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1.0
SCOPE
1.1
This specification defines the minimum requirements for design, materials, fabrication, inspection, testing and shipment of skid-mounted, turbine driven generator units for industrial power generation.


1.2
Unit shall be designed for continuous operation to supply electric power.

1.3
Unit shall consist of turbine engine, speed reduction gearbox and generator, all mounted on rigid structural steel base with weatherproof enclosure over package.

1.4
Each unit shall be complete with all associated equipment, controls, instrumentation and protective devices provided in accordance with this specification. Battery console and lube oil coolers shall be shipped loose for off skid installation by others.

1.5
The Turbine Generator package shall be the standard product of the gas turbine Manufacturer and shall not be supplied by assemblers who do not manufacture the offered gas turbines. 

1.6
All major Turbine Engine components shall be the standard product of the gas turbine Manufacturer. Compressor, Gas Generator Turbine, Power Turbine, and Combustor sections shall be fabricated by manufacturer and  shall not be supplied by any other assembler who do not manufacture the offered gas turbines. 

1.7
The following items to be provided as indicated:

· Switchgear with Instrument Transformers and Relays
( ) Manufacturer

( ) Others

· MCC







( ) Manufacturer

( ) Others


· NGR







( ) Manufacturer

( ) Others

· Heat Recovery Steam Generation System

( ) Manufacturer

( ) Others

2.0
DEFINITIONS
2.1 The term "Manufacturer" as used in this specification, shall mean the Manufacturer of the gas turbine generator set.

2.2
The term "Purchaser" as used in this specification shall mean (Purchaser's name) and its authorized representatives.

2.3
The term "Turbine Generator" as used in this specification shall mean (QUANTITY) unit(s), each consisting of a gas turbine engine, speed reduction gear unit, generator and associated equipment, systems, on skid control system panel with instrumentation and protective devices necessary to meet the requirements of this specification.

2.4
The term "Bidder" shall mean anyone who submits a proposal in response to this specification.

3.0
GENERAL REQUIREMENTS


3.1
Installation Site Conditions
3.1.1
The Turbine Generator shall be designed for installation in a non-hazardous area per National Fire Protection Agency (NFPA) 70 for the purpose of electrical power generation and for providing process heat. The following site conditions apply:

Purchaser to provide following data:
(a)
Location:                                
(b)
Altitude:                       feet (meters)

(c)
Ambient temperature/ humidity at Installation Site:

Maximum 
            oF
            oC
            %RH

Design     
            oF
            oC
            %RH

Minimum  
            oF
            oC
            %RH

(d)
Air Condition: (dusty, desert, tropical, icing, heavy moisture, normal cleanliness, etc.):                                      
(e)
Fuels 
( )
Natural Gas



( )
Light Distillate Liquid Fuel

( )
Dual Gas or Liquid Fuel

( )
Other, Specify (Fuel Analysis Attached)

( )
NAPHTHA (Fuel Analysis Attached)

( )
Low BTU (Fuel Analysis Attached)

(G)
Site Electric Power 

Motors/heaters
_____ Vac, _____ Hz, 3 phase

Lights/heaters
_____ Vac, _____ Hz, 1 phase

3.1.2
Emissions (ppm based on 15% O2)    Gas Fuel

PURCHASER to describe emissions requirements, if any.
Nox:
25
ppm

CO:
50
ppm

UHC:
25
ppm

                      3.1.3 Emissions (ppm based on 15% O2)   No. 2 oil

                                 Nox:    96 ppm

                                 CO:     50 ppm

                                 UHC:    25 ppm

3.2
Electric Power Requirements
3.2.1
The turbine generator set shall be capable of continuous nominal power of [SELECT ONE] 7.0 MW at , 590F (15oC) ambient temperature, sea level, and with no inlet or exhaust duct losses (ISO conditions) while operating on gas fuel.

3.2.2
At site design conditions the guaranteed minimum power output of the turbine generator set shall be at least kW while operating on specified fuel.

3.3
Safety
3.3.1
The Manufacturer shall, prior to the shipment of the turbine generator package, ensure that all safety measures and protective devices function in accordance with this specification.

3.3.2
All exposed rotating components shall have suitable guard covers designed to prevent accidental contact.  The guard covers shall be substantially constructed, securely fastened in place, and easily removable for maintenance purposes.

3.3.3
Equipment must comply with U.S. OSHA regulations in effect at the time the purchase order is issued.


3.4
Material and Workmanship
3.4.1
Each part or component having the same part number shall be fully interchangeable, without rework, with like part or component.

3.4.2
The quality of workmanship shall be in accordance with good commercial practice. Manufacturer shall be ISO 9000 series certified.

3.5
Shipping, Handling, and Installation

3.5.1
The turbine generator shall be capable of withstanding normal shipping and handling shocks and vibration when shipped by air, truck or by ocean freight.

