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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.

. T OA ¢q AEEO 2AEAOAT AA $1 AOI AT O OOAOG OEA OAOI &' Al
and Generator Operator. Depending on how a particular company is organized, responsibilities may be
assigned to either the Generator Owner or Generat@perator.

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 isat intended to take precedence over any regional procedure. Itis
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 transrsisn systems.

I CAT AOAOCET ¢ OT EO6O0 AAPAAEI EOU OiF bDPOT OEAA OAAAOEOA
system voltage profiles under a variety of steadgtate (normal and contingency) conditions for ensuring

Bulk Electric System (BES) Relialfy.

)0 EO Ei bi OOAT 6 O1 OAAT ¢ci EUA OEAO OEA OCAT AOAOI 06 C
capability of the electrical generator itself. The manufacturer generator reactive power capability curve or

D-curve does not take into accounta) the design of the auxiliary power system and its coordination with

the generator terminal voltage; b) the GSU transformer electrical characteristics; ¢) the strength of the
transmission system to which the generator is connected; d) the transmissiorperating voltage and

coordination with the GSU transformer tap setting; and €) generator protection system settings. These five
EFAAOT 00 xEl1 1 AxEEAAO OEA OCAT AOAOGETI ¢ OT EO6 OAAAOQGEOA
reactive powercd AAET EOU AT A OEA O' AT AOAOGET ¢ 51 EO6 OAAAOEOA
evaluated and reported so the generating unit can be modelled correctly in Transmission Operations and

Planning studies. For additional information on this concept se&ppendx A: Understanding Generator and

Generating Unit Reactive Power Capalbility.

In addition to the above considerationsGenerating Unit reactive power factor requirements are generally

governed by the Interconnection Agreement between the Generator Entignd the Transmission

Owner/Operator. These Interconnection Agreement requirements often define a narrower band or range
xEOEET A CAT AOAOET ¢ OT EO6O OAOAA AAPAAEI EOU AOOOAOS

Transmission planners and operators use models of generating units as part oethresponsibility to

ensure reliable and economic operation of the gridMost present network analysis tools use fairly simple
OAPOAOAT OAOET T O Oi AAPEAO AAAE O1T EO8O OAAAOEOA bi xA
power limits. The laggng 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 asnsmission 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.
Stagedrd AOEOA DT xAO OAOOO EAOA AAAT OOAA O OAOE&EU AT A
AAPAAEI EOUS )y O EO EiI bi OOAT O O1 OAAT ¢i EUA OEAO OEA
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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

OET CI A OAO T &£ AITTAEOQOETTO T AU 110 AA Aiehdheraddiitpi DOI
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, industrywide approachfor ensuring that generator voltage and reactive

power limits are determined and reported appropriately for use in the various types of steadgtate studies
performed. Developing a reference document for verification and reporting of generating unit reéige

power capability for steady state studies performed by transmission planning and operations has been

EAAT OEAZEAA AU OEA .1 OOE 'i AOEAAT 40A1T Oi EOOEIT &1 00
priority initiative. The NATF ModelingPractices' OT OP& O j -0' Q@ ' AT AOAOI O 2AAAOD
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 determinig,

verifying, reporting, and modeling generating unit reactive power capabilities and associated limitations

for use in steadystate evaluations ofBulk Electric System (BES).

i
E

Section 2 Generating Unit Reactive Power Capability Modeling Reference
Docunent Objectives

AEEO .!14& -TAAITETC OAEAOAT AA AT AOI AT 6 O02APT OOET ¢ Al
Capability for Synchronous Machines' is intended to provide guidance towards the use of consistent,

industry -wide approaches forverifying, 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

OEi 01 ACET 10 OEI O1 A AA AAOAA Opi1T OEA O' AT AOAOEI ¢ 51
0" AT AOAOT 06 OAAAOGEOA bi x AOCATAA PARED EICAUBET 1! 1A DO ARG OG
O0' AT AOAOET ¢ 51 EOd OAAAOE OhppebdixAA Ondérshabding Gendtafdtland= O D O1 C
Generating Unit Reactive Power Capability.

