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SKID MOUNTED FUEL GAS COMPRESSOR SYSTEM

RECIPROCATING OR SCREW-TYPE COMPRESSOR
1.0
SCOPE
1.1
This specification covers the minimum requirements for the mechanical design, materials, fabrication, inspection, and testing of skid mounted fuel gas compressor systems furnished for Solar Turbines, Construction Services.

1.2
The compressor system vendor shall guarantee the package to perform in accordance with the environmental conditions, operating conditions, and material requirements of the system specification sheet; and shall guarantee the unit against defective workmanship and improper mechanical design.

1.3
This specification includes Data Sheets which shall be considered a part of this Specification.  Bidder shall complete the Data Sheets and submit them with his Bid.

1.4
Alternatives or additions to these Specifications shall be brought to the attention of Company in writing at the time the Bid is submitted.

1.5
Company shall be advised of any discrepancies between this Specification and the Data Sheets.

2.0
CODES AND SPECIFICATIONS
2.1
These codes shall be interpreted as the minimum requirements applicable to the subject work, and no statement contained in this Specification shall be construed as limiting the work to such minimum requirements.  The latest revisions of the codes listed shall govern all work.

2.1.1
API 11P "Specification for Packaged High Speed Separable Engine Driven Reciprocating Gas Compressor"

2.1.2
ANSI B31.3 "Chemical Plant and Petroleum Refinery Piping"

2.1.3
ANSI C1 "National Electrical Code, Hazardous Locations"

2.1.4
ASME Section VIII, Div. 1 "Pressure Vessel Code"

2.1.5
ASME Section IX "Welding and Brazing Qualifications"

2.1.6
ASTM "Standards for Materials"

2.1.7
NFPA 70 "National Electrical Code"

2.1.8
OSHA "Occupational Safety and Health Act", standards as applicable.

2.1.9
NEMA "National Electrical Manufacturers Association", standards as applicable.

2.1.10
AISC "Manual of Steel Construction"

2.1.11
AWS D1.1 "Structural Welding Code"

3.0
GENERAL
3.1
The fuel gas compressor system shall be tagged as specified on the System Specification Sheets.

3.2
The compressor package shall be a continuous duty, direct drive fuel gas compressor system of established design complete with electric drive motor and all features, devices, auxiliaries, and appurtenances necessary to provide a complete operating unit.  All exposed surfaces of the unit should be protected from normal atmospheric corrosion, or as specified on the attached data sheet.

3.3
The function of the fuel gas compressor system shall be to boost the pressure of the supply gas and deliver it at a regulated pressure at a variable rate of flow, dictated by the fuel requirements of the combustion turbine.

3.4
The package shall consist of the following principal components and accessories as required for proper operation:

3.4.1
Electric motor driver

3.4.2
Reciprocating or screw-type compressor

3.4.3
Suction scrubber (one for each compression stage)

3.4.4
After cooler (one for each compression stage)

3.4.5
After scrubber (vertical filter/coalescer)

3.4.6
Reheater

3.4.7
On-skid interconnecting piping and valves

3.4.8
On-skid instrumentation and interconnecting wiring

3.4.9
On-skid electrical control panel with a spare set of contacts for remote start/stop capability

3.4.10
Structural skid

3.5
The package shall be mounted on a structural steel base and shop assembled.  All system components shall be located within the skid boundaries.

3.6
The package must be suitable for full recycle of rated capacity at full pressure differential.  A properly sized recycle pressure regulator shall be the responsibility of the vendor.

3.7
The area designation for installation of the package shall be Class I, Division 2, Group D, as described in Article 500 of the latest edition of the National Electrical Code.  All electrical apparatus, equipment, devices, and wiring shall be enclosed and suitable for the area designation.

3.8
Maximum noise levels produced by any unit shall be as specified on the attached data sheet.

3.9
All rotating exposed components shall have suitable guard covers designed to prevent accidental contact.  These guards shall be solidly constructed from a non-sparking metal suitable for use in a gaseous atmosphere, securely fastened in place but easily removable for maintenance purposes.  Guards shall comply with OSHA standards.

