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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 Engineering Standards Department.

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

1.1 Scope

1.1.1 Purpose

This specification covers the requirement for an oil-free screw compressor to be used for compressing coke oven gas to the conditions described in the Process Data Sheet.

1.1.2 Scope of Application

Unless otherwise specified, this specification covers the design and supply of all equipment including compressor, gear(s), driver, intercoolers and aftercoolers, control systems, control valves, lube oil system, seal gas system and interstage piping, all from the inlet at the suction filter side of the compressor to and including the discharge check valve downstream of the aftercooler. As well, Vendor shall provide design and engineering information for the purchaser to carry out design of foundations, piping connections and all necessary services for the complete installation of the system.

1.1.3 Specific Requirements

Not applicable.

1.2 Definitions

	Operating Point
	A specific requirement of inlet and outlet conditions of pressure flow and temperature necessary to satisfy a process requirement. When maximum operation is given, it shall refer to a maximum process requirement.

	Normal Operating Point
	point at which usual operation is expected and at which optimum efficiency is required.

	Compressor Rated Point
	A point selected by the Vendor on the expected operating curve of the machine such as best encompasses all specified operating points within that curve.

Unless otherwise specified, the performance of the machine shall be guaranteed at the Compressor Design Point.

	Normal Speed
	The speed corresponding to the Normal Operating Point.

	Maximum Speed
	The highest speed at which the compressor may be continuously operated.

	Minimum Speed
	The lowest speed at which the compressor may be continuously operated.


1.3 Applicable Codes, Standards, and Air Liquide Reference Documents

1.3.1 Industry Codes and Standards

	Not applicable.
	


1.3.2 Associated Air Liquide Documents

	Not applicable.
	


1.4 Conflicts, Omissions and Alternatives

In case of conflicting requirements between this specification and applicable requirements of the documents listed in section 1.3, 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 data sheets

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

2 GENERAL

2.1 Intent

The intent of this specification is to provide a completely operational and safe compressor system; designed, fabricated and installed in accordance with the best current state of the art knowledge for machines of this type.

Vendor may propose such alternates as shall in his opinion constitute an improvement in practice or shall produce economies without sacrifice of performance or safety. All such alternates shall be clearly defined. In the absence of any such definition, it shall be assumed that the equipment is in complete accordance with these specifications.

Unless otherwise specified, the compressor Vendor shall be fully responsible for the entire compressor assembly including compressor, reduction gears, drivers, and all auxiliaries and for the coordination of all components.

Unless otherwise specified, Vendor shall be responsible for assuring the supply of all auxiliaries in accordance with the codes stipulated in this specification and shall assure compliance with all local regulations regarding design, inspection and registration. All associated fees and expenses shall be to Vendor's account.

Vendor shall provide with his proposal a statement of complete compliance to this specification and attachments followed by a specific list of comments and exceptions referencing the appropriate paragraph of the specification or attachments.

All pieces of equipment and their auxiliaries herein shall be evaluated as to their efficiency in terms of energy conservation, price, durability, maintainability, performance, quality and delivery.

The seller is to propose the most energy efficient design to satisfy the enclosed specifications. Seller shall also propose the most economical design to satisfy the enclosed specifications should it be different from the most energy efficient design.

Vendor shall complete with his proposal one set of specification sheets for each compressor offered and the documents requested in section 9 of this specification.

2.2 Basic Design

All equipment shall be designed to permit rapid and economical maintenance. Major parts such as casing components and bearing housings shall be designed and manufactured to ensure accurate alignment on reassembly.

All parts of the pressure casing, frame and gear casing shall be designed to eliminate any deformation due pressure and thermal growth under all operating conditions.

The casing shall be designed for at least 115% of maximum operating pressure but in no case is the design pressure to be less than 20 psi above the maximum operating pressure.

A corrosion allowance (1/16-inch minimum) shall be provided during the calculation of the casing wall thickness.

Oil reservoirs and housings that enclose moving lubricated parts shall be designed to minimize contamination by moisture, dust and other foreign matter during periods of operating or idleness.

