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EXECUTIVE SUMMARY

MEPPI performed “An Analysis of the Sensitivity of WECC Grid Planning Models to
Assumptions Regarding the Composition of Loads” project in collaboration with the University
of California Lawrence Berkeley National Laboratory (LBNL), the Western Electricity
Coordination Council (WECC), and associated WECC members. The overall objective of this
project is to conduct a parametric set of simulations that explore the sensitivity of WECC’s
planning models to uncertainties in the composition and behavior of loads. The results of the
simulations performed in this study are expected to provide guidance that transmission planners
can follow in refining the composition of loads used to conduct future planning studies.

The composite load model under study was developed, tested, and implemented in major
software packages utilized by WECC (PSS/E, PSLF, and PowerWorld). The load data is
currently built for 24 hours, four seasons, and various types of substations by a data management
tool. The load model under study has been incorporated and is in use today in the Phase |
portion of the model development. Phase 1 of the load model development includes all
parameters for the step-down transformer, distribution equivalent, four types of motors, electric
load such as fluorescent lighting, and static load. Phase 1 of the load model development ignores
the stalling impact of air-conditioning motor loads, and therefore, is disabled by setting the Tstall
parameter to a high value (e.g. 9999). MEPPI performed this study with the motor stalling
impact for air-conditioner motor loads enabled by setting a realistic value for Tstall (referred to
as Phase 2 of the load model development).

This analysis focused on the sensitivity of the composite load model to a variation of parameters
that will impact the recovery of the system. Refer to Table ES-1 for the most influential
parameters observed for Motor A, Motor B, and Motor C. Refer to Table ES-2 for the most
influential parameters observed for Motor D.

Mitsubishi Electric i Power Systems Engineering
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Table ES-1
Motors A, B, and C Sensitivity to Parameters

Impact of Parameter Sensitivites Compared to Default NERC Data Set for Motor A, Motor B, and Motor C
Parameter Parameter X:tz%f;‘egl\x% Over Xox‘a‘?‘?n?z:: 11 Ovlejr L/;)m\,t;g:n/;bs%v:et,l Generation Trip System Impact Significance Compared
Name Description P p.u. . pu . to NERC Default Data Set
NDDS (+) | NDDS () | NDDS (+) | NDDS () | NDDS (+) | NDDS () | NDDS (+) | NDDS (9
Percentage of motor loads that ) ) . ) . ) - Increased percentage of motor loads that trip: improved system
. N lin tin Large 1 in Large | in Large 1 in Large | in Large t in recovery
Ftr1 will trip on the first voltage trip . . " g " 3 " No Change -
setting (%) observations | observations | observations | observations | observations | observations | observations - Decreased percentage of motor loads that trip: increased woltage
recovery issues (FIDVR)
Ttr1 First low voltage trip delay time | Small T in | Small L in | Small l in 1 \o Change Small l in 1 o Change | No Change Small 1 in | -Increased trip delay Ur.ne: |r.|crease FIDVR
for three phase motors (secs) |observations | observations | observations observations observations | - Decreased trip delay time: improve system recovery
. . . . . . . . . - Increase woltage trip setting: improved system recovery
Virt First low voltage trip setting for No Change Large T n ! \n‘ ! |n' Small l n ! |n' Small T in | Small l " | - Decrease oltage trip setting: increase FIDVR (motors remain
three phase motors (p.u.) observations | observations | observations | observations | observations | observations | observations "
connected to system, stalling for longer duration)

* NDDS - NERC Default Data Set
** NDDS (+) - Parameter increase from NERC Default Data Set
*** NDDS (-) - Parameter decrease from NERC Default Data Set

1 - Increase, | - Decrease

Table ES-2
Motor D Sensitivity to Parameters

Impact of Parameter Sensitivites Compared to Default NERC Data Set for Motor D
Volt: R O Volt: Ab: 1.1|0O Volt: Ab: 11
Parameter Parameter (h:\ E;?:Q:;TS:% ver uow?lfwen 8 ::: vir b/?/v :g:nd :E)v:ec Generation Trip System Impact Significance Compared
Name Description P p.u. _ p.u . to NERC Default Data Set
NDDS (+) | NDDS () | NDDS (+) | NDDS () | NDDS (+) | NDDS () | NDDS (+) | NDDS ()
Vstall Stall voltage (p.u.) Large T in Large L in Large l in Large 1 in 1 |n. lin 1 |n. No Change | ~ Increased stalling voltage: \r’creased woltage recovery issues (FIDVR)
observations | obsenations | observations | observations | observations | observations | observations - Decreased stalling voltage: improved system recovery
" Large | in | Large 1in | Large tin Large | in | Large 1 in Small tin | -Increased stall delay time: improved system recovery
Tstall Stall delay ti No Ch: No Ch:
st all delay time (sec) observations | obsenvations | observations 0 Ghange observations | observations 0 Change observations | - Decreased stall delay time: increase FIDVR
FmD Motor D fraction of load 1 \n‘ l m» 1 |n‘ lin Large T in Large | in | Small T in No Change | ~ Increase percentage of Motor D load: increase FIDVR
observations | observations | observations | ol observations | of observations - Decrease percentage of Motor D load: improved system recovery
. . . . - i ith und It; tection: i d t
Fraction of load with under Lin tin tin Lin tin Increase motors with under voltage protection: improved system
Fuwr N . . . No Change . No Change | No Change | recovery
woltage relay protection observations | obsenations | observations observations | observations .
- Decrease motors with under woltage protection: increase FIDVR
Tth Motor D thermal time constant 1 \n‘ 1 m» Large T in No Change 1 |n. Tin No Change | No Change - Increase thermal time constant: |r‘|crease FIDVR
(sec) observations | observations | observations observations | observations - Decrease thermal time constant: improved system recovery
Thit Motor D thermal protection trip 1 \n‘ 1 m. No Change | No Change ) |n. 1in No Change | No Change | Increase thermal m;? protecm.)n start: blncrease FIDVR
start level (p.u. temp) observations | obsenvations observations | observations - Decrease thermal trip protection start: improved system recovery
" . . . . . - Increase thermal trip protection completion: increase FIDVR
Th2t Motor thhermal protection trip ! \n‘ ! m, No Change Large 1 in ! |n‘ Lin No Change | No Change | - Decrease thermal trip protection completion: improved system
completion level (p.u. temp) observations | obsenvations ol observations | ob: recovery

* NDDS - NERC Default Data Set
** NDDS (+) - Parameter increase from NERC Default Data Set
*** NDDS (-) - Parameter decrease from NERC Default Data Set

**** 1 - Increase, | - Decrease

MEPPI recommends Transmission Owners and Transmission Planners focus data collection on

the following parameters:

o Vstall: Stall voltage, p.u. o

e Tstall: Stall time delay, sec.

e FmD: Motor D fraction of load P o

e Fuvr: Fraction of load with under
voltage relay protection .

Tth: Motor D thermal time constant,
sec.

Thit: Motor D thermal protection trip
start level, p.u. temperature

Th2t: Motor D thermal protection trip
completion level, p.u. temperature

Mitsubishi Electric
Power Products, Inc (MEPPI)

Power Systems Engineering
Services (PSES) Department



0 MITSUBISHI Composite Load Model Study
AV ELECTRIC Technical Report REP-0004

Changes for the Better

Table of Contents

SECTION 1. INTRODUCTION AND BACKGROUD ..., 1-1
SECTION 2. OBJECTIVE AND APPROACH ..., 2-1
2.1.  LiIST OF KEY PARAMETERS VARIED FOR HEAVY SUMMER CASE ... 2-1
2.2.  LisT OF KEY PARAMETERS VARIED FOR STRESSED CASE........cccovviiiiiiiiniiiiicien, 2-4
2.3, CONTINGENCY LISTS it 2-7
2.4.  STUDY CRITERIA (THRESHOLDS) ....ccuviitietesiiesieesiesiessieeseessessseessessessseeseessesssesssessenssnns 2-15
SECTION 3. COMPOSITE LOAD MODEL ..., 3-1
SECTION 4. RESULTS ..o, 4-1
4.1. PACIFICORP HEAVY SUMMER AND STRESSED CASE RESULTS....ciivvviiiiiiiiiieieieieeeeeeeeees 4-1
4.2. PG&E HEAVY SUMMER AND STRESSED CASE RESULTS oevvvveiiiieeeeeeeeieiee e e e eeeeeeeins 4-15
4.3. SCE HEAVY SUMMER AND STRESSED CASE RESULTS ...oitviiiiiiiiiiiiiieieieeeeeeeeeeeieeneeeeees 4-47
4.4, SRP HEAVY SUMMER AND STRESSED CASE RESULTS c.cvvvtiiiieeieeeeeees e e e eeeeeeeen e 4-76
SECTION 5. OVERALL CONCLUSIONS ..., 5-1
5.1. IMOTOR D CONCLUSIONS ..ceeettte e e e eeeeeeetee s e e eeeeeeeetassseeeseeees s s sseeesseessssnasseeesseesssnnnnns 5-1
5.2.  MOTORA, MOTOR B, AND MOTOR C CONCLUSIONS......cctttitieeeiiieieeeeeeeeeeneeeeeeeeeenennanns 5-2
5.3. COMPOSITE LOAD MODEL: SOFTWARE MODELING ....coitieeeeteee e eeeeeeeeeeseeeeeeeeeeennnnnns 5-3
SECTION 6. RECOMMENDATIONS . ..., 6-1
Mitsubishi Electric ii Power Systems Engineering

Power Products, Inc (MEPPI) Services (PSES) Department



0 MITSUBISHI Composite Load Model Study
AV ELECTRIC Technical Report REP-0004

Changes for the Better

SECTION 1. INTRODUCTION AND BACKGROUD

A power system is composed of generation, transmission, and loads. It is important to be able to
accurately model the dynamic behavior of generation and loads for planning studies to accurately
predict the response of the system. If optimistic models are utilized, the system may not be
adequately designed to handle severe disturbance events on the system. If extremely
conservative models are utilized, planning studies may require more restrictive operating
procedures and unnecessary reactive devices leading to higher than necessary costs. There have
been significant improvements in the modeling of generators, turbines, and associated systems
over the years. Generator modeling parameters could be confirmed through generator testing. It
is more difficult to accurately predict the response of a load to a dynamic event on a given feeder
and as a result, load models are still being developed and researched.

As loads on the system start to have a more significant impact, the load models impact system
stability with a greater degree. Resistive loads, such as incandescent lighting, which are voltage
sensitive, are being replaced with fluorescent lights, plus electronic drives and electric chargers
for vehicles are growing in numbers. The decrease in resistive loads and increase in electronic
loads increases the stress on the system when voltages decline. Since electronic loads behave as
constant power loads, as voltages decline, the electronic loads draw more current, further
reducing the voltage and thus deteriorating stability of the system. Single-phase compressor
motors (residential air-conditioners) have been understood to have an impact on fault-induced
delayed voltage recovery (FIDVR) of a system, especially in load centers. After the compressor
of the single-phase A/C motor stalls, the motor will remain stalled even after a fault or an event
that depresses the voltages, is cleared. The stalled motor draws locked rotor current which
subsequently puts more stress on an already compromised system. It has been recognized that
these single-phase A/C motors cannot be modeled with three-phase motor models and require
special modeling. Overall, it can be observed with the replacement of resistive loads, increase of
electronic loads, and areas with dense air-conditioning loads, it is important to be able to
accurately represent the response of a system to a large disturbance.

The WECC Modeling and Validation Work Group (MVWG) has taken on the task to develop a
composite load model that includes data from 12 climate zones in WECC, a number of seasons,
and various types of substations. The composite load model is intended to represent a feeder as
an aggregated distribution of the load and not the specific detail of the load. The composite load
model is composed of 130+ parameters, which include data for a step-down transformer,
distribution feeder, three separate three-phase motors, a single-phase air-conditioning motor,
electronic load, and static load. Because of the large number of parameters that make up this
load model, there are uncertainties in the impacts of the parameters have on the response of the
load. The existing implementation of the composite load model for planning and operational
studies is in the first phase (Phase 1). Phase 1 includes the entire parameter list with the single-

Mitsubishi Electric 1-1 Power Systems Engineering
Power Products, Inc (MEPPI) Services (PSES) Department
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phase A/C motor stalling disabled (“Tstall” set to 9999). Phase 2 of the model will have the
single-phase A/C motor stalling enabled.

It is important to understand and model load profiles and load compositions correctly in planning
studies. It has been seen in the past, that the level of modeling implemented for air-conditioning
motor loads will impact system stability. Refer to Figure 1.0-1 for an illustration on the
sensitivity of A/C motor load penetration and model implementation.

| 30% A/C Motor Load ‘ ]

CIMW Load Model

‘\| 35% A/C Motor Load |

/ 60% A/C Motor Load |

- d

70% A/C Motor Load |

| l |

a.¢ 1.0000 2.0000 3. ppoc Y.apce 5. 0000
Cc.50000 L.50400 2.5040 3. 504040 4%. 50040

TITMF (SFrONASY

Figure 1.0-1: Example fault illustrating the impact of A/C motor load penetration and model
selection on the stability of the system.

From Figure 1.0-1, it can be observed that the percentage of A/C motor load modeled has an
impact of system stability. The higher the percentage of A/C motor load modeled, the more
likely the system will become unstable.

The goal of this study is to explore the sensitivity of the composite load model to the uncertainty
in the composition and behavior of the loads. Through the sensitivity analysis, this study is to
provide guidance for future planning studies and to help transmission planners determine which
model parameters are of importance when gathering data. MEPPI is working in partnership with
Lawrence Berkeley National Labs (LBNL), WECC, and four participating WECC utilities:
Pacific Gas and Electric (PG&E), PacifiCorp, Southern California Edison (SCE), and Salt River
Project (SRP). The four utilities have agreed to provide MEPPI with planning models and
dynamic models, which include the composite load model.

Mitsubishi Electric 1-2 Power Systems Engineering
Power Products, Inc (MEPPI) Services (PSES) Department
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SECTION 2. OBJECTIVE AND APPROACH

The objective of this project is to conduct a parametric set of simulations that explore the
sensitivity of WECC planning models to uncertainties in the composition and behavior of loads.
The results of the simulations are expected to provide guidance for future planning studies.

For this analysis, MEPPI examined a heavy summer case and a stressed case for each of the four
transmission providers. The heavy summer case was used to examine all contingencies provided
from each transmission provider and the parameters that were thought to be most influential to
the model (refer to Section 2.1). After results were tabulated for the analysis on the heavy
summer case, an additional analysis was performed on the stressed case provided by each
transmission provider that focused on Fault-Induced Delayed Voltage Recovery (FIDVR)-driven
events. For the analysis on the Stressed Case, MEPPI examined a reduced set of contingencies
and a more detailed list of parameter sensitivities for Motor A, B, C, and D models (refer to
Section 2.2).

Observations for this study were based on voltage recovery and generator stability after a given
fault or disturbance. The total number of observations will be compared to the Phase 2 Base
Case (Tstall enabled), which will depict a sensitivity level for a given parameter. An aggregate
of the contingencies will be used to compare the overall sensitivity level for all of the
parameters.

For each analysis, MEPPI monitored the entire study area of all four transmission providers. The
power flows and corresponding dynamics data were verified and stable initial conditions (“flat
lines”) were achieved for all four transmission providers. MEPPI performed the analysis using
Siemen’s PTI software, Power System Simulator for Engineering (PSS/E), Version 32.2.0 for
PacifiCorp and General Electric’s software, Positive Sequence Load Flow (PSLF), version 19.0
for PG&E, SCE, and SRP. MEPPI worked with PG&E, PacifiCorp, SCE, and SRP to gather
power flow cases, dynamic data files, and to define targeted sensitivities. Each transmission
provider supplied a heavy summer case and a stressed case to be examined along with a set of
contingencies.

2.1. List of Key Parameters Varied For Heavy Summer Case

The CMPLDW model is comprised of 130+ parameters that define the characteristics for
residential, commercial, and industrial 3-phase motors and single-phase air conditioning motors.
To understand the model and the impact it has on the voltage recovery of a system, an analysis
was performed by independently varying a set of model parameters. The following parameters
listed here were varied independently for Motor D:

o Vstall: Stall voltage, p.u. e FmA: Motor A fraction of load P
e Tstall: Stall time delay, sec. e FmB: Motor B fraction of load P
Mitsubishi Electric 2-1 Power Systems Engineering
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FmC: Motor D fraction of load P

FmD: Motor D fraction of load P

Fel: Electronic load fraction of P

Vtrl: First under voltage trip level,p.u.
Ttrl: First under voltage trip delay time,
sec.

Fuvr: Fraction of load with under
voltage relay protection

Frst: Fraction of load that can restart
after stalling

Vrst: Voltage at which restart can occur,

p.u.
Trst: Restart time delay, sec.

Vc2off: Contactor voltage at which
tripping is complete, p.u.

Vclon: Contactor voltage at which
reconnection starts, p.u.

Vc2on: Contactor voltage at which
reconnection is complete, p.u.

Tth: Motor D thermal time constant,
sec.

Thit: Motor D thermal protection
trip start level, p.u. temperature
Th2t: Motor D thermal protection
trip  completion level, p.u.
temperature

e Vcloff: Contactor voltage at which
tripping starts, p.u.

Table 2.1-1 lists the key parameters that were analyzed for Motor D. The column labeled Phase
1 lists the values of the parameters as provided by each transmission provider in the dynamic
data files (Tstall disabled). Note that the values listed here are for one instance of the CMPLDW
model as an example. The column under Phase 2, “Tstall Enabled” lists the values of parameters
used for Phase 2 with Tstall enabled. These two columns of data were used to simulate the two
base cases (Phase 1 Base Case and Phase 2 Base Case) for the contingencies provided.

For the sensitivity of parameters, a minimum value and maximum value were selected for each
parameter. Each minimum value and maximum value represents a separate sensitivity
simulation for the contingencies provided. The Phase 2 “Tstall Enabled” data was utilized while
varying a single parameter. For example, one sensitivity scenario would use the Phase 2 “Tstall
Enabled” data while changing only Vstall to 0.3 p.u. Note that the minimum and maximum
values for “Vcloff”, “Vc2off”, “Vclon”, and “Vc2on” were all varied simultaneously and are
grouped as one sensitivity. These four parameters were grouped together to keep a linear
relationship between the values. By varying all four parameters together, realistic results to the
sensitivity of the parameters is able to be obtained. For example, with “Vcloff” set at 0.5 p.u., if
only “Vc2on” were to be varied, a condition could exist (“\VVc2on” set to 0.4 p.u.) where motor
load begins to connect while the same motor loads would be tripping. An overlap in the settings
would be present which is not realistic for field conditions.

The results compared the Phase 2 Base Case, Minimum Value, and Maximum Value for a given
parameter. Note for the percent change in motor fractions, while increasing or decreasing the
respective motor fraction, the overall motor load percentage does not change. The static load
compensates for the change in a given motor fraction. For example, when increasing the Motor
D fraction by 20% across all loads, the static load at each load bus was reduced to compensate
for the increase in Motor D fraction.

Mitsubishi Electric 2-2
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Table 2.1-1
List of Key Parameters Varied for Heavy Summer Case
Phase 2
Ref. —
No Description of Parameter Phase 1 Tstall Minimum Maximum
' Enabled Value Value
1 Vstall, Stall wltage, p.u. 0.5 0.5 0.3 0.8
2 Tstall, Stall time delay, sec. 9999 0.033 0.01667 0.25
3 Vc1off, Contactor woltage at which tripping starts, p.u. 0.5 0.5 0.3 0.7
4 :)/c;Zoff, Contactor woltage at which tripping is complete, 0.4 0.4 02 06
5 Vc1on — Contactor woltage at which reconnection is 06 06 0.4 08
complete (pu)
6 Vc2on - Contactor woltage at which reconnection 05 05 03 07
starts (pu)
7 Tth, Motor D thermal time constant, sec. 15 15 5 25
8 Th1t, Motor D thermal protection trip start level, p.u. 07 07 04 09
temperature
9 Th2t, Motor D thermal protection trip completion level, 19 19 1 3
p.u. temperature
10 FmA, Motor A fraction of load P (%) 0.167 0.167 -20% +20%
11 FmB, Motor B fraction of load P (%) 0.135 0.135 -20% +20%
12 FmC, Motor C fraction of load P (%) 0.061 0.061 -20% +20%
13 FmD, Motor D fraction of load P (%) 0.113 0.113 -20% +20%
14 Fel, Electronic load fraction of P (%) 0.173 0.173 -20% +20%
15 Vir1, First under voltage trip level, p.u. 0.6 0.6 0.4 0.8
16 Ttr1, First under voltage trip delay time, sec. 0.02 0.02 0.01667 0.25
17 Fuwr, Fraction of load with under voltage relay protection 0.1 0.1 0 0.5
18 Frst, Fraction of load that can restart after stalling 0.2 0.2 0 1
19 Vrst, Voltage at which restart can occur, p.u. 0.95 0.95 0.5 1
20 Trst, Restart time delay 0.3 0.3 0.1 1
Mitsubishi Electric 2-3 Power Systems Engineering

Power Products, Inc (MEPPI)
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2.2. List of Key Parameters Varied for Stressed Case

After performing the initial analysis on the heavy summer case, a reduced set of contingencies
and more detailed list of parameters were selected to be analyzed on the stressed case. The
contingencies selected for this analysis were based on the number of observations that were
flagged for the entire contingency (i.e., the aggregate of all simulation runs for a given sensitivity
parameter). Section 2.3 lists the sensitivity metrics used in the study. The following parameters
listed here were varied on the stressed case for Motor D, and the list of parameters and sensitivity
values is given in Table 2.2-1:

e Vstall: Stall voltage, p.u.

e Tstall: Stall time delay, sec.

e V/cloff: Contactor voltage at which tripping starts, p.u.

e \/c2off: Contactor voltage at which tripping is complete, p.u.

e Vclon: Contactor voltage at which reconnection starts, p.u.

e \/c2on: Contactor voltage at which reconnection is complete, p.u.
e Tth: Motor D thermal time constant, sec.

e Thit: Motor D thermal protection trip start level, p.u. temperature
e Th2t: Motor D thermal protection trip completion level, p.u. temperature
e FmD: Motor D fraction of load P

e Fuvr: Fraction of load with under voltage relay protection

e Vrst: Voltage at which restart can occur, p.u.

Mitsubishi Electric 2-4 Power Systems Engineering
Power Products, Inc (MEPPI) Services (PSES) Department
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Table 2.2-1
List of Key Motor D Parameters Varied for Stressed Case
Phase 2
Ref. -
Description of Parameter Phase 1 ini i
No. P Tstall | Minimum Value 1 | Value 2 | Value 3 | Value 4 Maximum
Enabled| Value Value
1 Vstall, Stall woltage, p.u. 0.5 0.5 0.3 0.4 0.45 0.55 0.6 0.8
2 Tstall, Stall time delay, sec. 9999 0.033 0.01667 | 0.0667 | 0.08335 0.1 0.1667 0.25
3 Vc1off, Contactor woltage at which tripping 05 05 03 05 055 06 0.65 07
starts, p.u.
4 Vc2off, Contactor voltage at which tripping is 0.4 0.4 0.2 03 0.35 0.4 05 06
complete, p.u.
5 | Velon —Contactor witage at which 0.6 0.6 0.4 0.7 0.75 0.7 0.8 0.8
reconnection is complete (pu)
6 Vc2on — pontactor wltage at which 05 05 03 06 06 06 065 07
reconnection starts (pu)
7 Tth, Motor D thermal time constant, sec. 15 15 5 10 12 17 20 25
8 Th1t, Motor D thermal protection trip start level, 07 07 04 0.55 0.65 0.75 0.85 09
p.u. temperature
9 Th2t, Mgtor D thermal protection trip 19 19 1 11 13 1.4 2 3
completion level, p.u. temperature
10 FmD, Motor D fraction of load P 0.113 0.113 -20% -10% -40% +40% +10% +20%
1 Fuwr, Fractlon of load with under woltage relay 01 01 0 0.05 015 0.2 0.25 05
protection
12 Vrst, Voltage at which restart can occur, p.u. 0.95 0.95 0.5 0.7 0.8 0.85 0.9 1

The following list of parameters were varied independently on the stressed case for Motors A, B,
and C (refer to Tables 2.2-2 through 2.2-4 for the list of parameters and sensitivity values):

e Vitrl: First low voltage trip level, p.u.

e Ttrl: First low voltage trip delay time, sec.

e Ftrl: First low voltage trip fraction

e V/rcl: First low voltage reconnection level, p.u. V

e Vtr2: Second low voltage trip level, p.u.

e Ttr2: Second low voltage trip delay time, sec.

e Ftr2: Second low voltage trip fraction

e V/rc2: Second low voltage reconnection level, p.u. V

e Trc2: Second low voltage reconnection delay time, sec.

e H: Inertia constant, sec.

e Ls: Synchronous reactance, p.u.

e Tpo: Transient open-circuit time constant, sec.
Mitsubishi Electric 2-5 Power Systems Engineering
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Table 2.2-2
List of Key Motor A Parameters Varied for Stressed Case
Phase 2

Ref. Description of Parameter

No. Tstall Enabled Value 1 Value 2 Value 3 Value 4
1 Vir1, First low voltage trip level, p.u. V 0.7 -0.15 -0.05 +0.05 +0.15
2 Ttr1, First low voltage trip delay time, sec. 0.02 ] 0.05]| 0.1 -0.05 +0.05 +0.25 +0.5
3 Ftr1, First low wvoltage trip fraction* 0.2 0.3 1 -0.2 -0.1 +0.1 +0.2
4 Vrec1, First low woltage reconnection level, p.u. V 1 -0.25 -0.15 -0.05 +0.05
5 Vtr2, Second low woltage trip level, p.u. 0.5 0.6 -0.15 -0.05 +0.05 +0.15
6 Ttr2, Second low woltage trip delay time, sec. 0.02 | 0.05 1 -0.05 +0.05 +0.25 +0.5
7 Ftr2, Second low woltage trip fraction 0 0.5 0.7 -0.2 -0.1 +0.1 +0.2
8 Vrc2, Second low woltage reconnection level, p.u. V 0.7 1 -0.2 -0.1 +0.1 +0.2
9 Trc2, Second low woltage reconnection delay time, sec. 0.1 0.25 -0.05 +0.05 +0.1 +0.25
10 H, Inertia constant, sec. 0.1 0.15 0.2 -50% -25% +50% +100%
11 Ls, Synchronous reactance, p.u. 1.8 3.1 -50% -25% +50% +100%
12 Tpo, Transient open-circuit time constant, sec. 0.095| 0.8 -50% -25% +50% +100%

*Note: Trip fraction must be below 1, simultaneously vary Ftr1 or Ftr2, respectively

Note the parameters listed under the “Tstall Enabled” column are all of the parameters observed
in the dynamic data records for the corresponding parameter.

Table 2.2-3
List of Key Motor B Parameters Varied for Stressed Case
Phase 2

Ref. Description of Parameter

No. Tstall Enabled Value 1 Value 2 Value 3 Value 4
1 Vtr1, First low voltage trip lewvel, p.u. V 0.6 0.7 -0.15 -0.05 +0.05 +0.15
2 Ttr1, First low voltage trip delay time, sec. 0.02 | 0.05 1 -0.05 +0.05 +0.25 +0.5
3 Ftr1, First low voltage trip fraction 0.2 0.3 0.4 -0.2 -0.1 +0.1 +0.2
4 Vrc1, First low wvoltage reconnection level, p.u. V 0.75 1 -0.25 -0.15 -0.05 +0.05
5 Vtr2, Second low woltage trip level, p.u. 0.5 0.6 -0.15 -0.05 -0.05 +0.15
6 Ttr2, Second low woltage trip delay time, sec. 0.02 | 0.05] 0.1 -0.05 +0.05 +0.25 +0.5
7 Ftr2, Second low wltage trip fraction 0.3 0.5 -0.2 -0.1 +0.1 +0.2
8 Vrc2, Second low voltage reconnection level, p.u. V 0.65 | 0.75 -0.2 -0.1 +0.1 +0.2
9 Trc2, Second low woltage reconnection delay time, sec. 0.05 ] 0.25 -0.05 +0.05 +0.1 +0.25
10 H, Inertia constant, sec. 0.5 1 -50% -25% +50% +100%
11 Ls, Synchronous reactance, p.u. 1.8 3.1 -50% -25% +50% +100%
12 Tpo, Transient open-circuit time constant, sec. 0.2 0.8 -50% -25% +50% +100%
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Table 2.2-4
List of Key Motor C Parameters Varied for Stressed Case
Phase 2

Ref. Description of Parameter

No. Tstall Enabled Value 1 Value 2 Value 3 Value 4
1 Vir1, First low voltage trip level, p.u. V 0.65| 0.7 -0.15 -0.05 +0.05 +0.15
2 Ttr1, First low voltage trip delay time, sec. 0.02 ] 0.05]| 0.1 -0.05 +0.05 +0.25 +0.5
3 Ftr1, First low voltage trip fraction 0.2 0.3 0.4 -0.2 -0.1 +0.1 +0.2
4 Vrec1, First low woltage reconnection level, p.u. V 1 -0.25 -0.15 -0.05 +0.05
5 Vtr2, Second low woltage trip level, p.u. 0.5 0.6 -0.15 -0.05 -0.05 +0.15
6 Ttr2, Second low woltage trip delay time, sec. 0.02 ] 0.05]| 0.1 -0.05 +0.05 +0.25 +0.5
7 Ftr2, Second low woltage trip fraction 0.3 0.5 -0.2 -0.1 +0.1 +0.2
8 Vrc2, Second low woltage reconnection level, p.u. V 0.65 | 0.75 -0.2 -0.1 +0.1 +0.2
9 Trc2, Second low woltage reconnection delay time, sec. 0.1 0.25 -0.05 +0.05 +0.1 +0.25
10 H, Inertia constant, sec. 0.1 0.2 -50% -25% +50% +100%
11 Ls, Synchronous reactance, p.u. 1.8 3.1 -50% -25% +50% +100%
12 Tpo, Transient open-circuit time constant, sec. 0.2 0.8 -50% -25% +50% +100%

Note for the Phase 2 base case, there are multiple values for the parameters of Motor A, Motor
B, and Motor C. The values that are observed in the base case are listed in the above tables in
the “Tstall Enabled” column. The sensitivity parameters listed were each varied by the
percentage listed in the value column.

2.3. Contingency Lists

Each transmission provider provided a contingency list to be examined. The contingency lists
include three-phase normally cleared faults, single-phase normally cleared faults, stuck breaker
faults, and loss of generation without a fault. Refer to Tables 2.3-1 through 2.3-8 for the
contingencies examined on the heavy summer case and stressed case for PacifiCorp, PG&E,
SCE, and SRP, respectively.
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Table 2.3-1
Contingencies Examined on the Heavy Summer Case for PacifiCorp
E>_<terna| Fault Type Fault Duration E>_<terna| Fault Type Fault Duration E>§ternal Fault Type Fault Duration
Contingency # (Cycles) Contingency # (Cycles) Contingency # (Cycles)
1 3PH 7 56 3PH 5 111 3PH 3
2 3PH 5 57 3PH 7 112 3PH 4
3 3PH 4 58 3PH 7 113 3PH 4
4 3PH 7 59 3PH 7 114 3PH 4
5 3PH 6 60 3PH 5 115 3PH 4
6 3PH 3 61 3PH 6 116 3PH 4
7 3PH 7 62 3PH 5 117 3PH 4
8 3PH 7 63 3PH 5 118 3PH 4
9 3PH 4 64 3PH 5 119 3PH 5
10 3PH 7 65 3PH 5 120 3PH 3
11 3PH 7 66 3PH 5 121 3PH 5
12 3PH 5 67 3PH 5 122 3PH 5
13 3PH 5 68 3PH 5 123 3PH 5
14 3PH 5 69 3PH 5 124 3PH 5
15 3PH 7 70 3PH 5 125 3PH 5
16 3PH 5 71 3PH 6 126 3PH 5
17 3PH 5 72 3PH 7 127 3PH 5
18 3PH 5 73 3PH 5 128 3PH 5
19 3PH 7 74 3PH 5 129 3PH 5
20 3PH 5 75 3PH 7 130 3PH 5
21 3PH 5 76 3PH 7 131 3PH 5
22 3PH 5 77 3PH 7 132 3PH 5
23 3PH 5 78 3PH 7 133 3PH 5
24 3PH 7 79 3PH 5 134 3PH 5
25 3PH 5 80 3PH 5 135 3PH 5
26 3PH 4 81 3PH 5 136 3PH 5
27 3PH 6 82 3PH 5 137 3PH 5
28 3PH 5 83 3PH 5 138 3PH 5
29 3PH 7 84 3PH 5 139 SLG 4.5
30 3PH 5 85 3PH 5 140 SLG 4.5
31 3PH 7 86 3PH 5 141 SLG 6
32 3PH 6 87 3PH 5 142 SLG 4.5
33 3PH 7 88 3PH 5 143 SLG 6
34 3PH 5 89 3PH 4 144 SLG 5
35 3PH 5 90 3PH 3 145 SLG 6
36 3PH 7 91 3PH 4 146 SLG 4.5
37 3PH 5 92 3PH 4 147 SLG 6
38 3PH 7 93 3PH 3 148 SLG 4.5
39 3PH 5 94 3PH 4 149 SLG 4.5
40 3PH 7 95 3PH 4 150 SLG 5
41 3PH 5 96 3PH 4 151 SLG 3
42 3PH 7 97 3PH 4 152 SLG 6
43 3PH 7 98 3PH 4 153 SLG 6
44 3PH 5 99 3PH 3 154 SLG 4.5
45 3PH 5 100 3PH 4 155 SLG 4.5
46 3PH 5 101 3PH 4 156 SLG 4.5
47 3PH 5 102 3PH 4 157 SLG 5
48 3PH 5 103 3PH 4 158 SLG 6
49 3PH 7 104 3PH 4 159 SLG 4.5
50 3PH 7 105 3PH 4 160 SLG 6
51 3PH 5 106 3PH 4 161 SLG 4.5
52 3PH 7 107 3PH 4 162 SLG 4.5
53 3PH 7 108 3PH 4 163 SLG 4.5
54 3PH 7 109 3PH 4 164 SLG 6
55 3PH 7 110 3PH 4 165 SLG 5
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Table 2.3-1 (continued)
Contingencies Examined on the Heavy Summer Case for PacifiCorp

E>_<terna| Fault Type Fault Duration E>_<terna| Fault Type Fault Duration E>.<ternal Fault Type Fault Duration
Contingency # (Cycles) Contingency # (Cycles) Contingency # (Cycles)

166 SLG 5 220 SLG 18 274 SLG 19.5
167 SLG 5 221 SLG 16.5 275 SLG 19.5
168 SLG 4.5 222 SLG 18 276 SLG 19.5
169 SLG 6 223 SLG 17.5 277 SLG 19.5
170 SLG 4.5 224 SLG 18 278 SLG 19.5
171 SLG 4.5 225 SLG 18 279 SLG 17.5
172 SLG 6 226 SLG 18.5 280 SLG 19.5
173 SLG 6 227 SLG 15.5 281 SLG 17.5
174 SLG 4.5 228 SLG 17 282 SLG 19.5
175 SLG 6 229 SLG 116.4 283 SLG 19.5
176 SLG 5 230 SLG 18 284 SLG 19.5
177 SLG 5 231 SLG 18 285 SLG 19.5
178 SLG 5 232 SLG 18 286 SLG 19.5
179 SLG 6 233 SLG 18.5 287 SLG 19.5
180 SLG 6 234 SLG 17 288 SLG 14.5
181 SLG 5 235 SLG 17 289 SLG 19.5
182 SLG 6 236 SLG 18 290 SLG 19.5
183 SLG 6 237 SLG 18 291 SLG 19.5
184 SLG 5 238 SLG 17.5 292 SLG 9.5
185 SLG 5 239 SLG 18 293 SLG 19.5
186 SLG 5 240 SLG 19.5 294 SLG 20
187 SLG 6 241 SLG 19.5 295 SLG 19.5
188 SLG 6 242 SLG 19.5 296 SLG 17.5
189 SLG 6 243 SLG 19.5 297 SLG 28
190 SLG 6 244 SLG 19.5 298 SLG 19.5
191 SLG 6 245 SLG 24.5 299 SLG 19.5
192 SLG 6 246 SLG 24.5 300 SLG 19.5
193 SLG 5 247 SLG 19.5 301 SLG 19.5
194 SLG 3 248 SLG 19.5 302 SLG 17
195 SLG 6 249 SLG 19.5 303 SLG 19.5
196 SLG 6 250 SLG 19.5 304 SLG 17.5
197 SLG 6 251 SLG 19.5 305 SLG 19.5
198 SLG 6 252 SLG 24.5 306 SLG 19.5
199 SLG 5 253 SLG 19.5 307 SLG 19.5
200 SLG 6 254 SLG 19.5 308 SLG 19.5
201 SLG 6 255 SLG 19.5 309 SLG 19.5
202 SLG 6 256 SLG 19.5 310 SLG 19.5
203 SLG 6 257 SLG 19.5 311 SLG 19.5
204 SLG 6 258 SLG 19.5 312 SLG 21
205 SLG 6 259 SLG 19.5 313 SLG 19.5
206 SLG 6 260 SLG 19.5 314 SLG 19.5
207 SLG 6 261 SLG 19.5 315 SLG 19.5
208 SLG 4.5 262 SLG 19.5 316 SLG 19.5
209 SLG 6 263 SLG 19.5 317 3PH 3
210 SLG 4.5 264 SLG 25 318 3PH 3
211 SLG 6 265 SLG 25.5 319 3PH 3
212 SLG 6 266 SLG 19.5 320 3PH 3
213 SLG 6 267 SLG 19.5 321 3PH 3
214 SLG 6 268 SLG 19.5 322 SLG 27.7
215 SLG 6 269 SLG 19.5

216 SLG 6 270 SLG 19.5

217 SLG 5 271 SLG 19.5

218 SLG 5 272 SLG 19.5

219 SLG 5 273 SLG 19.5
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Table 2.3-2

Contingencies Examined on the Stressed Case for PacifiCorp

External

Fault Duration

Contingency # Fault Type (Cycles)
15 3PH 7
19 3PH 7
24 3PH 7
44 3PH 5
58 3PH 7
73 3PH 5
74 3PH 5
78 3PH 7
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Table 2.3-3
Contingencies Examined on the Heavy Summer Case for PG&E
External Fault Duration External Fault Duration
Comlr;gency Fault Type Cycles) Element(s) Lost Comlr;gency Fault Type (Cycles) Element(s) Lost
1PH 3 x 230 kV Line
1 Delaved Clear 120 500/230 kV Transformer 28 3PH 4 500/230 kV Transformer
y 2 x 230/115 kV Transformer
2 None No Fault 2 x Generator 29 3PH 4 500/230 kV Transformer
3 None No Fault 2 x Generator 30 3PH 4 500/230 kV Transformer
4 None No Fault Generator 31 3PH 4 500/230 kV Transformer
5 3PH 4 500 kV Line 32 3PH 4 500/230 kV Transformer
6 3PH 4 500 kV Line 33 3PH 4 500/230 kV Transformer
7 3PH 4 500 kV Line 34 3PH 4 500/230 kV Transformer
8 3PH 4 500 kV Line 35 3PH 4 500/230 kV Transformer
9 3PH 4 500 kV Line 36 None No Fault DC Line
’ SLG 500 kV Line
10 3PH 4 500 kV Line 7 Stuck Breaker 12 500/230 kV Transformer
11 3PH 4 500 kV Line 38 SLG 13 2 x 500 kV Line
Stuck Breaker
] SLG :
12 3PH 4 500 kV Line 39 13 2 x 500 kV Line
Stuck Breaker
] SLG .
13 3PH 4 500 kV Line 40 13 2 x 500 kV Line
Stuck Breaker
] SLG :
14 3PH 4 500 kV Line 41 13 2 x 500 kV Line
Stuck Breaker
] SLG .
15 3PH 4 500 kV Line 42 13 2 x 500 kV Line
Stuck Breaker
] SLG :
16 3PH 4 500 kV Line 43 13 2 x 500 kV Line
Stuck Breaker
. SLG 500 kV Line
7 3PH 4 500 kV Line 44 Stuck Breaker 3 500/230 kV Transformer
; SLG 500 kV Line
18 3PH 4 500 kV Line 45 Stuck Breaker 13 Generator
19 3PH 4 500 kV Line 46 3PH 4 2 x 500 kV Line
20 3PH 4 500 kV Line 47 3PH 4 2 x 500 kV Line
21 3PH 4 500 kV Line 48 3PH 4 2 x 500 kV Line
22 3PH 4 S00 kV Line 49 3PH 4 2 x 500 kV Line
Generator
23 3PH 4 S00 KV Line 50 3PH 4 2 x 500 kV Line
Generator
24 3PH 4 500 kV Line 51 3PH 4 2 x 500 kV Line
25 3PH 4 500 kV Line 52 3PH 4 2 x 500 kV Line
26 3PH 4 500/230 kV Transformer 53 3PH 4 2 x 500 kV Line
27 3PH 4 500/230 kV Transformer
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Table 2.3-4
Contingencies Examined on the Stressed Case for PG&E
External Fault Duration
Contlr;#gency Fault Type (Cycles) Element(s) Lost