3.10
The detailed design of the compressor package shall be the total responsibility of the Vendor.  The design information included in this Specification is not intended to cover complete details.  The Vendor shall submit for approval the required documentation as detailed in Section 18.0 of this Specification.  If provided, requirements defined by the 'Vendor Drawing and Data Request' form shall supersede those of Section 18.0.

3.11
All structural welding performed shall meet the requirements of AWS D1.1 Structural Welding Code.  All pipe welding shall meet the requirements of ANSI/ASME B31.3. 

3.12
No fabrication shall commence until the Approval Drawings have been approved by Company.

3.13
All bolts, nuts, U-bolts, mounting hardware, etc. shall be cadmium-plated unless noted otherwise in this Specification.

3.14
Radiographic inspection and NDT of piping welds will be in accordance with the applicable codes.

4.0
COMPRESSOR
4.1
The Vendor shall choose either reciprocating or screw-type compressor designs, based on his best recommended configuration, unless specified otherwise on System Specification Sheet or Specification Addendum.  Reciprocating compressor designs shall be in accordance with Section 4.2.  Screw-type compressor designs shall be in accordance with Section 4.3.

4.2
Reciprocating Compressors

4.2.1
The compressor shall be a horizontal balanced/opposed compressor frame with pressure lubrication system including oil pump, relief valve, standard full flow filter, strainer, level sight glass, crankcase breather and crankcase-fed force feed cylinder and rod packing lubricator with block distribution system and no flow sensor.  Compressors manufactured by Ariel are preferred; other manufacturers will be considered.

4.2.2
Gray or ductile iron cylinders with double acting gray iron pistons and Hoerbiger plate valves shall be selected by the Vendor to cover the complete operating range at constant speed.

4.2.3
Variable volume clearance pockets shall be included on all first stage cylinders, and included as deemed necessary by Vendor on all other stages.  Pockets shall be manually operated.

4.2.4
Drive coupling between motor and gas compressor shall be the flexible disc type.  Disc material is to be 316 SS.  A removable guard is required over the coupling for personnel protection.

4.2.5
Vendor shall furnish his standard distance piece.

4.2.6
Crankcase shall have a 1" lube oil drain valve.

4.2.7
An automatic electric motor driven prelube pump shall be included.

4.2.8
Appropriately sized ASME-stamped pulsation bottles shall be installed at the inlet and discharge of each cylinder.  Discharge pulsation bottles shall include connections for high discharge temperature thermowell and a bottle drain.

4.3
Screw-Type Compressors

4.3.1
Compressor shall be an oil flooded rotary screw compressor with automatic capacity slide for capacity control and start loading.

4.3.2
Compressor shall be furnished complete with all necessary manufacturer-recommended appurtenances and items shown on P&ID.

4.4
Vendor shall furnish an appropriately sized lube oil day tank, to be located off-skid by customer.

5.0
ELECTRIC MOTOR
5.1
The compressor driver shall be an electric motor.  Motor horsepower shall be determined by the operating conditions.  The motor shall be capable of driving the compressor at rated capacity and pressure without exceeding its continuous full load rating.  Service factor rating shall not be used to meet this requirement.

5.2
Motor enclosure is to be TEFC.  

5.3
Motor shall be sized for a 1.15 service factor.

5.4
Power available is specified on the System Specification Sheet.

5.5
Insulation shall be NEMA, Class F, with temperature rise in accordance with NEMA standards.

5.6
All other motors shall have same power available and TEFC enclosures.

5.7
Space heaters shall be furnished for all motors 5 horsepower and above to keep the motor windings and internal parts dry when the motor is not operating.  Heaters shall operate on 120 VAC single phase power.

5.8
All motors shall be controlled from remotely located motor controllers.

5.9
Any additional requirements such as tropicalization shall be specified on attached System Specification Sheet.

6.0
SCRUBBER
6.1
The pressure vessels shall be designed and fabricated in accordance with ASME Section VIII, Division 1.

6.2
The suction scrubber shall be vertical, in-line, mesh pad type; designed for conditions outlined in System Specification Sheet.

