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Section 1: Generating Unit Reactive Power Capability Modeling Reference 
Document Scope 

Note 1:  This Reference Document applies to synchronous generators only. 
 
.ÏÔÅ ςȡ  4ÈÉÓ 2ÅÆÅÒÅÎÃÅ $ÏÃÕÍÅÎÔ ÕÓÅÓ ÔÈÅ ÔÅÒÍ Ȭ'ÅÎÅÒÁÔÏÒ %ÎÔÉÔÙȭ ÔÏ ÒÅÆÅÒ ÔÏ ÂÏÔÈ ÔÈÅ 'ÅÎÅÒÁÔÏÒ /×ÎÅÒ 
and Generator Operator.  Depending on how a particular company is organized, responsibilities may be 
assigned to either the Generator Owner or Generator Operator.  
 
Note 3:   This Reference Document does not create binding norms, establish mandatory reliability 
standards or create parameters by which compliance with Reliability Standards are monitored or enforced.  
In addition, this Reference Document is not intended to take precedence over any regional procedure.  It is 
recognized that individual Generator Owners and Transmission Owners may use alternative and/or more 
specific approaches that they may deem more appropriate for their generators and transmission systems. 
 
! ÇÅÎÅÒÁÔÉÎÇ ÕÎÉÔȭÓ ÃÁÐÁÂÉÌÉÔÙ ÔÏ ÐÒÏÖÉÄÅ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÓÕÐÐÏÒÔ ÉÓ ÅÓÓÅÎÔÉÁÌ ÉÎ ÍÁÉÎÔÁÉÎÉÎÇ ÁÄÅÑÕÁÔÅ 
system voltage profiles under a variety of steady-state (normal and contingency) conditions for ensuring 
Bulk Electric System (BES) Reliability.   
 
)Ô ÉÓ ÉÍÐÏÒÔÁÎÔ ÔÏ ÒÅÃÏÇÎÉÚÅ ÔÈÁÔ ÔÈÅ ȰÇÅÎÅÒÁÔÏÒȱ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÙ ÃÕÒÖÅ ÏÎÌÙ ÒÅÐÒÅÓÅÎÔÓ ÔÈÅ 
capability of the electrical generator itself.  The manufacturer generator reactive power capability curve or 
D-curve does not take into account:  a) the design of the auxiliary power system and its coordination with 
the generator terminal voltage; b) the GSU transformer electrical characteristics; c) the strength of the 
transmission system to which the generator is connected; d) the transmission operating voltage and 
coordination with the GSU transformer tap setting; and e) generator protection system settings.  These five 
ÆÁÃÔÏÒÓ ×ÉÌÌ ÁÆÆÅÃÔ ÔÈÅ ȰÇÅÎÅÒÁÔÉÎÇ ÕÎÉÔȱ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÙȢ  4ÈÅ ÄÉÓÔÉÎÃÔÉÏÎ ÂÅÔ×ÅÅÎ ÔÈÅ Ȱ'ÅÎÅÒÁÔÏÒȱ 
reactive power caÐÁÂÉÌÉÔÙ ÁÎÄ ÔÈÅ Ȱ'ÅÎÅÒÁÔÉÎÇ 5ÎÉÔȱ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÙ ÍÕÓÔ ÂÅ ÕÎÄÅÒÓÔÏÏÄȟ 
evaluated and reported so the generating unit can be modelled correctly in Transmission Operations and 
Planning studies.  For additional information on this concept see Appendix A: Understanding Generator and 
Generating Unit Reactive Power Capability.  
 
In addition to the above considerations, Generating Unit reactive power factor requirements are generally 
governed by the Interconnection Agreement between the Generator Entity and the Transmission 
Owner/Operator.  These Interconnection Agreement requirements often define a narrower band or range 
×ÉÔÈÉÎ Á ÇÅÎÅÒÁÔÉÎÇ ÕÎÉÔȭÓ ÒÁÔÅÄ ÃÁÐÁÂÉÌÉÔÙ ÃÕÒÖÅÓȢ   
 
Transmission planners and operators use models of generating units as part of their responsibility to 
ensure reliable and economic operation of the grid.  Most present network analysis tools use fairly simple 
ÒÅÐÒÅÓÅÎÔÁÔÉÏÎÓ ÔÏ ÄÅÐÉÃÔ ÅÁÃÈ ÕÎÉÔȭÓ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÉÅÓ ÁÔ ÆÉØÅÄ ÍÉÎÉÍÕÍ ÁÎÄ ÍÁØÉÍÕÍ ÒÅÁÃÔÉÖÅ 
power limits.  The lagging and leading generator reactive power capability available to the transmission 
system is specific to each unit and can vary significantly based on numerous factors.  These simple 
representations do not typically take into account key variables such as transmission system voltage, 
generator and auxiliary bus voltages, transformer tap settings, MW output level, the impacts of excitation 
system controls and limiters, effects of cooling provided by variable hydrogen pressure, ambient air, etc.     
 
Staged reÁÃÔÉÖÅ ÐÏ×ÅÒ ÔÅÓÔÓ ÈÁÖÅ ÂÅÅÎ ÕÓÅÄ ÔÏ ÖÅÒÉÆÙ ÁÎÄ ÄÏÃÕÍÅÎÔ Á ÇÅÎÅÒÁÔÉÎÇ ÕÎÉÔȭÓ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ 
ÃÁÐÁÂÉÌÉÔÙȢ  )Ô ÉÓ ÉÍÐÏÒÔÁÎÔ ÔÏ ÒÅÃÏÇÎÉÚÅ ÔÈÁÔ ÔÈÅ ÔÅÓÔ ÒÅÓÕÌÔÓ ÁÒÅ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ ÏÆ ÅÁÃÈ ÕÎÉÔȭÓ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ 
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capability for the prevailing conditions at the time of the test.  The same unit may have significantly more 
or less reactive power capability under different operating conditions.  Therefore, tests performed under a 
ÓÉÎÇÌÅ ÓÅÔ ÏÆ ÃÏÎÄÉÔÉÏÎÓ ÍÁÙ ÎÏÔ ÂÅ ÁÄÅÑÕÁÔÅ ÔÏ ÐÒÏÖÉÄÅ ÔÈÅ ÆÕÌÌ ÐÉÃÔÕÒÅ ÏÆ Á ÕÎÉÔȭÓ ÒÅÁÃÔive power capability.  
Consequently, the tests may result in reduced reactive power capability in comparison to the actual 
reactive power capability achievable under different sets of conditions.   
 