3.5.2
Details of foundation and installation requirement shall be supplied by the Manufacturer and shall be documented on suitable installation drawings.

3.5.3
The Manufacturer shall provide suitable packaging for (domestic/overseas - specify) shipment.  On site storage for a period of over 6 months (is/is not - specify) required.

3.5.4
The package preservation is to include, but not be limited to, as a minimum the following:

(a)
Gas fuel system, if required, is to be purged with nitrogen

(b)
Liquid fuel system, if required, is to be purged using preservative oil

(c)
Preservative oil is to be introduced into the engine, followed by preservative powder

(d)
All oil lines, fuel lines, and engine openings are to be capped,  sealed and marked.

3.6
Manufacturing Experience
The Manufacturer shall have at least:

3.6.1
Two years of proven experience in production of this model industrial gas turbine generator.

3.6.2 Fifty  (50) Turbine Generator units of equal or comparable design in continuous duty service with a total combined operating experience of 500,000 hours.


3.7
Overall Responsibility
The Manufacturer shall have the responsibility:

3.7.1
To provide engineering coordination of gas turbine, generator, inlet and exhaust system and gear box, such as driver size, speed, vibration and direction of rotation.  

3.7.2
For the operational and mechanical integrity of all supplied equipment. 

3.7.3
To provide installation drawings and system schematics.

3.7.4
To conduct factory tests including:

· Turbine Generator Package Functional Test

· (Optional) Turbine Generator Package Dynamic Test


4.0
DESIGN REQUIREMENTS

4.1 
General
Each Turbine Generator unit shall be complete with the following, as a minimum:

-
Turbine Engine


-
Speed Reduction Gearbox

-
Generator

-
Starting System

-
Fuel System

-
Lubrication System

-
Control and Indication System

-
Battery System

-
Turbine Generator Skid Base

-
(Optional) Acoustic Enclosure

-
Turbine Air Inlet Ancillary System

-
(Optional) Turbine Exhaust Ancillary System

-
(Enclosure Needed) Fire Detection System

-
(Enclosure Needed) Fire Suppression System

-
(Enclosure Needed) Combustible Gas Detection System

-
Vibration Monitoring

-
Temperature Monitoring System

-
Compressor Water Wash System

-
Grounding

4.2
Turbine Engine
The turbine engine shall be heavy duty industrial type with vertically split case and annular combustor (Optional) and dry Low NOx combustion system. The turbine engine shall be designed for 30,000 hour mean time between overhauls.  An aircraft derivative type engine shall not be accepted.

4.3
Speed Reduction Gearbox
The speed reduction gearbox shall:

-
be heavy duty, industrial type and be specifically designed for turbine generator application.


-
be of epicyclic, star-compound, high efficiency design.

-
be rated for continuous duty.

-
have an output speed of 1500 rpm for 50 Hz applications. (1800 FOR 60 Hz applications).
-
have service factor of 1.1 for generator applications.

-
have service factor of 10 under short circuit conditions.

-
be designed to operate at 99 percent reliability for 30,000 hours between major inspections and 100,000 hours between overhauls

-
be bolted to the turbine generator skid

4.4
Generator 

4.4.1
General

The generator shall be designed and manufactured in accordance with NEMA standard MG 1.

Generator nameplate rating at NEMA conditions (ambient temperature of 40oC, 1000 meters for continuous duty service with Class F temperature rise) shall be at minimum 7000 kW at 0.8 pf.  Generator shall be rated with a continuous output rating that will not limit full utilization of turbine output capabilities above site operating temperature range.

Generator exciter - regulator system shall provide the following:

-
steady-state voltage regulation within 0.5 percent of rated voltage for load variations from no load to rated KVA.

-
reactive load sharing between multiple units within five percent of rating.

-
overload capacity of 150 percent of rated current for one minute and 110 percent for two hours at rated power factor with no injurious heating.

-
short circuit capability of 300 percent of rated current for ten seconds. 

Generator shall include the following:

-
Stator

-
Rotor

-
Exciter

-
Permanent Magnet Generator (PMG) Frame

-
Power Terminal Box

-
Space Heaters

4.5
Starting System
The starting system shall:

-
be direct start AC motor driven type.

-
consist of  a rugged squirrel cage alternating current induction motor which is to be mounted directly onto the accessory gear box. 

-
have an over-running clutch to disengage motor after the engine has reached self sustaining speed. 

4.6
Fuel System
(Optional) Select one from below:
· Gas

· Liquid Fuel

· Dual Fuel
4.6.2 
Gas Fuel (See Optional items at end of this document) 

The fuel system shall be configured for operation on natural gas fuel. The fuel system shall be installed on the turbine generator package and configured for start-up, operation, normal shutdown and malfunction shutdown conditions.