1PH 3 x 230 kV Line
1 Delaved Clear 120 500/230 kV Transformer
y 2 x 230/115 kV Transformer

2 None No Fault 2 x Generator

14 3PH 4 500 kV Line

48 3PH 4 2 x 500 kV Line

52 3PH 4 2 x 500 kV Line

Table 2.3-5
Contingencies Examined on the Heavy Summer Case for SCE
Coﬁ:i;]neanlcy Fault Type Fau(lct:)illjéz;ion Element(s) Lost Co?tila;]rgj:cy Fault Type Fau(ICt:yDCL:(:;ion Element(s) Lost
1 3PH 6 500 kV Line 18 SLG 15 500 kV Line
2 3PH 6 500 KV Line 19 SLG 15 500/2§gi\‘;\4r:':;0rmer
3 3PH 6 2 x 500 kV Line 20 SLG 15 500/2§gi\‘;\4r:':;0rmer
4 3PH 6 230 kV Line 21 SLG 15 500/2§gi\‘;\4r:':;0rmer
5 3PH 6 500/230 kV Transformer 22 SLG 15 500 /Z:é)i\i;\'/l'rl;l:;ormer
6 3PH 6 2 x 500 kV Line 23 SLG 15 Line x2
7 3PH 6 2 x 500 kV Line 24 SLG 17 Line x2
8 3PH 6 2 x 500 kV Line 25 SLG 17 500/230 kV Transformer
9 3PH 6 2 x 500 kV Line 26 3PH 15 2 x 500 kV Line
10 3PH 6 2 x 500 kV Line 27 3PH 15 500/235(? i\‘/ﬁr’;’:;ormer
11 3PH 6 2 x 500 kV Line 28 3PH 17 500/230 kV Transformer
12 3PH 6 2 x 500 kV Line 29 3PH 6 230 kV Line
13 3PH 6 2 x 500 kV Line 30 3PH 6 500/115 kV Transformer
14 3PH 6 2 x 500 kV Line 31 3PH 6 500/115 kV Transformer
15 3PH 6 2 x 500 kV Line 32 3PH 6 230/115 kV Transformer
16 3PH 6 2 x 230 kV Line 33 3PH 6 230/69 kV Transformer
17 3PH 6 2 x 230 kV Line 34 3PH 6 230/115 kV Transformer
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Table 2.3-6
Contingencies Examined on the Stressed Case for SCE
External Internal Fault Duration
Contingency |Continge| Fault Type Element(s) Lost
(Cycles)
# ncy #
1 03 B 3PH 6 500 kV Line
2 04_B2 3PH 6 500 kV Line
10 41_C 3PH 6 2 x 500 kV Line
26 65_D2 3PH 15 2 x 500 kV Line
35 :
21B_C3 3PH 6 2 x 500 kV Line
(new)
36 104B_5A 3PH 6 500/230 kV Transformer
(new)
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Table 2.3-7
Contingencies Examined on the Heavy Summer Case for SRP
Coiﬁiél?\lcy Fault Type Fau(l(tj)%:;z;ion Element(s) Lost Coiiitagjlar:cy Fault Type Fau(l(tj}l/)ctr‘reas;ion Element(s) Lost
1 3PH 4 230/69 kV Transformer 31 3PH 4 230 kV Line
2 3PH 4 230/69 kV Transformer 32 3PH 4 230/115 kV Transformer
3 3PH 4 230/69 kV Transformer 33 3PH 4 230 kV Line
4 3PH 4 230 kV Line 34 3PH 4 230 kV Line
5 3PH 4 230 kV Line 35 3PH 4 230/69 kV Transformer
6 3PH 4 230 kV Line 36 3PH 4 230/69 kV Transformer
7 3PH 4 230 kV Line 37 3PH 4 Generator x2
8 3PH 4 230 kV Line 38 3PH 4 230 kV Line
9 3PH 4 230 kV Line 39 3PH 4 500/230 kV Transformer
10 3PH 4 230 kV Line 40 3PH 4 500/230 kV Transformer
11 3PH 4 230/69 kV Transformer 41 3PH 4 500/230 kV Transformer
12 3PH 4 230 kV Line 42 3PH 4 230 kV Line
13 3PH 4 230/69 kV Transformer 43 3PH 4 230 kV Line
14 3PH 4 230 kV Line 44 3PH 4 230 kV Line
15 3PH 4 230 kV Line 45 3PH 4 230/69 kV Transformer
16 3PH 4 230 kV Line 46 3PH 4 230 kV Line
17 3PH 4 230 kV Line 47 3PH 4 230/69 kV Transformer
18 3PH 4 230 kV Line 48 3PH 4 500/230 kV Transformer
19 3PH 4 230 kV Line 49 3PH 4 230 kV Line
20 3PH 4 500/230 kV Transformer x 2 50 3PH 4 230 kV Line
21 3PH 4 230/69 kV Transformer 51 s tuckS PB?eaker 12 500! gi();()\é Ki‘”l_si:;rmer
2 3PH 4 230 kV Line 52 Stucs:t{eaker 12 500/21%'8\{(\}'?;:0“3
2 3PH 4 230 kV Line 53 Stucs:t{eaker 12 500/21%'8\{(\}'?;:0“3
2 3PH 4 230/69 kV Transformer 54 Stucflé(liaker 12 5%%0:3;??.::1\;, -Ii—ir:gsljsnl]jiire
2 3PH 4 Generator 55 Stucl?lé?eaker 12 500/3‘;50:; \xrmzformer
% 3PH 4 Generator x2 56 Stucsg:eaker 12 2?)%?\*/5'_';\1/;'22?]70[::(;
x| e | v e T Lo | 7| STk
w | e | e > || 7| b
29 3PH 4 230/69 kV Transformer 59 S tucks 'é(feaker 12 500/6202\/'(3?:5'”18'
30 3PH 4 230 kV Line
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Table 2.3-8
Contingencies Examined on the Stressed Case for SRP
External Fault Duration
Contlr;gency Fault Type (Cycles) Element(s) Lost
6 3PH 4 230 kV Line
59 3PH 12 500/230 kV Transformer
Stuck Breaker 500 kV Line
56 3PH 12 500/345 kV Transformer
Stuck Breaker 500 kV Line, Gen, Load
€0 3PH 4 500 kV Line
(new)
61 .
3PH 4 500 kV Line
(new)
62 3PH 4 500 kV Line
(new)

2.4. Study Criteria (Thresholds)

The idea for the study criteria is the relative number and type of observations will provide a
sensitivity value for each parameter. The main observations for this analysis will be voltage
response (slow vs fast voltage recovery) and generator angles (transient stability). The criteria
were chosen to measure the sensitivity of the model parameters and do not strictly match the
typical region-specific planning criteria. Bus voltages and generators were flagged based on the
study thresholds listed below:

e Transient voltage dips will be monitored and recorded for dips that exceed:
0 25% at load buses and 30% at non-load buses
e Post-transient voltage deviations will be monitored and recorded for voltages exceeding
5% at any bus
e Voltage recovery to 70% of pre-contingency voltage within 1 second
e Voltage recovery to 80% of pre-contingency voltage within 3 seconds
e Voltage recovery to 90% of pre-contingency voltage within 5 seconds
e Voltage overshoot will be monitored.
o Voltages will be flagged for any voltage overshoot over 1.1 p.u. and will be sorted
in the following time sections (seconds after fault cleared):
= 0-8seconds
= 8-15seconds
= 15-30 seconds
e Any non-consequential load loss
e Any generator that pulls out of synchronism and trips will be recorded

Note to produce relevant results and compare small changes in sensitivity parameters, strict
voltage criteria was selected. The voltage criteria utilized for this study is not indicative of the
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new recent developments in WECC voltage criteria used by WECC transmission planners.
Rather it serves as a basis to capture the impacts of motor load stalling whereas the new WECC
voltage criteria may not capture these impacts. Table 2.3-9 is a comparison of the criteria used in
this study and new WECC voltage criteria defined in “TPL-001-WECC-CRT-3”, effective
September 21, 2016.

Table 2.3-9
Comparison of Voltage Criteria
Composite Load Model WECC Voltage Criteria TPL-001-
Study Criteria WECC-CRT-3
Voltage > 70% of pre-contingency
- N/A
woltage within 1 second
Voltage > 80% of pre-contingency Voltage > 80% of pre-contingency
woltage within 3 seconds woltage within 20 seconds
Voltage > 90% of pre-contingency
s N/A
voltage within 5 seconds
Transient Voltage Dips Transient Voltage Dips
> 25% at load buses > 70% for more than 0.5 seconds
> 30% at non-load buses > 80% for more than 2 seconds
Post-transient woltage deviation Post-transient wltage deviation
> 5% at any bus > 8% at load buses for P1* events

*Note P1 events as defined by Table 1 of NERC Standard TPL-001-4,
Transmission System Planning Performance Requirements

It can be observed the new WECC voltage criteria (TPL-001-WECC-CRT-3) may not capture
range of impacts of motor load stalling and tripping. An important behavior of the composite
load model is the initial stalling and subsequent voltage recovery to an acceptable level. The
voltage criteria utilized in this study reports on bus voltage not recovering after a maximum of 5
seconds. The new WECC criteria only captures voltages not recovering above a certain
threshold after 20 seconds.
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SECTION 3. COMPOSITE LOAD MODEL

The composite load model was developed to represent the dynamic load behavior of three-phase
compressor motors, fans, pumps, and induction motors. In the steady-state power flow, the
model is represented by a constant power load and is modeled at a transmission level bus. The
dynamic implementation of the model is shown in Figure 3.0-1. Any load in power flow can be
represented in dynamic simulations by a single composite load model. The step-down
transformer, “low-side bus,” and “load bus” do not exist in the power flow and are added to the
system during initialization of the model. The total constant power P and Q in the steady-state
power flow is modeled by up to four motors and an electronic load: Motor A, Motor B, Motor
C, Motor D, and electronic load as determined in the dynamic data set. The total sum of motor
A, B, C, D, electronic, and static load fractions must be equal to one (1.0). Any load that is not
modeled by one of the four motors (A, B, C or D) or electronic load up to one is modeled as
static load (constant P and Q). For example, for a single instance of a motor load with a
composition of 10% Motor A, 15% Motor B, 15% Motor C, 25% Motor D, and 10% electronic
load, the static load would be modeled as 25%.

Load Bus
SystemBus [ ow-side —@ Motor A
(230, 115, 69kV) Bus
—@ Motor B
j I _@ Motor C
| —@ Motor D
UVLS
UFLS — Electronic
—  Static

Figure 3.0-1: Composite load model one-line diagram
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SECTION 4. RESULTS

The results presented in this section are the total observations for the Heavy Summer Case and
the Stressed Case for each Transmission Provider. After examining the Heavy Summer Case, a
reduced set of contingencies was analyzed on a Stressed Case. The results are presented in terms
of a heat map table, analyzing the various criteria stated in the previous section. Contingencies
observed to have a negative impact, i.e. increase the number of observations, will be color coded
in red with a maximum change of +100%. Contingencies that have a positive impact on the
results, i.e. decrease the number of observations, will be color coded in green with a maximum
change of -50%.

Each row in the Results and Observations tables summarizes the system performance for all the
contingencies examined for the utility varying only the single model parameter listed in that row.
Note the parameters VVcloff, Vc2off, Vclon and Vc2on are varied at the same time resulting in a
total of 17 parameter variations (refer to Table 2.1-1 for the 17 variations).

4.1. PacifiCorp Heavy Summer and Stressed Case Results

For the Heavy Summer Case, there were 322 contingencies examined for 35 sensitivity
parameter variations (17 parameter variations each with a minimum and maximum value, and the
base case) for Motor D for a total of 11,270 contingencies processed. For each contingency
processed, 475 bus voltages and 98 generators were monitored. The results for a given
sensitivity parameter (e.g., fraction of Motor D increased by 20%) are an aggregate of all
contingencies processed for that given sensitivity parameter. Table 4.1-1 lists the observations
and results for PacifiCorp’s Heavy Summer Case. The table lists the number of buses flagged by
the criteria for the base case (Phase Il composite load model) as well as a given sensitivity
parameter. The “Delta (% Change)” column lists the percentage difference between the number
of observations in the base case and the respective sensitivity parameter. For the voltage
observation of a bus voltage recovering to 70% of the pre-fault voltage within 1 second, the base
case flagged 368 buses that did not meet this criterion. For the same voltage criterion, when
increasing the fraction of Motor D by 20%, 460 buses were flagged to not meet this criterion
which is an increase of 25% from the base case. When decreasing the fraction of Motor D by
20%, 342 buses were flagged to not meet this criterion which is a decrease of 7% from the base
case.

Refer to Figures 4.1-1 through 4.1-6 for representative plots of select sensitivity parameters for a
three-phase fault. The plots include four bus voltages comparing the base case (Phase 2) to the
maximum and minimum sensitivity parameter, respectively.
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Table 4.1-1
PacifiCorp Results and Observations for the Heavy Summer Case
> 25% Voltage Dip > 30% Voltage Dip Voltage < 70% in 1 Voltage < 80% in 3 Voltage < 90% in 5 Voltage Deviation > 5% Voltage overshoot
Ref. ) ) second seconds seconds over 1.1 p.u.
No. Variable| - Setting f Delta f Delta f Delta f Delta #0iB Delta #0iB Delta #0iB Delta
# of Buses (% change) # of Buses (% change) # of Buses (% change) # of Buses (% change) of Buses (% change) of Buses (% change) of Buses (% change)
1 Phase 2 - 14321 - 7473 - 368 - 1576 - 12803 - 20424 - 14570 -
2 Fel -20% 14156 -1% 7465 0% 368 0% 1585 1% 12722 -1% 19917 -2% 14432 -1%
3 20% 14332 0% 7363 -1% 364 -1% 1581 0% 12805 0% 20473 0% 15052 3%
4 FmA -20% 14321 0% 7473 0% 368 0% 1576 0% 12804 0% 20422 0% 14567 0%
5 20% 13481 -6% 7430 -1% 360 -2% 1274 -19% 10895 -15% 22211 9% 19933 37%
6 FmB -20% 14322 0% 8059 8% 373 1% 1624 3% 12823 0% 20228 -1% 13699 -6%
7 20% 14598 2% 7675 3% 355 -4% 1539 -2% 12836 0% 20355 0% 14881 2%
8 FmC -20% 14110 -1% 7432 -1% 371 1% 1606 2% 12816 0% 19942 -2% 13853 -5%
9 20% 14616 2% 7871 5% 389 6% 1571 0% 12834 0% 20457 0% 15625 7%
10 FmD -20% 11880 -17% 6155 -18% 342 7% 797 -49% 7630 -40% 23241 14% 11612 -20%
11 20% 16462 15% 9840 32% 460 25% 2211 40% 15513 21% 23241 14% 16303 12%
12 Frst 0 14677 2% 7728 3% 368 0% 1576 0% 12813 0% 20466 0% 15664 8%
13 (0.2) 1 14664 2% 7712 3% 368 0% 1576 0% 12785 0% 19283 -6% 14481 -1%
14 Fuwr 0 15306 7% 9016 21% 408 11% 1957 24% 14261 11% 20576 1% 15041 3%
15 (0.1) 0.5 6747 -53% 4791 -36% 336 -9% 345 -78% 729 -94% 19132 -6% 22922 57%
16 Thit 0.4 14331 0% 7481 0% 368 0% 1290 -18% 8258 -35% 20615 1% 14903 2%
17 (0.7) 0.9 14460 1% 7594 2% 368 0% 1577 0% 13622 6% 20320 -1% 15003 3%
18 Th2t 1 14328 0% 7477 0% 368 0% 1576 0% 7519 -41% 21289 4% 20060 38%
19 (1.2 3 14340 0% 7495 0% 368 0% 1577 0% 13197 3% 14634 -28% 7547 -48%
20 Trst 0.1 14330 0% 7480 0% 368 0% 1576 0% 12806 0% 20356 0% 15063 3%
21 (0.3) 1 14342 0% 7488 0% 368 0% 1576 0% 12811 0% 20534 1% 15666 8%
22 Tstall 0.25 5748 -60% 4107 -45% 330 -10% 356 -17% 828 -94% 12094 -41% 27997 92%
23 (0.033) 0.0167 15541 9% 7819 5% 413 12% 1650 5% 14032 10% 22296 9% 13299 -9%
24 Tth 5 14520 1% 7654 2% 368 0% 508 -68% 450 -96% 21289 4% 20166 38%
25 (15) 25 14322 0% 7476 0% 368 0% 1577 0% 13644 7% 19855 -3% 13083 -10%
26 Tir1 0.25 15437 8% 9175 23% 364 -1% 1727 10% 13892 9% 20587 1% 14746 1%
27 (0.02) 0.0167 14388 0% 7505 0% 368 0% 1576 0% 12761 0% 20274 -1% 15082 4%
28 [Contactor 0.3 15621 9% 7690 3% 434 18% 1813 15% 13529 6% 21677 6% 14591 0%
29 (Vc1off) 0.7 11135 -22% 5982 -20% 331 -10% 583 -63% 2545 -80% 14239 -30% 20029 37%
30 Vrst 1 14342 0% 7495 0% 368 0% 1576 0% 12813 0% 20512 0% 15559 7%
31 (0.95) 0.5 14591 2% 7726 3% 346 -6% 943 -40% 8849 -31% 19570 -4% 10558 -28%
32 Vstall 0.3 7719 -46% 5518 -26% 331 -10% 401 -75% 1692 -87% 14576 -29% 21994 51%
33 (0.5) 0.8 36572 155% 13198 77% 517 40% 6141 290% 44651 249% 50101 145% 34616 138%
34 Vir1 0.4 15233 6% 8095 8% 387 5% 1771 12% 13955 9% 20586 1% 14618 0%
35 (0.6) 0.8 13860 -3% 7233 -3% 368 0% 1552 -2% 12347 -4% 19447 -5% 16191 11%
Mitsubishi Electric 4-2 Power Systems Engineering
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Figure 4.1-1: Bus voltages for sensitivity parameter FmA
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Figure 4.1-2: Bus voltages for sensitivity parameter FmD

Mitsubishi Electric

Power Products, Inc (MEPPI)

43

Power Systems Engineering
Services (PSES) Department



MITSUBISHI

ELECTRIC

Changes for the Better

Composite Load Model Study
Technical Report REP-0004

1.2 1.3
11 st — e 11 S, -
ey b s T i 1 el T
5 1.0| i T 10 e
o 09 ,fr%ﬂ'i’;;ﬂj 2 09 ol
2 0s i 2 06
8 or | 8 o7
o | o
> 08 | = 08
3 05 | 3 05
E o4t | D o4
03 | T 03
< | I | @ -
ERR [0~ Basea? @ 02 [o-0 Basz7
m g4 = Thit0g @ g4 |*% ™ios
|o—0 Thnos ; |0~ ™uos
0 24 6 8§ 40 12 14 16 18 20 o 2 4 6 & 10 12 14 16 18 20
Time (s) Time (s)
1.2 1.2
1.1 1
— . e} — e £
:310ir1/“~ur=——..— - EIR T A T S e
£ o9 { £ 5
© i)
o 08 o 08
g 1| s
E o7t E 0.7
0. 08
= =
: 0.5 ; 0.5
;% 0.4 @ 04
O 03 O 03
@ w o
= 0.3 00 Basel7 = [0 Base 07
m o1 % Thit0g @ 0.1 |#=x Thi109
00 Thitod o0 Thitod
o4 2 4 6 & 10 12z 14 18 18 20 00 2 4 6 & 10 12 14 15 18 20
Time (s) Time (s)
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Figure 4.1-4: Bus voltages for sensitivity parameter Th2t
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Figure 4.1-6: Bus voltages for sensitivity parameter Vstall
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Changes for the Better

From the observations in Table 4.1-1 and the voltages in Figures 4.1-1 to 4.1-6, it can be
observed that the following Motor D parameters have a significant impact on the results:

e Vstall: Stall voltage, p.u.

e Tstall: Stall time delay, sec.

e FmD: Motor D fraction of load P

e Fuvr: Fraction of load with under
voltage relay protection

e Vcloff: Contactor voltage at which
tripping starts, p.u.

e Vc2off: Contactor voltage at which
tripping is complete, p.u.

e Vclon: Contactor voltage at which
reconnection starts, p.u.

e Vc2on: Contactor voltage at which
reconnection is complete, p.u.

e Tth: Motor D thermal time constant,
sec.

e Thit: Motor D thermal protection
trip start level, p.u. temperature

e Th2t: Motor D thermal protection
trip completion level, p.u.
temperature

Mitsubishi Electric 4-6 Power Systems Engineering
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For the Stressed Case, there were 8 contingencies examined for 198 sensitivity parameters:

Motor A: 12 parameters (see Table 2.2-2) x 4 values = 48 sensitivity parameters
Motor B: 12 parameters (see Table 2.2-3) x 4 values = 48 sensitivity parameters
Motor C: 12 parameters (see Table 2.2-4) x 4 values = 48 sensitivity parameters
Motor D: 9 parameters (see Table 2.2-1) x 6 values = 54 sensitivity parameters

For each contingency processed, 475 bus voltages and 98 generators were monitored. The
results for a given sensitivity parameter (ex. fraction of Motor D increased by 20%) are an
aggregate of all contingencies processed for that given sensitivity parameter. Tables 4.1-2
through 4.1-5 list the observations and results for the PacifiCorp Stressed Case for Motor A,
Motor B, Motor C, and Motor D, respectively. The tables list the number of buses flagged by the
criteria for the base case (Phase 2 composite load model) as well as a given sensitivity parameter.
The “Delta (% Change)” column lists the percentage difference between the number of
observations in the base case and the respective sensitivity parameter.

In Table 4.1-2, Motor A, the observation of a bus voltage recovering to 90% of the pre-fault
voltage within 5 seconds, the base case flagged 1183 buses that did not meet this criterion. For
the same voltage criteria, when increasing the fraction of motors that trip on the first low voltage
trip setting by a factor of 0.2 (reference number 13 in Table 4.1-2), 1071 buses were flagged to
not meet this criterion which is a decrease of 9% from the base case. When decreasing the
fraction of motors that trip on the first low voltage trip setting by a factor of 0.1 (reference
number 11 in Table 4.1-2), 1279 buses were flagged to not meet this criterion, which is an
increase of 8% from the base case.
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Power Products, Inc (MEPPI) Services (PSES) Department



’ MITSUBISHI Composite Load Model Study
ool Technical Report REP-0004

Changes for the Better

Table 4.1-2
PacifiCorp Results and Observations for the Stressed Case: Motor A

Voltage Voltage Voltage
> 25% Voltage > 30% Voltage | Generator swings| Voltage < 70% in | Voltage < 80% in | Voltage < 90% in | Voltage Deviation | overshoot over overshoot over overshoot over
Dip Dip offline 1 second 3 seconds 5 seconds > 5% 1.1 p.u. within 8 | 1.1 p.u. b/w 8 and 1.1 p.u. b/w 15
Ref. Variable | Setting Con'tingencies seconds 15 seconds and 30 seconds

No- Diverged” #of Delta #of Delta #of Delta #of Delta # of Delta #of Delta #of Delta #of Delta #of Delta #of Delta

Buses [(% change)|Buses (% Buses % Buses (% Buses * Buses (% Buses (% Buses % Buses (% Buses *%
change) change) change) change) change) change) change) change) change)

1 Phase 2 - - 1621 - 1509 - 12 - 20 - 197 - 1183 - 637 - 25 - 25 - 36 -
| 2 | -0.15 0 1627 0% 1508 0% 12 0% 27 35% 236 20% 1247 5% 721 13% 25 0% 25 0% 40 11%
L 3| i1 -0.05 0 1623 0% 1508 0% 12 0% 25 25% 202 3% 1267 7% 706 11% 19 -24% 30 20% 38 6%

L 4| (07) +0.05 0 1618 0% 1507 0% 12 0% 19 -5% 193 -2% 1122 -5% 550 -14% 30 20% 21 -16% 36 0%

5 +0.15 0 1617 0% 1507 0% 12 0% 19 -5% 199 1% 1154 -2% 563 -12% 29 16% 25 0% 36 0%
| 6 | -0.05 0 1620 0% 1507 0% 12 0% 14 -30% 189 -4% 1170 -1% 668 5% 29 16% 21 -16% 92 156%
| 7 | © OTtZFS 05 +0.05 2 1100 0% 1018 0% 8 0% 12 71% 150 17% 855 8% 434 5% 14 8% 19 -17% 26 8%
18 | 01 )' +0.25 2 1096 1% 1024 1% 8 0% 26 2711% 175 40% 883 13% 396 20% 6 -68% 19 6% 24 0%

9 +0.5 1 1623 19% 1505 19% 12 20% 25 79% 219 34% 1280 31% 653 34% 19 0% 24 0% 50 67%
| 10 | -0.2 2 1088 0% 1022 0% 26 225% 15 114% 191 53% 877 13% 582 76% 14 -26% 134 644% 418 1642%
|11 ] Ftr1 -0.1 0 1782 10% 1653 10% 12 0% 27 35% 247 25% 1279 8% 486 -24% 14 -44% 99 296% 421 1069%
| 12 1(0.20.31) +0.1 0 1622 0% 1505 0% 12 0% 20 0% 188 -5% 1183 0% 796 25% 26 4% 26 4% 40 11%

13 +0.2 0 1619 0% 1504 0% 12 0% 19 -5% 173 -12% 1071 -9% 947 49% 33 32% 20 -20% 39 8%

14 -0.25 5 264 0% 254 0% 2 0% 0 0% 28 0% 204 0% 87 0% 4 0% 6 0% 6 0%
| 15  Vre1 -0.15 1 1357 0% 1255 0% 10 0% 20 0% 166 0% 979 0% 554 0% 21 0% 20 5% 36 20%
| 16 | (1) -0.05 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 639 0% 25 0% 26 4% 42 17%

17 +0.05 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 633 -1% 25 0% 25 0% 36 0%
| 18 | -0.15 0 1632 1% 1512 0% 12 0% 19 -5% 208 6% 1181 0% 678 6% 31 24% 20 -20% 63 75%
19| w2 -0.05 0 1621 0% 1511 0% 12 0% 21 5% 211 7% 1217 3% 639 0% 24 -4% 26 4% 48 33%
| 20 | (0.50.5) | +0.05 1 1357 0% 1258 0% 10 0% 13 -7% 150 -8% 863 -12% 540 11% 24 26% 19 -21% 30 0%

21 +0.15 0 1609 -1% 1435 -5% 12 0% 19 -5% 147 -25% 1002 -15% 613 -4% 32 28% 20 -20% 36 0%
| 22 | -0.05 0 1621 0% 1505 0% 12 0% 20 0% 196 -1% 1184 0% 670 5% 24 -4% 19 -24% 74 106%
| 23 | © oﬂzré 05 +0.05 0 1634 1% 1513 0% 12 0% 19 -5% 199 1% 1164 -2% 724 14% 30 20% 20 -20% 36 0%
124 | 01 )' +0.25 3 885 10% 824 9% 24 300% 9 29% 120 24% 644 6% 192 -41% 8 0% 87 383% 292 1522%
25 +0.5 3 855 7% 770 2% 8 100% 9 29% 120 24% 641 6% 609 86% 8 0% 68 278% 435 2317%

* The contingencies that ran successfully in the Phase 2 base case but not in the parameter variation case, the base case observations
for that set of contingencies were not included in the sensitivity computation, to provide a consistent comparison.
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Table 4.1-2 (continued)
PacifiCorp Results and Observations for the Stressed Case: Motor A

Voltage Voltage Voltage
> 25% Voltage > 30% Voltage | Generator swings| Voltage < 70% in | Voltage < 80% in | Voltage < 90% in | Voltage Deviation | overshoot over overshoot over overshoot over
Dip Dip offline 1 second 3 seconds 5 seconds > 5% 1.1 p.u. within 8 | 1.1 p.u. b/w 8 and 1.1 p.u. b/w 15
Ref. . . Contingencies seconds 15 seconds and 30 seconds
No. Variable | Setting Diverged*
# of Delta # of D(eo/lza #of D(euza # of D(iza # of D(il(t,a # of D(eoza # of D(eo/lza #of D(euza # of D(eo/lza # of D(euza
Buses [(% change)|Buses change) Buses change) Buses change) Buses change) Buses change) Buses change) Buses change) Buses change) Buses change)
1 Phase 2 - - 1621 - 1509 - 12 - 20 - 197 - 1183 - 637 - 25 - 25 - 36 -
| 26 | -0.2 3 826 0% 773 1% 6 0% 0 0% 104 16% 621 4% 248 -4% 13 0% 17 0% 18 0%
| 27 | Ftr2 -0.1 1 1360 0% 1261 0% 10 0% 14 0% 171 5% 999 2% 566 16% 19 0% 24 0% 74 147%
1 28 [(00.50.7)| +0.1 0 1623 0% 1508 0% 12 0% 21 5% 212 8% 1275 8% 608 -5% 19 -24% 29 16% 80 122%
29 +0.2 0 1627 0% 1509 0% 12 0% 21 5% 248 26% 1287 9% 573 -10% 19 -24% 22 -12% 38 6%
| 30 | -0.2 1 1363 0% 1260 0% 10 0% 14 8% 182 12% 1032 3% 620 10% 13 -32% 29 21% 210 600%
| 31| Vrc2 -0.1 1 1360 0% 1263 0% 10 0% 15 7% 171 5% 990 1% 494 2% 19 0% 24 0% 33 10%
132| (0.71) +0.1 0 1621 0% 1509 0% 12 0% 19 -5% 188 -5% 1148 -3% 642 1% 26 4% 18 -28% 46 28%
33 +0.2 0 1621 0% 1509 0% 12 0% 19 -5% 170 -14% 1091 -8% 616 -3% 27 8% 25 0% 38 6%
| 34 | -0.05 0 1621 0% 1509 0% 12 0% 20 0% 198 1% 1184 0% 654 3% 25 0% 25 0% 38 6%
1 35| Trc2 +0.05 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 638 0% 25 0% 25 0% 38 6%
| 36 [ (0.10.25) | +0.1 0 1621 0% 1509 0% 12 0% 20 0% 199 1% 1182 0% 618 -3% 24 -4% 25 0% 46 28%
37 +0.25 0 1621 0% 1509 0% 12 0% 19 -5% 197 0% 1182 0% 611 -4% 24 -4% 25 0% 37 3%
| 38 | 50% 1 1346 0% 1262 0% 1 10% 13 0% 159 0% 955 -3% 924 92% 25 0% 36 89% 475 1483%
| 39 | ©. 1'—:). 15 75% B 825 0% 769 0% 6 0% 0 0% 89 -1% 609 2% 245 -5% 13 0% 17 0% 18 0%
| 40 | 0.2) 150% 0 1620 0% 1507 0% 10 -17% 19 -5% 195 -1% 1182 0% 723 14% 30 20% 15 -40% 30 -17%
41 200% 0 1618 0% 1504 0% 12 0% 19 -5% 198 1% 1203 2% 565 -11% 30 20% 20 -20% 36 0%
| 42 | 50% 2 1096 0% 1012 0% 10 25% 10 43% 129 1% 780 -2% 670 62% 19 46% 99 330% 417 1638%
| 43 | Ls 75% 1 1358 0% 1263 0% 10 0% 13 7% 173 6% 997 2% 527 8% 19 0% 24 0% 32 7%
| 44 | (1.83.1) | 150% 1 1626 19% 1514 20% 12 20% 20 54% 194 20% 1171 17% 628 11% 24 26% 19 -21% 30 0%
45 200% 1 1359 0% 1258 0% 10 0% 13 -7% 159 -2% 959 -2% 488 0% 25 32% 19 -21% 30 0%
| 46 | 50% 2 1099 0% 1013 0% 8 0% 6 -14% 130 2% 800 1% 390 -6% 19 46% 18 -22% 24 0%
| 47| Tpo 75% 1 1357 1% 1268 0% 10 0% 13 0% 153 -4% 948 -4% 432 -10% 24 -4% 19 0% 30 0%
| 48 [(0.0950.8)] 150% 2 1084 0% 1016 0% 8 0% 11 57% 131 5% 829 6% 452 37% 19 0% 18 0% 43 79%
49 200% 1 1357 0% 1261 0% 10 0% 17 21% 172 6% 980 0% 763 57% 25 32% 26 8% 246 720%

* The contingencies that ran successfully in the Phase 2 base case but not in the parameter variation case, the base case observations
for that set of contingencies were not included in the sensitivity computation, to provide a consistent comparison.
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Table 4.1-3
PacifiCorp Results and Observations for the Stressed Case: Motor B
Voltage Voltage Voltage
> 25% Voltage > 30% Voltage | Generator swings| Voltage < 70% in | Voltage < 80% in | Voltage <90% in | Voltage Deviation | overshoot over overshoot over overshoot over
Ref Contingencies Dip Dip offline 1 second 3 seconds 5 seconds > 5% 1.1p.u. within 8 | 1.1p.u. b/w8and| 1.1p.u.b/w 15
‘| Variable | Setting . seconds 15 seconds and 30 seconds
No. Diverged*
#of D(le)lta #of Dilta #of DL:Ita #of D(le)lta #of Dilta #of DL:Ita #of D(le)lta #of Dilta #of DL:Ita #of D(le)lta
(% (% (% (% (% (% (% (% (% (%
Buses Buses Buses Buses Buses Buses Buses Buses Buses Buses
change) change) change) change) change) change) change) change) change) change)
1 | Phase2 - - 1621 - 1509 - 12 - 20 - 197 - 1183 - 637 - 25 - 25 - 36 -
2 -0.15 0 1623 0% 1510 0% 12 0% 25 25% 222 13% 1263 7% 639 0% 19 -24% 30 20% 44 22%
3 Vir1 -0.05 0 1621 0% 1509 0% 12 0% 20 0% 195 -1% 1212 2% 639 0% 25 0% 24 -4% 39 8%
4 (0.7) +0.05 0 1618 0% 1509 0% 12 0% 19 -5% 201 2% 1214 3% 473 -26% 25 0% 26 4% 40 11%
5 +0.15 0 1617 0% 1504 0% 12 0% 19 -5% 199 1% 1217 3% 617 -3% 25 0% 25 0% 36 0%
6 T -0.05 0 1625 0% 1507 0% 12 0% 19 -5% 192 -3% 1172 -1% 560 -12% 31 24% 19 -24% 36 0%
7 © 52 +0.05 0 1627 0% 1508 0% 12 0% 25 25% 234 19% 1288 9% 683 7% 19 -24% 31 24% 38 6%
8 (o 05' 0'1) +0.25 1 1377 1% 1265 0% 10 0% 26 86% 218 34% 1122 15% 883 82% 14 -26% 23 -4% 425 1317%
9 ' +0.5 2 1096 1% 1022 0% 13 63% 21 200% 175 40% 904 16% 519 57% 14 -26% 83 361% 348 1350%
10 Fit -0.2 2 1100 0% 1018 0% 8 0% 19 171% 173 35% 880 11% 376 -9% 8 -38% 21 -9% 29 21%
11 02 rO 3 -0.1 1 1360 0% 1261 0% 10 0% 20 43% 184 13% 1023 5% 458 -6% 14 -26% 23 -4% 31 3%
12 ’ 1’) [ +04 0 1622 0% 1506 0% 12 0% 20 0% 196 -1% 1218 3% 605 -5% 31 24% 20 -20% 36 0%
13 +0.2 0 1621 0% 1507 0% 12 0% 20 0% 200 2% 1193 1% 556 -13% 24 -4% 18 -28% 38 6%
14 -0.25 0 1621 0% 1509 0% 12 0% 20 0% 206 5% 1228 4% 568 -11% 24 -4% 23 -8% 36 0%
15 Vret -0.15 0 1621 0% 1509 0% 12 0% 20 0% 202 3% 1211 2% 621 -3% 25 0% 25 0% 36 0%
16 Q) -0.05 0 1621 0% 1509 0% 12 0% 20 0% 198 1% 1190 1% 634 0% 25 0% 25 0% 37 3%
17 +0.05 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1179 0% 631 -1% 25 0% 24 -4% 38 6%
18 -0.15 0 1629 0% 1508 0% 12 0% 29 45% 277 4% 1353 14% 716 12% 19 -24% 28 12% 81 125%
19 Vitr2 -0.05 0 1623 0% 1508 0% 12 0% 21 5% 222 13% 1301 10% 679 7% 25 0% 23 -8% 39 8%
20 | (0.5,0.6) [ +0.05 0 1621 0% 1507 0% 12 0% 20 0% 200 2% 1216 3% 657 3% 25 0% 25 0% 37 3%
21 +0.15 1 1355 0% 1259 0% 10 0% 13 0% 162 0% 1003 0% 565 0% 19 0% 18 -25% 38 27%
22 T2 -0.05 0 1621 0% 1505 0% 12 0% 20 0% 196 -1% 1184 0% 670 5% 24 -4% 19 -24% 74 106%
23 © (r) 2 +0.05 0 1627 0% 1508 0% 12 0% 25 25% 234 19% 1288 9% 683 7% 19 -24% 31 24% 38 6%
2 | 05' 0'1) +0.25 1 1377 1% 1265 0% 10 0% 26 86% 218 34% 1122 15% 883 82% 14 -26% 23 -4% 425 1317%
25 ' +0.5 2 1096 1% 1022 0% 13 63% 21 200% 175 40% 904 16% 519 57% 14 -26% 83 361% 348 1350%

* The contingencies that ran successfully in the Phase 2 base case but not in the parameter variation case, the base case observations
for that set of contingencies were not included in the sensitivity computation, to provide a consistent comparison.
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Table 4.1-3 (continued)
PacifiCorp Results and Observations for the Stressed Case: Motor B