7EQOE DPOI PAO AT T OAET AGET T AT A AAOA OBRAOQEIOAh | £DEQIOD GE
determined via simulations performed by the Generator Entity and/or the Transmission Planner. The o
OOADPO OAATITIT AT AARA &£ O AAOCAOI ETET C O' ASelioBOET ¢ 51 EOQ6

Determination of Generating Unit Reetive 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 jointieav of
these limits between the Transmission Entity and the Generator Entity prior to their use.

on, ETA OTEO PAOAEI OF ATAA OEI O A AA OAOGEAxAA AT A OOAA
power limits and the models developed in Section 3. Vdhtion can be based upon operational history data

or stagedtesting. These approaches are discussed3ection 4: Validation of Generating Unit Reactive

Power Capability The test results or operational data can be compared to the results obtained ircéen 3

Ol OAZEET A OEA O' AT AOAOGET ¢ 51 EO06 I 1TAAT AT A OAAAOEOA
transmission operations power flow simulations.
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Modeling of generator reactive power capability is important for various types of power fi (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 redime
operations, operational planning, anddng-term planning studies is provided inAppendix 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 mignd 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 Etities 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 (Ség@pendix F:
Representation of Generators in Power Flow modefer 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 geator capability curve (D-curve) as well as in a
tabular format as described in Section 3.1, step 5, part 2.

.1 6Ad 4EA OAEAOAT AA AT AOI AT O AT AO 110 DPOI OEAA A
AAOAOI ETET C OCAT AOAOQGET COWH E O @ ABAIAAOGERD AE TDX AGAROO hA ABDGAT AC
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 genating 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.

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

1 Section 3.2 describes the modeling that could be performed by the Transmission Planner and the
data necessary from the Gesrator Entity.

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

OAAAOEOA Pi xAO TEIEOO A O OOA EI OOAIT Oi-the@aOl&ih-the- OUOOA
Oil 11 AT o6 APDPOI AAE xEEAE AAT AA OOi i AOCEUAA AO A 111 x

1. Establish Generating Unit Power Flow Model
2. Obtain Operational or TesData
3. Validate Power Flow Model with Operational/Test Data
4. Perform Reactive Power Capability SimulationgSpecific 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 dethédlow 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:

A Unit Configuration/Drawings (Single Line (S/L), 3Line, etc.)
A Generator Ratings & Manufactuk O 6-Qurvé (See Appendices A and B)
A Excitation Limiter Setpoint Study / AsLeft Settings
A GSU, UAT, SST Ratings, %Z, Tap Settings (G8hkrator Step Up transformer, UATnit auxiliary
transformer, SST station service transformer)
A Gross MW values at whig reactive power capabilities/limits are to be validated
A Auxiliary Load (MW and MVAR or PF) at which reactive power capabilities/limits are to be
determined
A 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
A Generating Unit Equipment Ratings & Operating Limits
I Generator Bus, Breaker, and Switch Ampetgmits
I 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 namejgite voltage (per NEMA M@)
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 widearray 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, thenodel should include each medium voltage bus along with
low voltage buses whose operating voltage limits can potentially limit the generator operating terminal
voltage range.

A Generator (See the Burve plot below (Figure 1) for this example)

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference
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T MVAR produdion limits from D-curve (consider margins, voltage impact, tolerances) at full
(maximum) and minimum generator gross load

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

T 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 powercapability curve or operating voltage range

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

Max Excitation Lim 2 liay Ewcliation Lim 3
SetPoint 110% Set Foint 140 %
Max Excitation Lim 1
Q (MVAR) i e Excimon L
ﬁﬂ-ﬂ - : Set Poink
1 |I".'I|n Load EGDM‘Nl |Ful| Load 53TMW|
] MXL 1 MXL 2
500 -
I u
400 7 pfi% 853
[ 420 MVar Capability Curve
00 +
323 MVar
200 +
100 +
T LOE Segmented
N 4EENEEEE P MW
-100 ] 100 200 300 800
100 +
200 | -245 MVar
A —
-400 - E'h‘.l-tnt:d Gha'_a!ﬂ:'lﬂl:
L“;;r:u::hgz Lx::?‘ni::::;l " EF'.:"A:;D':"I;""" 251 MRIAR S8 Stabiity Limit
o T mane 1 Point b 300 M, -273 MVAR -
e o Crim s ComcImMWoESswR Spming
Diameter 33.33 [shms) Diameter 17.24 johms) Point & 550 MW, -120 MVAR
Pointf 700 Wi, 0 MYAR

