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1. INTRODUCTION AND CONCLUSION SUMMARY 

A. PURPOSE AND SCOPE OF THIS REPORT 

1. Background 

Pursuant to KRS 278.255, the Kentucky Public Service Commission (“Commission” or “KSPC”), 
retained Accion Group, Inc. (“Accion”) to perform a focused need review of documentation associated 
with a 138 kiloVolt (“kV”) transmission line proposed for construction by Kentucky Power Company 
(“KPC” or “Company”) between the Soft Shell Substation in Knott County, Kentucky and the Bonnyman 
Substation in Perry County, Kentucky. 

Accion Group’s transmission and distribution professionals have an average of thirty years of 
individual experience constructing and operating transmission and distribution systems in the United 
States and overseas. Accion Group’s consultants are well-versed in siting matters, interconnection 
requirements and responsibilities, bulk power system planning, and transmission system design, and 
are also experienced in investigations of safety and reliability, implementation of public policy in the 
electric and gas industries, and in investigations of unit outage and system outage causes. 

Interconnection requirements and responsibilities are important considerations in the review of 
available options. We are experienced in the complexities of both the regulatory and data review 
processes, with significant experience in the siting of electric and gas energy facilities. 

Over the years, Accion personnel have conducted comprehensive siting reviews, 
comprehensive and focused transmission and distribution management and operational audits, 
generator outage prudence reviews, reliability assessments, asset sales, mergers, and other consulting 
engagements for regulatory clients either for Accion or previous employers. In addition, Accion 
personnel has conducted comprehensive and focused transmission and distribution audits, reliability 
assessments, rate case analysis, due diligence assessments, and generator outage prudence reviews 
for private industry clients. 

With more than thirty years of in-depth experience in electric, gas, water, and renewable 
utilities, Accion Group’s diverse consortium of consultants provides insightful, candid, and practical 
advice to the utility industry and their associated government regulatory bodies. Headquartered in 
Concord, New Hampshire, with a branch office in suburban Washington, D.C. and consulting affiliates 
nationwide, Accion’s specialties range from transmission and distribution and utility management to 
nuclear decommissioning and construction monitoring. 

Since i ts incorporation in 2001, Accion Group has been routinely involved in high-profile 
consulting engagements, thus securing a reputation as one of the premier firms providing review and 

ION GROUP 
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advice of transmission and distribution-related activities. Accion Group has served as a consultant to 
utilities on transmission and distribution projects in markets from our primary base in New Hampshire 
to  Maine, D.C., Kentucky, Illinois, and Canada. The breadth of our consultants’ personal experience, 
ranging from federal prosecutor, state’s counsel, and counsel for utilities and energy markets to  
Chairman of the Board, Chief Executive Officer, senior management of nuclear power plants, and 
managing engineer with state public service commissions, ensures that Accion provides advice with a 
full appreciation of the needs of regulators and shareholders. 

Adding to our experience in transmission and distribution systems, Accion Group has served as 
Independent Evaluator, Independent Monitor, or Independent Observer to  state commissions on 
competitive solicitations covering more than 130,000 MW across the nation, and has assisted utilities 
in the preparation for, and the conduct of, power supply solicitations. 

This Final Report presents the results of Accion’s review of KPC’s application for a Certificate of 
Public Convenience and Necessity (“Certificate”) to construct a 138kV transmission line between the 
Soft Shell and Bonnyman substations and all supporting documentation provided by KPC in Case No. 
2011-00295. 

2. Project Scope and Objectives 

The overall objective of this project was to review KPC’s analyses regarding the need for KPC’s 
evaluation of alternatives to, and the engineering aspects of, the proposed 138kV transmission line. 
The proposed transmission line would be located in Perry and Knott Counties, Kentucky, and is 
approximately 20.0 miles in length. Substation construction and ancillary facilities for the project would 
be located in Perry, Knott, and Breathitt Counties, Kentucky. Included in this report is an independent 
evaluation of 

a. KPC’s analyses and conclusions in support of the reasonableness of the need for the 
proposed transmission line; 

b. KPC’s analyses and conclusions in support that the proposed transmission line is the best 
overall alternative including wheeling of power through neighboring systems; and that 

c. The routing proposed by KPC is reasonable in that proper social, environmental, and 
economic factors were fairly and reasonably considered. 

The project was a focused review. While Accion reviewed KPC’s work processes and methods, 
Accion did not perform an independent analysis of the need for the proposed facilities; as such work is 
beyond the stated work scope of this engagement. An evaluation of the overall cost of, and the 
engineering design aspects of the proposed line were also beyond the stated work scope of this 
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engagement. However, Accion did review the economic analyses and line design for reasonableness 
and adherence to good utility practice based on i ts experience. 

Accion’s work focused on the following aspects of the review: 

a. KPC’s analysis of the ability of existing facilities to reliably serve existing and expected load. 
The review included power flow, transient stability and short circuit analyses, and a review 
of the load forecast and methodology as required. 

b. KPC’s analyses that support the need for additional facilities. The evaluation included 
whether adequate consideration was given to 

The upgrade of existing facilities to  alleviate either thermal overloads or low voltage 
conditions, including a review of KPC’s methodology to determine system component 
ratings. 

Other alternatives including other transmission alternatives, the addition of generation, 
and improvement of load power factor. 

Whether wheeling of power through neighboring systems or interconnections 
presented a viable alternative to construction of the proposed facilities. 

Whether the routing proposed by KPC for the proposed transmission line is reasonable 
in that proper social, environmental, and economic factors were reasonably considered, 
and whether adequate consideration was given to co-locating the new transmission line 
with existing facilities. 

B. PROJECT OVERVIEW 

1. Project Description 

KPC, an electric utility organized as a corporation under the laws of the Commonwealth of 
Kentucky in 1919, is a wholly owned subsidiary of American power Company, Inc. (“AEP”). The AEP 
system is a multi-state public utility holding company system that provides electric service in parts of 
eleven states - Arkansas, Indiana, Kentucky, Louisiana, Michigan, Ohio, Oklahoma, Tennessee, Texas, 
Virginia, and West Virginia. KPC is engaged in the generation, purchase, transmission, distribution, and 
sale of electric power. KPC serves approximately 173,400 customers in the following 20 counties of 
eastern Kentucky: Boyd, Breathitt, Carter, Clay, Elliot, Floyd, Greenup, Johnson, Knott, Lawrence, Leslie, 
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Letcher, Lewis, Magoffin, Martin, Morgan, Owsley, Perry, Pike, and Rowan. KPC also supplies electric 
power a t  the wholesale level t o  other utilities and municipalities in Kentucky for resale.’ 

KPC owns and operates 1,233 miles of transmission lines, 11,242 miles of distribution lines and 
1,060 MW of generation with assets totaling $1.22 billion.2 

On September 29, 2011, KPC filed an application with the Commission to construct a 138kV line 
that is more than one mile in length plus ancillary facilities (“Application”). According to Kentucky law, 
such facilities require a Certificate prior to construction. The Commission assigned the Application Case 
NO. 2011-00295. 

The proposed 20.0 mile 138kV transmission line would begin a t  KPC’s Soft Shell Substation in 
Knott County and terminate a t  the KPC Bonnyman Substation in Perry C o ~ n t y . ~  The routing of the 
proposed transmission line would generally parallel interstate Highway 80.4 Ancillary equipment 
includes substation and circuit breaker additions a t  the Soft Shell and Bonnyman Substations to 
connect the new line and capacitor additions a t  the Beckham Substation in Knot County, and the 
Haddix Substation in Breathitt County.’ 

The proposed transmission line would be constructed with two construction configurations. A 
section of the line approximately 19.0 miles long, would be in a new 100-foot right-of-way and would 
be of single circuit construction configuration; constructed in the center of said right-of-way with steel 
pole H-frame and 3 pole steel construction. This section of the line would average 85 feet in height, 
utilize 1,590 kcmi16 Aluminum Conductor Steel Reinforced (“ACSR”) conductors for the phase 
conductors, and in addition, one 7#8 Alumoweld wire and one fiber optic overhead ground wire for 
lightning protection. The fiber optic ground wire would also be used for communications between 
 station^.^ 

The remaining approximately one mile section of the line would be constructed in an existing 
100-foot right-of-way with the existing Hazard to Bonnyman 69kV circuit. The existing 69kV circuit 
would be removed and rebuilt with the new 138kV line constructed on double circuit steel lattice 
towers to be located in the center of the right-of-way. The new double circuit tower configuration 

September 29, 2011 application of KPC, paragraphs 1 and 2. 
https://www.kentuckypower.com/info/facts.aspx 

September 29, 2011 application, paragraph 3. 

September 29, 2011 application, Exhibit 1. 
September 29, 2011 application. 
Kcmil is wire gauge size that is an area of 1,000 circular mils or 0.5067 square millimeters. 
September 29, 2011 application, paragraph 7, Exhibit 4, and Exhibit 5. 
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would average 100’ in height.8 Conductors and static wires for this section of the line would be the 
same as the remainder of the line as described directly above. 

2. Summary of Accion’s Focused Review 

Accion performed its independent need review by organizing i ts  work into two main Task Areas. 
This report addresses these Task Areas as follows: 

Task Area One - Chapter Two, Technical Need Review 

To determine if the proposed facilities are required from a technical viewpoint, Accion 
reviewed KPC’s technical analyses, including i ts power flow analysis, load forecast driving the needed 
facilities and economic evaluation compared to other alternatives. Accion further reviewed the 
capability of KPC’s existing facilities to  determine if the proposed facilities were required in order for 
KPC to serve its current and projected load in a manner that most economically meets KPC and 
regional reliability criterion. 

Task Area Two - Chapter Three, Project Alternatives 

To determine if KPC’s analyses considered appropriate engineering alternatives to meet i ts 
needs, Accion’s evaluation and review considered whether KPC gave adequate consideration to 

a. Upgrading existing lines and facilities to increase their thermal capacity or eliminate low 
voltage conditions, including a review of KPC’s transmission component rating 
methodology; 

b. Other alternatives including other transmission alternatives, the addition of generation, and 
improvement of load power factor; 

c. Wheeling af power through neighboring systems or interconnections; and 

d. Whether routing would be reasonable considering social, environmental and economic 
factors and co-location of the proposed transmission line with other existing facilities. 

Review Process 

Accion reviewed KPC’s Application filed on September 29, 2011 as Case No. 2011-00295. Based 
on that filing, Accion formulated an Initial Set of Data Requests and Interview Requests to KPC on 
October 2, 2011. KPC quickly responded with comprehensive written responses to  those requests on 

September 29, 2011 application, paragraph 8 and Exhibit 6. 8 
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October 7, 2011.. Accion reviewed the KPC responses to  the Data Requests prior to  interviews 
scheduled with the Company on October 12.2011. 

On October 12, 2011, Accion conducted extensive on-site interviews with KPC management and 
subject matter experts a t  the KPC Transmission Training Center located in Pataskala, Ohio with 
Commission Staff participating. Interview participants are as listed below: 

Petitioner 

Ranie Wohnhas 
George Reese 
Mark R. Overstreet 
Lila Munsey 
Michael Lasslo 
David Wright 
Ali Kamran, Manager 
Randy Holliday 
Ned Merrifield 
Timothy Earhart 
Joseph Meisner 
Michael Russ 
Victoria St,one 

Regulatory (KPSC Staff) 

John Rogness 
Kimra Cole 
Daryl Newby 
Jeffrey Johnson 
Michael D. Cannata, Jr. 

Managing Director-Regulatory & Finance 
Senior Environmental Manager - GAI Consultants, Inc. 
Outside Counsel -Sties & Harbison 
Manager Regulatory Services 
Customer & Distribution Manager 
AEP Project Manager 
Transmission Planning 
Staff Economist 
Supervisor-Transmission Right-of-way 
Supervisor-Transmission Line Engineering 
Engineer 
Engineer 
Senior Right-of-way Agent 

Director of Financial Analysis 
Director of Engineering 
Manager Gas & Electric Rate Design 
Engineer 
Senior Consultant - Accion Group 

On October 14, 2011, Accion generated follow-up information requests resulting from issues 
that were not answered a t  the interviews. KPC provided written responses to those requests on 
October 14, 2011. 

C. CONCLUSION SUMMARY 

Based on the information filed in i ts  Application, responses received to  written information 
requests, and interviews conducted, Accion makes the following conclusions relative to the need for 
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the 138kV transmission line from the Soft Shell Substation to  the Bonnyman Substation as proposed by 
KPC in its Application: 

1. KPC has provided sufficient documentation in support of the need to construct the Soft 
Shell to Bonnyman 138kV transmission line and the ancillary facilities, as presented in i ts  
September 29, 2011 Application, in order to supply reliable service to its customers in the 
Hazard load area a t  current and expected load levels. 

2. KPC performed appropriate system studies and analyses, applied i ts  reliability criterion 
correctly, and made sound conclusions to justify the need for the proposed facilities. 

3. KPC has previously made appropriate system additions in order to  defer the large 
expenditure associated with the proposed facilities to the extent practical. 

4. KPC has considered all reasonable alternatives to  the proposed project and has made 
adequate economic evaluation of those alternatives. 

5. KPC considered proper social, environmental, and economic factors, including co-location of 
new facilities with existing facilities, in the selection of its preferred route for the new 
transmission line. 

11. TECHNICAL NEED REVIEW 

A. BACKGROUND 

On September 29, 2011, KPC applied to the Commission for a Certificate to construct 
approximately 20.0 miles of new 138kV transmission facilities between KPC's Soft Shell and Bonnyman 
Substations. In addition, ancillary facilities would be constructed a t  those substations and the Beckman 
and Haddix Substations in support of the p r ~ j e c t . ~  KPC states that the proposed project is a second 
138kV source into the Hazard load area and is vital to  strengthen the current electrical network which 
has reached i ts capacity for reliable operation. The need for the project is further described in the 
Hazard Area Improvement Plan contained in Exhibit 12 of the Application." 

September 29, 2011 application, paragraphs 3 and 5. 

September 29, 2011 application, paragraph 17. 

9 
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B. RELIABILITY CRITERIA 

1. Definition 

Accion reviewed the reliability criteria used by KPC to design i ts transmission and sub- 
transmission systems. Those criteria consist of both steady state’’ and transient stability” 
requirements. The review consisted of system thermal performance, dynamic system performance, 
and system voltages under the types of contingencies specified in the various reliability criteria. The 
review also considered whether KPC selected appropriate contingencies for i t s  analysis, whether KPC 
correctly interpreted the results of i ts analyses, and whether generation hias13 was adequate to ensure 
conservative res u Its. 

2. Discussion 

The source documents for all transmission design above lOOkV in North America are the 
mandatory North American Electric Reliability Corporation (“NERC”) standards contained in i t s  
Transmission Planning Standards (“TPL”). Since 2007, NERC defines the term “Bulk Electric System” as 
the non-radial electrical equipment operated a t  100kV or higher. NERC reliability standards are 
considered to be the minimum requirement and regional or local entities responsible for system design 
may require more stringent standards.14 

NERC’s TPLs set forth standards of performance that the system must meet regarding transient 
stability, thermal, voltage, loss of demand or curtailed firm transfers, and cascading under different 
types of system events. Those events are no contingencies or system normal, specifically stated single 
element contingencies, and two or more element contingencies. In addition, the TPL standards also 
require evaluation for risks and consequences resulting from extreme contingency events15 that are 
more severe than those previously stated. Typically outage conditions are referred to as no 

Steady state criteria are the outage conditions under which the transmission system must maintain power flows within 
the capability of the equipment and voltages to customers that are adequate for proper operation of their equipment. 
Transient stability criteria are the outage conditions that the power system must withstand without interfering with the 
synchronous dynamic operation of the power system. 
Generation bias is used in system studies to generate more conservative results in a system analysis. For example, a 
power exporting area might assume more generation on line (larger exports) during contingency conditions to stress the 
system harder, while conversely, an importing area may assume less generation in service to accomplish the same goal. 

www.NERC.com, Glossary of Terms, page 9. 
An extreme contingency event would he loss of all transmission lines on a right-of-way, loss of all units a t  a generating 
station, total loss of a substation, etc. 

11 

12 

13 

14 

15 
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contingencies (N-0), single element contingencies (N-1), and contingencies involving two elements (N- 
1- P). l7 

KPC is a member of the Reliability First Corporation (“RPC”). RPC is the regional entity 
responsible for administering NERC’s reliability standards. RPC administers the NERC standards 
through Regional Transmission Operators (RTO), one of which is the Pennsylvania-New Jersey- 
Maryland Interconnection (PJM). The PJM RTO performs design studies for the power system using 
NERC standards, or those of the individual Transmission Operators (TO) if they are more stringent. AEP 
is a TO within PJM and adheres to AEP’s transmission reliability standards in the design of i ts 
transmission system.18 

KPC’s most recent revision to i ts  planning criteria is the document entitled “The American 
Electric Power System Transmission Planning Criteria and Assessment Practices - Eastern AEP,” dated 
March 2011 (“Planning Criteria”).lg The AEP Planning Criteria is used in the planning and design of the 
sub-transmission system (below 100kV), the High Voltage transmission system (also part of the Bulk 
Electric System rated 100kV through 230kV), and the Extra High Voltage transmission system (also part 
of the Bulk Electric System above 230kV through 765kV). The AEP Planning Criteria is compatible with 
NERC reliability standards, RFC standards, and PJM planning and operating manuals.20 

The AEP Planning Criteria sets performance standards for thermal limits,*‘ voltage limits, 
transient stability limits, and short circuit limits under steady state testing for i ts three transmission 
classes as set forth in the table below. 

N-2 events are not equivalent to N-1-1 events. An N-2 event would be two simultaneausly occurring single element 
events while an N-1-1 event is a single element contingency followed by operator action to adjust system generation, 
transfers, etc. prior to the next single contingency event occurring. 
www.NERC.com, all TPL standards. 
www.pjm.com/planning/planning-criteria.aspx. 
AEP uses both a west and east planning criteria. KPC is part of the eastern AEP transmission system. 
Response to Accion Data Request DR-7, pages 7 and 8. 
Accion notes that the AEP Planning Criteria assumes that power flow equally splits though the terminal equipment when 
in a full breaker and one half canfiguration. Although terminal equipment is oversized in this configuration, the basic 
premise is not true and equipment overload may result depending on configuration after a contingency event and 
depending on power flow direction. 

16 

17 

18 

19 
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Table 1 

AEP Planning Criteria Steady State performance Requirements” 

NERC Contingency I__ Category 

No Contingencies - 
System Normal - 

N-0 

Single Element Contingency 

I 

Multiple Element 
Contingencies with One 

Event 

N-2 

Two Single Element 
Contingencies with Two 

Events 

Extreme Contingencies L 

EHV Facilities 
May not exceed normal 

ratings 
Voltages within 0.95 and 

1.05 per unit 
May not exceed normal 

ratings 

Voltages within 0.92 and 
1.05 per unit 

Less than 8% voltage 
change from normal 

May not exceed emergency 
ratings 

Voltages within 0.92 and 
1.05 per unit 

Less than 8% voltage 
change from normal 

May not exceed emergency 
ratings 

Voltages within 0.92 and 
1.05 per unit 

Less than 8% voltage 
change from normal 

Manual system adjustment 
after first contingency 

except for supply to major 
load centers 

Evaluate risks and 
consequences 

HV Facilities 
May not exceed normal 

ratings 
Voltages within 0.95 and 

1.05 per unit 
May not exceed emergency 

ratings 

Voltages within 0.92 and 
1.05 per unit 

Less than 8% voltage 
change from normal 

May not exceed emergency 
ratings 

Voltages within 0.92 and 
1.05 per unit 

Less than 8% voltage 
change from normal 

May not exceed emergency 
ratings 

Voltages within 0.92 and 
1.05 per unit 

Less than 8% voltage 
change from normal 

Manual system adjustment 
after first contingency 

except for supply to major 
load centers 

Evaluate risks and 
consequences 

Sub-T Facilities 
May not exceed norma 

ratings 
Voltages within 0.95 ani 

1.05 per unit 
May not exceed emerger 

ratings 

Voltages within 0.92 ani 
1.05 per unit 

Less than 8% voltage 
change from normal 

Not planned for 

Not planned for 

Not planned for 

The AEP Planning Criteria also specifies specific modeling assumptions that must be followed in 
system design studies. The AEP Planning Criteria requires that23 

Response to Accion Data Request DR-7, page 17. 22 

244 North Main Street Concord, N H  03301 Phone: 603-229-1644 Fax: 603-225-4923 advisors@acciong~oup coni 



a. The sub-transmission system be modeled in detail in order to capture the effects of 
generation and voltage changing equipment connected to  the sub-transmission system; 
and 

b. The load power factor24 must be represented for the load power factor of the load area and 
that the current load power factor will be maintained as load increases. 

c. Power transfers modeled not only include the firm transfers identified in the Multi-Regional 
Model Working Group model but regionally experienced transfers as modified by RFC and 
PJM. 

d. Generation dispatch is one that simulates economic system operation. 

3. Analysis 

Accion reviewed the planning criteria of AEP and found that it is consistent with NERC and RFC 
reliability standards and has reasonable performance standards. 