Rotor stiffness shall be adequate to prevent contact between the rotor bodies and the casing and between gear-timed rotor bodies at the most unfavorable specified conditions, including 110 percent of the relief valve set pressure.

Shaft seals shall be provided to prevent leakage from or into the compressor over the range of specified operating conditions and during periods of idleness. Seal operation shall be suitable for all conditions that may prevail during start-up, shutdown, and any other special operation that may be specified.

Rotors shall be of a stiff shaft construction with the first actual rotor critical speed at least 120 percent of the maximum allowable speed. Actual critical speeds are not calculated undamped values but are critical speeds confirmed by test stand data. Criticals above test speeds shall be calculated damped values or shall be determined by externally applied rotor excitation. Shaft shall be forged steel.

Radial bearings shall be of precision sleeve or pad construction. They shall be force-feed lubricated and shall be designed to damp out self-induced vibration.

Thrust bearings shall preferably be tilting pad type and shall be suitable for reverse rotation. Thrust bearing shall be designed for externally-induced loads when these are present. Thrust bearings shall be double acting.

On all bearings, a minimum of 50% safety factor shall be provided between the bearing manufacturer's rating and the actual loading. Both radial and thrust bearings shall be provided with dual RTDs and monitoring.

The torsional natural frequencies of the system shall not be within 10 percent of any shaft speed in the rotating system, or within 5 percent of twice any speed, or within 5 percent of the pocket passing frequency. The vendor must present the calculation procedure and summary of shaft stresses to the purchaser for approval if a torsional resonance occurs within 20 percent of any operating speed or 10 percent of the pocket passing frequency.

Slow roll, start-up, and shutdown of rotating equipment shall not cause any damage as critical speeds are passed.

Major parts of the rotating element shall be dynamically balanced individually.

Each journal bearing of each high speed bearing shall be fitted with a proximity probe (Bently-Nevada 9000 series or approved equal) installed to detect maximum shaft vibration.

Probes shall be provided with proximitors, monitors, and coaxials. Proximitors shall be contained in a suitable junction box and monitors shall be mounted on the local control panel. Wiring shall be supplied and installed by Vendor. Maximum permissible vibration shall not exceed those limits specified in API 619.

3 INSTALLATION AND OPERATION

3.1 Installation

All equipment furnished must be suitable for unprotected outdoor installation and unattended operation, unless otherwise specified.

3.2 Operation

Machine operation shall be continuous for at least 8000 hours per year without preventive maintenance.

3.3 Noise

The manufacturer should provide for silencers and cowlings necessary such that the operating noise at 3 feet from the machine does not surpass 90 dBA under normal operation.

To eliminate the risk of explosion in soundproof components due to hydrogen accumulation, the Vendor will follow the following rules.

The soundproof cowling is to be separated into a motor section and a compressor section.

The compressor section ventilation grills are to be located on three sides near ground level. The extractor will be positioned at the top of the compartment and will be sized to have an hourly output of at least 25 times the volume of the compartment.

The motor section shall be provided with a ventilator, the exhaust grills are to be positioned at one end near the top of the compartment.

All relief valves are to be manifolded and vented to the exterior of the compartment.

All electrical equipment is to be separated from interior compartments such that under no circumstances can there be an accumulation of a hydrogen atmosphere that could come into contact with the electrical components. All electrical equipment and electro-pneumatic instrumentation must be installed outside of the motor/compressor enclosure.

An interlock is to be installed such that before the compressor can be started the extractor and ventilator are to be started and shall run for 30 minutes before the compressor can be started. An alarm is to be provided to indicate the failure of either the extractor or the ventilator.

4 AUXILIARY EQUIPMENT

4.1 Driver

Unless otherwise specified, driver shall be an electric motor. All motors shall have top conduit entry and TEFC enclosure. Installed hp shall not be less than 110% of absorbed hp (including gear and coupling losses) at the maximum operating conditions excluding service factor.

4.2 Gears

Unless otherwise specified, gears shall be designed, fabricated, and tested in accordance with AGMA-421-05 using a service factor of 2 minimum or as necessary to meet service requirements. AGMA quality 12 or better shall be provided. Gear box shall be designed for maximum starting torques and full speed torques available from driver. Timing gear shall be made of forged steel.

