procedure will include as minimum requirements: welders’ written commitment, welder and welds ferrite inspection, management of the issuing of filler metal, etc.

4.4 Storage Area

The package/equipment delivery sequence to Site is determined according to the lifting sequence. It should be organized in such a way that heavy equipments are unloaded from truck and install directly on their foundations.  However, due to the necessary ground preparation works, it will not be possible to proceed in this way for all equipments. Consequently a sufficient area to download the packages should be foreseen. Best organization will allow lifting of equipments directly from the downloading area to the final installation location. 
CONTRACTOR shall provide prior to beginning of Site Activities:

· Storage map for main equipments with necessary materials used for storage in order to optimize ground activities and lifting sequences,

· Storage map for boxes, crates and bulk material to allow an easy and fast localization of the material on Site.

4.5 Civil Works

4.5.1 General

Civil Works is part of CIVIL WORKS CONTRACTOR scope of work and are performed according to local regulations and standard E-GS-9-1-1 Civil Works, Earth Networks, Buildings. Before the arrival on Site of the packages, the following Civil Works activities shall be completed, accepted and handed-over to the INTEGRATOR & MECHANICAL CONTRACTOR:

· Main Foundations,

· Secondary foundations,

· Site access,

· Earthing network,

· Underground piping networks (Cooling water, water and condensate sewers),

· Electrical underground cables,

· Instrumentation underground cables.

4.5.2 Applicable Standards & Drawings

Applicable Standards:
· E-GS-7-0-5 Earthing System

· E-GS-9-1-1 Civil Works, Earth Networks, Buildings

· E-FRM-9-3-18: Hand-over of Civil Works

· E-GS-9-7-1 Earthing Control

· E-FRM-9-7-4-15 Grounding Network Installation Inspection

· E-FRM-9-7-4-16 Megger Readings (Grounding Network, Non-Electrical Equipment)

Applicable Drawings:

· A2-131-003 Valve Skid Civil Guide

· A2-131-004 Cooling Water Civil Guide

· A2-131-201 Cold Box Civil Guide

4.5.3 Inspection

4.5.3.1 Quality

Inspections are performed according to related Quality Files handed over by AL.

4.5.3.2 Inspection Schedule

Civil works is part of CIVIL WORKS CONTRACTOR scope of works; however, various mandatory inspections will have to be carried out:

· One month before equipment arrival: inspection to be done by INTEGRATOR to detect and correct any major non-conformity prior to equipments arrival,

· One week before start of lifting: inspection and hand-over of the foundation to the INTEGRATOR,

· One week before start of lifting: inspection by MECHANICAL CONTRACTOR and hand-over of the foundation to the MECHANICAL CONTRACTOR.

Acceptance by the MECHANICAL CONTRACTOR and hand over of the Civil Works is performed once the MECHANICAL CONTRACTOR has inspected the Works and, if required, once the eventual defects have been corrected or dealt with. Acceptance is formalized with E-FRM-9-3-18: Hand-over of Civil Works. 

Once the Civil Works are accepted, or considered as accepted, by the MECHANICAL CONTRACTOR, any consequence of an un-notified defect is born by the MECHANICAL CONTRACTOR.

4.5.3.3 Inspection Equipments
The MECHANICAL CONTRACTOR provides necessary equipment to perform the inspection and survey of the concerned Civil Works: theodolite, spyglass, dumpy level…

4.5.3.4 Inspection

Following inspections are carried out by the MECHANICAL CONTRACTOR (Non-Exhaustive list):

· Location and elevation of the civil works (in regards with the Site reference) – main foundations axis and elevation reference being traced by the MECHANICAL CONTRACTOR,

· As-built dimensions according to drawings and specifications,

· General aspect and cleanliness,

· Anchor bolts, reservations, embedded pieces provided (grade, anchor bolts diameter…) according to drawings and specifications,

· Anchor bolts, reservations, embedded pieces locations, elevations and dimensions in regards with the other items of the same foundation and according to drawings and specifications (i.e., embedded anchor bolts length out of concrete…)

· Reservations: anchor bolts installation, cleanliness (dirt, rubbish, oil grease, melted foam…), roughness and cleanliness of internal concrete walls (no coating of any kind…),

· Underground piping networks tie-in location.

4.5.3.5 Large Embedded Plates

If the foundation is set with large embedded bearing plates, the MECHANICAL CONTRACTOR checks for hollow under the plates (trapped air during concrete pouring): MECHANICAL CONTRACTOR “rings” the plates with a hammer.  If hollow is stated under the bearing plates, MECHANICAL CONTRACTOR reports it to INTEGRATOR in order to have the defect corrected by the CIVIL WORKS CONTRACTOR. Hollow is filled up as follows:

· Drilling of holes in the embedded plates (minimum diameter 5mm – at least one pouring hole and one vent),

· Pouring of liquid non shrink or of resin up to saturation.

4.5.4 Tolerances

Civil Works are considered as acceptable if according to following tolerances. Accuracy of Civil Works is critical regarding short erection time. Consequently, it is strongly recommended to use templates or to ask a qualified land surveyor to calculate precisely and check the positions of the anchors before pouring the concrete.
4.5.4.1 Position

	Location of works in regards with drawings and references
	± 1 cm

	Measurement between related foundations (i.e. foundations supporting interconnected works)
	± 1 cm

	Location of embedded anchor bolts
	± 0.5 cm

	Location of embedded plates
	± 0.5 cm

	Distance between items of a same foundations (reservations, embedded anchor bolts…)
	± 0.5 cm


4.5.4.2 Elevation

	Elevation of normal works in regards with drawings and references
	± 1 cm

	Elevation of precise works in regards with drawings and references (machines, packages…)
	± 0.5 cm

	Elevation of embedded anchor bolts
	± 0.5 cm


4.5.4.3 Verticality

	Verticality of reinforced concrete columns and walls (up to 4 m high)
	± 0.5 cm

	Verticality of reinforced concrete columns and walls (above 4 m high)
	± 1 cm

	Verticality of embedded anchor bolts 
	± 0.5 cm


4.5.4.4 Flatness

	Flatness of reinforced concrete columns, beams, walls 
	± 0.5 cm

	Flatness of foundations horizontal upper surface
	± 0.5 cm

	Flatness between two distillation columns foundations
	± 0.5 cm 

	Flatness of slopped surface
	± 0.5 cm


4.5.4.5 Dimensions

	Works dimensions
	± 1 cm

	Reservations dimensions
	± 1 cm


4.5.5 Industrial Water Sewer

Sewer piping should have been tested before arrival of equipments on Site.

Backfilling of the trench should be completed before arrival of equipments on Site.

4.5.6 Storm Water Network

Storm Water Network is part of CIVIL WORKS CONTRACTOR scope of works.

Underground Storm Water network is expected to be completed before the delivery on Site of the first APSA L4 equipment.

4.5.7 Earthing Cables Underground Networks

4.5.7.1 Scope

Earthing cables network is expected to be completed before the delivery on Site of the first APSA L4 equipment.

It is part of CIVIL WORKS CONTRACTOR scope of work.

4.5.7.2 Applicable Standards

· E-GS-7-0-5 Earthing System

· E-GS-9-1-1 Civil Works, Earthing Networks, Building

· E-GS-9-7-1 Earthing Control

· E-FRM-9-7-4-15 Grounding Network Installation Inspection

· E-FRM-9-7-4-16 Megger Readings (Grounding Network, Non-Electrical Equipment)

For the earthing connection of each equipment, there is one cable coming out of ground with extra-length ready to be used.

Backfilling of the trench and checking of continuity and resistance of the networks shall be performed.

4.5.8 Electrical Cables
Underground cables installation is expected to be completed before the delivery on Site of the first APSA L4 equipment.

Coordinates of each tie-in point must be controlled within a tolerance of +/- 2m.

Cables shall have all the necessary protection as per local laws, including “out of ground” transition.  All cables are supplied with extremities clearly identified, well protected against moisture, properly rolled in one location, with at least 3m overlength according to the given tie-in point.

4.5.9 Instrumentation Cables

Underground cables installation is expected to be completed before the delivery on Site of the first APSA L4 equipment.

Coordinates of each tie-in point must be controlled within a tolerance of +/- 2m.

Cables shall have all the necessary protection as per local laws, including “out of ground” transition.  All cables are supplied with extremities well protected against moisture, properly rolled in one location, with at least 3m overlength according to the given tie-in point.
5 MAIN LIFTING

5.1 Applicable Standards & Drawings

Applicable Standards:
· E-GS-2-1-1 Cold Box Design Bases

· E-GS-9-3-1 Heavy Lifting of Equipment

· E-GS-9-3-2 Distillation Columns and Packages Installation

Applicable Drawings:
· General Layout Drawing 

· A4-012-001 Main Equipment List

· A1-264-401 General Drawings of Platform&Ladder

· A3-299-201 Transportation and Lifting Sketch for Cold Box

· A4-352-019 Air Purification Handling & Transportation Sketch
· A3-554-106 Valve Skid Transport Sketch
· A3-554-107 Precooling Skid Transportation 

· A3-611-006 ZH7000 Sketch

5.2 Schedule and Preliminary Studies

INTEGRATOR provides the CONTRACTOR with necessary information to perform the preliminary study:

· Layouts and plot plan,

· Works general schedule and recommended lifting sequence,

· Equipment list with sizes and weights,

· Transportation and lifting sketches.

Delivery schedule of the equipment has to be arranged to minimize the temporary storage area and to minimize waiting time of the crane.

One month after having received from INTEGRATOR the precise schedule for equipment deliveries and no later than 2 weeks before the start of lifting operations, the CONTRACTOR submits to INTEGRATOR a heavy lifting preliminary study including :

· A detailed schedule of the heavy lifting operations (time scale unit: day) – including the cranes mobilization and demobilization steps and taking under account the time required for operations other than lifting (for example: welding of the base plates for cold box),

· The CONTRACTOR’s list with names, address and telephone numbers and which CONTRACTOR is affected to which operation,

· The quality assurance plan of the lifting companies,

· A coordination procedure if cranes from two different companies are used to lift the same equipment,

· The list of the cranes to be used and documentation related to these cranes (capacity tables, overall dimensions, …),

· For each crane, the hook block references and revving arrangement for each operation,

· The list of the lifting gear to be used with the characteristics and end user,

· The calculation of the loads transmitted to the ground in the most stringent case of the lifting operations and sizing of the bearing plates.