C. THERMAL RATINGS 

1. Definition 

Accion reviewed the thermal ratings of the limiting transmission line components, including 
equipment in the substation, to ensure that KPC not only develops ratings that efficiently utilizes i t s  
equipment, but also appropriately applies those ratings. Accion performed its review both for ratings 
that are used under no contingency conditions (normal ratings) and those used under contingency 
conditions (em e rge n cy ratings) . 

2. Discussion 

The Company documents the methods by which it rates i ts  transmission facilities in documents 
entitled 1) Transmission & Station Facility Rating Guidelines 2 )  AEP Procedure for Determining Circuit 

Response to Accion Data Request DR-7, pages 6 and 7. 

Voltage and current alternate their magnitude 60 times per second in accordance with their sinusoidal waveforms. When 
the angular difference between the two is equal to zero, al l  power flow is called “real power” and it can be measured in 
Watts. When the voltage waveform is angularly ahead of the current waveform, power other than Watts is required to 
satisfy the power relationship. This power is  called “reactive or imaginary” power. When the voltage waveform leads the 
current waveform, it is inductive reactive power that is required and this reactive power is said to be lagging and tends to 
lower system voltage. Conversely, when the current waveform angularly leads the voltage waveform, capacitive reactive 
power that is required and this reactive power is said to he leading and tends to raise system voltage. All reactive power 
is measured in Volt Amperes reactive. When speaking of load, the load power factor is the cosine of the angle between 
the voltage and current waveforms. For example, an inductive load would have a load power factor of 0.97, and a 
capacitive load would have a load power factor of -0.97, and a purely resistive load would have a power factor of 1.00. 

23 

24 
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ratings, and 3) A Guide for Maximum Temperature and Ampacity of Bare Overheard Conductors. These 
documents consider specific methodology for rating every piece of equipment contained in the 
transmission or sub-transmission line.25 The overall circuit rating is based on the most limiting 
component in the line. KPC considers ambient temperature, ampacity and trip settings of relays, 
overload capabilities based on time duration, sag limitations to remain within National Electrical Safety 
Code clearance requirements and wind velocity.26 Additionally, KPC develops both normal and 
emergency ratings for summer and winter conditions. Conductor ratings are developed for 35OF and 
95'F for average weather conditions and O°F and 122OF for extreme weather  condition^.^^ 

Accion notes that KPC conductor ratings are very conservative with respect to assumed 
ambient temperature conditions. The minimum ambient temperature under load forecast conditions 
is approximately 2OF minimum in the winter and 93OF maximum in the summer. Under extreme load 
forecast ambient weather conditions, the minimum temperature is -21OF in the winter and 10l°F in the 
summer.28 Using temperatures for conductor ratings that are higher in the winter and lower in the 
summer, results in conductor ratings that are conservative in both cases. This is an important factor, 
as the Soft Shell to Bonnyman project justification is based on winter conductor ratings limits being 
exceeded. Accion will discuss this topic later in detail. 

3. Analysis 

For system power flow studies, KPC uses the composite component ratings developed for a 
transmission or sub-transmission line as the rating of the line. In this manner, opportunities for 
upgrading line components rather than rebuilding the line can be identified. 

Accion found that KPC rates i t s  equipment in accordance with what is considered good utility 
practice and is conservative in the calculation of i ts  conductor ratings. Accion also found that KPC 
consistently applies equipment ratings across the system. 

D. FAULT ANALYSIS (SHORT CIRCUIT AND TRANSIENT STABILITY) 

1. Definition 

Short circuit analysis is performed by simulating various types of system faults throughout the 
system to determine if the interrupting current capabilities of equipment (mainly circuit breakers and 
automatic switches) are sufficient. Studies are performed periodically to ensure that generation 

Transformers are similarly rated. 
Industry practice is to use Z'/second for wind speed to  represent natural convection surrounding a heated conductor. KPC 

Response t o  Accion Data Request DR-11. 
Response to  Accion Data Request DR-F1. 
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also develops a 1 '/second rating for use when facilities are in a restricted location. 
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additions and line additions do not increase the available short circuit current above the interrupting 
current capability of the equipment. Generally speaking, the more lines into a substation and the 
greater the generation level at or near the substation, the higher the short circuit current will be. 
When installing interrupting equipment, a margin is used to allow for system growth that would take 
place over the life of the eq~ipment.~’ 

Transient stability analysis is also performed by representing faults on the system. Transient 
stability analysis is performed to determine if faults on the system are able to be cleared in sufficient 
time in order not to disturb the ~ynchronisrn~~ of the system. Studies are performed periodically to 
ensure that generation additions and line additions do not decrease the impedance between 
generators where system synchronism is lost due to faults. Generally speaking, the more lines into a 
substation and the greater the generation level at or near the substation, the lower the impedance 
between the generators will be. 

2. Discussion 

The interrupting current capability of equipment is part of the nameplate information of the 
equipment. Although some utility companies factor in overload capability into the interrupting 
capability of the equipment, the general industry practice is to use nameplate interrupting capability. 

The nearest generation to the Soft Shell to Bonnyman project is at the Big Sandy generating 
station with 1078 MW in two units located 75 miles to the northeast and  600 MW at the Clinch River 
generating station located 60 miles to the southeast. These two generating stations located at these 
long distances and  connected at 138kV would have little impact on the short circuit current available in 
the project area or the impedance between those remote generators. KPC stated that they performed 
no short circuit or transient stability analysis for the proposed project as there is no generation in 
proximity to the project or within the KPC study area. KPC also stated that any  equipment installed 
would be installed with the appropriate short circuit duty.31 

3. Analysis 

Generation is not located in or near the proposed project and changes in the level of generation 
at those remote generators would not therefore impact the short circuit duty of interrupting 
equipment in the project area. Likewise, the small change in impedance due to the addition of the Soft 
Shell to Bonnyman transmission line would have little to no effect to the impedance between those 

Response to Accion Data Request DR-7, Attachment 1, page 16. 

A power system is said to  be in synchronism when the angular difference between generators remains relatively 
constant. 
Accion October 12. 2011 Interview Notes, page 3. 
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remote generators. In addition, all equipment would be installed with appropriate interrupting current 
capability. 

Accion found that KPC’s analysis of short circuit duty and transient stability for the Soft Shell to 
Bonnyman project was both adequate and reasonable. Transient stability and short circuit 
performance requirements are not further enumerated in this report as they are not pertinent to the 
need for the proposed Soft Shell to Bonnyman 138kV transmission line. 

E. LOAD FORECASTING 

1. Definition 

Accion reviewed the KPC load forecasting methods on both total system and sub-area basis to  
assess whether they represented the future in a reasonable manner. Items reviewed included the use 
of weather-based forecasting and the weather inputs to  the farecast. Accion also reviewed the 
econometric model assumptions used in load forecasting. 

2. Discussion 

KPC develops i ts total company energy load forecast by customer class separately. Energy and 
revenue data are taken from internal sources, and regional economic drivers are taken from external 
sources such as Moody’s Analytics, National Oceanic and Atmospheric Administration (NOAA), and the 
U. S. Energy Information Administration. Short-term models are developed for the one to two-year 
near term period and long-term models for the time period beyond.32 The KPC forecasting model 
considers factors such as energy prices, real personal income within the service area, weather, service 
area population changes, and appliance and housing efficiency. Demand side management and energy 
efficiency adjustments are made in the post-model results.33 

KPC obtains a peak company load forecast by combining the revenue class sales with class level 
and end-use level load shapes. Actual and forecasted temperatures are modeled to provide hourly 
load shapes by revenue class and end-use. The end-use load shapes are aggregated to form an overall 
system load shape which may be modified when evaluated against historic peak loads and load 
factors. 34 

Short-term models take current economic factors into consideration and may produce a sharply changing forecast 
direction. The short-term forecast blends into the long-term forecast which is usually represented as a smooth forecast 
over the longer term 
Response to Accion Data Request DR-10. 
Response to Accion Data Request DR-10. 
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KPC employs peak and energy normalization to i t s  historical data to mitigate impacts due to 
severe weather or load curtailment. A Monte Carlo probabilistic model is used to normalize peak 
data, and a heating/cooling degree-day adjustment is applied to al l  classes of energy data by class. KPC 
prepares load forecasts for four load areas; Ashland, Pikeville, Hazard, and South Williamson. The 2009 
Total System Load Forecast used for the Hazard Load Area Study was based on a 50/50 p r ~ b a b i l i t y ~ ~  of 
occu r ~ e n c e . ~ ~  

3. Analysis 

In terms of winter peak forecasted load, KPC projected the 2014/2015 winter peak to be 1,745 
MW in 2006, 1,653 MW in 2007, 1,700 MW in 2009, and 1,564 MW in 2011. KPC also projected winter 
peak loads for the Hazard load area. KPC forecasted a Hazard load area 2014/2015 winter peak of 495 
MW in 2006,437 MW in 2007, and 459 MW in 2010.37 KPC used the 2009 Total System Load Forecast 
and the 2007 Hazard Load Area Forecast38 for i ts analysis of the Hazard load area, as they were the 
most recent forecasts available in 2009 when the analysis was per f~rmed.~ ’  

Accion found that KPC’s load forecasting methods, economic inputs, adjustments, and inclusion 
of demand side management and energy efficiency are both reasonable and adequate for forecasting 
both Company-wide and load area loads for use in transmission and sub-transmission reinforcement 
studies, and that reasonable study results would be produced. Accion suggests that KPC use load area 
load forecasts and company-wide load forecasts of the same vintage in future transmission analyses. 

F. TECHNICAL ANALYSIS 

1 Definition 

Accion reviewed the power transient sta b i l i t ~ ,~ ’  and other technical analyses used to  
justify the Soft Shell to Bonnyman 138kV line project. These other technical analysis could include 

A 50/50 probability load forecast is one whose forecasted load would be expected to be exceeded once in two years. 
Response to Accion Data Request DR-10 and Accion October 12. 2011 Interview Notes, page 2. 
KPC attributed the drop in the load forecast in 2007 and subsequent increase due  to operating assumptions regarding a 
single customer which in fact did not materialize. 
Accion notes that use of the 2007 Load Area Load Forecast would underestimate the need for facilities when compared 
to more recent vintage forecasts. 
Response to Accion Data Request DR-9. 

Power flows analysis is done with a mathematical impedance model of the power system. Final or steady state (when 
angular change between generators has ceased) voltages are calculated at nodes and power flows are calculated on the 
various pieces of equipment. Contingencies are simulated to ensure that voltages and equipment loadings stay within 
prescribed limits. 
Transient stability analysis is done with a mathematical impedance model of the power system but also includes time in 
the calculations. Usually the time increment is 0.01 seconds and the analysis is carried out t o  approximately 2.0 seconds. 
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reactive requirements, economic evaluations, or short circuit analysis. Accion reviewed the size of the 
system modeled for the analysis to determine if it was of sufficient detail and size to  produce valid 
study results. Accion also reviewed the application of the reliability criteria to assure proper 
simulations and the results themselves to ascertain if KPC drew proper conclusions from its analysis.42 

2. Discussion 

The System planning Department has the responsibility to perform the technical analyses 
required to justify projects such as the Soft Shell to  Bonnyman 138kV transmission line. Accion 
presents the history of KPC’s efforts to  maintain reliability in the Hazard load area below. 

Prior to the earlv 1980’s - The Hazard load area was served by a 69kV sub-transmission system 
from western Virginia and West Virginia to the east, and from a 161kV line to Hazard from the 
TVA system to the west. 

Mid 1980’s - KPC built a 138kV line from its Beaver Creek Substation westward to i ts Hazard 
Substation, and installed 138kV/69kV transformer a t  Hazard. 

Mid 1990’s - KPC established the normally open Lee City to  Jackson 69kV t ie with East Kentucky 
Power Cooperative (EKPC) on the northern end of the Hazard load area. 

1998 - Installed a 24.3 MVAR capacitor bank a t  the Hazard 69kV Substation. 

2005 - KPC established a hard t ie (no circuit breakers) on the Kentucky Utilities (KU) 161kV line 
between Delvinta and Arnold Substations a t  Hyden with KU, established a new 161kV 
substation a t  Wooton, and constructed the Hyden to Wooton 161kV line on the western side of 
the Hazard load area. KPC also ties the exiting 161kV t ie to Stinnett into Wooton Substation. 

2009 - KPC required that the 69kV tie a t  Lee City with EKPC be closed. I ts capability was 
approximately 50 MW. 

- 2010 - Installed a 14.4 MVAR capacitor bank a t  the Leslie 69kV Substation. 

- 2011 - Filed for Certificate of Convenience and Necessity for the construction of the Soft Shell 
to Bonnyman 138kV transmission line.43 

Various faults and associated equipment outages are modeled on the system along with the associated clearing times of 
the protective equipment which takes the faulted equipment out of service. A power flow analysis is calculated a t  each 
time increment and voltages, power flows, and angular differences between generators are calculated. These time 
changing power flows, voltages, and angular differences produce a speed change (frequency) a t  the generators. If a 
generator cannot remain within certain speed limits, it becomes unstable and is automatically tripped off line. 
As stated above, and for those reasons, short circuit analysis and transient stability analysis are not relevant to this 
review. 
Accion October 12, 2011 Interview Notes, page2. 
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KPC’s base case power flow analysis assumed load conditions a t  the peak winter hour in the 
Hazard load area and heavy load conditions elsewhere; an expected economic dispatch of generation 
for typical conditions; typically expected transfers between dispatch areas; and no additional 
generation was taken out of service for a more conservative bias.44 The transmission representation 
was that of the PJM 2014 Regional Transmission Expansion Plan (RTEP).45 

The study was performed in 2009 and used peak hour loads developed in the 2009 load 
forecast for KPC and the peak hour 2007 Hazard load area forecast. Both load forecasts were based on 
an expected 50/50 probability of occurrence. KPC stated that the 2007 load forecast projected a 
downturn in load which did not occur. The 2009 forecast then produced loads that looked like 
2013/2014 loads in the 2007 load forecast. This shift forward in load growth prompted the need for 
the proposed faci I i ti es.46 

The 2009 study was the first time KPC had studied the Hazard load area using the new NERC N- 
1-1 requirements for 100kV and above transmission systems.47 The study model conformed to the 
AEP Planning 

3. Analysis 

The study area modeled by KPC was identical to the area PJM modeled for i ts transmission 
reinforcement 2014 RTEP analysis, which was based on heavy load, and economic dispatch, and firm 
and expected regional transfers. Such a transmission representation is more than sufficient for the 
study of the Hazard load area.49 KPC followed the AEP planning criteria and represented the entire 
69kV sub-transmission system to capture the effect of voltage changing equipment in i ts 
representation. Additionally, it used actual load power factors of between .984 and .998 in the Hazard 
loop load repre~entation.~’ 

KPC uses the Power Technologies Inc. (“PTI”) Power System Simulator/Engineering (“PSS/E”) 
power flow program (version 30) for i ts power flow analysis. This software enables assessment of 
system performance under normal and emergency Conditions and has the capability to flexibly present 

There is no local generation within the study area. 
Accion October 12, 2011 Interview Notes, page2. 
Accion October 12, 2011 Interview Notes, page2. 
Accion October 12, 2011 Interview Notes, page2. 
Response to Accion Data Request DR-7, pages 6 and 7 
Accion Octoher 12, 2011 Interview Notes, page 2. 
Except where capacitors were to be added as part of the proposed project. 
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output results for the planner.51 The PTI PSS/E power flow program is widely used throughout the 
industry for power system analyses. 

Accion concluded that the system studies conducted were appropriate, and that system 
representation was adequate to obtain valid study results. 

The Hazard 69kV loop consists of a 69kV line starting a t  the Hazard Substation and includes the 
Bulan Shamrock Bonnyman Combs Blue Grass Substations and terminates back a t  the Hazard 
Substation. In addition a radial 69kV line runs from the Bonnyman Substation to the Chavies Haddix 
and Jackson Substations and continues to Lee City, a tie point with EKPC. KPC simulated an outage of 
the Hazard to Bulan end of the 69kV loop, and the Blue Grass to Hazard section of the loop loaded to 
the 107% of its normal rating. Similarly, when the Bluegrass to Hazard line was outaged, the Hazard t o  
Bulan line loaded to 116% of i ts normal rating. These limiting 69kV lines may not be operated above 
the normal conductor temperature of 95OC due to sag  limitation^.^^ The only operating procedure 
available to  KPC to alleviate these overloads is closure of the normally open Lee City 69kV tie. KPC 
simulated closing the Lee City t ie and found that the Blue Grass to  Hazard line contingency sti l l  loaded 
the Hazard to Bulan 69kV line to 110% of i ts normal rating. These same contingencies resulted in 
voltages a t  al l  busses on the Bonnyman to Jackson 69kV line (to Lee City) below KPC's required 
minimum 0.92 per unit voltage single contingency value.53 Modeling the Lee City tie as closed resulted 
in voltages that were higher, but st i l l  generally below required values in almost every ~ o n t i n g e n c y . ~ ~  

PJM also identified an N-1-1 contingency that the system had not been previously tested to 
withstand. That outage was the loss of the Stinnett to Pineville 161kV circuit followed by the loss of 
the Wooton to Hyden 161kV circuit. The N-1-1 contingency represented the loss of both transmission 
feeds to the western side of the Hazard load area. Previous system design only required the loss of 
one of the circuits to  be considered. The loss of the two circuits overloaded the Beaver Creek to  
Topmost 138kV transmission line, to 130% of i ts normal rating55 prior to closure of the Lee City tie.56 

Response to Accion Data Request DR-6. 
Response to Accion Data Request DR-18. 
KPC assumes that by maintaining 0.92 per unit voltage a t  the 69kV level, that adequate voltage will be maintained a t  the 
distribution bus. Accion notes that many times, distribution planners assume a 1.05 per unit voltage a t  their source bus. A 
0.92 per unit voltage a t  the sub-transmission voltage level may not result in adequate voltage at  the distribution source 
bus that can maintain required voltage a t  the end of the distribution circuits. 
September 29, 2011 Application, Exhibit 12, Pages 4 through 6. 

This line is also limited to 95OC conductor temperature due to sag limitations. (See DR-18) 
September 29, 2011 Application, Exhibit 12, page 6. 

51 

52 

53 

54 

55 

56 

244 North Main Street Concord, NH 03301 Phone: 603-229-1644 Fax: 603-225-4923 advisors@accion~roup coin 



Accion found that KPC applied i ts  planning criterion properly and consistently and also 
identified the correct outages to simulate in i ts analysis. In addition, KPC drew proper conclusions 
from i t s  study results and used appropriate software for i t s  analysis. 

G. SUMMARY 

With regard to  reliability criteria, Accion reviewed the planning criteria of AEP and found that it 
is consistent with NERC and RFC reliability standards and has reasonable performance standards. 

Concerning thermal ratings of equipment, Accion found that the KPC transmission equipment 
thermal rating methods include all system elements, have sufficient coordination so they are 
consistently applied, and are appropriately conservative. Accion does suggest that KPC re-evaluate the 
ambient temperatures when rating conductors to be more consistent with the temperatures used in 
the construction of the 50/50 (normal) and extreme weather load forecasts. 

Accion found that due to  the remote nature of the study area from system generators, there 
was no need to perform short circuit or transient stability analyses. 

Accion found that KPC’s load forecasting methods, economic inputs, adiustments, and inclusion 
of demand side management and energy efficiency are both reasonable and adequate for forecasting 
Company-wide and load area loads far use in transmission and sub-transmission reinforcement 
studies, and that reasonable study results would be produced. Accian suggests KPC use load area load 
forecasts and company-wide load forecasts of the same vintage in future transmission analyses. 

Accion found that KPC applied i ts  planning criterion properly and consistently and also 
identified the correct outages to simulate in its analysis. In addition, KPC drew proper conclusions 
from i ts study results and used appropriate software for i ts analysis. Accion suggests KPC revisit i ts 

practice of maintaining 0.92 per unit voltage a t  the sub-transmission voltage level, as that value may 
not ensure adequate distribution source voltage for the distribution planner. 

111. ALTERNATIVE SOLUTIONS AND ROUTING 

This chapter presents the results of Accion’s review of the alternatives that KPC considered and 
their associated analyses that support the KPC choice of the proposed Soft Shell to Bonnyman 
transmission line as the most reasonable alternative and that the route selected is reasonable. The 
chapter addresses 

a. The upgrade of existing transmission lines or facilities; 

b. Other alternatives, including the use of generation and power factor improvement; 

ION GROUP 
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c. Whether wheeling power through neighboring systems or through interconnections with 
neighboring systems would be a viable alternative to the construction of the proposed 
transmission line; and 

d. Whether the routing selected for the best alternative is reasonable in that proper social, 
environmental, and economic factors were reasonably considered, and whether adequate 
consideration was given to co-location of the new transmission line with new facilities. 

A. EXISTING FACILITY UPGRADES 

1. Definition 

Accion evaluated whether KPC gave adequate consideration to upgrades of existing 
transmission facilities. Accion included a review of the cost analysis of the alternatives considered and 
a review of the application of new technology or system automation as, or as a part of, the solution. 