Voltage Voltage Voltage
> 25% Voltage > 30% Voltage | Generator swings| Voltage < 70% in | Voltage < 80% in | Voltage < 90% in | Voltage Deviation | overshoot over overshoot over overshoot over
. . Dip Dip offline 1 second 3 seconds 5 seconds > 5% 1.1p.u. within8 |1.1p.u.b/w8and| 1.1p.u.b/w 15
Ref. Variable | Settin Contingencies seconds 15 seconds and 30 seconds
No. ¢ Diverged* Delta Delta Delta Delta Delta Delta Delta Delta Delta Delta
# of % # of % # of % # of % # of % # of % # of % # of % # of % # of %
Buses Buses Buses Buses Buses Buses Buses Buses Buses Buses
change) change) change) change) change) change) change) change) change) change)
1 | Phase?2 - - 1621 - 1509 - 12 - 20 - 197 - 1183 - 637 - 25 - 25 - 36 -
26 -0.2 1 1361 0% 1266 0% 10 0% 27 93% 213 31% 1077 10% 537 10% 8 -58% 21 -13% 69 130%
27 ( 0“525 -0.1 0 1622 0% 1506 0% 12 0% 27 35% 221 12% 1280 8% 609 -4% 14 -44% 30 20% 46 28%
28 07) ! +0.1 1 1364 0% 1258 0% 10 0% 7 -46% 129 -20% 887 -11% 567 1% 24 26% 30 25% 30 0%
29 ) +0.2 0 1630 1% 1506 0% 12 0% 4 -80% 82 -58% 952 -20% 648 2% 30 20% 36 44% 36 0%
30 -0.2 0 1621 0% 1509 0% 12 0% 21 5% 230 17% 1278 8% 606 -5% 23 -8% 23 -8% 37 3%
31 Vrc2 -0.1 0 1621 0% 1509 0% 12 0% 20 0% 206 5% 1222 3% 628 -1% 24 -4% 23 -8% 37 3%
32| (0.7,1) | +0.1 0 1621 0% 1509 0% 12 0% 20 0% 196 -1% 1181 0% 629 -1% 24 -4% 24 -4% 36 0%
33 +0.2 0 1621 0% 1509 0% 12 0% 20 0% 194 -2% 1175 -1% 642 1% 24 -4% 24 -4% 37 3%
34 -0.05 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1181 0% 633 -1% 25 0% 25 0% 37 3%
35 Trc2 +0.05 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 636 0% 25 0% 25 0% 37 3%
36 |(0.1,0.25)[ +0.1 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 633 -1% 25 0% 25 0% 37 3%
37 +0.25 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1184 0% 630 -1% 24 -4% 25 0% 37 3%
38 H 50% 0 1626 0% 1515 0% 12 0% 27 35% 215 9% 1275 8% 737 16% 19 -24% 36 44% 64 78%
39 (0.1, 0.15 75% 0 1626 0% 1507 0% 12 0% 27 35% 217 10% 1255 6% 737 16% 14 -44% 31 24% 101 181%
40 [ O 25 "|_150% 1 1323 0% 1246 0% 10 0% 19 -5% 169 2% 951 -4% 514 7% 25 25% 20 0% 30 0%
41 200% 1 1321 0% 1245 0% 10 0% 13 -35% 160 -4% 965 -3% 530 -4% 23 15% 22 10% 28 -7%
42 50% 0 1619 0% 1504 0% 12 0% 27 35% 207 5% 1186 0% 591 7% 17 -32% 36 44% 36 0%
43 Ls 75% 0 1619 0% 1506 0% 12 0% 27 35% 214 9% 1242 5% 657 3% 14 -44% 31 24% 44 22%
44 | (1.8,3.1) | 150% 0 1627 0% 1510 0% 12 0% 13 -35% 197 0% 1197 1% 709 11% 28 12% 35 40% 36 0%
45 200% 1 1360 0% 1263 0% 14 40% 2 -85% 157 -3% 964 -4% 856 52% 23 21% 335 1296% 436 1353%
46 T 50% 1 1359 0% 1248 -1% 10 0% 3 -79% 153 -6% 973 0% 548 13% 22 16% 27 13% 33 10%
47 © ggS 75% 0 1627 0% 1508 0% 12 0% 18 -10% 194 -2% 1180 0% 692 9% 28 12% 35 40% 36 0%
48 0 8) ’ 150% 1 1620 20% 1508 19% 12 20% 27 108% 212 33% 1246 26% 549 14% 18 -28% 31 63% 37 23%
49 200% 1 1345 0% 1263 0% 10 0% 20 54% 169 6% 1022 4% 585 21% 11 -56% 27 42% 63 110%

* The contingencies that ran successfully in the Phase 2 base case but not in the parameter variation case, the base case observations
for that set of contingencies were not included in the sensitivity computation, to provide a consistent comparison.
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Table 4.1-4
PacifiCorp Results and Observations for the Stressed Case: Motor C
Voltage Voltage Voltage
> 25% Voltage > 30% Voltage | Generator swings| Voltage < 70% in | Voltage < 80% in | Voltage < 90% in Voltage overshoot over overshoot over overshoot over
’ . . overshoot S
. . Dip Dip offline 1 second 3 seconds 5 seconds 1.1p.u. within 8 |[1.1p.u.b/w8and| 1.1p.u.b/w 15
Ref. Variable | Settin Contingencies over 1.1p.u. seconds 15 seconds and 30 seconds
No. ®| oivergea- Delt Delt Delt Delt Delt Delt Delt Delt Delt
# of e # of Delta # of elta # of ea # of eta # of clta # of elta # of elta # of e # of eta
(% (% (% (% (% (% (% (% (%
Buses Buses |(% change)|Buses Buses Buses Buses Buses Buses Buses Buses
change) change) change) change) change) change) change) change) change)
1 | Phase?2 - - 1621 - 1509 - 12 - 20 - 197 - 1183 - 36 - 25 - 25 - 36 -
2 -0.15 0 1622 0% 1507 0% 12 0% 24 20% 205 4% 1211 2% 58 61% 24 -4% 23 -8% 58 61%
3 Vir1 -0.05 0 1621 0% 1509 0% 12 0% 20 0% 199 1% 1202 2% 58 61% 25 0% 24 -4% 58 61%
4 0.7) +0.05 0 1618 0% 1509 0% 12 0% 19 -5% 197 0% 1209 2% 38 6% 24 -4% 27 8% 38 6%
5 +0.15 0 1618 0% 1505 0% 12 0% 19 -5% 196 -1% 1177 -1% 36 0% 30 20% 21 -16% 36 0%
6 Tt -0.05 1 1620 19% 1504 20% 12 20% 20 0% 198 19% 1217 24% 40 33% 24 14% 26 37% 40 33%
7 © 02r0 05 +0.05 0 1622 0% 1506 0% 12 0% 24 20% 202 3% 1200 1% 36 0% 25 0% 25 0% 36 0%
8 ’ 0 1)' +0.25 1 1360 0% 1261 0% 10 0% 20 43% 182 12% 1017 4% 25 -17% 14 -26% 19 -21% 25 -17%
9 ) +0.5 1 1361 0% 1261 0% 10 0% 20 43% 182 12% 1018 4% 32 7% 14 -26% 23 -4% 32 7%
10 -0.2 0 1621 0% 1507 0% 12 0% 28 40% 221 12% 1219 3% 59 64% 8 -68% 22 -12% 59 64%
11 Ftr1 -0.1 1 1361 0% 1262 0% 10 0% 20 43% 182 12% 1037 6% 32 7% 14 -26% 23 -4% 32 7%
12 1(0.20.31)| +0.1 0 1621 0% 1508 0% 12 0% 20 0% 195 -1% 1189 1% 103 186% 25 0% 24 -4% 103 186%
13 +0.2 0 1621 0% 1506 0% 12 0% 20 0% 196 -1% 1213 3% 101 181% 25 0% 25 0% 101 181%
14 -0.25 0 1621 0% 1509 0% 12 0% 20 0% 200 2% 1194 1% 36 0% 25 0% 25 0% 36 0%
15 Vre1 -0.15 0 1621 0% 1509 0% 12 0% 20 0% 201 2% 1192 1% 36 0% 25 0% 25 0% 36 0%
16 Q)] -0.05 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 37 3% 25 0% 25 0% 37 3%
17 +0.05 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 38 6% 25 0% 25 0% 38 6%
18 -0.15 0 1623 0% 1508 0% 12 0% 25 25% 220 12% 1252 6% 94 161% 19 -24% 28 12% 94 161%
19 Vir2 -0.05 0 1623 0% 1508 0% 12 0% 20 0% 209 6% 1221 3% 39 8% 24 -4% 23 -8% 39 8%
20 | (0.50.5) [ +0.05 0 1621 0% 1507 0% 11 -8% 19 -5% 198 1% 1188 0% 47 31% 24 -4% 27 8% 47 31%
21 +0.15 1 1320 0% 1244 0% 10 0% 19 -5% 164 -1% 968 -3% 33 10% 25 25% 15 -25% 33 10%
22 T2 -0.05 0 1627 0% 1506 0% 12 0% 20 0% 199 1% 1226 4% 45 25% 24 -4% 25 0% 45 25%
23 © 02r0 05 +0.05 0 1623 0% 1508 0% 12 0% 26 30% 217 10% 1249 6% 38 6% 19 -24% 30 20% 38 6%
24 '0 1)' +0.25 0 1624 0% 1511 0% 12 0% 29 45% 238 21% 1250 6% 44 22% 14 -44% 30 20% 44 22%
25 ) +0.5 0 1624 0% 1511 0% 12 0% 30 50% 239 21% 1247 5% 36 0% 14 -44% 29 16% 36 0%

* The contingencies that ran successfully in the Phase 2 base case but not in the parameter variation case, the base case observations
for that set of contingencies were not included in the sensitivity computation, to provide a consistent comparison.
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Table 4.1-4 (continued)
PacifiCorp Results and Observations for the Stressed Case: Motor C

Voltage Voltage Voltage
> 25% YOItage > 30% YOItage Generatqr swings| Voltage < 70% in | Voltage < 80% in | Voltage < 90% in O\Yeorls[ﬂ?)?n overshoo.tg oyer overshoo? over overshoo? over
Ref. ) ' Contingencies Dip Dip offline 1 second 3 seconds 5 seconds over 1.1 p.u. 1.1p.u. within8 |1.1p.u.b/w8and| 1.1p.u.b/w 15
No. Variable | Setting Diverged* seconds 15 seconds and 30 seconds
#of Delta #of Delta #of Delta #of Delta #of Delta #of Delta #of Delta #of Delta #of Delta #of Delta
Buses % Buses |(% change)|Buses (% Buses % Buses % Buses % Buses (% Buses (% Buses (% Buses %
change) change) change) change) change) change) change) change) change)
1 | Phase?2 - - 1621 - 1509 - 12 - 20 - 197 - 1183 - 36 - 25 - 25 - 36 -
| 26 | -0.2 0 1623 0% 1506 0% 12 0% 28 40% 229 16% 1291 9% 111 208% 8 -68% 33 32% 111 208%
1 27| Ftr2 -0.1 1 1361 0% 1262 0% 10 0% 20 43% 183 12% 1022 5% 33 10% 14 -26% 23 -4% 33 10%
1 28 1(00.50.7)| +0.1 0 1621 0% 1509 0% 12 0% 20 0% 198 1% 1208 2% 36 0% 24 -4% 25 0% 36 0%
29 +0.2 0 1621 0% 1510 0% 12 0% 20 0% 196 -1% 1196 1% 102 183% 24 -4% 25 0% 102 183%
| 30 | -0.2 0 1621 0% 1509 0% 12 0% 21 5% 231 17% 1276 8% 38 6% 23 -8% 23 -8% 38 6%
| 31| Vrc2 -0.1 0 1621 0% 1509 0% 12 0% 20 0% 206 5% 1222 3% 37 3% 25 0% 23 -8% 37 3%
|1 32| (0.71) +0.1 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1182 0% 37 3% 25 0% 24 -4% 37 3%
33 +0.2 0 1621 0% 1509 0% 12 0% 20 0% 194 -2% 1175 -1% 37 3% 25 0% 24 -4% 37 3%
| 34 | -0.05 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1180 0% 88 144% 25 0% 19 -24% 88 144%
| 35| Trc2 +0.05 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 38 6% 25 0% 25 0% 38 6%
| 36 | (0.10.25) | +0.1 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 37 3% 25 0% 25 0% 37 3%
37 +0.25 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 37 3% 25 0% 25 0% 37 3%
| 38 | 50% 0 1622 0% 1503 0% 13 8% 26 30% 226 15% 1254 6% 174 383% 19 -24% 75 200% 174 383%
| 39 | (0'1%.15 75% 0 1621 0% 1504 0% 12 0% 24 20% 195 -1% 1183 0% 37 3% 25 0% 25 0% 37 3%
| 40 | 0.2) 150% 1 1324 0% 1248 0% 10 0% 19 -5% 166 0% 983 -1% 33 10% 26 30% 15 -25% 33 10%
41 200% 0 1624 0% 1507 0% 12 0% 14 -30% 190 -4% 1174 -1% 36 0% 29 16% 25 0% 36 0%
| 42 | 50% 1 1358 0% 1258 0% 10 0% 19 46% 183 13% 1035 3% 245 717% 13 -32% 66 175% 245 717%
| 43 | Ls 75% 0 1619 0% 1506 0% 13 8% 26 30% 201 2% 1172 -1% 182 406% 25 0% 91 264% 181 403%
| 44 | (1.83.1) | 150% 0 1626 0% 1512 0% 12 0% 14 -30% 190 -4% 1211 2% 39 8% 27 8% 32 28% 39 8%
45 200% 2 1099 0% 1012 0% 8 0% 1 -86% 122 -5% 801 1% 24 0% 17 31% 24 4% 24 0%
| 46 | 50% 1 1329 0% 1249 0% 10 0% 4 -80% 154 7% 962 -3% 36 20% 23 15% 30 50% 36 20%
| 47| Tpo 75% 1 1329 0% 1247 0% 10 0% 19 -5% 173 4% 1031 4% 30 0% 25 25% 16 -20% 30 0%
| 48 [(0.0950.8)| 150% 1 1358 0% 1258 0% 10 0% 19 46% 178 10% 1021 2% 31 3% 13 -32% 27 13% 30 0%
49 200% 1 1358 0% 1260 0% 10 0% 19 46% 198 22% 1082 8% 37 23% 13 -32% 25 4% 37 23%

* The contingencies that ran successfully in the Phase 2 base case but not in the parameter variation case, the base case observations
for that set of contingencies were not included in the sensitivity computation, to provide a consistent comparison.
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Table 4.1-5
PacifiCorp Results and Observations for the Stressed Case: Motor D
Voltage Voltage Voltage
> 25% Voltage > 30% Voltage | Generator swings| Voltage < 70% in | Voltage < 80% in | Voltage < 90% in | overshoot over overshoot over overshoot over
Dip Dip offline 1 second 3 seconds 5 seconds 1.1p.u. within 8 |1.1p.u.b/w8and| 1.1p.u.b/w15
I;if. Variable Setting Cogit\llg?:gdcles seconds 15 seconds and 30 seconds
#of D(‘;:a #of D(eo;t)a #of D(c;:a #of D(i:a # of D(eol:a #of D(eol:a # of D(iza # of D(?)ga #of D(iza
Buses Buses Buses Buses Buses Buses Buses Buses Buses
change) change) change) change) change) change) change) change) change)
1 Phase 2 - - 1621 - 1509 - 12 - 20 - 197 25 - 25 - 36 -
| 2 | 0.4 0 1621 0% 1515 0% 12 0% 19 -5% 107 35 40% 19 -24% 34 -6%
| 3 | Vsl 0.45 0 1620 0% 1506 0% 12 0% 19 -5% 115 32 28% 18 -28% 36 0%
| 4] (05 0.55 0 1620 0% 1504 0% 12 0% 19 -5% 180 -9% 1038 -12% 33 32% 20 -20% 40 11%
5 0.6 0 1624 0% 1508 0% 12 0% 21 5% 236 20% 1308 11% 23 -8% 27 8% 112
| 6 | 0.0667 0 1620 0% 1508 0% 12 0% 19 -5% 174 28% 20 -20% 36 0%
| 7 | Tstal 0.08335 0 1620 0% 1506 0% 12 0% 19 -5% 17 -32% 33 -8%
| 8 | (0.033) 0.1 0 1620 0% 1506 0% 12 0% 19 -5% 17 -32% 33 -8%
9 0.1667 0 1620 0% 1506 0% 12 0% 4 20% -17%
| 10 | (0.5,0.3,0.7,0.6) 1 1386 2% 1275 1% 10 0% 18 0%
|11 | Vr(:[1)\102 (0.55,0.35,0.75,0.6) 0 1624 0% 1507 0% 12 0% 19 32%
12 0.5,6.’6) (0.6,0.4,0.7,0.6) 2 1059 0% 974 -3% 8 0% 12 19 36% 18
13 (0.65,0.5,0.8,0.65) 1 1341 -1% 1204 -4% 10 0% 2 25 32% 51 30 0%
| 14 | 10 0 1621 0% 1509 0% 12 0% 20 0% 33 32% 42%
|15 Tth 12 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1021 -14% 25 0% 28%
|16 ] (15 17 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1221 3% 24 -4% 8 36 0%
17 20 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1245 5% 24 -4% 12 38 6%
| 18 | 0.55 0 1621 0% 1509 0% 12 0% 20 0% 196 -1% 1028 -13% 25 0% 26 37 3%
| 19| Thit 0.65 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1155 -2% 25 0% 25 0% 36 0%
120 (07) 0.75 0 1621 0% 1509 0% 12 0% 20 0% 196 -1% 1206 2% 25 0% 24 -4% 37 3%
21 0.85 0 1621 0% 1509 0% 12 0% 20 0% 196 -1% 1241 5% 24 -4% 23 -8% 36 0%
| 22 | 1.1 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1046 -12% 152 250 60
| 23| Th2t 1.3 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1120 -5% 27 8% 98 56 56%
124 (19 1.4 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1134 -4% 25 0% 43 51 42%
25 2 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1186 0% 25 0% 23 -8% 36 0%
[ 26 | -40 1 1347 1% 1216 | -3% 10 0% 8 [ 9 ] 201 27 29% 10 30 0%
| 27| FmD -10 0 1618 0% 1505 0% 12 0% 19 -5% 153 -22% 1013 -14% 33 32% 19 -24% 36 0%
1 28 | (0.113) 10 0 1628 0% 1509 0% 12 0% 26 30% 247 25% 1281 8% 24 -4% 17 -32% 118
29 40 1 1364 0% 1269 0% 10 0% 37 217 33% [ 1056 8% 9
| 30 | 0.05 1 1360 0% 1262 0% 10 0% 18 29% 199 22% 1066 9% 18 -5% 22 -8% 31 3%
| 31 | Fuwr 0.15 0 1622 0% 1506 0% 12 0% 19 -5% 174 -12% 1144 -3% 27 8% 28 12% 39 8%
132] (0.1) 0.2 1 1359 0% 1256 0% 10 0% 12 -8% 95 788 -21% 27 42% 18 -25% 30 0%
33 0.25 2 1060 0% 998 0% 8 0% 13 -7% 57 497 -37% 22 57% 12 -37% 24 0%
| 34 | 0.7 0 1621 0% 1509 0% 12 0% 20 0% 189 -4% 1115 -6% 27 8% 25 0% 36 0%
| 35 [ Vrst 0.8 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1178 0% 25 0% 24 -4% 36 0%
| 36 | (0.95) 0.85 0 1621 0% 1509 0% 12 0% 20 0% 197 0% 1183 0% 25 0% 26 4% 38 6%
37 0.9 0 1621 0% 1509 0% 12 0% 20 0% 196 -1% 1183 0% 25 0% 27 8% 40 11%

* The contingencies that ran successfully in the Phase 2 base case but not in the parameter variation case, the base case

observations for that set of contingencies were not included in the sensitivity computation, to provide a consistent comparison.
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4.2. PG&E Heavy Summer and Stressed Case Results

For the Heavy Summer Case, there were 53 contingencies examined for 35 sensitivity
parameters (17 parameter variations each with a minimum and maximum value and the base
case) for Motor D for a total of 1,855 contingencies processed. For each contingency processed,
3,297 bus voltages and 1,134 generators were monitored. The results for a given sensitivity
parameter (ex. fraction of Motor D increased by 20%) are an aggregate of all contingencies
processed for that given sensitivity parameter. Table 4.2-1 lists the observations and results for
PG&E’s Heavy Summer Case. The table lists the number of buses flagged by the criteria for the
base case (Phase Il composite load model) as well as a given sensitivity parameter. The “Delta
(% Change)” column lists the percentage difference between the number of observations in the
base case and the respective sensitivity parameter. For the observation of a bus voltage
recovering to 70% of the pre-fault voltage within 1 second, the base case flagged 78 buses that
did not meet this criterion. For the same voltage criteria, when increasing the fraction of Motor
D (Fmd) by 20%, 219 buses were flagged to not meet this criteria which is an increase of 181%
from the base case. When decreasing the fraction of Motor D (Fmd) by 20%, 19 buses were
flagged to not meet this criterion which is a decrease of 76% from the base case.

Refer to Figures 4.2-1 through 4.2-16 for representative plots of select sensitivity parameters for
a three-phase fault resulting in the loss of a 500 kV line and loss of a generator. The plots
include up to eight bus voltages and four generator angles comparing the base case (Phase 2) to
the maximum and minimum sensitivity parameter, respectively. Refer to Appendix A for a
representative set of voltage plots and generator plots for each contingency.
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Table 4.2-1
PG&E Results and Observations for the Heavy Summer Case

Ret > 25% Voltage Dip > 30% Voltage Dip Angle ?:;TS%? Offline Voltage < 70%in 1 second | Voltage < 80%in 3 seconds| Voltage < 90%in 5 seconds Voltage Deviation > 5% \/oll)l:grelo:\l/ersuhool
NZ‘ Variable| Setting Delta Delta Delta Delta Delta Delta Delta = 5e|ta
: # of Bl # of Bl # of B # of Bl # of Bl # of Bl # of B # of Bl
ot Buses (% change) ot Buses (% change) ot Buses (% change) ot Buses (% change) ot Buses (% change) ot Buses (% change) ot Buses (% change) ot Buses (% change)
1 Phase 2 - 39613 - 31391 - 167 - 78 - 1011 - 4506 - 2670 - 3194 -
2 -20% 39159 1% 30971 -1% 150 -10% 22 946 -6% 4450 1% 1957 27% 2503 -22%
Fel
3 20% 40078 1% 31856 1% 177 6% 164 1035 2% 4715 5% 2751 3% 3634 14%
4 -20% 38941 -2% 30685 2% 113 -32% 19 1255 24% 5150 14% 1625 -39% 2153 -33%
Fma
5 20% 41286 4% 32927 5% 314 882 -13% 4151 -8% 3883 45% 4582 43%
6 -20% 39520 0% 31281 0% 144 1043 3% 4631 3% 1979 -26% 2523 -21%
Fmb
7 20% 39673 0% 31474 0% 171 2% 151 1049 4% 4392 -3% 2457 -8% 3480 9%
8 -20% 38200 -4% 30142 4% 155 7% 22 1076 6% 4552 1% 2229 -17% 2811 -12%
Fmc
9 20% 39869 1% 31708 1% 180 8% 101 -1% 4558 1% 2800 5% 3466 9%
10 -20% 37613 -5% 29390 6% 136 -19% 19 2928 -35% 1273
Fmd
1" 20% 41429 5% 33610 7% 169 1% 219 5504 22% 3989 49% 3829 20%
12 0 39613 0% 31391 0% 172 3% 78 0% 1011 0% 4518 0% 2964 1% 3302 3%
Frst
13 1 39613 0% 31391 0% 161 4% 78 0% 1011 0% 4518 0% 1724 2930 -8%
14 0 39756 0% 31602 1% 119 -29% 78 0% 1472 46% 5637 25% 2301 -14% 2571 -20%
Fuwr
15 05 37754 5% 20659 % 266 _ 78 0% 27 66 3127 17% 6428
16 0.4 39613 0% 31391 0% 203 22% 78 0% 1011 0% 4432 2% 2914 9% 3199 0%
Thit
17 0.9 39613 0% 31391 0% 139 -17% 78 0% 1011 0% 4506 0% 2653 1% 3142 2%
18 1 39613 0% 31391 0% 245 47% 78 0% 1011 0% 4505 0% 2828
Th2t
19 3 39613 0% 31391 0% 73 _ 78 0% 1011 0% 4506 0% 831
20 1 39613 0% 31391 0% 167 0% 78 0% 1011 0% 4518 0% 2670 0% 3176 1%
Trst
21 0.1 39613 0% 31391 0% 167 0% 78 0% 1011 0% 4518 0% 2670 0% 3265 2%
22 0.25 39613 0% 31390 0% 213 28% 78 0% 27 62 76 8600
Tstall
23 0.1667 39675 0% 31439 0% 184 10% 210 5404 13919 9038 8121
24 5 39613 0% 31391 0% 258 78 0% 1011 0% 4148 -8% 2890 8% 5948
Tth
25 25 39613 0% 31391 0% 97 78 0% 1011 0% 4506 0% 2518 -6% 2668 -16%
26 0.25 39755 0% 31601 1% 119 -29% 78 0% 1452 44% 5578 24% 2309 -14% 2674 -16%
Ttr1
27 0.1667 39591 0% 31392 0% 170 2% 78 0% 1020 1% 4501 0% 3162 18% 3292 3%
28 Max 35952 -9% 26640 -15% 122 27% 18 133 3392 -25% 2822 6% 3599 13%
Ve1ve2
29 Min 40101 1% 32161 2% 121 -28% 148 2693 7498 5759 3815 19%
30 1 39613 0% 31391 0% 173 4% 78 0% 1011 0% 4518 0% 2833 6% 3276 3%
Vrst
31 0.5 39613 0% 31391 0% 183 10% 78 0% 340 3477 -23% 2182 -18% 3049 -5%
32 0.3 40433 2% 32640 4% 189 13% 78 0% 27 171 115 7688
Vstall
33 0.8 49677 25% 39210 25% 571 4822 32667 49106 35195 25291
34 0.4 39756 0% 31602 1% 124 -26% 78 0% 1385 37% 5622 25% 2264 -15% 2588 -19%
Vir1
35 0.8 38616 -3% 30386 -3% 176 5% 20 999 -1% 4763 6% 2178 -18% 3179 0%
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Contingency #14: Fma
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Figure 4.2-1: Bus voltages for sensitivity parameter FmA.
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Figure 4.2-2: Bus voltages for sensitivity parameter FmD.
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Contingency #14: Fuvr
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Figure 4.2-3: Bus voltages for sensitivity parameter Fuvr.
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Figure 4.2-4: Bus voltages for sensitivity parameter Fuvr.
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Contingency #14: Fuvr
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Figure 4.2-5: Generator angles for sensitivity parameter Fuvr.
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Figure 4.2-6: Bus voltages for sensitivity parameter Th2t.
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Contingency #14: Th2t
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Figure 4.2-7: Generator angles for sensitivity parameter Th2t.
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Figure 4.2-8: Bus voltages for sensitivity parameter Tstall.
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Contingency #14: Tstall
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Figure 4.2-9: Generator angles for sensitivity parameter Tstall.
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Figure 4.2-10: Bus voltages for sensitivity parameter Tth.
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Contingency #14: Tth
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Figure 4.2-11: Generator angles for sensitivity parameter Tth.
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Figure 4.2-12: Bus voltages for sensitivity parameter Vc1Vc2.

Mitsubishi Electric
Power Products, Inc (MEPPI)

4-22

Power Systems Engineering
Services (PSES) Department



MITSUBISHI
ELECTRIC

Changes for the Better

Composite Load Model Study
Technical Report REP-0004

Generator A Angle (degrees)

Generator C Angle (degrees)

Bus A 500 kV Voltage (p.u.)

Bus C 115 kV Voltage (p.u.)

Contingency #14: Ve1Vc2

Generator B Angle (degrees)

-10} 10/
_30+ -30
504 50
©—0 Base | 00 Base
-70¢ W=h VetVe2 Max || =70, Wb VelVie2 Max
00 Voivca Win | 0—0 VelVe2 Min_
%05 2 i [ & 1 2 14 18 18 20 -90 2 'l [ 8 W0 12 14 18 8 2
Time (s) Time (s)
%0 20,
Tor —_
w
@
50¢ @
g
o =
¥ L P
10: o
<
—10+ a
=
30+ i=]
i
-50+ L2 5
@
o= Base (0] O=0 Hase
=70 W VelVe2 Max || =70 * VelVie2 Max
&0 VelVe2 Min 00 VelVe2 Min
9% ] [ [ 0 iz 4 16 18 20 9% Z § [ & 106 2 14 16 8 20
Time (s) Time (s)

Figure 4.2-13: Generator angles for sensitivity parameter VclVc2.
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Figure 4.2-14: Bus voltages for sensitivity parameter Vstall.
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Contingency #14: Vstall
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Figure 4.2-15: Bus voltages for sensitivity parameter Vstall.
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Figure 4.2-16: Generator angles for sensitivity parameter Vstall.
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From the observations in Table 4.2-1 and the voltages and generator angles in Figures 4.2-1 to
4.2-16, it can be observed that the following Motor D parameters have a significant impact on
the outcome of results:

e Vstall: Stall voltage, p.u. e Th2t: Motor D thermal protection

e Tstall: Stall time delay, sec. trip  completion level, p.u.

e FmD: Motor D fraction of load P temperature

e Fuvr: Fraction of load with under e \/cloff: Contactor voltage at which
voltage relay protection tripping starts, p.u.

e Tth: Motor D thermal time constant, e \/c2off: Contactor voltage at which
sec. tripping is complete, p.u.

e Thit: Motor D thermal protection e Vclon: Contactor voltage at which
trip start level, p.u. temperature reconnection starts, p.u.

e Vc2on: Contactor voltage at which
reconnection is complete, p.u.

For the Stressed Case, there were 5 contingencies examined for 198 sensitivity parameters:

Motor A: 12 parameters (see Table 2.2-2) x 4 values = 48 sensitivity parameters
Motor B: 12 parameters (see Table 2.2-3) x 4 values = 48 sensitivity parameters
Motor C: 12 parameters (see Table 2.2-4) x 4 values = 48 sensitivity parameters
Motor D: 9 parameters (see Table 2.2-1) x 6 values = 54 sensitivity parameters

For each contingency processed, 3,297 bus voltages and 1,134 generators were monitored. The
results for a given sensitivity parameter (ex. fraction of Motor D increased by 20%) are an
aggregate of all contingencies processed for that given sensitivity parameter. Tables 4.2-2
through 4.2-5 list the observations and results for PG&E’s Stressed Case for Motor A, Motor B,
Motor C, and Motor D, respectively. The tables list the number of buses flagged by the criteria
for the base case (Phase 2 composite load model) as well as a given sensitivity parameter. The
“Delta (% Change)” column lists the percentage difference between the number of observations
in the base case and the respective sensitivity parameter.

In Table 4.2-2, Motor A, the observation of a bus voltage recovering to 90% of the pre-fault
voltage within 5 seconds, the base case flagged 792 buses that did not meet this criterion. For
the same voltage criteria, when increasing the fraction of motors that trip on the first low voltage
trip setting by a factor of 0.1 (reference number 4 in Table 4.2-2), 387 buses were flagged to not
meet this criterion which is a decrease of 51% from the base case. Note for this sensitivity, a
threshold is met and increasing the parameter value of Ftrl by more than 0.1 per load does not
have an impact on the results. When decreasing the fraction of motors that trip on the first low
voltage trip setting by a factor of 0.1 (reference number 3 in Table 4.2-2), 955 buses were
flagged to not meet this criterion, which is an increase of 21% from the base case. Similar, when
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decreasing the fraction of motors that trip on the first low voltage trip setting by a factor of 0.2,
1054 buses were flagged to not meet this criterion which is an increase of 33% from the base
case. For this sensitivity, decreasing the fraction of motors that may trip after the first voltage
setting has a negative impact on the system. Since more motors are remaining online during low
voltages, more motors are stalling that will draw more reactive power, thus resulting in low
voltages.
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Table 4.2-2

PG&E Results and Observations for the Stressed Case: Motor A

ref. setng > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% Vc::?;?(\;ﬁ:gusz‘czxz'sl'l :‘D:algjv?::;h;g[szzi'n;': :ﬁll_[?)?:’ (;;E;:ZO;(; ;)::c;nldi
e variate #of Buses (%cD:::ge) #of Buses (%E:::ge) #of Buses ©% S:::ge) #of Buses (% S:::ge) #of Buses (%\:D::nage) #of Buses (%CD:::ge) #of Buses (% S:::ge) #of Buses (%CD:::ge) #of Buses (%cD:::ge) #of Buses (%E:::ge)
1 Phase 2 - 496 - 87 - 72 - 365 - 532 - 792 - 215 - 369 - 171 - 70 -

2 0.2 807 323 7 -1% 386 6% 659 24% 1054 33% 57 236 46 29

3 Ftrt 0.1 648 31% 183 73 1% 372 2% 598 12% 955 21% 134 339 99 47 -33%

PR R ey 306 65 -25% 118 363 1% 372 -30% 387 1085 799 778 607

5 +0.2 290 62 -29% 124 363 1% 370 -30% 385 1089 807 799 633

6 0.2 726 46% 254 81 13% 378 4% 585 10% 869 10% 261 21% 370 0% 186 9% 119

7 Ftr2 0.1 591 19% 157 76 6% 372 2% 558 5% 843 6% 239 1% 369 0% 178 4% 97 39%

8 (0607)5 +0.1 447 -10% 79 -9% 69 -4% 364 0% 531 0% 784 -1% 202 -6% 351 -5% 167 -2% 54 -23%

9 +0.2 429 -14% 70 -20% 60 -17% 363 -1% 528 -1% 770 -3% 101 - 342 7% 92 - 27 -
10 -50% 569 15% 109 25% 73 1% 370 1% 557 5% 809 2% 217 1% 358 -3% 176 3% 73 4%

1 H -25% 524 6% 90 3% 77 7% 368 1% 539 1% 794 0% 219 2% 360 2% 175 2% 73 4%

12 |o. 1(25101.2) +50% 480 -3% 82 -6% 68 -6% 365 0% 531 0% 776 2% 220 2% 371 1% 170 -1% 63 -10%
13 +100% 458 -8% 78 -10% 66 -8% 362 1% 523 -2% 765 -3% 218 1% 374 1% 167 2% 55 -21%
14 -50% 394 -21% 72 -17% 73 1% 365 0% 481 -10% 700 -12% 255 19% 332 -10% 211 23% 105 50%
15 Ls -25% 431 -13% 83 -5% 77 7% 365 0% 536 1% 780 2% 236 10% 331 -10% 189 1% 106 51%
T e 522 5% 94 8% 68 -6% 365 0% 552 4% 836 6% 207 -4% 377 2% 135 -21% 66 -6%

17 +100% 565 14% 104 20% 69 -4% 365 0% 554 4% 882 1% 199 7% 396 7% 120 -30% 66 -6%

18 -50% 394 -21% 63 -28% 64 -11% 365 0% 540 2% 810 2% 236 10% 368 0% 177 4% 92 31%
19 Tpo -25% 426 -14% 70 -20% 65 -10% 365 0% 533 0% 798 1% 227 6% 368 0% 171 0% 73 4%

20 (060;5' +50% 588 19% 110 26% 74 3% 366 0% 542 2% 782 -1% 216 0% 362 2% 167 2% 63 -10%

21 +100% 587 18% 144 - 74 3% 372 2% 541 2% 768 -3% 215 0% 347 -6% 163 -5% 53 -24%
22 -0.05 514 4% 100 15% 72 0% 365 0% 546 3% 793 0% 222 3% 362 2% 171 0% 69 -1%
23 Tre2 +0.05 490 -1% 86 -1% 74 3% 365 0% 530 0% 789 0% 222 3% 373 1% 171 0% 72 3%

24 ‘(102;) +0.1 489 -1% 86 -1% 74 3% 365 0% 527 -1% 802 1% 222 3% 379 3% 172 1% 72 3%

25 +0.25 478 -4% 86 -1% 74 3% 365 0% 516 -3% 811 2% 222 3% 396 7% 173 1% 72 3%

26 -0.05 269 70 -20% 80 1% 365 0% 456 -14% 656 -17% 219 2% 385 4% 174 2% 43 -
27 Ttr1 +0.05 794 344 70 -3% 366 0% 609 14% 923 17% 118 - 296 -20% 156 -9% 7 1%

28 0(005051) +0.25 799 344 68 -6% 368 1% 609 14% 946 19% 226 5% 237 94 74 6%

29 +0.5 808 347 67 7% 372 2% 603 13% 958 21% 231 7% 232 80 84 20%
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Table 4.2-2 (continued)
PG&E Results and Observations for the Stressed Case: Motor A

ref. setng > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline Voltage < 70%in 1 second | Voltage < 80%in 3 seconds| Voltage < 90%in 5 seconds Voltage Deviation > 5% Vogig‘iv?xjelgsgzilczxz'sl'l \;olkabg/a(;vsﬁhig;z\é;j‘: :il_i?; i\ée;:rd'o;(; Soev:D’nld.l
. vanavte #of Buses (%cD:::ge) #of Buses (%E:‘a‘:ge) #of Buses (% S:::ge) #of Buses (% \:D::nage) #of Buses (%cD:::ge) #of Buses (%cD:::ge) #of Buses (% \:D::nage) #of Buses (%cD:::ge) #of Buses (%S:‘a‘:ge) #of Buses ©% S:::ge)
1 Phase 2 - 496 - 87 - 72 - 365 - 532 - 792 - 215 - 369 - 171 - 70 -
30 -0.05 425 -14% 68 -22% 82 14% 364 0% 526 -1% 690 -13% 272 27% 332 -10% 192 12% 62 -11%
31 T2 +0.05 1171 614 90 25% 402 10% 643 21% 1030 30% 313 46% 376 2% 167 2% 146

32 O.i)%,oéiw +0.25 1175 616 85 18% 405 1% 646 21% 1051 33% 320 49% 380 3% 167 2% 147

33 +05 1186 619 84 17% 419 15% 647 22% 1064 34% 324 51% 388 5% 168 2% 147

34 -0.25 496 0% 87 0% 72 0% 365 0% 532 0% 792 0% 221 3% 363 2% 171 0% 70 0%
35 Vet -0.15 496 0% 87 0% 72 0% 365 0% 532 0% 792 0% 221 3% 363 2% 171 0% 70 0%
36 o -0.05 496 0% 87 0% 72 0% 365 0% 532 0% 792 0% 221 3% 363 -2% 171 0% 70 0%
37 +0.05 496 0% 87 0% 72 0% 365 0% 532 0% 792 0% 221 3% 363 2% 171 0% 70 0%
38 0.2 575 16% 240 77 7% 444 22% 615 16% 836 6% 211 2% 344 7% 166 -3% 68 -3%
39 Vie2 0.1 562 13% 230 75 4% 419 15% 598 12% 826 4% 213 1% 354 -4% 166 -3% 68 -3%
40 R 486 2% 86 -1% 74 3% 363 -1% 404 -24% 630 -20% 238 1% 379 3% 172 1% 79 13%
4 +02 486 2% 86 -1% 77 % 363 -1% 388 -27% 441 238 1% 404 9% 190 1% 83 19%
42 0.15 620 25% 188 66 -8% 380 4% 587 10% 846 7% 64 280 -24% 33 27

43 Vit 0.05 581 17% 140 68 -6% 367 1% 570 7% 802 1% 63 312 -15% 39 25

44 O 1 4005 413 -17% 66 -24% 77 7% 365 0% 524 2% 771 -3% 223 4% 381 3% 174 2% 71 1%
45 +0.15 389 -22% 58 -33% 84 17% 365 0% 518 -3% 768 -3% 255 19% 421 14% 204 19% 103 47%
46 -0.15 1114 541 91 26% 382 5% 669 26% 1065 34% 312 45% 315 -15% 184 8% 149

47 viz -0.05 905 299 81 13% 368 1% 599 13% 987 25% 293 36% 338 -8% 183 7% 130

w [ woos | as2 3% 74 5% 72 0% 365 0% 531 0% 790 0% 215 0% 386 5% 171 0% 67 4%
49 +0.15 354 -29% 61 -30% 69 -4% 364 0% 513 -4% 764 -4% 213 -1% 404 9% 171 0% 55 21%
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Table 4.2-3