Presently, there is no consistent, industry-wide approach for ensuring that generator voltage and reactive 
power limits are determined and reported appropriately for use in the various types of steady-state studies 
performed.  Developing a reference document for verification and reporting of generating unit reactive 
power capability for steady state studies performed by transmission planning and operations has been 
ÉÄÅÎÔÉÆÉÅÄ ÂÙ ÔÈÅ .ÏÒÔÈ !ÍÅÒÉÃÁÎ 4ÒÁÎÓÍÉÓÓÉÏÎ &ÏÒÕÍȭÓ -ÏÄÅÌÉÎÇ 0ÒÁÃÔÉÃÅÓ 'ÒÏÕÐ ɉ.!4& -0'Ɋ ÁÓ Á ÈÉÇÈ 
priority initiative.  The NATF Modeling Practices 'ÒÏÕÐȭÓ ɉ-0'Ɋ 'ÅÎÅÒÁÔÏÒ 2ÅÁÃÔÉÖÅ -ÏÄÅÌÉÎÇ 7ÏÒËÉÎÇ 
Group (GRWG) reviewed the major factors affecting the ability of a generating unit to produce lagging and 
leading reactive power.  From this review, the group is providing information for help in determining, 
verifying, reporting, and modeling generating unit reactive power capabilities and associated limitations 
for use in steady-state evaluations of Bulk Electric System (BES).   
 

Section 2: Generating Unit Reactive Power Capability Modeling Reference 
Document Objectives  

4ÈÉÓ .!4& -ÏÄÅÌÉÎÇ ÒÅÆÅÒÅÎÃÅ ÄÏÃÕÍÅÎÔ Ȭ2ÅÐÏÒÔÉÎÇ ÁÎÄ 6ÅÒÉÆÉÃÁÔÉÏÎ ÏÆ 'ÅÎÅÒÁÔÉÎÇ 5ÎÉÔ 2ÅÁÃÔÉÖÅ 0Ï×ÅÒ 
Capability for Synchronous Machines' is intended to provide guidance towards the use of consistent, 
industry -wide approaches for verifying, reporting and validation of generating unit reactive power 
capability.  This document does not replace, change, or interpret any requirements in NERC Reliability 
Standards or other applicable criteria. 
 
The reactive power limits used in the transmission planning and transmission operations power flow 
ÓÉÍÕÌÁÔÉÏÎÓ ÓÈÏÕÌÄ ÂÅ ÂÁÓÅÄ ÕÐÏÎ ÔÈÅ Ȱ'ÅÎÅÒÁÔÉÎÇ 5ÎÉÔȱ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÙ ÒÁÔÈÅÒ ÔÈÁÎ ÔÈÅ 
Ȱ'ÅÎÅÒÁÔÏÒȱ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÙȢ  !Î ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÁÎÄ ÄÉÓÔÉÎÃÔÉÏÎ ÂÅÔ×ÅÅÎ Ȱ'ÅÎÅÒÁÔÏÒȱ ÁÎÄ 
Ȱ'ÅÎÅÒÁÔÉÎÇ 5ÎÉÔȱ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÙ ÉÓ ÐÒÏÖÉÄÅÄ ÉÎ Appendix A:   Understanding Generator and 
Generating Unit Reactive Power Capability. 
 
7ÉÔÈ ÐÒÏÐÅÒ ÃÏÏÒÄÉÎÁÔÉÏÎ ÁÎÄ ÄÁÔÁ ÓÈÁÒÉÎÇȟ ÁÐÐÒÏÐÒÉÁÔÅ Ȱ'ÅÎÅÒÁÔÉÎÇ 5ÎÉÔȱ ÒÅÁÃÔÉÖÅ ÌÉÍÉÔÓ ÃÁÎ ÂÅ 
determined via simulations performed by the Generator Entity and/or the Transmission Planner.  The 
ÓÔÅÐÓ ÒÅÃÏÍÍÅÎÄÅÄ ÆÏÒ ÄÅÔÅÒÍÉÎÉÎÇ Ȱ'ÅÎÅÒÁÔÉÎÇ 5ÎÉÔȱ ÒÅÁÃÔÉÖÅ ÌÉÍÉÔÓ ÁÒÅ ÄÉÓÃÕÓÓÅÄ ÉÎ Section 3: 
Determination of Generating Unit Reactive Limits for Use in Transmission System Models. 
 Implementation of these limits, i.e. using them as a guideline for operation of generators or making them 
mandatory, is a separate matter, however.  Therefore, it is recommended that there be a joint review of 
these limits between the Transmission Entity and the Generator Entity prior to their use. 

 
On-,ÉÎÅ ÕÎÉÔ ÐÅÒÆÏÒÍÁÎÃÅ ÓÈÏÕÌÄ ÂÅ ÒÅÖÉÅ×ÅÄ ÁÎÄ ÕÓÅÄ ÔÏ ÈÅÌÐ ÖÁÌÉÄÁÔÅ ÔÈÅ Ȱ'ÅÎÅÒÁÔÉÎÇ 5ÎÉÔȱ ÒÅÁÃÔÉÖÅ 
power limits and the models developed in Section 3.  Validation can be based upon operational history data 
or staged-testing.  These approaches are discussed in Section 4:  Validation of Generating Unit Reactive 
Power Capability.  The test results or operational data can be compared to the results obtained in Section 3 
ÔÏ ÒÅÆÉÎÅ ÔÈÅ Ȱ'ÅÎÅÒÁÔÉÎÇ 5ÎÉÔȱ ÍÏÄÅÌ ÁÎÄ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÌÉÍÉÔÓ ÔÏ ÂÅ ÕÓÅÄ ÉÎ ÔÈÅ ÔÒÁÎÓÍÉÓÓÉÏÎ ÐÌÁÎÎÉÎÇ ÁÎÄ 
transmission operations power flow simulations. 
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Modeling of generator reactive power capability is important for various types of power flow (also known 
as load flow) studies.  Power flow analysis is performed for different objectives and with various time 
horizons.  An introduction to reactive power capability modeling and differences between real-time 
operations, operational planning, and long-term planning studies is provided in Appendix E: Transmission 
Study Horizons.  While there should be consistency in modeling of generating unit reactive power limits 
within certain types of studies, e.g. operations versus mid- and long-range planning, the most suitable 
generating unit representation could vary e.g., consistent with expected voltage deviations from generator 
voltage schedules.  Operations studies may be performed in an intentionally conservative manner whereas 
planning studies with light or heavy loads or with multiple overlapping contingencies could be performed 
with generating unit reactive power capabilities expected with higher or lower transmission grid voltages 
than those experienced during normal system conditions.  
 
Transmission Entities perform a variety of operating and planning studies (See Appendix E for additional 
discussion) and the representation of the generating unit varies in the different models (See Appendix F: 
Representation of Generators in Power Flow models for additional discussion).  Transmission Entities need 
the generating unit reactive power capability limits at the generator terminals and the point of 
interconnection to be provided in a consistent format so that they can select appropriate limits to be 
modeled in their planning and operating studies over a range of transmission system operating conditions 
including voltages.  It is suggested that the limits be developed following the approach outlined in this 
document and communicated, as necessary, on both a generator capability curve (D-curve) as well as in a 
tabular format as described in Section 3.1, step 5, part 2. 
 