2. Discussion 

KPC has remedial action available to alleviate overloads when an outage is simulated a t  either 
end of the Hazard 69kV loop. KPC can close the Lee City 69kV t ie with EKPC. When KPC modeled the 
closure of the Lee City tie, the Blue Grass to Bulan line remained overloaded a t  110% of i ts  normal 
rating for loss of the Blue Grass to Hazard line. In addition, the Beaver Creek to Topmost 138kV 
transmission line overloaded for the loss of the Stinnett to  Pineville 161kV and the Hyden to  Wooton 
161kV transmission lines.” 

KPC identified three alternatives to the proposed facility. The first alternative (Alternative #1) 
was to  establish a second 1.2 mile 161kV tie with KU from Wooton to Hyden Substations, add a 300 
MVA 161/138kV transformer a t  Wooton, construct a 138kV line from Wooton to Bonnyman, and add a 
138/69kV transformer a t  Bonnyman. A second alternative (Alternative #2) contemplated the 
rebuilding of the approximately 17.0 mile 69kV Hazard sub-transmission loop and the replacement of 
the Hazard 138/69kV transformer with a transformer of larger size. The third alternative conceptually 
considered (Alternative #3) was the construction of a second transmission line from the Tennessee 
Valley Authority (“TVA”) Pineville Substation to the KPC system. 

3. Analysis 

Alternative #1  appeared to be the most economical alternative which would resolve the 69kV 
overloads and voltage problems and the 138kV transmission overload due to the N-1-1 161kV 

September 29, 2011 application, Exhibit 12, pages 5 through 7.  57 
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contingency. KPC stated that KU only allows hard ties5* to i t s  system. When KPC built the first 161kV 
t ie to KU a t  Hyden, a hard tap was required and that connection required the construction of the 
Wooton Substation where protective equipment was installed. If KPC were to construct the second t ie 
a t  Hyden as a hard tap, both feeds into the KPC system would be lost under single contingency 
conditions. Under these conditions, the overload of the Beaver Creek to Topmost 138kV line would not 
be alleviated. KPC discarded Alternative #1 as a viable alternative to the proposed project and no 
Construction estimate was made for this alternati~e.~’ To rectify the deficiencies of this alternative, 
the new interconnection would have to be a t  a location where no existing ties currently exist.60 (See 

Alternative #3 below) 

By rebuilding the Hazard sub-transmission 69kV loop, Alternative #2 would resolve the 69kV 
overload and voltage issues, but would not resolve the overload of the Beaver Creek to Topmost 138kV 
transmission line, due to the N-1-1 16lkV contingency. KPC discarded Alternative #2 as a viable 
alternative to the proposed project. KPC performed no construction estimate for this project.61 To 
rectify the deficiencies of this alternative, the construction of a new transmission t ie to the east or 
west of the KPC system would also be required to alleviate the 138kV transmission line overload. 

Alternative #3 considered the construction of a 161kV line from Wooton to the TVA Pineville 
Substation.62 The construction of this long line would be required to correct the deficiencies in 
Alternative #1 so that both 161kV lines would not be lost for a single contingency. This alternative 
would not address the 69kV loop thermal overloads and voltage problems. KPC performed no 
construction estimates for this project.63 To rectify the deficiencies of this alternative, Accion believes 
that the transformer additions and 138kV construction depicted for Alternative #1 would also he 
required. 

KPC performed an initial construction estimate for the proposed project in 2009 and updated 
that estimate in September, 2011. The current estimate for the proposed project, including ancillary 
equipment a t  the 138kV line terminals and other substations, is $47.8 million plus $14.7 million in 
labor cost for a total of $62.5 million”.64 KPC confirms that the new estimate is in 2014 dollars, 

A hard tie is where the tie line is physically connected with no protective devices. Conversely, a soft tie would have 
protection equipment installed at the tie location. 
Accion October 12, 2011 Interview Notes, page 5. 

Accion notes that both 161kV transmission lines in the western area of the KPC system have existing hard taps to KPC. 

Accion October 12, 2011 Interview Notes, page 5. 
Pineville Substation is approximately 35 miles west of Wooton Substation (DR-1). 
Accian October 12, 2011 Interview Notes, page 5. 
September 29, 2011 application, Exhibit 12, page 14. 
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includes Allowance for Funds Used During Constr~ct ion,~~ and has included a full scope detailed review 
of substation construction issues.66 

With regard to new technology, KPC could replace the existing conductor on the 138kV Beaver 
Creek to Topmost line with a composite conductor67 (Aluminum Conductor Composite Reinforced or 
ACCR). If KPC made this conductor replacement, and assuming that the additional thermal capacity 
was able to alleviate the thermal overload, 69kV sub-transmission loop overloads and low voltages 
would still remain for the 69kV loop contingencies. 

Accion concluded that KPC considered all reasonable alternatives to the proposed project and 
has made adequate economic evaluation of those alternatives. 

6. WHEELING OF POWER 

1. Definition 

Accion reviewed whether KPC gave adequate consideration to wheeling power from/through 
adjoining systems via existing or new interconnections with other systems. 

2. Discussion 

The Hazard load area is an area of the KPC system that encompasses approximately 300 MW of 
load68 that is served by a single 138kV transmission line from the east, and two 161kV transmission 
interconnections from the west. A 69kV sub-transmission system delivers the power to the 
distribution load centers in the Hazard load area. 

3. Analysis 

All transmission lines into the Hazard load area have power flows that are into the Hazard load 
area. It is the contingency loss of the transmission and sub-transmission facilities into the Hazard load 
area that causes violations of KPC’s reliability criteria to occur on the remaining faciljtjes. The wheeling 
of additional power over these facilities is therefore not feasible to alleviate reliability violations. 

Accion found that additional wheeling of power from/through adjoining systems was not 
feasible as an alternative to the proposed project. 

Response to Accion Data Request DR-27. 
Response to Accion Data Request DR-F2. 

A composite conductor is an aluminum stranded conductor that has i ts steel core replaced with an aluminum embedded 
fiber core. The fiber core is much lighter than steel and has a much higher conductivity than steel. The result is that a 
composite conductor weighs less than and can carry more current a t  similar sags than a similarly sized ACSR conductor. 
September 29, 2011 application, Exhibit 12, page 2. 
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C. ADDITION OF GENERATION AND POWER FACTOR IMPROVEMENT 

1. Definition 

Accion evaluated whether KPC gave adequate consideration to the installation of local 
generation and power factor improvement as viable alternatives. 

2. Discussion 

In addition to system upgrades or wheeling of power, there are other alternatives that may 
provide a solution to reliability criteria violations. In cases where a utility encounters thermal 
restrictions, it may consider the installation of local generation. If voltage constraints are encountered, 
the use of either fixed or variable6’ shunt capacitors can be considered. In either reliability criteria 
violation scenario, the use of series capacitors or inductors7* may also provide potential solutions. 

3. Analysis 

In the case of the Hazard load area, any generation addition would have to  be placed such that 
thermal overloads could be mitigated. That location would most likely be a t  the Bonnyman Substation. 
In addition, capacitors would be required to mitigate voltage violations. When generation is placed in 
load areas, generally fast start generation such as combustion turbines is used to  eliminate the need 
for a cooling medium. The Beaver Creek to Topmost 138kV line is overloaded to 130% of i ts normal 
rating under contingency conditions71 which is approximately 260 MVA,72 with the remaining 50 MW 
of Hazard area load carried by the remaining 69kV facilities. Bonnyman Substation is approximately 
equidistant between the 138kV and 69kV feeds into the Hazard load area under N-1-1 contingency 
conditions. The size af the generation required to alleviate the overload would be in accordance with 
the power split between the two feeds or approximately 70 MW a t  the time of installation. The 
generator size would have to be incrementally increased through time as the Hazard load area load 
increased. Even if it was economic to  do so, generation of that size is unreasonable for the 69kV sub- 
transmission system, and it is also unreasonable to rely on incrementally increasing generation as a 
solution to reliability criteria violations. Accion discounted additional generation as a viable alternative 
to the project. 

Solid state new technology that varies reactive output in accordance with need. 
A transmission line is composed of bath resistive and inductive reactance components in i ts  impedance. The installation 
of series capacitors in a transmission line negates a portion af the inductive reactance of the line, thus lowering its 
impedance which allows more power to be carried by that network component. Similarly, a series inductor acts to 
increase the transmission line impedance allowing for less power to be carried by that network component. 
September 29, 2011 application, Exhibit 12, page 7. 
Response to Accion Data Request DR-17, Attachment 1. 
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Load power factor can be improved by the addition of shunt capacitors. With the addition of 
the two shunt capacitor banks proposed by the project, the power factor of the Hazard 69kV load area 
approaches 1.00. Further improvement of voltages cannot be expected by increasing the load power 
factor in the Hazard 69kV loop with either fixed or variable capacitors. 

The limiting contingency for the 138kV Beaver Creek to Topmost transmission line is the N-1-1 
contingency of the two 161kV feeds into the Hazard load area. The 138kV transmission line is the only 
bulk source into the area under the N-1-1 contingency. Increasing the power flow over the overloaded 
138kV line by use of series capacitors does not resolve the thermal violation. Decreasing the power 
flow over the 138kV line to remain within i ts rating would have to be such that an additional 
approximate 60 MW would have to be force fed though the remaining 69kV facilities to the Hazard 
load area. Those facilities do not have that thermal capability. 

Accion concluded that the addition of generation, improved power factor correction and the 
deployment of newer conductor and reactive supply technologies were not viable alternatives to the 
proposed project. 

D. USE OF EXISTING RIGHTS-OF-WAY (CO-LOCATION) 

1. Definition 

Accion reviewed the final alternate chosen to determine if existing rights-of-ways were used to 
the extent practical. 

2. Discussion 

The terminals of the proposed transmission line would be the Soft Shell Substation to the east 
and the Bonnyman Substation to the west. The area between these two substations is practically void 
of existing sub-transmission and transmission lines except from the Bulan Substation to the west. A t  
Bulan Substation, one 69kV sub-transmission line heads generally westerly for approximately 4.5 miles 
to the Bonnyman Substation, and a second 69kV sub-transmission line heads generally southerly for 
approximately 4.0 miles to the Hazard Substation. The Hazard Substation is approximately 6.0 miles to 
the southeast of the Bonnyman S~bstation.’~ 

Once KPC had selected the Soft Shell to Bonnyman line as the preferred alternate, GAI 
Consultants, Inc. (“GAI”) identified 25 potential line segments for the proposed transmission line. The 
number of line segments increased to  35 after discussions during the public review process. The 

September 29, 2011 application, Exhibit 13, Figure 4. 73 
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potential line segments included the entire 4.5 miles of the exiting 69kV corridor between the Bulan 
and Bonnyman  substation^.^^ 

Initial screening eliminated 12 line segments from further consideration. KPC developed five 
routes from the remaining 23 line segments.75 Each potential route used the following amount of the 
4.5 mile Bonnyman to Bulan 69kV r i g h t - ~ f - w a y : ~ ~  

Route #1- 2.6 miles 

Route #2 - 0.0 miles 

Route #3 - 0.9 miles (preferred alternative) 

Route #4 - 0.9 miles 

Route #5 - 0.9 miles 

Route #1 was disqualified later in the routing selection process due to the fact that 30% of the 
line along this route would be subject to potential rebuilding due to future coal mining  operation^.^^ 
Using the cost of the line as estimated in the Application a t  Exhibit 12 and a t  page 14 on a linear basis, 
6.0 miles of line rebuild would cost approximately $12 million in 2014 dollars. 

Accion concluded that KPC gave adequate consideration to  co-location of new facilities with 
those of existing facilities when selecting Route #3 as the preferred alternative. 

E. ROUTE SELECTION PROCESS 

1. Definition 

Accion reviewed whether the routing selected for the best alternative is reasonable in that 
proper social, environmental, and economic factors were reasonably considered. 

2. Discussion 

The terminals of the proposed transmission line are the Soft Shell substation to the east and 
the Bonnyman Substation to  the west. KPC retained GAI to  develop and evaluate alternative line route 
locations for overall environmental suitability and f e a ~ i b i l i t y . ~ ~  Once KPC had selected the Soft Shell t o  
Bonnyman line as the preferred alternate, GAI identified the route study area that comprised 277 

September 29, 2011 application, Exhibit 13, Figtire 2. 
See the discussion in Route Selection Process below. 
September 29, 2011 application, Exhibit 13, Table 4. 

September 29, 2011 application, Exhibit 13, Table 4. 

September 29, 2011 application, Exhibit 13, page 1. 
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square miles between the two  terminal^.^' Within the study area, GAI identified potential line 
segments for the proposed transmission line.8a 

KPC employed the following siting criteria in the selection of route alternatives: 

a. 

b. 

C. 

d. 

e. 

f. 

g* 

Avoid or minimize conflicts with existing and future land uses (e.g. future coal mining 
extraction activities); 

Avoid or minimize impacts upon human, natural, visual and cultural resources; 

Avoid or minimize visibility from populated areas or visually sensitive and designated areas; 

Minimize impacts of constriiction and maintenance costs by selecting shorter, more direct 
routes; 

Locate routes through terrain where economical construction and mitigation techniques 
could be employed, where line operation and maintenance would be feasible, and where 
access road length would be minimized; 

Would be consistent with KPC transmission needs, project schedules, regulatory agency 
oversight requirements, and environmental regulations; and 

Would have stakeholder support including property owners, coal/gas companies, and local 
officials. 

These siting criteria formed the basis of the impact/resource conflict avoidance methodology 
used to identify the alternative routes.81 

The following list summarizes GAI efforts to develop environmental constraint data used to  
develop and evaluate potential line segments. Data was collected from: 1) Literature Review and Data 
Collection; 2) Ground Reconnaissance; 3) Agency coordination; 4) Mining Company Coordination; 5) 
Gas Company Coordination; 6) Landowner coordination; and 7) Public Coordination. 82 

Environmental constraints evaluated with the data collected included: 1) Topology and 
Geology; 2) Hydrocarbon Resources; 3) Existing Utilities; 4) Groundwater; 5) Soils; 6) Existing Land Use; 
7) Future Land Use; 8) Wetlands; 9) Steams; Rivers; and Reservoirs; 10) Public Drinking Water Sources; 
11) Solid and Hazardous Waste Sites; 12) Natural Heritage; Threatened and Endangered Species; 13) 
Federal; State; or Local Natural Area Preserves and Conservation Lands; 14) Archaeological and 

September 29, 2011 application, Exhibit 13, page 1. 
September 29, 2011 application, Exhibit 13, Figure 4. 

September 29, 2011 application, Exhibit 13, pages 1 and 2. 
September 29, 2011 application, Exhibit 13, pages 2 through 3. 
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Historic Resources; 15) Scenic Resources; 16) National Wild and Scenic Rivers; Parkways; and National 
Landmarks; 17) Floodplains; 18) Recreation; and 19) Transportation/ Aviation.83 

Within the constraint process, GAI developed 25 potential line segments for evaluation. The 
number of line segments was increased to 35 after discussions during the public review process. The 
evaluation process reduced the number of line segments to 23; these line segments formed the basis 
for the development of five alternate routes.84 Routes 1 and 2 follow a generally northern route 
through the study area, Route 3 (the preferred route) follows a central route through the study area, 
and Routes 4 and 5 follow a generally southerly route through the study area.85 

GAl’s two main objectives were to minimize impacts on people (proximity) and to  minimize line 
relocation due to future mining operations. Acceptance by landowners was also an important factor in 
the final route selection process.86 Routes 4 and 5, the two most southerly routes, had significant 
future mining concerns and also had visual impacts.87 

With regard to Electric and Magnetic Fields8’ (“Collectively referred to as EMF), KPC stated that the 
issue had not been raised by any land~wner.~’  Each transmission construction configuration results in 
different EMF levels that relate to the line voltage and line current. The proposed alternative has three 
construction configurations. 

KPC calculated Electric and Magnetic Field strengths for each configuration based on the 
current expected to flow a t  normal peak load levels and operating voltage level. KPC calculations show 
that the maximum Electric Field a t  the edge of the right-of-way and one meter off the ground is 
0.8kV/meter, and that the maximum Magnetic field is 7.3 milli Gauss under the same conditions. Both 
values are far below the values stated in the Institute of Electrical and Electronics Engineers (“IEEE”) 
Standard C95.6-2002, IEEE Standard for Safety Levels With Respect to Human Exposure to 

-~ 
September 29, 2011 application, Exhibit 13, pages 3 through 9. 

September 29, 2011 application, Exhibit 13, pages 10 and 11. 
September 29, 2011 application, Exhibit 13, Figure 3. 
KPC stated in the October 12, 2011 interview, that only 4 landowners had expressed concerns and that KPC was working 
with those landowners to address them. (Interview Notes, page 4) 
Accion October 12,2011 Interview Notes, page 4. 
Electric Fields are related to  the operating voltage of the facility and are of constant value. The higher the facility 
operating voltage, the higher the Electrical Field. Electrical Fields are measured in kilo Volts per meter. Magnetic Fields 
are related to the current in the facility (irrespective of voltage). The higher the current, the higher the Magnetic Field. 
Magnetic Fields are measured in milli Gauss. 
Accion October 12, 2001 Interview Notes, page 4. 
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Electromagnetic Fields, 0-3 ~ H Z . ~ '  The IEEE limits for Electrical and Magnetic Fields are 5.0 kV/meter 
and 9040 milli Gauss respe~tively.~' 

3. Analysis 

Table 4 of Exhibit 13 in the KPC September 29, 2011 application shows the relative impact of 
the 5 potential routes on socioeconomic features and natural resources and serves as an excellent 
visual summary of the final route selection process. From the table, it can be seen that: 

a. 

b. 

c. 

d. 

Route 1 has the most impact with regard to  proximity to people. Three structures were 
within the proposed right-of-way and 34 structures were within 250 feet of the proposed 
right-of way. Routes 4 and 5 have lesser proximity impact and Routes 2 and 3 have the least 
proximity impact; 

Route 1 is the longest route, but all routes are approximately the same length; 

Routes 1 and 2 have a 30% potential transmission line relocation risk ($12 million on a linear 
line cost basisg2); and 

Routes 4 and 5 have a 50% potential transmission line relocation risk ($20 million on a linear 
line cost basisg3) and as noted above, also had visual impacts. 

From these observations, KPC selected the center route, Route 3 as i ts preferred alternative for 
the Soft Shell to  Bonnyman 138kV transmission line. 

Accion concluded that KPC selected the best reasonable alternative route and that proper 
social, environmental, and economic factors were reasonably considered. 

F. SUMMARY 

Accian concluded that KPC considered all reasonable alternatives to the proposed project and 
has made adequate economic evaluation of those alternatives. 

Accion found that additional wheeling of power from/through adjoining systems was not 
feasible as an alternative to the proposed project. 

~ 

Kilo Hertz, a measure of frequency in thousands of times per second. 
Response to Accion Data Request DR-33. 
Based on September 29, 2011 application, Exhibit 12, page 14. 
Based on September 29, 2011 application, Exhibit 12, page 14. 
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Accion concluded that the addition of generation, improved power factor correction and the 
deployment of newer conductor and reactive supply technologies were not viable alternatives to the 
proposed project. 

Accion concluded that KPC gave adequate consideration to co-location of new facilities with 
those of existing facilities when selecting Route #3 as the preferred alternative. 

Accion concluded that KPC selected the best reasonable alternative route and that proper 
social, environmental, and economic factors were reasonably considered. 
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MEMO 

TO: FILE 
DATE: October 19,2011 
RE: KPSC INTERVIEW NOTES October 12,2011 

I NTERVl EW NOTES 

Study Area of Interest 

The study area of interest for this facility addition is the most eastern part of Kentucky. The majority of the 
foundation of the transmission system that feeds eastern Kentucky resides in Virginia and West Virginia. (DR-1) 

Base Case Study Modeling 

The base case power flow analysis assumed load conditions a t  the peak winter hour in the Hazard load area and 
heavy load conditions elsewhere, an expected economic dispatch of generation for typical conditions, typically 
expected transfers between dispatch areas, and no additional generation out of service for conservative bias. 

The study was performed in 2009 and used loads developed in the 2009 load forecast for the Hazard area. The 
transmission representation was that of the PJM 2014 Regional Transmission Expansion Plan (RTEP). KPC stated 
that the 2007 load forecast forecasted a projected downturn in load which did not occur. The 2009 forecast then 
produced loads that looked like 2013/2014 loads in the 2007 load forecast. This shift forward in load growth 
prompted the need for the proposed facilities. 

The 2009 study was the first time that KPC had studied the Hazard load area using the new NERC N-1-1 
requirements for 100kV and above transmission systems. 

Load Forecast 

The 2009 load forecast was based on an expected 50/50 probability of occurrence (expects to  be exceeded once 
in 10 years). (KPC also develops an 80/20 load forecast which would expect to  be exceeded once in 5 years) 

Tried to  correlate the temperatures used in the load forecast to  those used in conductor ratings and could not. 
KPC was going to  follow up (DR-F1) 

History of Hazard Area Construction Proiects to Serve Load Reliably 

Prior to  the early 1980’s -The Hazard load area was served by a 69kV sub-transmission system from western 
Virginia and West Virginia to  the east and from a 161kV line to  Hazard from the n/A system to the west. 
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Mid 1980's - KPC built a 138kV line from i ts  Beaver Creek Substation westward to i t s  Hazard Substation and 
installed 138kV/69kV transformer a t  Hazard. 