Figure 1

A Generator Bus- include voltage & ampere ratings
A GSU Transformer consider MVA & voltage ratings, %Z, field verified tap setting

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference
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o To  PoIe

voltage limits

Transmission System Equivalent (typically an infinite bus is used)
Transmission System Bus voltages (High, Schedule or Low) to use for eaehctive power limit
power flow simulation
Unit Auxiliary Transformers (UATs) & Other Station Service Transformers (SSThclude MVA &
voltage ratings, %Z, field verified tap settings
Station Service Buses supplied by UATs and downstream low voltage SSIFelude applicable

Open Distribution

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:

Ui
230 XV System 1

1 MVA

1% Equiv IV Id

1C Equiwv IV Ld
1 MVR

230 ¥V
Ul E5U
x""" 535 MVA
™™ 229.5/17.1 kv
8.9 32
Ul ISCPHASE Bus
18 kV
UAT 12 @
—-2.5% TapP URT 1B
24/12/12 MVA Gen 1
T 18/4 167416 XV 548.25 M
12 22/12.3/24 62 %2 18 kv
416 XV 416 XV 4.16 XV
Bus 1A Bus 1C Bus 1B
1a Equiwv 4kV Ld 1C Equiv 4kV Id .
6.936 MUR 5.286 MUA 18 Equiv 4xy Ld S5 1B
55 12 55 1C -Bhe -2.52% TapP
-2.52% TapP 22 528 TapP 4.16/0.48 KV
4.16/0.48 kV 4.16/0.48 KV 1 MVA
1 MVA 1 MVA 5.23 %2
5.21 %2 5.18 %I
Busla [ BuslB
BuslcC —
0.48 KV
0.48 kV | 0-48 kv

1B Egquiv LV Id
1 MVA

-2.5% TapP

24712712 MVR
1a/4.16/4.16 kV
11_98/12.08/23_54 %2

416 kV
Bus 1D

1D Equiv 4kV Id
9.122 MVR

Figure 2

Note the foregoing modelicludes 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 angvlgoltage bus loads and
the transmission system at the point of interconnection.

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference
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Step 2 - Obtain Operational or Test Data

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

A Transmission System Bu®/oltage (high side GSU voltageat the time of the test or operating data
capture/shapshot

A Generator VoltageMW, MVAR (or PF)

A sStation Auxiliary Bus MWMVAR (or Amp and PF) Load. This information may not be readily
available in some cases, especially for LV systems*

A 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 equipmedesign ratings when
reviewing for potential limitations that are not directly represented in the electrical power flow
simulations:

A Generator Field Amps, Field Volts, Field Temperatures

A Generator Cooling Parameters (BPressure, Inlet Water/Air Temp, Sator Winding Temp, etc. as

applicable)
A GSU transformer winding and oil temperatures
A 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 shoulde considered. It is recommended to obtain
at least two sets of data. The following are suggestions for a typical fossil unit:

Set 1z Typical high MVARproduction with unit operating at or near normal full load MW.

Set 2z Typical high MVARabsorption with unit operating at or near minimum stable MW load.

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

A Compare Simulated Results to Actual Data to Validate Model
T Power Flow Simulation MW, MVAR, Voltages, Amps
T Operational or Test MW, MVAR, Voltages, Amps

A Good Match Demonstrates:
T Model is representative of actual generating unit electrical system operation
i -TAAT AAT AA OOAA O1 OEIi 601 AGA OEA OTEO T PAOA

voltage) for various transmission bis voltages

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

T 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 prece@nt 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.