.ÏÔÅȡ  4ÈÅ ÒÅÆÅÒÅÎÃÅ ÄÏÃÕÍÅÎÔ ÄÏÅÓ ÎÏÔ ÐÒÏÖÉÄÅ Á ȰÏÎÅ ÓÉÚÅ ÆÉÔÓ ÁÌÌȱ ÁÐÐÒÏÁÃÈ ÔÏ ÍÅÔÈÏÄÓ ÆÏÒ 
ÄÅÔÅÒÍÉÎÉÎÇ ȰÇÅÎÅÒÁÔÉÎÇ ÕÎÉÔ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÙȢȱ )Ô ÄÏÅÓȟ ÈÏ×ÅÖÅÒȟ ÐÒÏÖÉÄÅ ÖÁÒÉÏÕÓ 
methods for obtaining generator and generating unit limits that can be factored into the 
Transmission modeling process.  Examples of current processes from Forum members are 
provided.  The goal is to ensure that generating unit reactive power limits are determined and 
reported appropriately for use in various types of transmission system studies.     
 

  

Section 3: Determination of Generating Unit Reactive Power Limits for 
Use in Transmission System Models 

Determination of the Generating Unit reactive power limits for use in transmission system models requires 
coordination between and cooperation of both the Generator Entity and the Transmission Planner.  Two 
approaches are presented. 

¶ Section 3.1 describes the modeling that could be done by the Generator Entity and the data 
necessary from the Transmission Planner.   

¶ Section 3.2 describes the modeling that could be performed by the Transmission Planner and the 
data necessary from the Generator Entity.  
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3.1   Generator Entity Engineering Study   

The following outlines an approach that can be used by a Generator Entity to determine generating unit 
ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÌÉÍÉÔÓ ÆÏÒ ÕÓÅ ÉÎ ÔÒÁÎÓÍÉÓÓÉÏÎ ÓÙÓÔÅÍ ÍÏÄÅÌÓȢ  4ÈÉÓ ÍÅÔÈÏÄ ÅÍÐÌÏÙÓ ÁÎ ȰÁÌÌ-the-tools-in-the-
ÔÏÏÌÂÏØȱ ÁÐÐÒÏÁÃÈ ×ÈÉÃÈ ÃÁÎ ÂÅ ÓÕÍÍÁÒÉÚÅÄ ÁÓ ÆÏÌÌÏ×Óȡ 

1. Establish Generating Unit Power Flow Model  
2. Obtain Operational or Test Data 
3. Validate Power Flow Model with Operational/Test Data 
4. Perform Reactive Power Capability Simulations (Specific unit load points and POI 

transmission voltages) 
5. Document Results for Reporting 

a. Obtain Plant Operations Staff Review & Feedback 
b. Transmit Results to Transmission Planner/Reliability Coordinator 

Each of these steps are discussed in more detail below as applied to an example generating unit. 
 
Step 1 - Establish Generating Unit Power Flow Model  

The following inputs are needed for development of the model: 

Å Unit Configuration/Drawings (Single Line (S/L), 3-Line, etc.) 
Å Generator Ratings & ManufacturÅÒȭÓ $-Curve (See Appendices A and B) 
Å Excitation Limiter Setpoint Study / As-Left Settings 
Å GSU, UAT, SST Ratings, %Z, Tap Settings (GSU-Generator Step Up transformer, UAT-Unit auxiliary 

transformer, SST- station service transformer) 
Å Gross MW values at which reactive power capabilities/limits are to be validated   
Å Auxiliary Load (MW and MVAR or PF) at which reactive power capabilities/limits are to be 

determined 
Å Transmission Bus High and Low Voltage Extremes at which reactive power capabilities/limits are 

to be validated.  These are typically based on the applicable Transmission Owner/Operator 
requirements which specify the voltages at the point of interconnection  
Å Generating Unit Equipment Ratings & Operating Limits  
ï Generator Bus, Breaker, and Switch Ampere Limits 
ï Generator & Station Auxiliary Bus Voltage Limits.  Generator design voltage limits are typically 

105%/95% of the rated (nameplate) value (reference:  IEEE C50.13).  For some entities, 
auxiliary bus limits are typically based on 110% of motor nameplate voltage (per NEMA MG-1) 
and between 92.5% and 95% of nominal bus voltage.   [The Generator Owner (GO) is ultimately 
responsible for establishing these bus voltage limits to ensure safe and reliable operation of the 
station auxiliary system over a wide array of operating conditions for an unlimited period.] 

Appendix A provides additional information on the generator and auxiliary system equipment 
voltage limits and their impact on unit reactive capability.  

 
The following are the basic model components needed for a comprehensive study.  Determination of the 
specific station auxiliary system components to be modeled explicitly depend upon the specific unit design 
and configuration being modeled.  Typically, the model should include each medium voltage bus along with 
low voltage buses whose operating voltage limits can potentially limit the generator operating terminal 
voltage range.   

Å Generator (See the D-curve plot below (Figure 1) for this example) 
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ï MVAR production limits from D-curve (consider margins, voltage impact, tolerances) at full 
(maximum) and minimum generator gross load 

ï MVAR absorption limits from Minimum Excitation Limiter settings (consider margins, voltage 
impact, tolerances) at full (maximum) and minimum generator gross load 

ï Review Over Excitation Limiter (OEL), Field Current Limiter, Volts per Hertz (V/Hz), armature 
(stator) current limiter, other limiter settings or alarms that could potentially limit operation 
within the Generator reactive power capability curve or operating voltage range 

ï Factor in other known reactive power limitations (ex: generator cooling, H2 pressure, vibration, 
de-rated rotor, derated GSU transformer, generator bus derating, etc.)  

 

Figure 1 

Å Generator Bus - include voltage & ampere ratings 
Å GSU Transformer ɀ consider MVA & voltage ratings, %Z, field verified tap setting 
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Å Transmission System Equivalent (typically an infinite bus is used) 
Å Transmission System Bus voltages (High, Schedule or Low) to use for each reactive power limit 

power flow simulation 
Å Unit Auxiliary Transformers (UATs) & Other Station Service Transformers (SST) - include MVA & 

voltage ratings, %Z, field verified tap settings 
Å Station Service Buses supplied by UATs and downstream low voltage SSTs.  Include applicable 

voltage limits 
 

Note that equipment problems and/or reductions in equipment ratings that cause VAR limitations should 
be documented and  reported for consideration of impacts to Operating and Planning models (ex: turbine-
generator vibration, de-rated generator rotor, generator or transformer cooler degradation, bus connection 
hot spots or cooler issues).   
 
Below (Figure 2) is an example of a power flow model developed for a typical fossil unit:  

 

 

Figure 2 

 
Note the foregoing model includes explicit representations of the generator, GSU transformer, unit 
auxiliary transformers, medium voltage buses, medium to low voltage station service transformers, and 
low voltage buses.  The model also includes equivalents of the unit medium and low voltage bus loads and 
the transmission system at the point of interconnection. 
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Step 2 - Obtain Operational or Test Data  

Scheduling of any tests should first be coordinated with the Transmission Operator.  Data needed for 
validation of the power flow model can include the following:  

Å Transmission System Bus Voltage (high side GSU voltage) at the time of the test or operating data 
capture/snapshot 

Å Generator Voltage, MW, MVAR (or PF) 
Å Station Auxiliary Bus MW, MVAR (or Amp and PF) Load.  This information may not be readily 

available in some cases, especially for LV systems* 
Å Station Auxiliary Bus Voltages (This would include the medium voltage buses and low voltage buses 

(575 V, 480 V).  This information may not be readily available in some cases, especially for LV 
systems * 
* This information can often be obtained by field readings using available instrumentation.  If 
instrumentation is not available, reasonable estimates can be made based on reviews of bus one 
line diagrams and discussions with plant operations staff. 