6.3
The after scrubber shall be a vertical filter/coalescer with a quick opening closure on the filter element end.  Fuel gas filtering and coalescing for the after scrubber shall be down to a level of 3 microns absolute for liquids and solids.

6.4
All internals shall be 304 SS.

6.5
Vessels shall be designed with a 1/8" minimum corrosion allowance.

7.0
REHEATER
7.1
Vendor shall provide a gas to gas reheater, if specified, to provide a minimum of 15F superheating to the fuel gas stream after it leaves the after scrubber and before reaching skid outlet.  Maximum gas temperature shall not exceed 160F at skid outlet.

7.2
Reheater shall be a shell and tube heat exchanger.

7.3
Reheater shall be configured as drawn on the P&ID.  The heat input side shall be between the last compression stage pulsation bottle and the after cooler.  The heat absorption side shall be between the discharge filter coalescer and the skid fuel gas outlet.

8.0
COOLER
8.1
A unitized, electric motor driven, free-standing air cooled heat exchanger shall be supplied for each compressor package, unit to be ASME code stamped.  The entire exchanger shall be serviced by a single fan.

8.2
One cooling section of the air cooler shall be provided for each stage of compression.

8.3
Motors shall comply with the requirements of Paragraphs 5.2 to 5.8.

8.4
Air cooler shall be equipped with manually adjustable louvers.

8.5
Header box designs shall include 1/16" corrosion allowance.

9.0
PIPING
9.1
Pipe, valves, and fittings shall be in accordance with ANSI B31.3.

9.2
Temporary plate or cone type (150% minimum open area) start-up strainer shall be provided by Vendor, and shipped loose for installation at inlet flange of skid.  Temporary strainers will have 1/8" holes and supplied with 40 mesh stainless steel wire mesh.

9.3
Process valving shall include, but not be limited to:

9.3.1
Safety relief valve, suction

9.3.2
Safety relief valve, one for each discharge stage

9.3.3
Automatic suction block valve, with pneumatic actuator (optional)

9.3.4
Automatic blowdown valve, with pneumatic actuator (optional)

9.3.5
Discharge piston check valve

9.3.6
Automatic bypass control valve

9.3.7
Appropriate isolation valving for instrumentation

9.4
Vendor shall provide his welding and weld repair procedures on request.

9.5
All terminating lines shall be extended to the edge of the skid and terminated with an ANSI RF flange (2" and larger size), or a union (less than 2" size) connection.

9.6
All piping shall contain a sufficient number of unions and flanges to allow removal or the piping and equipment for maintenance.

10.0
STRUCTURAL SKID
10.1 Vendor shall supply a concrete-filled structural steel skid, designed in accordance with AISC Manual of Steel Construction.

10.2
Components shall be mounted with anchor bolts or welded to structural members.  The compressor shall be grouted in place.  A 2" drip lip or suitable containment carrier shall be provided around the compressor.  The motor shall be mounted on rails with jacking screws and shims.

10.3
Access area skid surfaces shall be 1/4 inch checkered plate unless concrete surface can be used.

10.4
A total skid weight estimate, including all components, is to be included on the Approval Drawings.

10.5
Skid stiffness shall be of such magnitude to prevent any local resonances.

1
10.6
Deleted

10.7
Suitably designed lifting lugs shall be furnished on skid package.

11.0
INSTRUMENTATION
11.1
Vendor shall be responsible for design, manufacture, and supply of a fuel gas control panel complete with all associated process instruments, annunciators, power supplies, push-buttons, lights, and accessories.  The panel shall be furnished painted, completely wired, and functional.

11.2
Unless indicated otherwise, the panel shall be skid-mounted and suitable for the area classification stated in Section 12.1.  The panel shall include a relay panel, a first-out type annunciator: Ronan X11 or equal, and miscellaneous switches and controls.  The panel logic shall be designed for valve sequencing and alarm/shutdown functions for the compressor package as listed in Section 11.3.  The annunciator and necessary switches shall be mounted on the face of the panel.