Mid 1990's - KPC established the normally open Lee City to Jackson 69kV tie with EKPC on the northern end of 
the Hazard load area. 

2005 - KPC established a hard t ie (no circuit breakers) on the KU 161kV line between Delvinta and Arnold 
Substations a t  Hyden with KU, established a new 161kV substation at  Wooton, and constructed the Hyden to 
Wooton 161kV line on the western side of the Hazard load area. 

1998 - Installed a 24.3 MVAR capacitor bank a t  the Hazard 69kV Substation. 

2009 - KPC required that the 69kV tie a t  Lee City with EKPC be closed. Its capability is approximately 50MW. 

2010 - Installed a 14.4 MVAR capacitor bank a t  the Leslie 69kV Substation. 

2011 - Filed for Certificate of Convenience and Necessity for the construction of the Softshell to Bannyman 
138kV transmission line. 

Reliability Criterion 

KPC requires that there be no manual switching performed for contingencies impacting major load centers. 

Future transmission expansion plans must satisfy both KPC transmission planning criteria and the new NERC 
d ou bl e contingency require men t s  . 
A t  Hazard, KPC states that the N-1-1 and stuck breaker contingencies are equivalent. 

- Analysis of Hazard Load Area 

Only power flow analysis was performed. 

No transient stability testing was performed as there is no generation, including small hydros, within the study 
area. The nearest generation is a t  Big Sandy with 2 units totaling 1078 MW 75 miles to the NE, Clinch River with 
600 MW of generation 60 miles to the SE, and Pineville, 50 miles to the SW. (KPC was to  check on generation a t  
Pineville in DR-F3) 

No short circuit analysis was performed as there is no generation, including small hydros, within the study area. 
KPC stated that any equipment installed will have the appropriate short circuit duty. 

Line Route Selection (DR-211 

Proximity to  residences and avoidance of relocation due to future mining operations were the two main factors 
in route selection. 

Regulatory requirements and acceptance by landowners were also important factors. (only 4 landowners have 
raised concerns and KPC is working with those landowners) 

Alternatives 4 and 5 had visual and future mining concerns compared to the other 3 alternatives. 
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Proiect Estimate 

The current $62.5 million estimate for the project contains a 5% contingency for the line, 15% for materials, and 
5% for labor. The total contingency is $1.5 million. 

The Phase 1 estimate in Exhibit 12 of the filing was a planning grade estimate (+/- 25%)) the phase 2 estimate 
was a budget grade estimate (usually +/- 10%)) and the phase three costs include labor. 

The current estimate was updated in September 2011. 

KPC could not explain the increase in cost for the Softshell Substation while the cost for the Bonnyman 
Substation remained f lat.  KPC was to follow-up. (DR-F2) 

Miscellaneous 

The radial line from Softshell Substation to the Spicewood Substation carries the load of 2 coal customers 
totaling about 10 to  15 MW. 

The per unit voltages stated in Exhibit 12 of the filing are a t  the 69kV bus. 

The power factors supplied in DR-15 are a t  the 12kV bus. 

In DR-17, a C equates to  a conductor thermal limit and an R equates to  a riser thermal limit. 

KPC has talked to al l  parties impacted by the construction of the line and no EMF concerns were raised. 

PJM operationally controls and performs design studies on the 100kV and above transmission system. 

Economic analysis is done in the Planning Department. Only a first cost analysis was done for this project. (no 
NPV analysis was performed) 

Alternatives to the Proiect 

The most promising economic alternative to the project that resolved both 69kV and N-1-1 issues was the 
establishment of a second 161kV tie to KU a t  Hyden via the Wooton Substation. However; KU would not allow 
ties to be established to their system with breakers. In this manner, additional facilities will not be required on 
their system to serve load as the t ie flow is eliminated with the contingency of the line feeding the tie. KPC 
stated that under this requirement, both 161kV ties to Hyden would be lost and the N-1-1 contingency 
overloads would remain as they exist today. 

None of the three alternatives considered had estimates developed as no alternative either solved a l l  the issues 
or was on the face less expensive to the proposed project. 

Follow-UP Data Reauests 

Temperatures used in load forecasts - KPC was to supply S & W normal and S & W extreme daily average and 
peak hour temperatures. (DR-F1) 

Explain why the cost of the Softshell Substation work increased while the cast of the Bonnyman Substation 
remained flat from the initial 2009/2010 estimate to the current estimate. (DR-F2) 

Generation a t  Pineville - KPC found that there is no generation a t  Pineville. (DR-F3) 
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ATTENDEES: 

Petitioner 

Ranie Wohnhas, Managing Director-Regulatory & Finance - Kentucky Power Company 
George Reese, Senior Environmental manager - GAI Consultants, Inc. (for Kentucky Power Company) 
Mark R. Overstreet, Outside Counsel - Sties & liarbison (for Kentucky Power Company) 
Lila Munsey, Manager Regulatory Services - Kentucky power Company 
Mike Lasslo, Customer & Distribution manager - Kentucky Power Company 
David Wright, AEP Project Manager - American Electric Power Company 
Ali Kamran, Manager-Transmission planning - American Electric Power Company 
Randy Holliday, Staf f  Economist - American Electric Power Company 
Ned Merrifield, Supervisor-Transmission Right-of-way - American Electric Power Company 
Tim Earhart, Supervisor-Transmission Line Engineering - American Electric Power Company 
Joe Meisner, Engineer - American Electric Power Company 
Michael Russ, Engineer - American Electric Power Company 
Vickie Stone, Senior Right-of-way Agent - American Electric Power Company 

Regulatory 

John Rogness, Director of Financial Analysis - Kentucky Public Service Commission 
Kimra Cole, Director of Engineering - Kentucky Public Service Commission 
Daryl Newby, Manager Gas & Electric Rate Design - Kentucky Public Service Commission 
Jeff Johnson, Engineer - Kentucky Public Service Commission 
Mike Cannata, Senior Consultant - Accion Group (for the Kentucky Public Service Commission) 
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October 14,201 1 

Mu. Michael D. Cannata, Jr. 
6SA Ridge Road 
Deerfield, NH 03037 

RE: Kentucky Power Coiiipaiiy’s Responses to the Accioii G ~ O L I ~  Follow-IJp Questioiis 
During the October 12, 201 1 Meeting for the Coiistructioii of the Boimyman to Soft 
Sliell 1381tV Trsuzsiiiissioii Line in KPSC Case No. 201 1-00295 

Dear Mr. Caiuiata: 

We received your Follow-Up Questions dated October 14,201 1 , coiiceiiiiiig the subject case 
aiid have prepared the enclosed responses to those inquiries. The respoiises are being sent by 
email. 

Should you have aiiy questions on this subject, please feel free to contact ine at 502-696-7010. 

Sincerely, 

Lila P. Muiisey 
Manager, Regulatory Services 

cc: I-Iarold T. Judd, President Accioii Gro~ip, Inc. 
George T. Reese, GAI Coiisultaiits 



For tlie load forecasts that were supplied as the response to Initial Data Request #11, please 
supply tlie suiimier and winter iiornial aiid tlie summer and winter extreme peak daily average 
aiid peak hour design temperatures. 

Please refer to page 2 of the response. The "Forecast" sectioii is summer and winter noiinal daily 
average peak Iiour temperatures used in our forecasts. The next section illustrates a historical 28 
year average of sumner arid winter normal daily average peak liow temperatures. The last 
sectioii illrrstrates the historical 28 extreme suiimer aid winter daily average peak hour 
temperatures wliicli were also used in our forecast. 



KPSC Case No. 201 1-00295 
Accion Group Data Requests 

October 14, 201 1 
Item No. 1 

Page 2 of 2 
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KPSC Case No. 201 1-00295 

Dated October 14,2011 
Item No. 2 
Page 1 of 1 

Accion Group Follow lLJ 

Reference the detailed preliiiiiiiary and filial prqject estimates in Exhibit #12, and on page 13. 
Please explain why the filial estimate for the Soft Shell Substation construction cost increased 
approximately 45% fiom the prelimiiiary to filial estimate while the Boiuiyiiian substation 
construction cost increased a negligible amount from the preliiiiiiiary estimate to the filial 
estimate. 

The preliminary estimate for the Soft Shell Substation was a coiiceptual estimate (high level, 
noli-detailed). The preliminary estimate for the Boiuiyiiiaii Substation was a full scope estimate 
iiicludiiig an on-site visit to tlie sitbstation. The planning team deteiiniiied early in the process 
that due to the amount of work necessary at the station a full scope estimate would be more 
prudent. The estimates shown for September 201 1 are both full scope estimates. As is iiot 
uiicoiixiion when full scope estimates are performed followiiig conceptual estimates there were 
substantial differences (increases) between the conceptual and full scope estimates for the Soft 
Shell Station as a result of more precise calculatioiis of the material, labor and overheads 
required. Conversely, the changes between the two fidl scope estimates for the Boiuiyiiiaii 
Station were iiot material. 



Please s ~ p p l y  the size of the generators that exist at the Piiieville generating station in the TVA 
system. 

After fui-tlier review, Kentucky Power coiifirined there is no TVA or other generating statioii in 
the Piiieville area. 



The Accion Group 

For the Kentucky Public Service Commission 

Focused Need Analysis 

Of the 

Application of Kentucky Power Company 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 
9. 

For the Construction of the Bonnyman to Soft Shell 138kV Transmission Line 

Case No. 2011-00295 

Initial Data Requests* 

October 2,2011 

Please supply a transmission map of the Kentucky Power (KP) and surrounding power systems that depicts 

transmission system and generation system facilities by voltage level. 
Please supply a transmission map of the KP power sub-transmission power system that depicts sub-transmission 

system and generation system facilities by voltage level. 
Please supply one-line system diagrams for the KP transmission and sub-transmission power systems. These 

diagrams should show substation breaker configurations. 
Please supply a transmission map o f  the Reliability First Corp. and the SERC Reliability Corp. systems. 

Please supply one-line breaker diagrams for the Bonnyman and Soft shell substations and any substations 
involved in the limiting contingency or contingencies. 

Please supply a short description of the power analysis software used by KP in the study for the need for the 
proposed facilities. (Le. power flow, transient stability, short circuit, and others as appropriate) 

Please supply a copy of the KP voltage, thermal, stability, load power factor, and short circuit reliability design 
criterion that are applicable to the proposed facilities. 
Please supply a copy of the PJM transmission reliability criterion. 

Please supply a copy of the 10-year KP summer and winter coincident peak load projections used for the analysis 

o f  the need of the proposed facilities for the system as a whole and for subareas. As part of your response, 
please supply the date they were prepared. In addition, if there are newer vintage load forecasts, please supply 

them also. 
10. Please supply a succinct description of the KP load forecasting methodology including inputs, econometric data 

11. Please supply the input parameters for the ratings programs used to rate KP transmission and sub-transmission 

12. Please supply a copy of the final report justifying the proposed facilities if different from filing Exhibit 12. 

13. If the limiting condition is voltage driven, please supply the transmission to sub-transmission transformer no 

load tap settings, no load tap capabilities, hold voltages, and tap changer ranges. Please also supply the same 
information for the sub-transmission/lower voltage transformers. 

requirements, load ratioing, and weather normalization. 

line and substation components. 
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14. If the limiting condition is voltage driven, please supply the generator minimum VAR capability, maximum VAR 

capacity, MW size, hold voltages, and power factor for generators within the Hazard load area or within 25 miles 
of the Soft Shell and Hazard 138kV substations that are on the 138kV or lower voltage power system. As part of 

your response, please locate these facilities on a geographical transmission and sub-transmission map 

transmission system. In addition, please also supply the load power factor a t  the low side o f  the suh- 

transmission to lower voltage transformers in the Hazard load area. 
16. Please supply the estimated cost o f  installing distribution voltage rated capacitors on a $/KVAR basis. 

17. If the limiting condition is thermally driven, please supply the component by component ratings of the limiting 

15. If the limiting condition is voltage driven, please supply the location and size of capacitors on the 138kV and sub- 

system line element(s). If a transformer is part of the limit, please supply the transformer nameplate ratings, 

overload ratings, and the transformer rating calculations. 

which the line was designed to  operate, tension, and design clearances. 

(Not alternative routes of the proposed line, but other transmission alternatives, generation alternatives, rebuild 

with composite conductors, etc.) 
20. Please supply a l ist o f  alternative projects to the Bonnyman t o  Soft Shell 138kV line evaluated by KP and a copy 

of the economic evaluations. 
21. Please supply a short description on how KP selects the final route of the proposed line versus alternative routes 

for the same facilities if different than Reese testimony, page 11. 
22. Reference, Filing, page 5. Please identify the 4 property owners to date, by parcel referenced in Exhibit 9, that 

have expressed objections t o  the preferred alternate. Your response should also include a short description of 

each owner objection. 

compared to the preferred Bonnyman to  Soft Shell 138kV alternative. 

alternative? If not, why not? 

preferred project where the carrying cost of the deferral project(s) are less than the first year carrying costs of 

the preferred project. 
26. Accian understands that the $62.5 million cost of the proposed project is in 2009 dollars. Please confirm or 

identify the year dollars the estimate is stated in. As part of your response, please also supply the impact of 
rising commodity prices on the projected cost of the project since the estimate was made. 

27. Please supply the cost of the project in 2014 completion date dollars for the project segments as listed in Exhibit 
12, page 13. Please identify the IDC portion of the estimate in each project segment as part of your response. 

28. Reference Lasslo testimony, page 4, lines 11-19. Is the first contingency event described a design issue or a 
vegetation management issue. Please explain. 

29. Reference Lasslo testimony, page 4, and line 24 through page 5,linel2. The second event described here was a 
single contingency. If KY performs system adequacy analysis annually, as stated a t  the bottom of page 12 of the 
Lasslo testimony, and the system is designed to  withstand the first contingency, please explain why customer 

load was required to  be curtailed. 

30. Reference Lasslo testimony, page 5, lines 7-13. Please supply the analysis performed to  evaluate the factors 
generally listed here and specifically listed in Exhibit 13, Table 4 for each o f  the alternatives. As part o f  your 

18. If the limiting condition is thermally driven and a line, please supply the line conductor size, temperature to 

19. Please supply a description on how KP conducts economic evaluations between competing alternative projects. 

23. Reference Filing, Section 18, and page 8. Please supply the benefits and costs of the three alternatives stated 

24. Reference Filing, Section 18, and page 8. Was a second Hyden to  Wooten 161kV line considered as an 

25. Reference Filing, Section 18, and page 8. Please describe any and al l  alternatives considered to  defer the 
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response, please indicate what weights were given to  the factors (and their subsets) as described in the 
Kentucky lransmission Line Siting Model, Project Report: dated July 31, 2006. 

31. Reference Lasslo testimony, page 5, lines 19-22. Please explain the status of the NERC requirement regarding 

transmission design down to the 100kV level. In your response, please indicate the ability to obtain waivers to  
said design and the KY effort t o  attain such waivers. 

32. Reference Reese testimony, page 9, and lines 17-26. Please explain how the two tier corridor selection process 
described relates to  the process described in the Kentiicky Transmission Line Siting Model, Project Report dated 

July 231, 2006. 
33. Reference Exhibits 4,5, and 6. Please supply edge of right-of-way EMF levels (magnetic and electric) for each of 

the three configurations. 

34. Reference Exhibit 8. Please supply before and after one line breaker diagrams of the Bonnyman substation. 

35. Reference Exhibit 12, pagel. Why wasn’t a looped alternative considered where the terminus of the new line 
would be the Hazard 138kV substation instead of the preferred radial alternative terminating a t  Bonnyman 

substation? 

from Bonnyman to Hazard substation is required to  meet reliability criterion? 

Exhibit 12, page 2. 

36. Reference Exhibit 12, page 3. in what year do KY system studies show that the completion of the 138kV loop 

37. Reference Exhibit 12, page 6. Please relate the significance of closing the Lee City t ie t o  the system diagram on 

*Accion understands that some of these data requests may be voluminous. It is acceptable to  supply or have a 

limited number of the responses available for inspection a t  the time of the interviews. 

3 



The Accion Group 

For the Kentucky Public Service Commission 

Focused Need Analysis 

Of the 

Application of Kentucky Power Company 

For the Construction of the Bonnyman to Soft Shell 138kV Transmission Line 

Case No. 2011-00295 

Interview Requests for October 12,2011 Interviews* 

October 2,2011 

Please make the following subject matter experts available on October 12,2011. 

T and Sub-T system design analysis including that required by PJM and the FERC. 

T, Sub-T & D system analysis models and study modeling. 

T, Sub-T & D system configurations. 

Siting and route selection. 

Load forecasting and modeling performed. 

T and Sub-T Component ratings and rating programs. 

Economic analysis o f  alternatives of different lives and net present value. 

Others as deemed necessary by KU. 

*Not all experts will be required for the entire day. Accion will work with KU on October 12,2011 to 
minimize KU time t o  the extent practical. 
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ReEeience Exhibits 4, 5, and 6. Please supply edge of ~iglit-ol-way EMF levels (inaguetic 
a d  electric) Tor each 01 the thee confi,wations. 

EMF effects are coinputed at the ROW edges {SO feet in each direction from centenline) 
for three configurations plawied in the project (slioiiiill as Exhibits 4, 5 ,  and 6 of Ilie 
Application). The double-circuit desigir is a typical lattice strucIx..e that will suppoi-t 
segments of the new 138 IrV line md the existing Shcmock-Bu1m 69 1V liiie for 
approximately one mile of the 20 mile line. The 138 1V singIe-ckcr~t desigiis -- an H- 
frame structure a d  a thee-pole sinictwe -’- will be used ili the remaking parts of the 
project. Note that the three-pole sti-uctme Bas horizontal jlzsuiator posts, resulting j, 
a.symiiietricaI placeiiient of phase coiicluctors with respect to the ri ght-of-,way (R0-W) 
edges of the line. 

1?oriiid rnaximuiii loacliiig levels, rep-resertthg peak load conditions, are assuiiiecl in the 
analysis to maximize the calculated EMF eEects. No trees, slurubs, buildings or other 
objects that can block EMF a e  assumed in proxiriity to the proposed Lines. Nor~~.bal  
voltages and balaiccd coiiditions ate asstuned, with emrents ;Lowing in Ilie directions 
expected during noiixal system operation. Since the aibresaid 138 IcV cud 69 161 lines 
noiua~llly will cary  power in ilie same directioii, a pliasc coilligwation lciio~m as “low 
I eactanc~” (A-E -C/C-B -A, lop-to-bottom) is planned €or the double cii cui t seginenl, 
rcsulting in lo~ver EME. All calculafioiis are obtaiiied ai ihe heiglii. ol: 3 28 Ecet (one 
meter) above gro~iiid using the Electric Power Rescarcli fiislitxte (EP1X.I) EMF 
Worlcsts-tion “Eiivifo” compiitei progain. The results are s-cuixiiahxl in the table; 
below. 

I I  

I IEEE Std C95.6-2002 Limits’””“ 
~ 
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EMF levels (left ROW edgehiglit ROW edge) cdcdated one meter above groLmc1 
at the point- of Illinininin g-o~uid CJeai-ance, assuming nominal voltages aiid 
balaiced phase voltages and cLi.aeiits. ROW width is 100 feet. 
Two cixcuits shasjng C , O ~ I O U  towers (double-ciucuii design) modeled together 
using "low reactance" phase couiigwaiion, Application Exhibit 6. 
Ff-frame structure (single-circuit design). Ap~dic.ation Exllildt 4. 

$'$:* * Thee-pole S~TLX~LUZ (single-circuit desigr;). Application BUuit 5. 
.i..~--~,,:--:- The limits specified in E E B  Standmd C9S.6TM-2002. 

x: ::: 

.,. .,- .!. ,,. ,~. .,. 

0, .,_ . 1 L., I I 

Om rcs-ults s1io.c~ that electric and magnetic fields associated with the @omymcm-SoR 
Shell 138 1V line (and Ilie Shamrock-Bdan 69 kV line strung on common stmcimes) 
decline rapidly with distarice fiom the line, and will be well within the h i i s  specified in. 
ZEEE Standad C95.6Ti\fl-'2,002. 'The EEE EMF limits, ai iadustry beiichnalc, have 
beell establislied to "prevent haiwhl effects iix liunian beings exposed to electroinagnstio 
fields iii the frequency range of 0-3 kHz." 
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Bomiymaii-Sofl Shell 13 8 IcV and SIiaimock-Bulau 69 IcV :: 
ComlinedEMF PiofiIe 

Noiinal Maxinium Loading 
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Bonnyman-Soft Shell 138 kV EMF Profile4' 

Noiinal Maximam Loading 
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A unit of American Electric Power 

Kentucky Power Company 
101A Enterprise Drive 
Frankfort KY, 40601 

Iprnunsey@aep corn 
(502) 696-7010 

hh. Michael D. Caixiata, Jr. 
6SA Ridge Road 
Deerfield, I\IFI 03037 

October 7,201 1 

RE: Kentucky Power Co~npaiiy’s Responses to tlie Staff C011s~ltaiit~ s First 
Set o f  Questions for the Construction of the Bmnyinan to Soft Shell 
13 81cV Traiis~riissioii Line in ICPSC Case No. 20 1 1-00295 

Dear Mr. Caruiata: 

We received your M i a 1  Data Requests dated October 2, 2011, 
concerning the subject case aiid have prepared the enclosed responses to 
those inquiries. The, responses are being sent by overnight inail. 

