Microsteam® Power System

Size Range:

Up to 275 kWe

Carrier Model Number:

18MS

Part 1 — General

1.01 SYSTEM DESCRIPTION

A. 
Microprocessor-controlled steam turbine power system skid shall be packaged for installation through standard (34-in. width x 78-in. height) door.

B. 
System shall have start-up and shutdown with single push button activation and allow for unattended operation with automatic safety trips.

C. 
System shall have power production of 24.5 kWe per 1000 lb/hr of steam at a supply pressure of 125 psig and load pressure of 15 psig (steam conditions of 125/15), including control valve loss.

D. 
Noise level shall be less than 85 dBA at 1 meter.

E. 
Turbine shall have erosion-resistant radial outflow design with corrosion resistant titanium alloy rotor and stainless steel nozzles.

F. 
System shall have hard-wired, separate, fail safe trip valve.

G. 
System shall have zero steam leakage dual seal with pressurized air buffer.

H. 
A separable control console shall have quick disconnect pre-wired cables. 

I. 
System shall have utility approved interconnection design and digital multifunction protective relay.

1.02 PROPOSAL REQUIREMENTS

A. 
If a manufacturer proposes a steam power system which requires disassembly and reassembly or site assembly for installation, then the additional cost shall be included by the installing contractor.

B. 
If a manufacturer proposes a steam power system which requires operator labor during start-up or shutdown or which requires operator attendance during operation, then the installing contractor shall provide this manpower at no additional cost to the owner.

C. 
If a manufacturer proposes a steam power system with a noise level greater than 85 dBa, then the cost to provide acoustic treatment to reduce the noise level to 85 dBa shall be included by the installing contractor.

D. 
If a manufacturer proposes a steam turbine with a rotor of ferrous alloy, then the cost of a new rotor or of re-blading shall be included in the offer together with the installation costs and the cost of lost electric generation.

E. 
A hard wired, separate, fail safe trip valve shall be included in the offer.

F. 
If a steam seal without buffer gas is offered, the manufacturer shall include in the proposal a sensor and alarm to alert personnel. This shall be located in the room in which the steam power system is installed and warn of any steam leakage through the seal. This shall be provided by the installing contractor.

G. 
If a manufacturer proposes a steam power system with the control console attached to the steam turbine skid, the labor hours to separate the console and wire the skid instruments to the separated console shall be included in the offer for evaluating purposes.

1.03 QUALITY ASSURANCE

A. 
Steam turbine performance shall conform to ASME short form test PC 6.

B. 
Equipment and installation shall be designed in compliance with the ASME Piping Code B31.3, ASME Boiler Code, Section 8, Div. 1 and NEMA SM23.

C. 
Steam turbine casing shall be hydrostatically tested at 150% of the design working pressure.

D. 
Steam power system electrical system components shall be designed and constructed to meet UL and UL of Canada requirements and have labels appropriately affixed.

E. 
Steam turbine rotor shall be dynamically balanced and over-speed tested by the manufacturer at a minimum of 115% design operating speed.

F. 
Each complete steam power system with controls and switchgear shall undergo a mechanical and electrical run-in test at the manufacturer’s factory to verify vibration levels, oil pressures, and temperatures are within acceptable limits and that controls and interconnection contactors function successfully. Interconnection and parallel operation with a utility grid shall be demonstrated and documented before shipment.

G. 
Each steam turbine assembly shall be proof tested at a minimum of 150% of the design working pressure.

1.04 DELIVERY, STORAGE AND HANDLING

A. 
Unit shall be stored in a clean dry location and handled in accordance with manufacturer's instructions.

B. 
Unit shall be shipped with all control wiring factory installed.

C. 
Unit shall be shipped without oil.

D. 
Unit shall be shipped with firmly attached labels that indicate name of manufacturer, system model number and system serial number.

E.
If the power system is to be exported, the unit shall be sufficiently protected at the factory against sea water corrosion to be suitable for shipment in a standard open top, ocean shipping container.

1.05 WARRANTY

Warranty shall include parts and labor for one year after start-up or 18 months from shipment, whichever occurs first.