PG&E Results and Observations for the Stressed Case: Motor B

ot s > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds| ~ Voltage Deviation > 5% VO::i?fN?chf:g"s‘;‘czxz’sl'l Z"J‘as;‘;":r"zh;g'sz‘c’z’n;: :‘:'_‘Z‘I‘fv ‘i;z’:z";é ;’:Ceo'nldi
e veriante #of Buses (%cD:::ge) #of Buses (%E:‘a‘:ge) #of Buses ©% S:::ge) #of Buses (% S:::ge) #of Buses (%\:Dr?::ge) #of Buses (%cD:::ge) #of Buses (% S:::ge) #of Buses (%cD:::ge) #of Buses (%cD:::ge) #of Buses (%E:‘a‘:ge)
1 |Prase2| - 496 . 87 . 72 ] 365 - 532 - 792 - 215 - 369 - 171 - 70 -
2 02 611 23% 169 - 76 6% 368 1% 593 11% 909 15% 214 0% 304 7% 168 2% 87 24%
s | R | on 573 16% 115 32% 73 1% 366 0% 560 5% 830 5% 215 0% 386 5% 166 3% 77 10%
P i e 437 12% 79 9% 69 4% 364 0% 498 6% 771 3% 235 9% 368 0% 175 2% 65 7%
5 +02 386 22% 72 7% 68 6% 364 0% 474 1% 742 6% 238 1% 363 2% 208 22% 57 19%
6 02 607 2% 177 - 78 8% 368 1% 550 3% 852 8% 243 13% 395 7% 169 1% 103 47%
[ R Y 567 14% 105 21% 74 3% 366 0% 543 2% 818 3% 221 3% 386 5% 170 1% 90 29%
s |©%%9 Loa 457 8% 79 9% 69 4% 365 0% 524 2% 779 2% 212 1% 365 1% 171 0% 65 7%
9 +0.2 425 4% 75 14% 68 6% 364 0% 487 8% 743 6% 209 3% 360 2% 197 15% 64 9%
10 50% 607 20% 118 36% 76 6% 365 0% 536 1% 795 0% 212 1% 402 9% 174 2% 70 0%
I oo | e 556 12% %0 3% 75 4% 365 0% 533 0% 793 0% 212 1% 393 7% 173 1% 70 0%
PR R 468 6% 78 -10% 68 6% 365 0% 530 0% 817 3% 212 1% 360 2% 165 4% 69 1%
13 w00 | 414 A7% 70 -20% 71 1% 365 0% 523 2% 822 4% 216 0% 350 5% 162 5% 68 3%
14 50% 545 10% 218 65 0% 366 0% 493 7% 692 13% 213 1% 417 13% 129 -25% 31 -
S 520 5% 167 67 7% 366 0% 518 3% 747 6% 213 1% 308 8% 164 4% 58 7%
6 |83 son | 420 14% 72 7% 73 1% 365 0% 532 0% 799 1% 215 0% 355 4% 173 1% 71 1%
17 voo% [ 373 25% 66 24% 79 10% 364 0% 531 0% 836 6% 215 0% 347 6% 175 2% 71 1%
18 50% 288 66 24% 75 4% 374 2% 512 4% 798 1% 214 0% 340 8% 173 1% 70 0%
N 421 5% 68 -22% 7 1% 365 0% 521 2% 797 1% 215 0% 343 7% 171 0% 70 0%
20 |©29 sow | 610 23% 222 74 3% 364 0% 534 0% 769 3% 208 3% 397 8% 167 2% 61 13%
21 +00% | 664 34% 263 72 0% 364 0% 541 2% 740 7% 208 3% 407 10% 165 4% 49 -30%
2 005 369 -26% 71 8% 73 1% 366 0% 525 1% 790 0% 211 2% 359 3% 170 1% 67 4%
2 | Te2 | +00s | 498 0% 88 1% 74 3% 365 0% 531 0% 789 0% 212 1% 388 5% 171 0% 72 3%
% | 09 [ von 499 1% 89 2% 74 3% 365 0% 532 0% 789 0% 214 0% 304 % 171 0% 72 3%
2 w025 | 513 3% %0 3% 74 3% 365 0% 530 0% 792 0% 211 2% 399 8% 171 0% 71 1%
2 005 | 200 - 87 0% 74 3% 367 1% 474 1% 684 4% 206 4% 367 1% 136 20% 44 37%
27 | m | s00s | 05 22% 164 74 3% 365 0% 570 7% 907 15% 214 0% 391 6% 171 0% 91 30%
% |oos | o | o0s 229 164 74 3% 365 0% 572 8% 910 15% 214 0% 304 7% 171 0% 91 30%
2 05 604 20% 167 74 3% 366 0% 577 8% 911 15% 213 1% 399 8% 171 0% %2 31%
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Table 4.2-3 (continued)
PG&E Results and Observations for the Stressed Case: Motor B

i, s > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds|  Voltage Deviation > 5% V";‘:ig;“’“’hf:g"s‘;'chz’sll ‘;"Jfabg/fv‘;";’fdhig‘;e’zs;j‘: :?1'_‘1?; ‘i;ea'::";(; ;’e":;nldl
. veriante #of Buses (%cD:::ge) #of Buses (%S:‘a‘:ge) #of Buses (% 'cj:::ge) #of Buses (% \:D:;(nage) #of Buses (%cD:::ge) #of Buses (%cD:::ge) #of Buses (% \:D:;(:ge) #of Buses (%cD:::ge) #of Buses (%E:‘a‘:ge) #of Buses ©% S:::ge)

1 |Prase2| - 496 - 87 - 72 - 365 - 532 - 792 - 215 - 369 - 171 - 70 -

% 005 451 9% 68 -22% 69 4% 365 0% 515 3% 744 6% 213 1% 368 0% 167 2% 54 -23%

3t | me | +o0s [ e84 38% 243 77 7% 365 0% 570 7% 886 12% 256 19% 302 6% 180 5% 117

% oo | w0z 685 38% 251 77 7% 365 0% 574 8% 887 12% 256 19% 3907 8% 180 5% 117

33 +05 687 39% 252 77 7% 366 0% 574 8% 886 12% 256 19% 390 6% 180 5% 117

u -0.25 518 4% 116 33% 74 3% 366 0% 544 2% 806 2% 207 4% 377 2% 186 9% 7 1%

3 |y | 0 514 4% 109 25% 74 3% 366 0% 546 3% 805 2% 210 2% 376 2% 185 8% 7 1%

s |97 005 507 2% 87 0% 73 1% 365 0% 550 3% 809 2% 210 2% 374 1% 185 8% 70 0%

7 +005 [ 493 1% 87 0% 72 0% 365 0% 532 0% 779 2% 216 0% 368 0% 170 1% 59 6%
a8 02 508 2% 104 20% 73 1% 374 2% 541 2% 794 0% 212 1% 364 1% 170 1% 68 3%
3 | ve2 | 01 506 2% 103 18% 73 1% 372 2% 540 2% 795 0% 211 2% 366 1% 171 0% 69 1%

w | 07 [ ~on 490 1% 87 0% 73 1% 365 0% 487 8% 756 5% 211 2% 386 5% 172 1% 77 10%

41 02 487 2% 87 0% 73 1% 365 0% 468 12% 646 18% 218 1% 393 7% 173 1% %2 31%

2 015 558 13% 105 21% 74 3% 368 1% 577 8% 863 9% 209 3% 395 7% 154 0% 57 19%
@ | e | 008 504 2% %0 3% 72 0% 365 0% 556 5% 797 1% 209 3% 381 3% 160 6% 65 %

wa |90 Lo0s 480 3% 74 15% 70 3% 365 0% 531 0% 780 2% 216 0% 359 3% 172 1% 77 10%
45 w015 | 412 7% 65 -25% 74 3% 365 0% 487 -8% 560 -29% 246 14% 348 6% 173 1% 95 36%

4 .15 667 34% 207 - 76 6% 367 1% 571 7% 888 12% 256 19% 402 9% 188 10% 117

| g | 008 608 23% 113 30% 76 6% 365 0% 567 7% 882 1% 245 14% 397 8% 184 8% 114

w |©%9 oo | 4ss 2% 83 5% 73 1% 365 0% 528 1% 790 0% 210 2% 366 1% 168 2% 69 1%

49 w015 | 420 15% 68 -22% 79 10% 365 0% 476 1% 571 -28% 205 5% 345 7% 168 2% 51 27%
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Table 4.2-4

PG&E Results and Observations for the Stressed Case: Motor C

ot s > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds| ~ Voltage Deviation > 5% V"::i?;‘l’tvhf:g"s‘;‘czxz’sl'l Z"J‘as;‘;":r"zh;g'sz‘c’z’n;: :‘:’_‘Z‘I‘i ‘i;z’:z";é ;’:Ceo'nldi
. veriante #of Buses (%cD:::ge) #of Buses (%S:‘a‘:ge) #of Buses ©% S:::ge) #of Buses (% S:::ge) #of Buses (%\:D:::ge) #of Buses (%cD:::ge) #of Buses (% S:::ge) #of Buses (%cD:::ge) #of Buses (%cD:::ge) #of Buses (%E:‘a‘:ge)

1 |Prase2| - 496 . 87 . 72 - 365 - 532 - 792 - 221 - 363 - 171 - 70 -

2 02 603 22% 158 - 73 1% 368 1% 583 10% 858 8% 139 37% 365 1% 110 -36% 41 -

E = 564 14% 97 1% 74 3% 366 0% 556 5% 815 3% 177 -20% 363 0% 136 20% 52 -26%

P i e 446 -10% 74 5% 75 4% 365 0% 508 5% 764 4% 248 12% 362 0% 203 19% 105 50%

5 +02 394 21% 72 7% 79 10% 365 0% 478 10% 723 9% 286 29% 360 1% 235 37% 149 -

6 02 574 16% 148 - 79 10% 366 0% 546 3% 819 3% 233 5% 376 4% 171 0% 92 31%

T he | 0 558 13% 100 15% 7 1% 366 0% 536 1% 795 0% 23 1% 374 3% 171 0% 71 1%

s |9 Loa 468 6% 85 2% 72 0% 365 0% 525 1% 782 1% 217 2% 361 1% 171 0% 64 9%

9 02 444 -10% 76 3% 7 1% 365 0% 495 7% 761 4% 215 3% 359 1% 199 16% 60 14%

10 50% 483 3% 87 0% 71 1% 365 0% 529 1% 789 0% 216 2% 373 3% 175 2% 69 1%

I oo | e 487 2% 87 0% 72 0% 365 0% 530 0% 792 0% 217 2% 369 2% 172 1% 69 1%

PR e 533 7% 87 0% 74 3% 365 0% 533 0% 793 0% 224 1% 361 1% 169 1% 72 3%

13 v00% | 558 13% 94 8% 74 3% 366 0% 541 2% 817 3% 25 2% 359 1% 166 3% 82 17%

14 50% 529 7% 98 13% 73 1% 368 1% 543 2% 803 1% 254 15% 352 3% 193 13% 115 -

S 511 3% 92 6% 69 4% 367 1% 543 2% 794 0% 237 7% 356 2% 183 7% %2 31%

6 |08 0w | 470 5% 80 8% 71 1% 365 0% 507 1% 788 1% 213 4% 367 1% 166 3% 63 10%

17 v00% [ 445 10% 72 7% 71 1% 365 0% 526 1% 788 1% 212 4% 364 0% 155 -9% 60 14%

18 50% 428 14% 68 -22% 70 3% 365 0% 528 1% 786 1% 216 2% 364 0% 172 1% 70 0%

N 471 5% 81 7% 72 0% 365 0% 528 1% 790 0% 218 1% 364 0% 172 1% 70 0%

20 |©29 sow | 528 6% 90 3% 74 3% 365 0% 542 2% 797 1% 25 2% 363 0% 167 2% 76 9%

21 +00% [ 568 15% 127 46% 69 4% 368 1% 558 5% 824 4% 224 1% 354 2% 166 3% 75 7%

2 -0.05 513 3% 108 24% 72 0% 365 0% 531 0% 794 0% 222 0% 359 1% 171 0% 70 0%

2 | Te2 | +00s | 493 1% 86 1% 74 3% 365 0% 507 1% 782 1% 221 0% 370 2% 171 0% 71 1%

% | 09 [ von 493 1% 86 1% 74 3% 365 0% 524 2% 782 1% 220 0% 370 2% 171 0% 71 1%

2 w025 | 492 1% 86 1% 74 3% 365 0% 517 3% 783 1% 218 1% 374 3% 171 0% 71 1%

2 -0.05 328 34% 79 9% 76 6% 367 1% 470 12% 675 5% 217 2% 410 13% 173 1% 70 0%

27 | m | s00s | 606 22% 153 72 0% 365 0% 558 5% 836 6% 179 19% 351 3% 126 -26% 31

% |oos | o | oot 21% 154 72 0% 365 0% 561 5% 838 6% 174 21% 345 5% 124 27% 31

29 05 599 21% 155 72 0% 365 0% 562 6% 843 6% 139 37% 340 6% 116 -32% 33
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Table 4.2-4 (continued)
PG&E Results and Observations for the Stressed Case: Motor C

i, s > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds|  Voltage Deviation > 5% V";‘:igflv“’“’hf:g"s‘:chz’sll ‘;"Jfab%jl‘;";’fdhig‘;e’zs;j‘: :?1'_‘1?; ‘i;ea'::";(; ;’e":;nldl
. veriante #of Buses (%cD:::ge) #of Buses (%E:‘a‘:ge) #of Buses (% S:::ge) #of Buses (% \:D:::ge) #of Buses (%cD:::ge) #of Buses (%cD:::ge) #of Buses (% \:D:;(:ge) #of Buses (%cD:::ge) #of Buses (%E:‘a‘:ge) #of Buses ©% S:::ge)

1 |Prase2| - 496 - 87 - 72 - 365 - 532 - 792 - 221 - 363 - 171 - 70 -

% 005 439 1% 77 1% 71 1% 365 0% 510 4% 738 7% 219 1% 402 1% 169 1% 51 27%
st | me | s00s [ 627 26% 204 77 7% 366 0% 560 5% 879 1% 252 14% 359 1% 181 6% 115

% |05 [ w0z 627 26% 206 77 7% 366 0% 563 6% 879 1% 252 14% 353 3% 181 6% 115

33 +05 630 27% 208 78 8% 367 1% 567 % 879 1% 251 14% 348 4% 181 6% 115

a 025 496 0% 87 0% 72 0% 365 0% 532 0% 792 0% 221 0% 363 0% 171 0% 70 0%

% | ey | 018 496 0% 87 0% 72 0% 365 0% 532 0% 792 0% 221 0% 363 0% 171 0% 70 0%

3 D1 008 496 0% 87 0% 72 0% 365 0% 532 0% 792 0% 221 0% 363 0% 171 0% 70 0%

7 005 | 496 0% 87 0% 72 0% 365 0% 532 0% 792 0% 221 0% 363 0% 171 0% 70 0%

a8 02 493 1% 87 0% 72 0% 366 0% 540 2% 793 0% 217 2% 363 0% 171 0% 70 0%

3 | we2 | 01 493 1% 87 0% 72 0% 366 0% 539 1% 793 0% 219 1% 363 0% 171 0% 70 0%

w | 079 [ ~on 501 1% 87 0% 75 4% 365 0% 501 6% 763 4% 222 0% 363 0% 169 1% 74 6%

4 +02 501 1% 87 0% 75 4% 365 0% 478 10% 727 8% 226 2% 363 0% 170 1% 95 36%

P 015 532 7% 93 7% 73 1% 366 0% 546 3% 799 1% 184 7% 347 4% 149 13% 50 29%
@ | wn | o0 527 6% 91 5% 75 4% 366 0% 545 2% 798 1% 211 5% 356 2% 158 8% 53 -24%
w | ‘on [oms | 408 6% 74 5% 73 1% 365 0% 532 0% 779 2% 220 0% 363 0% 172 1% 70 0%

45 w015 | 400 19% 66 -24% 78 8% 365 0% 525 1% 768 3% 230 4% 374 3% 182 6% 70 0%

4 .15 603 22% 158 - 77 7% 365 0% 553 4% 854 8% 251 14% 377 4% 183 7% 111 59%
|y | 005 567 14% 102 17% 75 4% 365 0% 549 3% 828 5% 229 4% 377 4% 174 2% 76 9%

s |29 so0s | ase 2% 83 5% 72 0% 365 0% 528 1% 787 1% 219 1% 348 4% 168 2% 68 3%

49 w015 | 434 13% 68 -22% 72 0% 365 0% 508 5% 733 7% 215 3% 329 -9% 165 4% 55 21%
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Table 4.2-5

PG&E Results and Observations for the Stressed Case: Motor D

Ref. setng > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline Voltage < 70%in 1 second | Voltage < 80%in 3 seconds| Voltage < 90%in 5 seconds Voltage Deviation > 5% vugi?;m?;sg?e[czxz’sll \;ﬂabg/aosv::‘sdhiglsg\é;j‘: :zl_i?:l i\ée;:rd'o;(; :evcel;nld'l
. veriante #of Buses (%E:::ge) #of Buses (%E:::ge) #of Buses (% S:::ge) #of Buses (% \:D::nage) #of Buses (%cD:::ge) #of Buses (%E:::ge) #of Buses (% cD::nage) #of Buses (%E:::ge) #of Buses (%Slf::ge) #of Buses ©% S:::ge)
1 |Prase2| - 496 - 87 - 72 - 365 - 532 - 792 - 221 - 363 - 171 - 70 -
2 40% 199 -22% 63 13% 363 1% 374 -30% 413 46 340 6% 25 17
3 20% 347 0% 71 1% 363 1% 451 15% 584 -26% 17 340 6% 71 2
o | emo | 0% 403 9% 71 1% 363 1% 481 10% 763 4% 175 21% 350 4% 106 27
5 | @ vow | 52 19% 136 81 13% 368 1% 570 7% 932 18% 283 28% 376 4% 219 28% 128
6 w0 | 727 47% 221 87 21% 372 2% 600 13% 993 25% 355 417 15% 242 42% 163
7 va0% | 1009 420 91 26% 378 4% 645 21% 1134 43% 453 426 17% 289 - 287
8 0 591 19% 150 74 3% 372 2% 591 1% 966 22% 234 6% 343 6% 176 3% % 37%
o 005 548 10% 115 32% 73 1% 368 1% 553 4% 891 13% 229 4% 354 2% 180 5% 82 17%
0 | | 018 447 10% 84 3% 70 3% 363 1% 484 9% 770 3% 222 0% 385 6% 170 1% 48 31%
wo | OV e 382 23% 81 7% 70 3% 363 1% 467 12% 712 10% 220 0% 402 1% 165 4% 37
12 025 358 -28% 80 8% 71 1% 363 1% 452 15% 566 29% 214 3% 414 14% 158 8% 33
13 05 239 7% 76 6% 363 1% 365 31% 396 208 6% 587 - 158 8% 29
1 04 490 1% 87 0% 70 3% 365 0% 448 16% 530 -33% 226 2% 361 1% 166 3% 35
15 055 490 1% 87 0% 69 4% 365 0% 487 8% 676 15% 226 2% 362 0% 168 2% 48 31%
N o 496 0% 87 0% 67 7% 366 0% 511 4% 784 1% 226 2% 362 0% 171 0% 62 1%
7 | 90| o 497 0% 87 0% 69 4% 366 0% 544 2% 851 7% 225 2% 381 5% 173 1% 84 20%
18 085 497 0% 87 0% 69 4% 366 0% 555 4% 902 14% 225 2% 381 5% 175 2% 86 23%
19 09 497 0% 87 0% 69 4% 366 0% 562 6% 921 16% 210 5% 381 5% 182 6% 88 26%
2 1 490 1% 87 0% 78 8% 365 0% 511 4% 396 244 10% 881 134 22% 56 20%
21 14 490 1% 87 0% 7 7% 365 0% 512 4% 406 240 9% 808 159 7% 56 -20%
2 | Lo | s 496 0% 87 0% 72 0% 366 0% 537 1% 801 1% 224 1% 363 0% 263 54% 72 3%
2 | O 497 0% 87 0% 72 0% 366 0% 540 2% 814 3% 227 3% 363 0% 265 76 9%
2 2 497 0% 87 0% 70 3% 366 0% 547 3% 839 6% 229 4% 363 0% 266 78 1%
2 3 497 0% 87 0% 71 1% 366 0% 549 3% 892 13% 209 5% 363 0% 275 79 13%
2 ootee7| 883 169 - 88 22% 365 0% 677 27% 1294 494 335 8% 245 199
27 o0oee7 | 285 81 7% 64 1% 363 1% 396 26% a2 45 534 47% 21 20
2 | . 00| 266 80 8% 64 1% 363 1% 303 -26% 459 46 534 47% 21 20
2 | O] o4 266 73 16% 64 1% 363 1% 391 27% 442 45 527 45% 21 20
30 01667 | 265 75 14% 63 13% 363 1% 390 27% 426 45 534 47% 21 20
31 025 265 75 4% 63 3% 363 1% 390 27% 425 45 534 47% 21 20
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Table 4.2-5 (continued)
PG&E Results and Observations for the Stressed Case: Motor D

o s > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds|  Voltage Deviation > 5% V°:igew‘l’l‘:ﬁfg°sz‘cz‘rﬁ'5“ ‘;f’u"'“‘bglig";ﬂ‘ig‘sgzzgjsl ;’_‘:"2‘;’5 ‘;‘éea’:z";o‘ :::;nld‘i
" venspte #of Buses (%cD:::ge) #of Buses (%E:::ge) #of Buses (%E:::ge) #of Buses % S:::ge) #of Buses % S:Llnage) #of Buses (%E’:::ge) #of Buses (%E:::ge) #of Buses @ E:::ge) #of Buses (%E’:::ge) #of Buses (%cD:::ge)

1 |phesea| - 496 - 87 - 72 - 365 - 532 - 792 - 221 - 363 - 171 - 70 -

a2 5 487 2% 87 0% 72 0% 364 0% 364 32% 377 243 10% 969 254 49% 44 -
@ 10 490 1% 87 0% 73 1% 364 0% 460 14% 454 228 3% 596 254 49% 46 34%

w | W | ® 490 1% 87 0% 73 1% 364 0% 499 6% 586 26% 228 3% 402 1% 223 30% 49 30%

s | O v 497 0% 87 0% 72 0% 366 0% 542 2% 884 12% 223 1% 358 1% 136 20% 86 23%

36 20 497 0% 87 0% 74 3% 366 0% 547 3% 928 17% 209 5% 350 4% 53 88 26%

a7 25 497 0% 87 0% 76 6% 366 0% 549 3% 949 20% 210 5% 348 4% 13 %0 29%

38 Min 923 - 120 38% 87 21% 381 4% 578 9% 929 17% 304 38% 376 4% 195 14% 129 -
39 R1 503 20% 107 23% 69 4% 376 3% 571 7% 845 % 230 4% 374 3% 195 14% 84 20%

40 R2 590 19% o4 8% 69 4% 369 1% 559 5% 846 % 230 4% 369 2% 195 14% 84 20%

P e s 406 -18% 77 1% 67 % 364 0% 471 1% 746 6% 177 20% 339 7% 118 31% 44

2 Re 328 -34% 76 13% 68 6% 364 0% 451 5% 618 22% 123 338 7% 102 24

4 Max 310 - 75 14% 67 % 364 0% 435 18% 621 22% 17 324 1% 98 22

a 05 485 2% 85 2% 69 4% 379 4% 465 13% 651 18% 187 15% 404 1% 120 27

a5 07 496 0% 86 1% 69 4% 365 0% 467 12% 669 16% 189 14% 392 8% 108 27

w© |y | oos 496 0% 86 1% 69 4% 365 0% 507 5% 679 14% 205 % 382 5% 132 23% 38

a7 | O] oss 496 0% 86 1% 69 4% 365 0% 511 4% 694 12% 214 3% 365 1% 140 -18% 50 29%

48 09 496 0% 86 1% 70 3% 365 0% 511 4% 720 9% 222 0% 365 1% 157 8% 54 23%

49 1 497 0% 87 0% 69 4% 366 0% 546 3% 831 5% 234 6% 363 0% 184 8% 81 16%

50 03 234 72 7% 69 4% 363 1% 371 30% 432 45 822 19 17

51 04 299 72 7% 69 4% 363 1% 371 30% 436 46 637 19 17

2 |y | 0% 337 -32% 74 -15% 75 4% 363 1% 410 23% 510 114 606 38 20

s3 | ©% [ oss 560 13% %5 9% 74 3% 369 1% 576 8% 875 10% 235 6% 352 3% 181 6% 84
54 06 704 42% 129 48% 83 15% 370 1% 615 16% 1048 32% 296 34% 346 5% 229 34% 159

55 08 1807 712 - 122 - 379 4% 1225 - 2557 1089 332 9% 769 743
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The amount of total load loss at each load bus in PG&E for each contingency and sensitivity
parameter analyzed for the Stressed Case was recorded. Tables 4.2-6 through 4.2-9 list the total
load loss for each of the five contingencies and sensitivities examined for Motor A, Motor B,
Motor C, and Motor D, respectively. The tables list the contingency, the amount of load loss, the
percent change from the Phase 2 base case and the respective sensitivity parameter.

For Motor A Contingency #4 in Table 4.2-6, the Phase 2 base case loss total was 3,459 MW.
For sensitivity parameter Ftrl, 5,797 MW of load was loss after increasing each motor trip
fraction by a factor of 0.2, which is an increase of 68% from the Phase 2 base case. For the same
contingency and parameter, 3,117 MW of load was loss after decreasing each motor trip fraction
by a factor of 0.2, which is a decrease of 10% from the Phase 2 base case.
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Table 4.2-6
PG&E Results and Observations for the Stressed Case: Motor A Load Loss

Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #5
Ref. Variable| Setting
No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta
(Mw) (%change) MwW) (% change) Mw) (%change) Mw) (%change) ) (%change)
1| Phase2 - 1953 - 502 - 202 - 3459 - 1404 -
2 0.2 1998 2% 503 0% 202 0% 3117 0% 795 -
3 Fir1 0.1 1977 1% 503 0% 202 0% 3429 1% 1118 -20%
©0.2,03,
4 p +0.1 1727 12% 503 0% 202 0% 5769 2238 50%
5 +0.2 1706 13% 593 0% 202 0% 5797 2437
6 0.2 1971 1% 503 0% 202 0% 3741 8% 1458 4%
7 Ftr2 0.1 1963 1% 593 0% 292 0% 3732 8% 1441 3%
(0, 0.5,
8 0.7) +0.1 1812 7% 503 0% 202 0% 3344 3% 1369 3%
9 +0.2 1736 1% 503 0% 202 0% 2969 4% 1059 25%
10 -50% 2039 4% 590 0% 289 1% 3402 2% 1679 20%
1 H -25% 1960 0% 591 0% 200 1% 3457 0% 1503 7%
(0.1, 0.15,
12 02) | +50% 1874 4% 506 1% 204 1% 3461 0% 1337 5%
13 +100% 1810 7% 508 1% 206 2% 3328 4% 1210 4%
14 -50% 1204 -34% 600 1% 203 0% 3019 3% 114 21%
15 Ls 25% 1823 7% 504 0% 201 0% 3364 3% 1336 5%
16 |08 3D[ 1500 1973 1% 501 0% 202 0% 3757 9% 1391 1%
17 +100% 1917 2% 501 0% 204 1% 3951 14% 1378 2%
18 -50% 1812 7% 508 1% 207 2% 3706 7% 1303 7%
19 To | 25% 1890 3% 505 0% 204 1% 3471 0% 1358 3%
(0.095,
20 08 +50% 1959 0% 589 1% 287 1% 3436 1% 1424 1%
)
21 +100% 2013 3% 585 1% 285 2% 3328 4% 1465 4%
22 -0.05 1955 0% 503 0% 202 0% 3459 0% 1404 0%
23 T2 | +0.05 1879 4% 503 0% 202 0% 3468 0% 1419 1%
24 |©1025) 44 1879 4% 503 0% 202 0% 3470 0% 1419 1%
25 +0.25 1879 4% 503 0% 202 0% 3469 0% 1418 1%
2 -0.05 1804 8% 503 0% 202 0% 3356 3% 2365
27 Tl [ +0.08 2134 9% 503 0% 202 0% 3566 3% 767
(0.02,
28 | 005, 1) | +0.25 2148 10% 503 0% 202 0% 3578 3% 767
29 +0.5 2341 20% 503 0% 202 0% 3607 4% 775
30 0.05 1895 3% 503 0% 202 0% 3412 1% 1346 4%
31 Ttr2 +0.05 1964 1% 593 0% 292 0% 4236 22% 1533 9%
0.02,
32 |o0051) | +0.25 2165 1% 503 0% 202 0% 4236 2% 1533 9%
33 +0.5 2258 16% 503 0% 202 0% 4236 2% 1533 9%
3 0.25 1953 0% 503 0% 202 0% 3459 0% 1404 0%
35 vel | 015 1953 0% 503 0% 202 0% 3459 0% 1404 0%
36 ™ 0.05 1953 0% 503 0% 202 0% 3459 0% 1404 0%
a7 +0.05 1953 0% 503 0% 202 0% 3459 0% 1404 0%
38 0.2 1964 1% 503 0% 202 0% 3476 1% 1405 0%
39 Vo2 0.1 1957 0% 503 0% 202 0% 3477 1% 1404 0%
PR O Y 1952 0% 593 0% 292 0% 3420 1% 1404 0%
41 +0.2 1952 0% 503 0% 202 0% 3427 1% 1403 0%
42 0.15 2095 7% 503 0% 202 0% 3419 1% 992 29%
43 virt -0.05 1972 1% 503 0% 202 0% 3462 0% 1213 4%
44 ©n | 4005 1354 31% 593 0% 202 0% 3591 4% 1695 21%
45 +0.15 1414 28% 503 0% 202 0% 3929 14% 2134 52%
46 0.15 2239 15% 503 0% 202 0% 4239 23% 1512 8%
47 vz | 005 2066 6% 503 0% 202 0% 4040 17% 1498 7%
4g | 0508 Lo05 1935 1% 503 0% 202 0% 3429 1% 1395 1%
49 +0.15 1285 -34% 503 0% 202 0% 3346 3% 1317 6%
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Table 4.2-7
PG&E Results and Observations for the Stressed Case: Motor B Load Loss

Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #5
Ref. Variable| Setting
. oal 0ss elta oai 0ss elta oail 0ss elta oal 0ss elta oat oss elta
No Load L Delt Load L Delt Load L Delt Load L Delt Load L Delt
(MW) (% change) (MW) (% change) (MW) (% change) (MW) (% change) (MW) (% change)
1 | Phase 2 - 1953 - 502 - 202 - 3459 - 1404 -
2 0.2 2027 4% 593 0% 202 0% 3723 8% 1447 3%
3 Fir1 0.1 1951 0% 503 0% 202 0% 3667 6% 1425 1%
(02,03,
4 0.4) +0.1 1907 2% 503 0% 202 0% 3400 2% 1397 1%
5 +0.2 1764 0% 503 0% 202 0% 3435 1% 1386 1%
6 0.2 1962 1% 503 0% 202 0% 3725 8% 1460 4%
7 Fi2 0.1 1959 0% 503 0% 202 0% 3692 7% 1427 2%
g [©309] o4 1837 6% 503 0% 202 0% 3397 2% 1396 1%
9 +0.2 1720 2% 593 0% 202 0% 3422 A% 1395 1%
10 -50% 2065 6% 589 1% 288 A% 3432 1% 1652 18%
11 u -25% 1963 1% 501 0% 200 0% 3449 0% 1507 7%
12 | ©5 D 4s50% 1817 7% 503 0% 203 0% 3591 4% 1308 7%
13 +100% 1387 29% 503 0% 203 0% 3634 5% 1251 1%
14 -50% 1983 2% 509 1% 321 10% 3051 12% 1005 -22%
15 ls -25% 1961 0% 670 13% 321 10% 3270 5% 1230 2%
16 |18 3N 4500 1788 8% 501 0% 201 0% 3558 3% 1474 5%
17 +100% 1324 32% 501 0% 202 0% 3531 2% 1531 9%
18 -50% 1207 34% 506 1% 205 1% 3513 2% 1465 4%
19 25% 1812 7% 504 0% 203 0% 3456 0% 1434 2%
Tpo
20 [©208)] .50 2006 3% 501 0% 291 0% 3358 3% 1391 1%
21 +100% 2033 4% 500 0% 289 1% 3202 7% 1340 5%
2 -0.05 1953 0% 503 0% 202 0% 3460 0% 1381 2%
2 Te2 | +0.05 1879 4% 503 0% 202 0% 3468 0% 1418 1%
(0.05,
2 0.25 | +0.1 1879 4% 593 0% 202 0% 3468 0% 1419 1%
25 +0.25 1879 4% 503 0% 202 0% 3469 0% 1418 1%
2 -0.05 1839 6% 667 13% 321 10% 3272 5% 1813 20%
27 Tl [ 4005 2015 3% 503 0% 202 0% 3711 % 1441 3%
(0.02,
28 | 005 1) | +0.25 2008 3% 503 0% 202 0% 3711 % 1441 3%
20 +0.5 2010 3% 503 0% 202 0% 3711 7% 1441 3%
30 -0.05 1878 4% 667 13% 321 10% 3416 1% 1175 16%
31 T2 | +0.05 1967 1% 593 0% 202 0% 3746 8% 1491 6%
(0.02,
32 | o0o0s 1) | +0.25 1965 1% 503 0% 202 0% 3746 8% 1491 6%
33 +0.5 1965 1% 503 0% 202 0% 3746 8% 1491 6%
34 -0.25 1958 0% 503 0% 202 0% 3464 0% 1405 0%
35 vet | 015 1956 0% 503 0% 202 0% 3463 0% 1405 0%
s | O D[ 005 1955 0% 593 0% 202 0% 3462 0% 1405 0%
37 +0.05 1953 0% 503 0% 202 0% 3459 0% 1404 0%
38 0.2 1962 0% 503 0% 202 0% 3459 0% 1404 0%
39 vie2 .04 1956 0% 593 0% 202 0% 3459 0% 1404 0%
(0.65,
40 075 | +01 1952 0% 503 0% 202 0% 3458 0% 1404 0%
41 +0.2 1952 0% 503 0% 202 0% 3443 0% 1404 0%
2 0.15 2015 3% 503 0% 202 0% 3310 4% 1384 1%
23 v | 005 1991 2% 593 0% 202 0% 3380 2% 1403 0%
44 |©80D[ 1005 1798 8% 503 0% 202 0% 3515 2% 1403 0%
45 +0.15 1170 - 503 0% 202 0% 3604 5% 1451 3%
46 0.15 1966 1% 593 0% 202 0% 3748 8% 1487 6%
47 v | 005 1967 1% 503 0% 202 0% 3743 8% 1451 3%
48 0508 1005 1959 0% 503 0% 202 0% 3446 0% 1396 1%
49 +0.15 1277 -35% 503 0% 202 0% 3413 1% 1355 4%
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Table 4.2-8
PG&E Results and Observations for the Stressed Case: Motor C Load Loss

Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #5
Ref. Variable| Setting
No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta
Mw) (%change) (Mw) (%change) Mw) (%change) (MW) (%change) Mw) (%change)
1 | Phase 2 - 1953 - 502 - 202 - 3459 - 1404 -
2 0.2 1875 4% 503 0% 202 0% 3404 2% 1287 8%
3 Ftr1 0.1 1906 2% 593 0% 292 0% 3412 1% 1350 4%
4 ‘0'5;8'3' +0.1 1961 0% 593 0% 202 0% 3542 2% 1464 4%
5 +02 1965 1% 503 0% 202 0% 3690 7% 1520 8%
6 0.2 1956 0% 593 0% 202 0% 3607 7% 1461 4%
7 Fi2 0.1 1954 0% 503 0% 202 0% 3535 2% 1415 1%
g [©309] o4 1950 0% 503 0% 202 0% 3401 2% 1308 0%
9 +02 1950 0% 503 0% 202 0% 3386 2% 1395 1%
10 50% 1956 0% 502 0% 201 0% 3469 0% 1444 3%
11 " 25% 1954 0% 502 0% 201 0% 3470 0% 1420 1%
12 |©@LOA] 509, 1892 3% 593 0% 203 0% 3601 4% 1371 2%
13 +100% 1891 3% 504 0% 203 0% 3659 6% 1352 4%
14 -50% 1974 1% 505 1% 202 0% 2081 4% 1054 -25%
15 Ls -25% 1958 0% 502 0% 202 0% 3061 2% 1271 -9%
16 |08 3D 1500 1893 3% 502 0% 202 0% 3479 1% 1433 2%
17 +100% 1838 6% 503 0% 203 0% 3501 1% 1432 2%
18 50% 1818 7% 505 0% 203 1% 3466 0% 1428 2%
19 o | 2% 1945 0% 503 0% 202 0% 3466 0% 1423 1%
20 |©208) L5009 1960 0% 501 0% 200 0% 3621 5% 1332 5%
21 +100% 1983 2% 501 0% 200 0% 3645 5% 1289 8%
2 -0.05 1953 0% 503 0% 202 0% 3460 0% 1404 0%
23 T2 | +0.05 1879 4% 503 0% 202 0% 3468 0% 1418 1%
2 |O102B) o4 1879 4% 503 0% 202 0% 3468 0% 1418 1%
25 +0.25 1879 4% 503 0% 202 0% 3468 0% 1418 1%
26 -0.05 1963 1% 667 13% 321 10% 3283 5% 2089 49%
27 Tl [ +0.0s 1900 3% 503 0% 202 0% 3444 0% 1283 -9%
28 o(_g'_r,o,zi) +0.25 1915 2% 503 0% 202 0% 3444 0% 1283 -9%
29 +05 1924 1% 593 0% 202 0% 3444 0% 1283 9%
30 -0.05 1879 4% 667 13% 321 10% 3314 4% 1175 6%
31 2 [ 4005 1962 0% 503 0% 202 0% 3736 8% 1486 6%
32 0‘3221') +0.25 1962 0% 593 0% 202 0% 3736 8% 1486 6%
33 +05 1959 0% 503 0% 202 0% 3736 8% 1486 6%
3 0.25 1953 0% 503 0% 202 0% 3459 0% 1404 0%
35 viel | 015 1953 0% 503 0% 202 0% 3459 0% 1404 0%
36 ™ -0.05 1953 0% 503 0% 202 0% 3459 0% 1404 0%
a7 +0.05 1953 0% 593 0% 202 0% 3459 0% 1404 0%
38 0.2 1956 0% 503 0% 202 0% 3459 0% 1404 0%
39 Vre2 0.1 1953 0% 503 0% 202 0% 3459 0% 1404 0%
40 ‘Sf; +0.1 1953 0% 503 0% 202 0% 3457 0% 1403 0%
41 +02 1953 0% 503 0% 202 0% 3446 0% 1405 0%
2 0.15 1986 2% 593 0% 202 0% 3338 4% 1335 5%
43 v | 005 1967 1% 503 0% 202 0% 3409 A% 1371 2%
4q |©85.00f 1o 05 1837 6% 503 0% 202 0% 3479 1% 1472 5%
45 +0.15 1417 27% 503 0% 202 0% 3591 4% 1602 14%
46 0.15 1962 0% 503 0% 202 0% 3728 8% 1482 6%
47 w2 | 005 1960 0% 593 0% 202 0% 3654 6% 1451 3%
48 [©508)f 505 1953 0% 593 0% 292 0% 3442 0% 1396 1%
49 +0.15 1696 3% 503 0% 202 0% 3442 0% 1365 3%
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Table 4.2-9
PG&E Results and Observations for the Stressed Case: Motor D Load Loss

Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #5
Ref. Variable| Setting
No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta
(MW) (%change) (MW) (%change) (MW) (% change) Mw) (% change) Mw) (% change)

1 | Phase 2 - 1953 - 502 - 202 . 3459 - 1404 -

2 40% 890 549 7% 283 3% 2194 37% 886 37%
3 20% 1174 571 4% 288 A% 2675 23% 1052 25%
4 Fmp | -10% 1302 -33% 582 2% 200 A% 3003 3% 1181 16%
5 (varies) 11409, 2146 10% 601 1% 294 1% 3514 2% 1513 8%
6 +20% 2565 31% 611 3% 295 1% 3763 9% 2203

7 +40% 3108 59% 628 6% 298 2% 4353 26% 2303

8 0 2031 4% 502 0% 202 0% 3250 6% 1140 19%
9 0.05 1984 2% 502 0% 202 0% 3190 8% 1187 5%
10 Far | 015 1779 9% 592 0% 202 0% 3286 5% 1270 0%
1" ©.1 0.2 1794 8% 592 0% 202 0% 3341 3% 1312 7%
12 025 1786 9% 592 0% 202 0% 3373 2% 1362 3%
13 05 1544 21% 502 0% 202 0% 3664 6% 1596 14%
14 04 1947 0% 502 0% 202 0% 3447 0% 1384 1%
15 055 1951 0% 502 0% 202 0% 3451 0% 1395 1%
16 mi | 065 1952 0% 592 0% 202 0% 3456 0% 1399 0%
17 ©n | o075 1952 0% 592 0% 202 0% 3465 0% 1409 0%
18 085 1959 0% 592 0% 202 0% 3471 0% 1413 1%
19 09 1961 0% 502 0% 202 0% 3476 0% 1420 1%
20 1 1974 1% 502 0% 202 0% 3494 1% 1423 1%
21 1.1 1964 1% 592 0% 202 0% 3476 0% 1414 1%
2 hat 13 1894 3% 592 0% 202 0% 3255 6% 1222 3%
23 -2 14 1891 3% 502 0% 202 0% 3248 6% 1221 3%
2% 2 1883 4% 502 0% 202 0% 3242 6% 1219 3%
2 3 1461 25% 502 0% 202 0% 3248 &% 1210 4%
2 0.01667 2136 9% 502 0% 202 0% 4421 28% 2142 53%
27 0.0667 1505 23% 592 0% 202 0% 1568

2 Tt | 0.08335 1449 -26% 592 0% 202 0% 1563

29 | ©03) [ g4 1429 27% 502 0% 202 0% 1563

30 0.1667 1405 -28% 502 0% 202 0% 1563

31 025 1404 28% 502 0% 202 0% 1563

32 5 1965 1% 592 0% 202 0% 3447

33 10 1953 0% 502 0% 202 0% 3454 0% 1411 0%
34 T 2 1953 0% 592 0% 202 0% 3454 0% 1405 0%
35 (19 17 1951 0% 502 0% 202 0% 3468 0% 1403 0%
36 20 1947 0% 502 0% 202 0% 3483 1% 192

a7 2 1910 2% 502 0% 202 0% 3478 1% 1402 0%
38 Min 2085 5% 592 0% 202 0% 3870 12% 1561 1%
39 R1 1951 0% 502 0% 202 0% 3687 7% 1494 6%
40 R2 1951 0% 502 0% 202 0% 3563 3% 1456 4%

Veive2

41 R3 1441 -26% 502 0% 202 0% 2092 4% 1236 2%
42 R4 1348 31% 502 0% 202 0% 2821 8% 1219 3%
43 Max 1157 - 592 0% 202 0% 2713 22% 1202 4%
44 05 1761 10% 592 0% 202 0% 3013 3% 1185 16%
45 07 1798 8% 502 0% 202 0% 3021 3% 1186 -16%
46 Vst 08 1840 6% 502 0% 202 0% 3100 0% 1181 -16%
47 ©95) 1 085 1855 5% 592 0% 292 0% 3158 9% 1187 15%
48 0.9 1870 4% 502 0% 202 0% 3201 7% 1201 4%
49 1 1989 2% 502 0% 202 0% 3641 5% 1496 7%
50 03 1287 -34% 592 0% 202 0% 2043 1109 21%
51 04 1288 34% 502 0% 202 0% 2005 1072 24%
52 | vean | 045 1266 35% 502 0% 202 0% 2408 30% 1079 -23%
53 ©8 | oss 1963 1% 592 0% 292 0% 3769 9% 1569 12%
54 06 2046 5% 502 0% 202 0% 3043 14% 1616 15%
55 08 2163 1% 592 0% 202 0% 5772 _
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Refer to Figures 4.2-17 through 4.2-29 for representative plots of select sensitivity parameters of
Motor A, Motor B, and Motor D for a three-phase fault resulting in the loss of a 500 kV line and
loss of a generator. The plots include up to eight bus voltages and four generator angles
comparing the base case (Phase 2) to the multiple sensitivity parameters.