Slio~ild YOU have any questions on this subject, please feel free to 
contact me at 502-696-XI 10. 

Siiicerely, 

Lila P. Munsey 
Manager, ReglJrlatory Services 
Kentucky Power Company 



Please supply a traiismissioii map of tlie Kentucky Power (KP) and surrouiidiiig power 
system that depicts traiisinissioii system aiid geiieratioii systein facilities by voltage 
level. 

Two maps will be provided oii Wednesday, October 12,201 1, at tlie face-to-face iiieetiiig 
with tlie coiisultaiit and tlie PSC Staff. The first inap sliows tlie Roanolce Regioii of tlie 
AEP traiisiiiissioii a id  subtraiisinissioii systeiiis iiicludiiig Kentucky Power (KP) aiid 
neighboring systems. The second map shows the geiieratioii facilities coiuiected to tlie 
traiisiiiissioii aiid subtraiisiiiissioii system witliiii the PJM foolpriiit whicli includes ICP. 



Please supply a transmission iiiap of the ICP power sub-transinissioii power systeiii that 
depicts sub-traiisiiiission system aiid generation system facilities by voltage level. 

SPON-JSE 

Please refer to the inaps iiicluded as part of the answer to Question No. 1 
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Please supply one-line system diagraiiis for the ICP transmission and sub-traiisniission 
power systems. These diagrams should show substation breaker configurations. 

A map will be provided on Wednesday, October 12, 2011, at the face-to-face ineetiiig 
with the consultaiit and the PSC Staff, showing KP traiismissioii and subtransinissioii 
systems one-line diagrams including circuit breaker coiifiguratioiis. 
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Please supply a transmission niap of the Reliability First Corp. and the SERC Reliability 
Corp. systems. 

Two maps will be provided on Wednesday, October 12, 20 1 1, at the face-to-face meeting 
with the consultant and the PSC Staff. The first map sliows the ReliabilityFimt 
Corporation trarisiiiissioii system. The second map shows the SERC Reliability 
Corporation tuaiisiiiission system. 



Please supply one-line breaker diagrams for the Roiuiyniaii and Softshell substations and 
any substations iiivolved in the limiting contingency or contingeiicies. 

The one-line diagrams of I<P stations involved in the liiiiitiiig coiitiiigency(ies) are 
attached below. 
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AUIOI. lATlt  RLCLOSItIG OPERhTIOU NOTES 

SEE DRAWING IiLIIEER E- R 

THIS D B G  SUPERSEDES DWG. E- IQQQ-4 

ONE LINE D I A G R A M  
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Please supply a shoi-t description of tlie power analysis software used by IW in tlie study 
for the need for tlie proposed facilities. (i.e. power flow, traiisieiit stability, slioi-t circuit, 
and others as appropriate) 

Tlie PSSE power flow program was used to conduct system studies for this proposal. 
PSSE version 30 was used for this specific study. Tlie PSSE prograin allows tlie planning 
engineer to model tlie ICentucly Power system iiicludiiig reactive devices (like capacitors, 
etc.) along with surrounding power system to conduct power flow studies that analyze 
tlie perforinance of tlie system. Tlis program enables assessineiit of tlie system 
performance under normal and coiitiiigeiicy conditions. PSSE has tlie capability to output 
specific iiiformatioii sucli as bus voltages on a per unit basis, line loading as a percent of 
its rated value, transforiner loading as a percent of its rated value, and the status of 
reactive sources. Tlie planning engineer will analyze different critical contingencies for a 
given area and can run a repoi-t for a specified area to indicate any tlierinal or voltage 
problems. 

See tlie attaclmieiit for Eui-tlier details on tlie PSSE software. 
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Power Flow 

At a glance 
The PSS'E Power Flow module is widely rec- 
ognized as one of the most fully featured, time- 
tested and best performing commercial pro- 
grains available for power systems analysis 
Over 30 years of commercial use and user- 
suggested enhancements have made the 
PSS'E Power Flow base package comprehen- 
sively superior in analytical depth, inodeling, 
and user convenience and flexibility Rich 
graphical tools allow the user to easily edit 
models and present results 

i7 Extensive transforiner models include tap 

i7 Two and multi-terminal HVDC transmission 

3 Extensive and flexible modeling of FACTS 

i3 Extensive vendor-provided and generic wind 

T; Multi-section lines 

G True zero impedance branches 

impedance correction 

I i nes 

devices 

models 

A17 a/yS/S i? Network equivalent construction (optional) 

User-switchable choice Of five SOlUtiOil meth- 13 Transmission line coilstants calc\j[ation 
ods includiiig Newton-Raphson (full, decoup- 
led, fast decoupled), Gauss-Seidel, and 
modified Gauss-Seidel 

The challenge 
The challenges in power systems planning and 
analysis are directed toward the same objec- 
tives as other business 
with less 

il Inertial and governor power flow iredistributes - do 
generation after major load or supply 
c ha inq es - 

To meet these needs, a power systems engi- ' Standard coinplex analysis neer needs an analytical tool that is accurate, 
efficient and flexible To qain maximum benefit, and transfer limit calculations 

~3 Automatic corrective actions for improving the user must have access to techniques, tech- 
inologies and processes developed by a large system responses 
cross-section of power systems engineers and 
experts in their fields, and must be able to i! System reliability calculations 

1-1 Simulated generator economic dispatch or 

n Generator reactive capability curves 

adapt the software to localized processes and 

Our solution 

participation factors procedures 

Extensive load modeling capabilities 

ModelllJg 

The PSS'E power flow base package includes 
a full range of standard models as well as flexi- 
ble models that allow useis to include ground- 
breaking technologies in their analysis Models 
include 

r i  Local or remote control switched shunts and 
transfoi iniers (continuous range or discrete 
step conti a1 available) 

The PSS'E Power Flow incorporates the ex- 
perience of a world-wide user base to allow 
today's and tomorrow's power systems engi- 
neers to perforin thoi ough steady state analy- 
ses of network plans or events PSS'E has 
been used and tested against most, if not all, 
major power systems disturbances since the 
1970s This use Inas demonstrated the accura- 
cies of PSS'E, justifying it as a world leader rn 
powei systems analysis PSS'E has also been 
[Jsed to study all new network equipment and 
control technologies introduced in power 

Software Sc)l~i.t/ons 

for energy. 
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systems over this same time period 
The result is a software package that is 
accurate and versatile in modeling power 
systems. 

But, of equal importance to the PSS@E 
accuracy and modeling flexibility is the 
improvement of the engineer's efficiency 
through using PSS@E. The user interface 
in PSS@E is based on a full-graphical 
representation of the network and rich 
Microsoft Excel@-like data spreadsheets 
used to manipulate the data and present 
the results. In combination, these two 
presentations, and others, allow the 
engineer to clearly understand the data 
and analyses. 

Additionally, what differentiates PSS@E 
is its open data structure and user con- 
trollability. World-wide experience has 
shown that any analytical tool must be 
prepared to perform major studies "out of 
the box" as well as allow for user differ- 
ences in standards and practices world- 
wide. PSS@E exceeds these needs 
through its fully open data structure and 
integration with the Python scripting 
language These characteristics provide 
user control of the PSS@E execution and 
preparation of custoinized results pres- 
entation. 

The PSS@E Power Flow offers out- 
standing accuracy, user efficiency, and 
flexibility. 

Application example 
PSS@E offers tools for both deterministic 
and probabilistic reliability assessment. 

The PSS@E Automatic AC Contingency 
Computation and Multi-Level AC; Contin- 
gency Computation (ACCCIMACCC) 
features can be used to perforni deter- 
ministic reliability assessment, while the. 
PSS@E probabilistic methods provide 
another dimension to system planning. 

The automatic contingency analysis 
processes user-specified and automati- 
cally-selected single and multiple contin- 
gencies within one run. User specified 
and automatically generated contingen- 

cies can be tested individually or com- 
bined with each other as overlapping 
outages of up to three levels (N-3) The 
con tin g ency e i i  u m erat ion process is 
based on the use of several built-in con- 
tingency ranking schemes which provide 
tremendous savings in computation 
effort by avoiding the explicit evaluation 
of contingencies that are not liltely to 
affect system reliability 

Automatic contingency analysis also 
features generation dispatch, a non- 
divergent power flow solution algorithm, 
tripping siinulation and corrective action 
Figure 1 outlines the computational pro- 
cedures in performing a deterministic 
reliability assessment 

Figure I - Computational procedures in a contin- 
gency analysis 

Within the automatic contingency analy- 
sis process, a new load flow solution is 
developed wheiiever trip sequences are 
triggered. The tripping option can be 
applied to model special protection 
schemes (SPS), to simulate cascading 
outages in severely overloaded condi- 
tions, and inany other complex events. 

Corrective action functions can be ap- 
plied to simulate operator responses, 
Skich as the re-dispatch of generation, 
curtailment of load and adjustment of 
phase-shifting transformers. This trans- 
lates system-based reliability measures, 
such as the location and magnitude of 
branch overloads and bus voltage viola- 
tions, to customer-impact indices in 
terms of the potential amount of service 
i n t e r r u pt i o n s 

PSS@E provides several functions to 
post process results for reporting Tlie 
Single ACCC report function provides 
seven types of reports and Multiple 
ACCC runs compare tip to nine contin- 
gency runs Python programs allow us- 
ers to extract data stored in contingency 
result files for use when creating their 
own reports 

Probabilistic transmission reliability in- 
corporates the impact of frequency and 
average duration of equipment outages 
on system reliability assessment Bulk 
reliability measures are obtained relative 
to various system problems, including 
branch overloads, load interruptions, 
voltage limit violations, and voltage col- 
lapse conditions These indices provide 
a better indication of power system reli- 
ability by taking into consideration the 
relative liltelihood of different contingen- 
cies that may occur (see Figure 2). 

The basic contingency analysis process 
can be extended to assess the steady 
state power transfer capabilities in a 
power system The capability of trans- 
mission system to support power trans- 
fers is a measure of interconnected 
transmission system reliability Tl ie 
PSS@E functions for transfer capability 
study include the transmission inter- 
change limits calculation (TLTG) and 
interchange I i ni its with two opposing 
systems (POLY). 
- 

I l ie PSS% reliability functions allow for 
deterministic reliability to evaluate cer- 
tainty of service, and for probabilistic 
analysis to evaluate consequences that 
can be expressed in ternis of cost 

Figure 2 - Piobabilistic reliabilify assessment 
iesuffs 

ww w. s i e m e n s. co mle ne rg y 
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Please supply a copy of the Iu" voltage, thermal, stability, load power factor, aid slioi-t 
circuit reliability design criterion that are applicable to tlie proposed facilities. 

W,SPBDNSE 

The KP system is planned based on tlie following attaclments: 

o Attaclvneiit 1, AEP's plaruiiiig criteria (included in the FERC 71 5 filing). 

Q Attachment 2, PJM's Reliability Plaiuiiiig Criteria, per Manual 14B. 
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CAN ELECTRIC PO - 2011 FED4 

Attached is a docuineiit entitled "The Arnericaii Electric Power System Traiisinissioii Planning 
Criteria aiid Assessment Practices Eastern AEP". This document provides the criteria to test and 
assess the streiigth of AEP's transmissioii system to ineet its load responsibility, iiicludllig power 
transfers with other systems (including activity within PJM) as well as to move bull< power between 
aiid ainoiig other electric systems. This document, hi conjunction with the documents subinitted 
under Part 5 ,  provides a description of traiisrnission plaiming criteria and assessment practices for the 
AEP System. 

4.1 



KPSC Case No. 201 1-00295 
1st Set of Questions of Accion Consultant 
Dated October 2, 201 1 
item No. 7 
Attachment 1 
Page 2 of 26 

This page ititentioiially left blailk 

4.2 
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East Transmission Planning 
Transiission Asset Strategy & Plaiuiig 

American Electric Power Service Corporation 

March 2,011 
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Appendices 

A. Exteriial Documents that Relate to AEP’s Transmission 
Plam~iig Criteria and Assessmeiit Practices 

B. AEP Transient Stability Disturbance Testing Criteria 

A. 1 

B. 1 
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Electric utilities, such as AEP, meet thek obligation to supply electricity demanded by their customners 
with a high degree of reliability through the carefully plaiiiied developineiit of electric generating 
sources, transmission, aiid distribution systems. The reliable supply of electricity iiivolves two 
elements - adequacy and security. “Adequacy” relates to the production and delivery of electric 
power and eiiergy in the quantity and quality that the custoiner requires. For exainple, sufficient 
power must be provided at acceptable voltage levels aiid frequency to match the customers’ 
equipment specifications. “Security“ relates to the ability to produce and deliver power whenever the 
customer needs it. Credible contingencies, such as the sudden outage of transmission facilities, 
should not result 111 uncontrollable power interruptioiis over a wide area. Plaiiiling a reliable 
traiismissioii system requires the application of fuiidaineiital principles aiid the establishment of 
criteria, which balance adequacy and security against the cost to provide them. 

The eastern AEP traiisinissioii system was developed over many decades. Iii the early days of the 
utility industry, power plants were small aiid located iiear load centers. Consequently, traiisinissioii 
distalices between the generation resources and the ultimate consumer were comparatively short and 
the amouiits of power delivered were small. As the deinaiid for electricity increased, larger power 
plants were designed aiid built further from the load centers to exploit economies of scale, and greater 
amounts of power had to be traiisinitted over longer distances. This led to the developineiit of higher 
voltage, higher capacity transmissioii facilities. 

As utilities developed in their respective geographic areas, the establishment of Ilitercoi~iecthg 
traiisinissioii facilities between adjacent systems became attractive as a iiieaiis to provide mutual 
support during emergeiicies and to avoid coiistructllig duplicate facilities. The high traiisinissioii 
voltages have eiiabled power systems to jlitercoimect on a broad scale. Intercoiinections allow 
utilities to support each other during forced or scheduled generation aiid traiisnlissioii outages, to buy 
aiid sell power for reasons of economy and thereby enhance reliable and economic operation. On the 
other hand, each htercoiuiected system is unavoidably impacted by events on neighboring systems, 
requiring coordinated plaiuxhig aiid operating practices among neighboring systems and regions. 
Facility outages and variations 111 generation dispatch within one system will affect power flow 
patterns in iieighboring systems. Consequently, cascading outages that affect widespread areas are 
possible. The highly llitercoixiected nature of electric utilities has made it necessary that system 
plaixillig criteria evolve to recognize these interrelated consequences of interconnected operation. 

This document describes the criteria that AEP uses for planning a reliable transmission system to meet 
its custoiners’ needs at the lowest cost. The fKst section describes the principles uiiderlybig the 
planning criteria and discusses the planning process. The followiiig tlxee sections provide details of 
modeling assumptions, perforinaiice expectations, aiid testing criteria, respectively, for AEP’s bulk 
traiisiilission system aiid area traiisiiissioii system. 

AEP’s eastern bull< traiisinissioii system, which coiisists of an extensive network of extra high voltage 
(EHV) facilities generally operating at 345 IcV and above, delivers power from generating plants to 
major load centers aiid connects load centers together to forin an integrated network. The area 

I 
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transmission system, which consists of high voltage (HV) facilities operating at 230 kV, 161 kV, 138 
kV and 115 kV and lower voltage sub-traiismissioii (Sub-T) facilities (from 23 kV to 88 ltV), moves 
power within tlie major load centers aiid delivers it to distribution centers aiid major customers. The 
EHV aiid HV facilities coiinect the AEP System to iieighboring compaiies. Even though AEP’s 
eastern bulk and area transiiissioii systems are plaiuied and operated on a totally integrated basis, the 
plaiufiig criteria of each differ because of sepxate and distinct fuiictioiis that each of these systems 
axe intended to serve. 

The AEP traiisinissioii facilities are divided into tlie following three performaiice categories: 

Q EHV Facilities: 
Transmission kies rated 765 kV, 500 kV, aiid 345 kV, and transformers with secondary 
voltages at or above 345 kV, are considered Extra High Voltage (EHV) facilities, and are 
referred to as “EHV facilities” in this document. These facilities are also part of the Bulk 
Electric System (BES). 

8 HV Facilities: 
Transmission lines rated 230 kV, 161 l V ,  aiid 138 IV,  and traiisfoimers with secoiidary 
voltages above 100 kV but below 345 ItV, are considered High Voltage (HV) facilities, aiid 
are referred to as “HV facilities” in this document. These facilities are also part of the BES. 

Q Sub-T Facilities: 
Traiisinissioii lines rated below 100 ItV, and transformers with secondary voltages below 100 
1tV are considered sub-transmission (Sub-T) facilities, and are referred to as “Sub-T facilities” 
hi this document. These facilities are not part of the BES. 
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1.1 Underlying Principles 

Although plaiming is essential hi any industry, it is critical for electric utilities due to the 
characteristics of an electric power system: the inherelit need to respond instaiitaiieously to the 
electric power deinaiid of customers (load); the heavy fuiaiicial iiivestineiit aiid long service lives of its 
facilities; the long lead and coiistructioii times to add facilities; aiid the social and economic 
importance of a reliable power supply. AEP has adopted fuiidainental planning principles as the basis 
for specific reliability criteria. Briefly, these principles state that a properly designed transmissioii 
system should provide a good distribution of power flows by avoiding excessive geographic 
coiicentratioiis ol-generating sources or traiismissioii paths. A traiisinissioii system should have ample 
inargin to allow for contingencies so as to avoid uncontrolled, area-wide power interruptions and also 
provide flexibility to deal with the uncertainties inherent iii m&ig long range forecasts. 
Intercoimection capabilities between systems should be maintained coinmeiisurate with the amouiit of 
system load aiid the size of tlie individual generating uizits coimected to the transmission system. 
Station switcl~ig arrangements, relay protection, and system controls should be adequate to 
maximize tlie use of the transmission system and minimize interruptions; aiid to provide flexibility for 
scheduling required inaiiiteiiaiice as well as facilitating the restoration of outaged facilities while 
always, and most impoi taiitly, insuring the safety of the geiieral public and our employees. 

It is impossible to anticipate or test all possible coiitiiigeiicies that could adversely affect the eastern 
AEP traiisinissioii system because of the large number of individual eleineiits that comprise the system 
aiid the fact that power flows, aiid load levels are continually changing. Therefore, the plaiiiliiig 
criteria aiid related contingency tests outlined iii this report do not represent an exhaustive set of 
system operating conditions, transfer levels, and specific contingencies; instead, they constitute an 
effective aiid practical means to stress the eastern AEP traiisinissioii system, testing its ability to 
survive tlie entire spectrum of possible coiithigeiicies aiid ideiitlfYiiig potential wealmesses and 
problems. 

The m P  criteria described herein are coinpatible with: 1) the No1 th Aiiericaii Electric Reliability 
Corporation (NERC) Reliability Standards; 2) the ReliabilityFirst Corporation (RFC) Standards, 3) 
PJM Plaimhig and Operating Manuals, and 4) other exteriial documelits. A listing of those external 
documelits is provided in Appendix A. The application of the NERC and RFC criteria to aiiy 
particular utility system, including AEP, must be adapted to the specific characteristics of that utility. 
Each utility’s traiisinissioii system is coiliigured in a way that is specific to the geographic region it 
serves as well as the electrical facilities that are installed to meet these requirements. There are also 
various ways of achieviiig reliability objectives. Therefore, dBereiices can exist among tlie specific 
plaimiiig criteria employed by various systems. Compatibility among diffei-eiit systems’ criteria and 
guidelines are achieved, however, by adopting hiidaineiitally sound plaimiiig principles aiid practices. 

This report presents an overview of AEP’s eastern Lransiizissioii plaiiiGng criteria aiid assessment 
practices. Specific application of these criteria aiid practices on a case-by-case basis must employ 
sound eiigiiieeriiig judgment. The traiisinissioii plaiuier conducting each study should always evaluate 
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these criteria and apply them 111 such a inanner to account for special considerations applicable to the 
area under study. 

Due to inlierent uncertainties associated with forecasts of loads, new technological developments, 
equipment costs, and changing social, economic, and political conditions, it is prudent to develop long 
range plans of traiismission system expaiisioidmodifkatioii based on a range of assumed scenarios. 
Sensitivity analysis is also useful in making these judgments. By their very nature, long-range plans 
must be reevaluated and modified periodically to reflect the persistent changes bi the variety of factors 
that influence future system performance. While current planning criteria are Ulherently deterministic, 
qualitative distinctioiis about the lilcelihood of various scenarios and contingencies are recognized. 

More likely events require higher levels of system performance; lower system performance standards 
(greater negative impacts) are acceptable for events that are less lilcely to happen. Deterministic 
reliability criteria that are su-fficiently stringent to ferret out potential system problems may also result 
in specific design consequeiices, which are impractical or too expensive 111 relation to the benefits 
realized or the risks mitigated. In these cases, prudent exceptioiis to the criteria can be made, or 
other less expensive coiitrol schemes employed. 

1.2 Planning Pr0-cpccss 

The planning process, as carried out hi the eastern AEP area, provides the focus for establishing an 
appropriate level of system reliability. The planning process includes seasonal assessments of system 
performance; near-term facility addition studies; and long-term strategic planning. The planning 
process typically begins with a deterministic appraisal of transmission system performance. When 
such appraisals identlfy potential problems, detailed studies are conducted to evaluate the severity of 
the problem and to develop an optimal plan to remove or mitigate the deficiency. 