Part 2 — Products

2.01 EQUIPMENT

A. 
General:

Factory assembled, complete power system shall consist of:

1. 
Microsteam power system, epicyclic gearbox, high-efficiency induction generator, lubrication system, and cooler shall be installed on one skid.

2. 
Microprocessor control system with digital multifunction protective relay shall be installed in console.

3. 
Electric switchgear shall be required for automatic interconnection.

4. 
Prewired interconnecting cables shall be used for the first three components or assembled on a common skid.

5. 
An inlet separator, trip valve, control valve, pressure balancing valve, and steam piping instrumentation shall be shipped loose.

B. 
Microsteam Turbine Skid:

1. 
Steam Turbine:

a. 
Steam turbine shall be of the high performance, radial outflow type with a titanium alloy rotor and stainless steel nozzles.

b. 
Steam turbine shall be installed in a casing which is removable for service without disengaging any rotating components.

c. 
Steam turbine rotor shall have active thrust balancing.

d. 
Steam turbine seal replacement may be performed with no realignment required.

e. 
Steam turbine sensors shall have quick disconnects to allow replacement of the sensor without replacement of the entire sensor wire. Pressure transducers shall be capable of field calibration to ensure accurate readings and to avoid unnecessary transducer replacement. Transducers shall be serviceable without the need for purging.

2. 
Transmission:

a. 
Transmission shall be single ratio, epicyclic type with parallel shaft speed decreaser.

b. 
Gears shall conform to AGMA Standards, Quality II or better.

c. 
Transmission bearings for the high speed shaft shall be tilting pad type with tapered land thrust bearings.

d. 
Planet bearings shall be deep groove ball bearings.

e. 
Transmission sun and planet gears shall be nitrided. Annulus shall be through hardened. All gears shall be high precision.

3. 
Two magnetic speed sensors and target shall be provided on high speed shaft.

4. 
Metrix vibration transducer or equal shall be provided on high speed bearing.

5. 
Induction Generator:

a. 
Induction generator shall be a high-efficiency type with an efficiency no less than 95.4% at full load. Operation shall be in a vertical shaft position to minimize footprint.

b. 
Generator shall be direct to transmission so that no field alignment is required.

c. 
Generator casing shall be designed to support the full weight of the turbine and transmission for a vertical mounted configuration.

6. 
Lubrication System:

a. 
Lubrication system shall have an electrical AC motor driven pump with an electrical DC motor driven backup pump.

b. 
Lubrication system shall have a reservoir with a submerged filter, readily accessible fill and drain connections, a visual level indication and a low level switch.

c. 
Lubrication system cooler shall be shell and tube construction with rolled tubes and water cooling. The unit shall be rated for the maximum water pressure of the utility water system.

C. 
Control System:

1. 
The control system shall control and protect the steam turbine generator. The control system shall be housed within a NEMA type 12 panel and shall include a programmable logic controller (PLC) based architecture. Additionally, manufacturer shall provide auxiliary PLC input/output modules as required to meet final element control and sensing devices.

2. 
The electrical and control system shall meet or exceed the utility industry electrical grid connection requirements for Dispersed Generation Customers as defined, as a minimum, by the Consolidated Edison Company of New York, specifications EO-2115 latest revision, IEEE 1547, and California rule 21.

3. 
An operator touch screen shall be provided. The touch screen shall be non-PC based (no hard-drives), 10-in. TFT (thin film transistor), bright, high-resolution with multiple color graphic screens for ease of use. Features shall include graphic “mimic bus” like system representative screens to simplify operator understanding of system operation. The operator screen shall provide features for operator setup and control of system. The provided touch screen displays shall include: all alarm, shutdown conditions, operating conditions, real time historical parameter trending of all analog parameters.

4. 
A programmable logic controller (PLC) shall be provided for start-up sequencing which consists of the PLC verifying all operating conditions are in working order (interlocks complete) and, upon command, beginning the start-up sequence. An operator shall first turn on the primary gearbox lube oil pump. The operator then presses the start button on the touch screen and the turbine controls shall begin opening the steam valve. The control shall then bring the turbine up to rated speed, close the contactors, and switch to pressure control mode, at which time the turbine generator produces electrical energy based on the steam loads.

