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The purpose of this document is to provide requirements for cleaning, inspection, control, packing and labeling of equipment and piping.
The scope of this document is equipment and piping.
This document applies to the following types of plants/technology: air separation units (ASU) and HYCO production units (Syngas).
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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.


Introduction

1.1 Purpose

This document provides requirements for cleaning, inspection, control, packing and labeling of equipment and piping for services as defined below.

1.2 Scope of Application

This document applies to equipment and piping for the following services.

a. Oxygen service (oxygen concentration ≥ 23.5% of oxygen)

b. Low temperature (temperature ≤ –40°C, including cryogenic temperatures)

c. Dry and clean service (corresponds to equipment directly connected to any production or distribution system in oxygen or/and low temperature service. Dry and clean service excludes oxygen service and cryogenic service.)
This document does not apply to distillation columns, cogeneration units, and ultra-high purity (UHP) applications.

Depending on the application, both cleaning for oxygen service and low temperature service may also be required.
This document applies to air separation units (ASU) and HYCO production units (Syngas).
1.3 Specific Requirements

Equipment shall be constructed in accordance with the applicable provisions listed in section 1.6. Where any provision presents a direct or implied conflict with any jurisdictional regulation, the jurisdictional regulation shall govern.

It is the Vendor’s responsibility that all aspects of the construction conform to the requirements of the specified codes, and meet the legal requirements of the authorities having jurisdiction over the installation and operation of the equipment.

The Vendor shall submit to Purchaser data and drawings listed in the project specific documents in compliance with the requirements of the specification W-GS-19-1-1 (or local equivalent).

The selection and use of a cleaning agent by Vendor shall comply with national and international regulation in force
The Vendor shall have a cleaning procedure and shall verify the origin and suitability of products used for cleaning
1.4 Principles

Not applicable

1.5 Definitions

	Purchaser
	Air Liquide or entity representing Air Liquide

	Cleaning
	Cleaning is the succession of operations to reach and preserve the required level of cleanliness for the required service.

	Detergent
	A cleaner that may be miscible in water and may require dilution for use

	Solvent
	A cleaner that may not be miscible in water and does not require dilution for use

	Contamination
	Includes both organic and inorganic material such as oils, greases, paper, fiber, rags, wood, coal dust, solvents, weld slag, rust, sand, and dirt, which if not removed is not acceptable for the required service or result in a unacceptable product purity.

	Air
	Clean dry and oil-free air according to ISO 8573

	Rinsing
	Rinsing is the elimination of cleaning agent and/or residue or deposits, using clean water or clean solvent. 

	Drying
	Drying is the removal of water or solvent from cleaned surfaces, using dry and clean oil-free air.

	White wipe
	A clean white lint-free cloth (cotton)


1.6 Applicable Codes, Standards, and Air Liquide Reference Documents

1.6.1 Industry Codes and Standards

	ASTM G63
	Standard Guide for Evaluating Nonmetallic Materials for Oxygen Service

	ASTM G93
	Standard Practice for Cleaning Methods and Cleanliness Level for Material and Equipment used in Oxygen Enriched Environment

	ASTM G127
	Standard Guide for the Selection of Cleaning Agents for Oxygen Systems

	CGA G 4-1
	Cleaning Equipment for Oxygen Service

	CGA PS.13
	Definition of a Threshold Oxygen-Mixture Concentration requiring Special Cleaning of Equipment

	EIGA IGC Doc 33
	Cleaning of Equipments for Oxygen Service
Includes Directive 98/24CE, and Regl.842/2006

	EN 12300
	Cryogenic Vessels - Cleanliness for Cryogenic Service

	EN ISO 23208
	Cryogenic vessels - Cleanliness for cryogenic service

	ISO 8573
	Compressed Air


1.6.2 Associated Air Liquide Documents

	W-GS-19-1-1
(or local equivalent)
	 Vendor Data Requirements

	IN-BP-COM-006
	Reaction of Non-Metallic Materials in Oxygen (for Air Liquide internal use only)

	W-GS-19-1-1
	Vendor Data Requirements

	W-FRM-4-0-1
	Cleanliness Certificate for Oxygen Service


1.7 Conflicts, Omissions and Alternatives

In case of conflicting requirements between this specification and applicable requirements of the documents listed in section 1.6, the more stringent shall apply.

In case of conflicting requirements, the following items govern in descending order of precedence.

a. Agreements outlined in mutually approved minutes of review meetings subsequent to the issuance of the Purchase Order

b. Purchase Order and subsequent related correspondence

c. Project specific addenda

d. This specification and accompanying documents listed in 1.6.2.