All data should be taken/captured at the same time whether during a test or from a review and use of 
operational data. 
 
The following additional data can also be useful for comparisons with equipment design ratings when 
reviewing for potential limitations that are not directly represented in the electrical power flow 
simulations:  
Å Generator Field Amps, Field Volts, Field Temperatures 
Å Generator Cooling Parameters (H2 Pressure, Inlet Water/Air Temp, Stator Winding Temp, etc. as 

applicable) 
Å GSU transformer winding and oil temperatures 
Å Ambient temperature 

 
For historical operational data obtained, the transmission system voltage will typically be at or   near 
schedule.  Transmission Operators will assist in determining the amount of voltage variation that is 
acceptable.  When scheduling tests or selecting operational data, the seasons and times of day that are 
conducive to the required reactive power capabilities should be considered.  It is recommended to obtain 
at least two sets of data.  The following are suggestions for a typical fossil unit: 

Set 1 ɀ Typical high MVAR production with unit operating at or near normal full load MW. 
Set 2 ɀ Typical high MVAR absorption with unit operating at or near minimum stable MW load. 

 
Step 3 ɀ Validate Power Flow Model with Operational or Test Data  

Å Compare Simulated Results to Actual Data to Validate Model  

ï Power Flow Simulation MW, MVAR, Voltages, Amps  

ï Operational or Test MW, MVAR, Voltages, Amps 

Å Good Match Demonstrates:  

ï Model is representative of actual generating unit electrical system operation 

ï -ÏÄÅÌ ÃÁÎ ÂÅ ÕÓÅÄ ÔÏ ÓÉÍÕÌÁÔÅ ÔÈÅ ÕÎÉÔ ÏÐÅÒÁÔÉÏÎ ÁÎÄ Ȱ4ÁËÅ ÉÔ ÔÏ ÔÈÅ ,ÉÍÉÔȱ ɉ-6!2 ÁÎÄȾÏÒ 
voltage) for various transmission bus voltages 
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ï Model can also be used to study various generating unit operating conditions (ex:  
Maximum and Minimum Unit MW loading) 

Note:  This same Methodology is used for nuclear plant safe shutdown capability verification.  The NRC 
established the precedent for this method in Degraded Grid electrical system studies. 

To illustrate, below (Figure 3) is a power flow model validation simulation for an example sample 
fossil unit, as well as a table (Figure 4) that compares the model calculated results versus 
operational data taken.  

 

Figure 3 
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Figure 4 

Note that the generator and station auxiliary bus loads were adjusted to closely match the loads from the 
field data.  The model is validated if the calculated voltages from the power flow results closely match the 
corresponding voltages from the field data. 
 
Step 4 - Perform Reactive Power Capability Simulation  

Run Power Flow Simulations Using Validated Model 

¶ Important:  Amount of Station Service (SS) Load for Specified Unit MW Output. 
¶ Important:  Appropriate Distribution of SS Load Among Buses. 
¶ Lightly Loaded SS Buses ɀ Can Limit Unit Lagging VAR Capability (Bus Volts too high). 
¶ Heavily Loaded SS Buses ɀ Can Limit Unit Leading VAR Capability (Bus Volts too low). 
¶ Equivalent bus loadings (MW + jMVAR or Amps & PF) for the cases to be studied can be 

determined from operating history trends.  For the example unit, the following trend data 
(Figures 5-8) was available to help establish 4160 V SS bus MW loadings and PFs when the 
unit is operating at or near full MW load during summer conditions.  
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Figure 5 

 

Figure 6 
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Figure 7 
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Figure 8 

 
1. Determine Reactive Power Limits for Generator Full Load (Maximum) Gross MW and Generator 

Minimum Gross MW 

It is recommended that the Generating Unit reactive power capabilities be determined at the following 
four points as a minimum:  

¶ Leading (absorbing) reactive power capability at normal full generator gross MW load; 

¶ Lagging (producing) reactive power capabilities at normal full generator gross MW load; 

¶ Leading (absorbing) reactive power capability at normal minimum generator gross MW load; 

¶ Lagging (producing) reactive power capability at normal minimum generator gross MW load. 

3ÉÎÃÅ Á ÇÅÎÅÒÁÔÉÎÇ ÕÎÉÔȭÓ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÉÅÓ ÖÁÒÙ ÄÅÐÅÎÄÉÎÇ ÏÎ ÕÎÉÔ ÁÎÄ ÓÙÓÔÅÍ ÏÐÅÒÁÔÉÎÇ 
conditions, the Generator Entity should coordinate with the Transmission Planner to establish the 
specific conditions or range of conditions for which these unit reactive power limit points need to be 
determined.  If the Transmission Planner does not specify the transmission system voltages to be used, 
then at a minimum, it is recommended to determine reactive power capabilities with the transmission 
system voltage at a realistic value.   

4ÈÁÔ ÉÓȟ ÔÈÅ ÓÙÓÔÅÍ ÖÏÌÔÁÇÅ ÓÈÏÕÌÄ ÂÅ ÂÅÔ×ÅÅÎ ÔÈÅ 40ȭÓ ÍÉÎ-allowed and specified values for maxɀ
lagging tests, and between the max-allowed and specified values for maxɀleading tests.  This is opposite 
the direction naturally occurring during tests; MVAR export drives system voltages higher, and MVAR 
import makes voltages lower.  This tendency can be counteracted to some degree by operating 
generators in a push-pull fashion, i.e. taking not-tested units to min MVAR when the tested until is at 
max MVAR, and vice versa.  Some participation by the TOP will be needed to attain the above-stated 
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goal, however, by coordinating push-pull at other plants in the area or manipulating transmission 
system capacitor banks, reactors, static VAR compensators or load tap changers.   

 

If the generating unit reactive power capability limits are less than indicated by the D curve, additional 
simulations can be performed to determine the unit reactive power limits at other transmission system 
voltages.  If the Transmission Planner does not prescribe specific voltages for the sensitivity analyses, 
the Generator Entity can perform additional simulations at transmission voltages that produce 
generating unit reactive power limits that are comparable to the limits indicated by the D curve.  
Additional leading (absorbing) reactive power capability simulations should be performed for higher 
transmission voltages and additional lagging (producing) reactive power capability simulations should 
be performed for lower transmission voltages.  These power flow simulations must demonstrate that 
generator and auxiliary bus voltages remain within acceptable limits at the leading and lagging reactive 
power limits.  It must also be determined that the model captures the reason for less-than-D-curve test 
results well enough that the other-voltage results can be relied-upon. 
 