5. 
The PLC shall provide special features that include four ports for communication to multiple devices, the modem, the generator protection relay, the touch screen, and the customer’s building management system. All ports shall be configurable to match the protection relay’s communication protocol. Ports shall be built-in as an integral part of the main PLC assembly rack and not provided as a separate device module. Additionally, the PLC shall include PLC factory-designed functions for initializing modems, monitoring communication port status, and communicating with the specified generator protection relay using its approved communication protocol.

6. 
A SCADA quality modem shall be provided that is specifically designed for hostile conditions and for unattended remote applications. Modem shall include automatic reset supervisory processor built into the modem architecture to recover from system faults when they occur.

7. 
A utility approved, IEEE and IEC certified, multifunction, configurable, generator protection relay with the following functions shall be provided:

a. 
The multifunction generator protection relay shall provide electrical protection for the system relative to the customers load and the utility grid.

b. 
The relay shall be hardwired to trip the turbine, the contactors, and the circuit breaker when electrical faults occur.

c. 
The relay shall also be connected to the PLC, using utilizing utility approved data highway communications protocol, so that all electrical parameters required to operate the system will be available for control within the PLC and to display power parameters on the operator screen.

d. 
The relay shall provide breaker trip coil circuit monitoring and alarming if an open circuit condition should occur. The relay shall be fully integrated in the system utilizing relay class current transformers, voltage transformers, and relay test blocks that satisfy utility relay testing requirements.

e. 
Protective configuration shall include:

1) 
Over under frequency.

2) 
Over under voltage.

3) 
Time over current.

4) 
Instantaneous over current.

5) 
Negative sequence over voltage.

6) 
Negative sequence over current.

7) 
Fuse loss detection.

f. 
Connection to a utility grid and operating in parallel with the utility power grid shall require the generator protection system to trip under all fault conditions. Therefore, the control system shall base all of its control architecture on a DC voltage battery based operating system. The PLC shall be used to monitor the system control voltage and if the system control voltage decreases below the specified minimum operational level the PLC shall trip open the contactors and shut the unit down.

g. 
Hardwired protective circuits shall be provided to trip unit when exceeding critical limits of over-speed, high steam pressure, low seal air pressure, emergency stop circuits, PLC failure, and generator electrical faults. An 86G lockout relay shall be incorporated as specified by utility specifications. The generator protection relay shall directly trip the circuit breaker by energizing the breaker shunt trip. All other trips, such as turbine related conditions, shall open the contactors. The PLC logic shall be provided to trip the circuit breaker if the contactors fail to open when commanded as a backup to the contactors.

h.
An 86G lockout relay shall trip the circuit breaker and or the contactors as signaled by either the generator protection relay or the PLC. Tripping the 86G relay shall open the contactors. Relay must then be reset, through the operator screen, before reclosing the contactors.

D. 
Control System Screens:

1. 
System Operational Summary Screen:

This graphic screen display shall provide a simplified flow diagram of the system. It shall include primary pressures, temperatures, vibration, speeds, flows, generator power, circuit breaker position, and contactor position. It is to present a summary of system operational status in mimic bus graphical form.

2. 
Operator Push Button Summary Screen:

This screen shall provide the means to perform system setup, reset alarms, reset the 86G relay, and other discrete operator selections incorporated on one summary screen. Additionally, this screen shall display some basic system status conditions, as outlined below. Some push buttons on this screen are to be assigned engineers only and are not to be used for normal operations. These push buttons shall be password protected.

a. 
Turbine on – off.

b. 
86G Relay tripped: Shall indicate when an electrical fault has occurred and must be reset before starting the turbine generator.

c. 
Contactors open – closed.

d. 
Breaker open – closed.

e. 
System tripped: Shall display a summary reminder that there has been a trip due to an unsafe condition. The user must review all alarm and trip conditions, resolve cause, and then use alarm reset before restart of turbine.

f. 
Manually closes contactors: Shall be used only for test by engineers only. Shall be password protected.

g. 
Data log sample: After each push of this button, data logger shall record one sample of all data in addition to the automatic timed recording as determined by the data log seconds set point.

h. 
Data log seconds (set point): Shall be used to set how often data logger samples and records data.

i. 
Trip valve closed – open.

