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flows are solved consistent with the similar solutions described for the baseline thermal
analyses.

Voltage

This testing procedure is similar to the thermal load deliverability test except that voltage
criteria are evaluated and that a deterministic dispatch procedure is used to increase study
area imports. The voltage tests and criteria are the same as those performed for the
baseline voltage analyses.
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2.3.9 Generation Deliverability Analysis

The generator deliverability test for the reliability analysis ensures that, consistent with the
load deliverability single contingency testing procedure, the Transmission System is capable
of delivering the aggregate system generating capacity at peak load with all firm
transmission service modeled. The procedure ensures sufficient transmission capability in
all areas of the system to export an amount of generation capacity at least equal to the
amount of certified capacity resources in each “area”. Areas, as referred to in the generation
deliverability test, are unique to each study and depend on the electrical system
characteristics that may limit transfer of capacity resources. For generator deliverability
areas are defined with respect to each transmission element that may limit transfer of the
aggregate of certified installed generating capacity. The cluster of generators with significant
impacts on the potentially limiting element is the “area” for that element. The starting point
power flow is the same power flow case set up for the baseline analysis. Thus the same
baseline load and ratings criteria apply. As already mentioned the same contingencies used
for load deliverability apply and the same single contingency power flow solution techniques
also apply. Details of the generation deliverability procedure can be found in Attachment C.

One additional step is applied after generation deliverability is ensured consistent with the
load deliverability tests. The additional step is required by system reliability criteria that call
for adequate and secure transmission during certain NERC category C common mode
outages. The procedure mirrors the generator deliverability procedure with somewhat lower
deliverability requirements consistent with the increased severity of the contingencies.

The details of the generator deliverability procedure including methods of creating the study
dispatch can be found in Attachment C.

2.3.10 Baseline Stability Analysis

PJM ensures generator and system stability during its interconnection studies for each new
generator. In addition, PJM annually performs stability analysis for approximately one third
of the existing generators on the system. Analysis is performed on the RTEP baseline power
flow stability cases. These analyses ensure the system is transiently stable and that all
system oscillations display positive damping_with damping ratio greaterthan-3%consistent
with section G.2.2. Generator stability studies are-is performed for critical system conditions,

which includes light load and_peak load for three phase faults with normal clearing plus
single line to ground faults with delayed clearing. Also, specific Transmission ewner-Owner
designated faults are examined for plants ien their respective systems.
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Finally, PJM will initiate special stability studies as the-needed basis-arises. The impetus
trigger for such special studies commonly includes but is not limited to conditions arising
from operational performance reviews or major equipment outages.

2.3.11 Long Term Reliability Review

The PJM RTEP reliability review process examines the longer term planning horizon using a
current year plus 15 power flow model and a current year plus 10 power flow model.
Assumptions and model development regarding this longer term view will be presented and
reviewed and stakeholder input will be considered in the same process used for the near-
term review. The longer term view of system reliability is subject to increased uncertainty
due to the increased likelihood of changes in the analysis as time progresses. The purpose
of the long term review is to anticipate system trends which may require longer lead time
solutions. This enables PJM to take appropriate action when system issues may require
initiation during the near term horizon in anticipation of potential violations in the longer term.
System issues uncovered that are amenable to shorter lead time remedies will be
addressed as they enter into the near-term horizon.

Current Year Plus 15 Analysis

The Longer term reliability review involving single and multiple contingency analyses is
conducted to detect system conditions which may need a solution with a lead-time to
operation exceeding five years. Two processes will be used as indicators to determine the
need for contingency analysis in the longer term horizon. The first is a review of the near-
term results to detect violations that occur for multiple deliverability areas or multiple or
severe violations clustered in a one area of the system. This review may suggest larger
projects to collectively address groups of violations. The second is a thermal analysis
including double circuit towerline outages at voltages exceeding 100 kV performed on the
current year plus fifteen system. All of the current year plus fifteen results produced will be
reviewed to determine if any issues may require longer lead time solutions. If so such
solutions will be determined and considered for inclusion in RTEP.