Seasonal assessnieiits, also referred to as operational planning assessinents, have a hoiizoii of up to 
one year. These appraisals verlfy that the transinksion system, as plaixied and built based on long 
term predictions and assumptions, is adequate to meet the actual requirements that emerge for the 
approaching peak load periods. Delays in transinissioii reinforcements, and changing power flow 
patterns or performalice expectations, also lllfluence the need for short-term appraisals. These 
appraisals also provide an early wariing of future system reinforceinent needs. Operational planning 
appraisals are conducted in a manner siinilar to racility planning appraisals. The major difference is 
that problems ideiitiiied in these assessments typically cannot be coirected by transmission 
reinforcements due to insufficient lead time. Therefore, problems ideiitifkd by these studies are 
addressed by deriving indices for system operators to inoilitor system performalice and establishing 
operating procedures to initigate any transmission probleins detected by the operators during real 
time operation. 

Near-term (1 to 5 years) and long-term (more than 5 years) facility planning appraisals analyze 
anticipated system conditions within the specified time periods. Near-term and long-term planning of 
the transmission system allows adequate time to identify emerging trends and anticipated system 
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deficieiicies and then to plan and build needed traiisinission reinforcements, including time for 
potentially lengthy regulatory approval processes. 

Near and long term facility planning studies are conducted for both the bullc traiismissioii system and 
the area transinissioii system in accordance with their respective testing criteria aiid perforinance 
expectations. These studies are conducted externally by PJM transmission planners from a regional 
perspective and internally by AEP transnlission planners fi-om a local perspective, and are 
supplemented by information generally available from neighboring electric utilities. In addition, joint 
planning studies involving one or more neighborhig systeins and/or the appropriate Regional 
Transinissioii Organization(s) are carried out to assess aiid enhance the transmission interfaces 
between AEP and its neighbors through the coordination of operating procedures, development of 
new intercoimection facilities, and/or coordinated transmission eilliancements within each system. 

M P ’ s  eastern Transmission Planning organization continues to receive requests through PJNI froin 
merchant generatioil and transn~ssion developers for interconnection of new facilities to the eastern 
AEP transmission system. PJM assesses the impact of these requests on the AEP bullc traiisinission 
system. The PJM studies are suppleinented by studies conducted by AEP transmission planners. The 
integration of new merchant projects into the AEP traiisinission system is conducted based on the 
same plaiming principles as for any other transmission facilities. 

In addition, seasonal, near-term and long-term appraisal studies, lixnited to assessing regional and 
inter-regional traiismission system performance, are conducted jointly with neighboring utilities as 
part of PSM, RFC and Eastern Interconnection Reliability Assessineiit Group (ERAG) agreements. 
These joint appraisals focus on measuring the strength of the intercoixiected network and on asswing 
coordination of facility planning and operational planling efforts. Where such assessments uncover 
deficiencies, the specific fuidings are referred to the appropriate company or conipanies to develop 
solutions as part of their normal planning processes. 

This document does not directly address regional and interregional appraisal criteria except to note 
that AEP’s criteria coinply with those in the NERC aiid W C  Reliability Standards. Also, AEP uses 
regional and interregional transfer capability measures that are consistent with the NERC and RFC 
definitions, to assess the strength of its transmission system. AEP is an active participant in many 
regional and interregional study groups aiid has made significant contributions to the developinent of 
regional and interregional criteria, including the NERC and RFC Reliability Standards. 
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The computer models used 111 transmission planning studies necessarily differ widely in dirneiisioiis 
aiid details to suit the scope of each study. Power flow models are developed to represeiit system 
operation during highly stressed periods such as peak load conditions and heavy power transfers that 
simulate emergeiicy and opportunity power transactions. System dynamics and short circuit 
computer models are also used, depending on the specfic analysis, to complement the power flow 
models. Using these coinputer models, traiisinissioii system perfoimance is assessed by siinulating 
disturbances to identify system strengths and wealuiesses. In general, the following assumptions are 
used hi conducting various types of traiisinissioii plaimhg studies. 

System active power (MW) loads are often represented at extreme weather, peak, off-peak, andlor 
light load levels depending upon the type of analysis being conducted. The load levels for studies of 
the EHV and HV systems are based 011 the forecasts of diversified peak demand (developed for 
transmission analysis purposes) provided by AEP’s Fuiidaineiital Analysis and Economic Forecasting 
function. These forecasts include both the loads of full requirements custoniers aiid customers taking 
transmission service within the AEP Transmission Zone of PJM. For studies of the sub-transmission 
system, load levels are based on peak demands of individual load areas. 

Facility plaixihig studies usually simulate performance during peak load periods because this is the 
condition that produces the most heavily loaded transinissioii conditions. There are exceptions due 
to: 1) pumped storage hydro chaiacteristics, and 2) the fact that the heaviest power transactions 
often occur at load levels 80-9096 of peak. Sensitivity analyses are conducted to investigate the 
impact of load growth forecasts on the expaiisioil/inodifcatioii plans being considered. For inost 
internal aiid some external studies of the eastern AEP transmission system, sub-transmission facilities 
are modeled in detail, in order to capture the effects oE shunt capacitors, LTC transformers, and the 
hydro-electric generators that are connected to the sub-transmission system. Broader regional aiid 
interregional studies aiid assessments, such as those coiiducted by WC, ERAG, aiid NERC, generally 
include detailed models oilly at the 118 ItV and higher voltage levels, with the sub-transmission 
facilities represented through appropriate equivalents. 

Reactive power (MVAr) loads are based on the measured power factor for each load area. It is 
assumed that reactive corlection will be provided as load increases in the future to maintain that 
power factor. Where future system assessments indicate a need for additioiial power factor 
correction, appropriate reinforceinelits are proposed to ineet AEP’s design goal that each voltage 
level is not a reactive burden to its source system. When the impacts of extreme weather forecasts 
are assessed on the transmission system, the power factor of the incremental load (above the base 
forecast load) is modeled at 80% because it is assuiiied that power factor correction is not provided 
for load that exceeds the forecast. 

Power transfer levels modeled in base cases for analysis of the AEP traiisinissioii system vary fiom 
one study to another depending on the particular focus of the study. The ERAG Multi-Regional 
Modeling Working Group (MMTSVC,) power flow base cases generally model oilly committed fxrn 
energy coiimitmneiits. The ReliabilityFirst base cases, which are derivatives of the ERAG base cases, 
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are modified to include additional recently experienced power transfer biases. AEP’s base cases, 
wllich are derived fi-om these regional models and those developed by PJM, may require further 
updates and detail. Ofteii high levels of transfers are simulated to reflect parallel flow coiiditioiis 
reflecting recent experieiice and in order to assure that probable system bottleiiecks are identified. 

Geiierators are normally dispatched to simulate economic operation (lower cost geiieratioii ‘loaded’ 
fust followed by higher cost uilits) to meet the load demaiid for system coiiditioiis beiiig studied. 
Most geiierators will be modeled at or near full output for peak load coiiditions wlde some uilits inay 
be at minimum levels for light load coiiditioiis depending upon geiieratioii market assumptions. In 
addition, for operatioiial plaiiiing studies, the geiieratioii dispatch reflects scheduled geiieratioii 
mahteiiaiice related outages. In some cases, the geiieratioii dispatch may be adjusted to more 
accurately reflect other constraints or typical dispatch levels of the uilits. Pumped storage uilits are 
dispatched in the pumping, generating, or coiideiisiiig mode, depending oii inodeled systeiii load level 
aiid other typical operating constraints such as geiieratiiig unit ininimum output levels appropiate for 
the modeled coiiditioiis. Emergency dispatch models may also be used to siiiiulate actions tdceii to 
relieve traiismissioii coiistrallits or to simulate a respoiise to aii extreme condition. In the abseiice of 
specific information, iioii-utility geiierators are modeled in the same maiiiiei as utility geiieratioii for 
traiisinission study purposes. 

Rase cases model all traiisinissioii facilities in service except for kiiowii scheduled iiiainteiiaiice, long 
terin coiistructioii outages, or long-term forced outages. These kiiowii outages are normally only 
reflected iii operatioiial plaiiiling studies. Because it is impractical aiid uiuiecessary to represeiit all 
bitercoiiiiected systems in detail, the type of planiliiig study dictates the extent of the intercoiuiected 
network representation. Thus, an intercoimectioii study involving the bullc transfer of power between 
two power systems not only would require sufficieiit detail of the bulk transinissioii in each 
participating system but also would include sufficieiit detail and/or equivalent represeiitatioii of other 
interconnected systems to assure proper aiialysis of critical elements. 

Suficient inodeling of neighboring systems is esseiitial 111 any study of the AEP bullc traiismissioii 
system. Neighboring compaiiy information is obtained &om the latest regional or interregional study 
group models, the RFC base cases, the ERAG MMWG power flow library, the PJM base cases, or 
the neighboring company itself. Iii general, sufficient detail is retained to adequately assess all 
outages aiid changes in geiieratioii dispatch, which are contemnplated hi the psticular study. Other 
areas are usually reduced to a mathematical equivalent. 

With the power flow base cases described above, the study eiighieer develops scenarios that are 
surrogates for a wide range of possible conditioiis. Numerous facility outages aiid power traiisfers 
occur daily hi the iiitercoixiected network. It would be impractical to simulate all such possible 
coiiditioiis in plaiiilllig studies. In order to establish a iiiaiiageable set of base case sceiiarios, historical 
data aiid experieiice are employed. Although history is not a perfect indicator of the future, it 
provides valuable iirformatioii to beiicliinark the base case models. For future power flow base cases, 
further adjustments are made to reflect Eorecasted load levels, expected facility changes, aiid projected 
power transfers, as well as emerging treiids that will affect historical powei flow patterns. 
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Power flow models described above are the most frequently used niodels for transmission plaixing 
studies. Traiisieiit stability and short circuit studies are also used to evaluate tlie system performance 
during and inxnediately following fault conditions on the transmission system. The network 
configurations used in tlie power flow models also provide a starting point for transient stability aiid 
short circuit studies. In addition, for transient stability studies, additional impedance and 
electromeclianical detail of generators aiid their controls are included. Three-phase models of the 
power system are employed to study skglgle-phase switching and other unbalaiiced operating 
coilfiguratioiis. 
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3. PIE ANCE STAN S 

Performance standards provide the basis for determining whether system response to coiitlligeiicy 
analysis is acceptable. Depending on the nature of the study, one or more of the following five types 
of performance staiidards will be applied: thermal, voltage, relay, stability, aiid short circuit. 

In general, system response to contingencies evolves over a period of several seconds or more. 
Steady state conditions caii be simulated using a power flow computer program. A short circuit 
program caii provide an estimate of the large inagilitude currents, due to a disturbance, that must be 
detected by protective relays and interrupted by devices such as circuit breakers. A stability program 
simulates the power and voltage swings that occur as a result of a disturbance, which could lead to 
undesirable generator/relay tripping or cascading outages. Finally, a post coiitiiigeiicy power flow 
study caii be used to determine the voltages and line loading conditioiis following the removal of 
faulted facilities and any other facilities that trip as a result of the initial disturbance. 

3.11 Thermal Limits 

Thermal ratings defuie transmission facility loading knits. Normal ratings are generally based upon 
no abnormal loss of facility life or equipment damage. Emergency ratings accept some loss of life or 
strength, over a defuied time limit for operatioil at the rated loading level. The thermal rating for a 
transmission hie is defuied by the most limiting element, be it a conductor capability, sag clearance, 
or terminal equipment rating. When a h e  is terminated with multiple circuit breakers, as hi a rllig bus 
or "breaker aiid a half' coilfiguration, it is assumed that the line flow splits equally through the 
terminal equipment uilless one breaker is open. Ratings in power flow siiiiulations normally assume 
all breakers are in service. 

Most thermal ratings are defuied in amperes. However, transmission plaivriiig studies use ratings 
expressed in MVA, based on the ampere rating at nominal voltage. When voltages during testing 
deviate considerably goin norrkial, the MVA loading is adjusted for the voltage deviation from 
iioilwllal to permit an appropriate coinparisoii to the MVA rating. 

3.2 

Voltages at transinissioii stations should be within the values listed in Table 1 in subsection 4.1 to 
reduce the risk of system collapse and/or equipinelit problems. In addition, voltages at geiierating 
stations below n-iniinum acceptable levels established for each station must be avoided to prevent 
tripping of the geiierating units. High voltage limits are specitk for particular pieces of equipment, 
but are typically 1 OS% of nominal. 
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3.3 

Relay trip settings, selected prirnaily for fault conditions, could be reached hi some cases during 
coiitingeiicy loading conditions or traiisieiit power swings. These relay trip settings are evaluated 111 
operational plaiming studies, as well as longer term studies, to determine whether adjustments are 
needed. If it is not practical to revise the setting, subsequent plaiiiing studies must recognize that the 
line could trip due to the resultant contingency loading condition. Facilities that must cornply with 
W R C  Reliability Standard PRC-023 requkeineiits have relay h i t s  set at least 150% above the 
highest seasonal (emergency) Facility Ratings, for the available defiiied loading duration nearest 4 
hours. 

3.4 Slabilitv Limits 

Stability limits can be of several types and are characteristic of any power system. These include 
steady-state, transient, aiid oscillatory stability limits. More than oiie type of limit may impact power 
system operation, but ofteii only one type of knit is most constraining. 

The steady-state stability limit ( P M ~ x  111 Figure 3.1) is the point at wlich no inore power can flow 
through a system without precipitating a voltage collapse. This hnit is ofteii related to heavily loaded 
systems where even sinall perturbations, such as the norinal adjustineiit of geiierator output to match 
load, could cause system collapse. Steady-state stability limits are typically evaluated using power vs. 
voltage (PV) curves or power vs. angle curves, for individual kies or traiisinissioii interfaces. 111 

plaimhig studies, a loadability knit is defined, which includes a safety margin of 510% below the 
theoretical inaxllnum power flow. 

Fiiinit ‘ma, 
5 M W  LOADING 

Figure 3.1 
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Transient stability refers to the ability of a power system to remain in syiichronisin following a 
disturbaiice, such as a short circuit. Facilities must be planned and operated so that all generatbig 
units remain stable through the transient period regardless of the plant’s output level prior to the 
disturbance. Also, transient voltage dips at generating stations below established minimuin acceptable 
levels, and for significant durations, must be avoided to prevent tripping of the auxiliary loads, which 
in turn, could trip generating units. 

Oscillatory stability refers to the ability of a power system to damp out electromechailical oscillatioiis 
(or power swings) in the 0.1-3.0 Hz range. Oscillatory modes within this range kherentlyexist on any 
power system. Oscillatory instability is mailifested in terms of sustained or growing oscillations 111 
various electrical quantities observable at power plants and 011 the transiiGssioii system, following a 
disturbance, or a routine network operation such as load ramping. These oscillations must be 
suppressed within seconds to prevent potential equipment tripping and damage. The oscillatory 
instability limit is defined as the power level beyond which one or more generators or groups of 
generators coiitinue to exhibit one or more sustained modes of oscillation beyond a reasonable time 
hnit. Generally, this limit is not dependent on the size of the disturbance or the period of the mode. 
Any sustained or growing oscillation that persists beyond a reasonable time period indicates that the 
stability limit has been exceeded and represents unacceptable performance. 

3.5 Short Circuit Limits 

Short circuit limits are also aii important aspect of system performance, since the extremely high, 
short duratioii currents that accompany system faults will impose considerable stresses 011 network 
elements. Circuit brealters must be capable of interrupting the anticipated fault currents in the 
shortest possible time. Failure to interrupt these currents may lead to catastrophic equipinelit damage 
and endanger huinaii life. Short circuit levels increase as network reinforceinents are implemented or 
new generating units are added to the system. Therefore, short circuit levels must be reviewed 
periodically so that inadequate equipment can be replaced or upgraded, or a initigatioii procedure 
developed. 

AEP steady state plaiiiing criteria requires that no bus voltage on AEP system shall exceed 1 .OS per 
unit under system normal or coiitingeiicy conditions. This voltage hilit takes into consideration the 
equipment capabilities on AEP system. Short circuit assessment is performed assuiniiig 1 .OS per unit 
voltage at all the AEP system buses. This is a conservative approach but accounts for a wide range of 
system conditions. Circuit breakers at or near a generator plant shall be analyzed differently based 011 
the scheduled voltage at the generator bus. This exception only applies to generator plants already in 
operation with established scheduled voltages. 
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EHV Facilities 

4. B 

HV Facilities f3ub-T Facillities 

The plaiming process for AEP’s transinissioii network embraces two inajor sets of coiitiiigency tests 
to ensure reliability. The first set, which applies to both bulk aiid local area transiilissioii assessment 
and planning, includes all sigiiificaiit slligle contingencies. The secoiid set, which is applicable oidy to 
the RES, includes inultiple aiid inore extreme contingencies. For the eastern AEP traiisinissioii 
system, thermal aiid voltage perforrnaiice standards are usually the most coilstraining measures of 
reliable system performance. Each type of performalice requirement is described in the following 
discussion. Table 1 below docunietits the perforinaiice criteria for all traiisinissioii facilities under 
iiorinal and coiitingeiicy coiiditioiis. 

erinal: No facility 
may exceed its iioi-nial 
rating. 

NEWC 
Contingency 

Category 

Thernd: No facility inay exceed its 
emergency rating. 

A - System Normal 

B 1 - Siiigle 
Geiier at0 i- 

B2 - Single Line 

€33 - Single 
Traiisforiiier 

Cl  - BLIS 

C2 - Breaker 
Failure 

CS - Double Circuit 
Tower 

Thermal: No facility inay exceed its iiormal rating. 

Voltage: All station voltages must stay between 1.0s per uilit and 0.95 
per uilit. 

Voltage: All station voltages inust stay between 1 .OS per unit aiiclO.92 
per unit. A voltage chaiige fiorn system iiormal of 8% or greater is not 
acceptable at aiiy station. 

Thermal: No facility inay exceed its 
einergeiicy rating. 

Voltage: All station voltages must stay 
between I .OS per unit aiid 0.92 per unit. A 
voltage chaiige froin system iiormal of 8% or 
greater is iiot acceptable at aiiy station. 

P. Ndpte: Not plaimed for 
this Category of 
contingencies. 
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C3 - Two Category 
B Coiitingeiicies 
(one Category R 

coiitingeiicy 
followed by aiiot,her 

Category R 
coiitingency) 

D6 - L,oss of Tower 
Line with 3 or More 

Ciscuits 

D7 - Loss of All 
Traiisinissioii Lines 
oii Saine Right of 

Way 

D8 - LOSS of 
Substation 

D9 - Loss of 
Switcliiig Station 

DIO -Loss of All 
Geiieratiiig Uiiits at 

a Station 

Tlhermall: No facility may exceed its 
emergency rating. 

Voltage: All station voltages inust stay 
betweeii 1.05 per unit aiid 0.92 per miit. A 
voltage change fi-om systein iiorrnal of 8% or 
greater is iiot acceptable at aiiy station. 

Coiitingencv: Not acceptable for traiismissioii 
facilities supplying major load ceiiters (as 
defiiied below). 

Note: Perforinaiice is evaluated for risks aiid 
consequences. Issues identified inay not be 
mitigated, but may be used to screen viable 
solutioiis to resolve violatioiis hom Category B 
aiid C coiithigeiicies. 

Note: Not plaiiiied for 
this Category of 
contingencies. 

Note: Not plaiuied for 
this Category of 
coiitingeiicies. 

Coiisideriiig the locatioii aiid strength of the eastern AEP traiisinissioii 
system, it is subjected to a wide variety oPpower flow pattenis. In some instances, these coiiditioiis 
result from economic power traiisfers betweeii iieighboiiiig systems which are outside the coiitrol of 
AEP or F'JM system operators. It is not possible to eiisure that effective system readjustineiits willbe 
available to address all of the credible outages that are ideiitified hi the plaimiiig study. This is of 
paiticular coiicerii for major load ceiiters where the iinl,act of a blackout is too severe to allow 
reliaiice oii rnaiiual systein adjustineiits. Therefore, AEP does iiot allow the use of iiiaiiual system 
adjustrneiits after the fKst coiithigency hi aiiticipatioii of the iiexl contingency as a viable mitigation 
tool €or plailning the traiisinission system supporting inajor load centers. A iiiajor load ceiiter is 
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defuied as an area with sigilificant deinaiid that is dependent on the bullc transmission system. In the 
eastern M P  footprint, the following areas are considered major load centers: 

Columbus Metropolitan Area 

Eastern Appalachian Power Company Service Territory 
Central Appalachian Power Company Service Territory 

0 Fort Wayne Metropolitan Area 

@ 

Special Protection Schemes (SPS): An SPS may be iniplemented as an interim measure to prevent 
propagation of cascading outages across the transmission iietwoi-k aiid thus nitigate the possibility of 
a large scale blackout. Interim use of an SPS is intended to provide sufficient time for impleinentatioii 
of a permanent solution. 