As an illustration: 
For the typical unit the SS trend data along with field data recorded for the validation cases were used 
to estimate SS bus ÌÏÁÄÉÎÇÓ ɉ-7 Ǫ 0&Ɋ ÆÏÒ ÄÅÔÅÒÍÉÎÉÎÇ ÔÈÅ ÕÎÉÔȭÓ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÉÅÓ ÁÔ 
summer full load MW operation using the validated load flow model.   
 
The following power flow simulations evaluate the generating unit reactive power capabilities for 
lagging (Figure 9) and leading (Figure 10) PF operation at transmission bus voltage conditions 
prescribed by the Transmission Planner.   
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Figure 9 
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Figure 10 

For the example unit, SS trend data along with field data recorded for the validation cases were also 
ÕÓÅÄ ÔÏ ÅÓÔÉÍÁÔÅ 33 ÂÕÓ ÌÏÁÄÉÎÇÓ ɉ-7 Ǫ 0&Ɋ ÆÏÒ ÄÅÔÅÒÍÉÎÉÎÇ ÔÈÅ ÕÎÉÔȭÓ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÉÅÓ ÁÔ 
minimum load MW operation using the validated power flow model.  The following power flow 
simulations evaluate the unit reactive power capabilities for lagging (Figure 11) and leading (Figure 
12) PF operation at transmission bus voltage conditions prescribed by the Transmission Planner in this 
instance: 
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Figure 11 
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Figure 12 

2. Clearly Document Limiting Factors  

¶ Generator Reactive Power Capability 

¶ Generator or Station Service (SS) Voltage Limit * (See Note below) 

¶ Over Excitation Limiter (OEL), Volts/Hz Alarm / Limiter, Minimum Excitation Limiter (MEL)/Under 
Reactive Ampere Limiter (URAL)/Under Excitation Limiter (UEL) 

¶ GSU MVA Limit,  Bus Ampere Limit 

¶ Other (specify) 

ɕ .ÏÔÅȡ  )Ô ÉÓ ÉÍÐÏÒÔÁÎÔ ÆÏÒ ÔÈÅ 40Ⱦ4/0Ⱦ2# ÔÏ ËÎÏ× ÔÈÅ ÇÅÎÅÒÁÔÏÒȭÓ ÁÃÔÕÁÌ ÏÐÅÒÁÔÉÎÇ ÖÏÌÔÁÇÅ ÒÁÎÇÅ 
capability to factor into their 4ÒÁÎÓÍÉÓÓÉÏÎ ÓÔÕÄÉÅÓȢ  4ÈÉÓ ÒÁÎÇÅ ÉÓ ÔÙÐÉÃÁÌÌÙ ÌÅÓÓ ÔÈÁÎ ÔÈÅ ÇÅÎÅÒÁÔÏÒȭÓ 
rated continuous range of 95-105% for units with station auxiliary buses powered directly from the 
generator terminal bus via fixed tap transformers.    

As an example, for the typical unit evaluated above, the power flow model was used to determine the 
ÇÅÎÅÒÁÔÏÒ ÏÐÅÒÁÔÉÎÇ ÖÏÌÔÁÇÅ ÒÁÎÇÅ ÔÈÁÔ ×ÏÕÌÄ ÐÒÅÖÅÎÔ ÅØÃÅÅÄÉÎÇ ÔÈÅ ÕÎÉÔȭÓ ÓÔÁÔÉÏÎ ÓÅÒÖÉÃÅ ÂÕÓ ÖÏÌÔÁÇÅ 
limits.  These power flow simulations yielded the following results:  

¶ With the unit operating at full load MW and its minimum generator voltage limit of 95%, the 
calculated station service bus voltages were within acceptable limits.   

¶ With the unit operating at full load MW and its maximum generator voltage limit of 105%, the 
calculated station service bus voltages exceeded acceptable limits.  The generator voltage had to be 
reduced to 103.7% of rated voltage to remedy this.    
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¶ With the unit operating at minimum load MW and its minimum generator voltage limit of 95%, the 
calculated station service bus voltages were within acceptable limits. 

¶ With the unit operating at minimum load MW and its maximum generator voltage limit of 105%, 
the calculated station service bus voltages exceeded acceptable limits.  The generator voltage had to 
be reduced to 102.4% of rated voltage to remedy this. 

 
Thus, by determining and reporting the calculated generator voltage limits above, the Generator Entity is 
providing additional useful information to the TP/TOP/RC.  Otherwise, they may assume this generating 
unit is able to operate at a generator terminal voltage range of 95-105%.  It should be noted that 
generating unit operators typically monitor equipment voltage limits and receive alarms if these limits 
are exceeded.  The typical operator response is to adjust the generator terminal voltage up or down, as 
appropriate, until the alarm is cleared. 
 
Step 5 - Document Results for Reporting  
1. Request Plant Operations Staff to Review & Provide Feedback. 

Results of the Engineering Study should be reviewed with plant operations staff to verify there are no 
ÏÔÈÅÒ ËÎÏ×Î ÆÁÃÔÏÒÓ ÔÈÁÔ ÃÁÎ ÌÉÍÉÔ ÔÈÅ ÕÎÉÔȭÓ ÒÅÁÃÔÉÖÅ ÐÏ×ÅÒ ÃÁÐÁÂÉÌÉÔÉÅÓȢ  !ÐÐÅÎÄÉØ % ÐÒÏÖÉÄÅÓ ÐÏÔÅÎÔÉÁÌ 
limiting factors that can be encountered during unit operation.  Sharing this type of information with 
plant operations staff will help them identify and report reactive power capability limitations and their 
causes.  

Note:  It is important that plant operators report limitations identified during operations to the 
appropriate Transmission Operator or other designated entity in the operations timeframe so near-
term impacts on the transmission system can be determined (Refer to NERC Standard VAR-002-3).  
Limitations that are determined to be long term in nature should also be reported to the Transmission 
Planner so the Transmission Planner can factor the generator unit reactive power capability into 
Transmission Planning studies as appropriate. 

2. Transmit Results to TP/RC 

The Gross and Net Reactive Power Capability should be reported.  The generator upper and lower 
terminal voltage limits (discussed in Step 4) should also be reported, especially if the generator is 
unable to operate over its full rated generator terminal voltage range of 95-105%.  The data may be 
reported to the Transmission Planner in a standard format.  Results for the example unit are 
summarized below in a format (Figures 13 and 14) for reporting to Plant Operations Staff and 
Transmission Planning.  The specific format can vary.  However, the specific report format may have to 
meet MOD-025 and applicable Regional criteria when reporting results to Transmission Planning). 
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Figure 13 
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Figure 14 

It is recommended to also report the results in the D-curve format (Figure 15). 
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Figure 15 

    

3.2 Transmission Planner Engineering Study 

The Transmission Planner should develop a simple model of the generator, GSU, UAT transformer(s), and 
UAT load(s) to assess the voltage constrained reactive power limits of the generating unit as a function of 
transmission system voltage.  This model may be used to verify the Engineering Study results provided by 
the Generator Entity or in lieu of Generator Entity Studies. 