· A plot plan showing the locations of the main crane and the tail crane and showing the positions of the equipment corresponding to the different step of the lifting,

· A plot plan showing the locations of the main crane and the tail crane boom assembly and the crane accessories storage area,

· Side views of the main crane,

· With the equipment in vertical position at the maximum height and at the minimum radius, 

· At the maximum load condition (biggest radius),
· List and represent at the sketch scale the lifting gear, hook block and arrangement, 

· Indicate the maximum capacity of the crane in the shown position, 

· Indicate the radius and the boom height, 

· Indicate (sketch only) the minimum distance between the crane boom and the equipment or the spreader bar.

· The list if any, of the necessary preparation operations (dismantling of interfering equipment…).

The preliminary study is subject to INTEGRATOR approval. INTEGRATOR keeps the right to request more information and/or to request the CONTRACTOR to modify the preliminary study.

Any change from the approved preliminary study (schedule, CONTRACTOR, cranes, lifting gear, cranes locations…) is subject to INTEGRATOR approval. Once and if INTEGRATOR approval is granted, the CONTRACTOR updates the preliminary study before the lifting operations.

The CONTRACTOR is considered as having visited the Site and as being aware of the Site conditions and regulations. No claim from the CONTRACTOR is accepted due to interferences of any kind or due to Site conditions and/or regulations.

5.3 Site Preparation for Lifting Activities

Necessary Site preparation works are determined during the preliminary study:

· Access preparation to the lifting location for heavy lift equipment and cranes,

· Soil preparation (reinforcement & compaction) at specific locations for crane loads,

· Interfering items dismantling or dealing with.

Unless otherwise specified in the Contract, preparation and re-instatement works are assigned to the CONTRACTOR during the preliminary lifting study stage:

· Civil works,

· Supply and installation of mats, spreading plates…..,

· Interfering items,

· Coordination with other CONTRACTORS.

Re-instatement of the Site is performed as soon as the heavy lift operations are completed.
Equipment preparation before lifting
Note 1: Before any lifting, CONTRACTOR shall control the equipment installation to anticipate any specific points such as: equipment preparation before lifting, equipment alignment, and activities during lifting.
Note 2: It is foreseen to install all the accesses (platforms, ladders & access, elevation above 7.5 m) before lifting of the cold box. However, if the platforms need to be installed after lifting, location/elevation of these platforms should be considered to define crane requirement.
5.4 Lifting Sequence

From a lifting point of view, APSA L4 Plant can be divided into four main units:

· MAC unit,

· Pre-cooling unit,
· Warm unit,

· Cold unit.

The four units are independent from each others. This means that the sequence can be adapted according to the crane position. 
5.5 Preliminary Lifting Study

All the lifting study will be done in accordance with E-GS-9-3-1: Lifting of Heavy Equipments
5.5.1 Cranes Selection

· Main Crane: 240T Truck Crane

· Tail Crane:   100T Truck Crane

5.5.2 Cranes Position (Example)
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5.5.3 Lifting Pictures
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1) Hook up the cold box
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2) Lift up the cold box to vertical position
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3) Cold box in position

6 EQUIPMENT & MECHANICAL INSTALLATION

Safety Note: Equipments delivered on Site are inerted with Nitrogen for transport. It is dangerous and therefore forbidden to enter inside equipment without preliminary permit. Appropriate safety precautions shall be taken before removing the caps or transport flanges.
6.1 Introduction

The aim of this section is to define the Works related to static and rotating equipments installation to be carried out on Site.
6.2 Equipment Installation Undertakings
6.2.1 Applicable Standards & Drawings

Applicable Standards:
· E-EP-1-3-4 Equipment Bedding

· E-GS-7-0-5 Earthing system

· E-GS-9-1-1 Civil Works, Earth Networks, Building 

· E-GS-9-5-5 Resistance & Tightness Pneumatic Test 

Applicable Drawings:

· A2-131-003 Valve Skid Civil Guide

· A2-131-004 Cooling Water Civil Guide

· A2-131-201 Cold Box Civil Guide

6.2.2 Necessary tools & Construction Equipments

CONTRACTOR shall study this document to anticipate the needs in construction tools and equipments.  
Note: All the tools and the construction equipments should be in good operating conditions and certificates of calibration or conformity shall be available.
6.2.3 Foundation Preparation

Scope of supply of shims and anchor bolts is defined by project. Preparation of foundations before equipment installation is part of the CONTRACTOR’s scope and includes:

· Foundation/structure/anchor pocket cleaning,

· Cleaning/brushing of the anchor bolts,

· Axis tracing (from references and axis traced by the Civil Works CONTRACTOR),

· Foundation concrete first “skin” chipping (3mm at least) and chips removal,

· Cleaning of the embedded plates,

· Anchor bolts receipt and installation,

· Shims, wedges…installation (for packages, shims are installed for the 4 main feet only –shims for the secondary feet under the column are not installed before the lifting).  Foundation preparation and shims/wedges arrangement are submitted by the CONTRACTOR to INTEGRATOR approval no later than 2 days before equipment installation.

6.2.4 Shims Installation

Installation of shims by the CONTRACTOR shall comply with following rules:
· Shims are located on both sides of each anchor bolts,

· Multiple layers of thin shim plates are not allowed and can only be used for final adjustment. Shims arrangement consists of: 

· 1x10 mm thick shim,

· 2x5 mm thick shim

· 2x3 mm thick shim,

· 2x2 mm thick shim.

· Piled shims thickness does not exceed 35 mm,

· Installation of shims on top of fresh concrete is not allowed: shims are installed directly on the foundation dry concrete,

· Shims bearing faces are smooth and free from chips, weld splatter, dirt…. Shims edges are rounded off (by filing or by grinding),

· For shims placed over concrete reserves or anchor bolts holes, the overlap with concrete is at least 80 mm on each side of the hole, 

· Shim is made in one piece of new carbon steel plates, perfectly flat and trimmed,

· Shims installed for one single equipment are piled with a horizontality tolerance of 1mm, 

· Shims are not sliding or moving once the equipment is installed.

6.2.5 Temporary Protection

· Temporary Protections are used to protect fragile equipment during transportation and shipment of the equipment to the Site, 

· Temporary Protections are painted in YELLOW,

· Temporary Protections can be either welded or bolted on the equipments, 

· Temporary Protections have to be removed, 

· It is strongly recommended to remove any temporary protection before lifting, except if they are still needed during the lifting or when instructed not to do so by the INTEGRATOR, 

· If the removal of these temporary protections requires the use of thermal cutting equipment and/or cutting grinders, pipes and equipments are to be protected. Any damage during removal of temporary protection must be repaired by CONTRACTOR, including paint touch-up and pickling of polluted stainless steel.

6.2.6 Temporary Supports

All supports painted in YELLOW must be dismantled 

Safety Note: While using cutting torch or grinding machines, CONTRACTOR shall take necessary measures to protect personnel and equipments around. Stainless steel contaminated with carbon steel projections shall be cleaned by CONTRACTOR.
6.2.7 Access and Platform Installation

Refer to general specification E-GS-9-2-1 Steel Structure
CONTRACTOR scope of works includes the erection of the pre-fabricated/pre-assembled accesses including adjustment and modification to accommodate actual site conditions (including galvanized gratings).

Platforms and accesses will be delivered as follows:

· Platforms are delivered final painted with grating installed, to be bolted on site.

· Handrails are delivered final painted, to be bolted on site to existing connections. Connections between handrails shall be done on site and shall be included in CONTRACTOR handrail installation price.

· Ladders are delivered final painted to be bolted on site. Safety Cages are delivered separately and shall be bolted to the ladders on site.
Note: In order to maximize safety on site, the CONTRACTOR shall install accesses (platforms, stairs and ladders) as soon as possible and in concert with skids, equipments, cold boxes, and the like. It is foreseen to install all accesses (platforms, ladders & handrails) except handrails on top of cold box before lifting of the cold box. However, if the platforms need to be installed after lifting, location/elevation of these platforms should be considered to define crane requirement. 
6.2.8 Equipment Inspection Prior to Lifting

At arrival of equipment on Site and before lifting, CONTRACTOR shall perform the following inspections in the presence of INTEGRATOR representative:

· CONTRACTOR shall check gas pressure (Nitrogen or oil free dry air) inside vessels at arrival at Site. If gas pressure has decreased during transportation, CONTRACTOR shall organize a pressure test of the equipment at 1 bar, according to Air Liquide General Specification E-GS-9-5-5 Resistance & Tightness Pneumatic Test (including soap on all welds). CONTRACTOR shall notify in written to the END-USER the lost of pressure to check if the test has to be carried out,

· CONTRACTOR shall check the condition, position and correct assembly of the lifting trunions or lugs,

· CONTRACTOR shall check if equipment base anchor holes are matching with the foundation anchor bolts,

· CONTRACTOR shall check the overall appearance of the equipment regarding cleanliness,

· CONTRACTOR shall wash any element that is dirty by means of fresh water or/and air blow,

· CONTRACTOR shall perform external visual inspection and check carefully if any damages occurred during transport. This external inspection shall be focused mainly on instruments, cables, cable trays, impact on the equipment, etc… In case of damage, the reparation shall be performed on the ground if it is possible,

· CONTRACTOR shall check if any paint touch-up is necessary, if yes the touch up shall be done before lifting,

· CONTRACTOR shall perform a complete internal inspection of equipments. 

6.2.9 Paint Touch-Up

ALHZ provides painting specification in order that INTEGRATOR purchases locally paint for touch-up.  The CONTRACTOR shall take all necessary precautions to avoid deterioration of equipment paintwork resulting from handling, transportation, assembly and the like. The CONTRACTOR shall touch-up paintwork (primer and/or final) in order to repair any damage.

Surface to be touched up must be clean and free of rust or calamine.

Touching-up shall be performed with the same paints as the initial painting. If and when possible, the CONTRACTOR shall perform the touching-up at ground level, prior to lifting the equipment. The use of steel cables or clamps to handle equipment is generally forbidden. If, however, for the purposes of handling or adjustment, the use of clamps is unavoidable, the CONTRACTOR shall remove the clamps immediately upon completion of the operation and shall immediately touch-up damaged paintwork.
Note: Materials for washing dirty elements (brush, tube…) and for paint touch-up (paint, brush ...) should be anticipated.
6.2.10 Grouting

Refer to general specification E-GS-9-1-1 Civil Works, Earth Networks, Building
Grouting is used for sealing/fixing the equipment, which refers to the standard E-EP-1-3-4: Equipment Bedding and to the drawings for the grouting.