Any exceptions, deviations, omissions, or alternatives to the requirements shall be submitted for Purchaser’s approval prior to award of Purchase Order.

2 Guarantees and Warranty

Vendor shall guarantee satisfactory performance at operating conditions and for the values specified in the project specific documents, or by Vendor’s specification where accepted by Purchaser.

In the event of failure of the equipment to meet the requirements specified in 2.1, Vendor shall make any and all changes or repairs as may be required, at his own expense.

The Vendor shall be responsible for the storage and accountability of any equipment or service including cleaning purchased by Purchaser.
3 CLEANING METHODS AND CLEANING AGENTS
3.1 General

The cleaning procedure shall consider the health and safety of the personnel who will implement the cleaning procedure, the storage treatment, and disposal of contaminated cleaning agents, rinsing products, etc.

The type, possible location, and degree of contamination shall be evaluated to decide on the most appropriate cleaning agent and practical procedure of cleaning, inspection, and control. In addition, the arrangement of passages shall be studied so that cleaning, washing, rinsing, or draining practices can be adjusted to make sure that dead-ended passages and possible traps are adequately cleaned.

The cleaning and inspection method shall be adapted according to given piece of equipment or piping element based on size, weight, material, and access for inspection.

3.2 Level of Cleanliness

3.2.1 Oxygen Service

It shall be ensured that hydrocarbon contamination has been eliminated
. Moreover, no particle or trace shall be visible by direct visual inspection with white light. Additionally, UV light shall be used when necessary. No water, no moisture shall be visible as well.

3.2.2 Low Temperature Service

No water, moisture, or material (such as lubricant) that is not suitable for low temperature is allowed. No contamination is allowed.

3.2.3 Dry and Clean Service

No water and no contamination are allowed. However, for equipment such as valve having moving parts, visible traces of lubricant for functional purpose shall be accepted.

3.3 Cleaning Methods

The degree of contamination shall be evaluated to decide on the appropriate cleaning method. The methods below shall be used individually or combined or they may be repeated to achieve the desired results.

3.3.1 Factors to Consider before Selecting a Cleaning Method

a. Type of contaminant

b. Base material and eventual coating of the part to be cleaned

c. Initial conditions of the part to be cleaned

d. Required final cleanliness of the part

e. Environmental impact and personnel safety

f. Effects and compatibility of the selected cleaning method on the part to be cleaned

g. Ease of cleaning

3.3.2 Disassembly

Equipment and piping elements shall be cleaned as individual components or piece parts before assembly. Special precautions shall be taken for non-metallic parts.

Manufactured products (valves, pumps, etc) shall be cleaned by the Vendor before final assembly and test.

3.3.3 Methods

Table 1
	Mechanical Cleaning
	Aqueous Cleaning
	Solvent Cleaning

	Abrasive Blast Cleaning, Swabbing
	Hot Water Cleaning
	Bath (immersion) cleaning

	Blowing, Flushing
	Steam Cleaning
	Spray cleaning

	Ultrasonic Cleaning

	Detergent Cleaning
	Vapor degreasing

	Pig Cleaning

	Acid Cleaning
	


NOTES:

When blast cleaning is used, care is to be taken so as not to remove an excessive amount of metal to avoid any significant reduction of the thickness of a piping or piping element (elbow, tee, etc.)

Cleaning solutions perform better when warm. When hot water is used, scrubbing or agitation is necessary to soften and remove foreign materials.
Detergent cleaning shall be used in a solution at a range of temperature not higher than 37 to 82°C (100 to 180°F), depending on the solution concentration. See EIGA IGC Doc 33, CGA G 4-1, and ASTM G93.
For piping elements, the preferred method shall be detergent cleaning by circulation as far as practical.
Blowing and flushing shall be used to remove particles for an oxygen system by currents of air. Particle entrainment depends on the number of cycles (pressurization/depressurization) and the velocity of the gas. This method is not suitable for removing surface oxides, greases, and oils.
When solvent cleaning is used, a sample of it shall be taken for reference. The cleanliness of the solvent after a period of use shall be determined by comparing it to the reference sample in one or several ways.
a. By comparing its color to that of the reference sample

b. By an analysis (infrared or chromatography for example)

c. By an evaporation procedure

When bath (immersion) solvent is used or if a vessel or piping system is cleaned by circulating solvent through it, the contamination of the solvent shall be controlled at the end of the cleaning process.