4.7
Lubrication System
4.7.1
The turbine generator package shall be configured with a complete lubricating oil system as required to support pre and post operation, startup, operation and shutdown condition. With the exception of the lubricating oil cooler, all components shall be located on skid.

A (Select one) ( ) Air/oil cooler ( ) Water/oil cooler shall be provided. The lubrication oil filter shall be designed for replacement during 6 month maintenance procedure. A backup post operation pump shall be included with a DC battery system necessary to provide required post operation lubrication.

4.7.2
Lube 0il Reservoir

The lube oil reservoir shall:

-
have level indicator. 

-
be located in turbine generator base.

4.7.3
Lube Oil Filter System
The lube oil filter shall:

-
be simplex, multi-element type.

-
have 10 micron replaceable filter elements. 

-
have continuous flow transfer valves. 

-
have filter high differential pressure alarm switch.

-
be duplex, multi element type. (Optional)
4.7.4
Lube 0il Cooler System

The lube oil cooler(s) shall:

-
include generator bearing lube oil cooler

-
be oil to air or water to oil type

-
contain a thermal control valve

-
be designed for mounting off-skid

4.7.5
Main Lube Oil Pump

The main lube oil pump shall:

-
be turbine gear driven 

-
be sized to provide sufficient oil to turbine gearbox and generator bearings.

4.7.6
Pre/Post Lube Oil Pump

The post lube Backup Oil pump shall:

-
provide lube oil flow prior to start up and after shutdown of the gas turbine.

-
be AC Power driven. 

4.7.7
Post Lube Backup  Oil Pump

The post lube Backup Oil pump shall:

-
provide post operation lube oil flow in the event of power 
failure 

-
be driven by a DC battery system 

4.8
Control and Indication System
4.8.1
General

 


As a minimum, the control and indication system shall have:

-
Turbine Controls

-
Generator Controls

-
Skid mounted Main Control Panel

-
Indicating Lights 

-
Alarms and Shutdowns 

4.8.2
Turbine and Generator Controls

The turbine and generator controls shall:

-
feature a totally integrated controls philosophy where all items for control of the turbine are within the PLC rack. (i.e. turbine control and generator control).

-
be installed on the package frame to minimize interconnect wiring.

-
be microprocessor, programmable logic controller (PLC) based, designed to sequence and control unit's operating systems during starting, running and stopping, provide necessary protection during all phases of operation and monitor and display unit operating parameters.

-
use commercially available PLC hardware

-
have internal diagnostics and modular design.

-
include all indicating instruments required for turbine operation.

-
be easily re-programmable using a laptop computer for easier troubleshooting

-
contain a local digital readout to display first-out malfunctions, control system status and summary, turbine and generator parameters, shutdowns and alarms.

-
have an audible alarm to sound on unit alarm or shutdown and alarm conditions.

-
have a governor control system with capability of isochronous or droop speed control, automatic load sharing in isochronous mode.

 -
open generator breaker and allow turbine to run for  cool-down period when unit shutdown is initiated by stop push-button or cool-down stop malfunction shutdown.  

 -
open generator breaker and shut down turbine without cool-down period when unit shutdown is initiated by fast stop push-button or fast stop malfunction shutdown. 

 -
have a fail safe design features such that a loss of signal shall initiate a shutdown.




 -
contain an integrated generator control using a Line Synchronization Module to allow KW, Load sharing, Import, and Power Factor control, as well as synchronization to be handled by the PLC.

 -
have direct synchronization and be direct, and faster than the raise/lower method. 

 -
have display of generator operating parameters at the package mounted control panel

 -
have static, silicon-controlled rectifier type automatic voltage regulator with cross-current compensation provisions and adjustable droop range of zero to five percent for parallel operation and, ten percent voltage adjustment range. 

 -
be equipped with motorized potentiometer for voltage adjustment.

4.8.2
Skid Mounted Control Panel
The control panel shall:  

-
be weather tight and suitable for outdoor installation.

-
have all components factory interconnected and wired to terminal strips. The Manufacturer shall supply interconnection diagrams.

-
comply with NEMA  requirements.

-
include, but not necessarily be limited to, the following:

(a)
Switches

1.
Master control (off/local auto‑remote)

2.
Unit reset push button

3.
Unit start push button

4.
Unit stop push button

5.
Gas fuel select (with dual fuel only)

6.
Liquid fuel select (with dual fuel only)

7.
Speed adjust

8.
Water wash (on/off) 

9.
Isochronous/droop select

10.
Horn silence push button

11.
Crank select (on/off)

(b)
Indicator Lights

1.
Ready to start

2.
Run

3.
Ready to load

4.
Gas fuel on (with dual fuel only)

5.
Liquid fuel on (with dual fuel only)

6.
Malfunction and alarm annunciator panel



4.8.3
Generators Parameters


The following parameters shall be available on the skid mounted main control panels digital panel view:

-
Power Factor

-
Generator Frequency

-
Generator AC Amperes

-
Generator AC Volts

-
Generator KW/KVAR

-
Switchgear AC Volts

-
Switchgear Frequency

4.9
Battery System

A single battery system shall be provided and shall:

-
have all system components installed in free standing console assembly for indoor off-skid installation.