In order to make a good grouting, except if other indications are given in the INTEGRATOR’S drawings and specifications, the shims height between the reinforced concrete and the steel construction is 30 mm.
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In case of temperature out of 5°C-25°C during the grouting operation, it is necessary to apply the same concrete recommendations as for a normal concrete.

The CIVIL WORKS CONTRACTOR confirms to the concrete work conditions and recommendations given by the concrete manufacturer and in particular:

· To respect the instructions of the concrete manufacturer,

· Concrete surface checking: it is abrasive (not uniform, ribbed, irregular, etc.) in order to adhere with the concrete poured. A stabbing is done if necessary.

· Grouting zone is cleaned: concrete surface must be cleaned, without obstacle (sand, rocks, painting, etc.),

· Formwork fixing:

· It is in position, with the help of the concrete foundation, fixed on this one (nails, vise, etc.), 

· Its height exceeds the bottom of the steel structure.

· Leveling the structure: fixing the plastic edge (angle of 45°), the concrete covers the bottom of the steel structure, a part of the leg, but not entirely:
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· Checking: cleanliness, formwork at level,

· The concrete surface is watered enough before the operation (1/2 day min. before), and enough wet before the grouting operation,

· Once the checking is done, the pouring is carried out in only one layer, until reaching the good level.

The concrete is vibrated at the same time (an external vibration will be preferred to another method),

· A very precise surfacing is necessary in order to reach a good level for a good sealing,

· The operations to do after pouring (cure, protection, and form removal) are the same than for a normal construction.

The mortar used to grout equipment shall comply with the following characteristics.

· compressive strength 

28 days 
90 MPa

· bending strength 


28 days 
14 MPa

· shear strength 


28 days 
14.4 MPa

· adhesive strength 


28 days 
14 MPa

· volumetric stabilization data 

28 days 
+ 0.5 %

Note: For grouting to be done on embedded plates, small pieces of metal shall be welded on the plates at different location to allow a good fixation (link) of the grouting.

6.2.11 Cold Box Verticality Adjustment

Cold box verticality adjustment is performed with the lifting crane according to specification E-GS-9-3-2 Distillation Columns and Packages Installation with following specificities:

· Pre-alignment of package is done by checking verticality of the reference blocks installed on the two sides of the cold box (3 reference blocks on each side). In order to optimize lifting duration, it is recommended to use two theodolites, one for each direction.
[image: image47.jpg]


      [image: image48.jpg]



Safety Note: Equipments delivered on Site are inerted with Nitrogen for transport. It is dangerous and therefore forbidden to enter inside equipment without preliminary permit. Appropriate safety precautions shall be taken before removing the caps or transport flanges.

6.2.12 Cold Box Positioning

For requirements of positioning and tolerance, refer to relevant documents handed over by INTEGRATOR.

6.2.13 Bolting

· All bolts, gaskets, nuts used at Site shall be in accordance with piping classes (risk of violent breakdown or leakage during cryogenic use)

· Joints shall be bolted using bolts of the same diameter. Bolt heads shall all be of the same dimension.

6.2.14 Connection of Equipment to Earth Network

Refer to General Specification E-GS-7-0-5 Earthing System
· An underground Earthing network is completed before the erection of the first equipment.

· At each point to be connected for Earthing, a cable is protruding from the ground with sufficient extra length.

· The Earthing has to be connected after lifting before starting any works on the equipment.

· The CONTRACTOR shall connect to these extra lengths all Site equipment including:

· Steel structures,

· Vessels,

· Machines and motors,

· Cable trays.

· If the Earth network is not available at the time of the installation of structural elements, the CONTRACTOR shall supply and carry out a temporary earth connection (rod, cables, lugs and the like) to ensure safe working.

6.2.15 Temporary Access

Anticipation of needs regarding temporary accesses is crucial for the overall erection schedule as it can be considered as a waiting time for some tasks and make interference with other activities too.

For short duration task and when it is possible, access by means of aerial lift (or “cherry picker”) should be preferred compare to scaffolding.

If there is no other choice than using scaffolding, it should be anticipated. The following point should be considered:

· Optimization to give access to a maximum of tasks with the same scaffolding,

· Minimize interference with other activities,

· Scaffolds shall be erected, moved, dismantled, and modified by competent and qualified personnel. A competent person shall inspect all scaffolds for completeness and stability.  

Note: A ladder must be used primarily as a means of access, not as a working platform. Ladders shall be checked before and after its use (treads, stiles, etc.). Ladders must be fixed and secured to prevent from slipping. Ladders shall at least be one meter longer from the platform reached.
6.3 MAC Area

6.3.1 C01A & C01B

6.3.1.1 Applicable Drawings

· A4-611-006 ZH7000 sketch 

6.3.1.2 Works

Following works are to be done by the CONTRACTOR:
· Foundation preparation
· Lifting of Compressors  on the foundation

· Alignment of the frame with leveling instruments. Readings must be recorded and signed.

· Bolting of compressor frame to the foundation

· No grouting is needed

· Tightening of anchor bolts

· Connecting of discharge-flanges to the process-piping

· Water connection to the unit piping

· Check of condensate, vent and drain line

· Instrument air connection to the IGV-positioner 

· Electrical connection to the compressor local panel

· Electrical connection of the driver

· Earthing

For more details, see Vendor Manual from Compressor vendor Atlas Copco ZH.

6.4 PRE-COOLING Area
6.4.1 X60 & E10
6.4.1.1 Applicable Drawings
· A4-363-011-1 E10 assembly Sketch

· A4-554-107 Precooling Skid Transportation 

· A4-691-010-1 Ultracool dimensional drawing

6.4.1.2 Works
Following works are to be done by the CONTRACTOR:
· Foundation preparation.
· Lifting of Pre-cooling Skid on the foundation

· Alignment of the frame with leveling instruments. Readings must be recorded and signed.

· Bolting of Pre-cooling frame to the foundation

· No grouting is needed

· Tightening of Anchor bolts

· Connecting of flanges to cooling water piping

· Check of condensate, vent and drain line

· Electrical connection to the local panel of Water Chiller

· Earthing

For more details, see Vendor Manual from Water Chiller and After Cooler vendors.

6.5 WARM Area

6.5.1 Warm Skid, Adsorbers R01 & R02

6.5.1.1 Applicable Drawings:

· General Layout Drawing

· A2-131-003 Valve Skid Civil Guide

· A1-222-001 Detail Drawing of Valve Skid and Support

· A3-222-101 Valve Skid Steel Structure

· A2-264-207 Valve Skid Anchor Bolt Drawing

· A4-352-005 Air Purification R01&R02 General Drawing

· A4-352-019 Air Purification Handling & Transportation Sketch

· A4-352-300 Anchor Bolts for Air Purification Vessel R01&R02

· A4-373-010 Warm Skid Silencer S04 Drawing

· A1-554-001 Valve Skid General drawings

· A3-554-106 Valve Skid Transport Sketch

6.5.1.2 Special Activities

· Installation of the silencer S04
6.5.1.3 Piping Interconnection

· Between R01/R02 & WRM

· Instrument air utility

· Process air inlet, outlet, and WO lines

Note: ALHZ does not supply any interconnection piping. INTEGRATOR to supply them.

6.5.1.4 Sequence

R01 first, then Warm Skid, then R02 is the adequate sequence.

6.5.1.5 Works prior to Lifting
· Setting the lifting crane according to the lifting study plan approved by INTEGRATOR 

· Check the lifting material such as: lifting belt & shackles

· Check the crane booms & steel rope condition

· Check and record pressure for N2 inerting

· Removal of temporary protections
· Check the packing list

· Check the material arrival enough according to the packing list

· Check the material on Site

· Foundation preparation
· Cleaning
6.5.1.6 Works during Lifting

Locate the Warm Skid first. At the beginning, place the anchor bolts in the holes which can be moved freely to adjust the location, and then put the warm skid on the foundation with the holes of plates through the bolts. But it is not grouted at once. With the same method, put the adsorbers according to drawing A2-131-003 Valve Skid Civil Guide on the right position and are also not grouted. Because pipes from adsorbers and pipes from warm skid need to be matched together by flanged connection. If the pipes can’t be connected because of the deviation, the location of warm skid and adsorbers can be adjusted till the right connection of pipes. After the connection, grout the foundation to make the bolts and foundation solid. In the end, assemble the silencer S04 on the top of warm skid.

6.5.1.7 Works after Lifting

· Install Silencer S04 on top of Warm Skid and open the two manual valves at the bottom of the silencer.

· Insulation for the spools 

· Check the equipment

· Finish pre-commissioning work.

· Earthing work

Note: Do not fill adsorbents prior to start up. Keep them dry. They will be filled after blowing of the plant.

6.6 COLD Area

6.6.1 Cold Box

6.6.1.1 Applicable Documents:

· E-DS-5-7-9 Crossing Duct Box for Vacuum Piping
· General Layout Drawing

· A1-211-200 Cold Box Structure Guide Drawing

· A2-211-213 Sheeting Guide of Cold Box 1/2

· A2-211-214 Sheeting Guide of Cold Box 2/2

· A1-264-401 General Drawings of Platform&Ladder

· A3-264-111 Anchor Bolt Installation

· A3-299-201 Transportation and Lifting Sketch for Cold Box

· A4-373-011 Cold Box Silencer Drawing

· APSA L4 Cold Box Punchlist for Site
· Coldbox Temporary support list
6.6.1.2 Special Activities
· Piping interconnection:

· Between CB & WRM

· Between CB & E80

· Between CB & Tank

· Between cryogenic drain valves (VE02, VK01B & TSV 630) and drain pits 

· Utilities
6.6.1.3 Works prior to Lifting

· Lifting lugs are delivered welded on the cold box 

· Find the anchor bolts and shims delivered 

· Check and record pressure for N2 inerting       
· Open the cold box, check the atmosphere and get in to check the integrity after transport ( piping, tubing, parts on ground… ) and check if some damage or water accumulation has happened

· Removal of transportation protections (Painted in YELLOW). Refer to Coldbox Temporary support list for details.
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· Installation of stainless steel blocks on the 2 transportation cradles for column (Elevation +5230 & +14350). The blocks are cuboid shaped, each with dimensions of 90X200 and thickness of 30. 

The operators can enter the cold box from the manholes on the top and at the bottom of cold box. 