The following outlines an approach to determine generating unit reactive power limits for use in 
transmission system models.   

1. Establish Generating Unit Power Flow Model  
2. Validate Power Flow Model with Operational/Test Data 
3. Perform Reactive Power Capability Simulations  
4. Document Results for Reporting 

Each of these steps is discussed in more detail below. 
 
Step 1 - Establish Generating Unit Power Flow Model  
The Transmission Planner should develop a simple model of the generator, GSU, UAT 
transformer(s), and UAT load(s).  The following inputs are needed from the Generator 
Entity for development of the model: 
Å Unit Single Line Configuration/Drawings that show Generator, GSU and UAT 

connections 
Å GSU & UAT Electrical Characteristics including ratings, %Z, copper losses, core losses 

and tap settings 
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A simplified power flow model developed for a coal-fired generating unit with two UATs is 
shown below (Figure 16).  

   

 

 
Figure 16 

 
Step 2 ɀ Validate Power Flow Model with Operational Data  
The power flow model can be validated using the results using historical operating data.  
Data needed for validation of the power flow model are as follows: 
Å System Bus Voltage (high side GSU voltage) at the time of the test 

Å Generator Voltage and gross output (MW and MVAR) 

Å Station Auxiliary Bus Voltage and load (MW and MVAR) 

Å Flow from GSU into transmission system (MW and MVAR) ɀ desirable but not absolutely 
necessary 

It is recommended to obtain at least two sets of data at the following suggested operating 
points: 

Set 1 ɀ Typical high MVAR production with unit operatin g at or near normal or peak full 
load MW. 
Set 2 ɀ Typical high MVAR absorption with unit operating at or near minimum stable 
MW load. 

 

Å Adjust Model Inputs to Simulate Actual Data  

ï Set Generator output (MW and MVAR) to actual values 

ï Set Auxiliary load (MW and MVAR) to actual values 

ï Set Transmission system voltage to actual value 

Å Compare Simulated Results to Actual Data to Validate Model  
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ï Generator Voltage 

ï Auxiliary Bus voltage(s) and  

ï Flow from the GSU into the transmission system 

Å Good Match Demonstrates:  

ï Model is representative of actual generating unit electrical system operation 

ï Model can also be used to study other operating conditions (both generator and 
transmission system voltage sensitivities).  

 

Step 3 - Perform Simulations to determine Reactive Power Capability Limits due to Voltage 
Constraints  

The objective is to determine and provide reactive power limits throughout the MW output range of the 
generator and throughout an appropriate range of transmission voltages.  It is recommended that the 
Generating Unit reactive power capabilities be determined at the following four points as a minimum:  

¶ Leading (absorbing) reactive power capability at full generator gross MW load 

¶ Lagging (producing) reactive power capabilities at full generator gross MW load  

¶ Leading (absorbing) reactive power capability at minimum generator gross MW load 

¶ Lagging (producing) reactive power capability at minimum generator gross MW load 

It is recommended to determine the generating unit reactive power capability limits with the 
transmission system voltage at the scheduled value.  If the generating unit reactive power capability 
limits are less than indicated by the D curve, additional simulations can be performed to determine the 
unit reactive power limits at other transmission system voltages.  If the Transmission Planner does not 
have prescribed voltages for the sensitivity analyses, they can perform additional simulations at 
transmission voltages that produce generating unit reactive power limits that are comparable to the 
limits indicated by the D curve.  Additional leading (absorbing) reactive power capability simulations 
should be performed for higher transmission voltages and additional lagging (producing) reactive 
power capability simulations should be performed for lower transmission voltages.  These power flow 
simulations must demonstrate that generator and auxiliary bus voltages remain within acceptable 
limits at the leading and lagging reactive power limits. 

   
To perform the necessary simulations, you need the following information from the Generator Entity: 
¶ Generator maximum and minimum gross MW capabilities/limits  
¶ Unit Auxiliary load (MW and MVAR) at each UAT connection 
 Unit Auxiliary load may vary based upon MW output and unit auxiliary bus voltages.  

More accurate results will be obtained if this dependency is included in the 
simulations   

¶ Generator and Unit Auxiliary Bus Voltage Ratings and Operating Limits 
The generator and unit auxiliary bus voltage limits modeled should include any 
constraints imposed by operating limits of all down-stream lower voltage 
equipment 
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NERC standard VAR-002 requires that most generators be provided a voltage schedule to follow.  When 
transmission voltage is at the schedule value, the generator may be operating in either the leading or 
lagging region. 

1. Set Transmission Voltage at the Scheduled Transmission Voltage   
ï Set the generator output at the maximum gross MW output value 

Å Adjust generator MVAR output to determine the maximum reactive power limit 
Å Adjust generator MVAR output to determine the minimum reactive power limit 

ï Set the generator output at the minimum gross MW output value 
Å Adjust generator MVAR output to determine the maximum reactive power limit  
Å Adjust generator MVAR output to determine the minimum reactive power limit 

When the transmission voltage is above the scheduled value, the generator should be operating in the 
leading region, i.e. absorbing reactive power. 

2. Set Transmission Voltage at a higher voltage* 
ï Set the generator output at the maximum gross MW output value 

Å Adjust generator MVAR output to determine the minimum reactive power limit 
ï Set the generator output at the minimum gross MW output value 

Å Adjust generator MVAR output to determine the minimum reactive power limit 
 

When the transmission voltage is below the scheduled value, the generator should be operating in the 
lagging region, i.e. producing reactive power. 

3. Set Transmission Voltage at a lower voltage* 
ï Set the generator output at the maximum gross output value 

Å Adjust generator MVAR output to determine the maximum reactive power limit 
ï Set the generator output at the minimum gross output value 

Å Adjust generator MVAR output to determine the maximum reactive power limit 
*The transmission high and low voltages selected for the simulation should provide reactive power limits 
near the generators D-curve limits. 
 
Step 4 ɀ Document Results  
The results of the simulations should be recorded and documented on a capability curve.  This requires that 
you obtain the following information from the Generator Entity: 

Å Generator Manufacturer D-Curve  
Å Excitation Limiter Settings (MW and MVAR points that can be plotted on the D- Curve) 

 
The results from the simulations for this generator are summarized below and shown below on the D-
curve:  This 13.8 kV generator includes two 2.4 kV auxiliary buses (Note: Vg on the diagram identifies 
reactive power limits that are constrained by generator terminal voltage limits.  Va on the diagram 
identifies reactive power limits that are constrained by auxiliary bus voltage limits.).  The generator 
terminal voltage limits are +/- 5% of the nominal generator voltage and the allowable auxiliary bus voltage 
range is 2,160 V - 2,530 V because of the 2,300 V motors connected to the buses.  The applicable voltage 
limits must be obtained from the Generator Entity and the auxiliary medium voltage limits should consider 
the limitations of the downstream equipment.  The reactive power output in this simulation is limited to 
45.55 MVAR or less because of high voltage on the AUX 3B bus. 
 