4.8.11 

Single contingeiicies include the forced outage of generating units, traisnlission circuits, transfoiiners, 
and/or other equipment. In general, a single contingency is defuied as the outage of any one of these 
facilities. Due to the interconnected nature of power systems, testing includes outages of facilities in 
neighboring systems. A single facility is defuied by the arrangeinent of automatic protective devices. 
Generally, double circuit tower outages, breaker failures, station outages, common right-of-way 
outages, and other common mode failures have substantially lower probabilities of occurrelice than 
the outage of a single transmission facility and are, therefore, not considered single contingencies. 

Double contingencies, being a more severe test of system performance, are used as a surrogate for the 
sigilificant uncertainties that are inherent in the pIaiii6ng process. A double contingency can be 
defined as an outage of any two facilities. 

For facility plaixiing purposes, contingeiicies result from scheduled niainteiiance and/or forced 
outages. Double outages are generally viewed as separate events that overlap in time. Each 
contingency is tested with the system load level, generation dispatch, generating uilit outages, and 
transfer conditions, which would be most severe, but still credible, for that particular contingency. 

Single and double contingencies are tested with fim import and export transactions, third party 
transfers, and the expected level of opportunity transfers (or expected geiieratioii market activity) as a 
base condition. The import scenarios assessed assume planned imports plus an additional level of 
imports necessary to assure that the load expectation for the eastern AEP transnlissioii system wiUbe 
no greater than one day in ten years. Furthermore, siiice the availability of off system resources is 
uncertain, the traiisinissioii system must be capable of importing these resources across a h i t e d  
number of inteifaces when these resources are not available froin one or more directions. Sensitivity 
studies are also normally conducted for a 1-ange of opportunity transfers aiid generation dispatches as 
well as extreme weather conditions. The various types of sensitivity analyses performed are discussed 
in subsection 4.3. 
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Operational plaimhg studies consider up to two key outages ii effect prior to the next (third) 
contingency. It is assumed that all operator adjustmeiits required for the prior outages have been 
hnplenieiited. Uncertainties such as generation availability aiid dispatch, load forecast error aiid load 
diversity are also considered. The number of prior outages depends on the strength of the 
traiisixission system and the number of variables to be considered 111 developing effective operating 
guidelines. ClearIy, as the iiuinber of concurrent contingencies increases, it will become increasingly 
difficult to meet the required performalice limits (see Section 3), even with special operating 
procedures. 

The iiuinber of outages actually occurring 011 the system can exceed the number assumed for study 
purposes. Operatioiial planiiiig engineers evaluate those conditions, as needed. 

4.1.2 Extreme Contingencies 

The more severe reliability assessinelit criteria requll-ed in the NERC Reliability Standards (Category 
D contingencies) are primarily intended to assess the risks for uncontrolled area-wide cascading 
outages under adverse but credible conditions. M P ,  as a member of ReliabilityFir-st, plans aiid 
operates its bulk traiisinissioii system to meet the criteria. However, new facilities would not be 
coimnitted on the basis of local overloads or voltage depressions following the inore severe inultiple 
contingencies uilless those resultant conditions were expected to lead to widespread, uiicoiitrolled 
outages. 

In operational plaiuiiig studies, the purpose o€ studying inultiple contingencies and/or high levels of 
power transfers is to evaluate the strength of the system. Where conditions are identified that could 
result hi sigilificaiit equipment damage, uncontrolled area-wide power interruptions, or danger to 
human life, IROL operating procedures will be developed, $possible, to mitigate the adverse effects. 
It is accepted that the defuied performance knits could be exceeded on a localized basis during the 
more severe multiple contingencies, a i d  that there could be equipment damage, increased loss of 
equipment life, or limited loss of customer load. Norinally, operating procedures to mitigate 
uiicoiitrolled area-wide power hitel-ruptions are only used 011 an interim basis until facility additions 
can be put in place to restore acceptable reliability levels. 

3111 carrying out operational or facility plaiuiing studies, it is recognized that there are many protective 
aiid special controls 011 the system that must operate properly when an event occurs. These controls 
include but are not knited to: protective relays, circuit breakers, breaker failure schemes, quick 
reactor or capacitor switching, rapid generating unit ruiiback, automatic motor operated discoiuiects, 
and emergency generator tripping. The inisoperation of any of these controls may result in equipment 
damage, but should not result in widespread power interruptions or danger to humaii Ne. 

4.2 Stabillitv Testing Criteria 
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Stability testing covers the entire range of power system dyiiainics &om "fKst swing" transient 
stability to loiigei- term oscillatory and steady-state stability. This testing is an essential complement 
to the steady-state analysis embodied hi the power flow testiiig described above. 

Maintaining power plant transient stability is essential because loss of synchroilism (or instability) of a 
generating unit or an entire geiieratiiig plant can lead to equipmelit damage and severe power system 
transient swings. Instability may further compound a disturbance by causing the tripping of the 
uiistable generators aiid possibly other equipment. When simulating system contingencies afkctiiig 
power plant stability, various types of fault and network coiiditioiis are analyzed 111 accordance with 
the transient stability disturbance testing criteria outlined in Appeiidix B. 

The Appeiidix B traiisieiit stability disturbance testing criteria specifies the disturbance events for 
which stable operation is required of all traiisinissioii aiid EHV connected generation. The stability 
testing criteria appropriate for sub-transmission and distribution coiiiiected geiieratioii is determined 
on a case-by-case basis aiid may be less stringent as long as instability may be shown not to adversely 
affect the bullc transmission system. In cases where the bulk system is not adversely affected and the 
speed of sub-transmission or distribution system protection is inadequate to prevent histability for 
normally cleared Paults, out-of-step tripping would be required to prevent adverse affects on the sub- 
transmission or distribution systems. 

Steady state aiid oscillatory stability performance problems may be initiated by a wide variety of 
conthgeiicies or operating coiiditions on the traiisinissioii network. Appendix B network 
disturbances are siinilarly applied when testing for steady state and oscillatory instability and these 
criteria are sufficient for detecting these types of instability. The measures of acceptable pei-formaice 
for each type of stability performance problem are discussed in Section 3.4. 

AEP geiierally carries out simulations corresponding to the A through E set of criteria iii Appendix B 
for facility plaiulllig studies. For operatioiial planilllig studies, the F and G criteria, 111 addition to the 
A-E set, are applied, especially when a long-term facility outage is anticipated. Testing of more 
severe disturbances than those of Appendix B may be peiforiiied to evaluate the strength of the 
traiisinissioii system and to assess potential for cascading outages. Examples o i  such testing include 
common-failure mode disturbances such as double circuit tower faults or bus faults that result in the 
outage of multiple facilities at a location. 

The discoiuiectioii of generation due to a disturbance is distinct fi-om instability. Instability refers to 
loss of syiiclu-oilism or pole slipping when the generation remains physically connected. 
Disconiiectioii results in generator overspeed followed by turbine shutdown in response to protective 
relay action. Systems are plaiuied such that discoiiiiection does not occur for single contingencies. 
Disconnection may occur during Appeiidix B disturbance scenarios iiivolvllig the outage of more than 
oiie traiisinissioii element, or common-failure mode disturbances such as bus outages, as a 
coiisequeiice of isolating faulted facilities or other system design consideiations. Discoiniectioii under 
these circumstances is considered to be acceptable whereas iiistability is not. 
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In addition to testing base case conditions, as described in the preceding sections, uncertainty hdiereiit 
in the system plaiiiillig process warrants that variations &om the assuiiiptioiis underlying the base case 
models also be evaluated. The particular seiisitivities exaiiiiied may vary fiom area to area, 
depending oil the characteristics of both the portion of the AEP traiisinissioii system which is the 
focus of study, and its (AEP or noli-AEP) neighbors. In this regard, the individual study aim 
considered may be one or inore of the AEP Traiisinission Regions (Fort Wayne, Columnbus, or 
Roanoke). The thermal rating and voltage hnits defined 111 Table 1 must be adhered to for the 
seiisitivity assessineiits oCAEP transmission system performaiice as well. In addition to the paiticulx 
sensitivity scenarios described below, sensitivity of other system coiiditions are also considered, 
including but not limited to changes hi system load such as shoulder peak load, light load, extreme 
( e g ,  oiie in ten years) load, or local area load conditions, different geiieratioii dispatch scenarios, and 
system coiiditioiis reflecting historical operating experience. 

ower Transfers 

Power transfers of at least 4000 NIW across the AEP traiismission system, both with aiid against the 
iiorrnal flow bias, are simulated to assess the performaiice of the BES. The geographic span of the 
eastern AEP transmission facilities results 111 coiuiectioii points between areas that may experience 
coiiditioiis substantially different fi-om those projected for the peak load period. Past events that have 
produced differelit patterns of sustained (weeks or months) flows have included drought, flood, fuel 
supply disruptions, aiid regulatory restrictioiis affecting si~nilx generating units. 

43.2 Potential Generation Retirements OF Unavaillabilitv of Geimeration 

A sigiifkaiit portion of the generation fleet in the U.S. entered service 30 years ago or more, aiid 
even newer units may be exposed to early retireinelit if chaiigiiig regulations, such as eiivironmeiital 
regulations, render their continued operation uneconoiiical. Robust traiisinissioii requires years to 
study and develop. On the other hand, the PJM tariff requires that retiring generators only provide 
90-days iiotice before they retire. Therefore, the poteiitial retirement of generating uilits hi or 
adjacent to the study area based on credible illformatioil available in the public domain is aiialyzed to 
determine the poteiitial impact on AF5P traiisinissioii system performance. 

In areas with sigilificaiit iiiterinitteiit generation (wind, solar) coiiiiected to the BES or requesting 
intercoiuiectioii, seiisitivity analyses iiiclude sirnulatioils with high generation output (100% of 
seasonal installed nameplate) in or near the study area, coiicurreiit with 85% of the projected peak 
load. The following generation dispatch scenarios are considered: 

a) All the intermittent geiieratioii coiuiected to the BES or requesting iiitercoiiiiectioii is 
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dispatched to neighborhig areas. The neighboring areas are chosen so as to reflect a stressed 
condition on the AEP traiismission system. 
20% of  all interinittent generation connected to the BES or requesting interconnection is 
dispatched to replace existing generation 111 the AEP footprint while the reinainder is 
dispatched to neighboring areas. At no tirne are any base load units dispatched to less than 
their ini~im~irn generating capabilities. The neighboring areas are chosen so as to reflect a 
stressed condition on the AEP transmission system. 
50% of all intermittent generation coiinected to the BES or requesting intercoimectioii is 
dispatched to replace existing generation in the AEP footprint while the remainder is 
dispatched to neighboring areas. At 110 tirne are any base load units dispatched to less than 
their in i lhum geiieratiiig capabilities. The neighboring areas are chosen so as to reflect a 
stressed coiiditioii on the AEP transmission system. 

Eneryv Storage Facilities 

Several portioiis of  the eastern AEP transinksion system are affected by large storage facilities. To 
properly plan the transmission system, operation of BES coimected Energy Storage facilities in the 
charging mode, at 85% of projected peak load and during light load conditions, is assessed. 

18 
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a A 

External Documents that Relate to AEP's Transrnissioii Plaillling Criteria and Assessment Practices 

1. NERC Reliability Standards * 

2. NERC "Transfer Capability - A Refereiice Document" $: 

* WERC website: www.iierc.coiii 

A. I 
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Manual 148: PJM Region Transmission Planning Process 

I In cltion 
Welcome to the PJM Region Transmission Planning Process Manual. In this Introductory 
Section you will find information about PJM manuals in general, an overview of this PJM 
Manual in particular and information on how to use this manual. 

The PJM Manuals are the instructions, rules, procedures, and guidelines established by 
PJM for the operation, planning, and accounting requirements of the PJM RTO and the PJM 
Energy Market. The manuals are grouped under the following categories: 

Transmission 

PJM Energy Market 

PJM Regional Transmission Expansion 

Reserve 

Accounting and billing 

PJM administrative services 

For a complete list of all PJM manuals, go to %w.pim.com and select “Manuals” under the 
“Documents” pull-down menu. 

Region Transmission Planning Process Manual is one of the PJM manuals in 
the PJM Regional Transmission Expansion group. This manual focuses on the process for 
planning baseline expansion facilities under the PJM Region Transmission Planning 
Process. Capitalized terms not defined as they are used have the meaning defined in the 
PJM’s Open Access Transmission Tariff (OATT) and in the Operating Agreement (OA.) 

