DRAFT – February 23, 2004

Appendix A. Power Plant Data Requirements

1.  A principal one-line electrical diagram of the project.

Provide principle one-line diagram of the project, name and identify power generators, transformers, transmission lines, circuit breakers, and station service loads. 

2. Generating Unit Data (to be filled out for each generator at the plant)
Generating Unit number or identifier in the plant diagram __________________

2.1. Synchronous Machine Data 

2.1.1. Generator Ratings

MVA Rating  ______________ 



Rated Voltage _____________

Rated Power Factor (leading, lagging)     ______________________________

Rated Speed (RPM)  ____________   

Frequency, Hertz  ___________

Short Circuit Ratio  ______________   



Stator Amperes at Rated MVA _____

Connection (e.g. Wye) ________ and grounding __________________

Generator cooling (air-cooled, hydrogen cooled) ____________________

2.1.2. Synchronous Generator Parameters

Reactance data (per unit on machine rated MVA and kV)







direct


quadrature

Synchronous – unsaturated 


Xdi _______ 

Xqi _______

Transient – unsaturated  



X’di  ______  
X’qi  ______

Subtransient – unsaturated 


X”di ______ 

X”qi _______

Negative Sequence – unsaturated 

X2i _______

Zero Sequence – unsaturated 


X0i _______

Leakage Reactance 



Xlm _______

Field Time Constants (sec)








direct


quadrature

Open Circuit 
Transient



T’do ______ 

T’qo  ______

Open Circuit Subtransient 



T”do  ______  
T”qo  ______

Combined Turbine-Generator Inertia 

Inertia Constant, H = _____________________ kW sec/kVA

Moment-of-Inertia, WR2 = _____________________ lb. ft.2

Armature Winding Resistance (per unit on machine rated MVA and kV)

Positive 





R1________

Negative 





R2 ________

Zero 






R0 ________

Neutral Grounding Resistance


Rn ________

Neutral Grounding Reactance


Xn ________

2.1.3. Generator Curves

Open circuit saturation curve with air gap line (generator voltage versus field current).

Air gap field amps at rated generator voltage  _______________ Amps

Air gap field volts at rated generator voltage  ________________ Volts

2.2. Excitation Data 

2.2.1. Exciter and Voltage Regulator

Type of exciter (static, ac rotating, etc)  ________________________

Self or Separately Excited                      ___________________

Maximum / Minimum exciter dc current  ________________________

Maximum / Minimum exciter dc voltage ________________________

Provide nameplate information on excitation equipment (such as excitation transformer in static exciters, dc generator and amplidyne in dc rotating exciters, main and pilot ac generators in ac rotating exciters)

 Voltage regulator type and manufacturer (e.g. GE EX 2000, ABB Unitrol-F, etc)

_____________________________________________________________

Generator voltage regulation limits (e.g. +/- 5% off-nominal) _______________

Provide block diagram with relevant data for exciter/voltage regulator. 

2.2.2. Line Drop Compensation/Reactive Current Compensation

Indicate which of these features are used in voltage regulator provide settings in per unit on machine rated MVA and kV.

2.2.3. Power System Stabilizer

PSS type and manufacturer (e.g. GE EX2000, Bassler)

_______________________________________________________________

Provide diagram with relevant data for Power System Stabilizer.

2.2.4. Over-Excitation Limiter

Provide diagram with relevant data for Over-Excitation Limiter.

Describe OEL actions – reduce field current below continuous current rating, trip voltage regulator into manual field current control, trip a generator.

2.2.5. Under-Excitation Limiter

Provide diagram with relevant data for Under-Excitation Limiter.

2.2.6. Stator Current Limiter

Is stator current limiter used at the generator?

Provide diagram with relevant data for Stator Current Limiter.

2.2.7. High Side Voltage Controllers, VAR limiters and Power factor controllers

Indicate which of these controllers are active, provide diagram with relevant data.

2.3.  Generator Reactive Capability Curves

Continuous Field Current rating   ____________ Amps

Field Winding Resistance   
________ Ohms  at  _____   °C

Provide machine reactive capability curves at rated MVA (and at nominal hydrogen pressure if applicable) and at rated, and +/- 5% off-rated generator voltage. 

Superimpose generator control, limiter and protection curves. 

Define operating reactive capability of a generator. 

Provide minimum (Pmin)_____________ and maximum (Pmax)___________ continuous generator power output.

2.4.  Generator Protection

Provide information and settings on the following protection elements

· out of step relaying

· volts per hertz relays

3. Turbine-Governor Data

Generators driven by the turbine   __________________

3.1 Hydro-turbine generators

Hydraulic Turbine.

Turbine type (Francis, Kaplan, Pelton) __________________________

Nominal Head (ft) ___________
Typical range of operating heads__________ ft

Nominal water flow (kcfs)  ___________ at full gate opening, nominal head

Turbine capacity (MW)  ___________ at full gate opening, nominal head

Provide “Power versus Gate Servo Motor Stroke” characteristic at expected operating heads.