U1
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Figure 3
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Table 3. Model Validation Case 1 for Unit 1
Model Validation Case 1 - Results Using Typical MVARout (8/19/2009 10:25 AM)
Current Voltage
Equipment Data Source NI MWVAR
Amp kv %
Unit Operating Data 5047 734 M/a 17.290 00 4%
Generator 1
Model Power Flow 5047 734 16,694 17 64 S8 0%
Unit Operating Data - - 1,086 406 o7 6%
416 kW 55 Bus 1A
Model Power Flow 6.1 4.6 1,079 4074 07 9%
Unit Operating Data = = o770 4.07 o7 B%
4.16 kW 55 Bus 1B
Model Power Flow 55 4.2 o76 4.082 08.1%
Unit Operating Data - - 1,333 406 o7 6%
416 kW 55 Bus 1C
Model Power Flow 7.4 5.6 1,329 4.047 07.3%
Unit Operating Data - - 1,365 405 o7 4%
4.16 kW 55 Bus 1D
Model Power Flow 7.6 5.7 1,355 4.044 o7.2%
Unit Operating Data - - 443 048 100.0%
480 % 55 Bus 1A
Model Power Flow 0.30 0.20 448 0475 99.1%
Unit Operating Data = = 890 .47 o7 9%
480 W 55 Bus 18
Model Power Flow 0.60 0.40 889 0.470 o7.9%
Unit Operating Data - — 853 047 Q7 9%
480 W 55 Bus 1C
Model Power Flow 0.60 0.40 B57 0466 o7.1%
Unit Operating Data M/a My/A M/a 2352 102.3%
230 kW Bus
Model Power Flow 4F7 3 194 1,173 2352 102 3%
Motes:
1) Differences between measured operational values and power flow calculated values attributed
primarily to instrumentation error.
2} Power factor (PF) of 80% is assumed to calculate the Real Power (MW) and Reactive Power (MVAR)
using voltage and current field data.

Figure 4

Note that thegenerator 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 S®Busesz Can Limit Unit LaggingvARCapability (Bus Volts too high).

Heavily Loaded SS BusgsCan Limit Unit Leadingv ARCapability (Bus Volts too low).
Equivalent bus loadings (MW + jJMVARr 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 nea full MW load during summer conditions.

=A =4 =8 =8 A
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Unit 1 4160V Bus A+C MW Loading (Gen = 400MW)
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Figure 5
Unit 1 4160V Bus B+D MW Loading (Gen = 400MWY)
July - August
25 600
Ly | 1 4 L
30 ] : r | c00
25 1 r i
J 400
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g ] 1 300
15 N —
] — 200
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Figure 6
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Unit 1 4160V Bus A+C pf (Gen MW > 400MWV)

July - August
1 600
0.95 L 500
0.9 ] 400
= 085 - 300
:l\.____
0.8 —_— L 200
: ™
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Figure 7
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Unit 1 4160V Bus B+D pf (Gen MW = 400MVY)

July - August
1 600.00
0.05 L 500.00
0.9 400.00
= 085 - 300.00
—_—
0.8 200.00
075 +{ —— 2160V BusB & D pf 100.00
Gen 1 Gross MW
0.7 | 0.00

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 cajpdities be determined at the following
four points as a minimum:

1 Leading (absorbing) reactive power capability at normal full generator gross MW load,;
1 Lagging (producing) reactive power capabilities at normal full generator gross MW load;
1 Leading (absorbing) reactive power capability at normal minimum generator gross MW load;

1 Lagging (producing) reactive power capability at normal minimum generator grosMW load.

conditions, the Generator Entity should coordinate with the Transmission Planner to establish the
specific conditions or range of conditions for whih 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.

4EAO EOh OEA OUOOGAI OI11 OA @lfowed Bnd §pechied AdduesAohGex AAT OEA
lagging tests, and between the maallowed and specified values for mageading 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 pushpull fashion, i.e. taking nottested units to min MVAR wherihe tested until is at

max MVAR, and vice versa. Some participation by the TOP will be needed to attain the atstated
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goal, however, by coordinating pustpull at other plants in the area or manipulating transmission
system capacitor banks, reactors,tatic 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 comparate 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 captwes the reason for lesghan-D-curve test
results well enough that the othervoltage results can be relieeupon.