During assembly, loosen the bolts, remove the rubber gaskets (if any), and then insert the stainless steel blocks into the gaps, finally tighten the bolts. See following figures.
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Note: Special attention shall be given not to cause any damage to the column during these operations. 

· Install all accesses (platforms, ladders & handrails) on cold box, except for handrails on top of cold box.
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Platforms, Ladders & Handrails
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Rear protection between ladder cage and handrails   

[image: image56.jpg]



Safety swing gate

· Foundation and shims preparation (elevation to be checked with dumpling levels) 

· Removal of blind plate at the entrance of silencer

· Installation of crossing duct box pipe according to E-DS-5-7-9 Crossing Duct Box for Vacuum Piping.

· Paint Touch-up

· Cleaning

Safety Note: Equipments delivered on Site are inerted with Nitrogen for transport. It is dangerous and therefore forbidden to enter inside equipment without preliminary permit. Appropriate safety precautions shall be taken before removing the caps or transport flanges according to standard. 

6.6.1.4 Works during Lifting
· Cold box verticality adjustment is performed with the lifting crane and the verticality must be reproduced with theodolite, with a tolerance of 0.5mm/m. A certificate must be issued to certify the verticality has been made correctly. Refer to AL General Specification E-GS-9-3-2 Distillation Columns and Packages Installation.

Note: Verticality must be checked with all the anchor bolts tightened.
· Release the crane

6.6.1.5 Works after Lifting

· Tack Welding of the foot and anti-shearing blocks of cold box according to A3-264-111 Anchor Bolt Installation.
· Grouting

· Installation of handrails on top of cold box. The handrails have been divided into four pieces before transportation.

· Removal of temporary supports 

( Temporary supports for heat exchanger

The heat exchanger is fixed on cold box with supports at elevation of +5230 and +7900. In fact, only stainless steel supports at elevation of +7900 are permanent supports, other supports painted YELLOW are temporary supports used for fixation during transportation and lifting of the cold box. The temporary supports must be dismantled.
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( Temporary supports for piping inside cold box
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( Temporary supports for valves

Temporary supports for valves LV602, LV614, PV640 and KV651 are installed to avoid shaking during transportation. These supports and long bolts (if any) must be dismantled to ensure free movement of the valves during operation.
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( Temporary supports on the operation platform

There are several temporary supports painted YELLOW at the foot of cold box to support the valves and equipments outside cold box to avoid shaking during transportation, which need to be dismantled after erection of cold box.
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Note: All temporary supports painted in yellow must be dismantled. Refer to APSA L4 Cold Box Punchlist for Site & Coldbox Temporary support list for detailed assembly and dismantling work. Verification of the number of dismantled supports and visual inspection of the cold box is carried out by the INTEGRATOR.
· Piping

· Instrumentation

· Lighting

· Earthing

· Closing of manholes

· Perlite filling: wait for start up supervisor the green light to fill perlite (Refer to Section 8)
Note: The whole plant should be inspected overall before the perlite filling. Make sure that all assembly and dismantling work in the cold box have been completed.

Safety Note: Equipments delivered on Site are inerted with Nitrogen for transport. It is dangerous and therefore forbidden to enter inside equipment without preliminary permit. C-GS-17-0-6 Confined Space Procedure must be followed while performing work inside the cold box.

6.6.2 E80 _Cryogenic Disposal System

6.6.2.1 Equipment Description
E80 are supplied by INTEGRATOR and shall be installed on Site by CONTRACTOR.

6.6.2.2 Piping Interconnection

· 2”WL01
· 1/2” IA08
6.6.2.3 Works prior to Lifting

· Check the delivered material according to the packing list

· Civil foundation check & acceptance

6.6.2.4 Works after Lifting

· Interconnection piping between CB & E80

· Earthing
7 PIPING

7.1 General

7.1.1 Scope of Application

The following Piping Works are to be done by the CONTRACTOR:

· Installation of interconnection piping

· Testing

· Preparation of Quality Files

Note: ALHZ does not supply any interconnection piping. INTEGRATOR to supply them.

7.1.2 Applicable Standards & Documents
All Works shall be done according to following standards and documents:

Applicable Standards:

· E-EP 5-0-14 Leak Protection to Cold Box Flanges

· E-GS-9-5-3 Non Welded Assembly

· E-GS-9-5-4 Non Destructive Tests of Welds for Piping

· E-GS-9-5-5 Resistance and Tightness Pneumatic Test

· E-GS-9-5-6 Hydraulic Test

Applicable Documents:

· APSA L4 P&IDs

· A3-015-003 APSA L4 Piping Tie-in 

· A3-515-001 Isometric Line: 8"AG01(A041)-8"AG02(A041)

· A3-515-002 Isometric Line: 8"AG05(A041)

· A3-515-003 Isometric Line: 10"WO05(A042)

· A3-515-004 Isometric Line: 8"AG06(A041)

· A3-515-005 Isometric Line: 1"1/2 IA02(A045)

· A3-515-008 Isometric Line: Option ---WL01-(A045) 
· APSA L4-Piping Quality Files
7.2 Piping Work Undertakings

Basic documents for Piping Works are the APSA L4 P&IDs and the interconnection lines drawings.
All the utilities networks are to be interconnected on Site.

APSA L4 P&IDs shall take precedence over any other documents.

Testing has not to be done inside the skid as equipment has been pre-tested in workshop.

Leak test will be done at start up with process air.

7.2.1 Precautions to Be Taken

· Whilst using cutting torches, welding or grinding machines, the CONTRACTOR shall take all necessary precautions to protect personnel and equipment located nearby.

· If the earth network is not available at the time of the installation of piping and supports the CONTRACTOR shall construct a temporary earth connection (rod, cables, lugs and the like) to ensure continued safe working.

· The CONTRACTOR shall provide all necessary fire blankets or alternative measures to protect surrounding equipment, cable trays and the like from welding and cutting spatters.

· Stainless steel must be completely segregated from carbon steel. Direct contact between carbon and stainless steel must be avoided and no tools such as grinders and the like having been used for carbon steel shall be used for stainless steel. Stainless steel contaminated with carbon steel waste shall be cleaned and passivated by the CONTRACTOR.
7.2.2 Pipe Protection and Cleanliness

· All pipes will be delivered already degreased/pickled/passivated. In light of oxygen service conditions, all pipe-work must be maintained in conditions of strictest internal cleanliness. Unprotected spools shall be sent back for cleaning or chemical treatment.
· The CONTRACTOR shall inspect and clean (by, as a minimum, blowing with dry and oil-free air) each spool before erection (including pipe work not being chemically cleaned or treated).

7.2.3 Pipe Supports

· Pipe supports shall not impose any stress on the supported pipe line.  

· Pipe supports shall not, under any circumstances, rest directly on vessels (a support pad shall be installed on the vessel) or on sheeting to cold boxes (supports shall rest on the cold box structure only).  

· Final adjustment (elevation) of pipe supports is to be performed at Site by means of shims.

7.2.4 Primer Painting /Final Painting and Touch-up

· The CONTRACTOR shall take all necessary precautions to avoid deterioration of the final painting during handling, transport, assembly and the like. The CONTRACTOR shall touch-up piping and supports upon completion of Site assembly and erection to repair any damage (scratches, weld burns, assembly traces and the like). Touching-up shall be carried out using the same paint as the initial final painting. 

· Locations of shop welds and Site welds of interconnection spools shall be wire brushed prior to priming on Site to eliminate spatters, slag, dirt and the like. Welds of interconnection piping shall only be primed following completion of pneumatic/hydraulic testing.

· Touching-up shall be carried out using the same paint as the initial priming and final painting. If and when possible, the CONTRACTOR shall perform the touching-up at ground level, prior to lifting pipe spools.

7.2.5 Provisions for Pipes Diameters Smaller Than 2”

The CONTRACTOR shall note the following:

· For pipe diameter equal to or smaller than 1” for stainless steel and 1” ½ for carbon steel, the CONTRACTOR shall carry out required elbows by bending. The isometric drawings supplied by the INTEGRATOR are provided for information and quantities estimating purposes only. The CONTRACTOR shall be responsible for the layout of piping on Site.

· For pipe diameter <2” pipes, the isometric drawings supplied by the INTEGRATOR are provided for information and quantities estimating purposes only. The CONTRACTOR shall be responsible for the layout of piping on Site (Basic documents for Piping Works are the APSA L4 P&IDs. APSA L4 P&IDs shall take precedence over any other documents).

· The layout of piping on Site shall be included in the scope of work of the CONTRACTOR

7.2.6 Bolting, Gaskets

Refer to general specification E-GS-9-5-2 Non welded Assembly
· Scope of supply of bolts and gaskets is defined by project.
· Grease shall be removed with a solvent from all bolts and fittings prior to assembly (oxygen service conditions do not permit the use or presence of any grease).

· The use of joint sealing compound between flanges shall be subject to approval by INTEGRATOR (in particular with oxygen service pipes - prohibited).

7.2.7 Welding

· The CONTRACTOR shall remove or protect any item of equipment or accessory that might be damaged by increases in temperature due to welding (for example: inside fittings of valves with welded end-pieces).

· The welding earth clamp shall be clipped as close as possible to the welding point to avoid any electrical interference (safety, valves, machines and the like).

· In order to avoid overlooking inerting foam plugs inside pipe-work, the CONTRACTOR shall submit a procedure for following-up and inspection for plugs to the INTEGRATOR.  

· Cases of welding stainless steel materials with carbon steel filler metal in order to avoid purging constraints could have dramatic consequences. Under cryogenic operating conditions (very low temperatures) such welds may break violently, causing very serious accidents. The CONTRACTOR shall submit to INTEGRATOR a procedure indicating what measures the CONTRACTOR proposes to take to avoid such problems, including welders’ written commitment, welder and welds inspections and management of the issuing of filler metal and its presence on Site and so on.

· The CONTRACTOR shall submit to INTEGRATOR, prior to commencement of any welding work, WPS and PQR in respect of welding processes, the CONTRACTOR proposes to use for the works.

· Welders shall be certified and the welding processes shall be approved (WPS, PQR or the like), it is pointed out that welding procedures for cryogenic use shall be tested at low temperature inside liquid nitrogen.

· All welders employed by the CONTRACTOR shall be in possession of valid welding certificates issued by the relevant authorities. These certificates shall be submitted to the INTEGRATOR for approval prior to the commencement of any welding work. INTEGRATOR reserves the right to request qualification tests for welders on Site (pipes and NDT inspection of the tests shall be provided by the CONTRACTOR).  