-
have a nominal voltage rating of 120 VDC and  provide power  for the control system.

-
have batteries with capacity to provide power to control system and backup oil pump motor after loss of AC power. 

-
have battery charger suitable for 120 volt, 50/60  hertz, single phase input.

-
shutdown turbine generator and alarm on low battery voltage.

4.10
Vibration Monitoring System

The vibration monitoring system shall:

· have controls integrated with main turbine generator control system

· have one proximity probe on each turbine main bearing

· have one accelerometer mounted on gearbox casing. 

-
have one velocity transducer on each generator bearing housing.

-
display levels of vibration at main control panel.

-
alarm on detection of high vibration. Individual alarms shall be provided for each bearing.

-
shut down turbine generator and alarm on detection of excessive high vibration. Individual shutdown alarm shall be provided for each bearing.

4.11
Temperature Monitoring System
The temperature monitoring system shall:

-
have two RTD's embedded in each phase of generator stator windings. 

-
have one RTD located at each generator bearing. 

-
have two RTD's (one active and one spare) embedded on each side of turbine thrust bearing. 

-
display the levels of temperature on the main control panel. 

-
alarm on detection of high temperature. Individual alarms shall be provided for each monitored temperature. 

-
shut down turbine generator and alarm on detection of excessive high temperature. Individual shutdown alarms shall be provided for each monitored temperature. 

4.12
Compressor Wash System
On-Crank Water Wash System

The On-Crank turbine compressor cleaning system shall:

-
be designed to facilitate periodic cleaning of the turbine compressor.

-
include a distribution manifold with spray nozzles and associated onskid piping and solenoid operated shutoff valves.

-
be designed to be operate at the maximum speed attainable with the start system, with fuel and ignition systems deactivated.

-
be designed such that engine cranking is initiated from the onskid control panel or the remote control panel.

-
be designed to accept pressurized water/cleaning solutions regulated at 550 kPa to 690 kPa gauge (80 psig to 100 psig) at the package skid connection.

-
include a stainless steel engine cleaning tank.

4.13
Turbine Generator Skid Base
The turbine generator skid base shall:

-
be sufficiently rigid to prevent misalignment during transport, erection and continuous operation of unit.

-
be made of structural steel with all welded construction.

-
support turbine, speed reduction gearbox, generator, enclosure and all other on-skid equipment. 

-
contain lube oil reservoir tank. 

-
be provided with drip pan.

-
have pad-eye lifting lugs for lifting sling attachment and single point lift.

- 
be designed for uniform support along skid rails by Purchaser's foundation and be complete with mounting and alignment supports, leveling screws and anchor bolts.

4.14
Turbine Generator Enclosure
The turbine generator package shall be provided with an enclosure. The  enclosure shall:

-
be designed to provide weather protection, noise attenuation, and  fire detection/suppression.

-
provide an internal  mechanical structure for engine removal. 

-
include enclosure doors installed to provide unobstructed access for maintenance of major package systems.

-
include explosion proof ventilation fans must to maintain adequate ventilation of the enclosure.

4.15
Turbine Air Inlet Ancillary System
4.15.1   General

  The turbine air inlet system shall:

  -
have air inlet filter

  -
have air inlet silencer

  -
have air inlet ducting

  -
be designed to minimize inlet pressure losses

4.15.2   Air Inlet Filter



  The air inlet filter shall consist of:

  -
A weather louver, direct contact pre-filter and barrier inlet air filter

  -
Vertical weather louvers, direct-contact pre-filter elements and high efficiency barrier panel filter elements.

· The louver and pre-filter assembly shall be hinged to provide filter access, each side, for servicing.

4.15.3    Air Inlet Silencer
   The air inlet silencer shall:

   -
attenuate turbine inlet noise level to meet that specified for unit.

4.16
Turbine Exhaust Ancillary System (See Optional items) 
4.16.1   General

  The turbine exhaust system shall:

  -
have expansion bellows (Optional)
  -
have exhaust silencer (Optional)
  -
have exhaust stack (Optional)
  -
have exhaust ducting (Optional)
  -
be designed to minimize exhaust pressure losses

4.17
Fire Detection System
The fire detection system shall:

-
have primary fire detection system consisting of monitor located on control console and ultraviolet (UV) detectors located inside enclosure to provide instantaneous response to flames. 

-
have secondary fire detection system consisting of thermally actuated detectors, installed in parallel with primary UV detectors, to provide a fail safe" detection system. 