j. 
Alarm summary.

k. 
Start sequence reset: This shall be used, however rarely, if start sequence fails to follow steps 1 to 7 on start–stop sequence screen.

l. 
Alarm acknowledge: Shall silence a remote optional alarm if installed.

m. 
MCR reset: Shall be used to reset the master control relay (MCR). This relay shall be tripped on all turbine system faults and any hardwired trip conditions.

n. 
Alarm reset: Shall be used to reset all alarm (yellow alarms) and trip (red alarms) conditions.

o. 
86G relay reset: Shall be used to reset generator lockout relay “86G” after an electrical fault occurs.

p. 
Fixed ramp mode – speed ramp mode: Shall be used by engineers only and shall be password protected.

q. 
Valve exercise: Shall be used to exercise the steam control valve to check that it is not sticking.

r. 
Start: Shall be the turbine generator start button.

s. 
Stop: Shall be the turbine generator stop button.

t. 
System set point summary: Shall be used for tuning by engineers only and shall be password protected.

u. 
Simulation mode: Shall be used for software program control loop testing by engineers only and shall be password protected.

v. 
kW load limit mode on – off: Shall provide choice of start-up mode by engineers only. Shall be password protected.

3. 
Turbine Steam Pressure Control Screen:

This screen shall be provided to provide features to switch to manual mode for testing.

4. 
Turbine Wheel Differential Pressure Control Screen:

This screen shall be provided to observe normal operational characteristics of the turbine wheel differential pressure control loop. Normal operation is in auto mode. Shall be password protected.

5. 
Turbine Speed Control Screen:

This screen shall be provided to observe speed control loop characteristics when starting in speed control mode. Switching to manual mode shall be password protected and is for engineering use only.

6. 
Turbine Alarm Screen:

Alarm screen shall be provided. Red alarms are shutdowns. Yellow alarms are warnings only. The MCR and alarm reset push button shall also be included. Alarms on this screen shall be as follows:

a. 
Steam inlet pressure high – high trip

b. 
Steam inlet pressure high alarm

c. 
Steam outlet pressure high – high trip

d. 
Steam outlet pressure low alarm

e. 
Steam inlet temperature high alarm

f. 
Steam outlet temperature low alarm

g. 
Steam inlet pressure low alarm

h. 
Steam outlet pressure low alarm

i. 
Steam inlet temperature low alarm

j. 
Steam turbine overspeed

k. 
Vibration high radial trip

l. 
Steam outlet pressure switch trip

m. 
Low power trip

n. 
Trip valve problem.

7. 
System Alarms No. 1 Screen:

Alarm screen shall be provided. Red alarms are shutdowns. Yellow alarms are warnings only. The MCR and alarm reset push button shall also be included. Alarms on this screen shall be as follows:

a. 
Circuit breaker thermal trip

b. 
GPS (generator power system) major alarm trip

c. 
86G relay tripped

d. 
MCR (master control relay) trip

e. 
Control under voltage trip

f. 
Generator protective relay alarm

g. 
Battery charger alarm

h. 
Turbine wheel DP high alarm

i. 
PLC fault trip

j. 
PLC battery low alarm

k. 
PLC over temperature alarm remote trip

l. 
Start sequence failure trip

m. 
Start-up interlock incomplete

n. 
Speed signal failure trip

o. 
E-stop (emergency stop push button)

8. 
System Alarms No. 2 Screen:

Analog input failure trips in this group shall be critical loops that are used to protect and control the turbine generator system. When an open wire or transmitter failure occurs the loss of the signal will cause the turbine generator to trip and shut down. Red alarms are shutdowns. Yellow alarms are warnings only. The MCR and alarm reset push button shall also be included. Alarms on this screen shall be as follows:

a. 
Contactors failed to close trip

b. 
Contractors failed to open trip

c. 
Seal air pressure low – low trip

d. 
Seal air pressure low alarm

e. 
Steam separator level high – high trip

f. 
PT-1 analog input failure

g. 
PT-2 analog input failure trip

h. 
PT-3 analog input failure

i. 
VT-1 analog input failure

j. 
VT-1X analog input failure

k. 
SE-2 analog input failure

l. 
Data log error

9. 
Gearbox and Lube Oil Alarms Screen:

Alarm screen shall be provided. Red alarms are shutdowns. Yellow alarms are warnings only. The MCR and alarm reset push button shall also be included. A DC lube oil pump test button to test and run the backup DC lube oil pump for a short period of time (20 minutes) shall be provided on this screen. Alarms on this screen are as follows:

a. 
AC lube oil pump on – off (status only)

b. 
DC lube oil pump on – off

c. 
Lube oil pressure low – low trip (if on, a failure has occurred)

d. 
Lube oil pressure high –high trip

e. 
Lube oil temperature high – high trip

f. 
High speed bearing over temperature trip

g. 
Turbine casing over temperature trip

h. 
DC lube oil contactor failure

i. 
Oil reservoir low alarm

10. 
Start – Stop Sequence Screen:

This screen shall indicate; using the step – transition method of control, the start-up steps and start-up progress of the turbine generator.

a. 
STEP 1: When operator presses the start button, if all interlocks are complete, PLC shall progress to next transition. PLC shall also save current system operating pressure for later use in step 5. PLC shall wait for auxiliary lube oil pump running signal and pressure signal to be at a safe minimum.

b. 
STEP 2: PLC shall then energize the trip control solenoid, and set steam control valve to warm up position.

c. 
STEP 3: PLC shall set speed ramp starting value to around 500 rpm and ending value to around 28,000 rpm, and begin start ramp.

d. 
STEP 4: PLC shall close the contactors to switch control of pressure control valve PCV-1 switches from the speed control loop to the pressure control loop. The pressure control PID (proportional, integral, derivative) then takes control of pressure. System is now running, controlling pressure at set point, limiting load based on kWe, and waiting to begin a normal shutdown sequence. An operator pressing the stop button shall initiate normal shutdown.

NOTE: If load decreases to less than 1 kWe, after a mature start-up sequence, and load continues to be below 1 kWe for an extended period of time (15 minutes) the unit shall shut down.

e. 
STEP 5: When operator initiates a stop command, PLC shall lower pressure control loop set point to below the PRV (pressure reducing valve) operating set point. The PLC PID shall begin pressure control let down. A time delay shall provide time for the pressure to decrease below the PRV set point and time for the PRV to take over control of the system.

f. 
STEP 6: When “pressure” control let down is complete, the PLC shall open contactors, switch to the speed control loop, and close the steam control valve.

g. 
STEP 7: The PLC shall deenergize the SV-1 trip solenoid.

11. 
PLC Digital I/O Summary Screen:

This screen shall be provided to be used for loop testing digital inputs and output of PLC. This screen is normally not used by operators.

12. 
Operating Procedures Screen:

This screen shall provide help screens for startup and shutdown operating procedures as outlined below.

a. 
Perform all steam blow-down and steam line clean-out operations.

b. 
Confirm all steam related manual valves are properly set.

c. 
Manually open steam turbine inlet isolation valve.

d. 
Gradually open steam turbine outlet isolation valve.

e. 
Wait for back fed steam to warm up system.

f. 
Check all disconnect switches are closed.

g. 
Check generator circuit breaker – disconnect is on (closed).

h. 
Check control power is on. Green breaker light will be on.

i. 
Check instrument air and seal air is on.

j. 
All PLC related start-up interlocks must be complete.

k. 
Main circuit breaker disconnect reset and closed (normally closed).

l. 
Emergency stop switch pulled out on front panel.

m. 
All shutdown conditions reset.

n. 
Any previous trip conditions and alarms are reset.

o. 
No trip (red alarms blinking) conditions. Check all alarm screens.

p. 
86G relay reset.

q. 
Check bus voltage is available.

r. 
Turn on AC lube oil pump.

s. 
Go to the ‘start – sequence” screen and press start.

t. 
The turbine will startup in the sequence that is outlined on the “start – sequence” screen.

u. 
A normal stop is initiated by pressing “stop” on the screen.

v. 
Pressing “stop” before step 4 (system running and waiting for shutdown) will cause an immediate stop.

w. 
Pressing “stop” after the “system is running waiting for shutdown” will cause a normal timed shutdown.

x. 
After the system completely shuts down, turn the AC lube oil pump off.