· INTEGRATOR reserves the right to re-test and/or reject any of the CONTRACTOR’s welders at any time.

7.2.8 Pipe Network Acceptance

· Pipe networks shall be deemed to be acceptable when all specified or required testing has been performed and the piping network is ready for operation (reinstated after the tests). No acceptance shall be possible if the Quality Files in respect of the pipe network is not complete.

· Final acceptance shall be subject to INTEGRATOR’s acceptance that:

· Lines are installed in accordance with P&ID, standards ,drawings and isometrics

· Modifications are pointed out to and accepted by INTEGRATOR

· All gaskets installed are of the correct size, type and rating

· All stud bolts are of correct size and length, pre-stressed if for cryogenic use

· Adequate supports are provided to prevent sagging or misalignment of lines

· Welding repairs and NDE inspections are completed

· Control files are completed

· Punch lists are completed

· Flange connections do not impose any stress on equipment

7.2.9 Pipe Supports

Scope of supply of pipe supports is defined by project. The pipe supports shall be installed on Site by CONTRACTOR. 

7.2.10 Bolts for Cold Area 

CONTRACTOR shall pay attention not to mix the bolts to be used under cryogenic condition with normal bolts.

7.2.11 NDT Inspection

· If any, the CONTRACTOR shall appoint an independent and qualified NDT company (subject to INTEGRATOR’s approval) to carry out NDT inspections of welded joints.  Refer to interconnection lines drawings and tests to be made.

· The following NDT inspections may be required during erection in accordance with Air Liquide General Specification E-GS-9-5-4 Non Destructive Tests of Welds for Piping.

· Visual Test

· Dye penetrant test

· Radiographic test

· The CONTRACTOR shall apply the most stringent radiographic percentage between Air Liquide general specification E-GS-9-5-4 Non Destructive Tests of Welds for Piping, local rules, regulations, codes and decrees. Visual tests shall apply for all butt weld, nozzle, filet weld and tightness welds. The selection of welded joints to be radiographic photography or inspected by dye penetration, can be made by the INTEGRATOR.

Safety Note: Radiographic testing operations shall be carried out on the construction Site only at nights and/or at week-ends and always outside normal Site opening hours.
7.2.12 On-line Element Tagging / Labeling

None. Tagging was already made in workshop.

7.2.13 Tightness and Resistance Tests

· All tests are pneumatic. Only pipes carrying cooling water can be tested using hydraulic tests. Tests only on interconnection lines are needed.
· Pneumatic Tests shall be carried out in accordance with the most stringent of:

· Air Liquide General Specification E-GS-9-5-5 Resistance and Tightness Pneumatic Test
· Local rules, codes, decrees and regulations

· Pneumatic Tests shall be performed at Design Pressure × coefficient (This coefficient depends on Local Rules and Codes)

· Hydraulic Tests shall be carried out in accordance with the most stringent of:

· Air Liquide General Specification E-GS-9-5-6 Hydraulic Test
· Local rules, codes, decrees and regulations

· Hydraulic Tests shall be performed at Design Pressure × coefficient (This coefficient depends on Local Rules and Codes)

· All distribution system (including valves/recorders/pressure gauges/temperature recorders/pressure transmitters/and the like) shall be installed by the CONTRACTOR; the distribution system with all equipments has to be degreased and pickled/passivated for carbon steel pipes and fittings. Scope of supply of all distribution system is defined by project.
· The scope of work for the tests to be carried out by the CONTRACTOR shall include:

· Installation (by bolting or welding) of blind flanges, gaskets, bolts, blind plates. Scope of supply of them is defined by project.
· Installation of test equipments, including distribution “manifolds”, calibrated manometers and safety valves, recorders, safety valves, test bench and the like. Scope of supply of them is defined by project.
· Removal and/or protection of fragile on-line equipment such as safety valves during strength tests and the like

· Reinstatement in operating condition of piping networks after completion of testing

· Provision of safe access to the locations to be inspected

· Inspection of each welded or flange joint by spraying soapy water

· Coordination and assistance with Third Party if required (compiling of files, obtaining authorizations and the like)

· During tests all pressure vessels and equipment will be pressurized. The compressors/pumps and turbines will be blinded

· The tests to be performed shall comprise, network by network, testing for resistance and tightness 

· The CONTRACTOR shall fill the pressure testing “packages” prepared by AL. These test packs indicates applicable test pressure for the relevant piping systems and battery limits of systems.


Safety Note: The CONTRACTOR shall submit to the INTEGRATOR a safety procedure specifically for the pressure test. High-pressure pneumatic tests shall be performed on weekends or outside normal Site working hours.
7.3 MAC, Pre-Cooling & Warm Area

7.3.1 Interconnection Works

Refer to A3-015-003 APSA L4 Piping Tie-in.

7.3.2 Applicable Documents

· E-DS-1-0-1 Vaporization Pit - For Small Volumes of Cryogenic Liquid (Air Gases)

· APSA L4 P&IDs

· A3-015-003 APSA L4 Piping Tie-in

· A4-501-002 Piping Specification

· A4-501-003 List of Piping Lines

· A3-515-001 Isometric Line: 8"AG01(A041)-8"AG02(A041)

· A3-515-002 Isometric Line: 8"AG05(A041)

· A3-515-003 Isometric Line: 10"WO05(A042)

· A3-515-004 Isometric Line: 8"AG06(A041)

· A3-515-005 Isometric Line: 1"1/2 IA02(A045) 
7.4 COLD Area

Safety Note: In order to avoid accidents with the purging gas while welding stainless steel, a procedure indicating the safety precautions taken shall be submitted.

7.4.1 Interconnection Works

· Refer to A3-015-003 APSA L4 Piping Tie-in.

· Connection of piping from cryogenic drain valves (VE02, VK01B & TSV 630) to drain pits. See following pictures. The drain pits shall be made as per AL standard: E-DS-1-0-1 Vaporization Pit - For Small Volumes of Cryogenic Liquid (Air Gases).
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VE02 & VK01B                                          TSV630

7.4.2 Applicable Documents

· APSA L4 P&IDs

· A3-015-003 APSA L4 Piping Tie-in

· A4-501-002 Piping Specification

· A4-501-003 List of Piping Lines

· A3-515-003 Isometric Line: 10"WO05(A042)

· A3-515-004 Isometric Line: 8"AG06(A041)

· A3-515-005 Isometric Line: 1"1/2 IA02(A045)

· A3-515-008 Isometric Line: Option ---WL01-(A045) 

8 PAINTING & INSULATION

8.1 Painting

8.1.1 Applicable Standards & Documents
Applicable Standards:
· E-GS-4-2-2 Painting and Coatings Systems

· E-GS-4-2-3 Piping and Equipment Conventional Colours
Applicable Documents:
· A4-041-001 Particular Specification: Equipment and piping Paintwork and Coating

· A4-091-001 Particular Specification of Perlite

· APSA L4 -Painting Quality Files 
8.1.2 Scope of Work

All equipments, structures and piping are delivered with final coating.

Painting Work to be provided by the CONTRACTOR shall include, but not limited to:

· Painting of welds for all the interconnection piping
· Equipment touch up (if necessary)

· Structures and casings touch up (including various access means) (if necessary)

8.1.3 Quality

Painting work shall be performed in accordance with following documents:

· E-GS-4-2-2 Painting and Coatings Systems

· E-GS-4-2-3 Piping and Equipment Conventional Colours

· APSA L4 -Painting Quality Files 
8.1.4 Painting Works

Works to be performed for painting include but are not limited to:

· Providing of temporary access means necessary to the painting works (scaffoldings, baskets…)

· Appropriate storage of paint materials and consumables

· Surfaces to be painted cleaning (brushing/washing for already painted materials)

· Primer coat (touch-up as necessary)

· Intermediate paint layers (for concerned items)

· Final coats (touch-up)

· Equipment and pipes marking

· Installation of panels and signs (safety panels, information panels…..). Scope of supply of them is defined by project.
8.1.4.1 Remarks about Painting Works

· Necessary precautions shall be taken to avoid deterioration of the equipment paint (handling, transport, assembling…). The touch-up shall be performed with the same paint as the initial painting. If and when possible, the touch-up shall be performed at ground level, before the installation.  

· Painting materials shall be stored according to local regulations. Painting materials shall be stored in a dedicated closed and ventilated location, apart from any other materials (to avoid fire risks). Care is taken to avoid soil pollution while manipulating paints and solvents.

· The CONTRACTOR shall take necessary precautions to restrict the paint application to the concerned items. Smudges and spots (on labels, stainless steel elements, gratings….) shall be removed by the CONTRACTOR before the end of the painting works in the concerned location.

8.1.4.2 Site Welds Primer Paint Works

Piping Site welds location shall be wire brushed before primer painting (elimination of spatters, slag, dirt…). The Site Welds shall be painted after the pneumatic tests only.

Primer paint touch-up includes:

· Wire brushing

· Cleaning

· Use of the same primer paint as the initial one

8.1.4.3 Intermediate Layers

Equipments, pipes elements or structures shall be perfectly clean before application of any coat of intermediate paint.

8.1.4.4 Final Coat

· Equipment, pipes elements or structures shall be perfectly clean before application of any coat of final paint.

· Final paint color shall be according to the buyer’s specifications.

· Final paint aspect is one of the most important criteria of the final visual aspect of the plant. Necessary measures are taken to reach the highest standards of quality.

8.1.4.5 Marking

Color coding and marking of pipes and tagging of equipment is performed according to the END USER’s specifications.

8.1.4.6 Signs and Panels

Once painting works are completed, inspected and accepted, panels and signs are installed as per the END USER’s specifications.
8.2 Insulation
8.2.1 Applicable Standards and Documents:

Applicable Standards:
· W-GS-4-3-1 Piping and Equipment Insulation

· W-GS-4-3-2 Insulation - Expanded Perlite Loose-Fill (P8)

· E-GS-9-10-1 Handling Perlite on Site Jobs

Applicable Documents:
· APSA L4 P&IDs

· A4-501-003 List of Piping Lines
· APSA L4 -Insulation Quality Files

Insulation activities shall be coordinated with other activities on-going on Site: piping, electricity and instrumentation, painting works.
8.2.2 Scope of Work and Scope of Supply
Insulation works to be provided by the CONTRACTOR shall include:

· Insulation of interconnection piping erected on Site

· See APSA L4 P&IDs
· See A4-501-003 List of Piping Lines
Scope of supply of materials for interconnection piping insulation is defined by project.