3.3.4 Rinsing and Drying

After completion of any aqueous or solvent cleaning method, all residual cleaning fluid must be drained from the component. The component shall be thoroughly rinsed using clean water or clean solvent and dried. Particular attention shall be paid to carefully rinse and dry non-accessible locations and dead ends.

Water and dry oil-free air shall be used and heated as necessary.

3.4 Selection of Cleaning Agents

3.4.1 General

The cleaning agent shall be selected according to 1.3 and documents referenced in 1.6.

A list of cleaning agents is provided in Annex 1 (section 7.1) for information only.

3.4.2 Health, Safety, and Environmental Aspects

Prior to selecting a cleaning agent, a risk assessment must be done, concerning the safety and health of the personnel, the environment, oxygen compatibility and its suitability with the selected cleaning method. Different aspects shall be addressed when selecting a cleaning agent using the MSDS (Material Safety Data Sheet) of the cleaning agent.

a. Toxicity (inhalation effects, skin effects, eye effects)

b. Flammability

c. Environment (emission to water, waste disposal, emission to air, energy)

3.4.3 Selection of Detergents and Solvents

The selected cleaning agent shall be compatible with all materials to be cleaned, particularly with plastic materials (gaskets, seats, valve packing, etc). Some cleaning agents, including aqueous, can be the cause of corrosion or stress corrosion (it may occur with copper alloys and nitrogen bearing compounds such as NH4+, NOx) especially in oxygen service. Chloride-free cleaning agents shall be preferred for stainless steel equipment and piping elements. Therefore, the suitability of the agent with metallic and non-metallic materials in contact shall be checked and they shall be, especially aqueous, removed before the equipment and piping elements are put in service. Specific issues regarding dry residues and capability of the cleaning agent to evaporate shall be addressed.

3.4.4 Water

Clean water shall be used for dilution of detergent, rinsing, or hot water cleaning.

When water is used, potable water shall be preferred or alternatively demineralized water when potable water is not available. Industrial or raw water shall not be used.

The water used for dilution as well as for rinsing shall have the following characteristics.
a. For stainless steel cleaning: Halogenated ion (Cl, Br, F) < 25 ppm (weight), with a temperature not exceeding 35°C, or 10 ppm (weight) for a temperature not exceeding 70°C

b. For aluminum or copper alloys cleaning: nitrate ion < 12 ppm

c. For aluminum, copper alloys, stainless steel and carbon steel: 6 < PH < 9
3.5 Pressure Testing of Assemblies

Pressure testing of assemblies, if performed after cleaning, shall be performed using filtered potable water without any additive (as required to maintain cleanliness) or dry, oil-free air at ambient temperature. Equipment and piping elements that are hydrostatically tested shall be thoroughly dried afterwards. Cleaning inspection and acceptance requirements will be applied after completion of the pressure test by Purchaser’s representative.

4 INSPECTION AND Control

4.1 Inspection Methods

One or a combination of the following inspection methods shall be used to assess the cleanliness of a piece of equipment or a piping element.
Table 2
	Method
	Conditions of Use
	Criteria of Acceptance

	Direct Visual Inspection (white light) 
	Use strong and white light (natural ≥ 750 lx) to look at or into the inspected item. This method will detect particulate matter larger than 50 µm and traces of contamination
	No visible contamination

No water or moisture, no hydrocarbon or organic material or non-approved lubricant, adhesive or sealant

Particular care shall be taken to ensure that no residue of cleaning agent is left in dead end or low spots of the equipment or piping element.

	Direct Visual Inspection (ultraviolet light)
	The surface of the inspected item is observed in darkness, using an ultraviolet light having a wave length between 250 and 370 nm (typically 365 nm), and an intensity of 1000 µW/cm² at the surface.

This method does not detect fluorocarbon oils or lubricants.

UV light can also show fluorescence when no contamination is present; false indication can also be revealed. Therefore, UV light shall be combined with a white light inspection.
	No visible contamination

	White Wipe Test
	Used to detect contamination on accessible areas by hand. The surface is lightly rubbed with a clean, white and dry lint-free cloth.
	No discoloration visible on the wipe

However, for carbon steel a slight discoloration of the white wipe resulting from a light oxide film is acceptable.

	Water Break Test
	Used to detect oily residues not found by other means above.

The surface is sprayed with clean water. This should form a thin layer of water that must remain unbroken for at least five seconds.
	Beading of water droplets indicates the presence of contaminants.