Motor A Contingency #3: Fir1
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Figure 4.2-17: Bus voltages for Motor A sensitivity parameter Ftrl.
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Figure 4.2-18: Bus voltages for Motor A sensitivity parameter Ftrl.
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Figure 4.2-19: Generator angles for Motor A sensitivity parameter Ftrl.
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Figure 4.2-21: Generator angles for Motor A sensitivity parameter Ttrl.
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Motor A Contingency #3: Vrc2
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Figure 4.2-22: Bus voltages for Motor A sensitivity parameter Vrc2.
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Figure 4.2-23: Generator angles for Motor A sensitivity parameter Vrc2.
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Motor B Contingency #3: Vir1
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Figure 4.2-24: Bus voltages for Motor B sensitivity parameter Vtrl.
Motor B Contingency #3: Vir1
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Figure 4.2-25: Generator angles for Motor B sensitivity parameter Vtrl.
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Motor D Contingency #3: FmD
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Figure 4.2-26: Bus voltages for Motor D sensitivity parameter FmD.
Motor D Contingency #3: FmD
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Figure 4.2-27: Generator angles for Motor D sensitivity parameter FmD.
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Motor D Contingency #3: Tth
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Figure 4.2-28: Bus voltages for Motor D sensitivity parameter Tth.
Motor D Contingency #3: Tth
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Figure 4.2-29: Generator angles for Motor D sensitivity parameter Tth.
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4.3. SCE Heavy Summer and Stressed Case Results

For the Heavy Summer Case, there were 34 contingencies examined for 35 sensitivity
parameters (20 parameters each with a minimum and maximum value) for Motor D for a total of
1,190 contingencies processed (include Phase 2 base case). For each contingency processed,
2,545 bus voltages and 813 generators were monitored. The results for a given sensitivity
parameter (ex. fraction of Motor D increased by 20%) are an aggregate of all contingencies
processed for that given sensitivity parameter. Table 4.3-1 lists the observations and results for
SCE’s Heavy Summer Case. The table lists the number of buses flagged by the criteria for the
base case (Phase 2 composite load model) as well as a given sensitivity parameter. The “Delta
(% Change)” column lists the percentage difference between the number of observations in the
base case and the respective sensitivity parameter. For the observation of a bus voltage
recovering to 70% of the pre-fault voltage within 1 second, the base case flagged 2,127 buses
that did not meet this criterion. For the same voltage criteria, when increasing stalling voltage to
0.8 p.u. from 0.5 p.u., 4,271 buses were flagged to not meet this criterion, which is an increase of
101% from the base case. When decreasing the stalling voltage to 0.3 p.u. from 0.5 p.u., 1,748
buses were flagged to not meet this criterion, which is a decrease of 18% from the base case.

Refer to Figures 4.3-1 through 4.3-12 for representative plots of select sensitivity parameters for
a three-phase fault resulting in the loss of two 500 kV transmission lines. The plots include up to
eight bus voltages and four generator angles comparing the base case (Phase 2) to the maximum
and minimum sensitivity parameter, respectively.
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Table 4.3-1
SCE Results and Observations for the Heavy Summer Case: Voltage Criteria

Ret > 25% Voltage Dip > 30% Voltage Dip Angle ?:}lllnsgoj Offline Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% VOI;?Ig? f\]/-eprs:uct
No. Variable Seting # of Buses % cD:;t:ge) # of Buses % E):;t:ge) # of Buses % E);;t:ge) # of Buses % [:Dﬁ;t:ge) # of Buses % [:Dﬁ;t:ge) # of Buses % cDﬁzIa\t:ge) # of Buses % cDﬁzIa\t:ge) # of Buses % E:::ge)
1 Phase 2 - 8537 - 6734 - 69 - 2127 - 2025 - 3092 - 5606 - 2680 -
2 20% 8463 1% 6676 1% 65 6% 2097 1% 2087 3% 3050 1% 5062 10% 2370 12%
3 el 20% 8627 1% 6807 1% 78 13% 2132 0% 2170 7% 3289 6% 5881 5% 2875 7%
4 20% 8404 2% 6608 2% 67 3% 2322 9% 2256 11% 3554 15% 5376 4% 2657 1%
5 A oo 8676 2% 6869 2% 89 29% 1925 9% 1959 3% 3021 2% 5923 6% 2946 10%
6 20% 8374 2% 6614 2% 66 4% 2066 3% 1990 2% 2993 3% 5159 8% 2373 1%
7 8 o 8669 2% 6854 2% 84 22% 2150 1% 2246 11% 3362 9% 5828 4% 2934 9%
8 20% 8459 1% 6669 1% 65 6% 2106 1% 2016 0% 3059 1% 5208 7% 2493 7%
9 Fme 20% 8625 1% 6810 1% 85 23% 2096 1% 2100 4% 3232 5% 5689 1% 2793 4%
10 20% 7974 7% 6213 8% 63 9% 1960 8% 1524 -25% 2616 -15% 4122 -26% 1846 31%
11 o o 8956 5% 7220 7% 78 13% 2137 0% 2297 13% 3311 7% 5219 7% 2485 7%
12 Frst 0 8537 0% 6734 0% 70 1% 2127 0% 2020 0% 3104 0% 5684 1% 2733 2%
13 02) 1 8537 0% 6734 0% 65 6% 2127 0% 2019 0% 3088 0% 5144 8% 2670 0%
14 Fuwr 0 8621 1% 6840 2% 58 -16% 2433 14% 2738 35% 4075 32% 5394 4% 2655 1%
15 0.1) 0.5 8119 5% 6382 5% 215 1332 359 920 5943 6% 4248 59%
16 Thit 0.4 8538 0% 6737 0% 102 48% 2128 0% 2018 0% 3058 1% 5377 4% 2778 4%
17 0.7) 0.9 8537 0% 6734 0% 33 2128 0% 2019 0% 3094 0% 4306 -23% 1825 -32%
18 That 1 8541 0% 6749 0% 189 2127 0% 2019 0% 3096 0% 6138 9% 5426

19 (12) 3 8537 0% 6734 0% 20 2128 0% 2019 0% 3094 0% 2578 174

20 1 8537 0% 6734 0% 69 0% 2127 0% 2019 0% 3096 0% 5544 1% 2624 2%
21 st 0.1 8537 0% 6734 0% 69 0% 2127 0% 2019 0% 3096 0% 5649 1% 2736 2%
22 Tstal | 025 8447 1% 6670 1% 26 1264 106 59 1212 5079

23 (0.033) [ 0.01667 8598 1% 6785 1% 148 2882 35% 3104 53% 5100 7807 39% 4877

24 Tth 5 8540 0% 6747 0% 284 2127 0% 2010 1% 2905 6% 6053 8% 5361

25 (15) 25 8537 0% 6734 0% 21 2127 0% 2019 0% 3097 0% 2148 204

26 Tt 0.25 8618 1% 6836 2% 93 35% 2432 14% 2676 32% 3985 29% 6182 10% 3308 23%
27 0.02) [0.01667 8525 0% 6733 0% 72 4% 2158 1% 2065 2% 3007 0% 5625 0% 2679 0%
28 Vetoff | Max 6776 21% 4985 26% 58 16% 1101 559 1291 3350 2992 12%
29 0.5) Min 9048 6% 7261 8% 105 52% 3165 49% 3663 5533 6456 15% 3580 34%
30 Vrst 1 8537 0% 6734 0% 69 0% 2127 0% 2019 0% 3096 0% 5673 1% 2722 2%
31 (0.95) 05 8545 0% 6736 0% 82 19% 2125 0% 1898 6% 3042 2% 4786 -15% 2156 -20%
32 Vstall 0.3 9293 9% 7629 13% 24 1748 -18% 264 418 1844 3578 34%
33 0.5 0.8 10222 20% 8391 25% 314 4271 6946 10086 11505 8070

34 virt 0.4 8625 1% 6844 2% 68 1% 2415 14% 2726 35% 4126 33% 5433 3% 2804 5%
35 06) 0.8 8207 4% 6414 5% 84 22% 2369 11% 2140 6% 3500 13% 6363 14% 3152 18%
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Contingency #26: FmD
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Figure 4.3-1: Bus voltages for sensitivity parameter FmD.
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Figure 4.3-2: Generator angles for sensitivity parameter FmD.
Mitsubishi Electric 4-49 Power Systems Engineering

Power Products, Inc (MEPPI) Services (PSES) Department



MITSUBISHI
ELECTRIC

Changes for the Better

Composite Load Model Study
Technical Report REP-0004

Contingency #26: Fuvr
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Figure 4.3-3: Bus voltages for sensitivity parameter Fuvr.
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Figure 4.3-4: Generator angles for sensitivity parameter Fuvr.
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Figure 4.3-5: Bus voltages for sensitivity parameter Th2t.
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Figure 4.3-6: Generator angles for sensitivity parameter Th2t.
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Figure 4.3-7: Bus voltages for sensitivity parameter Tstall.
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Figure 4.3-8: Generator angles for sensitivity parameter Tstall.
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Contingency #26: Tth
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Figure 4.3-9: Bus voltages for sensitivity parameter Tth.
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Figure 4.3-10: Generator angles for sensitivity parameter Tth.
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Contingency #26: Vstall
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Figure 4.3-11: Bus voltages for sensitivity parameter Vstall.
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Figure 4.3-12: Generator angles for sensitivity parameter Vstall.
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From the observations in Table 4.3-1 and the voltages and generator angles in Figures 4.3-1
through 4.3-12, it can be observed that the following parameters have a significant impact on the
outcome of results:

e Vstall: Stall voltage, p.u. e Th2t: Motor D thermal protection

e Tstall: Stall time delay, sec. trip  completion level, p.u.

e FmD: Motor D fraction of load P temperature

e Fuvr: Fraction of load with under e \/cloff: Contactor voltage at which
voltage relay protection tripping starts, p.u.

e Tth: Motor D thermal time constant, e \/c2off: Contactor voltage at which
sec. tripping is complete, p.u.

e Thit: Motor D thermal protection e Vclon: Contactor voltage at which
trip start level, p.u. temperature reconnection starts, p.u.

e Vc2on: Contactor voltage at which
reconnection is complete, p.u.

For the Stressed Case, there were 6 contingencies examined for 198 sensitivity parameters:

e Motor A: 12 parameters (see Table 2.2-2) x 4 values = 48 sensitivity parameters
e Motor B: 12 parameters (see Table 2.2-3) x 4 values = 48 sensitivity parameters
e Motor C: 12 parameters (see Table 2.2-4) x 4 values = 48 sensitivity parameters
e Motor D: 9 parameters (see Table 2.2-1) x 6 values = 54 sensitivity parameters

For each contingency processed, 2,545 bus voltages and 813 generators were monitored. The
results for a given sensitivity parameter (ex. fraction of Motor D increased by 20%) are an
aggregate of all contingencies processed for that given sensitivity parameter. Tables 4.3-2
through 4.3-5 list the observations and results for SCE’s Stressed Case for Motor A, Motor B,
Motor C, and Motor D, respectively. The tables list the number of buses flagged by the criteria
for the base case (Phase Il composite load model) as well as a given sensitivity parameter. The
“Delta (% Change)” column lists the percentage difference between the number of observations
in the base case and the respective sensitivity parameter.

In Table 4.3-2, Motor A, the observation of a bus voltage recovering to 90% of the pre-fault
voltage within 5 seconds, the base case flagged 2088 buses that did not meet this criterion. For
the same voltage criteria, when increasing the fraction of motors that trip on the first low voltage
trip setting by a factor of 0.1, 1,441 buses were flagged to not meet this criterion, which is a
decrease of 31% from the base case. Note for this sensitivity, a threshold is met and increasing
the parameter value for Ftrl by more than 0.1 per load does not have an impact on the results.
When decreasing the fraction of motors that trip on the first low voltage trip setting by a factor of
0.1, 2,294 buses were flagged to not meet this criterion, which is an increase of 10% from the
base case. Similar, when decreasing the fraction of motors that trip on the first low voltage trip
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setting by a factor of 0.2, 2,332 buses were flagged to not meet this criterion which is an increase
of 12% from the base case. For this sensitivity, decreasing the fraction of motors that may trip
after the first voltage setting has a negative impact on the system. Since more motors are
remaining online during low voltages, more motors are stalling that will draw more reactive
power, resulting in low voltages.
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Table 4.3-2

SCE Results and Observations for the Stressed Case: Motor A

ot oo > 25%Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% VDSEUQTN“"‘S:‘S';DS‘;'CEZZ'S 11 \;odfabg/:l ‘;"z"fdh‘;gt;e"é;ésl :‘:J'_‘Z?; ‘i‘éi:z";; ;’e":;nldl
No- - |variable #orBuses | o, E:::ge) #orBuses | o, E:::ge) #orBuses | o, S:::ge) #orBuses | o, E:;(:ge) #olBuses | o E:::ge) #orBuses | o, E:::ge) #of Buses Delta #ofBuses | o, E:::ge) #ofBuses | o, E:::ge) #orBuses | o, S:::ge)
1 |Phase2| - 1327 - 410 . 47 . 378 . 382 - 2088 - 627 . 1327 - 430 . 419 .
2 02 1566 18% 553 35% 43 9% 387 2% 420 10% 2332 12% a7 1303 2% 230 356 -15%
3 Frt [ 0 1599 20% 681 - 50 6% 501 33% 396 4% 2204 10% 510 19% 1234 7% 335 22% a2 1%
4 (0'25)0'3‘ +0.1 114 16% 331 -19% 135 354 5% 338 2% 1441 31% 1952 1432 8% 1100 1276
5 +02 1020 23% 275 -33% 133 299 21% 336 2% 1318 37% 1958 1475 1% 1089 1267
6 0.2 1809 36% 3 - 49 4% 515 36% 422 10% 2252 8% 832 33% 1424 7% 518 20% 575 37%
7 F2 [ 01 1491 12% 542 32% 44 % 426 13% 395 3% 2177 4% 719 15% 1379 4% 467 9% 470 12%
8 (06.(]7')5 | voa 1200 0% 352 14% 46 2% 361 4% 363 5% 2025 3% 594 5% 1277 4% 371 14% 379 10%
9 +02 1168 2% 363 1% 44 &% 371 2% 357 7% 1971 6% 382 1254 6% 317 -26% 348 7%
10 -50% 1216 -8% a7 -8% 46 2% 393 4% 370 3% 1927 8% 602 4% 1371 3% 462 7% 373 1%
1" H -25% 1293 3% 385 6% 48 2% 389 3% a7s 2% 2023 3% 614 2% 1349 2% 446 4% 390 7%
12 o 1(2: 16_2) +50% 1355 2% 425 4% 46 2% 376 A% 384 1% 2144 3% 646 3% 1291 3% 372 3% 452 8%
13 +100% 1380 4% 430 5% 44 6% 367 3% 385 1% 2167 4% 672 % 1264 5% 333 -23% 483 15%
14 -50% 987 26% 260 -34% 39 A7% 314 A7% 348 9% 1467 -30% 712 14% 898 -32% 318 -26% 322 23%
15 s | oz 1102 A7% 327 20% 44 6% 361 4% 348 9% 1892 9% 608 3% 1207 9% 385 10% 380 9%
16 |8 3D[ Ls0% 1509 14% 514 25% 47 0% 413 9% 404 6% 2180 4% 608 3% 1409 6% 460 7% 460 10%
17 +100% 1609 21% 583 2% 48 2% 432 14% 41 8% 2217 6% 578 8% 1485 12% 482 12% 476 14%
18 -50% 1362 3% 438 7% 48 2% 369 2% 386 1% 2119 1% 651 4% 1302 2% 455 6% 441 5%
19 Too | 25% 1358 2% 430 5% 48 2% 371 2% 386 1% 2128 2% 674 7% 1314 1% 448 4% 444 6%
20 (00?3)5 | 0% 1264 5% 397 -3% 46 2% 386 2% 365 4% 2018 3% 592 6% 1327 0% 379 12% 398 5%
21 +100% 1225 -8% 375 -9% 45 4% 388 3% 364 5% 2003 4% 578 8% 1331 0% 338 21% 387 8%
2 -0.05 1345 1% 411 0% 47 0% 377 0% 382 0% 2101 1% 632 1% 1318 1% 428 0% 424 1%
23 T2 | +0.05 1317 1% 407 1% 47 0% 378 0% 379 % 2089 0% 622 A% 1338 1% 432 0% 421 0%
24 ((102'5' +0.1 1316 ) 406 1% 46 2% 378 0% 379 % 2085 0% 623 A% 1344 1% 435 1% 407 3%
25 +0.25 1290 3% 404 1% 47 0% 378 0% 380 A% 2067 % 629 0% 1361 3% 436 1% 404 4%
2 -0.05 1207 9% 356 3% 49 4% 367 3% 345 -10% 1930 -8% 511 19% 1358 2% 335 -22% 333 21%
27 Tt | +0.05 1451 9% 459 12% 46 2% 383 1% 400 5% 2169 4% 672 7% 1287 3% 440 2% 449 7%
28 o(_g'so,zi) +0.25 1687 27% 617 50% 45 4% 409 8% 405 6% 2217 6% 663 6% 1273 4% 454 6% 488 16%
2 +05 2364 1198 - 50 6% 528 40% 400 7% 2224 7% 713 14% 1090 -18% 540 26% 556 33%
30 -0.05 1298 2% 381 7% 4 -13% 374 A% 357 7% 2025 3% 630 0% 1492 12% 391 -9% 388 7%
31 T2 | +0.05 1791 35% 643 57% 43 9% 424 12% 426 12% 2340 12% 793 26% 1304 2% 444 3% 495 18%
32 0(%22; )| +0.25 2103 58% 994 44 6% 673 473 2% 2742 31% 814 30% 1263 5% 448 4% 531 27%
33 +05 2525 - 1877 o7 - 664 854 - 2456 18% 944 51% 851 -36% 522 21% 896 -
3 -0.25 1327 0% 410 0% 47 0% 378 0% 382 0% 2088 0% 627 0% 1327 0% 430 0% 419 0%
35 viet | 015 1327 0% 410 0% 47 0% 378 0% 382 0% 2088 0% 627 0% 1327 0% 430 0% 419 0%
36 M 1 05 1327 0% 410 0% 47 0% 378 0% 382 0% 2088 0% 627 0% 1327 0% 430 0% 419 0%
37 +0.05 1327 0% 410 0% 47 0% 378 0% 382 0% 2088 0% 627 0% 1327 0% 430 0% 419 0%
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Table 4.3-2 (continued)
SCE Results and Observations for the Stressed Case: Motor A

i, s > 25%Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds | Voltage Deviation > 5% V°:iﬁ?{"jf§°§z‘£:\1“ Zf’ll"abg,:z";?ig‘szzz:‘;; ;’_‘:"2‘;’: ‘i‘éea’:zz"o‘ :::;nld‘i
No.[variable # of Buses (%CD:::QE) #of Buses (%E:::ge) #of Buses (%E:::ge) #orBuses | o, S:::ge) #orBuses | o, E:::ge) # of Buses (%CD:::ge) #of Buses Delta #orBuses | o, E:::ge) #of Buses (%CD:::ge) # of Buses (%CD:::QE)
1 Phase 2 - 1327 - 410 - 47 378 - 382 - 2088 - 627 1327 - 430 - 419 -
38 02 1860 40% 75 - 4 2% 696 - 458 20% 2459 18% 669 % 1420 % 146 496 18%
39 Vic2 -0.1 1438 8% 501 22% 46 2% 422 12% 448 17% 2320 1% 634 1% 1314 1% 209 466 1%
w0 | ©O7Y[ 404 1287 3% 403 2% 48 2% 378 0% 357 7% 1808 3% 616 2% 1342 1% 450 5% 250
41 +0.2 1282 3% 398 -3% 47 0% 378 0% 354 % 1773 -15% 603 -4% 1339 1% 457 6% 234
42 -0.15 1580 19% 655 - 43 -9% 499 32% 375 2% 2125 2% 576 -8% 1268 4% 299 -30% 303 -28%
| oy | 00 1373 3% 441 8% 4 2% 398 5% 380 1% 2128 2% 637 2% 1311 1% a2 13% 370 2%
44 o7 +0.05 1260 -5% 400 2% 47 0% 376 1% 385 1% 2062 1% 646 3% 1365 3% 450 5% 443 6%
45 +0.15 1120 6% 374 9% 60 28% 362 4% 381 0% 1764 16% 748 19% 1423 % 489 14% 483 15%
46 -0.15 1953 47% 778 42 1% 469 24% 458 20% 2542 22% 795 27% 1285 3% 470 9% 531 27%
47 Vi -0.05 2299 1267 92 - 613 - 1075 - 2312 11% 924 47% 967 27% 479 11% 839 -
48 |©500[ Lo05 1035 -22% 334 45 4% 347 8% 373 2% 1984 5% 686 9% 1423 7% 345 20% 304 %
49 +0.15 886 -33% 250 43 -9% 294 -22% 357 7% 1312 - 609 -3% 1637 23% 252 - 311 -26%
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Table 4.3-3
SCE Results and Observations for the Stressed Case: Motor B

ot oo > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% VDETJQTN?“;‘T:Q"S‘;'CEZZ’Sll Z"Jfabg/fv‘;";sdhig;:‘és;é; :‘:J'_‘z?; ‘i‘éi:z";; ;’E":;nldi
No- - |variable #orBuses | o, E:::ge) #orBuses |y, E:::ge) #orBuses | o, S::fge) #orBuses | o, E:;(:ge) #orBuses | o E:::ge) #orBuses | o, E:::ge) #of Buses Delta #ofBuses | o, E:::ge) #ofBuses | o, E:‘a‘:ge) #orBuses | o, S:::ge)
1 |Phase2| - 1327 - 410 . 47 . 378 . 382 - 2088 - 626 . 1326 - 428 . 421 .
2 0.2 1480 12% 520 27% 46 2% 384 2% 397 4% 247 8% 671 % 1380 5% 450 5% 470 12%
3 Frt [ 04 1564 18% 630 54% 47 0% 484 28% 390 2% 2188 5% 658 5% 1381 4% 472 10% 478 14%
4 (0,2%)0 Y 1176 1% 359 2% 47 0% 353 7% 365 4% 1923 8% 610 3% 1238 7% 392 8% 384 9%
5 +02 1025 23% 259 37% 43 9% 298 21% 361 5% 1571 -25% 647 3% 974 27% 348 -19% 346 18%
6 0.2 1868 41% 7 - 49 4% 511 35% 395 3% 2188 5% 801 28% 1431 8% 474 1% 500 19%
7 F2 | 04 1449 9% 526 28% 46 2% 418 1% 382 0% 2136 2% 696 1% 1374 4% 453 6% 442 5%
8 (06.07')5 | voa 173 2% 353 14% 46 2% 358 5% 377 % 1945 7% 609 3% 1252 6% 386 10% 390 7%
9 +02 1023 23% 285 -30% 42 1% 329 43% 362 5% 1835 2% 504 5% 1145 -14% ant 3% 361 -14%
10 -50% 1353 2% 435 6% 49 4% 382 1% 387 1% 2074 1% 619 1% 1367 3% 448 5% 440 5%
11 Ho| 5% 1336 1% 416 1% 49 4% 378 0% 385 1% 2090 0% 619 A% 1358 2% 430 3% 434 3%
12 o 1(2: 16_2) +50% 1311 1% 398 -3% 50 6% 367 3% 378 1% 2063 1% 627 0% 1263 5% 398 7% 400 5%
13 +100% 1228 7% 388 -5% 48 2% 365 3% 373 2% 1938 7% 618 A% 1242 6% 357 7% 362 4%
14 50% 1426 % 519 27% 47 0% 430 14% 387 1% 2132 2% 642 3% 1430 8% 433 1% 430 2%
15 s | oz 1371 3% 421 3% 48 2% 399 6% 383 0% 2117 1% 630 1% 1367 3% 429 0% 425 1%
16 |8 3D[ Ls0% 1277 4% 387 6% 48 2% 366 3% 378 1% 2069 1% 624 0% 1271 4% 414 3% 399 5%
17 +100% 1199 -10% 378 -8% 47 0% 363 4% 368 4% 1966 6% 594 5% 1260 5% 375 12% 382 9%
18 -50% 1131 -15% 350 -15% 47 0% 349 8% 364 5% 1865 1% 581 7% 1163 2% 371 3% 375 1%
19 Too | 25% 1227 8% 383 7% 50 6% 364 4% 371 3% 2019 3% 617 A% 1249 6% 390 -9% 390 7%
20 wo(_];s | 0% 1517 14% 592 44% 49 4% 437 16% 385 1% 2142 3% 663 6% 1498 13% 472 10% 473 12%
21 +100% 1304 5% 455 1% 48 2% 382 1% 302 3% 2222 6% 706 13% 1475 1% 480 12% 484 15%
22 -0.05 1430 8% 464 13% 47 0% 386 2% 388 2% 2136 2% 626 0% 1368 3% 392 -8% 406 4%
23 T2 | +005 1295 2% 399 -3% 47 0% 377 0% 384 1% 2080 0% 635 1% 1318 1% 433 1% 429 2%
2 é.”él’, +0.1 1283 3% 385 -6% 47 0% 376 A% 381 0% 2071 1% 629 0% 1303 2% 437 2% 435 3%
25 +0.25 1270 4% 386 -6% 47 0% 374 A% 381 0% 2075 % 630 1% 1204 2% 447 4% 436 4%
2 -0.05 1302 2% 399 3% 48 2% 378 0% 380 % 2043 2% 656 5% 1372 3% 405 5% 401 5%
27 Tt | +0.05 1513 14% 462 13% 45 4% 401 6% 389 2% 2153 3% 676 8% 1270 4% 458 7% 479 14%
28 0(.350.25) +0.25 1625 2% 677 48 2% 463 22% 304 3% 2230 7% 681 9% 1155 3% 482 13% 499 19%
29 +05 1900 43% 822 54 15% 507 34% 39 4% 2252 8% 737 18% 1089 -18% 489 14% 502 19%
30 -0.05 1292 3% 400 2% 48 2% 369 2% 381 0% 2012 4% 706 13% 1451 9% 508 19% 505 20%
31 T2 | +005 1680 27% 656 60% 45 4% 450 19% 304 3% 2221 6% 770 23% 1267 4% 412 4% 415 A%
32 o(_g'g,z%) +0.25 1805 36% 719 - 47 0% 502 33% 308 4% 2290 10% 817 31% 1248 6% 39 7% 414 2%
3 +05 1597 20% 531 30% 44 6% 390 3% 396 4% 2259 8% 759 21% 1305 2% 398 7% 411 2%
3 025 1396 5% 507 24% 47 0% 416 10% 391 2% 2148 3% 661 6% 1266 5% 413 4% 387 20%
B | e | 015 1357 2% 428 4% 48 2% 393 4% 390 2% 2135 2% 655 5% 1318 % 420 2% 373 1%
36 M [ 005 1333 0% 418 2% 49 4% 378 0% 386 1% 2116 1% 648 4% 1324 0% 422 1% 414 2%
a7 +0.05 1302 2% 399 -3% 47 0% 372 2% 382 0% 2075 % 623 0% 1325 0% 445 4% 432 3%
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Table 4.3-3 (continued)
SCE Results and Observations for the Stressed Case: Motor B

o s > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds|  Voltage Deviation > 5% VOL‘i?fN‘I’[VhEI;Sg"SZ‘cz:Z'S“ Zf’u“ab%‘fv?;fi"ig‘szzs;;': ;’_‘:"z‘;’\: ‘i‘éea’:z"s"ut :evfc'nldi
No.[variable #of Buses (%CD:::QE) #of Buses (%E:::ge) #of Buses (%E:::ge) #orBuses | o, S:::ge) #olBuses | o, E:::ge) # of Buses (%E:;(:ge) # of Buses Delta #orBuses | o, E:::ge) #of Buses (%CD:::ge) #of Buses (%CD:::QE)
1 Phase 2 - 1327 - 410 - 47 - 378 - 382 - 2088 - 626 - 1326 - 428 - 421 -
38 02 1621 22% 729 - a7 0% 493 30% 390 2% 2190 5% 648 4% 1464 10% 467 9% 458 9%
39 Vrc2 -0.1 1574 19% 658 60% 47 0% 443 17% 389 2% 2185 5% 646 3% 1410 6% 426 0% 444 5%
40 ©.7.1) +0.1 1274 4% 386 -6% 47 0% 374 1% 364 5% 2015 -3% 622 -1% 1320 0% 406 5% 394 6%
41 +0.2 1267 5% 385 6% 47 0% 374 1% 360 6% 1950 1% 625 0% 1315 1% 403 ©% 284 -33%
42 -0.15 1430 8% 475 16% 47 0% 379 0% 394 3% 2191 5% 674 8% 1351 2% 451 5% 481 14%
| oy | 00 1470 1% 562 37% I 2% 470 24% 387 1% 2142 3% 626 0% 1415 % an 10% 497 18%
44 o7 +0.05 1306 2% 401 2% 47 0% 371 2% 382 0% 2071 -1% 638 2% 1289 -3% 422 -1% 415 -1%
45 +0.15 1217 8% 385 -6% 44 -6% 354 6% 378 1% 1852 1% 615 -2% 1240 6% 408 5% 286 -32%
46 -0.15 1577 19% 529 29% 44 6% 389 3% 395 3% 2253 8% 762 22% 1417 7% 483 13% 470 12%
47 Vir2 -0.05 1496 13% 472 15% 42 1% 381 1% 391 2% 2183 5% 763 22% 1344 1% 451 5% 469 1%
4 |©500 Lo0s 1234 7% 387 &% P 2% 340 10% 381 0% 1958 % 658 5% 1300 2% 423 1% 395 %
49 +0.15 1198 -10% 334 -19% 46 2% 299 21% 367 -4% 1653 21% 617 1% 1182 1% 397 1% 275 -35%
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Table 4.3-4
SCE Results and Observations for the Stressed Case: Motor C

ot oo > 25%Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% VDEing“)“’h‘T:g"s‘;'cg:Z’sl'l Z"Jfabg/fv‘;":fdhig;:‘é;é; :‘:J'_‘z?; ‘i;i:z";; ;’E":;nldi
No- - |variable #orBuses | o, E:::ge) #orBuses |y, E:::ge) #orBuses | o, S::fge) #orBuses | o, E:;(:ge) #orBuses | o E:::ge) #orBuses | o, E:::ge) #of Buses Delta #ofBuses | o, E:::ge) #ofBuses | o, E:::ge) #orBuses | o, S::sge)
1 |Phase2| - 1327 - 410 . 47 . 378 . 382 - 2088 - 626 . 1326 - 428 . 421 .
2 0.2 1519 14% 575 40% 48 2% 433 15% 387 1% 2209 6% 526 -16% 1405 6% 391 -9% 403 4%
3 Ft [ 04 1875 4% 460 12% 47 0% 407 8% 385 1% 2167 4% 597 5% 1359 2% 402 -6% 413 2%
4 (o,zho Y 1276 4% 384 6% 44 6% 364 4% 378 1% 2029 3% 730 17% 1294 2% 460 7% 437 %
5 +02 1169 2% 355 3% 43 9% 357 6% 362 5% 1933 7% 815 30% 1294 2% 481 12% 447 6%
6 0.2 1465 10% 515 26% 43 9% 407 8% 386 1% 2141 3% 710 13% 1381 4% 455 6% 451 %
7 F2 | 04 1304 5% 438 7% 45 4% 399 6% 385 1% 2138 2% 607 1% 1363 3% 444 4% 440 5%
8 (06.07')5 | voa 1264 5% 388 5% 47 0% 366 3% 374 2% 2057 1% 609 3% 1259 5% 405 -5% 400 5%
9 +02 1181 1% 355 3% 40 15% 362 4% 374 2% 1956 6% 668 7% 1260 5% 391 -9% 388 8%
10 -50% 1301 2% 406 1% 43 9% 380 1% 383 0% 2103 1% 666 6% 1351 2% 438 2% 432 3%
11 Ho| 5% 1318 1% 410 0% 45 4% 378 0% 382 0% 2099 1% 652 4% 1328 0% 435 2% 425 1%
12 |o 1(2: 16_2) +50% 1335 1% 411 0% 46 2% 376 A% 381 0% 2049 2% 644 3% 1297 2% 423 1% 410 3%
13 +100% 1371 3% 425 4% 51 9% 372 2% 382 0% 2065 1% 621 A% 1288 3% 416 -3% 408 3%
14 50% 1405 6% 489 19% 44 6% 420 1% 382 0% 2123 2% 697 1% 1412 6% 455 6% 445 6%
15 s | oz 1354 2% 418 2% 45 4% 399 6% 382 0% 2110 1% 643 3% 1347 2% 443 4% 433 3%
16 |8 3D[ Ls0% 1304 2% 304 4% 49 4% 373 A% 383 0% 2114 1% 605 3% 1289 3% 402 -6% 402 5%
17 +100% 1313 1% 402 2% 46 2% 368 3% 383 0% 2111 1% 613 2% 1281 3% 403 6% 393 7%
18 -50% 1280 4% 379 -8% 49 4% 365 3% 382 0% 2146 3% 628 0% 1277 4% 398 7% 395 6%
19 Too | 25% 1281 3% 399 -3% 47 0% 368 3% 382 0% 2109 1% 619 A% 1287 3% 418 2% 407 3%
20 wo(_];s | +s0% 1379 4% 478 17% 47 0% 407 8% 379 A% 2079 0% 662 6% 1369 3% 438 2% 434 3%
21 +100% 1560 18% 637 55% 49 4% 462 22% 380 1% 2076 1% 628 0% 1469 1% 450 5% 449 %
22 -0.05 1339 1% 418 2% 47 0% 380 1% 385 1% 2110 1% 628 0% 1296 2% 399 7% 430 2%
23 T2 | +005 1332 0% 410 0% 47 0% 378 0% 382 0% 2093 0% 628 0% 1325 0% 427 0% 422 0%
24 é.”él’, +0.1 1316 1% 410 0% 48 2% 371 2% 382 0% 2077 1% 650 4% 1327 0% 449 5% 415 1%
25 +0.25 1310 1% 410 0% 47 0% 372 2% 382 0% 2073 % 650 4% 1327 0% 446 4% 410 3%
2 -0.05 1305 2% 396 3% 46 2% 376 A% 376 2% 2088 0% 641 2% 1315 1% 422 1% 404 4%
27 Tt | +0.05 1400 6% 426 4% 49 4% 304 4% 383 0% 2148 3% 656 5% 1345 1% 443 4% 433 3%
28 0(.322%) +0.25 1434 8% 475 16% 48 2% 398 5% 385 1% 2161 3% 644 3% 1351 2% 453 6% 435 3%
29 +05 1487 12% 552 35% 50 6% 424 12% 387 1% 2165 4% 637 2% 1418 7% 458 7% 454 8%
30 -0.05 1321 0% 409 0% 48 2% 371 2% 385 1% 2182 5% 607 1% 1318 1% 415 3% 416 1%
31 2 | +005 1453 9% 467 14% 45 4% 401 6% 381 0% 2070 1% 718 15% 1371 3% 460 7% 460 9%
32 o(_g'g,z%) +0.25 1542 16% 535 30% 45 4% 421 13% 380 1% 2047 2% 716 14% 1448 9% 467 9% 474 13%
3 +05 1606 21% 616 50% 45 4% 436 15% 379 % 2035 3% 716 14% 1469 1% 466 9% 482 14%
3 025 1327 0% 410 0% 47 0% 378 0% 382 0% 2087 0% 627 0% 1326 0% 428 0% 421 0%
B | e | 015 1327 0% 410 0% 47 0% 378 0% 382 0% 2087 0% 627 0% 1326 0% 428 0% 421 0%
36 M [ 005 1327 0% 410 0% 47 0% 378 0% 382 0% 2087 0% 627 0% 1326 0% 428 0% 421 0%
a7 +0.05 1327 0% 410 0% 47 0% 378 0% 382 0% 2087 0% 627 0% 1326 0% 428 0% 421 0%
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Table 4.3-4 (continued)
SCE Results and Observations for the Stressed Case: Motor C

ot oo > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% VOL(??N?‘V:ILSEDSZ‘C?:Z;LI \;"J‘ab%‘i‘;‘/:;?i;'szzs;;: ,Y.‘Z"Z?ﬁ ‘i‘ée;:z";o‘ ;’::;nldi
No- - [variable #ofBuses | o, E:::ge) #orBuses | o, E:::ge) #orBuses |y, E:::ge) #orBuses | o, S::fge) #olBuses | o, E:::ge) #orBuses | o E:::ge) #of Buses Delta #orBuses | o, E:::ge) #orBuses | o E:::ge) #ofBuses | o, E:::ge)