· Perlite filling of Cold Box 
· Approximate total volume of cold box to be filled: 160m3
· On APSA B15 L4 site, this job was done in 2 days, with a crane with a capacity of 20 T, and by 5 men on top of cold box + 2 men on the ground + 1 crane operator.
Scope of supply of perlite is defined by project. 

Note: Column skirt inside cold box is delivered already stuffed with rockwool. CONTRACTOR shall take particular care to avoid water ingress into the element.
· Rockwool stuffing of Turbine casing

· Approximate total volume of turbine casing to be filled: 2.1 m3 (Wool must be stuffed to reach 250 kg/m3).
· On APSA B15 L4 site, this job was done in 8 hours by 2 men.

· This job is done after the commissioning of turbine.

Scope of supply of rockwool is defined by project.
8.2.3 Quality

Insulation work shall be performed in accordance with following documents:

· W-GS-4-3-1 Piping and Equipment Insulation

· W-GS-4-3-2 Insulation - Expanded Perlite Loose-Fill (P8)

· E-GS-9-10-1 Handling Perlite on Site Jobs

· APSA L4 -Insulation Quality Files
8.2.4 Pipes Insulation

Insulation materials are delivered in bulk by the INTEGRATOR:

· Cladding materials : aluminum sheets

· Straps, tapes or lashes to support the insulation materials

· Insulation materials (Rockwool mats, glass wool mats, foam glass)

· Glues, pastes…

Note: Insulation works shall be performed only once the concerned pipe pressure tests have been completed.

8.2.4.1 Storage of Insulation Materials

· Insulation materials shall be stored in a dry and covered place.

· Insulation materials contaminated with water shall be rejected.

8.2.4.2 Cladding Fabrication and Installation

· Cladding shall be fabricated either at Site or in a dedicated workshop.

· Cladding used for Insulation Works shall be in perfect condition before being installed: no bumps, dents….  

· Cladding shall be installed with the joint overlap (between two cladding sections) oriented downwards in order to avoid rain water leaks inside the cladding.

· Once installed, the cladding shall be exempt of dents, bumps, defects or dirt.

· Sealing mastic may be used to improve the water tightness of the cladding at specific location

8.2.4.3 Insulation Materials Fixation

· It is forbidden to weld, tack weld or drill to fix supports on the equipment or pipes to be insulated.  

· If no supports are available on the equipment of pipes to be insulated, the CONTRACTOR shall use straps to maintain the insulation materials.

8.2.5 Perlite Filling

8.2.5.1 Sequence

Perlite filling of the cold box is performed after completion of the pressure resistance and tightness test. 

Note: The whole plant should be inspected overall before the perlite filling. It should make sure all assembly and dismantling work in the cold box have been completed.
8.2.5.2 Checking of the Partition Wall

· Partition walls are made to prevent perlite transfer from the Cold Box to the Turbine Casing.

· CONTRACTOR shall check if the partition wall has not been damaged during the Site erection works.

8.2.5.3 Filling Operation

· The filling operation must be done according to E-GS-9-10-1 Handling Perlite on Site Jobs.
· The perlite can be delivered either expanded or unexpanded. 
· Expanded perlite characteristics and inspections must be according to standard W-GS-4-3-2 Insulation - Expanded Perlite Loose-Fill (P8).

· After the first 3 to 6 months of operation, it is recommended stopping the cold box and making a top up of perlite.

8.2.5.3.1 Perlite Delivered Expanded

· In this case the perlite is supplied expanded in big bags.

· In order to speed up the filling, it is recommended to use two hoppers with a capacity of 5m3. During the time that one is filled up on the ground by empting the big bags, the second one is lifted on top of the equipments to be emptied.

8.2.5.3.2 Perlite Delivered Unexpanded

· The perlite is supplied unexpanded in big bags. The CONTRACTOR is in charge of the perlite expansion and filling in the equipments.

8.2.6 Rockwool Stuffing

· Stuffing method is:

· Unpacking and carding of the rockwool to disaggregate compacted wool and get homogeneous wool.
· Stuffing of the wool inside the volume to be stuffed: wool uneven aggregates must be avoided to ensure a good insulation. Wool must be stuffed to reach 250 kg/m3.  

· Rockwool stuffing is a difficult work which requires regular inspections.  

Safety Note: Stuffing of the Rockwool generates very thin dust. Dust masks must be worn by the personnel stuffing the wool.
9 INSTRUMENTATION

This section sets out the services to be provided by the CONTRACTOR and establishes the general rules applicable to the execution, supervision and control of the work to be carried out within the context of the Instrumentation works to be performed by CONTRACTOR.

9.1 Applicable Standards & Drawings

Applicable Standards:
· E-GS-9-8-1 Instrumentation Cable Ways
· E-GS-9-8-2 Instrumentation Cables
Applicable Drawings:
· A3-611-102 ZH7000 Electrical diagram

· A4-749-002 Control Cabinet Wiring Diagram (Y80)

· A4-749-003 JB60 Wiring Diagram

· A4-749-004 JB10 Wiring Diagram

· A4-749-005 APSA L4 Compressor Wiring Diagram

· A4-749-500 TSH238 Wiring Diagram

· A4-749-501 X60 Instrument Wiring Diagram 

· A4-863-001 Instrument Cable List

· A1-863-002 Instrument Location and Cables Tray Routing Drawing

9.2 Scope of Work

Instrumentation cables among skids listed in A4-863-001 Instrument Cable List are supplied by ALHZ.
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Instrumentation scope of work by the CONTRACTOR includes:

· Instrument installation

· All cables, instruments, tubing located inside the skids are already installed, connected and tested.
· The CONTRACTOR shall install on Site the emergency push buttons, including the push button support (with spits or bolts and drilling/welding for fixation). Scope of supply of push buttons and theirs supports is defined by project.
· Laying and connection of instrumentation signal cables and instrumentation power cables

· Instruments installed on Site

· Connection of field bus cables between remote I/O of skids

· RS-485 communication cables from compressors to PLC
· Optical fibber from PLC to SCADA system

· Installation of cable trays and cable tray supports between the skids

· Laying and connection of tubing:
· Process instruments installed on Site connections to the measuring location, 

· Installation of instrument air distribution for the valves actuators installed on Site, 

· Installation of the tubing from analysis points to analyzer cabinet (Y20)

· Installation of calibrating gases bottles

· Installation of SCADA system in the control room

· Intermediate handling

· Intermediate storage

· Transportation to the installed location

· Calibration and loops check

· Functional check of the valves (including limit switches inspection)

· Labeling

· Check the following items:
· The pressure reducer filters are positioned vertically, with the drain downwards

· Pressure reducer gauges shall be easily visible 

· The dial must not be directed upwards 

· Solenoid valves shall be installed with the cover on the top

9.3 Installation of Cables

9.3.1 Scope of Work

Cables Installation scope of work by the CONTRACTOR includes:

· Field Bus cables between Remote I/O of skids

· RS-485 communication cables from compressors to PLC
· Optical fibber from PLC in Y80 cabinet to the SCADA system in control room

9.3.2 Cables Laying

Cables are laid according to the standards: 
· E-GS-9-8-1 Instrumentation Cable Ways 

· E-GS-9-8-2 Instrumentation Cables
Cables lying by the CONTRACTOR include:

· Checking of the exact Site routing and calculation of the needed length (length given in the cables book are given for indication only)

· Handling of cable drums, evacuation from working Site of empty drums

· Precise calculation of needed extra length

· Cables cutting to the calculated length

· Cables ends protection (tape or shrinkable caps)

· Cables pulling in one length in building basements, culverts, on racks…

· Precautions taken not to damage the cables insulation

· Cables ordering in the cable trays

· Adjustment of the turning radiuses

· Scope of supply of accessories for cables fastening in the cables ways (every 1.5m at least) is defined by project.
· Cable temporary marking at each end

· Installation of sealing compound at building entries, wall crossings, conduits openings… Fastening accessories are adapted to the cable type, and shall resist to the outdoors conditions exposure (sun, frost, pollution…) Scope of supply of them is defined by project:

· Plastic collars

· Plastic coated metallic straps

· Screwed galvanized or stainless steel clips

· Clamps

· Cleats 

Scope of sealing compound and above accessories is defined by project.

· Cables are marked at both end and at specific locations such as :

· Trenches extremities

· Trenches at the location of above ground concrete markers

· Conduit extremities

· Building entrance/exit

· Locations where confusion is possible

· Cables’ marking is recorded in a cable book.

Note: Where cables and tubes are routed in the same cable trays, cables and tubes shall be separated from each other. Instrumentation cables shall be separated from power cables by a minimum of 300 mm. When installing special cables such as fibber optic or bus cables, the CONTRACTOR shall comply with the Vendor’s instructions.

9.3.3 Cables Connections

Cables connections by the CONTRACTOR include:

· Cables cutting to the exact length

· Cable definitive marking (plastic collars and captive rings)

· Last turn adjustment of the turning radiuses

· Installation of necessary adapters, reducers… Scope of supply of them is defined by project.
· Installation of PVC tape, self bonding tape. Scope of supply of them is defined by project.
· Installation of cable clamps inside junction boxes or cabinets, proper arrangement of cables inside junction boxes or cabinets. Scope of supply of them is defined by project.
Qualified personnel must be employed to perform the cables connections.

9.4 Installation of Cables Trays

This chapter deals with the cable ways installation by the CONTRACTOR according to the specification  E-GS-9-8-1 Instrumentation Cable Ways.

Following cable ways are understood:

· Cable trays, cable ladders
· Cable conduits

· Cable trays supports

9.4.1 Scope of Work

Cables Trays Installation scope of work by the CONTRACTOR includes:

· Installation of main cables trays between skids

· Installation of secondary cables trays to local instruments installed on Site

9.4.2 Cable Trays, Cable Ladders

The CONTRACTOR installs on Site cable trays and cable ladders. Scope of supply of them and necessary accessories is defined by project:
· Are heavy duty hot dip galvanized cable trays or ladders

· Include connection accessories (elbows, bayonets, nipples) of standard sizes and purchased from a cable tray/ladder manufacturer. Only non-standard connections shall be prefabricated on Site.

Note: Bonding braids, earthing connection shall be purchased locally by CONTRACTOR according to local regulation.