As an illustration:

For the typical unit the SS trend data along with field data recorded for the validation cases were used o
to estimate SSbus | AAET CO j -7 O 0&Qq A O AAOCAOI ETEIT C OEA Oi
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 (Fgure 9) and leading (Figure 10) PF operation at transmission bus voltage conditions
prescribed by the Transmission Planner.
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T-Bus Voltage specified

230 £V Syatem 1 by Transmission Planner
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1 MVA MVA
Figure 9
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. T-Bus Voltage specified
230 KV System 1 by Transmission Planner
Typical Unit 509.2 1w —
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Case @ Normal Full MW Load —
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N
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& ey
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Figure 10

For the example unit, SS trend data along with field data recorded for the validation cases were also

BOAA O AOOEI AOA 33 AOGO 11 AAEICO j-7 O 0&Q A& O AA
minimum load MW operation using the validated power fow model. The following power flow

simulations evaluate the unit reactive power capabilities for lagging (Figure 11) and leading (Figure

12) PF operation attransmission bus voltage conditions prescribed by the Transmission Planner in this
instance
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Typical Unit
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Clearly Document Limiting Factors

Generator Reactive Power Capability

Figure 12

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)
I GSU MVA Limit, Bus Ampere Limit

1 Other (specify)
s .1 OAq

capability to factor into their4 OAT O EOQOET 1
rated continuous range of 95105% for units with station auxiliary buses powered directly from the
generator terminal bus via fixed tap transformers.

yO EO Ei BT OOAT O &£ O OEA 4074/ 072# OI
4EEO OAT CA EO

ET T

As an example, for the typicalinit evaluated above, the power flow model was used to determine the

CAT AOAOT O

limits. These power flow simulations yielded the following results:

i DAOAGEI C Oi 1 OACA OAICA OEAO

xI &1 A POAO

1 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.

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

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference
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1 With the unit operating at minimum load MW and its minimum generator voltage limit of 95%, the
calculated stationservice bus voltages were within acceptable limits.

1 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 reduceal 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 thigenerating
unit is able to operate at a generator terminal voltage range of 9505%. It should be noted that
generating unit operators typically monitor equipment voltage limits and receive alarms if these limits
are exceeded. The typical operator resp@e 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 reviewedslith plant operations staff to verify there are no

I OEAO ETT x1 EAAOTI OO OEAO AAT 1T EIEO OEA O1 EO6O OAA
limiting factors that can be encountered during unit operation. Sharing this type of informatiowith

plant operations staff will help them identify and report reactive power capability limitations and their

causes.

Note: Itis important that plant operators report limitations identified during operations to the
appropriate Transmission Operator orother designated entity in the operations timeframe so near
term impacts on the transmission system can be determined (Refer to NERC Standard VO8R-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 uppet lwer

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 9%05%. The data may be
reported to the Transmission Planner in a stadard 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 MODO025 and applicable Regional criteriavhen reporting results to Transmission Planning)

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference
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Plant 230kV System

e

Gross T

55

645 MVA 27 MW
0.85 PF 21.7 MVAR
18 KV

Reactive Capability Results for Unit 1

Ex
Gross MWaes 537 MW
Net MWaseL (Gross MWass —SS MW) 510 MW

m}

Gross MVAR gy Limit 323 MVAR
CONDITIONS LIMIT
MVARcUT Limitation Gen Reactive Capability
230kV Bus Voltage 2323 kY (101.0%)
Gen Yoltage 18.02 kV  (100.1%)
4160V Bus Voltage 4175V (100.4%)
480V Bus Voltage 491V (102.3%)
Gross MVAR, Limit -172 MVAR
CONDITIONS LIMIT
MVARIN Limitation Min Excitation Limit
230kV Bus Voltage 2392 kY (104%)
Gen Voltage 17.3 kV  (96.1%)
4160V Bus Voltage 3963V (95.3%)
480V Bus Voltage 455V (94.8%)
Generator Upper Voltage Limit 18.7 kY (103.7%)
Generator Lower Voltage Limit 17.1kV  (95.0%)

Method of Verification: Engineering Assessment (Operational Data plus Analysis)
Date of Verification:

Figure 13
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Plant 230kV System

e

Gross T

55

645 MVA 21 Mw
0.85 PE 16.6 MVAR
18 KV

Reactive Capability Results for Unit 1 @ Minimum MW | oad

4
Gross MWuss. 200 MW
Met MWussL (Gross MW —S5 MW) 179 MW

u}

Gross MVAR gy Limit 420 MVAR
CONDITIONS LIMIT
MVARouT Limitation Gen Reactive Capability
230kV Bus Voltage 2323 KV (101.0%)
Gen Voltage 18.28 kv (100.6%)
4160V Bus Voltage 4253V (102.4%)
480V Bus Voltage 503V (104.8%)
Gross MVAR,, Limit -245 MVAR
CONDITIONS LIMIT
MVARin Limitation Min Excitation Limit
230kV Bus Voltage 239.2 KV (104%)
Gen Voltage 17.16 KV (95.3%)
4160V Bus Voltage 3953V (95.0%)
480V Bus Voltage 455V (94.8%)
Generator Upper Voltage Limit 18.43 kV  (102.4%)
Generator Lower Voltage Limit 17.1kV  (95.0%)

Method of Verification: Engineering Assessment (Operational Data plus Analysis)
Date of Verification:

Figure 14

It is recommended toalso report the results in the Dcurve format (Figure 15).
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Figure 15

3.2 Transmission Plannéngineering 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 systemvoltage. 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:
A Unit Single Line Configuration/Drawings that show Generator, GSU and UAT
connections
A GSU & UAT Electrical Characteristics including ratings, %Z, copper losses, core losses
and tap settings

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference
24



I North American Transmission Open Distribution

FORUM

A simplified power flow model developed for a coafired generating unit with two UATSs is
shown below (Figure 16).

1 10
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Figure 16

Step 2z Validate Power Flow Model with Operational Data

The power flow model can be validated using the results usirgstorical operating data.
Data needed for validation of the power flow model are as follows:

A System BusVoltage(high side GSU voltageat the time of the test

A Generator Voltage and gross output (MW and MVAR)
A Station Auxiliary Bus Voltage and load (MW ahMVAR)
A

Flow from GSU into transmission system (MW and MVAResirable but not absolutely
necessary

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

Set 1z Typical high MVARproduction with unit operatin g at or near normal orpeakfull
load MW.

Set 2z Typical high MVARabsorption with unit operating at or near minimum stable
MW load.

A Adjust Model Inputs to Simulate Actual Data

T Set Generator output (MW and MVAR) to actual values
T Set Auxiliary load (MWand MVAR) to actual values

T Set Transmission system voltage to actual value

A Compare Simulated Results to Actual Data to Validate Model

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference
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T Generator Voltage

T Auxiliary Bus voltage(s) and

T Flow from the GSU into the transmission system

A Good Match Demonstrates:

T Model is representative of actual generating unit electrical system operation

T 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 voltagedt is recommended thd the
Generating Unit reactive power capabilities be determined at the following four points as a minimum:

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

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

1 Leading (absorbing) reactive power capability at minimum generator gross MW load
9 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 care 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 laggingpfoducing) 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 reactie power limits.

To perform the necessary simulations, you need the following information from the Generator Entity:
1 Generator maximum and minimum gross MW capabilities/limits
1 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
1 Generator and Unit Auxiliary Bus Voltage Ratings and Operating Limits
The generator and unit auxilary bus voltage limits modeled should include any
constraints imposed by operating limits of all dowrstream lower voltage
equipment

NATF Reporting and Verification of Generating Unit Reactive Power Capability for Synchronous Machines Reference
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NERC standard VARO2 requires that most generators be provided a voltage schedule to follow. When
transmission voltage & 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
T Set the generator output at the maximum gross MW output value
A Adjust generator MVARbutput to determine the maximum reactive power limit
A Adjust generator MVAR output to determine the minimum reactive power limit
T Set the generator output at the minimum gross MW output value
A Adjust generator MVAR output to determine the maximum reactive poer limit
A 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 Voltageat a higher voltage*
T Set the generator output at the maximum gross MW output value
A Adjust generator MVAR output to determine the minimum reactive power limit
T Set the generator output at the minimum gross MW output value
A Adjust generator MVAR output to detrmine 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*
I Set the generator outpit at the maximum gross output value
A Adjust generator MVAR output to determine the maximum reactive power limit
T Set the generator output at the minimum gross output value
A 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 Bcurve limits.