	Solvent Extraction Test
	This method can be used to supplement visual techniques or to perform cleanliness for specific hydrocarbon contaminations. This method is suitable to check inaccessible surfaces by using a solvent to extract contaminants for inspection. The amount of non-volatile residue is determined by one of the following methods.

a. Evaporation, drying and weight of residue

b. Evaluation of the light transmission through a known quantity of the used solvent compared to a similar sample of new solvent
	


4.2 Selection of Inspection Method

Unless otherwise specified, the following inspection methods shall be used.

Table 3: Inspection methods

	Inspection Method
	Dry and Clean Service
	Low Temperature Service
	Oxygen Service

	Direct Visual Inspection (white light)
	X
	X
	X

	Direct Visual Inspection (UV light)
	
	
	X

	White wipe test
	
	
	X

	Other additional inspection methods (see 4.2.5)
	
	
	When specified


Any equipment for oxygen service shall be inspected using at least two of the above methods, depending on the accessibility of the equipment to be inspected. The inspection range shall be specified with a minimum of 10% and can be extended according to applicable regulation or application.

For cryogenic vacuum super-insulated tanks, the inspection method shall be the following.

a. Direct visual inspection (white light)

b. Direct visual inspection (UV light)

c. White wipe test

For piping elements, the inspection methods as per Table 3 may not be possible for internal control of cleanliness. In this case, the inspection and acceptance criterion shall be specified by the Purchaser.

Other additional inspection methods than those as per Table 2 and Table 3, corresponding to national or international standard can be used provided that it has been specified and documented (see Entity Specific Amendments).

4.3 Inspection Records

Records are made of inspections and acceptances for the cleaned equipment and piping element or assembly and include:

a. Identification of the item

b. Cleanliness specification

c. Cleaning procedure, including the identification of the cleaning agent (name, trademark, and supplier): The cleaning procedure shall be provided for oxygen service only.

d. Method and results of inspection reported on a certificate

e. Inspector’s signature and date

NOTE: W-FRM-4-0-1 is Purchaser’s standard certificate that can be used for record of inspection of cleanliness, unless Vendor’s standard report is accepted by Purchaser.

5 PACKING AND LABELING

5.1 Protection from Recontamination

5.1.1 General

Once a piece of equipment or a piping element has been cleaned, dried and the cleaning agent completely removed from the equipment or piping element, it shall be suitably protected to prevent recontamination during storage, during transport, before being installed, and prior to commissioning. Therefore, the protection shall not be removed or packing shall not be opened until the equipment or the piping element is ready to be installed. If packing is found open or contamination is present inside packing before installation, cleaning shall be done again.

5.1.2 Oxygen Service

Equipment, piping elements, or parts having openings shall be protected by caps, blind flanges where appropriate. Flange faces of valves shall be protected from contamination and damage that might result from handling and shipping using standard flange protectors. Sealed plastic bags and protection can be used for small or medium size components such as instruments and valves.

Equipment having moisture adsorbents shall have a visible notice on the packing to indicate that this adsorbent must be removed after unpacking.

Prior to installation, the cleanliness shall be checked again to ensure that the specified cleanliness has been maintained.

5.1.3 Other Services

Equipment, piping elements, or parts having openings shall be protected by caps where appropriate. Flange faces of valves shall be protected from contamination and damage that might result from handling and shipping using standard flange protectors. Plastic bags and protection can be used for small or medium size components such as instruments and valves.

5.2 Pressurization

Equipment with large internal volumes, such as vessels, piping sections, shall be filled with a slight positive pressure with dry and oil-free air after all openings have been sealed and valves have been closed.

WARNING: Asphyxiation hazards shall be carefully addressed when nitrogen is used for pressurization.

5.3 Labeling

5.3.1 Oxygen Service

All components and spare parts delivered single or bulk packed in accordance with this specification shall have a label stating that the items have been “CLEANED FOR OXYGEN SERVICE.”

The label shall be visible and securely attached to the packing of each item by an appropriate means. Manometers and transmitters shall have individual and visible labels indicating that they are for oxygen service.

5.3.2 All Services

The packing will include warning of asphyxiation hazard if applicable indicating medium and pressure.