Installation of cable trays and ladders by the CONTRACTOR includes:

· Fastening of the trays and ladders to dedicated supports by bolting: welding is forbidden, bolts shall have washers and round heads, be hot dip galvanized and new. Fastening include drilling (use of cutting torch forbidden) where required. Bolts nuts shall be outside of the cable tray or ladder.

· Connections of the trays or ladders sections together

· A minimum elevation between the trays and ladders of 250 mm

· Earth connection of the cable trays and ladders sections together by bonding braid, bare cable…Earth connections (braids, cables…) are located outside of the cable trays or ladders.

· Connection of the cable trays to the main earth network

· Black and yellow painted mechanical protection installation for cable trays and ladders exposed in passage ways

· Installation of cable tray covers on vertical and horizontal cable trays from ground or platforms level up to 2 m high

· Direction changes dimensioned according to the specific turning radius of the cables to be supported

· Protection of cuts and cuts out by cold galvanization the day the cut is performed

· Protection of cable ways sharp edges by plastic tips. Cable trays & ladders are never installed directly on the floor. Cable ladders are used only for large sections cables.
9.4.3 Cable Conduits

Cable conduits installed by the CONTRACTOR are used in specific cases only:

· Single cable individual routing from the main cable trays.
· Cable routing in exposed area (over a slab, along a machine…)

Cables conduits are made of hot dip galvanized tubes or of PVC.

Scope of supply of conduits and all necessary accessories (bonding braids, edges plastic tips, cable glands…) is defined by project.

Installation of conduits includes:

· (Galvanized conduits) Earth connection of the conduit sections together by bonding braid …Earth connections (braids, cables…) are located outside of the conduits.

· (Galvanized conduits) Connection of the conduits to the main earth network

· Black and yellow painting for conduits exposed in passage ways

· Direction changes dimensioned according to the specific turning radius of the cables to be supported

· Protection of cuts and cuts out by cold galvanization the day the cut is performed

· Protection of conduit edges by plastic tips

· Dimensioning of the conduits according to the cables to be supported (10% spare space)

· Connection of conduits to cabinets or junction boxes with flexible sheath or cable gland

9.4.4 Cable Ways Supports

Concerns brackets, angle bars, U-channels used to support the cable.

All supports are supplied in bulk. Scope of supply of them is defined by project; the CONTRACTOR shall manufacture and install each support.

Supports installation to be done by CONTRACTOR includes:

· Support spacing according to INTEGRATOR standard

· Horizontal routing: 1 support every 1.5 m

· Vertical routing: 1 support every 2 m

· Fixation of supports on concrete walls or slabs: drilling, supply of spits

· Fixation of supports on steel structures: drilling, supply of bolts or welding

Note: It is forbidden to weld support on pipes, on pressure vessel, on cold box sheeting.

Welds are wire brushed and painted on the day of the welding. In case of galvanized equipments, cold galvanization is applied.

9.5  Instrumentation Tubing

9.5.1 Scope of Work

None: all instrument tubings are already installed on skids.
9.6 Gas Sample Cylinders & Racks

Gas cylinders are supplied by the END USER. The CONTRACTOR shall install these cylinders close to the analyzer cabinets (Y22):

Gas Cylinders & Racks Installation scope of works includes:

· Supporting racks supply, fabrication, installation (including galvanized safety chains)

· Supply, installation and connection of the tubing between the analyser cabinet and the cylinders

· Fitting of appropriate pressure reducer filter on each cylinder

· Positioning cylinders in the support rack and secure it with chain

10 ELECTRICITY

10.1 Applicable Standards & Drawings

Applicable Standards:
· E-EP-7-0-5 Lighting System and Low Power Circuit.

Applicable Drawings:
· A3-611-102 ZH7000 Electrical diagram

· A3-701-001 Electrical One Line Diagram

· A4-749-001 Electrical Cabinet Wiring Diagram (YE08)

· A4-763-001 Electrical Cable List

10.2 Scope of Work

Scope of supply of electrical cables among skids listed in A4-763-001 Electrical Cable List is defined by project.

Electrical works to be provided by the CONTRACTOR shall include:

· Connection of the power cables

· Above ground earthing networks

· Heat Tracing

· Electrical utilities

10.3 Power Cables

10.3.1 Works prior to APSA L4 Erection

Underground cables installation is expected to be completed before the delivery on Site of the first APSA L4 equipment:

· Cables shall have enough length to be pulled to the equipment to be connected + 2meters extra length

· Cables shall have all the necessary protection as per local laws, including “out of ground” transition.

· All cables are supplied with extremities clearly identified, well protected against moisture, properly rolled in one location, with at least 3m overlength according to the given tie-in point.

10.3.2 Cables to Be Connected On Site
Cables for equipments to be connected on Site. See A4-763-001 Electric Cable List
10.3.3 Cable Installation

CONTRACTOR scope of works includes, but is not limited to:

· Installation of cable trays between underground and skids

· Pulling of the cable from the underground to the equipments to be connected 

· Cables cutting to the calculated length 

· Cables ends protection (tape or shrinkable caps)

· Cables pulling in one length in building basements, culverts, on racks…

· Precautions taken not to damage the cables insulation

· Cables ordering in the cable trays

· Adjustment of the turning radiuses

· Scope of supply of accessories for cable fastening and cables fastening in the cables ways (every 1.5m at least) is defined by project
· Cables temporary marking at each end

· Cables connections to the equipments:

· Cables cutting to the exact length

· Cable definitive marking (plastic collars and captive rings)

· Installation of cables gland for cabinets, junction boxes buildings openings, Scope of supply of them is defined by project.
· Last turn adjustment of the turning radiuses

· Installation of cable connections accessories: cable heads, terminal lugs, compression lugs, fishplates, shrinkable termination kits. Scope of supply of them is defined by project.
· Installation of necessary adapters, reducers…Scope of supply of them is defined by project.
· Installation of PVC tape, self bonding tape. Scope of supply of them is defined by project.
· Installation of cable clamps inside cabinets, proper arrangement of cables inside cabinets. Scope of supply of them is defined by project.
· Cables Testing:

· Dielectric test is performed before the connection between the cable and the ground and between the different phases. Test voltage is: 2xU+1000.  

· Insulation test is performed before the connection between the cable and the cables shielding connected to the ground and between the different phases. The CONTRACTOR provides the necessary equipment.

Qualified personnel must be employed to perform the cable connections.

10.4 Above Ground Earthing Connections

Buried earth grid is installed by the Civil Works CONTRACTOR. Scope of supply of them is defined by project. The Civil Works CONTRACTOR shall leave extra length of earthing tape out of the ground at each point to be connected.

The CONTRACTOR connects to these extra lengths all Site equipments:

· Steel structures

· Vessels

· Machines & motors

· Cable trays

· Electrical room and basement distribution bars

· Control room distribution bars 

Earth network works include :

· Installation of earth cable (yellow & green coated). Scope of supply of them is defined by project.
· Installation of earth tape to connect from element to main network, Scope of supply of them is defined by project.
· Installation of earthing lugs bolts. Scope of supply of them is defined by project.
· Necessary works to connect the equipment & structures

· Necessary work and supply for the cable or tape lying: fixation collars or plates, plastic protection conduits, drilling….

· Installation of divider bars. Scope of supply of them is defined by project.
· Installation of the earth distribution network inside the electrical building

· Measure of the earthing network continuity and resistance

10.5 Electrical Utilities 

This chapter deals with the utility networks to be installed by the CONTRACTOR (if necessary). Scope of work of them is defined by project. Following electrical utilities are understood:

· External plant lighting,

· Electrical power sockets

· Lightning protection

Note: Skids are delivered with the lighting already installed.

10.5.1 External Plant Lighting

The CONTRACTOR installs the complete lighting network outside the buildings (includes the lighting inside the machine hall, sheds....).

See standard: E-EP-7-0-5 Lighting System and Low Power Circuit.

Lighting System Works include:

· Installation of hot dip galvanized (10 m high) street light column with single bracket arm (2m). Scope of supply of them and lamps and cables terminal is defined by project. Installation of spits, drilling, bolts (flange type), concrete foundation or plinth.

· Installation of outdoor floodlights at their design elevation (including drilling, bolts, bracket and welding, spits if necessary, scaffoldings if necessary). Scope of supply of them is defined by project.
· Iinstallation of outdoor neon lights at their design elevation (including drilling, bolts, bracket or tubular support and welding, spits if necessary, scaffoldings if necessary). Scope of supply of them is defined by project.
· Installation of aircraft warning lights at their design elevation (including drilling, bolts, bracket or tubular support and welding, scaffoldings if necessary) according to the local regulations. Scope of supply of them is defined by project.
· Installation of necessary junction boxes. Scope of supply of them is defined by project.
· Cables laying (inside the electrical cable trays), marking, termination and connections to the lamp and to the lighting panel. Scope of supply of cables is defined by project.
· Where necessary, installation of necessary galvanized conduits. Scope of supply of them is defined by project.
· Connection and marking to the lighting panel of the buildings lighting cables

· Installation of one photocell. Scope of supply of it is defined by project.
· Tests, commissioning and photocell adjustment

10.5.2 Lightning Protections

The CONTRACTOR shall install lightning protections and conductors for the plant high points. Scope of supply of them is defined by project.

The buildings lightning protections are installed by the ELECTRICAL WORKS CONTRACTOR.

Lightning protection works include:

· Installation of lightning conductor, earth dividers…Scope of supply of them is defined by project.
· Installation of lightning arrestors at the design elevations. Scope of supply of them is defined by project.
· Installation of the grounding rods (Y type installation at each grounding point), including rods head protection boxes and concrete plinth. Scope of supply of them is defined by project.
· Necessary works & supplies to install the tapes and arrestors: drilling, fixation plates or tape…

· Measure of the grounding points resistance

11 PRE-COMMISSIONING ACTIVITIES

11.1 Scope of Works

The pre-commissioning operations to be provided by the CONTRACTOR shall under the direct supervision of the INTEGRATOR and include:

· Calibration and Loop Check

· Filling of Absorbers

· Circuit Blowing and Flushing

· Machine Oil Filling

· Rotating Machine Pre-commissioning

· General Leak Test

· Pre-commissioning Assistance

· Commissioning Assistance

11.2 Applicable Standards & Documents

Applicable Standards:
· E-GS-3-5-507 Filling Procedure- Superposed Beds Adsorber
· E-GS-9-5-5-Resistance and Tightness Pneumatic Tests
Applicable Documents:
· APSA L4- Calibration & Loop Check Quality Files
11.3 Calibration and Loop Check

11.3.1 Scope of Work

Calibration checking and loop tests operations are performed by the CONTRACTOR on the following instrumentation under the direct supervision of the INTEGRATOR:

· All the instruments connected on Site

· All valves actuators installed on Site

The INTEGRATOR gives the priorities for calibration checking and loop tests operations.