1 |Phase2| - 1307 - 410 - 47 . 378 - 382 - 2088 - 626 - 1326 - 428 - 421 -

38 02 1353 2% 457 1% 50 6% 405 % 385 1% 2131 2% 631 1% 1380 4% 406 5% 433 3%

9 | e | 01 1354 2% 454 1% 48 2% 400 % 385 1% 2124 2% 620 0% 1355 2% 400 7% 420 2%

w0 [ OTY[ 404 1293 3% 394 4% 47 0% 373 A% 370 3% 2056 2% 625 0% 1296 2% 455 6% 383 9%

a1 +02 1293 3% 393 4% 46 2% 376 A% 370 3% 2053 2% 620 1% 1306 2% 462 8% 37 -18%

2 0.15 1350 2% 431 5% 48 2% 408 8% 384 1% 2133 2% 610 3% 1364 3% 413 4% 395 %

43 v | 008 1344 1% 412 0% 47 0% 379 0% 383 0% 2105 1% 622 1% 1355 2% 427 0% 408 3%

4 | ©D [ Lo0s 1286 3% 385 6% 8 2% 368 3% 382 0% 2064 1% 635 1% 1273 4% 427 0% 423 0%

45 +0.15 1258 5% 382 7% 49 % 365 3% 381 0% 2011 4% 665 % 1277 4% 431 1% 446 6%

4 -0.15 1558 7% 590 4% 45 4% 431 14% 387 1% 2178 4% 715 14% 1451 9% 403 % 474 13%

a7 v | 005 1490 12% 516 26% 42 1% 417 10% 386 1% 2158 3% 738 18% 1376 4% 412 4% 462 10%

4 |©500 Lo0s 1300 2% 408 0% 49 4% a7 0% 380 1% 2054 2% 668 % 1308 1% 450 % 414 2%

49 +0.15 1284 3% 387 6% 47 0% 363 4% 377 A% 1971 % 656 5% 1292 3% 452 6% 356 5%
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Table 4.3-5

SCE Results and Observations for the Stressed Case: Motor D

o s > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds|  Voltage Deviation > 5% ;":“2?\3 ‘gea’:';"z"o‘ ;’g’:‘:"ﬁ ‘;"L‘l‘afljv ‘;V::‘Z”;S'Szzce)’n;: V°Sigew‘l’[‘;e”’fg°s‘;‘u‘::2; 11
No.[variable #orBuses | CD:::ge) #orBuses | o, E:::ge) #orBuses | o, S:::ge) #orBuses | o, S:::ge) #orBuses | o ‘:D:::ge) #orBuses | o CD:;‘:QE) #of Buses Delta #orBuses | o the::ge) #orBuses | CD:::QE) #ofBuses | o, E:::ge)
1 Phase 2 - 1287 - 394 - 47 - 377 - 374 - 2020 - 565 - 1315 - 400 - 404 -
2 40% 803 28 - 35 26% 351 7% 319 5% 1170 130 1068 19% 289 -28% 201
3 20% 1011 21% 319 -19% 40 -15% 352 % 337 -10% 1525 -25% 367 935 29% 322 20% 242
4 FmD -10% 1128 -12% 372 -6% 42 1% 355 6% 351 6% 1780 -12% 417 -26% 1083 -18% 344 -14% 296 -27%
5 | ares) [" g9, 1556 21% 539 37% a7 0% 439 16% 389 4% 2528 25% 681 21% 1614 23% 436 9% 516 28%
6 +20% 2011 786 59 26% 561 49% 432 16% 2533 25% 863 53% 1669 7% 426 6% 569 41%
7 +40% 2674 1390 122 899 996 - 3346 1549 1881 43% 618 5% 1416
8 0 1571 22% 528 34% 46 2% 444 18% 398 6% 2574 27% 655 16% 977 -26% 248 471 17%
9 0.05 1484 15% 470 19% 4 2% 419 1% 384 3% 2396 19% 638 13% 987 25% 317 21% 472 17%
10 Fuwr 0.15 1174 -9% 383 -3% 46 2% 366 -3% 359 4% 1893 6% 582 3% 1356 3% 411 3% 356 -12%
1 ON T o2 1044 -19% 341 13% 47 0% 352 7% 346 7% 1655 -18% 525 7% 1386 5% 417 4% 287 29%
12 0.25 972 -24% 317 -20% 47 0% 351 1% 339 9% 1437 -29% 500 -12% 1556 18% 430 8% 275 -32%
13 05 673 _ 188 - 39 7% 351 7% 313 16% 805 510 10% 1677 28% 437 9% 230 -
14 0.4 1287 0% 394 0% 46 2% 377 0% 349 1% 1566 -22% 615 9% 1345 2% 461 15% 286 -29%
15 0.5 12687 0% 304 0% a7 0% a77 0% a73 0% 1729 14% 617 9% 1319 0% 433 8% 300 -26%
16 Thit 0.65 1287 0% 394 0% 47 0% 377 0% 374 0% 1929 5% 634 12% 1318 0% 425 6% 352 -13%
7 | O [ ors 1287 0% 304 0% 4 2% a77 0% a74 0% 2087 3% 633 12% 1315 0% 320 20% 445 10%
18 0.85 1287 0% 394 0% 46 2% 377 0% 374 0% 2161 7% 617 9% 1315 0% 236 457 13%
19 0.9 1287 0% 304 0% 4 2% a77 0% a74 0% 2175 8% 598 6% 1315 0% 185 457 13%
20 1 1287 0% 394 0% 63 34% 377 0% 374 0% 1349 -33% 526 7% 2930 1219 293 -27%
21 11 1287 0% 304 0% 62 32% a77 0% a74 0% 1532 24% 504 1% 2295 1585 304 25%
22 That 13 1287 0% 394 0% 68 45% 377 0% 374 0% 2038 1% 566 0% 1298 1% 352 -12% 410 1%
23 121 14 1287 0% 394 0% 62 32% a7 0% 374 0% 2001 4% 563 3% 1294 2% 305 -24% 422 4%
24 2 1287 0% 394 0% 44 6% 377 0% 374 0% 2175 8% 630 12% 1277 -3% 244 449 1%
2 3 12687 0% 304 0% 2 - a77 0% a74 0% 2220 10% 366 1272 3% 101 479 19%
26 0.01667 1777 38% 646 - 51 9% 481 28% 382 2% 2608 29% 607 7% 1078 -18% 513 533 32%
27 0.0667 1019 21% 363 8% 49 4% 352 7% 337 10% 1413 -30% 393 30% 1706 30% 228 286 29%
28 Tstall 0.08335 833 314 -20% 41 -13% 352 % 322 -14% 1060 131 2125 187 206
20 | 0039 [ o4 706 274 30% 41 13% 352 7% 315 6% 953 % 2402 177 187
30 0.1667 653 248 40 -15% 352 1% 315 -16% 925 96 3032 145 178
31 0.25 509 217 a7 21% 352 7% 312 A7% 778 13 3684 162 136
32 5 1286 0% 394 0% 57 21% 377 0% 312 A7% 777 532 6% 3158 615 “ 287 m
33 10 1287 0% 304 0% 55 17% ar7 0% 367 2% 1411 -30% 567 0% 1391 6% 668 264
34 Tth 12 1287 0% 394 0% 52 1% 377 0% 374 0% 1703 -16% 614 9% 1354 3% 605 m 305 -25%
35 (15) 17 1287 0% 304 0% 4 &% 377 0% 374 0% 2123 % 602 % 1311 0% 156 442 9%
36 20 1287 0% 394 0% 29 377 0% 374 0% 2172 8% 569 1% 1309 0% 115 455 13%
a7 25 1287 0% 304 0% 30 ar7 0% 374 0% 2191 8% 447 21% 1305 1% 100 474 17%
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Table 4.3-5 (continued)
SCE Results and Observations for the Stressed Case: Motor D

i, s > 25%Voltage Dip > 30%Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds|  Voltage Deviation > 5% ;":“ab?\z Suershootover LL ‘;"L‘l‘abgljv oversnodtover 11 V°:igew“’[‘;e”’fg°s‘;‘czxzrs 1
No.  fvariable #olBuses | o E:::ge) #orBuses |y, E:::ge) #orBuses | o, CD:::QE) #orBuses | o, S:::ge) #orBuses | o E:::ge) #orBuses | o CD:::QE) # of Buses Delta #orBuses | o E:::ge) #orBuses | o CD:::QE) #orBuses |y, E:::ge)
1 |Prase2| - 1287 - 304 . a7 . 377 - a74 - 2020 - 565 - 1315 - 400 B 404 .
38 Min 2764 1416 - 103 - 649 - 1272 - 2483 23% 1081 - 1014 23% 554 39% 886 -
39 R1 1006 327 7% 51 9% a2 1% 345 8% 1748 13% 666 18% 1135 14% 537 34% 402 0%
4 R2 1006 22% 327 7% 51 9% a2 1% 345 8% 1748 13% 666 18% 1135 14% 537 34% 402 0%
e Rl 798 276 30% 3 9% 353 % 332 1% 1502 26% 513 9% 923 30% 407 2% 322 20%
42 R4 527 181 44 6% 351 7% 316 16% 1000 422 25% 1467 12% 383 % 220 -
4 Max 77 25 3 9% 352 7% 325 3% 1207 621 10% 1118 15% 440 10% 201 28%
4 05 1245 3% 392 1% 4 2% 360 5% 356 5% 1797 1% 470 7% 1333 1% a73 7% 313 -23%
45 07 1287 0% 304 0% a7 0% a77 0% 74 0% 1910 5% 457 9% 1346 2% 368 8% 321 21%
% st | 08 1287 0% 304 0% s 2% ar7 0% a74 0% 1992 1% 551 2% 1337 2% 364 9% ar2 8%
a7 | ©99 [ ogs 1287 0% 304 0% ) 2% a77 0% 74 0% 1993 A% 573 1% 1332 1% a3 7% 386 4%
4 0.9 12687 0% 304 0% 4 2% a77 0% a74 0% 2002 A% 598 6% 1330 1% 380 5% 399 1%
49 1 1287 0% 394 0% a7 0% 377 0% 374 0% 2024 0% 659 17% 1310 0% 424 6% 448 1%
50 03 608 279 29% a7 21% 352 7% 314 16% 837 138 2358 159 134
51 04 598 256 35% 36 23% 352 1% 313 16% 859 134 2124 154 141
52 | yewn | 045 713 267 2% a7 21% 352 7% 313 16% 886 159 1939 7% 185 151
53 | ©9 [ oss 1476 15% 487 24% 50 6% 412 9% 381 2% 2207 9% 507 6% 1291 2% 431 8% 458 13%
54 056 1458 13% 452 15% 49 4% 380 1% 391 5% 2193 9% 656 16% 1277 3% 447 12% 457 13%
55 058 4376 H 1546 - 199 - 592 - 925 - 4251 H 2642 H 1252 5% 2183 H 2057 H
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The amount of total load loss at each load bus in SCE for each contingency and sensitivity
parameter analyzed for the Stressed Case was recorded. Tables 4.3-6 through 4.3-9 list the total
load loss for each of the five contingencies and sensitivities examined for Motor A, Motor B,
Motor C, and Motor D, respectively. The tables list the contingency, the amount of load loss, the
percent change from the Phase 2 base case and the respective sensitivity parameter. For Motor A
Contingency #6 in Table 4.3-6, the Phase 2 base case loss total was 4,792 MW. For sensitivity
parameter Ftrl, 6,560 MW of load was loss after increasing each motor trip fraction by a factor
of 0.2, which is an increase of 37% from the Phase 2 base case. For the same contingency and
parameter, 4,701 MW of load was loss after decreasing each motor trip fraction by a factor of
0.2, which is a decrease of 2% from the Phase 2 base case.
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Table 4.3-6
SCE Results and Observations for the Stressed Case: Motor A Load Loss

Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #5 Contingency #6
Ref. Variable| Setting
No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta
Mw) (% change) (MW) (% change) (MW) (% change) (MW) (% change) Mw) (% change) (MW) (% change)
1 | Phase2 - 6381 - 5224 - 5334 - 5206 - 5702 - 4792 -
2 0.2 - NIA 4744 9% 4844 9% 4755 9% 5338 6% 4701 2%
3 Ftr1 0.1 6132 4% 5001 4% 5092 5% 4990 5% 5528 -3% 4787 0%
02,03,
4 1 +0.1 8078 27% 6485 24% 6638 24% 6350 2% 6932 22% 6402 34%
5 +0.2 7610 19% 6525 25% 6654 25% 6448 23% 7049 24% 6560 37%
6 0.2 7444 17% 5202 1% 5391 1% 5284 1% 5854 3% 5266 10%
7 Ftr2 0.1 6525 2% 5246 0% 5358 0% 5244 0% 5814 2% 5035 5%
©,05,
8 0.7 +0.1 6274 2% 5191 A% 5300 A% 5180 1% 5634 1% 4536 5%
)
9 +0.2 6234 2% 4920 6% 5039 6% 4901 6% 5353 6% 4143 4%
10 -50% 6863 8% 5216 0% 5330 0% 5219 0% 5721 0% 4423 8%
1 H -25% 6745 6% 5220 0% 5334 0% 5226 0% 5715 0% 4638 3%
(0.1,0.15
(0.1, 0.15,
12 02) | +50% 6307 1% 5269 1% 5379 1% 5263 1% 5633 1% 4945 3%
13 +100% 6123 4% 5257 1% 5370 1% 5291 1% 5585 2% 4997 4%
14 -50% 5822 9% 4875 7% 4993 6% 4882 % 5321 7% 4233 12%
15 s -25% 6198 3% 4913 6% 5256 A% 4946 5% 5606 2% 4485 6%
16 |83 1509 6456 1% 5319 2% 5434 2% 5316 2% 5868 3% 5195 8%
17 +100% 6513 2% 5372 3% 5484 3% 5390 3% 5788 2% 5199 9%
18 -50% 6295 1% 5269 1% 5380 1% 5263 1% 5613 2% 5013 5%
19 Tro | 25% 6342 1% 5274 1% 5386 1% 5266 1% 5671 1% 5036 5%
(0.095,
20 08) | +50% 6451 1% 5100 2% 5215 2% 5094 3% 5733 1% 4610 4%
21 +100% 6820 7% 5095 2% 5209 2% 5083 3% 5783 1% 4422 8%
2 -0.05 6352 0% 5245 0% 5348 0% 5208 0% 5643 1% 4792 0%
2 T2 | +00s 6384 0% 5236 0% 5349 0% 5208 0% 5744 1% 4792 0%
2 |©1025)] 44 6427 1% 5246 0% 5349 0% 5228 0% 5742 1% 4792 0%
25 +0.25 6665 4% 5235 0% 5349 0% 5207 0% 5742 1% 4792 0%
2 -0.05 6368 0% 5234 0% 5341 0% 5204 0% 5648 1% 4642 3%
27 T [ 4005 6392 0% 5236 0% 5343 0% 5242 0% 5763 1% 5196 8%
0.02,
28 | o005 1) | 025 7127 12% 5188 A% 5279 A% 5191 1% 5819 2% 5164 8%
20 +0.5 8765 37% 5168 A% 5264 A% 5172 1% 5838 2% 5152 8%
30 -0.05 6143 4% 5212 0% 5285 A% 5173 1% 5737 1% 4761 A%
31 w2 | 4005 6546 3% 5357 3% 5457 2% 5359 3% 5822 2% 5304 1%
0.02,
32 | oos1) | +025 7441 17% 5381 3% 5503 3% 5461 5% 6208 9% 5308 1%
33 +0.5 8765 37% 5381 3% 5503 3% 5461 5% - NIA 5308 1%
34 0.25 6398 0% 5236 0% 5348 0% 5206 0% 5743 1% 4809 0%
35 ver | 015 6398 0% 5236 0% 5348 0% 5226 0% 5743 1% 4809 0%
36 ™ -0.05 6398 0% 5236 0% 5348 0% 5226 0% 5743 1% 4809 0%
37 +0.05 6398 0% 5236 0% 5348 0% 5206 0% 5743 1% 4809 0%
38 0.2 6274 2% 5258 1% 5411 1% 5264 1% 5795 2% 5222 9%
39 Vre2 -0.1 6350 0% 5254 1% 5377 1% 5258 1% 5762 1% 4809 0%
0 | O] o1 6672 5% 5243 0% 5328 0% 5208 0% 5643 1% 4795 0%
41 +0.2 6491 2% 5245 0% 5314 0% 5235 0% 5652 1% 4793 0%
42 015 6357 0% 5193 1% 5275 A% 5182 1% 5654 1% 4534 5%
43 virt -0.05 6371 0% 5207 0% 5310 0% 5212 0% 5667 1% 4715 2%
44 ©N | 4005 6388 0% 5256 1% 5354 0% 5245 0% 5810 2% 4935 3%
45 +0.15 7505 18% 5521 6% 5623 5% 5514 6% 5044 4% 4947 3%
46 -0.15 - NA 5373 3% 5495 3% 5406 3% 5032 4% 5312 1%
47 vz | 005 8211 20% 5323 2% 5435 2% 5314 2% 5833 2% 5206 1%
48 | ©5 08 4005 5463 4% 5123 2% 5271 1% 5156 1% 5600 2% 4729 A%
49 +0.15 3740 - 5029 4% 5143 4% 5025 4% 5392 5% 4678 2%
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Table 4.3-7
SCE Results and Observations for the Stressed Case: Motor B Load Loss

Ref Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #5 Contingency #6
ef. . .
variable| Sett
No. arnaple eting Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta
Mw) (% change) (MW) (% change) (MW) (% change) (MW) (% change) Mw) (% change) (MW) (% change)
1 | Phase2 - 6381 - 5224 - 5334 - 5206 - 5702 - 4792 -
2 0.2 - NIA 5256 1% 5651 6% 5246 0% 5724 0% 4952 3%
3 Ftr1 0.1 7130 12% 5245 0% 5571 4% 5237 0% 5709 0% 4890 2%
02,03,
4 1 +0.1 6331 1% 5259 1% 5164 -3% 5250 0% 5725 0% 4674 2%
5 +0.2 5608 2% 5210 0% 5003 5% 5196 1% 5669 1% 4661 3%
6 0.2 7837 23% 5253 1% 5748 8% 5239 0% 5721 0% 4915 3%
7 Ftr2 0.1 6434 1% 5243 0% 5575 5% 5236 0% 5712 0% 4896 2%
0,05,
8 0.7) +0.1 6240 2% 5221 0% 5127 4% 5215 0% 5685 0% 4762 A%
9 +0.2 6209 3% 5048 3% 4960 7% 5042 4% 5509 3% 4788 0%
10 -50% 6584 3% 5204 1% 5190 3% 5274 1% 5759 1% 4873 2%
1 H -25% 6415 1% 5265 1% 5209 2% 5245 0% 5731 1% 4884 2%
(0.1,0.15
(0.1, 0.15,
12 02) | +50% 6331 1% 5231 0% 5406 1% 5220 0% 5696 0% 4704 2%
13 +100% 6328 1% 5221 0% 5447 2% 5214 0% 5687 0% 4595 4%
14 -50% 6507 2% 5255 1% 5444 2% 5243 0% 5721 0% 4811 0%
15 s -25% 6423 1% 5249 0% 5382 1% 5240 0% 5721 0% 4875 2%
16 |83 1509 6272 2% 5253 1% 5334 0% 5241 0% 5718 0% 4710 2%
17 +100% 6132 4% 5223 0% 5122 4% 5221 0% 5690 0% 4624 4%
18 -50% 6053 5% 5161 1% 5108 4% 5172 1% 5622 1% 4547 5%
19 Tro | 25% 6280 2% 5248 0% 5224 2% 5241 0% 5712 0% 4670 3%
(0.095,
20 08) | +50% 6777 6% 5271 1% 5533 4% 5249 0% 5741 1% 4911 2%
21 +100% - NA 5341 2% 5664 6% 5315 2% 5802 2% 4918 3%
2 -0.05 6388 0% 5236 0% 5332 0% 5205 0% 5706 0% 4729 A%
2 T2 | +00s 6648 4% 5237 0% 5331 0% 5205 0% 5704 0% 4832 1%
2 |©1025)] 44 6745 6% 5235 0% 5333 0% 5227 0% 5704 0% 4833 1%
25 +0.25 6715 5% 5236 0% 5332 0% 5207 0% 5703 0% 4831 1%
2 -0.05 6338 1% 5204 1% 5276 1% 5275 1% 5762 1% 4759 1%
27 T [ 4005 6482 2% 5180 A% 5650 6% 5208 0% 5701 0% 4801 0%
©0.02,
28 | o005 1) | +025 6787 6% 5142 2% 5643 6% 5229 0% 5696 0% 4934 3%
20 +0.5 8234 20% 5143 2% 5644 6% 5207 0% 5689 0% 4950 3%
30 -0.05 6379 0% 5177 A% 5283 A% 5164 1% 5647 1% 4696 2%
31 w2 | 4005 6703 5% 5331 2% 5806 9% 5307 2% 5792 2% 4897 2%
©0.02,
32 | oos1) | +025 6520 2% 5334 2% 5804 9% 5317 2% 5801 2% 4964 4%
33 +0.5 - NA 5334 2% 5804 9% 5317 2% 5837 2% 4964 4%
34 0.25 6687 5% 5239 0% 5331 0% 5234 0% 5704 0% 4893 2%
35 ver | 015 6780 6% 5239 0% 5332 0% 5235 0% 5705 0% 4839 1%
36 ™ -0.05 6555 3% 5237 0% 5331 0% 5231 0% 5704 0% 4831 1%
37 +0.05 6191 3% 5237 0% 5333 0% 5235 0% 5703 0% 4733 A%
38 0.2 7148 12% 5236 0% 5339 0% 5228 0% 5707 0% 4931 3%
39 Vre2 -0.1 6514 2% 5239 0% 5373 1% 5207 0% 5706 0% 4896 2%
0 | O o1 6382 0% 5233 0% 5331 0% 5206 0% 5697 0% 4731 A%
41 +0.2 6390 0% 5235 0% 5333 0% 5236 0% 5703 0% 4738 A%
42 015 - NIA 5253 1% 5650 6% 5239 0% 5724 0% 4888 2%
43 virt -0.05 6752 6% 5241 0% 5327 0% 5232 0% 5711 0% 4795 0%
44 ©N 1 405 6320 1% 5242 0% 5350 0% 5231 0% 5709 0% 4800 0%
45 +0.15 6229 2% 5261 1% 5325 0% 5255 1% 5726 0% 4685 2%
46 -0.15 - NA 5333 2% 5804 9% 5313 2% 5804 2% 4966 4%
47 v | 005 - NIA 5279 1% 5805 9% 5272 1% 5748 1% 4896 2%
48 | ©508) 4005 6395 0% 5261 1% 5322 0% 5160 1% 5636 1% 4783 0%
49 +0.15 5746 10% 5251 1% 5312 0% 5145 2% 5619 1% 4654 3%
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Table 4.3-8
SCE Results and Observations for the Stressed Case: Motor C Load Loss

Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #5 Contingency #6
Ref. Variable| Setting
No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta
(MW) (% change) (MW) (% change) (MW) (% change) (MW) (% change) (MW) (% change) (MW) (% change)
1 | Phase2 - 6381 - 5224 - 5334 - 5206 - 5702 - 4792 -
2 0.2 6365 0% 5078 3% 5193 3% 5088 3% 5610 2% 4871 2%
3 Ftr1 0.1 6294 1% 5145 2% 5259 1% 5138 2% 5698 0% 4950 3%
4 <0'2% )0 o 6431 1% 5362 3% 5469 3% 5351 2% 5813 2% 4786 0%
5 +0.2 6514 2% 5424 4% 5541 4% 5415 4% 5759 1% 4780 0%
6 0.2 6431 1% 5245 0% 5360 1% 5237 0% 5809 2% 5034 5%
7 Ftr2 0.1 6462 1% 5239 0% 5356 0% 5234 0% 5785 1% 5039 5%
8 (06,07')5 " +04 6339 1% 5222 0% 5331 0% 5210 0% 5701 0% 4650 3%
9 +0.2 6260 2% 5208 0% 5339 0% 5218 0% 5679 0% 4654 3%
10 -50% 6357 0% 5237 0% 5363 1% 5231 0% 5754 1% 4788 0%
| H -25% 6345 1% 5237 0% 5351 0% 5228 0% 5748 1% 4788 0%
12 \0'16_2')15’ +50% 6658 4% 5232 0% 5348 0% 5206 0% 5680 0% 4754 A%
13 +100% 6713 5% 5271 1% 5381 1% 5260 1% 5676 0% 4736 A%
14 -50% 6438 1% 5192 1% 5306 A% 5183 1% 5602 2% 4746 A%
15 s -25% 6487 2% 5219 0% 5331 0% 5219 0% 5676 0% 4752 A%
16 |83 1509 6375 0% 5282 1% 5393 1% 5273 1% 5796 2% 4836 1%
17 +100% 6346 1% 5286 1% 5396 1% 5274 1% 5757 1% 4854 1%
18 -50% 6293 1% 5268 1% 5384 1% 5259 1% 5740 1% 4757 1%
19 Tro | 25% 6367 0% 5236 0% 5345 0% 5203 0% 5741 1% 4745 A%
20 (06(_359)5 " +s0% 6415 1% 5234 0% 5346 0% 5208 0% 5693 0% 4947 3%
21 +100% 6725 5% 5240 0% 5347 0% 5233 0% 5681 0% 4781 0%
2 -0.05 6557 3% 5235 0% 5349 0% 5208 0% 5741 1% 4792 0%
2 T2 | +00s 6363 0% 5236 0% 5347 0% 5230 0% 5742 1% 4791 0%
2 |©1025)] 44 6385 0% 5236 0% 5358 0% 5226 0% 5703 0% 4792 0%
25 +0.25 6374 0% 5237 0% 5349 0% 5228 0% 5702 0% 4792 0%
2 -0.05 6313 1% 5182 A% 5304 A% 5173 1% 5737 1% 4988 4%
27 T [ 4005 6356 0% 5174 A% 5295 A% 5164 1% 5755 1% 4974 4%
28 0%5321') +0.25 6691 5% 5208 1% 5408 1% 5289 1% 5725 0% 4703 2%
20 +0.5 6697 5% 5215 0% 5334 0% 5207 0% 5698 0% 4681 2%
30 -0.05 6541 3% 5252 1% 5362 1% 5245 0% 5818 2% 5123 7%
31 w2 | 4005 6380 0% 5220 0% 5299 A% 5245 0% 5713 0% 4735 A%
32 0%221' )| +0.25 6378 0% 5213 0% 5288 A% 5245 0% 5705 0% 4728 A%
33 +0.5 6371 0% 5185 A% 5262 A% 5244 0% 5707 0% 4724 A%
34 0.25 6381 0% 5237 0% 5349 0% 5206 0% 5702 0% 4809 0%
35 ver | 015 6381 0% 5237 0% 5349 0% 5226 0% 5702 0% 4809 0%
36 ™ -0.05 6381 0% 5237 0% 5349 0% 5226 0% 5702 0% 4809 0%
37 +0.05 6381 0% 5237 0% 5349 0% 5206 0% 5702 0% 4809 0%
38 0.2 6554 3% 5237 0% 5363 1% 5229 0% 5784 1% 4791 0%
39 vz | 01 6435 1% 5237 0% 5345 0% 5229 0% 5743 1% 4791 0%
0 | O] o1 6381 0% 5237 0% 5350 0% 5204 0% 5702 0% 4792 0%
41 +0.2 6380 0% 5233 0% 5351 0% 5207 0% 5702 0% 4876 2%
42 015 6329 1% 5208 0% 5321 0% 5200 1% 5662 1% 4757 A%
43 v | 005 6351 0% 5214 0% 5323 0% 5204 0% 5726 0% 4783 0%
44 ©N | 4005 6351 0% 5249 0% 5356 0% 5238 0% 5745 1% 4802 0%
45 +0.15 6472 1% 5208 1% 5403 1% 5292 1% 5776 1% 5263 10%
46 -0.15 6524 2% 5251 1% 5363 1% 5245 0% 5818 2% 5122 7%
47 vz | 005 6431 1% 5242 0% 5354 0% 5233 0% 5806 2% 5123 7%
48 | ©5 08 4005 6386 0% 5173 A% 5283 1% 5162 1% 5646 1% 4735 A%
49 +0.15 6279 2% 5168 1% 5284 A% 5142 2% 5600 2% 4731 A%
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Table 4.3-9
SCE Results and Observations for the Stressed Case: Motor D Load Loss

Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #5 Contingency #6

Ref. Variable| Setting

No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta

(MW) (% change) (MW) (Y% change) (MW) (Y% change) (MW) (% change) (MW) (% change) (MW) (% change)
1 | Phase 2 . 6381 . 5224 - 5334 . 5226 . 5702 . 4792 -
2 40% 2568 -60% 3193 39% 3207 38% 3191 39% 3547 38% 2999 37%
3 -20% 4000 37% 4280 18% 4379 18% 4270 18% 4521 21% 3854 20%
4 emp | -10% 5116 -20% 4766 9% 4889 8% 4761 9% 5069 1% 4181 3%
5 (aries) [ 100, 7164 12% 5771 10% 5861 10% 5758 10% 6326 1% 5230 9%
6 +20% 7772 2% 6487 24% 6560 23% 6506 24% 6974 22% 6161 29%
7 +40% 13609 13% 7508 44% 7605 3% 7513 44% 8241 45% 7427 55%
8 0 6440 1% 5244 0% 5349 0% 5234 0% 5759 1% 5168 8%
9 0.05 6393 0% 5240 0% 5343 0% 5234 0% 5804 2% 5010 5%
10 For | 015 5816 9% 5247 0% 5363 1% 5238 0% 5641 1% 4625 3%
1 o1 0.2 5441 5% 5189 A% 5307 1% 5180 1% 5601 2% 4534 5%
12 0.25 5194 19% 5148 1% 5268 1% 5141 2% 5574 2% 4206 2%
13 05 4195 34% 5000 4% 5114 4% 4984 5% 5518 3% 4404 8%
14 0.4 6336 A% 5216 0% 5332 0% 5208 0% 5663 1% 4746 1%
15 0.55 6355 0% 5219 0% 5338 0% 5210 0% 5666 1% 4751 1%
16 e | 065 6357 0% 5241 0% 5336 0% 5213 0% 5670 1% 4758 1%
17 ©n | o7 6383 0% 5226 0% 5336 0% 5220 0% 5779 1% 4862 1%
18 0.85 6400 0% 5240 0% 5349 0% 5230 0% 5792 2% 4864 2%
19 0.9 6418 1% 5247 0% 5362 1% 5236 0% 5799 2% 4864 2%
20 1 6392 0% 5457 4% 5426 2% 5418 4% 5911 4% 4971 4%
21 11 6385 0% 5336 2% 5422 2% 5396 3% 5932 4% 4903 2%
2 That 13 5004 7% 5204 0% 5301 1% 5201 0% 5692 0% 4792 0%
23 .2) 14 5907 % 5220 0% 5283 1% 5194 1% 5643 1% 4784 0%
24 2 5845 8% 5203 0% 5143 4% 5146 2% 5631 1% 4 0%
25 3 4107 -36% 4281 18% 3884 27% 2211 19% 4576 20% 4167 13%
26 001667 | 6552 3% 5345 2% 5453 2% 5336 2% 5846 3% 5233 9%
27 0.0667 4017 37% 4337 7% 4293 20% 4330 7% 5417 5% 2631 45%
28 Tt | 008335 [ 3728 42% 2731 48% 2800 48% 2731 48% 5296 7% 2536 47%
20 | Q@08 o4 2042 -68% 2004 62% 2061 61% 2003 2% 5259 8% 1975 59%
30 0.1667 1902 70% 1700 67% 1751 7% 1704 7% 4711 7% 1583 7%
31 0.25 1902 70% 1700 67% 1751 67% 1704 7% 1930 66% 1583 7%
32 5 6532 2% 5196 1% 5400 1% 5345 2% 6049 6% 4946 3%
33 10 6417 1% 5246 0% 5349 0% 5347 2% 5810 2% 4874 2%
34 Tth 2 6389 0% 5236 0% 5343 0% 5282 1% 5796 2% 4862 1%
35 (15 17 5880 8% 5236 0% 5352 0% 5217 0% 5586 2% 4751 1%
36 20 5855 8% 5245 0% 5351 0% 5136 2% 5543 3% 4731 1%
37 25 5379 16% 5256 1% 5008 6% 5023 4% 5625 3% 4640 3%
38 Min 9503 49% 5376 3% 5494 3% 5398 3% - NA 5253 10%
39 R1 5821 9% 5260 1% 5362 1% 5241 0% 5003 % 5087 6%
40 R2 5821 9% 5260 1% 5362 1% 5241 0% 5003 4% 5087 6%
VetVe2

4 R3 4960 22% 4997 4% 5110 4% 5004 4% 5438 5% 3038 8%
2 R4 3026 53% 3819 27% 3020 27% 3815 27% 4130 28% 3121 35%
43 Max 2264 -65% 4075 22% 4201 21% 4102 22% - NIA 2061 38%
44 05 5154 19% 4607 12% 4718 2% 4601 2% - N/A 4299 0%
45 07 5432 5% 5170 1% 4912 8% 4786 8% 5310 7% 4460 7%
4 rst 0.8 5613 12% 4978 5% 5097 4% 4971 5% 5502 4% 4644 3%
a7 | O [ g5 6075 5% 5065 3% 5182 3% 5058 3% 5596 2% 4718 2%
48 0.9 5781 9% 5160 1% 5258 1% 5139 2% 5687 0% 4791 0%
49 1 6421 1% 5288 1% 5395 1% 5279 1% 5848 3% 4923 3%
50 03 2305 -64% 2364 5% 2426 5% 2362 5% 2629 54% 2327 51%
51 04 2012 -68% 2260 57% 2321 56% 2260 57% - NA 1928 60%
52 | yen | 045 2546 -60% 2300 56% 2362 56% 2300 56% 4155 27% 2464 49%
53 ©9 | oss 6432 1% 5290 1% 5398 1% 5281 1% 5734 1% 4835 1%
54 0.6 - NA 5352 2% 5459 2% 5343 2% 6069 6% 5204 10%
55 0.8 - NA 9304 78% 9439 7% 9235 77% 12207 114% 7958 66%
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Refer to Figures 4.3-13 through 4.3-23 for representative plots of select sensitivity parameters of
Motor A, Motor B, and Motor D for a three-phase fault resulting in the loss of two 500 kV
transmission lines. The plots include up to eight bus voltages and four generator angles
comparing the base case (Phase 2) to the multiple sensitivity parameters.
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Figure 4.3-13: Bus voltages for Motor A sensitivity parameter Ftrl.
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Motor A Contingency #5: Fir1
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Figure 4.3-14: Generator angles for Motor A sensitivity parameter Ftrl.

Motor B Contingency #5: Vrc2
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Figure 4.3-15: Bus voltages for Motor B sensitivity parameter Vrc2.
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Motor B Contingency #5: Vrc2

@™
=]

160+

140+

Generator A Angle (degrees)

Time (s)

lo—0 Phase 2 ||
-k Ve 402 |
0 ez 401 |
| wez-0 |
e e

% 18 20

Generator B Angle (degrees)

[o—o Phase 2
[ Vire2 402
[4—0 Wre2 +01
|a—a wie2-01
|« w202
B 18 2

Time (s)

Generator C Angle (degrees)

Time (s)

00 Phase? ||
K VreR 402
= Vre2 401
s Vrez -0 ||

Wre2 -02

i 1@ 20

Generator D Angle (degrees)

[o—o Phase 2
w— WMre2 402
=0 W2 +01
| Vie2 01

Wire2 -02

12 14 6 18 20

Time (s)

Figure 4.3-16: Generator angles for Motor B sensitivity parameter Vrc2.

Motor D Contingency #5: FmD
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Figure 4.3-17: Bus voltages for Motor D sensitivity parameter FmD.
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Motor D Contingency #5: FmD
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Figure 4.3-18: Bus voltages for Motor D sensitivity parameter FmD.
Motor D Contingency #5: FmD
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Figure 4.3-19: Generator angles for Motor D sensitivity parameter FmD.
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Motor D Contingency #5: Th2t
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Figure 4.3-20: Bus voltages for Motor D sensitivity parameter Th2t.

Motor D Contingency #5: Th2t
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Figure 4.3-21: Generator angles for Motor D sensitivity parameter Th2t.
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Motor D Contingency #5: Tth
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Figure 4.3-22: Bus voltages for Motor D sensitivity parameter Tth.
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Figure 4.3-23: Generator angles for Motor D sensitivity parameter Tth.
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4.4. SRP Heavy Summer and Stressed Case Results

For the Heavy Summer Case, there were 59 contingencies examined for 35 sensitivity
parameters (20 parameters each with a minimum and maximum value) for Motor D for a total of
2,065 contingencies processed (include Phase 2 base case). For each contingency processed,
2,545 bus voltages and 813 generators were monitored. The results for a given sensitivity
parameter (ex. fraction of Motor D increased by 20%) are an aggregate of all contingencies
processed for that given sensitivity parameter. Table 4.4-1 lists the observations and results for
SRP’s Heavy Summer Case. The table lists the number of buses flagged by the criteria for the
base case (Phase 2 composite load model) as well as a given sensitivity parameter. The “Delta
(% Change)” column lists the percentage difference between the number of observations in the
base case and the respective sensitivity parameter. For the observation of a bus voltage
recovering to 70% of the pre-fault voltage within 1 second, the base case flagged 10,770 buses
that did not meet this criterion. For the same voltage criteria, when increasing stalling voltage to
0.8 p.u. from 0.5 p.u., 19,832 buses were flagged to not meet this criterion, which is an increase
of 84% from the base case. When decreasing the stalling voltage to 0.3 p.u. from 0.5 p.u., 5,474
buses were flagged to not meet this criterion, which is a decrease of 49% from the base case.