The gearbox shall be designed and fabricated to be compatible with thrust requirements and dynamic requirements of the entire compressor train.

Unless otherwise specified, gears shall be lubricated from the same oil system as the compressor and driver and the oil return system shall be such that no interference occurs in free flow of oil from motor and compressor bearings.

The compressor shall be of such design that the timing gears adsorb no greater than 10% of the total power input under full load.

4.3 Coolers

Unless otherwise specified, coolers shall conform to the following requirements:

All intercoolers and discharge aftercooler shall be supplied by Vendor. A water separator shall be supplied after the intercooler and the aftercooler. Separators shall be capable of removing 100% of moisture droplets with diameter of 8 micron or larger.

Design and fabrication shall be in accordance with ASME.

There shall be no gasketed connections separating gas and water streams. All such connections shall be between the flowing medium and atmosphere. Vendor shall provide high point vent on water piping and low point drain on both water and process piping.

All coolers shall be designed for 0.001 (hr, ft2, °F/BTU) fouling factor on water side, less than 20°F cooling water rise and less than 10 psi pressure drop on water side.

Process side shall be cleaned and dried after hydrostatic test then pressurized with dry nitrogen.

Water piping instrumentation, valving and manifolding shall be provided by Vendor.

4.4 Lube Oil System

4.4.1 General

Unless otherwise specified, the lube oil system shall conform to the following requirements.

A skid mounted lube oil system suitable for lubrication of compressor, gears and driver shall be provided.

The system shall be capable of providing adequate lubrication for all bearings under all conditions of operation and emergency or planned shutdown conditions. This shall include the case of compressor shutdown due to complete failure of electricity to the driver, controls, lube oil pumps, etc. If a shaft driven oil pump is provided, the system shall be capable of pumping with reverse direction on the shaft.

At a minimum the lubricating system shall include:

a. A main oil reservoir

b. An oil heating device (if required)

c. An auxiliary oil pump (driven by the compressor driver (outboard)

d. An oil cooler

e. A dual filter

f. A check valve

g. A pressure regulating valve

h. A common oil return collector

i. The relevant pipe work with the necessary fittings

j. The lubricating system shall be equipped with a safety relief valve with return to the reservoir.

4.4.2 Oil Reservoir

The main oil reservoir can be either integrated to or separated from the compressor.

Its capacity shall be sufficient to avoid frequent oil make-up and to allow proper decantation.

It shall be manufactured from welded sheet iron or steel protected on the inside by corrosion-proof oil-insoluble coating. Its design shall provide for easy cleaning.

The oil reservoir shall be provided with:

a. an easy-to-reach filling opening equipped with a screen filter.

b. a slanted bottom and a drain valve to allow complete draining.

c. a foam-separation sheet

d. a temperature indicator

e. a level switch with low level alarm

If the oil reservoir is to be used as supporting plate for part of the machine or for the whole machine, it shall be equipped with the necessary reinforcing pieces to prevent any deformation liable to cause alignment defects between the machine parts.

4.4.3 Oil Heating Device

Whenever an electrical heating device is provided, it shall not supply more than 15 watts per square inch to the surface in contact with the oil. It shall be provided with a built in thermostat and a safety device to prevent any accidental oil overheating.

It shall be capable of raising the oil temperature, from minimum design temperature up to the temperature recommended for starting, within a maximum period of four hours.

4.4.4 Oil Pumps

Each pump shall be equipped at suction intake with a protection strainer and a foot valve; suction shall be located on the tank bottom upper side.

The auxiliary oil pump shall start automatically and ensure safe operation whenever the oil pressure delivered by the main pump becomes insufficient while the compressor is in operation.

If, in spite of the auxiliary pump starting, the rated oil pressure cannot be provided, an oil pressure failure safety device shall shut down the compressor. In case of failure of the auxiliary pump, the main pump must be adequate to ensure the machine lubrication until complete shut-down.

The oil system shall include a device to allow checking, during normal operation, that the auxiliary pump works satisfactorily.