The CONTRACTOR submits to the INTEGRATOR procedures for:

· Calibration checking and re-calibration of each type of instrument (method, tools…)

· Loop tests

The INTEGRATOR may organize calibration checking and loop tests simultaneously if that involves no impact on the progress of the loop testing.

11.3.2 Quality

Calibration and loop checking shall be performed according to APSA L4- Calibration & Loop Check Quality Files
11.3.3 Calibration Checking

Instruments are factory calibrated. Calibration checking is performed on Site, at the end of the Construction Works, to detect problems occurred on instruments during the works (damages, shocks…).

Calibration checking of instruments by the CONTRACTOR includes :

· Providing of qualified personnel

· Providing of necessary equipment (pumps, simulators, 4-20 mA generators…)

· Suitable electrical and/or pneumatic devices
· Functional checking of instruments before starting the calibration

· Checking that the pressurized instruments are leak proof (soapy water)

· For measure instrument, simulating for each of the instrument input : 0%, 25%, 50%, 75%, 100%, 75%, 50%, 25%, 0% of scale and recording of the corresponding output values

· For binary instruments (switches…), input signal modulation and recording of the value at which the instrument operates (hysteresis).

· If the recorded values are not corresponding to the specified values, re-calibration of the instrument to the specified values and re-doing of the calibration checking.

Calibration of automatic valves by the CONTRACTORS includes:

· Providing of qualified personnel

· Suitable electrical and/or pneumatic devices
· Functional checking of the before starting the calibration

· Checking that pressurized elements are leak proof (soapy water)

· Valves setting (mechanical zero, pneumatic zero, electrical zero)

· Limit switches checking and adjustment

· For control valves, simulating of the valve input: 0%, 25%, 50%, 75%, 100%, 75%, 50%, 25%, 0% of scale and recording of the corresponding valve opening (valve input may be given from the PLC if the valve is connected and the PLC available)

· For on/off valves, checking of full opening or closing according to the binary signal, checking of the opening or closing speed, adjustment of “booster” systems if necessary

· If the recorded opening/closing are not corresponding to the valve specification (valve chart), re- setting of the valve, re-calibration of the valve to the specified value and re-doing of the calibration test.

11.3.4 Loop Tests

The CONTRACTOR provides necessary remote communication equipment (walkie-talkie…). For loops connected to the PLC, loop tests are made from the PLC. An INTEGRATOR representative manipulates the PLC. The CONTRACTOR provides the field teams.

Loops on machines or Vendor’s packages are made under the INTEGRATOR representative supervision.

Input signal from the field to the PLC is simulated on Site and read on the monitors.

Output signals from the PLC are checked on Site: instrument reaction or ammeter reading.

Loop tests are valid when the full range of the instrument has been checked.

11.4 Blowing

11.4.1 Scope of Work

CONTRACTOR shall perform blowing on the following networks:

· Air Instrument & Nitrogen Network

· Process Networks

The Blowing shall be performed according to the “Blowing” P&ID provided by AL.
Note:

· INTEGRATOR reserves the right to ask for additional networks blowing.  

· Underground cooling networks shall be flushed and treated before arrival on Site of first APSA L4 equipment.

11.4.2 Blowing of Instrument Air & Nitrogen Networks

The CONTRACTOR shall blow off air through all the parts of the circuit including branches to instruments in order to remove all foreign bodies (dust, water, chips, etc.):

· Blow off air through each header in accordance with the blowing P&ID and procedure handed over by AL.

· Disconnect the inlet to each instrument or equipment. If there is a filter before the instrument or equipment, disconnect the inlet to the filter.
· Blow off the air from each branch point to each instrument for as long as is necessary to ensure the internal cleanliness of the pipe

· Reconnect each pipe and check that the tightness is correct (with all shut off valves closed) by testing with soapy water

· Dismount and clean the conical filters

11.4.3 Blowing of the Process Circuits

Following assembly, pipes or components inevitably contain foreign bodies of various sizes and types, such as rust, particles of slag from the welding beads, particles of welding rod, sand, water, etc. which may damage the system by causing clogging, valve blocking, abrasion, etc. Air shall be blown through to remove them. Flanges, valves, etc. are removed to evacuate the dirt.

Under the direct supervision of INTEGRATOR, the CONTRACTOR shall:

· Dismantle and store all sensitive elements such as flow meter orifices, instrumentation and the like., supply and fit spacers made for this purpose

· Dismantle all types of filters

· Dismount valves or pipe flanges upstream and downstream vessels, machines or equipment

· Open deriming outlets

· Protect open pipes from blowing projections

· Take necessary measures to protect the personnel from noise

· Build temporary accesses to air-blowing positions

· Supply and build temporary supports to prevent the “whiplash” effect and make sure that pipes are solidly but temporarily fastened

· Before starting blowing the turbine, the CONTRACTOR shall ensure that the turbine lube oil system is in service. 
Note: Remember that the blowing air flow can not go into the Turbine. Blind plates must be used at the inlet and outlet of the turbine to isolate the turbine from the process circuit. Installation and removal of blind plates must be under the instruction of Turbine commissioning engineer.
· Perform the blowing operations according to the blowing P&ID and procedure handed over by AL

· Hammer pipes during air-blowing

· Assist the blowing through each pipe section until it is clean, which shall be when no foreign bodies emerge (no impact on aluminum test plate)

· Replace dismounted gaskets

· Re-instate the pipe networks to operational condition after the blowing

· Check the tightness of re-instated networks with soapy water

11.5 Filling of Absorbers

Filling is performed according to AL standard E-GS-3-5-507 Filling Procedure- Superposed Beds Adsorber.

This operation consists in filling Aluminum first, then molecular sieve. The height of aluminum to be reached is 745mm, and the height of molecular sieve to be reached is 1313mm.
These adsorbents come in barrels and flow like sand.
Filling by the CONTRACTOR includes but is not limited to:

· Works area preparation

· Logistics (full and empty drums handling)

· Filling work
· Re-instatement after filling

Required tools: crane, hooper and muddler at least

Note: Do not fill adsorbents prior to start up. Keep them dry. They will be filled after blowing of the plant.

11.6 Filling of Machine Oil Systems

Machines to be filled-up:

· Air Compressor unit C01A & C01B
· Turbine ET01

During all the operations involving oil, The CONTRACTOR shall take all necessary precautions not to pollute the soil. In case the soil would have been polluted during the flushing or filling operations, The CONTRACTOR shall evacuate and replace polluted earth at his own cost.

Filling operations include but are not limited to:

· Perfect cleaning of the oil tank

· Filling partially the oil tank with precaution not to introduce dirt, sand or whatever in the tank before flushing of the oil system

· Perfect cleaning of the oil tank after flushing. Evacuation of remaining used oil and rinsing products by the CONTRACTOR.

· Filling completely the oil tank with precaution not to introduce dirt, sand or whatever in the tank

· Oil complement after the first machine run (24 hrs minimum)

11.7 Pre-commissioning of Rotating Machines

The machines should be pre-commissioned as described in their Quality Files (ITPs). It roughly consists in: Oil flushing, bump test, surge test and run test.
Note: Before the pre-commissioning of turbine, the blind plates used for isolation between the piping of cold box and turbine should be removed under the instruction of turbine commissioning engineer, and the filter must to be installed at the inlet pipe of the turbine.
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Turbine inlet filter

11.8 General Leak Test

After the mechanical completion of the plant and the start-up of compressor, a leak test of the whole unit shall be done.

All the flanges and connections of tubing are carefully soapy tested.

This leak test is performed according to E-GS-9-5-5-Resistance and Tightness Pneumatic Tests.

11.9 Pre-commissioning & Commissioning Assistance

11.9.1 Supplies

To allow performance of the pre-commissioning and commissioning assistance works, several materials shall be supplied and delivered to Site as following. Scope of supply of them is defined by project:

· Dry and oil free air for the piping network blowing activities using a transportable unit composed of a compressor and a set of dryers or an oil-free compressor.

· Piping elements and fittings for the fabrication of by-passes or dummy pieces.
· Temporary supports to secure pipes that have been set in temporary position for the purpose of blowing/flushing.

· Gaskets necessary for the installation of piping in blowing/flushing position as well as re-instatement.

11.9.2 Pre-Commissioning Assistance

· The CONTRACTOR shall provide assistance during the pre-commissioning activities. During this assistance period, the infrastructure and the management mobilized at Site for the erection phase by the CONTRACTOR shall not be demobilized (but may be adapted to the staff mobilized for pre-commissioning assistance).

· Every single CONTRACTOR manpower resource shall come to Site with his own proper hand tools material in order to be ready to perform his job without any extra cost except for the pre-commissioning consumable goods such as gaskets, compressed air, …

· The CONTRACTOR shall provide necessary accessories (by-passes, pipes spools and the like). Such operations shall be performed by the pre-commissioning assistance team under the direct supervision of the INTEGRATOR.

11.9.3 Commissioning Assistance

The CONTRACTOR shall provide assistance during the commissioning activities to carry out following tasks but not limited to:

· Break-up of flange connections, removal of in-line item, re-instatement after inspection

· Removal, cleaning and re-instatement of filters

· Replacement of gaskets

· Rockwool stuffing of Turbine Skid after the commissioning of Turbine.

· Removal of packed rockwool from casing and re-instatement
12 Entity specific amendments

The following is a list of specific engineering entity requirements that differ from those given in this standard.

These requirements are only applicable to the engineering entity (ies) for which they are listed.

	Entity Specific Amendments 

	Entity
	Section
	Description
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Installation of Compressor Unit, Pre-cooling Unit, Warm Unit & Cold Unit





Installation of interconnection piping





Blow off and pressure test of piping








Preparation for Erection





Filling of absorbent








Overall inspection








Perlite filling








Cabling of instruments and equipments





Equipment to be erected





Compressor Room





100T Truck Crane





240T Truck Crane





Warm Area & Cold Area





Cradle 1


Elevation + 5230





Cradle 2


Elevation + 14350
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