-
shutdown turbine generator and alarm on detection of fire by either UV detectors or thermal detectors. 

-
alarm on failure of fire detection system.

4.18
Fire Suppression System
The fire suppression system shall:

-
be designed in accordance with NFPA codes 12.

-
have CO2 cylinders sized to provide flame extinguishant concentrations as specified by NFPA complete with discharge hoses and electrically-operated control valves.

-
have discharge nozzles located inside turbine enclosure. 

-
be automatically actuated by fire detection system. 

-
have fire control box mounted on turbine generator skid

-
have push-button, located on fire control box, for manual actuation of system.

-
have switch, located on fire control box, for lock-out of system. 

-
have "break the glass" type push-button, located on outside of turbine generator enclosure, for emergency actuation of system. 

-
have an explosion proof horn, located  outside of turbine generator enclosure, operated on actuation of fire suppression system. 

-
shut down turbine generator and alarm on actuation of fire suppression system.

-
alarm on lock-out of fire suppression system. 

-
have portable UV light source complete with built-in activation of UV detector to test fire suppression system.

(One light source for all turbine generator units.) 

4.19
Combustible Gas Detection System
The combustible gas detection system shall:

-
have all solid-state, single channel combustible gas monitor.

-
have fully adjustable low gas level detection circuit and fully adjustable high gas level detection circuit. Circuit shall have time delay on start up to prevent false alarms during stabilization of sensors.

-
have gas sensor located to continuously monitor entire volume inside turbine enclosure for the presence of combustible gases. Gas sensor shall be listed for use in class I, division I hazardous (classified) location.

-
alarm on operation of low gas level detection circuit.

-
shut down turbine generator unit and alarm on operation of high gas level detection.

-
shut down turbine generator and alarm on failure of gas detection

system.

-
have portable kit complete with gas cylinder, regulator, gauge, valve and extension tube to calibrate gas monitor.

(One kit for all turbine generator units.)

4.20
Grounding
The grounding of turbine generator unit shall:

-
have all electrical equipment including motor frames, equipment enclosures, junction boxes, etc. permanently grounded to skid base. 

· include two external grounding pads, located on each end of skid base, equipped with bolted on NEMA 2-hole compression type lug for 500 MCM ground wire.

5.0
MATERIAL
Material shall be new, free from defects, standard model or series of latest design and in current production at manufacturer's facilities. Obsolete components or components scheduled for immediate obsolescence shall not be used. 

6.0
PR0TECTIVE COATINGS
Surface preparation and coatings for equipment shall be in accordance 

with Vendor's standard practices for the environment specified in paragraph 

3.5.

7.0
INSPECTION AND TESTING
7.1
Inspection and testing shall be in accordance with applicable codes and standards. 

7.2
The Manufacturer shall be responsible for inspection and testing of turbine generator units.

7.3
Generator shall be tested at manufacturer's plant in accordance with IEEE and NEMA standards and Manufacturer's requirements.  

7.4
Following factory assembly, the units shall be inspected for completeness, quality of construction and appearance.

7.5 Purchaser shall have free and adequate access to Vendor's facilities for inspection of all work pertaining to Purchaser's equipment in all stages of manufacturing.

7.6
The Vendor shall notify Purchaser of all scheduled factory inspections and tests at least fourteen days prior to the inspection and testing being started, so Purchaser can arrange for representative to witness, or waive their right to witness, the inspection and testing.

7.7
The Vendor shall submit to Purchaser reports of all inspections and tests within four weeks following their completion.

8.0
PREPARATION FOR SHIPMENT
8.1
Equipment shall be prepared for export shipment and shall be crated in a manner to provide maximum protection during shipment and extended outdoor storage.  All exposed machined surfaces shall be protected by means of easily removable rust preventatives.

8.2
None of the equipment specified herein shall be prepared for shipment. or shipped, before Purchaser has either inspected the equipment, or waived inspection in writing. 

8.3
All openings shall be provided with substantial wood or metal closures tapped openings, not otherwise closed, shall be plugged. 

8.4
Major equipment components shall be securely bolted to substantial skids for shipment.  Small and easily damaged parts shall be removed, tagged with the description of the major item to which they belong, and adequately protected during shipment.

8.5
Tools and spare parts shall be separately packed in wooden boxes suitable for long term storage.

9.0
VENDOR DATA
9.1
All Vendor information and data shall be in English and shall use the Metric and English system of measurements.

9.2  
Purchaser approval of Vendor date shall not relieve the Vendor of his responsibilities to provide equipment in accordance with this specification.

9.3 The detailed assembly and installation drawings and instructions, and the operating and maintenance instructions and parts lists shall be made up in book form.

9.4
The drawings and documents shall be considered part of the order. The order shall not be considered complete for payment until all items are received.