Refer to Figures 4.4-1 through 4.4-16 for representative plots of select sensitivity parameters for
a three-phase fault resulting in the loss of a 230 kV line. The plots include up to eight bus
voltages and four generator angles comparing the base case (Phase 2) to the maximum and
minimum sensitivity parameter, respectively. Note Figure 4.4-1 is a representative plot of bus
voltages 230 kV and higher. Figure 4.4-2 is a representative plot of 69 kV bus voltages. It can be
observed that the bus voltages closer to the load models (non-transmission voltages) are more
severely impacted that transmission level bus voltages.
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Table 4.4-1
SRP Results and Observations for the Heavy Summer Case: Voltage Criteria

> 25% Voltage Dip > 30% Voltage Dip Angle SWTBQOS)O””"E ¢ Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% Vogjgflozirihom
iif-. Variable) - Setting Delta Delta Delta Delta Delta Delta Delta Delta
# of Buses (%change) # of Buses (%change) # of Buses (% change) # of Buses (% change) # of Buses (% change) # of Buses (% change) # of Buses (% change) # of Buses (% change)

1 |Phase2 - 33033 - 28050 - 9 - 10770 - 17866 - 23250 - 14851 - 6717 -
2 20% 32117 3% 27240 -3% 8 1% 10327 4% 16271 9% 21092 9% 14148 5% 6160 8%
3 Fel 20% 33631 2% 28358 1% 10 11% 10938 2% 19003 6% 24204 4% 16430 1% 7974 19%
4 20% 31943 3% 27147 -3% 10 1% 11351 5% 16923 5% 21160 9% 11457 -23% 4150

5 FmA 20% 33739 2% 28507 2% 9 0% 0818 9% 18353 3% 24147 4% 17722 19% 9589 43%
6 20% 32292 2% 27276 -3% 9 0% 9493 12% 14016 22% 17921 23% 11873 -20% 5018 25%
7 Fme 20% 33851 2% 28563 2% 9 0% 11067 3% 19909 1% 25915 1% 16889 14% 8243 23%
8 20% 32249 2% 27372 2% 8 1% 10485 3% 16572 7% 21099 9% 13550 9% 5838 -13%
9 Fme 20% 33490 1% 28381 1% 9 0% 10845 1% 18707 5% 23906 3% 16184 9% 7813 16%
10 20% 30131 9% 25258 -10% 8 1% 8219 -24% 12982 27% 17528 25% 18746 26% 14550

] ™ 20% 34638 5% 29824 6% 10 1% 11259 5% 17608 1% 23858 3% 13153 1% 1741

12 Frst 0 33036 0% 28049 0% 9 0% 10770 0% 17910 0% 23220 0% 14661 1% 6478 4%
13 | ©2 1 33031 0% 28049 0% 8 1% 10770 0% 17870 0% 23182 0% 15543 5% 7928 18%
14 | Fur 0 33949 3% 28617 2% 10 1% 12235 14% 22019 23% 26668 15% 13644 8% 2533

15 | ©1) 05 30678 7% 26334 6% 8 1% 2899 19577 15373

16 | it 0.4 33036 0% 28051 0% 9 0% 10770

17 | ©7 0.9 33028 0% 28050 0% 8 1% 10770

18 | ot 1 33033 0% 28049 0% 31 10770

19 | (12 3 33033 0% 28048 0% 8 1% 10770

20 1 33033 0% 28050 0% 9 0% 10770

21 Tt 01 33033 0% 28050 0% 9 0% 10550 2% 17634 1% 23148 0% 14984 1% 6818 2%
22 | Tetan 0.25 31312 5% 26834 4% 8 1% 3439 24 30 384 9206 37%
23 | 0033) | 001667 34046 3% 28812 3% 23 14448 34% 25039 40% 30774 32% 21556 45% 12215

24 Tth 5 33032 0% 28049 0% 39 10769 0% 17852 0% 23181 0% 24519 29807

25 (15) 25 33032 0% 28049 0% 8 1% 10770 0% 17829 0% 23246 0% 27249 185

26 Tt 0.25 33935 3% 28604 2% 1 22% 12235 14% 21227 19% 26173 13% 18420 24% 9984 49%
27 | ©.02) | 901667 33096 0% 28085 0% 8 1% 10896 1% 18238 2% 23555 1% 15231 3% 7056 5%
28 | vetoff Max 27297 A7% 21800 22% 8

29 | (05 Min 36188 10% 31526 12% 9

30 | st 1 33032 0% 28049 0% 9

31 | ©99) 05 33019 0% 28037 0% 8

32 | vetan 03 32495 2% 28327 1% 8

33 | ©9 0.8 37680 14% 32802 17% 100

34 |y 0.4 33919 3% 28602 2% 10

35 | 06 0.8 30903 6% 26189 7% 9
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Contingency #6: FmD
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Figure 4.4-1: Bus voltages for sensitivity parameter FmD.
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Figure 4.4-2: Bus voltages for sensitivity parameter FmD.
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Contingency #6: Fuvr
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Figure 4.4-3: Bus voltages for sensitivity parameter Fuvr.
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Figure 4.4-5: Bus voltages for sensitivity parameter Th2t.
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Figure 4.4-6: Generator angles for sensitivity parameter Th2t.
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Contingency #6: Tstall
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Figure 4.4-7: Bus voltages for sensitivity parameter Tstall.
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Figure 4.4-8: Generator angles for sensitivity parameter Tstall.
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Contingency #6: Tth
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Figure 4.4-9: Bus voltages for sensitivity parameter Tth.
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Figure 4.4-10: Generator angles for sensitivity parameter Tth.
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Contingency #6: Vc1Vc2
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Figure 4.4-11: Bus voltages for sensitivity parameter Vc1Vc2.
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Figure 4.4-12: Generator angles for sensitivity parameter VVc1Vc2.
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Contingency #6: Vstall
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Figure 4.4-13: Bus voltages for sensitivity parameter Vstall.
Contingency #6: Vstall
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Figure 4.4-14: Generator angles for sensitivity parameter Vstall.
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From the observations in Table 4.4-1 and the voltages and generator angles in Figures 4.4-1
through 4.4-14, it can be observed that the following parameters have a significant impact on the
outcome of results:

e Vstall: Stall voltage, p.u. e Th2t: Motor D thermal protection

e Tstall: Stall time delay, sec. trip  completion level, p.u.

e FmD: Motor D fraction of load P temperature

e Fuvr: Fraction of load with under e \/cloff: Contactor voltage at which
voltage relay protection tripping starts, p.u.

e Tth: Motor D thermal time constant, e \/c2off: Contactor voltage at which
sec. tripping is complete, p.u.

e Thit: Motor D thermal protection e Vclon: Contactor voltage at which
trip start level, p.u. temperature reconnection starts, p.u.

e Vc2on: Contactor voltage at which
reconnection is complete, p.u.

For the Stressed Case, there were 6 contingencies examined for 198 sensitivity parameters:

e Motor A: 12 parameters (see Table 2.2-2) x 4 values = 48 sensitivity parameters
e Motor B: 12 parameters (see Table 2.2-3) x 4 values = 48 sensitivity parameters
e Motor C: 12 parameters (see Table 2.2-4) x 4 values = 48 sensitivity parameters
e Motor D: 9 parameters (see Table 2.2-1) x 6 values = 54 sensitivity parameters

For each contingency processed, 3,256 bus voltages and 1,012 generators were monitored. The
results for a given sensitivity parameter (ex. fraction of Motor D increased by 20%) are an
aggregate of all contingencies processed for that given sensitivity parameter. Tables 4.4-2
through 4.4-5 list the observations and results for SRP’s Stressed Case for Motor A, Motor B,
Motor C, and Motor D, respectively. The tables list the number of buses flagged by the criteria
for the base case (Phase Il composite load model) as well as a given sensitivity parameter. The
“Delta (% Change)” column lists the percentage difference between the number of observations
in the base case and the respective sensitivity parameter.

In Table 4.4-2, Motor A, the observation of a bus voltage recovering to 70% of the pre-fault
voltage within 1 second, the base case flagged 823 buses that did not meet this criteria. For the
same voltage criteria, when increasing the fraction of motors that trip on the first low voltage trip
setting by 0.2, 367 buses were flagged to not meet this criteria, which is a decrease of 55% from
the base case. When decreasing the fraction of motors that trip on the first low voltage trip
setting by a factor of 0.2, 938 buses were flagged to not meet this criterion, which is an increase
of 14% from the base case. For this sensitivity, decreasing the fraction of motors that trip after
the first voltage setting has a negative impact on the system. Since more motors are remaining
online during low voltages, more motors are stalling that will draw more reactive power,
resulting in low voltages.
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Table 4.4-2
SRP Results and Observations for the Stressed Case: Motor A

ot soung© ‘ > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% V":}‘?;’]’“ﬁfg";‘cz‘r"z: 1 \;"Jig/: "t;‘/:r"sd"'is"‘s:‘c’z;:: :i“i?; ‘;‘5’:’:2"3"0‘ ;‘/fo'nlui
No. - [variable Diverged # of Buses (%S:;‘:ge) #of Buses (%?:::ge) #of Buses (%?:;‘:gs) #of Buses (%?:;‘:gs) # of Buses (%CD:::QE) #of Buses (%CD:::QE) #of Buses Delta # of Buses (%S:;‘:ge) #of Buses Df“as #of Buses Df“as
1 |Phase2| - - 2725 - 2316 - 34 - 823 . 1157 . 2521 . 2713 - 1283 - 17 . 2159 .
2 0.2 0 2969 9% 2505 8% 49 44% 938 14% 1302 13% 3115 24% 2652 2% 1937 51% 14 18% 1947 -10%
3 Ftrl 0.1 0 2819 3% 2388 3% 41 21% 853 4% 1207 4% 2889 15% 2766 2% 1649 29% 15 12% 2025 5%
02,03,
4 i) +0.1 0 2506 5% 2223 4% 36 6% 501 71 -16% 217 -16% 2800 3% 754 217 2559 19%
5 +02 0 2402 12% 2054 1% 32 6% 367 913 21% 1834 27% 2624 3% 714 337 2726 26%
6 0.2 0 2845 4% 2422 5% 45 2% 892 8% 1239 7% 2064 18% 2832 4% 1675 31% 53 2400 12%
7 Fiz | 01 0 2766 2% 2359 2% 36 6% 860 4% 1194 3% 2551 1% 2720 0% 1422 1% 20 18% 2254 4%
0, 05,
8 ‘ o7 | +o 0 2696 1% 2272 2% 33 3% 786 4% 1132 2% 2496 A% 2643 3% 1157 -10% 15 12% 2019 6%
9 +02 0 2690 1% 2274 2% 34 0% 744 10% 1130 2% 2423 4% 2623 3% 1023 20% 15 12% 1956 9%
10 -50% 0 2748 1% 2345 1% 35 3% 873 6% 177 2% 2577 2% 2713 0% 1504 17% 19 12% 2275 5%
11 H -25% 0 2738 0% 2336 1% 36 6% 849 3% 172 1% 2541 1% 2714 0% 1390 8% 18 6% 2201 2%
12 ov1(g,"o' 2)[ +s0% 0 2722 0% 2282 1% 35 3% 807 2% 1147 1% 2486 1% 2711 0% 1212 6% 17 0% 2138 1%
13 +100% 0 2712 0% 2260 2% 36 6% 793 4% 1137 2% 2482 2% 2709 0% 1116 3% 17 0% 2103 3%
14 -50% 0 2566 6% 2188 6% 32 6% 576 -30% 1028 1% 2190 13% 2522 7% 633 - 9 - 1959 9%
15 s -25% 0 2679 2% 2280 2% 34 0% 779 5% 1129 2% 2470 2% 2692 1% 981 24% 13 24% 2084 3%
P R 0 2758 1% 2344 1% 35 3% 842 2% 1176 2% 2614 4% 2709 0% 1626 21% 23 35% 2206 2%
17 +100% 4 2752 1% 2341 1% 34 0% 839 2% 1165 1% 2592 3% 2712 0% 1323 3% 124 - 2210 2%
18 -50% 0 2743 1% 2351 2% 36 6% 866 5% 1170 1% 2582 2% 2726 0% 1427 1% 21 24% 2237 4%
19 Too | -25% 0 2730 0% 2342 1% 36 6% 837 2% 1162 0% 2534 1% 2716 0% 1386 8% 19 12% 2192 2%
(0.095,
20 08) | +50% 0 2690 1% 2206 ES 33 3% 801 3% 1142 1% 2507 A% 2671 2% 1269 1% 17 0% 2126 2%
21 +100% 0 2684 2% 2282 1% 34 0% 792 4% 1148 1% 2502 A% 2680 1% 1182 8% 15 12% 2018 7%
2 0.05 0 2733 0% 2323 0% 33 3% 830 1% 1168 1% 2526 0% 2716 0% 1404 9% 18 6% 2193 2%
2 Te2 | +0.05 0 2719 0% 2312 0% 31 9% 825 0% 1155 0% 2513 0% 2674 1% 1210 6% 16 6% 2102 3%
0.1,
2 f(J-ZS) +0.1 0 2700 1% 2304 1% 32 5% 810 2% 1144 1% 2503 A% 2664 2% 1116 13% 16 6% 2066 4%
25 +0.25 0 2689 1% 2300 1% 31 9% 778 5% 132 2% 2463 2% 2631 3% 942 27% 14 18% 2011 7%
2 0.05 0 2659 2% 2163 7% 28 -18% 575 30% 820 29% 1782 29% 2087 23% 508 - 9 1435 34%
27 T | +0.05 0 2760 1% 2368 2% 36 6% 849 3% 1195 3% 2671 6% 2712 0% 1543 20% 18 2312 7%
28 0(.?)'50.21‘) +0.25 0 2884 6% 2410 4% 53 56% 864 5% 1207 4% 2805 1% 2835 4% 1649 29% 13 2364 9%
29 +05 0 2045 8% 2481 7% 57 - 890 8% 1256 9% 3056 21% 2966 9% 1983 55% 693 2575 19%
30 0.0 0 2690 1% 2269 2% 2 -15% 682 7% 1102 5% 1804 25% 2645 3% 1071 7% 15 12% 2026 6%
31 T2 | +005 0 2855 5% 2438 5% 51 50% 880 7% 1261 9% 2703 7% 2786 3% 1870 46% 2 29% 2511 16%
32 O(gso,zi )| +0.25 1 2030 8% 2467 7% 53 56% 877 7% 1280 1% 2774 10% 2875 6% 1830 43% 23 35% 2562 19%
33 +0.5 2 2844 4% 2415 4% 49 44% 888 8% 1260 9% 2725 8% 2818 4% 1672 30% 19 12% 2478 15%

*Contingencies diverged and are taken into account in the results
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Changes for the Better

Table 4.4-2 (continued)
SRP Results and Observations for the Stressed Case: Motor A

ot g0 ‘ > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% V":}'ffﬂ?{‘:ﬁf;‘:‘;‘chz; 11 \;“’u'fabg/; ‘;":;z"‘;g‘szzz’n;': ;;‘:'fi?; 2;:’::030(; ;’;’:;nlai
No. |variable Piverged #ofBuses | o0 S:;t:ge) #ofBuses | o S:::ge) #otBuses | o (I:D:;t:ge) #otBuses | o0 S:LI:QE) #otBuses | ?:;t:gs) #ot Buses | ?:;t:gs) #of Buses Delta #ofBuses | o S:::ge) #of Buses belta #of Buses belta
1 |Phase2| - - 2725 - 2316 - 34 - 823 - 1157 - 2521 - 2713 - 1283 - 17 - 2159 -

34 0.25 0 2724 0% 2316 0% 34 0% 823 0% 1158 0% 2520 0% 2714 0% 1287 0% 17 0% 2160 0%
35 wer | 018 0 2724 0% 2316 0% 34 0% 823 0% 1158 0% 2520 0% 2714 0% 1287 0% 17 0% 2160 0%
36 " 0.05 0 2724 0% 2316 0% 34 0% 823 0% 1158 0% 2520 0% 2714 0% 1287 0% 17 0% 2160 0%
a7 +0.05 0 2724 0% 2316 0% 34 0% 823 0% 1158 0% 2520 0% 2714 0% 1287 0% 17 0% 2160 0%
38 0.2 1 2757 1% 2364 2% a3 26% 1019 24% 1327 15% 2652 5% 2755 2% 1460 14% 2 4% 2411 12%
39 vea | 01 0 2731 0% 2323 0% a7 9% 893 9% 1204 12% 2659 5% 2746 1% 1454 13% 21 24% 2446 13%
o |70 o 0 2722 0% 2313 0% 33 3% 747 9% 1115 4% 2482 2% 2669 2% 1158 -10% 16 6% 2024 6%
41 +02 0 2714 0% 2300 0% 32 6% 667 19% 1008 5% 2460 2% 2580 5% 1061 7% 13 24% 1925 1%
42 -0.15 0 2854 5% 2395 3% 48 41% 962 17% 1230 6% 2673 6% 2813 4% 1577 23% 638 - 2441 13%
43 wi | 00 0 2823 4% 2368 2% 40 18% 878 % 174 1% 2568 2% 2743 1% 1593 24% 18 6% 2268 5%
a4 On 1 o0 0 2701 1% 2302 1% 33 3% 787 4% 1133 2% 2506 1% 2660 2% 1191 7% 16 6% 2064 4%
45 +0.15 0 2586 5% 2245 3% 3 9% 723 12% 1102 5% 2208 0% 2533 % 996 -22% 15 12% 2027 6%
46 0.15 4 2752 1% 2353 2% 36 6% 889 8% 1214 5% 2569 2% 2732 1% 1323 3% 18 6% 2273 5%
a7 e | 005 2 3142 15% 2560 1% 57 - 970 18% 1314 14% 2668 6% 2062 9% 2343 - 80 - 2536 17%
s |50 Lo0s 1 2508 5% 2207 1% 34 0% 669 -19% 1003 13% 2168 14% 2497 8% 1139 1% 16 6% 213 2%
49 +0.15 1 2530 7% 2143 7% 2 24% 497 - 920 20% 1867 26% 2179 20% 830 -35% 1 -35% 1729 20%

*Contingencies diverged and are taken into account in the results
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Changes for the Better

Table 4.4-3
SRP Results and Observations for the Stressed Case: Motor B

ot s ‘ > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% V":)‘afé’w‘l"‘f”"sg‘:‘;‘chzgl 1 \;"u'fahg/; ‘;‘/;‘Sd"‘l’g‘sz‘c’:;dlsl :;“i?; ‘;‘;ea':z"a"o' ;/:;nldi

No. |variable Piverged # of Buses (%S:;‘:ge) #of Buses (%'CD:::QE) #of Buses (%?:;t:gs) #of Buses (%?:;t:gs) #otBuses | o CD:::QE) #ofBuses | o, CD:::QE) #of Buses Delta # of Buses (%S:;‘:ge) #of Buses De“as #of Buses Df“i
1 |Phase2| - . 2725 - 2316 - 34 - 823 . 1157 . 2521 . 2713 - 1283 - 17 . 2159 .

2 0.2 0 2802 3% 2411 4% 51 50% 862 5% 1243 7% 3003 19% 2861 5% 1872 46% 44 2450 13%
3 Ftr1 0.4 0 2748 1% 2360 2% 39 15% 834 1% 1214 5% 2661 6% 2802 3% 1588 24% 38 2258 5%

02,03,
4 i) +0.1 0 2680 2% 2208 1% 31 9% 766 7% 1142 1% 2436 3% 2635 3% 1045 19% 15 12% 2004 7%
5 +02 0 2651 3% 2278 2% 30 12% 672 -18% 1003 6% 2367 5% 2606 4% 951 -26% 13 24% 1929 1%
6 0.2 0 2776 2% 2404 4% 41 21% 891 8% 1221 6% 2896 15% 2783 3% 1630 27% 44 - 2217 5%
7 Fiz | 01 0 2742 1% 2360 2% a7 9% 858 4% 1195 3% 2581 2% 2739 1% 1431 12% 2 20% 2211 2%
0,05,
8 f 5»D7i | vor 0 2690 1% 2307 0% 32 5% 779 5% 1142 1% 2496 A% 2659 2% 1004 -15% 17 0% 2043 5%
9 +02 0 2667 2% 2268 2% 30 12% 740 10% 1133 2% 2459 2% 2649 2% 1067 7% 16 6% 2011 7%
10 -50% 0 2764 1% 2364 2% 39 15% 891 8% 1202 4% 2558 1% 2757 2% 1635 21% 22 20% 2283 6%
11 H -25% 0 2749 1% 2354 2% 36 6% 869 6% 1189 3% 2559 2% 2720 0% 1575 23% 17 0% 2174 1%
12 oq(g 10' 2)[ +s0% 0 2690 1% 2204 1% 35 3% 761 8% 1146 1% 2436 3% 2702 0% 1185 8% 17 0% 2067 4%
13 +100% 0 2669 2% 2217 2% 33 3% 752 0% 1140 1% 2424 4% 2691 % 1084 -16% 17 0% 2087 5%
14 -50% 0 2751 1% 2366 2% 38 12% 853 4% 1197 3% 2558 1% 2783 3% 950 -26% 504 2046 5%
15 s -25% 0 2740 1% 2342 1% 38 12% 852 4% 1170 1% 2529 0% 2735 1% 1139 1% 119 2054 5%
P Rl 0 2695 1% 2307 0% 32 5% 779 5% 1147 1% 2500 A% 2690 1% 1448 13% 17 0% 2191 1%
17 +100% 0 2677 2% 2283 1% 32 6% 767 7% 1121 3% 2474 2% 2615 4% 1491 16% 16 6% 2270 5%
18 -50% 0 2661 2% 2273 2% 33 3% 747 9% 111 4% 2303 5% 2553 5% 759 - 12 29% 1919 1%
19 Too | -25% 0 2693 1% 2296 E 32 5% 800 3% 1149 1% 2424 4% 2607 1% 1034 19% 17 0% 2085 3%
(0.095,
20 08) | +50% 0 2798 3% 2391 3% 46 35% 821 0% 1176 2% 2766 10% 2818 4% 1679 31% 8 2271 5%
2 +100% 1 2765 1% 2380 3% 48 4% 837 2% 1170 1% 2638 5% 2820 4% 1500 17% % 2288 6%
2 0.0 0 2758 1% 2337 1% 36 6% 861 5% 1191 3% 2584 2% 2726 0% 1539 20% 19 12% 2207 2%
2 Te2 | +0.05 0 2604 1% 2313 0% 35 3% 808 2% 1151 1% 2512 0% 2716 0% 1244 3% 17 0% 2134 1%
0.1,

2 f(l-25) +0.1 0 2602 1% 2312 0% 33 3% 79 3% 1142 1% 2494 A% 2687 1% 1200 6% 17 0% 2087 3%
25 +0.25 0 2687 1% 2306 0% 33 3% 790 4% 1135 2% 2497 1% 2674 1% 1151 10% 16 6% 2068 4%
2 0.05 0 2682 2% 2303 1% 54 59% 889 8% 1255 8% 3086 21% 2042 8% 1673 30% 40 - 2368 10%
27 T | +0.05 0 2763 1% 2370 2% a7 9% 765 7% 1149 1% 2496 A% 2721 1% 1081 -16% 17 0% 2138 1%
28 0(.?)'5(),21) +0.25 0 2761 1% 2365 2% 38 12% 716 13% 1135 2% 2473 2% 2764 2% 1081 -16% 17 0% 2107 2%
29 +05 0 2777 2% 2365 2% 48 41% 716 13% 1125 3% 2440 3% 2795 3% 970 24% 17 0% 2071 4%
30 0.0 0 2688 1% 2239 3% 35 3% 750 9% 1119 3% 2504 1% 2658 2% 1792 40% 14 18% 2003 7%
31 T2 | +005 0 2814 3% 2400 4% a4 29% 871 6% 1219 5% 2037 17% 2793 3% 1104 14% 2 29% 2347 9%
32 0(%50,21‘) +0.25 1 2796 3% 2384 3% 41 21% 860 4% 1214 5% 2616 4% 2760 2% 1073 16% 20 18% 2316 7%
33 +0.5 1 2807 3% 2388 3% 42 24% 861 5% 1214 5% 2622 4% 2762 2% 1056 -18% 21 24% 2313 %

“Contingencies diverged and are taken into account in the results
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Changes for the Better

Table 4.4-3 (continued)
SRP Results and Observations for the Stressed Case: Motor B

ot g0 ‘ > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% V"::igil“’xfg";;‘chz's 11 \;“’u'fabg/; ‘;":;z"‘;g‘sgzz’n;': ;)/‘:“‘i?; 2;:’::030(; ;’;’:;nlai
No. |variable Piverged #ofBuses | o0 S:;t:ge) #ofBuses | o S:::ge) #otBuses | o (I:D:;t:ge) #otBuses | o0 S:LI:QE) #otBuses | ?:;t:gs) #ot Buses | ?:;t:gs) #of Buses Delta #ofBuses | o S:::ge) #of Buses belta #of Buses belta
1 |Phase2| - - 2725 - 2316 - 34 - 823 - 1157 - 2521 - 2713 - 1283 - 17 - 2159 -

34 0.25 0 2705 1% 2311 0% 43 26% 753 9% 132 2% 2350 7% 2859 5% 1104 14% 644 2105 3%
35 wer | 018 0 2697 1% 2319 0% 44 20% 776 6% 1145 1% 2422 4% 2583 5% 1206 6% 164 2119 2%
36 " 0.05 0 2698 1% 2321 0% 36 6% 780 5% 1149 % 2494 1% 2719 0% 1238 4% 17 0% 2118 2%
a7 +0.05 0 2745 1% 2333 1% 34 0% 839 2% 172 1% 2579 2% 2608 1% 1435 12% 17 0% 2254 4%
38 0.2 1 2812 3% 2373 2% 46 35% 877 % 1200 4% 2636 5% 2782 3% 1824 42% 20 18% 2287 6%
39 vea | 01 0 2781 2% 2376 3% 41 21% 910 1% 1222 6% 2734 8% 2757 2% 1718 34% 26 53% 2283 6%
o |7V o 0 2689 1% 2318 0% 33 3% 771 6% 137 2% 2498 1% 2700 0% 1118 3% 17 0% 2085 3%
41 +02 0 2689 1% 2314 0% 32 6% 759 8% 134 2% 2488 1% 2712 0% 1094 15% 17 0% 2068 4%
42 -0.15 0 2790 2% 2390 3% 46 35% 899 9% 1230 6% 2676 6% 2850 5% 1056 -18% 42 2426 12%
43 wi | 00 0 2749 1% 2343 1% a1 21% 864 5% 1181 2% 2607 3% 2768 2% 1162 9% 665 2259 5%
a4 On 1 o0 0 2693 1% 2314 0% 34 0% 794 4% 137 2% 2493 1% 2602 % 1441 12% 17 0% 2088 3%
45 +0.15 0 2622 4% 2286 1% 33 3% 732 1% 1107 4% 2333 7% 2541 6% 1524 19% 17 0% 1951 10%
46 0.15 1 2822 4% 2308 4% 41 21% 879 7% 1220 5% 2629 4% 2761 2% 1135 12% 20 18% 2303 7%
a7 e | 005 1 2771 2% 2370 2% 38 12% 871 6% 1211 5% 2602 3% 2738 1% 1210 6% 18 6% 2278 6%
s |99 so0s 0 2699 1% 2284 1% a7 9% 786 4% 121 3% 2446 3% 2747 1% 1624 27% 17 0% 2047 5%
49 +0.15 0 2641 3% 2262 2% a7 9% 712 13% 1087 6% 2245 1% 2513 7% 1982 54% 17 0% 1967 9%

*Contingencies diverged and are taken into account in the results
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Changes for the Better

Table 4.4-4
SRP Results and Observations for the Stressed Case: Motor C

ot o > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% vcsi?;?“/helfg‘);'czxz’sl'l :DJ‘E;‘;V::‘?‘;;'SZZ(?’”;: :ﬁ"_‘iﬁ ‘igzz";{; ;)evce;nldi
No.  fvariable #ofBuses | o, E:::ge) #orBuses |y, E:::ge) #orBuses | o, S:::ge) #orBuses | o, S:::ge) #oBuses | o E:::ge) #ofBuses | o, E:::ge) # of Buses Delta #orBuses | o E:::ge) #ofBuses | o, E:::ge) #orBuses | o, E:::ge)
1 |Phase2| - 2765 - 2395 E 33 E 784 - 133 - 2453 - 2723 - 1223 - 16 - 2135 E
2 0.2 2621 2% 2425 1% 33 0% 809 3% 1159 2% 2500 2% 2737 1% 1426 17% 21 31% 2341 10%
3 Frl | -0 2779 1% 2402 0% 32 3% 794 1% 1150 2% 2484 1% 2707 A% 1317 8% 20 25% 2192 3%
(02,03,
4 1) +0.1 2755 0% 2376 1% 32 3% 776 A% 1109 2% 2400 2% 2727 0% 1120 8% 15 6% 2108 1%
5 +0.2 2731 1% 2347 2% 30 9% 770 2% 1104 3% 2346 4% 2724 0% 881 28% 14 3% 2042 4%
6 0.2 2786 1% 2410 1% 34 3% 816 4% 1154 2% 2498 2% 2740 1% 1329 9% 18 13% 2195 3%
7 F2 | 01 2774 0% 2404 0% 33 0% 800 2% 1142 1% 2480 1% 2736 0% 1318 8% 17 6% 2165 1%
0,05,
8 ( 07 | +o1 2761 0% 2381 1% 31 6% 763 3% 113 2% 2428 % 2703 A% 1143 7% 15 6% 2104 1%
9 +0.2 2739 1% 2358 2% 28 15% 747 5% 1100 3% 2389 3% 2677 2% 1077 2% 15 6% 2048 4%
10 -50% 2773 0% 2397 0% 33 0% 740 6% 1126 A% 2440 1% 2733 0% 1176 4% 16 0% 2101 2%
" H 25% 2774 0% 2399 0% 33 0% 757 3% 124 % 2446 0% 2730 0% 1198 2% 16 0% 2123 %
12 |o 1(2: 16.2) +50% 2761 0% 2390 0% 33 0% 806 3% 1140 1% 2476 1% 2728 0% 1324 8% 16 0% 2156 1%
13 +100% 2761 0% 2388 0% 34 3% 822 5% 1141 1% 2483 1% 2735 0% 1319 8% 16 0% 2173 2%
14 -50% 2784 1% 2393 0% 34 3% 826 5% 1140 1% 2301 3% 2769 2% 1411 15% 24 50% 2255 6%
15 | 2769 0% 2399 0% 34 3% 811 3% 1135 0% 2455 0% 2739 1% 1329 9% 17 6% 2168 2%
P 2764 0% 2395 0% 33 0% 775 A% 1134 0% 2464 0% 2717 0% 171 4% 15 6% 2093 2%
17 +100% 2764 0% 2391 0% 31 6% 763 3% 1134 0% 2479 1% 2707 A% 1160 5% 15 6% 2056 4%
18 50% 2767 0% 2304 0% 31 &% 746 5% 118 % 2407 2% 2714 0% 1065 3% 15 % 2200 3%
19 Too | 25% 2766 0% 2396 0% 30 9% 753 4% 1123 % 2433 1% 2730 0% 1140 7% 15 % 2183 2%
(0.095,
20 08) | +50% 2783 1% 2405 0% 35 6% 811 3% 1142 1% 2477 1% 2744 1% 1474 21% 18 13% 2090 2%
21 +100% 2828 2% 2418 1% 39 18% 844 8% 1145 1% 2503 2% 2775 2% 1528 25% 31 - 2042 4%
22 -0.05 2765 0% 2396 0% 32 3% 803 2% 1143 1% 2466 1% 2731 0% 1255 3% 16 0% 2161 1%
23 Te2 | +0.05 2763 0% 2393 0% 32 3% 782 0% 121 A% 2449 0% 2735 0% 1192 3% 16 0% 2124 1%
0.1,
24 ((5-25J +0.1 2764 0% 2391 0% 33 0% 780 A% 122 A% 2446 0% 2719 0% 1181 3% 16 0% 2121 1%
25 +0.25 2758 0% 2387 0% 33 0% 777 A% 121 % 2449 0% 2726 0% 1159 5% 16 0% 2104 1%
2 -0.05 2738 1% 2320 3% 33 0% 824 5% 1164 3% 2624 3% 2655 2% 1469 20% 1" 31% 1993 7%
27 | +0.05 2172 0% 2411 1% 32 3% 722 8% 115 2% 2421 % 2718 0% 1159 5% 16 0% 2193 3%
0.02,
28 0(.05‘ 1| +0.25 2787 1% 2422 1% 32 3% 698 1% 113 2% 2400 2% 2729 0% 1134 7% 16 0% 2198 3%
29 +05 2802 1% 2427 1% 35 6% 691 2% 1108 2% 2329 5% 2711 0% 999 8% 16 0% 2331 9%
30 -0.05 2721 2% 2204 4% 31 6% 652 A7% 1039 8% 2222 9% 2539 7% 955 22% 10 -38% 1573 -26%
31 T2 | +0.05 2783 1% 2426 1% 34 3% 821 5% 1163 3% 2464 0% 2743 1% 1355 1% 18 13% 2230 4%
32 0(.2';],21’) +0.25 2797 1% 2434 2% 34 3% 832 6% 1169 3% 2503 2% 2763 1% 1377 13% 18 13% 2276 7%
3 +05 2799 1% 2436 2% 33 0% 844 8% 1" 4% 2499 2% 2765 2% 1377 13% 18 13% 2255 6%
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Changes for the Better

Table 4.4-4 (continued)
SRP Results and Observations for the Stressed Case: Motor C

ot oo > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% vcsi?;?“/he”'fg‘);'cz::’sl'l :DJ‘E;‘;V::‘ZTS'SZZ(?’”;: :i'_‘i?fv ‘,I;E;:ZO;S ;)evce;nlté
No.  fvariable #ofBuses | o, E:::ge) #ofBuses | o, E:::ge) #orBuses | o, S::fge) #orBuses | o, S:::ge) #orBuses | o E:::ge) #ofBuses | o, E:::ge) # of Buses Delta #olBuses | o E:::ge) #ofBuses | o, E:::ge) #ofBuses | o, E:::ge)
1 |Phase2| - 2765 - 2395 . 33 . 784 - 1133 - 2453 - 2723 . 1223 - 16 - 2135
34 0.25 2767 0% 2396 0% 33 0% 784 0% 1134 0% 2453 0% 2725 0% 1223 0% 16 0% 2135 0%
35 vier | 018 2767 0% 2396 0% 33 0% 784 0% 1134 0% 2453 0% 2725 0% 1223 0% 16 0% 2135 0%
36 O o0 2767 0% 2396 0% 33 0% 784 0% 1134 0% 2453 0% 2725 0% 1223 0% 16 0% 2135 0%
a7 +0.05 2767 0% 2396 0% 33 0% 784 0% 1134 0% 2453 0% 2725 0% 1223 0% 16 0% 2135 0%
38 02 2798 1% 2407 1% 38 15% 831 6% 1153 2% 2469 1% 2739 1% 1411 15% 17 6% 2200 3%
39 vea | 01 2786 1% 2406 0% 35 6% 814 4% 1157 2% 2481 1% 2746 1% 1352 1% 16 0% 2184 2%
o | OV voa 2758 0% 2390 0% 30 9% 2 2% 116 2% 2374 3% 2716 0% 141 7% 15 6% 2090 2%
41 +0.2 2758 0% 2390 0% 31 6% 769 2% 115 2% 2368 3% 2732 0% 1091 1% 15 6% 2049 4%
42 0.15 2791 1% 2408 1% 34 3% 825 5% 1154 2% 2504 2% 2729 0% 1381 13% 16 0% 2211 4%
43 ver | 008 2788 1% 2407 1% 32 3% 792 1% 1144 1% 2474 1% 2729 0% 1254 3% 16 0% 2172 2%
44 O 1 4005 2752 0% 2385 0% 33 0% 781 0% 1120 A% 2424 1% 2738 1% 1152 6% 16 0% 2125 0%
45 +0.15 2737 A% 2370 1% 34 3% 746 5% 114 2% 2372 3% 2725 0% 1011 A7% 16 0% 2108 1%
46 0.15 2809 2% 2450 2% 31 &% 752 4% 114 2% 2364 4% 2758 1% 1000 8% 16 0% 2279 7%
a7 v | 00 2800 1% 2424 1% 34 3% 762 3% 115 2% 2417 % 2757 1% 1062 3% 16 0% 2256 6%
w |09 o0s 2752 0% 2384 0% 34 3% 811 3% 1141 1% 2477 1% 2747 1% 1323 8% 16 0% 2111 1%
49 +0.15 2745 1% 2364 1% 33 0% 815 4% 1146 1% 2478 1% 2698 A% 1411 15% 16 0% 2061 -3%
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Table 4.4-5

SRP Results and Observations for the Stressed Case: Motor D

. ‘ . > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds Voltage Deviation > 5% V":;zg;‘l"‘:‘el:‘sg“;‘cz:z; 11 Z"J'abg/fv "B":;Zh‘;g‘sz‘c’z:];sl :z'_‘:?\: i‘éi:z";& :e":;nldi
No- - [variable #ofBuses | o CD:::QE) #orBuses |y, E:::ge) #orBuses | o, CD:::QE) #orBuses | o CD:::QE) #orBuses | o E:::ge) #ofBuses | o CD:::QE) #of Buses Delta #orBuses | o CD:::QE) #ofBuses |y, E:::ge) #orBuses | o, E’:::ge)

1 |Phase2| - 2725 - 2316 . 34 - 823 - 1157 - 2621 - 2713 - 1283 - 17 . 2159 .