For Kaplan turbine, provide “Blade angle versus Gate Servo Motor Stroke” characteristic at expected operating heads.

Provide water flow versus gate opening at nominal head.

Provide hydraulic turbine efficiency curve.

Indicate if the penstock has a surge tank ________ 

Water inertia starting time Tw  __________ (sec)

Hydro Governor

Hydro governor type (e.g. Woodward 505H) _____________________

Provide block diagram with relevant data for speed governor and whether droop is based on real power output or governor gate position.

For Kaplan turbines, provide block diagram with relevant data for a blade controller.

3.2 Steam-Turbine Generators

Boiler type   (drum-type or once through) ___________________

Normal fuel type  (coal, oil, gas, other) _____________________

Tandem-compound or Cross-compound  

Turbine capacity (MW) ____________ at rated steam throttle pressure, full valve opening

Rated steam pressure (HP)  ____________________ (psi)

Governor type and manufacturer ____________________________

Provide block diagram with relevant data for speed governor and whether droop is based on real power output or governor gate position.

Boiler controller type and manufacturer  ____________________________

Turbine control operating practices (partial arc, full arc, turbine follow, boiler follow, coordinated controller, sliding pressure, etc)
3.3. Gas Turbine Generators

Gas turbine manufacturer and type (e.g.GE Frame 7, W-501, GE LM6000, etc)

_____________________________________________________________

Provide block diagram with relevant data for speed governor.

For combined cycle plants

Single-shaft or multiple-shaft ____________________________

Describe how steam is used from a heat recovery steam generator (HRSG), e.g.

· all steam is used by a steam-turbine generator, or

· 40% of steam is for industrial use, or

· the project is using supplementary duct firing, all steam is used by a steam-turbine generator

3.4. Over- and Under- frequency protection

Provide over-speed and under-speed relay settings. 

Describe relay action (e.g. turbine trip, generator trip) ______________________ 

4.Power Plant Controls

4.1. Load or MW controllers

Indicate whether there is a load controller and provide appropriate data and block diagrams (e.g. Process Coordinated Controller).

Provide information on AGC capability / ramp rates (up and down) / rages (low and high).

4.2. Reactive Power Controller

Indicate whether there is a reactive power controller and provide appropriate data and block diagrams. 

Does the controller balance reactive power among generators in the plant?

Does the controller perform high-side voltage control automatically and how fast it starts and completes response?

5.  Transformer Data

Provide the following information on power plant transformers:

Transformer number or identifier in the plant diagram _____________________

Ratings

Self-cooled MVA

________ 
Maximum nameplate MVA _________

Number of transformer windings ____________

Is this an autotransformer?

Is there a zig-zag grounding transformer? If yes, does it have a grounding resistance?

Winding H:

Nominal voltage, kV ______________

Configuration (( or Y) and Y winding connection: ungrounded, solid ground or impedance ground   _______________

Winding X:

Nominal voltage, kV ______________

Configuration (( or Y) and Y winding connection: ungrounded, solid ground or impedance ground   _______________

Winding Y (for three-winding transformers):

Nominal voltage, kV ______________

Configuration (( or Y) and Y winding connection: ungrounded, solid ground or impedance ground   _______________

Transformer impedances, positive and zero sequence:  

Winding H to X
Positive Z1 (on self-cooled MVA rating) % X ________ / R ____________

Zero Z0 (on self-cooled MVA rating) % X _________ /R ____________

Winding H to Y (for three-winding transformers)
Positive Z1 (on self-cooled MVA rating) % X ________ / R ____________

Zero Z0 (on self-cooled MVA rating) % X _________ /R ____________

Winding X to Y (for three-winding transformers)
Positive Z1 (on self-cooled MVA rating) % X ________ / R ____________

Zero Z0 (on self-cooled MVA rating) % X _________ /R ____________

Transformer tap changer information

Type (No-load or On-Load )  __________________

Tap changer winding location (H, X, Y) _______________

Maximum tap ____________ (kV or percent)

Minimum tap  ____________ (kV or percent)

Tap step        ____________ (kV or percent)

Tap setting ___________________

For On-Load Tap Changer, specify 

Regulated voltage ____________ (percent, or V)

Dead-band            ____________  (percent, or V)

Tap changer time constant _____________ (sec)

6. Transmission Line Data

If a transmission line is included as part of the connection, the following transmission line data is required:

Nominal operating voltage, kV  _________________________

Line length, miles  ___________________________________

Line conductor type __________________________________

Line capacity, amps @ oC _____________________________

Overhead/underground construction

Positive and zero sequence transmission line impedances in primary values

Series resistance, R (
Series reactance, X (
Shunt susceptance, B ( S (or ((-1)

7. Station Service

Station service number or identifier in the plant diagram __________________

Station service load MW and MVAR at various plant outputs (at least full power output).

Station service sources under normal operation _____________________