10.0
CUSTOMER SUPPORT
10.1 
Start Up Parts
The Vendor shall supply one set of start up spare parts for each turbine generator unit for use during the commissioning and start up of the units. Parts supplied shall include spares for items that may be likely found faulty or damaged during commissioning and start up.

10.2 
First Year Spares
The Vendor shall supply spare parts for first year of continuous operation of turbine generator units.

10.3 
Two Year Spares
The Vendor shall furnish a detailed list, including price and delivery, of recommended spare parts for two years continuous operation. These spares shall be priced for separate purchase by Purchaser.  The recommended number of spare parts shall be for number of units-quoted.

10.4
Start up Assistance

Bidder shall quote the daily rates and traveling expenses for a factory technician. Technician shall be present at the job site during the installation, commissioning and start up of the turbine generator units and will be Purchaser's representative to supervise the work in progress, to see the work is done properly and to report weekly to the Purchaser on the status of the work.

10.5
Training
Bidder shall include in quotation the cost of a training course on the operation and maintenance of the turbine generator unit for Purchaser's personnel. Training course shall be conducted by factory instructor(s) in the conference room at the Purchaser's base camp. Each bidder shall include in the quotation an outline of the training course and duration of course.

10.6
Extended Service Agreement

In addition to Manufacturer's new equipment standard warranty coverage of 12 months from the date of beneficial use or 18 months (24 months for shipments outside the United States) from the date of shipment, whichever occurs first, Manufacturer shall offer as an option a five year Extended Service Agreement. This Extended Service Agreement shall include complete coverage of the scope of Manufacturer's supply to include all required package parts, overhauls, driven equipment, and scheduled and unscheduled field service labor during the term of the agreement. 

10.7
Spare Engines

To assure system availability bidder shall identify the number of spare engines available in exchange fleet to support the equipment proposed in this specification. 

11.0 OPTIONS & MORE DESCRIPTION

TEXT SHALL BE SELECTED FROM THE OPTIONS BELOW TO  MATCH THE APPLICATION.  CUT AND PASTE TEXT AS NECESSARY.

Use the detailed descriptions to elaborate more details for one of the selected  item below.
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4.2 
Turbine Engine (use this description if need elaborate description)
The turbine engine shall:

-
be simple-cycle type.

-
have single shaft.

-
be heavy duty, industrial type.

-
have axial type turbine section with three stage  turbine section  

-
have multi stage, axial flow compressor with vertically split case 

-
have gas fuel, annular type combustor and be easily accessible for inspection without major disassembly.

-
have annular dry LoNOx combustor (SoLoNox OPTION)
-
have combustor liners made of high temperature alloys. 

-
have out-put shaft direct coupled to speed reduction gearbox.

-
have tilting pad type journal bearings.

-
have fixed, tapered land type thrust bearings.

-
have variable inlet guide vanes powered by turbine lube oil pressure through servo valve.

-
have guide vanes design which operate as a function of speed that provide fast, smooth acceleration thus preventing compressor from reaching the surge limit during acceleration.

-
have provisions for turbine compressor water wash.

4.6.2
Gas Fuel System (use this additional text if need more elaborate description)
The gas fuel system shall:

-
contain torch gas pressure regulator contain servo loader and a 35 micron servo loader filter

-
contain inlet gas strainer.

-
contain pilot-operated primary and secondary fuel shut off valves and valve check shutdown and alarm pressure switch. 

-
contain gas fuel control valve.

-
contain fuel control actuator. 

-
contain throttle valve. 

-
contain gas fuel manifold  

-
have fuel gas low pressure alarm and high pressure shutdown and alarm switches.

4.6
Liquid Fuel (short description)
The fuel system shall be configured for operation on liquid fuel. The liquid fuel system shall be installed on the turbine generator package and configured for start-up, operation, normal shutdown and malfunction shutdown conditions.

4.6
Liquid Fuel (Long description) ( use if need more elaborate description) 
The fuel system shall:

-
be liquid fuel system, designed to operate on diesel fuel, kerosene, diesel fuel #2 or equivalent (Optional:NAPTHA) or natural gas.

-
allow start up to be accomplished on either diesel or gas.

-
allow for manual transfer from diesel to gas under any load conditions.

-
allow for manual or automatic transfer from gas to diesel under any load conditions.

-
contain high pressure fuel pump, driven by a variable frequency drive three phase electric motor.

-
contain liquid fuel solenoid-operated valves - main fuel shutoff, purge, bypass, torch shutoff and torch drain valves

-
contain 25 micro high pressure simplex fuel filter. 

-
contain main fuel control valve with outlet high pressure shutdown and alarm switch.

-
include air atomized fuel nozzles 

-
contain boost pump driven by three phase electric motor and located off skid. (OPTIONAL BY PURCHASER).
-
contain pressurizing valve.

-
contain fuel manifold block, valve block, distribution lines and fuel injectors. 

-
contain purge tank with level gauge and high level alarm switch.