This evaluation of the need for longer lead time solutions considers that the NERC category
C results may employ load shedding and/or curtailment of firm transactions to ease potential
violations. Also this review considers that the current year plus fifteen planning horizon
exceeds the required NERC planning horizon. The main effect of this extension to 15 years
is to examine a load level that is significantly higher than the base forecast year-ten planning
load level. This year fifteen analysis, therefore, captures the equivalent (in a 10-year
horizon) of a higher load forecast plus weather sensitivity. To the extent that this long term
reliability thermal review indicates marginal system conditions that may require a longer lead
time solution, PJM will undertake additional longer term analyses as may be needed.

The long term deliverability analyses follow a similar pattern to the near-term load and
generation deliverability analyses. The long term, however, relies solely on linear DC
analysis whereas all near term violations result from analysis solutions that rely on the full
AC power flow. The load deliverability case is set up for a 90/10 load level and the
generation deliverability case is set up for a 50/50 load level. Generation dispatches are
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In addition to the system impact stability analyses of new generating interconnections, the three
year cycle testing of all existing generating units interconnected to the PJM system, and certain
“ad hoc” stability testing required by special circumstances that occur from time to time, PJM
also conducts system stability testing of its most critical stressed system conditions during the
annual Regional Transmission Expansion Plan study cycle. The RTEP stability testing examines
and ensures system performance within criteria for heavy system transfer conditions. Power
flow criteria are ensured on a local and system-wide basis for heavy transfers during the
application of PUM’s load deliverability testing (see Manual 14B Attachment C.) These test
scenarios examine emergency conditions involving extreme generating outages and loads
coupled with single transmission element outages. Such circumstances are critical when the
system is stressed at heavy load, rather than light load.

Based on the results of each annual RTEP cycle and previously completed stability analyses,
PJM determines the load delivery limits for the case that represents the most critical conditions
for PJM system stability testing. The transfers into the selected Region emanate from external
PJM and non-PJM generation. Imports from external areas are based on historical levels for
heavy load. An example of the type of PJM scenario that could represent the critical study
condition may have local load of 65,000 MW with a transfer into the area caused by the
simultaneous outage about 10,000 MW of internal area generation. This may cause a thermal
limit to transfers well in excess of 6000 MW.

The transmission outage that sets the limit for transfers during the Mid-Atlantic load delivery
testing is modeled for stability to ensure that the region is not stability limited. PJM also
determines several more critical three-phase and single-line-to-ground fault tests to apply from a
stability perspective to ensure robust, stable and adequately damped system performance.
Fault testing for system stability includes the most critical Bulk Electric System lines.

G.4 NERC Category C3 “N-1-1” System Stability Studies

INTRODUCTION

An N-1-1 contingency pair is defined as a single line to ground (SLG) or 3-phase fault with
normal clearing, manual system adjustments, followed by another SLG or 3-phase fault with
normal clearing. In the NERC TPL standard, N-1-1 contingencies belong to Category C3.
Manual adjustments after first (N-1) contingency are allowed to relieve any thermal or voltage
violations for applicable ratings and/or to prepare for second (N-1-1) contingency.

N-1-1 stability analysis is defined as a stability analysis for given N-1-1 contingency scenarios.
For a given N-1-1 contingency scenario, the first (N-1) contingency is applied to a pre-
disturbance base case. If the system is stable, a new operating point is computed and manual
adjustments are made if necessary, and then stability is monitored following second (N-1-1)
single contingency. Because of the assumed long time delay (from a stability point of view)
between two single contingencies, the N-1-1 stability analysis is similar to maintenance outage
study for operational guidelines.

DISPATCH
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Initial base case creation for N-1-1 stability analysis follows the procedure in Attachment G,
section 2.2. When an N-1 base case is created, care needs to be taken before an N-1-1
contingency is applied. First, all thermal or voltage violations in the N-1 base case should be
resolved through system adjustment. Second, if available, any existing operating guidelines for
the N-1 outage condition needs to be applied to the N-1 base case.