E. 
Analog Screens:

The analog screens shall provide screen groups with data available bar graph and digital format.

1. 
AC output screen:

Shall display the following:

a. 
Kilowatts

b. 
Power factor

c. 
Volts

d. 
Amps

e. 
Hertz

f. 
Bus Volts

2. 
Analog I/O Summary No. 1 Screen:

Shall display the following:

a. 
Steam inlet pressure

b. 
Steam outlet pressure

c. 
Steam inlet temperature

d. 
Steam outlet temperature

e. 
Steam valve position

f. 
Steam flow

g. 
Control system voltage

3. 
Analog I/O Summary No. 2 screen:

Shall display the following:

a. 
Steam inlet pressure (after control valve)

b. 
Lube oil pressure

c. 
Lube oil temperature

d. 
High speed bearing temperature

e. 
Turbine casing temperature

f. 
Speed signal SE-1

g. 
Speed signal SE-2

4. 
Analog I/O Summary No. 3 Screen:

a. 
Turbine wheel outlet pressure

b. 
Turbine nozzle inlet pressure

c. 
Turbine wheel differential pressure

d. 
Lube oil “out” temperature

e. 
Turbine wheel DP control valve position

f. 
Steam separator inlet pressure

g. 
Turbine radial vibration

h. 
Lube oil flow

F. 
Trend Screen Groups:

Trend screen groups shall provide real time trending screens groups as follows:

1. 
Turbine Performance Trend Screen:

Shall display the following:

a. 
Steam inlet pressure

b. 
Steam inlet temperature

c. 
Steam valve position

d. 
Steam outlet pressure

e. 
Steam outlet temperature

2. 
AC Output Trend Screen:

Shall display the following:

a. 
Generator kilowatts (kW)

b. 
Generator volts

c. 
Generator volt-amps (VA)

d. 
Generator amps (current)

e. 
Bus voltage

3. 
Flow, Vibration, and Speed Trend Screen:

Shall display the following:

a. 
Turbine steam flow

b. 
Velocity vibration

c. 
Radial vibration

d. 
Turbine speed signal SE-1

e. 
Turbine speed signal SE-2

4. 
Gearbox and Casing Trend Screen:

Shall display the following:

a. 
Steam turbine inlet pressure

b. 
Steam turbine casing pressure

c. 
Steam turbine casing (inlet nozzle and wheel outlet)

d. 
Gearbox lube oil temperature

e. 
Gearbox lube oil flow

f. 
Radial vibration

5. 
Miscellaneous trend screen:

Shall display the following:

a. 
Casing temperature

b. 
High speed bearing temperature

c. 
Generator kilowatts

6. 
Speed and Pressure Start-Up Trend Screen:

This screen shall be designed to display the start-up sequence progress. Trend characteristics follow a typical pattern and indicate start-up profile both during start ramps and pressure control mode. Trends included on this screen are to be duplicated on other screens, however, not with this same combination. These trends shall indicate how the PID controls loops are performing.

a. 
Steam pressure PID set point

b. 
Speed PID set point in percent

c. 
Steam valve PID algorithm summing point

d. 
Pressure PID input

e. 
Speed control PID output in percent

f. 
Speed PID input

G. 
Switchgear Panel:

1. 
The switchgear must be part of the manufacturers’ scope of supply.

2. 
The generator circuit breaker and main contactors shall be housed within a NEMA type 12, floor standing panel, 28 inches wide, 18 inches deep, 72 inches high, with lockable disconnect handle connected to the circuit breaker within.

3. 
The circuit breaker shall be a 600 amp frame, 500 amp trip, 80% rated breaker. The circuit breaker shall be a thermal-magnetic type with integrated DC shunt trip. Trip clearing time shall be equal to or less than 18 milliseconds (1.2 cycles). The breaker shall be installed within the enclosure and integrated with a lockable disconnect switch located on the outside of the enclosure. Auxiliary position contacts and bell alarm contacts shall be included to provide the PLC with position and trip information. The circuit breaker shall operate as a redundant overcurrent device to the generator protection relay and the contactors.