11.3
Shutdowns, with panel annunciation, shall include, but not be limited to:

11.3.1
Compressor low oil pressure

11.3.2
Compressor lubricator no-flow

11.3.3
Compressor vibration

11.3.4
Compressor low oil level

11.3.5
Cylinder high discharge temperature, for each cylinder

11.3.6
Scrubber high liquid level, for each scrubber

11.3.7
Low suction pressure

11.3.8
High suction pressure

11.3.9
Low interstage pressure, if applicable

11.3.10
High interstage pressure, if applicable

11.3.11
Low discharge pressure

11.3.12
High discharge pressure

11.3.13
Remote stop

11.3.14
Cooler vibration, if applicable

11.4
If required, the panel shall be designed to be compatible with the turbine control panel (TCP).

11.5
The skid wiring method shall be waterproof non-wicking interlocked armor or corrugated sheath cable in fiberglass cable tray, suitable for Class I, Division 2, Group D areas.

1
11.6
All tubing and fittings shall be 316 stainless steel.  Tubing fittings shall be 

Swagelock.  Other threaded connections shall be sealed with a suitable sealant.  

12.0
ELECTRICAL
12.1
All electrical components shall be suitable for Class I, Division 2, Group D area classification.

12.2
Vendor shall furnish a maintained contact on/off selector switch with padlock provisions at each motor.  The switches will be wired to their respective 120-Vac motor control circuits by others.  Switches shall be wired to the terminal boxes.

12.3
The required power feeders for the main drive motor and other motors shall be installed by others.  Power connections will be made directly to the motors.  Control connections will be made at the skid mounted panel or skid mounted junction box (if panel is to be located off-skid).

12.4
The complete electrical installation of skid shall comply with the requirements of the National Electrical Code and applicable industry standards as referenced in Section 2.0.

13.0
PAINTING
13.1
The compressor package shall be painted in accordance with manufacturers' standard paint specifications.

1
13.2
Air cooler headers, structural members and other components of air coolers 

shall be painted in accordance with manufacturers' standard paint specifications.

14.0
INSPECTION AND TESTING
1
14.1
Deleted

14.2
No construction shall commence prior to receipt and approval of Approval Drawings.

14.3
Company reserves the right to inspect the fabrication and welding of all components prior to the start of coating operations.  Vendor shall provide 5 days notification prior to initiation of coating operations.

14.4
Pressure piping butt welds shall be 100% x-rayed.  All non-destructive testing (NDT) costs shall be in Vendor's scope.  Vendor's NDT subcontractor shall be subject to Company's approval.

14.5
All piping shall be hydrostatically tested to 1.5 times the design pressure for at least one half (1/2) hour after all leaks have been located and stopped.  Certification of these tests shall be included in the operating manual.

14.6
Final protective coating shall not be applied prior to hydrotesting.

14.7
Piping systems shall not be tested during inclement weather.  Vendor shall use water that has an adequate content of corrosion inhibitor for hydrotesting.

14.8
Vendor shall submit a detailed testing procedure and checklist for Company approval 2 weeks prior to testing.

14.9
The following minimum tests shall be performed.  Standard testing of the compressor package shall include but not be limited to:

14.9.1
Compressor frame standard factory tests to verify performance characteristics, load capability, and conformance with this Specification.

14.9.2
All protection equipment and devices, safety devices, and remote functions shall be tested.

14.9.3
All wiring shall be checked for continuity and insulation integrity.

14.9.4
All instrument air or instrument gas piping shall be tested using air pressure and a soap solution to check for leaks.

14.10
All fuel, wire, test equipment, and personnel required for testing shall be supplied by Vendor.

14.11
All test data shall be recorded and cosigned by Company's designated representative and Vendor.

15.0
PREPARATION FOR SHIPMENT
15.1
Immediately upon completion of all tests, Vendor shall protect all machined surfaces with a corrosion preventative.

15.2
If variable volume clearance pocket will be removed for shipment, head end of exposed cylinder shall be covered with plywood.