4.6
Dual Fuel  (short description)
The fuel system shall be configured for operation on natural gas fuel or liquid fuel. The dual fuel system shall be installed on the turbine generator package and configured for start-up, operation, normal shutdown and malfunction shutdown conditions.

Dual Fuel System shall include the controls for automatic changeover from one type of fuel to the other during operation.

 4.6
Dual Fuel (Long description use if need more elaborate description) 
The fuel system shall:

-
be dual fuel system, designed to operate on either diesel or natural gas.

-
allow start up to be accomplished on either diesel or gas.

-
allow for manual transfer from diesel to gas under any load conditions.

-
allow for manual or automatic transfer from gas to diesel under any load conditions.

-
contain high pressure fuel pump, driven by a variable frequency drive three phase electric motor.

-
contain liquid fuel solenoid-operated valves - main fuel shutoff, purge, bypass, torch shutoff and torch drain valves

-
contain 25 micro high pressure simplex fuel filter. 

-
contain main fuel control valve with outlet high pressure shutdown and alarm switch.

-
include air atomized fuel nozzles 

-
contain boost pump driven by three phase electric motor and located off skid. (OPTIONAL BY PURCHASER).
-
contain pressurizing valve.

-
contain fuel manifold block, valve block, distribution lines and fuel injectors. 

-
contain purge tank with level gauge and high level alarm switch.

4.7.1
Lube Oil System General (use this additional text if need more elaborate description)
The lubrication system for each unit shall include the following:

-
Lube Oil Reservoir

-
Lube Oil Filter System

-
Lube Oil Cooler System

-
Main Lube Oil Pump

-
Pre/Post Lube Oil Pump

-
Backup lube oil pump 

-
316L stainless steel piping including piping fittings and manifolds for lube oil supply to turbine, gearbox and generator bearings downstream of lube oil filter.

-
Lube oil pressure and temperature sensors located downstream of lube oil filter.

-
Alarm on failure of lube oil pressure sensor.

4.8
Engine Performance Map and Historical Display
Engine Performance Map and Historical Display shall include

-
software modules designed to allow monitoring of the condition of the turbine on a real time basis as well as historically and enables prediction, based on performance, of when certain maintenance events should occur.  The package shall include:
4.14
Turbine Generator Enclosure (Long description use if need more elaborate description)
The turbine generator enclosure shall:

-
be of all steel construction.

-
have-heavy duty frame.

-
house skid mounted turbine generator unit.

-
be self contained, weatherproof structure.

-
have access doors with stainless steel hinges and fittings.

-
have maintenance frame trolley beam inside enclosure. 

-
be provided with lighting to illuminate turbine generator and equipment inside enclosure.

-
be ventilated by fan, driven by three phase, explosion proof electric motor to ensure air temperature around turbine remains within acceptable limits. 

-
have ventilation openings equipped with dampers for back draft and/or fire. 

-
be designed in conjunction with turbine air inlet and exhaust silencing systems and ventilation air silencing systems to attenuate noise level of unit to achieve overall sound level of 85 dBA maximum, at one meter from edge of skid base.

-
provide access to main control panel from outside of enclosure. 

-
have all connections for external equipment (piping, wiring, ventilation, etc.) located outside of enclosure. 

-
have heat detector, separate from fire detection system, located inside enclosure to alarm on high temperature. 

-
have turbine handling equipment kit consisting of  external extension to maintenance frame trolley beam in enclosure , single point lift tool and rail hugger chain fall hoist and trolley for complete removal of turbine or turbine components.

(One kit for all turbine generator units).

4.15
Air Inlet Filter (self cleaning type-option)

  The air inlet filter shall consist of:

  -
be suitable for application in tropical environment.

  -
be self-cleaning, single stage with high efficiency media, cylindrical filter cartridges. 

  -
be automatically and sequentially cleaned during operation by reserve flow pulses of compressed air. 

  -
have central clean air plenum chamber. 

  -
have cleaning system complete with air manifold, solenoid valves, and controls pre-wired to junction box. 

  -
be completely assembled. 

  -
have easy access for servicing of filter elements. 

  -
have differential pressure gauge. 

  -
have switch to alarm on high differential pressure. 

  -
have switch to shutdown turbine generator and alarm on high-high differential pressure. 

  -
have electrical components listed for class I, division 2 hazardous (classified) location.

4.16
Exhaust System (Option)
4.16.2
Expansion Bellows (Option)
  The expansion bellows shall:

  -
be installed in turbine exhaust diffuse section. 

  -
include standard spool piece with flange terminations, for installation between the turbine exhaust bellows and exhaust ducting.

4.16.3
Exhaust Silencer (Option)
  The exhaust silencer shall:

  -
be capable of supporting exhaust stack. 

  -
attenuate turbine exhaust noise level to meet specified for unit.