4.4.5 Oil Filters

A dual filter shall be provided, allowing interchange during operation without any risk of pressure drop. Each filter shall be designed for the total oil output and have a filtration fineness of 10 microns.

4.4.6 Oil Cooler

The cooler shall be so designed as to eliminate any risk of water leaking into the oil circuit.

Preferably coolers shall be shell and tube type with cooling water in the tube.

It shall be possible to proceed with the cleaning, on the water circulation side, without having to drain off the oil circuit.

The cooler shall be fitted with a high-point vent and a low-point purge, on the oil and water systems, so as to facilitate the filling or ensure the total purging of the circuits.

The lube oil temperature to the bearings shall be thermostatically controlled by bypassing oil around the cooler.

5 CONTROLS AND INSTRUMENTATION

5.1 General

Vendor shall design and supply a complete compressor control system for safe operation of the compressor at design conditions. This shall allow safe start-up and shutdown of the machine on both planned and emergency conditions.

All instruments and controls necessary for operation of the machine, shall be mounted on a control panel located adjacent to the compressor unless otherwise specified. Vendor's local panel to include the motor start and stop push buttons.

Control panel shall be factory mounted on the skid with all tubing and wiring installed between panel and sensing instruments.

All instruments and valves shall be such that they fail in a shutdown and/or safe position in the event of a failure in signal or electrical supply.

Two terminals shall be supplied by Vendor on annunciator unit so that a remote master alarm and shutdown indicator can be initiated from the local panel. The annunciator unit will have first out feature.

The compressor capacity control will be a function of flow requirements and will be accomplished by bypassing partial or total flow to the suction of the compressor. The bypass valve will be sized to accommodate 120% of the maximum discharge flow. The bypass valve is to be equipped with a positioner with indication of open and closed position on the control panel.

5.2 Shutdown System

A completely wired control system shall be provided to safely shutdown the compressor in the event of any malfunction as monitored by the instrumentation provided. The minimum level of instrumentation is itemized below.

Table 1
	Function
	Indicator
	Alarm
	Trip

	Process Gas
	
	
	

	Compressor inlet pressure (after filter)
	X
	Lo
	Lo

	Compressor outlet pressure
	X
	-
	Hi

	Outlet Temperature on each stage
	X
	Hi
	Hi

	Compressor Outlet temperature
	X
	Hi
	Hi

	Outlet pressure at each stage
	X
	-
	-

	Suction temperature at each stage
	X
	-
	-

	Temperature of gas at supply limit
	X
	-
	-

	Delta pressure through inlet screen
	X
	Hi
	-

	Bearings and Lube Oil System
	
	
	

	Oil cooler outlet temperature
	X
	Hi
	Hi

	Inlet oil pressure
	X
	Lo
	Lo

	Differential oil pressure on filters
	X
	-
	-

	Oil level
	
	X
	-

	Temperature of each journal bearing
	X
	Hi
	-

	Temperature of each thrust bearing
	X
	Hi
	-

	Cooling Water
	
	
	

	Water inlet temperature to compressor
	X
	-
	-

	Water outlet temperature from oil cooler and each gas coolers
	X
	-
	-

	Flow at inlet to machine
	-
	-
	Lo (Permissive)

	Water Traps
	
	
	

	Water level
	X
	Lo
	Lo/Hi

	Shaft Vibration
	
	
	

	Radial vibration of each high speed rotor at each bearing
	X
	Hi
	Hi

	Sound Enclosure
	
	
	

	Extractor
	-
	Lo
	Permissive

	Ventilator
	-
	Lo
	Permissive


5.3 Units of Calibration

Unless otherwise specified, calibration of instruments shall be in the following units of measurement.

Table 2
	Flow
	standard cubic feet per minute (scfm) measured at 14.7 psia and 60°F

	Pressure
	pounds per square inch gauge (psig)

	Temperature
	°F

	Weight
	pounds

	Liquid flows
	gallons per minute (gpm)

	Speed
	revolutions per minute (rpm)

	Length
	feet and inches


5.4 Local Instrument Panel

The local instrument panel shall be a cabinet-like structure with front opening door, indicators and annunciators door mounted and other devices such as relays, transmitters and terminals mounted on appropriate "pans" inside.