15.3
Each major component shall be properly identified with item and serial numbers.  All material shipped separately shall be properly tagged or marked with the item and serial number.

15.4
Small, easily-damaged parts shall be removed for shipping.  The part removed, and the location the part was removed from, shall both be identified with 316 stainless steel metal tags securely attached with 316 stainless steel wire, indicating the instrument and tag number.

15.5
Packing and shipping requirements shall be specified separately in the RFQ.

15.6
The unit shall not be shipped until it is inspected, approved, and issued a shop acceptance form by Company.

15.7
All lubricants, spare parts, filters, etc. required to make the compressor package operational upon installation, shall be boxed or crated, attached to the skid, and shipped with the unit.

15.8
Vendor shall include in his Bid the cost to load out and tie-down the unit on a truck.

15.9
All openings shall be suitably protected for shipping by the use of plastic plugs, wooden flanges, etc. as necessary. 

15.10
All connections, including those for instruments, tubing, etc. shall be identified with a 316 stainless steel metal tag attached with 316 stainless steel wire indicating the type of connection, the instrument or the line description of the connecting piping.

16.0
SERVICE
16.1
Cost of providing installation-site services shall not be included in Vendor's Bid price, but Vendor shall include with his Bid the published rate schedule for his service personnel.

17.0
TAGGING
17.1
The compressor package shall be tagged with a 316 stainless steel tag, approximately 2-1/2 inches wide by 4 inches long and permanently attached.  Letters shall be stamped and include manufacturer, equipment title, job number, equipment location, and Purchase Order number.

18.0
DOCUMENTATION
18.1
Company requires all vendor data to reference Company project and Purchase Order number.

18.2
Vendor shall include following documentation with Bid Proposal:

18.2.1
Completed Data Sheets (Section 20.0 of this specification)

18.2.2
Statement of Adherence, Exception, and/or Clarification to All Codes and Specifications referenced by Company's requisition package.

18.2.3
Utility Requirements (power, instrument air, water)

18.2.4
Published rate schedule for service personnel

18.3
Company shall require the following information for approval prior to the start of any fabrication:

18.3.1
Process gas P&ID, with bill of material

18.3.2
Utility P&ID, with bill of material

18.3.3
Equipment and piping arrangement drawings

18.3.4
Vessel data sheets and drawings

18.3.5
Cooler data sheets and drawings

18.3.6
Reheater data sheets and drawings

18.3.7
Control panel schematics and layout

18.3.8
Utility Requirements (power, instrument air, water)

18.3.9
Coupling details and drawings

18.4
Vendor shall incorporate all Company comments in to the vendor information and solicit final approval before commencing fabrications.  No subsequent revisions may be issued without Company approval.

18.5
Vendor is to supply six (6) sets of job books for the compressor package.  The books shall include as a minimum the following items:

18.5.1
P&IDs with bills of material

18.5.2
Equipment and piping arrangement drawings

18.5.3
Vessel data sheets and drawings

18.5.4
Cooler data sheets and drawings

18.5.5
Reheater data sheets and drawings

18.5.6
Control panel schematics and layout

18.5.7
Electrical drawings

18.5.8
Recommended spare parts list with unit prices.  Two lists, one for start up and one for two years operation, shall be submitted.

18.5.9
Descriptive literature of all major components

18.5.10
Maintenance instructions

18.5.11
Recommended start-up and operating procedures

18.5.12
Utility Requirements (power, instrument air, water)

18.5.13
Coupling details and drawings

19.0
WARRANTY
19.1
Vendor shall guarantee that all work is free from defects in design, workmanship, materials and equipment.  Vendor shall repair or reinstall, without cost to Company, any work, material, or equipment that shall become defective, or not operate in accordance with the design requirements, except for wear and tear, during the progress of the work for a period of twelve (12) months after successful start-up, or eighteen (18) months after acceptance by Company, whichever comes first.

20.0
DATA SHEETS
20.1
Bidder must fill out the Data Sheets included in this Specification for his Bid to be considered.  However, alternate Bids may be submitted with the original Bid as long as the alternate is placed on separate Data Sheets and is indicated as being an alternate Bid.