The sensitivity of the maximum and minimum reactive power limits at various transmission voltage levels 
can be determined through a series of simulations.  The maximum and minimum reactive power limits 
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were determined for this generator with the transmission system at 141 kV (the target scheduled value).  
The maximum was also determined with the transmission system voltage lowered to 139 kV and the 
minimum was also determined with the transmission system voltage increased to 144.9 kV (1.05 pu).  The 
reactive power limits at the three selected transmission voltages are shown on the generator D-curve 
below (Figure 17). 
 

 
Figure 17 
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The voltage sensitivity shows that the ability of the generating unit to regulate transmission voltage 
improves when the transmission voltage deviates from the schedule.  Therefore, setting Qmax and Qmin in 
the power flow model at the 141 kV schedule limits would be conservative and would provide pessimistic 
results when the transmission system voltage is different (higher or lower) than the scheduled value. 

Section 4:  Validation of Generating Unit Reactive Power Capability 

Generating unit reactive power capability is required to meet system load, provide appropriate reserves 
and assure service reliability.  This reactive power capability should be validated in a uniform manner 
that assures the use of realistically attainable values when planning and operating the system or 
scheduling equipment maintenance.  The goal of the validation is to demonstrate that the stated 
capability for the generating unit can be obtained for continuous operation under expected operating 
conditions.  To help achieve this goal, a reference document is provided herein for validating the reactive 
power capabilities of generating equipment.  This reference document recognizes the necessity of 
exercising judgment in the determination of generating unit reactive power limits for transmission 
modeling purposes. 
 
General  
The Gross and Net Reactive Power Capability for generating units should be validated initially upon 
commissioning.  The Gross and Net Reactive Power Capability should be reviewed and revalidated if 
warranted whenever there is a long term plant configuration change, following a major equipment 
modification, following changes in GSU transformer and/or station auxiliary transformer tap settings, 
following changes to the transmission system at or near the generating unit Point of Interconnection to 
the transmission grid, or as agreed to by the Transmission Provider and Generator Entity.  Periodic re-
validation is required by NERC in MOD-025-2.  Specific schedules and validation method must satisfy 
NERC and applicable Regional criteria. 

The Transmission Provider should provide each Generator Entity with the applicable MVAR limits used 
in the current Transmission Planning models to aid the GenerÁÔÏÒ %ÎÔÉÔÙ ÉÎ ÅÓÔÁÂÌÉÓÈÉÎÇ ȰÅØÐÅÃÔÅÄȱ 
ÃÁÐÁÂÉÌÉÔÉÅÓ ÆÏÒ ÔÈÅ 'ÅÎÅÒÁÔÏÒ %ÎÔÉÔÙȭÓ ÖÁÌÉÄÁÔÉÏÎ ÅÆÆÏÒÔÓȢ   

The Gross and Net Reactive Power Capability (MVAR) should be validated at the gross continuous full 
load MW capability and the minimum gross MW load at which the generating unit is normally expected to 
operate.  Reactive power capability determination should be coordinated between the Generator Entity 
and Planning Coordinator and/or Transmission Planner, as appropriate.  

The Gross and Net Reactive Power Capability should be validated with the unit operated with all 
regularly used auxiliary equipment needed for normal unit operation in service. 

Reactive power consumption by auxiliary facilities common among several units or an entire plant (for 
example, coal-handling or lighting) should be recorded and be prorated among the appropriate units as 
agreed between the Generator Entity and Planning Coordinator and/or Transmission Planner, as 
appropriate.   

Discretion may be necessary when estimating station service for small, unmanned hydro and internal 
combustion stations, where station service may not be accurately metered and/or recorded on an hourly 
basis. 

The Gross and Net Reactive Power Capability should be determined separately for each generating unit in 
a power plant if the maximum net output of each unit is independent of the others.  Two (2) or more 
units in a single station and/or two (2) or more stations whose capability is limited by common elements 
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and/or commonly assigned staff should have their capabilities determined recognizing the limitation of 
those common elements [e.g., staffing, steam headers, stacks and other boiler auxiliaries, condenser 
cooling equipment (e.g., spray modules, pumps, screens, inlets, discharge canals, cooling towers), 
common river flows, head and tailrace water levels, common penstock, watershed, etc.].  This includes 
combined cycle units.  This also includes unit configurations where multiple generators share a common 
2-winding GSU transformer.  Each unit should be assigned a rating by apportioning the combined 
plant(s) capability among the affected units. 
 

4.1 Methods 

Validations of reactive power capabilities of generating units have been attempted using the following 
methods: 

¶ Staged unit reactive power capability testing 

¶ Documentation and review of unit operational history data 

The intent of this reference document is not to promote a particular method.  Instead the goal is to 
identify merits and limitations of each method to help identify best practices that will yield confidence in 
the reactive power capability information used in planning and operational studies.   
 

4.2 Staged Testing 

Reactive power capability stage (actual unit) testing and reporting of test data and results must be 
performed in accordance with NERC Standard MOD-025-2 and applicable Regional criteria.  This 
document provides additional guidance to the GO, GOP, TOP, TP, and RC to facilitate the testing process.  
The intent is to achieve the maximum possible reactive power production and/or absorption during the 
testing while maintaining system reliability and protection of the generating unit(s) or synchronous 
condenser(s) under test and adjacent units or other reactive power resources used to facilitate the 
testing. 

Validating reactive power capabilities by testing should be an engineering assessment to determine the 
expected reactive power capability of the unit including potential limiting factors.  This assessment 
should include a PRC-019 review of excitation system limiters and protection settings prior to testing.  
Review of the design or calculated settings and the as-left settings from excitation system field test 
reports is recommended. 

Review reactive power capability test procedures, guidelines, precautions, and limitations with 
generating plant operators and Transmission Operators.  This should include: 

1. Purpose of testing and the expected unit reactive power capabilities 
2. Review of generating unit equipment ratings and operating limits.  This should include thermal (MVA, 

ampere, temperature) and voltage limits for the following: 
¶ Generator 
¶ GSU transformer 
¶ Generator bus 
¶ Generator breakers and disconnect switches as applicable 
¶ Unit auxiliary transformers 



 

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference 
  31 

Open Distribution 

¶ Unit auxiliary buses (include max and min voltage limits) 
¶ Other as appropriate 

3. Identification of any known equipment limitations that could impact unit reactive power capabilities.  
Examples are as follows: 
¶ Field current/heating limits due to shorted rotor turns; 
¶ Excessive turbine-generator vibration; 
¶ H2 cooling system problems (H2 pressure limitations, H2 purity issues, etc.); 
¶ Plugging or fouling of heat exchangers used for generator inlet air cooling (air cooled generators); 
¶ GSU transformer cooler problems (plugged or dirty heat exchangers, cooling pumps or fans out of 

service , etc.); 
¶ Generator bus cooling problems, hot spots, etc.; 
¶ Generator or station service bus voltage limitations; 
¶ Abnormal station service bus alignments; 
¶ As-built excitation limiter settings that are more restrictive than the calculated settings; 
¶ Any other limits identified during plant operation. 