Step 4z Document Results
The results of the simulations should be recorded and documented on a capability curve. Stequires that
you obtain the following information from the Generator Entity:

A Generator Manufacturer BCurve
A Excitation Limiter Settings (MW and MVAR points that can be plotted on the Burve)

The results from the simulations for this generator are ssnmarized below and shown below on the b
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 \* 2,530 V because of the 2,300 V motoc®nnected 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 limitedo
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 reactivewer 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 transmgsion system voltage increased to 144.9 kV (1.05 pu). The
reactive power limits at the three selected transmission voltages are shown on the generatorcrve

below (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 lim& would be conservative and would provide pessimistic
results when the transmission system voltage is different (higher or lower) than the scheduled value.

Section 4 Validationof 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 continuos 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 N&eactive 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 seitgs,
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. Periodie re
validation is required by NERC in MOM25-2. 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 Gen&rOT O %1 OEOU ET AOOAAI EOE
AAPDAAEI EOEAO &£ O OEA ' AT AOAOT O %l OEOUBO OAI EAAOQET I
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 whh 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 Cdplity 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, coalhandling 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 servicerfsmall, 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 capabhtles 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 assignedating 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:

9 Staged unit reactive power capabilitytesting
1 Documentationand 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 wilyield 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 withNERC Standard MOD25-2 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 absorfmn 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 capaliities 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 PR&19 review of excitation system limiters and protection settigs prior to testing.
Review of the design or calculated settings and the d&ft 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

=a =4 -8 -8 -9
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T Unit auxiliary buses (include max and min voltage limits)
9 Other as appropriate
3. ldentification 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 turbinegenerator vibration;
H2 cooling system problems (M pressure limitations, H 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 exped
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.

E R I

E R I

The Generator Entity and Transmission Provider should seek support amdordinate 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 fa 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 indstry 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 Coodinator 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 testintpss
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 apabilities and transmission bus voltages are acceptable.

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

0 Anintermediate 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 reacte power
capabilities are achievable.

U 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 otheaeactive power resources in the area to
facilitate the testing and to achieve the desired MVAR levels for the unit under test. This may include
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transmission capacitors, transmission reactors, static VAR compensators, load tap changers, and/or other
generaing 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 likely to cause maxagging tests to occur at
high voltage and maxieading 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.

Reliabe 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 urheg in
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 durgion (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 dimg the data collection intervals.

For hydrogencooled 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 documened 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 carubed 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 providd 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 ditemperatures.

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) exdation 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 gerall unit capability.

12. Ambient air temperature and humidity.

13. Generator cooling parameters as applicable:
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g.

Stator winding temperatures

Rotor or field winding temperature.

H2 pressure for hydrogen cooled generators.

Cold gas temperature for hydrogen cook generators.
Inlet air temperature for air cooled generators.
Cooling water inlet temperature.

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. Tise could include but are not limited to the
following:

a.
b.

Se ™o ao0

Notes:

Transmission system voltage limit.

Generator reactive power capability curve thermal limit (specify: stator, rotor, or end
iron limit).

Minimum or under excitation limit (MEL, UEL, URAL, etc.).

Field current limit.

Generator voltage limit.

Auxiliary bus voltage limit (specify worst case medium or low voltage bus)
Generator vibration.

Generator temperature limit (specify: stator winding temperature, rotor temperature,
inlet or outlet air temperature, €etc.).

H2 pressure restriction.

Shorted rotor turns.

GSU transformer MVA limit.

GSU transformer winding or oil temperature limit.

. Generator bus temperature limit.

Other (specify).

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 toatisfy 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 MODB025-2 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 (Rax or Pfull-load and Pmin) and develop
expected results. For more information, refer to Sections 3.1 and 3.2his engineering assessment should
be compared to normal plant operational data to verify the@ssessment assumptions and results.

a.
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