N-1-1 STABILITY ANALYSIS PROCEDURE

Considering the number of generating machines in the PJM system and the number of possible
N-1-1 contingency pairs, it is very challenging to cover all of them within a reasonable lead time.
In general testing all N-1-1 contingency pairs for stability is impractical and not necessary due to
the fact that most contingency pairs are electrically far away from a study plant or independent
from each other. It is essential to screen out critical contingency pairs which have potential
stability problems without missing any potentially unstable N-1-1 contingency pairs.

Overall procedure of N-1-1 stability analysis for generating units in PJM area is as follows:

1. Selection of plants for the N-1-1 stability study

a. The scope of annually studied plants will include the same plants included in the
scope of the baseline stability study that year. Similar to the baseline stability study,
one third of generators in PJM will be considered for the N-1-1 stability analysis each
year resulting in each.

b. If PJM Transmission Planning determines that the scope cannot be completed within
a reasonable lead time, PJM Transmission Planning will prioritize the plants in the
scope of the study and higher priority plants will be studied first.

c. With the request of PJM Operation or Transmission Owners due to special operation
need, the study for specific plants would be performed.

2. Selection of N-1-1 contingency pairs for each plant.

a. N-1-1 contingency pairs within one bus from the high tension bus of the study plant
are tested. If the number of branches connected to the high tension bus is less than
three, the boundary of N-1-1 contingency pairs is extended to two buses away.

3. Conduct N-1-1 stability study

a. Assume N-1 stability results are available from the baseline stability analysis.

——If an N-1contingency is transient unstable, the N-1 stability issue must be resolved
first. skipthe-all N-1-1-contingency-pairs-associated-with-the N-1-contingency-

b. For each N-1-1 contingency pair, create an N-1 base case by solving a power flow
after the N-1 contingency is applied to the N-O base case. If there are any thermal or
voltage violations, resolve them through the-use-efsystem adjustments. Also if
available, apply existing operating quidelines for the N-1 outage condition to the N-1
base case.
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c. Conduct comprehensive time-domain simulation for the N-1-1 contingency and
assess stability.
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i. Following standard PJM stability criteria, both transient stability and damping
will be monitored

d. Consider SPSs or other specific operating guidelines.

STUDY PLANTS SELECTION

The factors taken into account in prioritizing plants include the size of a plant's M\W-output, N-1
baseline stability study results, plant fuel type, and the unavailability rate of neighboring
branches of the study plant. The following plants are given the highest priority for the N-1-1
stability study.

. Nuclear plants take the highest priority and will be studied if they are in the scope of the
annual baseline stability study

. Plants with the maximum output of 1000 MW or above.

. Plants having weak-baseline{N-1) stability performance in baseline stability study.
issues:

. Plants that experienced operational stability issues in real-time.

. Plants having neighboring branches with high unavailability rate due to planned and/or

unplanned outages.

N-1-1 CONTINGENCY SELECTION

Due to the number of combinations of N-1-1 contingencies, only single contingencies that are 1-
bus away from the high-tension buses of the study plant are considered. In the example below,
five single transmission line outages are considered in the N-1-1 stability study as shown in Fig.
1.
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Figure 1 — Example of Five transmission lines for the N-1-1 stability study of a generic location.

It is necessary to analyze total 25 (5 N-1 and 20 N-1-1 contingency scenarios) contingency
scenarios for the example plant in Figure 1. It is also noted that 3-phase fault cleared by primary
relays is considered for all single contingencies. Fault clearing times are in form of possible
ranges for different areas, kV and fault clearance options and the upper values of the respective
ranges are used. Existing special protection schemes are, if available, incorporated in the N-1-1
contingency scenarios.

MITIGATION

Any violation of PJM or other applicable stability criteria as described in this Attachment will
reguire-mitigation be addressed and documented as part of the annual RTEP process.

G.5 Impact Study Procedures Applicable to Wind Turbine Analyses

PJM follows a process of procedures and studies when handling requests to interconnect to the
transmission system. These procedures are outlined in PJM Manuals and agreements,
particularly PJM’s Manuals 14A and 14B and the PJM Open Access Transmission tariff (OATT.)
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