4. MW and MVAR ramp rates allowable for the unit to be tested and other units that may be used to 
support the test unit 

Prior to testing, perform additional assessments as appropriate to determine if operating at the expected 
reactive power capabilities will cause any plant or power system risks.  Coordination between the 
Generator Entity and the Transmission Provider is required to assess these risks.  

The Generator Entity and Transmission Provider should seek support and coordinate reactive power 
testing with the Transmission Operator in order to safely achieve maximum possible unit VAR 
production/absorption during the testing.  It is expected that, for many generating units, the full reactive 
power capability available for grid voltage support will not be demonstrated during testing.  This is 
primarily due to voltage limitations or constraints imposed by the transmission system interconnection.  
This is further explained within this reference document and supported by industry experience with 
staged testing.  See Appendix H which provides results of a survey on experience with staged testing in 
the SERC region (Results may differ in other Regions and among Balancing Areas.). 

The Transmission Operator and/or Reliability Coordinator should establish system bus voltage limits for 
each test condition.  These limits may exceed the normal voltage schedule to allow the unit under test to 
produce or absorb the desired MVARs.  These limits should not be exceeded during the testing unless 
approved by the Transmission Operator and/or Reliability Coordinator based on system conditions at 
the time of testing.  

The Generator Entity and Transmission Provider should agree that the risks of operating the plant at the 
expected reactive power capabilities and transmission bus voltages are acceptable.   

If the risk of operating the plant at the expected reactive power capabilities is not acceptable: 

ü An intermediate value (between recent historical data and maximum values) should be 
attempted to validate the reactive power capabilities.  Determination of an intermediate value 
should be coordinated between the Generator Entity and the Transmission Provider.  
Additional engineering evaluation may be appropriate to verify expected reactive power 
capabilities are achievable. 

ü Otherwise, the test should be rescheduled for a time when operation at the expected reactive 
power capabilities and transmission bus voltages would be acceptable. 

The Transmission Operator may have to manipulate other reactive power resources in the area to 
facilitate the testing and to achieve the desired MVAR levels for the unit under test.  This may include 



 

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference 
  32 

Open Distribution 

transmission capacitors, transmission reactors, static VAR compensators, load tap changers, and/or other 
generating units.  This will typically constitute an abnormal configuration and operating condition.  
Caution should be exercised to avoid inadvertent tripping of the unit under test or other reactive 
resources during the test period.  Not taking such measures is likely to cause max-lagging tests to occur at 
high voltage and max-leading at low voltage, i.e. opposite the situation for actual voltage control, which 
may not constitute a credible verification of reactive power resources during the test period. 

Reliable communication should be established and maintained between the Generator Operators, 
Transmission Operators, and others as needed for the test duration. 

The AVR and PSS, as applicable, should be in service for the unit being tested and adjacent units in the 
same plant.  The Transmission Operator should confirm the AVRs and PSSs are in service for other units 
as appropriate. 

Overexcited reactive power capability validation should be conducted for a minimum of one hour.  Data 
should be recorded for the duration (15 minute intervals minimum recommended) and at completion of 
the test. 

Data for the under excited reactive power capability validation may be recorded as soon as a limit is 
encountered.  

Steady real and reactive power output should be maintained during the data collection intervals.  

For hydrogen-cooled generators, the hydrogen pressure should be at the maximum normal operating 
pressure.  If the maximum design hydrogen pressure cannot be achieved, then the reason for this 
condition should be documented and the appropriate Generator Capability Curve should be used.  

If the full reactive power capability available for grid voltage support cannot be demonstrated during 
testing, additional engineering evaluation as described in Sections 3.1 and 3.2 can be used to verify 
expected reactive power capabilities are achievable. 

Recording of Test Data  

The following are typical test data that should be recorded: 

1. Date of test, test start and test end times, and times each data set is taken. 
2. Voltage schedule provided by the Transmission Operator, if applicable. 
3. System interconnection bus actual kV.   
4. GSU transformer high voltage winding kV (if significantly different from Item 3) and output in 

MW and MVAR (or Amps and PF), if available. 
5. GSU transformer winding and oil temperatures. 
6. Generator gross kV, MW, MVAR (@ generator terminals) and applicable operating voltage 

limitation.  
7. Generator field current and voltage. 
8. Exciter field current and voltage, where applicable. 
9. Generator bus fed (power potential transformer) excitation system loading in MW and MVAR (or 

Amps and PF), where applicable.    
10. Each medium voltage station auxiliary bus kV and load in MW and MVAR (or Amps and PF) and 

applicable operating voltage limitation.   
11. Each instrumented 480 V and/or 600 V station auxiliary bus kV and load in MW and MVAR (or 

Amps and PF) that may limit the overall unit capability.    
12. Ambient air temperature and humidity. 
13. Generator cooling parameters as applicable: 
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a. Stator winding temperatures 
b. Rotor or field winding temperature. 
c. H2 pressure for hydrogen cooled generators. 
d. Cold gas temperature for hydrogen cooled generators. 
e. Inlet air temperature for air cooled generators. 
f. Cooling water inlet temperature. 
g. Other equipment as applicable. 

14. GSU and auxiliary transformer voltage ratings (or ratios) and tap settings. 
15. Limiting factors for each VAR data point tested.  These could include but are not limited to the 

following: 
a. Transmission system voltage limit. 
b. Generator reactive power capability curve thermal limit (specify:  stator, rotor, or end-

iron limit).  
c. Minimum or under excitation limit (MEL, UEL, URAL, etc.). 
d. Field current limit.  
e. Generator voltage limit. 
f. Auxiliary bus voltage limit (specify worst case medium or low voltage bus) 
g. Generator vibration. 
h. Generator temperature limit (specify:  stator winding temperature, rotor temperature, 

inlet or outlet air temperature, etc.). 
i. H2 pressure restriction. 
j. Shorted rotor turns. 
k. GSU transformer MVA limit. 
l. GSU transformer winding or oil temperature limit. 
m. Generator bus temperature limit. 
n. Other (specify). 

Notes:   

1) The intent in reactive power capability testing is to use available plant instrumentation.   
2) If instrumentation is unavailable, this should be noted and the missing quantities measured 

with portable instruments, calculated, or estimated as appropriate to satisfy NERC and 
Regional criteria. 

3) Instrumentation that appears to be inaccurate should be identified and reported to plant staff 
for inspection and calibration. 

4) Refer to MOD-025-2 and applicable Regional criteria to ensure all data requirements are met. 
 

4.3 Operational History Data  

Starting from the existing plant power flow model in the grid planning software, the Generator Entity or 
Transmission Planner should develop study cases for validation of the power flow model of the Generating 
Unit to the Grid for the operating MW points to be studied (Pmax or Pfull -load and Pmin) and develop 
expected results.  For more information, refer to Sections 3.1 and 3.2.  This engineering assessment should 
be compared to normal plant operational data to verify the assessment assumptions and results.  

a.  Inputs include: 
¶ Transformer taps settings calculations 


























