The internal wiring shall be complete and brought to terminals except signal wire or calibrated leads which may be wired directly to the corresponding device (i.e., thermocouples, RTDs, twisted pairs or triads, special shielded wires for vibration, etc.).

Only one instrument air connection will be allowed for the instrument panel. Vendor is to supply a filter regulator. Each instrument should be isolated from the air header by a valve.

Pneumatic tubing shall be ¼-inch O.D. by 0.032-inch wall seamless copper tubing, conforming to ASTM specification B68, DHP annealed unless otherwise specified. All lines for connection to be skid mounted devices and shall terminate at "bulkhead bar." Connections on the skid side shall be ¼-inch FPT and shall be tagged with the tag number of the device on the skid on metal tags.

All tubing runs shall be installed exposed in horizontal and vertical planes making only 90° bends. All tubing shall be securely strapped and fastened to ample steel and shall not obstruct access to any device, adjustments or connections.

All pressure gauges are to be fitted with shatterproof plastic faces and blow-out backs.

A skid mounted local instrument panel shall be fully piped and wired making the assembly a packaged, tested unit.

Conduit and tubing enter or leave the skid overhead.

Panel power shall be 1 phase, 115 volt AC, 60 Hz, or as otherwise specified.

A breaker panel shall be provided to distribute incoming power. A separate circuit shall be provided for each system or loop requiring power. Ten percent (10%) spare breakers shall be provided in the breaker panel or as otherwise specified.

All power wiring shall conform to the applicable national, state, county, provincial, or municipal electrical codes for general purposes enclosures and the local inspection authorities' interpretation thereof. Unless otherwise specified, UL approval in the United States or CSA approval in Canada is required for the electrical portion of the control panel.

All wires shall be properly tagged at both ends using "slip-on" type markers.

A local panel annunciator having visual and audible alarms shall be provided for connection to all alarms and trip devices. Each alarm point shall have contact for remote indication. All shutdown functions shall have first out feature and a common contact for remote indication.

If a PLC or Microprocessor is offered, the Vendor shall quote as an option the flexibility to easily edit all programming by an external console during compressor operation. A communication card is to be provided.

Vendor shall quote as an option RS232 port, if available.

All essential shutdowns will be hardwired.

Process type relief valve shall be provided at each stage discharge. They shall be able to relieve full flow and be set to operate at no more than the maximum allowable working pressures but no less than 110 percent of the rated pressure or the rated pressure plus 25 psi. Relief valves shall be supplied by the Vendor and installed in his piping. Vents shall be brought to the edge of the sound enclosure.

The approved instruments to be supplied by Vendor are itemized below. Any exceptions must be detailed by Vendor in his proposal and expressly approved in writing by Purchaser.

Table 3
	Pressure Transmitters
	Foxboro

	Flow
	Foxboro

	Temperature
	Foxboro

	Pressure Gauges
	4½( diameter, solid front

	Thermometers
	5( diameter, adjustable position

	Pressure Switches
	UE J6X (single set point)

	Temperature Switches
	UE F6X (single set point)

	Vibration Monitor
	Bently-Nevada

	Annunciator
	Ronan S10C

	Controllers
	Foxboro (reset wind-up protection)


6 CODES AND STANDARDS

Unless otherwise specified, the equipment covered by this specification shall be designed, fabricated, and installed in accordance with the applicable codes cited herein. In cases where this application contradicts the codes or where two applicable codes contradict each other, vendor shall apply to Purchaser for clarification.

Table 4: Applicable Codes

	Material
	Code
	Specification
	Standard

	Compressors
	ASME where applicable
	API 619
	

	STM Turbine
	ASME where applicable
	API-611
	

	Pressure Vessels
	ASME VIII
	
	

	Coolers
	ASME VIII
	TEMA "C"
	

	Valves
	
	
	ANSI

	Piping
	ANSI B31.3
	ASTM
	ANSI

	Pipe Fabrication
	ANSI B31.3
	
	

	Fittings
	
	
	ANSI

	Flanges
	
	
	ANSI B16.5

	Welding
	ANSI B31.3
	
	

	Electrical
	NEC
	
	NEMA

	Gears
	
	
	AGMA 421-05

	Noise
	
	OSHA
	150 TC 43 dBA 
90 dBA maximum


In Canada, the electrical equipment shall conform to CSA Standards.