SKID MOUNTED FUEL GAS COMPRESSOR SYSTEM DATA SHEETS
1
(Bidder:  Complete a Data Sheet for Each Unit Quoted)

PROJECT:

___________________________________________

LOCATION:

___________________________________________

SOLAR INQUIRY NO.:
___________________________________________

BIDDER REF. NO.:
___________________________________________
NOTE:  ALL BLANKS TO BE FILLED IN BY BIDDER AND FORM RETURNED WITH BID.

1.1
RECIPROCATING COMPRESSOR (Fill out only if bidding a recip design)

Type ____________________Code

API _________________

Manufacturer  ____________________

Model No.___________________

No. Throws  ____________________
No. Stages____________________

RPM  ____________________

       Stage 1
Stage 2
Stage 3




(if appl.)
(if appl.)

Cylinder Size
 _________ 
_________
_________ inch

MAWP
 _________
_________
_________ psig

Nozzle Size
 _________
_________
_________ inch

Nozzle Rating
 _________
_________
_________ ANSI

Clearance Pockets
 _________
_________
_________ (Yes/No)

Is your firm an authorized distributor for this compressor

manufacturer?

 _________
(Yes/No)

1.2
SCREW-TYPE COMPRESSOR  (Fill out only if bidding a screw-type design)

Type____________________Code
API _________________

Manufacturer____________________
Model No.____________________

Rotor Diameter____________________
Max RPM____________________

Operating RPM____________________
Swept Vol _________CFM

Max Allowable HP
________  hp
Max Inlet P_________psig

MAWP
______________  psig

Minimum Pressure Differential
_____________________psig

Maximum Inlet Temperature

______________________ºF

Maximum Outlet Temperature
______________________ ºF

Suction Flange 
_______ inch
_________   # ANSI

Discharge Flange
_______ inch
_________   # ANSI

Method  of starting unloading______________________________

Method of capacity control
_______________________________

Is your firm an authorized distributor for this compressor

manufacturer?

 _________ (Yes/No)

2.0
ELECTRIC MOTOR
Manufacturer____________________
Model No._____________________

HP Rating____________________
Power Req'd ____V / ___φ ____Hz

Enclosure ____________________
Insulation _____________________

Service Factor ____________________
RPM _____________________

Special Features  ____________________

3.0
SCRUBBER
ASME Stamp?
__________ (Yes/No)
Corr. Allow.
_________ inch

 Suction
Interstage
Discharge
(if appl.)

Size, OD x S/S

 _________
_________
_________ inch

MAWP

 _________
_________
_________ psig

Nozzle Size

 _________
_________
_________ inch

Nozzle Rating

 _________
_________
_________ ANSI

Internals - Type
 _________
_________
_________

Internals - Material
 _________
_________
_________

Particle Sep/Filt
 _________
_________
_________ micron

Corrosion Allowance
 _________
_________
_________ inch

4.0
REHEATER
Type
___________________
(Shell & Tube, Electric, etc.)

Manufacturer
___________________

MAWP
 ____________
psig at_________ºF

Amt of Superheat
 ____________
ºF (base is 15ºF)

5.0
COOLER
ASME Stamp?
__________ (Yes/No)
Corr. Allow.
_________ inch

Approach to Ambient
 ____________
ºF (base is 20ºF)

Type Louvers
___________________
(manual, automatic, none)

HP motor
___________________

6.0
STRUCTURAL SKID
Construction
___________________

Dimensions
_____ ft W x ____ ft L x ____ ft H

Total Weight
___________________
lbs  (Total Package Weight)

7.0
INSTRUMENTATION / ELECTRICAL
Control Panel Mfr
_____________
Annunciator Mfr _______________

Adherence to all Instrumentation in Sec 11.3?
_________
(Yes/No)

Area Classification
Class ____, Division ____, Group ____

8.0
GENERAL
Corrosion Environment:
Normal        Corrosive        

Salt Laden/Marine      
Noise Specifications:   
        dBA at 1 m.

�
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