6 PERSONNEL SAFETY

In addition to 1.3 above, cleaning operations for oxygen service equipment or piping element shall consider personnel safety and health including:

a. Instruction and supervision for the safe use of cleaning agents including hazards associated with the use of these agents

b. Protective equipment shall be used.
c. Proper ventilation

d. Special situation: heating solvents, and potential hazards related to vessel or confined space entry including asphyxiation, flammability and toxicity
7 Appendix/Annex 

7.1 Annex 1: Cleaning Agents (For Information Only)

Table 4
	Cleaning Agent
	Type
	Manufacturer

	Bluegold
	Aqueous cleaner
	Modern Chemical

	Biomex
	Aqueous cleaner
	DCP Chemicals (Diamond Cleaning Products)

	Citrikleen
	Aqueous cleaner
	West Penetone

	Acetone
	Solvent
	


WARNING:

For selection of cleaning agent, refer to section 3.4 and address priority.
a. Toxicity (inhalation effects, skin effects, eye effects)

b. Flammability

c. Environment (emission to water, waste disposal, emission to air, energy)

Material Safety Data Sheet (MSDS) and/or International Safety Card shall be considered for the selection of a cleaning agent.

The cleaning agent shall be selected according to section 3 and documents referenced in section 1.3.

8 Entity/CENTER specific amendments

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

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

	Entity/Center Specific Amendments 

	Entity/Center
	Section
	Description

	A
	all
	ALPC will maintain an exception to these documents as ALPC must follow specific FDA requirements.

	E
	1.3
	ALE: European Directives 98/24 CE, 99/38 CE, and Regl.842/2006 shall be observed 

	C
	4.2.5
	ALHZ: The following Chinese references may be used.
a. GB 50184-2011 Code for acceptance of construction quality of industrial metallic piping engineering :section 9.4.1-4-2 

b. JB/T 6896-2007 ASU equipment surface cleanness : section 4.3.3.2 

c. HG20202-2000 Specification for construction and acceptance of degreasing work: section 5.0.2-3


Table of Revisions

	Section
	Description

	1.1. and following
	Piping (and/or piping elements) included in the scope of the document and in various appropriate sections

	1.5
	Definitions modified

	1.6
	Removed CGA directory

	1.6.2
	Removed GD-SR-COM-001

	3.1.3
	New section: Cleaning method adapted according to given piece of equipment or piping element

	3.3.4.1
	revised “amount of parent metal or not to significantly reduce” to read “amount of metal to avoid any significant reduction of”

	3.3.4.4
	Addition: Detergent cleaning preferred by circulation for piping elements

	3.4.4.3
	Addition: specifications for water

	4.1.1
	Table 2: Direct Visual Inspection: Typical wave length added; White Wipe Test: Updated criteria for carbon steel

	4.2.4
	Addition: Inspection methods to be adapted for piping elements

	4.2.5
	Addition: other additional inspection methods can be used

	5.1.1.1
	Additional specific information

	8
	Revision of C exceptions


� Corresponding to a standard level of cleanliness of 220 mg/m² according to ASTM G63. This level of cleanliness is given for information.


� Ultrasonic cleaning can be used with a variety of cleaning agents and with agitation.


� This method is used only on long and continuous pipeline.





	Rev
	Date
	Prepared by
	Approved by
	Revision

	
	
	
	
	Initial issue


[image: image1.jpg]DISCLAIMER: Read the disclaimer in this document prior to use.

G-TPL-0-2-4, Rev. A

	Rev
	Date
	Prepared by
	Approved by
	Revision

	A
	5-Sep-07
	A. Colson/C. Ren
	G. Demar/
Shi Yun-Quin
	Initial issue, replaces E-GS-4-0-1

	B
	24-Aug-09
	A. Colson/C. Ren/
JL. Jolivet
	F. De Bussy/
G. Demar/
Shi Yun-Quin
	Include requirements for cryogenic vacuum super insulated tanks, update references

	C
	24-Aug-11
	A. Colson/
Chen Ren/
JL Jolivet
	A. Briglia/G. Demar/
Shi Yun-Quin


	Include piping in the scope of application; additional revision of the document


	C
	4.2.5
	ALHZ: The following Chinese references may be used.
a. GB 50184-2011 Code for acceptance of construction quality of industrial metallic piping engineering :section 9.4.1-4-2 

b. JB/T 6896-2007 ASU equipment surface cleanness : section 4.3.3.2 

c. HG20202-2000 Specification for construction and acceptance of degreasing work: section 5.0.2-3
	
	

	C
	4.2.5
	ALHZ: The following Chinese references may be used.
d. GB 50184-2011 Code for acceptance of construction quality of industrial metallic piping engineering :section 9.4.1-4-2 

e. JB/T 6896-2007 ASU equipment surface cleanness : section 4.3.3.2 

f. HG20202-2000 Specification for construction and acceptance of degreasing work: section 5.0.2-3
	
	


DISCLAIMER: Read the disclaimer in this document prior to use.
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