4. 
The contactors shall be IEC rated for 420 amp continuously duty.

5. 
Metering and relaying class current and voltage transformers shall be provided for sensing the signal to the generator protection relay.

H. 
Interconnecting Cables:

Pre-wired interconnecting cables shall be provided for all instrument and auxiliary power wiring between the turbine skid, control console and switchgear panel. The cables shall be of the quick disconnect type. The cables shall be loop checked and used to test and operate the power system before shipping.

I. 
Other Steam System Components:

Installation of loose steam equipment, additional piping, insulation, wiring of loose instruments, conduit, interconnection electrical wiring, steam traps, condensate piping ductwork, and coordination with other trades shall be the responsibility of the mechanical contractor.

1. 
An inlet separator shall be provided. The separator shall be rated for the steam supply pressure and temperature. Separation efficiency shall be 99.9% or greater. A steam trap rated for the maximum steam supply pressure shall be provided.

2. 
An inlet trip valve shall be provided. The valve shall be rated for the steam supply pressure and temperature. The trip valve will be air actuated normally closed with a closing time less than 0.5 seconds.

3. 
An inlet control valve shall be provided. The valve shall be rated for the steam supply pressure and temperature. The control valve shall be air actuated and normally closed with a closing time less than 1 second.

4. 
A pressure transmitter to measure the steam load pressure shall be provided. The pressure transmitter shall be utility grade, manufactured by E&H or equal. The pressure transmitter shall be capable of field calibration to ensure accurate readings and to avoid unnecessary transducer replacement. Transducers shall be serviceable without the need for purging. Signal shall be 4 to 20 mA.

5. 
An air actuated control valve to balance the pressure across the steam turbine rotor shall be supplied. High pressure steam shall be supplied to the valve.

6. 
Temperature sensors shall be provided as required. The temperature sensors shall be of the RTD (resistance temperature detector) type with 4 to 20 mA output.

7. 
A vacuum breaker shall be provided.

8. 
Pressure gages shall be provided as required. The gages shall be 4 ½-in. diameter with a solid front and welded stainless steel sensing element.

9. 
Pressure transmitters shall be provided as required. The pressure transmitter output signal shall be 4 to 20 mA.

10. 
Steam flow meters shall be provided as required. The flow meters shall be of the vortex flow meter type with a 4 to 20 mA signal. The flow meters shall be utility grade manufactured by E&H or equal. Manufacturer’s recommendations shall be followed for the installation of the flow meters and accessories required to give accurate readings.

J. 
Electrical Requirements:

1. 
Electrical contractor shall supply and install main electrical power line, disconnect switches, circuit breakers, and electrical protection devices per local code requirements and as indicated necessary by the steam power system manufacturer.

2. 
Electrical contractor shall supply and install electrical wiring and devices required to interface the steam turbine power system controls with the building control system if applicable.

3. 
Electrical power shall be supplied to the unit at the voltage, phase, and frequency listed in the equipment schedule.

K. 
Piping Requirements:

1. 
Mechanical contractor shall install and support steam piping such that NEMA specifications for turbine flange loads are met. Contractor shall install piping in compliance with the ASME Piping Code B31.3 and the ASME Boiler Code.

2. 
Mechanical contractor shall supply and install pressure gages in readily accessible locations in piping adjacent to the steam turbine such that they can be easily read from a standing position on the floor.

L. 
Vibration Isolation:

Steam power system supplier shall furnish neoprene isolator pads for mounting equipment on a level concrete surface. No special concrete foundation shall be required for vibration isolation.

M. 
Start-Up:

1. 
The steam power system manufacturer shall provide a factory-trained representative, employed by the steam power system manufacturer, to perform the start-up procedures as outlined in the Start-up, Operation and Maintenance manual provided by the steam power system manufacturer.

2. 
Manufacturer shall supply the following literature:

a. 
Start-up, operation and maintenance instructions.

b. 
Installation instructions.

c. 
Field wiring diagrams.

d. 
One complete set of certified drawings.

N. 
Special Features:

1. 
Upgraded system and components.

2. 
Complete packaging on a single skid.

3. 
Additional instrumentation.

4. 
Outlet steam separator.

5. 
208-3-60 output voltage.

6. 
Pneumatic air compressor.