2 40% 2403 2% 1986 14% 14 340 - 801 31% 1614 -36% 1683 -38% 324 4 1066 -

3 20% 2504 5% 2225 4% 2 24% 528 -36% 1062 8% 2197 3% 2405 1% 720 9 1658 23%

4 emp | 10% 2670 2% 2273 2% 33 3% 647 21% 1097 5% 2418 4% 2502 4% 921 -28% 13 -25% 1855 14%

5| ] aon 2780 2% 2358 2% 46 35% 992 21% 1179 2% 2644 5% 2878 6% 1573 2% 22 31% 2382 10%

6 +20% 3884 43% 3221 39% 47 38% 1056 28% 1233 % 2845 13% 3207 22% 1944 52% a7 3065 42%

7 +40% 3508 32% 2877 24% 7 - 1512 1335 15% 3180 26% 3206 21% 2271 % 208 3288 52%

8 0 2786 2% 2351 2% 36 6% 1895 1180 2% 2611 4% 2816 4% 1416 10% 2 32% 2094 3%

9 0.05 2747 1% 2327 0% 34 0% 1854 1160 0% 2589 3% 2753 1% 1443 12% 19 1% 2090 3%

10 o | 018 2652 3% 2257 3% 28 18% 475 853 -26% 1877 -26% 2300 15% 932 27% 10 42% 1735 20%

" R PP 2616 4% 2236 3% 29 -15% 319 661 1518 -40% 2050 -24% 746 42% 9 1476 32%

12 0.25 2568 6% 2213 4% 25 26% 283 603 1333 2139 21% 1106 14% 9 1440 -33%

13 05 2537 % 2182 -6% 25 26% 91 303 768 2109 -22% 1464 14% 9 1593 26%

14 04 2725 0% 2317 0% 34 0% 823 0% 1157 0% 2621 0% 2693 A% 1283 0% 23 34% 2184 1%

15 0.55 2725 0% 2317 0% 35 3% 823 0% 1157 0% 2621 0% 2706 0% 1283 0% 18 6% 2165 0%

16 e | 068 2725 0% 2317 0% 34 0% 823 0% 1157 0% 2521 0% 2711 0% 1283 0% 17 0% 2163 0%

17 0D 1 os 2725 0% 2317 0% 33 3% 823 0% 1157 0% 2621 0% 2715 0% 1283 0% 17 0% 2152 0%

18 0.85 2725 0% 2317 0% 33 3% 823 0% 1157 0% 2621 0% 2744 1% 1283 0% 17 0% 2149 0%

19 09 2725 0% 2317 0% 32 6% 823 0% 1157 0% 2621 0% 2711 0% 1283 0% 17 0% 2142 A%

20 1 2725 0% 2317 0% a7 9% 823 0% 1157 0% 2624 0% 2694 A% 1283 0% 17 0% 2611 21%

21 14 2725 0% 2317 0% 37 9% 823 0% 1157 0% 2524 0% 2702 0% 1283 0% 17 0% 2546 18%

22 ot 13 2725 0% 2317 0% 36 6% 823 0% 1157 0% 2624 0% 2675 % 1283 0% 17 0% 2417 12%

23 a9, 2725 0% 2317 0% 35 3% 823 0% 1157 0% 2624 0% 2700 0% 1283 0% 17 0% 2360 9%

24 2 2725 0% 2317 0% 33 3% 823 0% 1157 0% 2524 0% 2731 1% 1283 0% 17 0% 2129 A%

2 3 2725 0% 2317 0% 2 29% 823 0% 1157 0% 2524 0% 2575 5% 1283 0% 17 0% 156

26 0.01667 279 3% 2364 2% 45 32% 2076 1272 10% 2869 14% 2856 5% 2082 62% 76 2514
27 0.0667 2609 4% 2236 3% 14 98 269 567 606 160 6 529

28 | o |oossss| 267 5% 2224 4% 14 83 257 499 534 434 6 352

20 | OB o 2563 6% 2219 4% 2 83 252 454 524 584 4 325

30 0.1667 2654 6% 2199 5% 6 83 44 2 69 675 0 17

31 0.25 2554 6% 2199 5% 6 83 43 42 69 679 0 13
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Table 4.4-5 (continued)
SRP Results and Observations for the Stressed Case: Motor D

o ‘ s > 25% Voltage Dip > 30% Voltage Dip Generator Swings Offline | Voltage < 70%in 1 second | Voltage < 80%in 3 seconds | Voltage < 90%in 5 seconds| ~ Voltage Deviation > 5% V°:;zg;?(‘;|e|:g°sz‘cg:3’s 11 ‘;"J‘Ejv ZV::‘?;;;ZZ;;: ;ﬂ'_‘:‘}; ‘;‘éeaf:z"é ;’;’:o’nlai
No.  fvariable #orBuses | o CD:::QE) #ofBuses |y, E:::ge) #orBuses | o, CD:::QE) #orBuses | o, S:;t:ge) #orBuses | o E’:::ge) #orBuses | o E:::ge) # of Buses Delta #orBuses | o CD:::ge) #orBuses | o CD:::QE) #orBuses | o, E:::ge)
1 |Prase2| - 2725 - 2316 . 3 . 823 - 1157 - 2521 - 2713 - 1283 - 17 - 2159 .
® 5 2725 0% 2317 0% 39 15% 823 0% 1157 0% 2523 0% 2732 1% 1283 0% 2 36% 2501 20%
3 10 2725 0% 2317 0% 3 0% 823 0% 1157 0% 2523 0% 2709 0% 1283 0% 20 15% 2306 7%
N . 12 2726 0% 2317 0% 2 24% 823 0% 1157 0% 2523 0% 2716 0% 1283 0% 17 0% 2074 5%
35 a9 17 2725 0% 2317 0% 2 &% 823 0% 1157 0% 2523 0% 2720 0% 1283 0% 17 0% 2120 2%
36 20 2725 0% 2317 0% 30 2% 823 0% 1157 0% 2523 0% 2120 2% 1283 0% 17 0% 1213
37 2 2725 0% 2317 0% 2 8% 823 0% 1157 0% 2523 0% 1737 -36% 1283 0% 7 0% 181
38 Min 4840 8% 4015 73% 880 - 2203 - 1562 35% 3845 53% 4498 66% 1438 12% 651 - 1056
3 R1 3597 32% 2046 27% 51 50% 1423 73% 1069 8% 2564 2% 3119 15% 919 28% 2 28% 2024 35%
4 R 3597 32% 2046 27% 51 50% 1423 73% 1069 8% 2564 2% 3119 15% 919 28% 2 28% 2024 35%
Vetvez
a R 2566 % 2184 % 2% 24% 204 607 1442 43% 1803 34% 1059 7% 1 -38% 1197
2 R4 2501 8% 2087 0% 17 35 547 1024 1392 735 43% 1 113
a3 Max 2381 3% 1802 2% 17 2 480 1005 1342 570 - 1 1333 -38%
m 05 2725 0% 2314 0% 2 &% 823 0% 1144 1% 2531 0% 2581 5% 1213 5% 23 33% 1904 2%
4 07 2725 0% 217 0% 3 0% 823 0% 1157 0% 2523 0% 2662 2% 1283 0% 18 % 2055 5%
4% vt | 08 2725 0% 2317 0% 3 0% 823 0% 1157 0% 2523 0% 2687 1% 1283 0% 17 0% 2094 3%
a | 9 oss 2725 0% 2317 0% 3 0% 823 0% 1157 0% 2523 0% 2697 % 1283 0% 17 0% 2110 2%
s 09 2725 0% 2317 0% 3 0% 823 0% 1157 0% 2523 0% 2706 0% 1283 0% 17 0% 2135 1%
49 1 2725 0% 2317 0% 3 0% 823 0% 1157 0% 2523 0% 2715 0% 1283 0% 17 0% 2176 1%
50 03 2503 5% 2219 4% 8 % 164 362 615 142 1 206
51 04 2657 % 2202 5% 6 173 7 215 437 448 2 72
82 |y | 04 2549 % 2246 % 8 177 394 463 652 834 35% 5 239
s3 | ©9 [ oss 2724 0% 2314 0% 3 824 1189 3% 2616 % 2631 3% 2025 58% 2 287 %
54 056 2798 3% 2326 0% a7 872 1225 % 2171 10% 2029 8% 2640 ® 2044 36%
08 4768 75% 3687 59% 234 2308 1637 2% 3800 51% 5716 3506 484 4383
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The amount of total load loss at each load bus in SRP for each contingency and sensitivity
parameter analyzed for the Stressed Case was recorded. Tables 4.4-6 through 4.4-9 list the total
load loss for each of the five contingencies and sensitivities examined for Motor A, Motor B,
Motor C, and Motor D, respectively. The tables list the contingency, the amount of load loss, the
percent change from the Phase 2 base case and the respective sensitivity parameter. For Motor A
Contingency #3 in Table 4.4-6, the Phase 2 base case loss total was 4,988 MW. For sensitivity
parameter Ftrl, 3,731 MW of load was loss after increasing each motor trip fraction by a factor
of 0.2, which is a decrease of 25% from the Phase 2 base case. For the same contingency and
parameter, 18,894 MW of load was loss after decreasing each motor trip fraction by a factor of
0.2, which is an increase of 279% from the Phase 2 base case.
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Table 4.4-6
SRP Results and Observations for the Stressed Case: Motor A Load Loss

Ref. vartabte| seting Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #6
No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta
(MwW) (% change) (MW) (% change) (Mw) (% change) (MW) (% change) (MwW) (% change)
1 | Phase2 - 4676 - 4466 - 4988 - 5205 - 7813 -
2 02 5491 17% 4824 8% 18894 - 5051 14% 10312 32%
3 Fir1 0.1 5110 9% 4976 1% 4964 0% 5453 5% 14378 -
4 (0'2% )0 Ny 4553 3% 4293 4% 4146 A7% 5046 3% 7829 0%
5 +0.2 4453 5% 4194 6% 3731 25% 4998 4% 7444 5%
6 0.2 4816 3% 5195 16% 5980 20% 5370 3% 9410 20%
7 Fir2 -0.1 4740 1% 5060 13% 5048 1% 5274 1% 8496 9%
8 (06,[;)5 X 4617 1% 4410 1% 4363 13% 4394 16% 7733 1%
9 +0.2 4467 4% 4317 3% 4850 3% 4179 20% 7494 4%
10 -50% 4682 0% 5203 16% 5160 3% 5297 2% 8997 15%
11 H -25% 4676 0% 4472 0% 4985 0% 5192 0% 7836 0%
2 | 16_2')15' +50% 4664 0% 4347 -3% 4965 0% 5193 0% 7838 0%
13 +100% 4660 0% 4312 3% 4940 1% 5214 0% 7765 1%
14 -50% 4088 13% 3658 8% 3021 21% 4028 -23% 7247 %
15 Ls -25% 4634 1% 4300 4% 4214 16% 4345 7% 7646 2%
16 |83 1509 4714 1% 5216 17% 5153 3% 5397 4% 8731 12%
17 +100% - N/A - N/A - N/A - N/A 9108 17%
18 -50% 4664 0% 5087 14% 5014 1% 5332 2% 8667 1%
19 Too | -25% 4671 0% 4445 0% 5028 1% 5235 1% 8285 6%
20 (Od(_);s' +50% 4666 0% 4440 1% 4377 12% 5123 2% 7744 1%
21 +100% 4654 0% 4207 6% 4995 0% 4343 7% 7070 0%
2 -0.05 4678 0% 5060 13% 5084 2% 5203 0% 7832 0%
23 T2 | +0.05 4677 0% 4453 0% 4445 1% 4662 -10% 7697 1%
24 [0102)f o4 4677 0% 4434 1% 4365 12% 4549 13% 7737 1%
2 +0.25 4679 0% 4432 1% 39081 20% 4524 13% 7578 3%
26 -0.05 4605 2% 3932 12% 1736 - 3507 -33% 7582 3%
27 Tt | +0.05 4706 1% 5144 15% 5131 3% 5275 1% 8029 3%
28 0‘_3;—?,21’) +0.25 4786 2% 5102 14% 7120 43% 6164 18% 0476 21%
20 +0.5 5400 15% 5192 16% 9818 6574 26% 14536 -
30 -0.05 4549 3% 4407 1% 1067 4221 19% 7650 2%
31 Ttr2 +0.05 4730 1% 6498 45% 6490 30% 5646 8% 9901 27%
32 0%5321') +0.25 4810 3% 6980 56% 7656 53% 6605 27% - NIA
33 +0.5 5032 12% 7259 - - N/A 6728 29% - NIA
34 025 4677 0% 4466 0% 4988 0% 5205 0% 7813 0%
35 viet | 015 4677 0% 4466 0% 4988 0% 5205 0% 7813 0%
36 ® -0.05 4677 0% 4466 0% 4988 0% 5205 0% 7813 0%
37 +0.05 4677 0% 4466 0% 4988 0% 5205 0% 7813 0%
38 02 5106 9% 5320 19% 5058 1% 5513 6% 9420 21%
39 Vre2 -0.1 4666 0% 5108 14% 5042 1% 5190 0% 7854 1%
0 | OTD[ 4o 4678 0% 4374 2% 5008 0% 4422 5% 7242 7%
41 +0.2 4680 0% 4207 6% 4380 12% 4284 18% 7238 7%
42 0.15 4680 0% 5072 14% 6501 30% 5232 1% 12816 -
43 virt -0.05 4672 0% 4541 2% 6432 29% 5180 0% 8069 3%
44 0N [ +0.0s 4639 1% 3777 15% 4377 12% 5171 1% 6121 22%
45 +0.15 4334 % 3513 21% 4432 1% 4700 0% 5557 29%
46 0.15 5387 15% - N/A - N/A - N/A - N/A
47 vz | -0.08 4804 3% 5635 26% 13073 - N/A - N/A
a8 |5 00 o5 4674 0% 4270 4% 4026 - NIA 7101 -9%
49 +0.15 4251 9% 4272 4% 2645 E N/A 5145 -34%
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Table 4.4-7
SRP Results and Observations for the Stressed Case: Motor B Load Loss

Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #6
Ref. Variable| Setting
No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta
(MW) (% change) (MW) (% change) (MW) (% change) (MW) (% change) (MW) (% change)
1 | Phase 2 - 4676 - 4466 - 4988 - 5205 - 7813 -
2 02 4747 2% 4531 1% 5632 1% 5496 6% 12437 59%
3 Ftr1 0.1 4740 1% 4484 0% 5099 2% 5372 3% 10754 38%
02,03,
4 1) +0.1 4671 0% 4448 0% 4140 7% 4570 12% 7641 2%
5 +0.2 4590 2% 4369 2% 3968 20% 4548 3% 7499 4%
6 02 4742 1% 4473 0% 5141 3% 5462 5% 9396 20%
7 Ftr2 0.1 4724 1% 4473 0% 5105 2% 5379 3% 8910 14%
©,05,
8 0.7 +0.1 4675 0% 4446 0% 4398 2% 4582 12% 7743 1%
)
9 +0.2 4648 1% 4412 1% 4383 12% 4538 3% 7691 2%
10 -50% 4791 2% 4548 2% 6769 36% 5388 4% 8779 12%
1 H -25% 4700 1% 4500 1% 5167 4% 5356 3% 8551 9%
0.1, 0.15,
12 0.2 +50% 4669 0% 4407 1% 4973 0% 5159 1% 7809 0%
)
13 +100% 4618 1% 4388 2% 4834 -3% 5159 1% 7519 4%
14 50% 4679 0% 4484 0% 5104 2% 5329 2% 15377 -
15 s 25% 4698 0% 4466 0% 5139 3% 5298 2% 10751 38%
16 |8 3N 509 4543 3% 4438 1% 4989 0% 5103 2% 7601 3%
17 +100% 4523 3% 3665 -18% 4351 13% 4470 4% 7354 6%
18 -50% 4454 5% 3540 21% 4219 5% 4543 3% 7463 4%
19 Tpo -25% 4670 0% 4444 1% 4928 1% 5179 0% 7555 3%
(0.095,
20 08) | +50% 4713 1% 4524 1% 6534 31% 5383 3% 13602 -
21 +100% 4718 1% 4614 3% - N/A 5410 4% 11086 42%
2 -0.05 4641 1% 4330 3% 4383 12% 5164 1% 7735 1%
23 T2 | +0.05 4692 0% 4463 0% 4988 0% 5350 3% 7869 1%
20 |©1029f L4 4701 1% 4498 1% 5002 0% 5363 3% 7842 0%
25 +0.25 4700 1% 4499 1% 5313 7% 5362 3% 7848 0%
2 -0.05 4747 2% 4617 3% 8132 63% 5533 6% 10284 32%
27 Trt +0.05 4650 1% 4470 0% 4811 4% 4913 6% 7461 5%
(0.02,
28 | o005 1) | +0.25 4572 2% 4421 1% 4765 4% 4878 6% 7231 %
29 +0.5 4490 4% 4213 6% 4713 6% 4865 % 7119 9%
30 -0.05 4504 4% 3726 7% 4420 1% 4170 -20% 7724 1%
31 w2 [ +00s 4732 1% 4500 1% 6346 27% 5610 8% 7913 1%
(0.02,
32 |o0s1)| +025 4763 2% 4507 1% 6474 30% 5713 10% - NIA
33 +0.5 4846 4% 4729 6% 6543 31% 5913 14% 8136 4%
3 025 4750 2% 4477 0% 5092 2% 5396 4% 12657 62%
35 vier | 015 4711 1% 4467 0% 5066 2% 5363 3% 17546 -
36 ™ -0.05 4700 1% 4450 0% 5044 1% 5339 3% 7825 0%
37 +0.05 4602 2% 4231 5% 4907 2% 5212 0% 7682 2%
38 02 4782 2% 5744 20% 5337 7% 6493 25% - N/A
39 Vic2 0.1 4763 2% 4979 1% 5122 3% 5717 10% 9629 23%
40 | ©BD ] o4 4690 0% 4395 2% 4965 0% 5134 1% 7799 0%
41 +0.2 4695 0% 4204 6% 4901 2% 5127 1% 7603 3%
42 0.15 4717 1% 4529 1% 5435 9% 5347 3% 11242 44%
43 virt -0.05 4710 1% 4488 0% 5062 1% 5336 3% 18436 -
4 O +o.0s 4695 0% 4454 0% 4396 12% 5008 2% 7733 1%
45 +0.15 4271 9% 3866 13% 4363 13% 4683 0% 7473 4%
46 0.15 4717 1% 4500 1% 6536 31% 5664 9% - N/A
47 vz | -0.05 4730 1% 4477 0% 5491 10% 5395 4% - N/A
45 | 05068 Lo05 4600 2% 4433 1% 5004 0% 5103 2% 7461 5%
49 +0.15 4354 7% 4433 1% 3959 21% 5071 3% 7319 6%
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Table 4.4-8
SRP Results and Observations for the Stressed Case: Motor C Load Loss

Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #6
Ref. Variable| Setting
No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta
(MW) (% change) (MW) (% change) (MW) (% change) (MW) (% change) (MW) (% change)
1 Phase 2 - 4676 - 4466 - 4988 - 5205 - 7813 -
2 0.2 4555 3% 4271 4% 4924 1% 5060 3% 7213 8%
3 Ftrt 0.1 4616 1% 4362 2% 4921 1% 5135 1% 7578 3%
4 (0'2%)0 My 4735 1% 4554 2% 5000 0% 5234 1% 7974 2%
5 +0.2 4786 2% 4607 3% 5298 6% 5590 % 8143 4%
6 02 4680 0% 4519 1% 5011 0% 5220 0% 9149 17%
7 Fir2 0.1 4680 0% 4501 1% 5011 0% 5029 0% 8145 4%
8 (Ob%f " o 4662 0% 4460 0% 4935 1% 5092 2% 7637 2%
9 +0.2 4653 0% 4436 1% 4317 13% 4429 15% 7513 4%
10 50% 4658 0% 4396 2% 4927 1% 5141 1% 7413 5%
11 H -25% 4660 0% 4424 1% 4931 1% 5191 0% 7628 2%
= |° 16,251 > +50% 4667 0% 4467 0% 5027 1% 5203 0% 8073 3%
13 +100% 4675 0% 4485 0% 5048 1% 5660 9% 8173 5%
14 -50% 4706 1% 4561 2% 5045 1% 5280 1% 8830 13%
15 s -25% 4680 0% 4510 1% 5032 1% 5261 1% 7835 0%
16 |8 3N 509 4658 0% 4483 0% 4936 A% 5137 1% 7368 6%
17 +100% 4652 1% 4377 2% 4905 2% 5117 2% 7307 6%
18 50% 4649 1% 4413 1% 4951 1% 5090 2% 7503 4%
19 Tpo 25% 4661 0% 4441 1% 5003 0% 5189 0% 7743 1%
20 (06?:)5 | +s0% 4662 0% 4468 0% 5087 2% 5257 1% 8619 10%
21 +100% 4713 1% 4464 0% 5865 18% 5267 1% 10137 30%
22 0.05 4668 0% 4438 1% 4959 1% 5192 0% 7455 5%
23 Te2 | *0.05 4675 0% 4467 0% 5060 1% 5205 0% 8442 8%
20 |©1029f L4 4676 0% 4467 0% 5135 3% 5204 0% 8463 8%
25 +0.25 4675 0% 4468 0% 5221 5% 5183 0% 9181 18%
2 -0.05 4618 1% 3678 -18% 4042 19% 4029 23% 7390 5%
27 Ttrt +0.05 4665 0% 4533 1% 5004 0% 5251 1% 8346 7%
28 o(_gé),zi y| +02s 4679 0% 4610 3% 5041 1% 5003 2% 9463 21%

29 +0.5 4678 0% 4621 3% 5070 2% 5297 2% 13134 -
30 -0.05 4476 -4% 3226 -28% 2292 - 3896 -25% 7307 -6%

31 2 | 4005 4682 0% 4531 1% 5013 1% 5226 0% 9172 17%
©0.02,
32 | o0o0s 1) | +0.25 4682 0% 4607 3% 5014 1% 5246 1% 9570 22%
33 +0.5 4690 0% 4608 3% 5019 1% 5248 1% 8885 14%
3 0.25 4676 0% 4466 0% 4988 0% 5205 0% 7813 0%
35 ver | 015 4676 0% 4466 0% 4988 0% 5205 0% 7813 0%
36 ™ -0.05 4676 0% 4466 0% 4988 0% 5205 0% 7813 0%
37 +0.05 4676 0% 4466 0% 4988 0% 5205 0% 7813 0%
38 0.2 4691 0% 4789 7% 4978 0% 5481 5% 8911 14%
39 viez | 01 4678 0% 4548 2% 4971 0% 5234 1% 8427 8%
a0 | O [ o 4674 0% 4391 2% 4987 0% 5208 0% 7417 5%
41 +0.2 4676 0% 4395 2% 4970 0% 5203 0% 7395 5%
42 0.15 4751 2% 4453 0% 4998 0% 5283 2% 9104 17%
43 vt | 005 4752 2% 4458 0% 4991 0% 5276 1% 9355 20%
4 O +o.0s 4692 0% 4485 0% 4935 A% 5172 1% 7626 2%
45 +0.15 4680 0% 4430 A% 4857 3% 5168 1% 7373 6%
4% 0.15 4665 0% 4539 2% 5016 1% 5242 1% 9766 25%
47 vz | 005 4667 0% 4531 1% 5017 1% 5196 0% 8489 9%
45 | 05068 Lo05 4666 0% 4461 0% 4580 8% 5120 2% 7730 1%
49 +0.15 4652 1% 4470 0% 4105 18% 5157 1% 7680 2%
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Table 4.4-9
SRP Results and Observations for the Stressed Case: Motor D Load Loss
Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #6

Ref. Variable| Setting

No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta

(MW) (% change) (MW) (% change) (MW) (% change) MW) (% change) (MW) (% change)

1 Phase 2 - 4450 - 4129 - 4410 - 4485 - 8536 -

2 -40% 2277 -49% 2355 -43% 690 -84% 2276 -49% 2778 -67%
3 -20% 3081 -31% 3357 -19% 3124 -29% 3428 -24% 4424 -48%
4 FmD -10% 3814 -14% 3976 -4% 3640 -17% 3924 -13% 7471 -12%
5 (varies) [ 100, 5728 29% 4580 1% 5666 28% 4715 5% 10878 27%
6 +20% 7545 70% 5294 28% 7439 69% 6011 34% 32195 277%
7 +40% 12438 179% 5849 42% 9289 111% 10436 133% 30732 260%
8 0 4492 1% 4223 2% 5031 14% 5330 19% 11921 40%
9 0.05 4467 0% 4262 3% 5068 15% 4632 3% 9089 6%
10 Fuwr 0.15 4392 -1% 3878 -6% 1885 -57% 4037 -10% 7511 -12%
11 1 0.2 3116 -30% 3781 -8% 1386 -69% 3702 -17% 7401 -13%
12 0.25 2916 -34% 3685 -11% 1667 -62% 3627 -19% 5624 -34%
13 0.5 3214 -28% 3567 -14% 1903 -57% 3786 -16% 3457 -60%
14 0.4 4447 0% 4124 0% 4406 0% 4482 0% 7853 -8%
15 0.55 4448 0% 4125 0% 4403 0% 4482 0% 8193 -4%
16 Thit 0.65 4453 0% 4131 0% 4412 0% 4487 0% 7884 -8%
17 ©n 0.75 4450 0% 4129 0% 4406 0% 4483 0% 8748 2%
18 0.85 4450 0% 4134 0% 4398 0% 4481 0% 9004 5%
19 0.9 4464 0% 4145 0% 4413 0% 4488 0% 9474 1%
20 1 4450 0% 4129 0% 4410 0% 4485 0% 8820 3%
21 1.1 4450 0% 4129 0% 4410 0% 4485 0% 8725 2%
22 That 13 4450 0% 4129 0% 4410 0% 4485 0% 8649 1%
23 2 1.4 4450 0% 4129 0% 4410 0% 4485 0% 8632 1%
24 2 4437 0% 4118 0% 4391 0% 4473 0% 7995 -6%
25 3 2379 -47% 2418 -41% 2754 -38% 2613 -42% 5272 -38%
26 0.01667 4566 3% 5414 31% 6756 53% 5528 23% 9154 7%
27 0.0667 1182 -73% 1155 -72% 806 -82% 1076 -76% 6830 -20%
28 Tetall | 0-08335 879 -80% 1142 -72% 806 -82% 1076 -76% 5846 -32%
29 (0.033) 0.1 879 -80% 1142 -72% 806 -82% 1076 -76% 5012 -41%
30 0.1667 879 -80% 1142 -72% 806 -82% 1076 -76% 1860 -78%
31 0.25 879 -80% 1142 -72% 806 -82% 1076 -76% 1828 -79%
32 5 4526 2% 4214 2% 4513 2% 4554 2% 9137 7%
33 10 4523 2% 4192 2% 4475 1% 4557 2% 9000 5%
34 Tth 12 4471 0% 4145 0% 4431 0% 4503 0% 8830 3%
35 (19 17 4441 0% 4127 0% 4392 0% 4469 0% 8114 -5%
36 20 3776 -15% 3435 -17% 3551 -19% 3781 -16% 7672 -10%
37 25 2714 -39% 2592 -37% 2380 -46% 2918 -35% 7858 -8%
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Table 4.4-9 (continued)
SRP Results and Observations for the Stressed Case: Motor D Load Loss

Contingency #1 Contingency #2 Contingency #3 Contingency #4 Contingency #6
Ref. Variable| Setting
No. Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta Load Loss Delta
(MW) (Y% change) (MW) (%o change) (MW) (%o change) (MW) (% change) (MW) (% change)

1 Phase 2 - 4450 - 4129 - 4410 - 4485 - 8536

38 Min 6798 53% 8107 96% 22905 419% 8886 98% 38033 346%
39 R1 4371 2% 4348 5% 5198 18% 4479 0% 22353 162%
40 R2 4371 2% 4348 5% 5198 18% 4479 0% 22353 162%

Ve1ve2

41 R3 2765 -38% 3471 -16% 1210 -73% 3179 -29% 5933 -30%
42 R4 2595 -42% 3839 7% 1037 -76% 3741 7% 2005 T7%
43 Max 3358 -25% 3556 -14% 969 -78% 3868 -14% 1550 -82%
44 0.5 3875 -13% 3621 -12% 3863 -12% 3898 -13% 8160 4%
45 0.7 4185 6% 3886 -6% 4180 -5% 4223 -6% 7458 -13%
46 Vrst 0.8 4306 -3% 3999 -3% 4286 -3% 4344 -3% 7884 -8%
47 (0.95) 0.85 4357 2% 4046 2% 4329 2% 4395 -2% 8109 -5%
48 0.9 4405 1% 4091 -1% 4371 -1% 4443 1% 8424 1%
49 1 4484 1% 4155 1% 4438 1% 4515 1% 8534 0%
50 0.3 1727 -61% 2277 -45% 1244 -72% 1244 -72% 1525 -82%
51 0.4 1582 -64% 1636 -60% 806 -82% 1213 -73% 1389 -84%
52 Vstall 0.45 1783 -60% 2535 -39% 784 -82% 1158 -74% 1423 -83%
53 ©9 0.55 4452 0% 4129 0% 4410 0% 4605 3% 10231 20%
54 0.6 4452 0% 4129 0% 4410 0% 4679 4% 15014 76%
55 0.8 15334 245% 18045 337% 23169 425% 17768 296% 24299 185%

Refer to Figures 4.4-17 through 4.4-28 for representative plots of select sensitivity parameters of
Motor A, Motor B, and Motor D for a three-phase fault resulting in the loss of a 500 kV line.
The plots include up to eight bus voltages and four generator angles comparing the base case
(Phase 2) to the multiple sensitivity parameters.
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Motor A Contingency #2: Fir1
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Figure 4.4-15: Bus voltages for Motor A sensitivity parameter Ftrl.
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Figure 4.4-16: Generator angles for Motor A sensitivity parameter Ftrl.

Generator D Angle (degrees)

30

10

00 Phase? |, e
w— Firl 402
=0 Firl 4+

&4 Firt 01 || 30
Firt -02

PR TR Sy

§

iz

0—0 Phase 2

= Fir1 402
=0 Fur1 401
o Fal-01
Furl -02
s 8 # 24  2r @
Time (s)

Mitsubishi Electric
Power Products, Inc (MEPPI)

4-100

Power Systems Engineering
Services (PSES) Department



Composite Load Model Study
MITSUBISHI
ELECTRIC Technical Report REP-0004

Changes for the Better

Motor B Contingency #2: Vrc1
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Figure 4.4-17: Bus voltages for Motor B sensitivity parameter Vrcl.
Motor B Contingency #2: Vrc1
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Figure 4.4-18: Generator angles for Motor B sensitivity parameter Vrcl.
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Motor D Contingency #2: FmD
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Figure 4.4-19: Bus voltages for Motor D sensitivity parameter FmD.
Motor D Contingency #2: FmD
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Figure 4.4-20: Generator angles for Motor D sensitivity parameter FmD.
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Motor D Contingency #2: Fuvr
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Figure 4.4-21: Bus voltages for Motor D sensitivity parameter Fuvr.
Motor D Contingency #2: Fuvr
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Figure 4.4-22: Generator angles for Motor D sensitivity parameter Fuvr.
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Motor D Contingency #2: Thit
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Figure 4.4-23: Bus voltages for Motor D sensitivity parameter Thit.

Motor D Contingency #2: Th1t
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Figure 4.4-24: Generator angles for Motor D sensitivity parameter Thilt.
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Motor D Contingency #2: Th2t
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Figure 4.4-25: Bus voltages for Motor D sensitivity parameter Th2t.
Motor D Contingency #2: Th2t
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Figure 4.4-26: Generator angles for Motor D sensitivity parameter Th2t.
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Motor D Contingency #2: Tth
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Figure 4.4-27: Bus voltages for Motor D sensitivity parameter Tth.
Motor D Contingency #2: Tth
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Figure 4.4-28: Generator angles for Motor D sensitivity parameter Tth.
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SECTION 5. OVERALL CONCLUSIONS

MEPPI performed the “An Analysis of the Sensitivity of WECC Grid Planning Models to
Assumptions Regarding the Composition of Loads” project in collaboration with the University
of California Lawrence Berkeley National Laboratory (LBNL), the Western Electricity
Coordination Council (WECC), and associated WECC members. The objective of this project
was to conduct a parametric set of simulations that explore the sensitivity of WECC’s planning
models to uncertainties in the composition and behavior of loads.

The results of the simulations performed in this study have provided insight to the behavior of
the CMPLDW model. Several types of faults, including three-phase normal clearing faults,
single-phase stuck breaker faults, and three-phase double outage faults, were analyzed to
determine the sensitivity of the parameters to different fault types. It was observed that all fault
types were similar in system response because the varying of parameters had the most impact on
the response of the system.

5.1. Motor D Conclusions

As a result of this study, the Motor D parameters that had the most impact on study results are
listed in Table 5.0-1.

Table 5.0-1
Motor D Sensitivity to Parameters

Impact of Parameter Sensitivites Compared to Default NERC Data Set for Motor D
Volt: R O Volt: Ab: 11|0 Volt: Ab: 11
Parameter Parameter (“Z 2\?:0:;?;3% ver u Owig‘en 8 :ev: vir b/{\}N :gaend 3%\/;(: Generation Trip System Impact Significance Compared
Name Description P p.u- . p.u. . to NERC Default Data Set
NDDS (+) | NDDS () | NDDS (+) | NDDS () | NDDS (+) | NDDS () | NDDS (+) | NDDS ()
Vstall Stall voltage (p.u.) Large T in Large L in Large l in Large 1 in 1 |n. lin 1 |n. No Change | ~ Increased stalling voltage: \r’creased woltage recovery issues (FIDVR)
observations | obsenvations | observations | observations | observations | observations | observations - Decreased stalling voltage: improved system recovery
" Large | in | Large 1in | Large tin Large | in | Large 1in Small 1 in | - Increased stall delay time: improved system recovery
Tstal Stall delay time (sec) observations | obsenations | observations No Change observations | observations No Change observations | - Decreased stall delay time: increase FIDVR
FmD Motor D fraction of load 1 \n‘ l m» 1 |n‘ lin Large T in Large | in | Small T in No Change | ~ Increase percentage of Motor D load: increase FIDVR
observations | observations | observations | ol observations | of observations - Decrease percentage of Motor D load: improved system recovery
Fraction of load with under Lin tin tin Lin tin - Increase motors with under voltage protection: improved system
Fuwr " " : . No Change y No Change | No Change | recovery
voltage relay protection observations | obsenvations | observations observations | observations .
- Decrease motors with under woltage protection: increase FIDVR
Tth Motor D thermal time constant Tin 1 in Large S Change Lin 1in No Change | No Change | ~ Increase thermal time constant: increase FIDVR
(sec) observations | obsenvations | observations observations | observations - Decrease thermal time constant: improved system recovery
Motor D thermal protection trip 1in Lin 1in lin - Increase thermal trip protection start: increase FIDVR
Thit ’ y No Ch: No Ch: . No Ch: No Ch: . .
start level (p.u. temp) observations | obsenvations © Lhange 0 Lnhange observations | observations 0 Lnange o Lhange |- Decrease thermal trip protection start: improved system recovery
. . . . . . - Increase thermal trip protection completion: increase FIDVR
Th2t Motor Dvlherrnal protection trip ! \n‘ ! m, No Change Large f in Tin Lin No Change | No Change | - Decrease thermal trip protection completion: improved system
completion level (p.u. temp) observations | obsenvations ol bservations | ob:
recovery
* NDDS - NERC Default Data Set
** NDDS (+) - Parameter increase from NERC Default Data Set
*** NDDS (-) - Parameter decrease from NERC Default Data Set
**** 1 - Increase, | - Decrease
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Refer to the following for a brief description of each parameter listed in Table 5.0-1 and the
impact it had on system recovery.

Parameter: Tstall

Tstall is the time it takes for a residential air-conditioner to stall once the voltage threshold,
Vstall, is reached. This parameter has a significant impact on the voltage recovery of a system.
Based on laboratory testing, once the voltage threshold is met, a residential air-conditioner will
stall in 2 cycles, or 0.03 seconds. It was observed that decreasing the stall time to 1 cycle or
0.01667 seconds will have a significant impact on the results, increasing the amount of motors
that stall and severely reducing the stability of the system. However, increasing the stall time of
an A/C motor will benefit the system as the motors will not stall and will allow the system to
recover. Although the A/C motors will not stall as quick and will not inhibit Fault Induced
Delayed Voltage Recovery (FIDVR), an increase in voltage overshoot above 1.1 p.u. is observed
following the clearing of the fault which is a cause for concern.

Parameter: Vstall

Vstall is the stalling voltage of a residential air-conditioner. Once this limit is reached, the A/C
motor will stall according to Tstall. This parameter has a significant impact on the voltage
recovery of a system. It was observed that increasing the stalling voltage from 0.5 p.u. to 0.8
p.u. will increase the observations associated with Fault Induced Delayed Voltage Recovery
(FIDVR) such as recovery voltage and voltage sags. Reducing the voltage stalling threshold has
an equally opposite impact on the recovery of the system. Reducing the voltage stalling to 0.3
p.u. reduces the number of observations of delayed voltage recovery by 50% but increases the
observations of an initial voltage overshoot (voltage above 1.1 p.u. within eight seconds after
clearing the fault).

Parameter: FmD

FmD is the fraction of Motor D at a given load location. Increasing the amount of load that is a
single-phase residential air-conditioner at a specific feeder will cause significant delayed voltage
recovery of the system. An increase in A/C motors will cause additional reactive power to be
drawn into the motors and will pull the voltage down. With less A/C motor load on the system,
there is a reduced number of motors that will stall.

Parameter: Tth

Tth is the thermal time constant of an A/C motor load and will protect the motor from damage as
the motor begins to stall. Once an A/C motor stalls and begins to draw reactive power, the
inrush of current will heat the stator winding of the motor and possibly damage the motor.
Decreasing the thermal time constant will allow A/C motor load to trip off quicker, reducing the
amount of motors stalling that the system has to support. This will lead to quicker voltage

Mitsubishi Electric 5-1 Power Systems Engineering
Power Products, Inc (MEPPI) Services (PSES) Department



0 MITSUBISHI Composite Load Model Study
AV ELECTRIC Technical Report REP-0004

Changes for the Better

recover but increased voltage overshoots above 1.1 p.u. Increasing the thermal time constant
will force the A/C motor loads to remain on the system in a stalled state and drag the system
voltages down until the thermal constant is reached which was observed for all cases examined.

Parameter: Thit

Thit is the thermal protection tripping start level in p.u. temperature. Once the thermal
temperature starting temperature is reached, Motor D load will begin to be tripped until Th2t is
reached, thermal protection tripping complete level. The motors will be tripped following a
linear relationship from Thlt to Th2t. The main impact the thermal protection tripping start level
has on the recovery of the system is the voltage recovery within 5 cycles after a fault is cleared
and the voltage overshoot after a fault is cleared. As Thlt is decreased, motors will trip offline
sooner and over a longer time period (motor loads will trip offline following a linear relationship
between Thlt and Th2t), allowing the system to recover in an acceptable amount of time.

Parameter: Th2t

Th2t is the thermal protection tripping completion level in p.u. temperature. Once the thermal
temperature starting temperature is reached, Thlt, Motor D load will begin to be tripped until
Th2t is reached. The motors will be tripped following a linear relationship from Thlt to Th2t.
The main impact the thermal protection tripping start level has on the recovery of the system is
the voltage recovery within 5 cycles after a fault is cleared and the voltage overshoot after a fault
is cleared. As Th2t is decreased, motors will trip offline sooner and in a shorter amount of time,
allowing the system to recover in an acceptable amount of time. However, as the motors trip off
quicker, this will induce voltage overshoots after the fault is cleared and until the motor tripping
is completed.

Parameter: Fuvr

Fuvr is the percentage of Motor D loads that are modeled with under voltage relay protection.
From the analysis, it can be observed that an increase in this percentage will greatly reduce the
FIDVR impact on the system. An increase in motors modeled with under voltage relay
protection will result in more motors tripping offline as the voltage of the system is reduced
following a fault. As more motors are tripped offline, this will reduce the number of motors that
draw excessive reactive power and will lead to increased system recovery. A decrease in motors
modeled with under voltage relay protection will result in an increase of motors drawing reactive
power as they are not able to trip offline. This will result in delayed voltage recovery and may
be harmful to the system.

5.2. Motor A, Motor B, and Motor C Conclusions

After performing the initial analysis, an additional sensitivity analysis was performed on a
heavily stressed case that examined sensitivity to Motor A parameters, Motor B parameters,
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Motor C parameters, and a detailed set of Motor D parameters, independently. For the additional
Motor D parameters that were varied on the Stressed Case, the same system response was
observed as was observed on the Heavy Summer case for each utility. Refer to Table 5.0-2 for
the most influential parameters observed for Motor A, Motor B, and Motor C.

Table 5.0-2
Motors A, B, and C Sensitivity to Parameters

Impact of Parameter Sensitivities Compared to Default NERC Data Set for Motor A, Motor B, and Motor C

Voltage Recovery Over Voltage Above 1.1| Over Voltage Above 1.1 . . .

Parameter Parameter (Impact on FIDVR) p.u. within 8 sec p.u. biw 8 and 30 sec Generation Trip System Impact Significance Compared
Name Description - . i . to NERC Default Data Set

NDDS (+) | NDDS () | NDDS (+) | NDDS () | NDDS (+) | NDDS () | NDDS (+) | NDDS ()

- Increased percentage of motor loads that trip: improved system
recovery

- Decreased percentage of motor loads that trip: increased woltage
recovery issues (FIDVR)

Percentage of motor loads that
Ftr1 will trip on the first voltage trip
setting (%)

Lin 1in Large tin | Large | in | Large tin | Large |in | Large 1 in

" : " - " - " No Change
observations | observations | observations | observations | observations [ observations | observations o

First low oltage trip delay time | Small 1 in | Small | in | Small | in
for three phase motors (secs) |observations | observations | observations

Small | in
observations

Small 1 in - Increased trip delay time: increase FIDVR
observations | - Decreased trip delay time: improve system recovery

Ttr1 No Change No Change | No Change

- Increase woltage trip setting: improved system recovery
- Decrease woltage trip setting: increase FIDVR (motors remain
connected to system, stalling for longer duration)

First low oltage trip setting for
three phase motors (p.u.)

Large 1 in 1in Lin Small | in 1in Small tin | Small | in

Vitr1 - " : " : :
obsenvations | observations | obsenations [ observations | obsenvations | observations | observations

No Change

* NDDS - NERC Default Data Set

** NDDS (+) - Parameter increase from NERC Default Data Set
*** NDDS (-) - Parameter decrease from NERC Default Data Set
**** 1 - Increase, | - Decrease

Parameter: Ftrl, Ttrl, Vtrl

It was observed that all three parameters listed above have similar impacts on system response.
As more motor loads remain on the system during and after a system disturbance, the motors will
draw excessive current which will drag system voltages down and will induced delayed voltage
recovery. System voltages will respond back to steady state voltages quicker and have a greater
chance of avoiding system instability as the percentage of motors modeled with voltage
protection settings is increased and more strict settings are used.

5.3. Composite Load Model: Software Modeling

It was discovered that unexpected results were obtained in the GE PSLF software, V19.0_01, for
the Ttrl and Ttr2 parameters. When setting the first or second voltage trip delay time to
instantaneous, i.e. zero (0), the models will remain online, simulating an extended trip time, and
will effectively cause delayed voltage recovery. Therefore, these values must be set greater than
zero (0). Refer to Figure 5.0-1 for a representative voltage plot of this modeling difference. For
this analysis, MEPPI set Ttrl and Ttr2 to 0.001 seconds when simulating the Ttrl and Ttr2
values to trip instantaneously.
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Figure 5.0-1: Representative voltage plot showing modeling discrepancy.
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SECTION 6. RECOMMENDATIONS

This analysis focused on the sensitivity of the composite load model to a variation of parameters.
It was observed that variations to certain parameters will impact the recovery of the system such
as Vstall, Tstall, FmD, Fuvr, Tth, Thlt, and Th2t (specific examples can be found in the
Conclusion section). MEPPI recommends Transmission Owners and Transmission Planners
focus data collection on the following parameters:

e Vstall: Stall voltage, p.u.

e Tstall: Stall time delay, sec.

e FmD: Motor D fraction of load P

e Fuvr: Fraction of load with under voltage relay protection

e Tth: Motor D thermal time constant, sec.

e Thit: Motor D thermal protection trip start level, p.u. temperature

e Th2t: Motor D thermal protection trip completion level, p.u. temperature

For all four utilities in the West that participated in this study, a total of 8,544 simulations were
performed using PSLF software and a total of 12,886 simulations were performed using PSSE
software. The Phase 2 composite load model showed numerical stability and credible behavior
for all of these contingencies using default NERC data sets for normal loading conditions and
heavy stressed loading conditions. If detailed load model data is not available for a given entity,
MEPPI recommends the default NERC load model parameters (as used in this study) when
performing transmission planning studies.

This analysis examined the inner workings of the composite load model in the GE PSLF and
Siemens PTI software. MEPPI recommends additional studies and testing be performed to
understand the engineering and physics of three phase and single phase induction motors to
benchmark software simulations to system disturbances.
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