4.16.4
Exhaust Stack (option)
  The exhaust stack shall:

  -
be vertically mounted above and supported by exhaust silencer. 

Note: Exact height of exhaust stack is pending final orientation of equipment. Vendor shall quote price per foot for alternate stack heights.

8.5
Turbine Generator Package Dynamic Test (Option)
The unit assembly, including turbine, gearbox, generator, skid-mounted accessories and control panel shall be factory tested as a complete system to ensure proper integration and functionality of total unit, Testing shall include a full load factory test for a duration of 30 minutes minimum on gas fuel.  All unit equipment tested shall be the same as that shipped to Purchaser.

Acceptance testing shall include, but not limited to, the following:

-
Starting and combustion cycles.

-
Lubrication oil system flow, temperature and pressure measurements.

-
Vibration measurements. 

-
Turbine temperature measurements.

-
Adjustment and calibration of voltage regulator, fuel control and speed governing system for generator output, frequency regulation and transient response.

-
Full load fuel changeover (when required). 

-
Speed transient test. 

-
Voltage transient tests.

-
Testing of all real function and safety devices and circuitry. 

-
Testing of all control and logic circuitry. 

-
AC metering and control circuit testing.  Calibration of AC metering circuits shall be by bench testing.
4.4.2
Generator Stator (use this additional text if need more elaborate description)
The stator shall:

-
have core built from precision punched, individually insulated, high grade, low loss silicon steel laminations. 

-
have form wound copper windings. treated-with thermosetting synthetic varnish, epoxy or VPI. 

-
have windings braced to withstand maximum stresses caused by bolted three phase short circuit at windings terminals. 

-
have each end of each winding brought out to power terminal box.

-
have ends of each winding clearly marked. 

-
have class F insulated windings.

4.4.3
Rotor (use this additional text if need more elaborate description)
The rotor shall:

-
be salient pole type.

-
have field windings, layer wound with rectangular or square insulated conductors.


-
have windings embedded in thermosetting epoxy to eliminate voids. 

-
have class F insulated windings.

-
be dynamically balanced to produce minimum vibration and be in electrical and mechanical balance at all speeds up to 125 percent of rated operating speed.

-
have a shaft of sufficient diameter to minimize lateral and torsional vibration at turbine generator critical speeds. 

-
have fans to provide generator cooling air.

-
be supported by two sleeve bearings with force fed lubrication system complete with on skid piping, pressure regulator, pressure gauge, and drain sight flow indicators (oil supplied by turbine lube oil system).

-
have exciter end generator bearing electrically insulated from generator frame to prevent circulating shaft currents.

4.4.4
Exciter (use this additional text if need more elaborate description)
The exciter shall:

-
be three phase, brush-less type.

-
have exciter armature mounted on generator rotor and stationary field. 

-
have rotating rectifiers mounted on generator rotor and connected in three phase, full wave bridge circuit. 

-
have surge suppressor diodes to protect the rectifiers.

4.4.5 Permanent Magnet Generator (PMG) (use this additional text if need more elaborate description)



The PMG shall:

-
have permanent magnets installed on generator rotor and stationary armature. 

-
provide power to voltage regulator via field disconnect breaker.

4.4.6
Frame (use this additional text if need more elaborate description)
The generator frame shall:

-
be manufactured from heavy duty steel.

-
have internal reinforcing to provide rigidity and strength. 

-
be provided with lifting lugs.

4.4.7
Enclosure (use this additional text if need more elaborate description)
The main generator enclosure shall: 

-
Open drip protected

-
have removable covers to provide access to exciter and PMG.

4.4.8
Power Terminal Box (use this additional text if need more elaborate description)
The power terminal box shall:

-
be provided on top of generator and house power connections for generator.

-
have both ends of generator windings brought into box.

-
be provided with porcelain post type insulators to support terminations of winding leads and any bus work required in power terminal box. Arrangement of terminals shall provide ease of connection of Purchaser's cables.

-
be provided with bus work for make-up of the neutral wye point of generator windings.

-
have silver-plated copper bar bus work provided in power terminal box.

-
utilize compression type lugs for termination of winding leads in the power terminal box.

-
have sufficient space for installation of current transformer (CT) on neutral lead of each wiring for generator differential protection. These CT's will be supplied by Purchaser and shipped to Vendor for installation by Vendor at factory.

4.4.9
Control Terminal Box (use this additional text if need more elaborate description)
The control terminal box shall:

-
be provided on generator and house all low voltage connections for generator

4.4.10
Space Heaters (use this additional text if need more elaborate description)
  Space heaters shall: 

  -
be installed inside generator enclosure and inside power terminal box. 

  -
be sized to prevent condensation when generator is shut down. 

  -
be rated for 220 volt AC, single phase power supply. 

  -
be controlled by "b" contact on generator breaker.
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