In addition to the requirements of the codes cited herein, the Vendor shall assure conformity of all equipment to the specification requirements of the local governing authority as specified.

ASME Boiler and Pressure Vessel Code Section IX for welding qualifications shall apply.

7 PIPING

Unless otherwise specified, piping shall conform to the following requirements.

Vendor shall supply all interstage piping and all piping from the inlet flange of the machine to the discharge flange of the discharge check valve located downstream of the aftercooler. This shall include the vent system. Vendor shall also supply all lube oil piping between lube oil console and the compressor.

The stresses admissible by the compressor flanges shall be taken into account during pipe work and supports calculation.

All piping shall be prefabricated and mounted on the base plate.

All piping shall be designed and fabricated in accordance with the requirements of the ANSI (ASA) Code for Pressure Piping B31.3.

All welders and welding procedures shall be qualified in accordance with the requirements of the ANSI (ASA) Code for Pressure Piping B31.3.

All connections 2 inches and above shall be flanged in accordance with ANSI (ASA) B165.5 standards or shall be welded.

Connection of 1½-inch nominal size or smaller may be screwed. Threaded connections shall be in accordance with NPT standards.

Layout of piping and material, in particular, location of purges, drains, etc., shall be in accordance with best industrial practices.

All gas piping shall be carbon steel unless otherwise specified.

All lube oil piping shall be carbon steel. Piping shall be descaled, clean and shipped with a protective coating of lubricating oil. Oil piping downstream of filters shall be stainless steel.

In order to avoid oil leakage on lube oil piping connections:

The number of screwed connections shall be reduced to a minimum. Wherever possible the following action shall be taken:

a. Replace screwed fittings with socket weld fittings, or

b. Replace pipe and fittings with bent tube and compression fittings, i.e., Swagelok type or equal.

c. Eliminate screwed bushings, where possible, by purchasing the items with connections the same size as piping.

d. Install a pair of socket weld flanges, where practical, instead of unions or unions with soft.

Where threaded joint cannot be eliminated, ensure during fit-up that at least five thread engagement is achieved at the joint.

Where threaded joint cannot be eliminated, ensure during fit-up that at least five thread engagement is achieved at the joint.

The lube oil system on the skid shall be operated before the unit is shipped to insure that the system is leak free.

The lube oil system assembly shall be properly supported to prevent excessive vibration during shipment.

Lube oil piping shall be prefabricated so that no field welding is required for erection.

All oil drains shall be sized to operate at no more than half full with sufficient continuous slope (2% minimum) towards the oil tank. They shall drain into the deepest side of the tank.

All cooling water supply lines and return lines shall be piped to a common header. Both headers shall terminate at the edge of the skid with a block valve. The supply header shall be provided with a flow switch and a temperature indicator.

Each cooling water return line shall be provided with a globe valve, flow and temperature indicators.

The compressor shall be protected at all times from particles in the gas stream by means of a suction filter or screen.

The acceptable size of particle will vary with compressor design but in no case must it be larger than 300 microns.

To prevent break up by corrosion of the filter media, elements or mesh or internal supports should be manufactured from corrosion resistant materials.

The filter must have adequate strength to avoid failure of the filter element due to excessive differential pressure through partial blockage or from pressure pulsations.

All filter components that may become detached should be upstream of the filter element.

The filter shall be designed such that it can only be installed in the correct direction of flow.

Vent and safety valve piping is to be headered and run to a safe location.

The recycle piping should enter the suction line upstream of the filter.

8 SHOP INSPECTION

8.1 General

The compressor and associated equipment shall be accessible for shop inspection by Air Liquide during construction or an authorized representative. Vendor shall notify Purchaser in writing, giving a minimum of three weeks notice, whenever a test is due, to enable Purchaser to send representatives to witness test.

8.2 Code Inspection

Unless otherwise specified, all vessels within its scope shall be tested and inspected in accordance with the requirements of the ASME Code Section VIII by a qualified inspector of the National Board. A file shall be supplied for each such vessel, which shall, unless otherwise specified, contain the following information.

a. Outline drawing complete with code data and bearing registration number and inspector's seal and signature

b. Certified manufacturer's data report

c. Hill test reports

d. Rubbing of nameplates

e. Copies of pressure test records

8.3 Casing

Unless otherwise specified, all casings shall be subjected to hydrostatic pressure tests at a value not less than 1.5 times the design pressure. Only clean water shall be used.

Pressure containing parts with a molecular weight of 12 or less shall be given a pressure test with helium at 1.0 times the maximum allowable pressure. Leak detection shall be by helium probe or by submergence in water. Zero leakage is required.

9 SHOP TEST

Upon completion, Air Liquide shall witness a mechanical run test of the equipment as a whole done by the Vendor and using the compressor's own driver to verify that the equipment is complete and functioning satisfactorily.

The compressor shall be operated at the maximum allowable speed and, after case and lube oil temperatures have stabilized, the mechanical performance shall be checked, including oil temperature, cooling water temperature, lateral vibration amplitude, and seal operation. Operation shall be continued at the maximum allowable speed for 2 hours after the temperature has stabilized.

After the mechanical test, a "heat run" shall be performed at the maximum allowable speed with the discharge temperature stabilized at the rated discharge temperature plus 20°F for a minimum of 30 minutes. Joints and connections in the casing and oil system shall be checked for tightness, and any leaks shall be corrected.

Vendor shall maintain a detailed log of all final tests (including data on vibration, oil and gas pressures and temperature, speed, etc.) and shall submit to the purchaser the required number of copies. Vibration limits shall not exceed the API 619 requirements. All warning, protective, and control devices shall be checked, and adjustments shall be made as required.

After the mechanical run test, the following will be inspected.

a. The case

b. Bearings

c. Seals

d. Timing gears

e. Rotors

If modifications, replacement, or adjustments must be made to any of the above for correction of mechanical deficiencies, the initial test shall not be acceptable and the shop tests shall be redone after such replacements or corrections are made.

Vendor is to quote, as an option, a performance test in accordance with the applicable portion of the ASME Power Test Code, PTL-9. Vendor is to provide standard performance test procedure with proposal.

10 DOCUMENTATION

10.1 Information Required with Quotation

a. Price (Standard Supplier's machine and options) as requested

b. Delivery (shipping date)

c. Two (2) drawings showing general assembly with dimensions, weight and anchor bolt locations

d. Complete technical information on equipment quoted

e. Two (2) copies of priced recommended spare parts list

f. List of users showing type, size, make of equipment supplied for coke oven gas service

g. Expected performance curves of the machine

h. Completed forms in the Equipment Data Sheet.

i. One P&ID (symbols and identification following ISA)

10.2 Information Required after Order Release

When this specification is accompanied by an official purchase order, in addition to the information above in its finalized form, Vendor shall furnish the information listed below or as specified in the Vendor Document Requirements form.

a. Certified anchor bolt location and type and size of bolts to be used

b. Certified dimensional assembly drawings

c. Motor data sheet (filled)

d. Compressor data sheets (filled)

e. Shop test data (filled)

f. Instruction manuals

g. Affidavits of manufacture

11 PERFORMANCE GUARANTEE

Final acceptance of Vendor supplies shall be based on field performance after full operation under plant conditions. Compressor shall be capable of meeting the conditions specified under design performance with no negative tolerance. Compressor is expected to operate continuously under these conditions. The unit is to be guaranteed for the design conditions stated in the Process Data Sheet.

In the event of justifiable non-acceptance of the equipment or any part thereof by Purchaser because of failure to meet the above process guarantee, Vendor shall perform or cause to be performed, at his own expense, such additional work as Vendor deems necessary to meet such guarantees.

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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