This PJM Region Transmission Planning Process Manual consists of two sections and 
related attachments. All sections and attachments are listed in the Table of Contents. 

~~~~~~~~ Audience 

The intended audiences for this PJM Region Transmission Planning Process Manual 
include: 

Generation and Transmission Interconnection Customers and their 
e t i  g i n ee ring staff 

PJM 0 201 1 2 
Revision 19: Effective Date. 09/ 15/20 1 1 
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Transmission Customers 

Transmission Owners and their respective engineering staff 

Federal and state regulatory bodies a 

a PJM Members 

a PJM staff 

Refere nees 

There are other PJM documents that provide both background and detail on specific topics 
that may be related to topics in this manual. References with related information include: 

PJM Manual 1 : Control Center Requirements 

PJM Manual 2: Transmission Service Request 

PJM Manual 3: Tra/?smission Operations 

PJM Manual 14: Introduction to PJM Manual 14 Series 

PJM Manual 14A: Generafion and Transmission Interconnection Process 

PJM Manual 14C: Generation and Transmission Interconnection Facility 
Cons fruc fion 
PJM Manual 14D: Generafor Operational Requirements 

PJM Manual 14E: Merchant Transmission Specific Requirements 

PJM Manual 21: Rules and Procedures for Defermination of Generating 
Capability 

o 

a 

a 

USiR 
We believe that explaining concepls is just as important as presenting procedures. Phis 
philosophy is reflected in the way we organize the material in this manual. We start each 
section with an overview. Then we present details, procedures or references to procedures 
found in other PJM manuals. The following provides an orientation to t h e  manuals’ structure. 

PJMO2011 3 
Revision 19, Effective Date 09/15/2011 
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What You 

A table of contents. 

e An approval page that lists the required approvals and a brief outline of 
the current revision. 

This Introduction and sections containing the specific transmission 
planning process details including assumptions, criteria, procedures and 
stakeholder interactions. 

Attachments that include additional supporting documents, forms, or 
tables. 

A section at the end detailing all previous revisions of this PJM Manual. 

The Federal Energy Regulatory Commission (“FERC” or “Commission”) considers the 
information filed in the FERC-715, Part 2, Part 3, and Part 6 (http://www.ferc.qov/leqal/ceii- 
foia/ceii.asp) to be Critical Energy Infrastructure Information (CEII). This information contains 
electrical models, detailed one-line diagrams and analysis of the filer’s actual transmission 
system including potential weaknesses of the filer’s transmission system. PJM treats all 
such power flow and associated system modeling data as CEII. This includes all power flow 
models that are developed using or including filed data and related information used in 
transmission analysis such as contingency and monitored element files. Power flows 
specifically configured for short: circuit analysis that do not contain load and typical 
generation dispatch are not considered CEII. Regarding all types of PJM information, 
however, additional consideration must be given to whether or not PJM received or 
originated the information as Confidential Information prior to decisions regarding its 
release. Confidential information is discussed in PJM documents including the Operating 
Agreement 518.17 and the Open Access Transmission Tariff 93222 - 223. Power flows may 
but generally do not contain Confidential information. Confidential information of individual 
members, if any, will be redacted prior to release. Some PJM power flows are special cases 
that contain both confidential information and CEII. For example PJM power flows 
originating from system operations and used for near-term operational studies often contain 
confidential information in addition to CEII. These cases can only be obtained with 
authorization through the CEll process and authorization from the responsible Operating 
CommiKee and/ or working group. 

The events of 2001 prompted the Commission to reconsider its previous policy of making 
the FERC form 715 report publicly available. Subsequent to September 11, 2001, the 
Commission removed from public files all documents likely to contain detailed specifications 
of facilities licensed or certified by the Commission. This restriction was later expanded io 
include information about proposed facilities as well as those already licensed or certificated 
by the Commission, excluding information that simply identified the location of the 
infrastructure. After the events of September 1 1, 2001, FERC Form 71 5 information became 
subject to CEll review prior to its release. In its October 2007 Order, the Commission issued 
revisions to the treatment of CEll and reclassified FERC Form No. 71 5, Parts 1, 4~ ,  and 5 as 

PJM 0 201 1 4 
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public. The remaining portions of the report are CEII. In the FERC Order Nos. 890 and 890A 
the Commission directed Transmission Providers to develop a process for handling CEll 
while implementing the Orders’ requirements for open, transparent and participatory 
planning. 

The PJM power flow information is a combination of CEll information filed or provided by a 
number of “owners” and additional information introduced by PJM, PJM Members, and non- 
members. 

The Commission’s treatment of CEll has evolved over a progression of Orders that must be 
read together to understand the procedures applicable to the determination and handling of 
CEII. In consideration of the multiple-owner nature, the sensitivity of the information, and the 
essential role of this information in PJM’s Tariff procedures and participatory planning, PJM 
has implemented a process for handling and documenting such material. PJM’s intent is to 
provide a process for eligible recipients to access CEll consistent with the Commission’s 
standards for handling CEll material. 

PJM will act as the first point of contact to process CEll requests from Members, 
Interconnection Customers (as defined in the PJM OAT’T) or active participants in PJM’s 
eFTR or eRPM markets. In addition, employees of other RTO’s, similar independent 
transmission organizations recognized by FERC, and NERC Planning Coordinators 
(interregional planning entity) may also come to PJM as a first point of contact for access to 
PJM CEII. PJM accommodates other RTO’s and Planning Coordinators in order to carry out 
interregional planning responsibilities pursuant to applicable FERC orders and interregional 
planning agreements between and among the parties. These interregional planning entities, 
similar to PJM, are those that have primary responsibiliIy for creating and protecting CEll 
and have their own FERC compliant processes for handling CEll in their possession. 
Interregional transmission planning creates the need For unique interregional business 
processes that accommodate Interconnection-wide exchange and sharing of CEll among 
eligible persons while enforcing the standards for non-disclosure of such information. When 
necessary, PJM establishes interregional CEll procedures that uphold the essential 
underlying tenants of PJM’s process. 

All CEll requests must be from individuals. Each individual who may view or discuss the 
requested CEll must complete the PJM process. To request CEll in PJM’s possession, a 
requestor must complete a PJM CEll Request Form identifying the requestor and the need 
for and planned use of the requested information. The request must also be accompanied 
by an executed CEll Non-disclosure Agreement (NDA). These two PJM CEll documents are 
available from your PJM Planning contacts, the PJM CEll Contact iii the NERC and 
Regional Coordination department or the Planning area of the PJM website. If a PJM 
Member or PJM Interconnection Customer desires to coordinate a consultant’s access to 
CEII on behalf of the organization, the organization’s authorized representative must submit 
an Authorization Form (in addition to the authorized representative’s Request and CEll 
NDA) that identifies each individual consultant who may make individual requests for CEll 
on the organization’s behalf. The consultant additionally must submit a Request Form and 
CEll NDA requesting access to the same information specified on the form of the 
organization’s authorized representative. Entities who are not PJM members, 
Interconnection Customers, registered PJM auction participants, or employees of another 
RTO are encouraged to first seek authorization from FERC by iollowing the procedures 
outlined at www. ferc.qov/leaal/ceii-foia.asp. 
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The field on the PJM Request Form for the FERC CEll Identification Number must be 
completed by individuals who have first received authorization from the Commission. This 
field is not applicable for any requestor who uses PJM as the first point of contact for a 
request. The FERC link is also useful to review the definition of CEll and the Commission’s 
process for handling CEll and useful in understanding the PJM process. 

PJM’s process provides for release of CEll information to authorized individuals of 
organizations engaged in business with PJM, as detailed above. The information provided 
on the required documents should be sufficiently detailed to enable PJM’s CEll Contact to 
identify the individual, the specific information requested, the need for the information, and 
the proposed use of the information. The requester’s explanations will be used by PJM staff 
(i) to establish whether a requester has presented a legitimate need for the information and 
(ii) to weigh the need for the information against the potential harmful effects of its release. 
PJM reserves the right to revise its process from time-to-time, to limit access to CEll as may 
be appropriate in any specific instance, and to require any requestor to first seek 
authorization for CEll access from the Commission 
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In this section you will find an overview of PJM’s transmission planning process that 
culminates in the Regional Transmission Expansion Plan (RTEP). This process (referred to 
in this Manual interchangeably as the RTEP process or more generically as the PJM Region 
transmission planning process) is one of the primary functions of Regional Transmission 
Organizations (RTOs.) As such, PJM implements this function in accordance with the 
Regional Transmission Expansion Planning Protocol set forth in Schedule 6 of the PJM 
Operating Agreement. 

As further described in following portions of this manual, the PJM RTEP process consists of 
baseline reliability reviews as well as analysis to identify the transmission needs associated 
with generation interconnection and merchant transmission interconnection. PJM 
implements the planning of interconnections as part of the broader RTEP process pursuant 
to the PJM Open Access Transmission Tariff (OATT.) The relationship between 
Interconnection planning and the RTEP is discussed in later sections of this manual and in 
related manuals. 

irk 
The Manual 14 series provides information regarding PJM’s Planning Process to 
complement Schedule 6 of the PJM Operating Agreement and the planning provisions of the 
PJM Open Access Transmission Tariff (OATT.) These agreements can be found on-line at 
http://www.pim.com/documents/aqreements.asE. 
The PJM planning process activities, culminating in PJM’s annual Regional Transmission 
Expansion Plan, constitute PJM’s single, Order No. 890 compliant, transmission planning 
process. All PJM Open Access Transmission Tariff (OATP) facilities are planned through 
and included in this open, fully participatory, and transparent process. 

PJM planning is implemented through an annual cycle centered on activities of PJM’s 
Planning and Market Simulation functions and their interactions with members, regulatory 
bodies, and other interested parties primarily through the PJM Transmission Expansion 
Advisory Commi’riee (TEAC), the Subregional RTEP Committee, and the PJM Planning 
Committee (PC) forums. This ongoing process has continued to evolve since 1997, when 
PJM’s Regional Transmission Expansion Planning (RTEP) Protocol (codified in Schedule 6 
of PJM’s Operating Agreement) was approved by the Federal Energy Regulatory 
Commission. Since that time, the process has been expanded and enhanced in response to 
member and regulatory input as documented in the revisions to the OATT, PJM Manual 14 
series, and the Operating Agreement Schedule 6. The current PJM Region transmission 
planning process includes ample opportunity for Stakeholder input through frequent oral and 
written exchange of information and reviews via the TEAC organizational structure. The 
process culminates in PJM’s presentation of the RTEP for approval by the PJM Board of 
Managers. 

There are four planning paths that ultimately culminate in the PJM RTEP. Facilities in each 
path allow the opportunity for early, full and transparent participation by interested PJM 
stakeholders. The four paths are reliability planning, economic planning, interconnection 
planning, and local planning. 
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Reliability and economic planning facilities are produced from PJM’s annual planning cycle 
activities described in this manual, Operating Agreement Schedule 6, and portrayed in 
Exhibit 1 I PJM leads this analysis and development, of upgrades related to reliability and 
market efficiency planning for all facilities 100 kV and above. These facilities are designated 
as Bulk Electric System (BES) facilities and are subject to the NERC requirements and 
criteria for such facilities. The PJM analyses ensure compliance with NERC, PJM and 
regional criteria. In addition, the PJM led analyses also include analysis and upgrade of 
transmission facilities with nominal voltages below 1 OOltV to the extent they are under PJM’s 
operational control (see httpr//www.pim.com/markets-and-operatiotis/transmissioii- 
service/transmission-facilities.aspx). The TEAC, Subregional RTEP Committee, and 
stakeholder opportunities to engage the process are described in this manual. 
The analysis of OATT transmission facilities below 1 OOkV and not under PJM operational 
control is led by the Transmission Owner (TO.) This is appropriate since local Transmission 
Owner operations, maintenance and planning personnel oversee these local systems. 
These facilities typically provide only local transmission function of interest to the customers 
in the nearby electrical vicinity. The TO analysis ensures local facilities meet NERC and 
local reliabilit,y criteria. In addition, the local Transmission Owner personnel may also 
develop recommended modifications to transmission facilities that are not. required by PJM 
reliability, market efficiency or operational performance criteria (the noli-criteria based 
upgrades are called Supplemental RTEP Projects.) The Transmission Owner will initiate all 
reliability-based and supplemental upgrade requests for facilities not under PJM’s control. 
All such projects will be introduced to the PJM Regional planning process through PJM’s 
TEAC and Subregional RTEP Committees. In this way these TO initiated projects will be 
subject to the same open, transparent and participatory PJM committee activities as PJM 
initiated projects (see discussion of TEAC and Subregional RTEP Committee.) 

Interconnection planning encompasses generator and merchant transmission requests for 
Interconnections and rerates as well as requests for long-term firm transmission service. 
Studies of these transmission requests and any resulting transmission modifications are 
posted to PJM’s website in the project queue area (http://www.pim.com/plai~ning/qeneration- 
interconnection.aspx). In addition, any necessary facility modifications are brought .to the 
TEAC for presentation and stakeholder participation. Interconnection planning is discussed 
in more detail in Manual 14A. 

The PJM TEAC functions in accordance with its established charter and provisions of 
Schedule 6 of the Operating Agreement. Additionally, in 2008 PJM began to facilitate more 
localized planning functions through the Subregional RTEP Committee. The Subregional 
RTEP Committee, including any local reviews that may be initiated, will follow TEAC 
procedures and other applicable PJM committee procedures. All PJM stakeholders will be 
provided with the opportunity for participation in the TEAC and Subregional RTEP 
Committees and related activities. 

The subregional and any related meetings allow more focused and meaningful Stakeholder 
participation and attention to subregional and local transmission issues. RTEP projects are 
labeled as Regional RTEP Projects and Subregional RTEP Projects, as defined in t,he 
Operating Agreemeid, to make an initial categorization and posting of violations and 
upgrades that will enable stakeholders to more easily sort through and review issues of 
interest. Regional RTEP Projects are those transmission expansions or enhancements rated 
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at voltages 230 kV and above. Subregional RTEP Projects are those rated below 230 kV. 
This differentiation by voltage between Regional RTEP Projects and Subregional RTEP 
Projects is made only for administrative convenience. 

The Subregional RTEP Committee is responsible for the initial review of Subregional RTEP 
Projects. PJM will facilitate meetings as necessary for TEAC and Subregional RTEP 
Committee review and evaluation of reliability and market efficiency reinforcements. The 
Subregional RTEP Committee will forward all Subregional RTEP Projects to the TEAC. TEAC 
or the Subregional RTEP Committee, as appropriate will also have the opportunity to 
provide advice and recommendations regarding the study scope, assumptions and 
procedures at an initial assumptions setting meeting. This meeting will cover both reliability 
and market efficiency assumptions, as appropriate. Initially, a minimum of three PJM RTEP 
subregions will be established: one each for the Mid Atlantic, South, and West, subregions of 
PJM. When a Subregional RTEP Committee meeting is scheduled it is understood that this 
generally will be implemented as a separate meeting for each subregion. In this way, the 
TEAC and Subregional RTEP Committees provide a transparent and participatory planning 
process throughout the RTEP development, from early assumptions-setting stages, through 
discussion of criteria violations, review of recommendations for alternative solutions, and 
review and comment on the final RTEP facilities. 

All RTO stakeholders can participate in any or all subregional activit,ies on a voluntary basis, 
with one exception. The Transmission Owners that comprise each of the various subregions 
must participate in the subregional meeting that includes their area. PJM, with stakeholder 
input, may initiate additional subregional or local review as may be necessary or beneficial. 
Local meetings or more localized review occurs in t,he event that PJM, taking into account 
stakeholder input, decides that it is appropriate to address issues in a forum other than or in 
addilion to the context of one of the initial subregions. In addition to their participation in the 
TEAC and Subregional RTEP Comrniltee meetings, stakeholders can also provide written 
comments on the development of the RTEP. Written comments can be forwarded to 
RTEP@ pjm .corn. 

There are various ca,tegories of fac 
however, each path is transparent and open to all interested stakeholder participation 
through TEAC and Subregional RTEP Committee processes. All four planning paths to the 
PJM RTEP; reliability planning, economic planning, interconnection planning, and local 
Transmission Owner Planning; flow through the TEAC and Subregional RTEP Committee 
planning process. 
PJM Committee review of all RTEP projects, regardless of the path of origin of the project, 
will occur during the February through August RTEP Stakeholder analysis and review 
periods (see Exhibit 1 .) Stakeholders will be provided all the information necessary for full 
participation in l-he discussions and evaluations, including: (1) the criteria and assumptions 
used as the basis for projects, (2) the procedure to access the study information necessary 
to parkipate in the project’s evaluation and discussion, (3) a detailed description of the 
timing, need and justification of the project, (4) a description of the cost and construction 
responsibility for the project, and (5) a detailed description of the proposed modifications lo  
facilities. 

In addition, projects that originate through local Transmission Owner planning will be posted 
on the PJM web site. This site will include all currently planned transmission owner RTEP 
projects (including both newly planned Supplemental RTEP projects and Transmission 
Owner Initiated projects from past RTEP cycles that are yet to be placed in-service.) This 

es that enter the PJM plan through distinct paths, 
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website will provide tracking information about the status of listed projects and planned in- 
service dates. It will also include information regarding criteria, assumptions and availability 
of study cases related to local planning. 

PJM’s planning analyses are based on a consistent set of fundamental assumptions 
regarding load, generation and transmission built into power flow models. Load assumptions 
are based on the annual PJM entity load forecast independently developed by PJM (found 
at http://www.pjm.corn/planninq/resource-adequacy-plannin~/load-forecast-dev- 
process.aspx.) This forecast includes the basis for all load level assumptions for planning 
analyses throughout the 15 year planning horizon. Generation and transmission planning 
assumptions are embodied in the base case power flow models developed annually by PJM 
and derived from the Eastern Reliability Assessment Group processes and procedures 
pursuant to NERC standards MOD-010-0, -01 1-0, and -012-0. As necessary, PJM updates 
those models with the most recent data available for its own regional studies. All PJM base 
power flow and related information are available pursuant to applicable Critical Energy 
Infrastructure Information, Non-Disclosure and OATT-related requirements (accessible via 
http://www.pim.com/plannin~/rtep-developrneii~powe~low-cases.aspx or by contacting the 
PJM Planning Committee contacts.) Each type of RTEP analysis (e.g., load deliverability, 
generator deliverability etc.) encompasses its own methodological assumptions as further 
described throughout the rest of this Manual. Additional details regarding the reliability 
planning criteria, assumptions, and methods can be found in following sections and this 
manual’s Attachments. 

a 8. ket E ff ic i e 8”1 cy 

PJM will perform a market efficiency analysis each year, following the completion of the 
near-term reliability plan for the region. PJM’s market efficiency planning analyses are based 
on the same starting assumptions applicable to the reliability planning phase of the RTEP 
developinent In addition, key market efficiency input assumptions, used in the projection of 
future market inefficiencies; include load and energy forecasts for each PJM zone, fuel costs 
and emissions costs, expected levels of potential new generation and generation 
retirements and expected levels of demand response. PJM will input: its study assumptions 
into a commercially available market simulation data model that is available to all 
stakeholders. The data model contains a detailed representation of the Eastern 
Interconnection power system generation, transmission and load. In addition, the market 
efficiency analysis of the cos‘dbenefit of potential market efficiency upgrades will also include 
the discount rate and annual revenue requirement rate. The discount rate is used to 
determine the present value of the enhancements’ annual benefits and annual cost. The 
annual revenue requirement rate is used to determine the enhancements’ annual cost. PJM 
will finalize the market efficiency analysis input assumptions soon after the development of 
the PJM load forecast that is generally available approximately in late January. Prior to 
Finalizing, PJM will review the proposed assumptions at the same PJM Subregional RT’EP 
Commi’dee assumptions meetings that address the reliability analysis assumptions, 
expected to occur in December preceding the year ofthe annual RTEP cycle. This review 
will provide the opportunity for stakeholder review of and input Lo all of the key assumptions 
tlia5 form the basis of the market efficiency analysis. In this way, PJM will facilitate a 
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comprehensive stakeholder review and input regarding RTEP study assumptions. All final 
assumptions and analysis parameters will be presented to the TEAC for discussion and 
review and to the PJM Board for approval. 

PJM’s goal is to ensure electric supply adequacy and to enhance the robustness of energy 
and capacity markets. Achieving these objectives requires the successful completion of 
PJM’s planning, facility construction and operational and market infrastructure requirements. 

Key components of PJM’s 15-year transmission planning process discussed in this Manual 
include: 

1. Baseline reliability analyses: 

The PJM Transmission System (“PJM System”) provides the means for delivering 
the output of interconnected generators to the load centers in the PJM energy and 
capacity markets. Baseline reliability analyses ensure the security and adequacy of 
the Transmission System to serve all existing and projected long term firm 
transmission use including existing and projected native load growth as well as long 
term firm transmission service. RTEP baseline analyses include systern voltage and 
thermal analysis, and stability, load deliverability, and generation deliverability 
testing. These tests variously entail single and multiple contingency testing for 
violations of established NERC reliability criteria regarding stability, thermal line 
loadings and voltage limits. Baseline reliability analyses are discussed in more detail 
in Section 2 and Attachment C. 

G en e ratio n an d t r a n s m i ss io n i n t e r co n n e ct i o n a n a I y se s : 

All entities requesting interconnection of a generating facility (including increases to 
the capacity of an existing generating unit) or requesting interconnection of a 
merchant transmission facility within the PJM RTO must do so within PJM’s defined 
interconnection process. In addition to the baseline analyses discussed above, as 
resources or merchant transmission requests interconnection, deliverability in the 
local area of the request is restudied and updated. The generation and transmission 
interconnection process and deliverability testing procedures are discussed in 
Attachment C and Manual 14A. The evaluation of generation and merchant 
transmission interconnection requests is codified in the PJM Open Access 
Transmission Tariff (available on the PJM Web site at www.pjm.com) 

2. 

3. Mar ket eificie n cy an a lyses: 

In addition to reliability based analyses PJM also evaluates the economic merit of 
proposed ,transmission enhancements. These analyses focus on the economic 
impacts of security constraints on production cost, congestion charges to load and 
other econometric measures of market impacts. PJM’s market egiciency analyses 
are discussed in Section 2 of this Manual and Attachment E. PJM development of 
economic transmission enhancements is also codified under Schedule 6 of the PJM 
Operating Agreement. 

d!.“ Operational performance issue reviews and accompanying analyses: 

Maintaining a safe and reliable Transmission System also requires keeping the 
lransmission system equipmeni in safe, reliable operating condition as we11 as 
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addressing actual operational needs. On an ongoing basis, PJM operating and 
planning personnel assess the PJM transmission development needs based on 
recent actual operations. This may lead to special studies or programs to address 
actual system conditions that may not be evident through projections and system 
modeling. 

To ensure that system facilities are maintained and operated to acceptable reliability 
performance levels, PJM has implemented an Aging Infrastructure Initiative to 
evaluate appropriate spare transformer levels and optimum equipment replacement 
or upgrade requirements. This initiative, based on a Probability Risk Assessment 
(PRA) process, is intended to result in a proactive, PJM-wide approach to assess the 
risk of facility failures and to mitigate operational and market impacts. Section 2 of 
this manual provides further discussion of the PRA process. 

5. The final RTEP Plan: 

Based on all of the requirements for firm transmission sewice on the PJM System, 
PJM annually develops a Regional Transmission Expansion Plan to meet those 
requirements on a reliable, economic system development and environmentally 
acceptable basis. Furthermore, by virtue of its regional scope, the RTEP process 
assures coordination of expansion plans across multiple transmission owners’ 
systems, permitting the identification of the most effective and efficient expansion 
plan for the region. The RTEP plan developed through this process is reviewed by 
PJM’s independent Board of Managers who has the final authority for plan’s approval 
and implementation. The following Section 2 describes {he PJM RTEP Process 
an a I ys is. 

‘i 5% ~ ~ ~ ~ ~ ~ i l i ~ ~  
Stakeholders have the opportunity at a national level through the participat,ory standards 
development process of the North American Electric Reliability Corporation (NERC) t,o 
influence the industry planning criteria that form the basis of PJM’s planning process (found 
at http://www.nerc.com/page.php?cid=2.) NERC regional criteria development, applicable to 
PJM, is also open to stakeholder input through the open and participatory process of 
ReliabilityFirst Corporation (found at 
https://www.rfirst.orq/standards/Pa~es/StandardsDocuinents. aspx.) 

Additionally, regional and local criteria that go beyond and complement the NERC 
obligations can be created and incorporated into PJM planning through participation in 
PJM’s Planning Committee and other related stakeholder processes (please refer to 
http://www.pjm.com/committees/pjm.html.) In this manner, PJM, as the independent 
planning authority, avails stakeholders full opportunity to participate in the planning process 
from assumptions setting to the final plan. The PJM annual regional plan is based on the 
effective criteria in place at the time of the analyses, including applicable standards and 
criteria of the NERC and the applicable regional reliability council’, the various Nuclear Plant 
Licensees’ Final Safety Analysis Report grid requirements and the PJM and local Reliability 

’ The ReliabilityFirsf Regional Reliability Corporation (RRC) for the PJM Mid-Atlantic and Western Regions 
(which replaced the former ECAR, MAAC and MAIN RRCs on January 1, 2006) and the Virginia-Carolinas 
(VACAR) Area Reliability subregion of the SERC Reliability Corporation for PJM Southern Region 
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Planning Criteria (Attachment D.) Section 2 details the specific criteria applicable to each 
transmission planning process study phase. Criteria are comparably applicable to all 
similarly situated Native Load Customers and other Transmission Customers. 

Market efficiency planning is an evaluation process that results in facilities planned to 
achieve economic efficiencies rather than an analysis that produces violations measured 
against criteria. This process compares alternative plans’ cost effectiveness in improving 
transmission efficiency and produces RTEP recommendations from this process. The 
metrics of economic inefficiency include historic and projected congestion. The measures of 
historic congestion are gross congestion, unhedgeable congestion, and pro-ration of auction 
revenue rights. The measure of projected congestion is based on a market analysis of future 
system conditions performed with a commercially available security constrained, economic 
dispatch market analysis tool. This market analysis results in future projections of the 
congestion and its binding constraint drivers. These congestion measures are posted and 
available to stakeholders by binding constraint and form the hasis for PJM and stakeholder 
development of remedies. Transmission plans from the reliability analysis or a new plan 
presented that economically relieves historical or projected congestion are candidates for 
market efficiency solutions. The successful candidates will be those facilities that pass 
PJM’s threshold test and bright line economic efficiency test. This test specifies that a 
proposed solution’s savings in the sum of the weighted production cost of energy and 
capacity plus the weighted load cost of energy and capacity (weighted 70%, 30% 
respectively) must exceed its projected revenue requirements, on a 15 year present worth 
basis, by at least 25% (the threshold costlbenefit test.) Each of this process’ elements, its 
underlying assumptions and its methods is described in more detail in the accompanying 
sections of this manual 14B and in Attachment E. 
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In this section you will find an overview of the PJM Region transmission planning process, 
covering the following areas: 

Components of PJM's 15-Year planning 

The need and drivers for a regional transmission expansion plan 

Reliability planning overview 

Specific components of reliability planning and the Stakeholder process 

Interconnection request drivers of RTEP 

Cost responsibility for reliability related upgrades 

Market efficiency planning review 

Specific components of market efficiency planning and the Stakeholder 
process. 

Specific components of operational performance driven planning 

e 

a 

a 

o) 

a Operational performance driven planning 

Effective with the 2006 RTEP, PJM, after stakeholder review and input, expanded its RTEP 
Process to extend the horizon for consideration of expansion or enhancement projects to 
fifteen years. This enables planning to anticipate longer lead time transmission needs on a 
timelier basis. 

Fundamentally, the Baseline reliability analysis underlies all planning analysis and 
recommendations. On this foundation, PJM's annual 15-year planning review now yields a 
regional plan that encompasses the following: 

I. Baseline reliability upgrades, discussed in this Section 2; 

2. Generation and transmission interconnection upgrades, discussed in Attachment C 
and Manual 14A. 

3. Market efficiency driven upgrades, discussed in this Section 2 

4.. Operational performance issue driven upgrades, discussed in this Section 2 

Exhibit 'i shows the annual cycle 05 the 15-year RTEP process. This cycle integrates 
reliability and market efficiency analysis with information transparency, stal(eho1der input 
and review and PJM Board of Manager approvals. This Cycle is discussed in detail in this 
and related manuals and attachments. Activities shown on this diagram and their timing are 
an idealized view that will be responsive to the RTEP and Stakeholder needs and thus may 
vary accordingly. 
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7 he continuing evolution and growth of PJM’s robust and competitive regional markets rests 
on a foundation of bulk power system reliability, ensuring PJM’s ongoing ability to meet 
control area load-serving obligations. It also includes a commitment to enhance the 
robustness and competitiveness of Energy and Capacity markets by incorporating analysis 
and development of market efficiency projects. Schedule 6 of the PJM Operating Agreement 
describes the PJM RTEP process, governing the means by which PJM coordinates the 
preparation of a plan for the enhancement and expansion of the Transmission Facilities - on 
a reliable and environmentally sensitive basis and in full consideration of available economic 
and market efficiency factors and alternatives - in order to meet the demands for firm 
transmission service in the PJM region. PJM’s FERC-approved RTEP process preserves 
this foundation through independent analysis and recommendation, supported by broad 
stakeholder input and approval by an independent RTO Board in order to produce a single 
RTEP. 

The PJM Region transmission planning process is driven by a number of planning 
perspectives and inputs, including the following: 

ReliabilityFirst Regional Reliability Corporation’ (RFC) Reliability 
Assessment - forward-loolting assessments performed to assure 
compliance with NERC and applicable regional reliability corporation 
(ReliabilityFirst or SERC Reliability Corporation) reliability standards, as 
appropriate. 

SERC Reliability Corporation (SERC) Reliability Assessment 

PJM Annual Report on Operations - an assessment of the previous 
year’s operational performance to assure that any bulk power system 
operational conditions which have emerged, e.g., congestion, are 
adequately considered going forward. 

PJM Load Serving Entity (LSE) capacity plans 

Generator and Transmission Interconnection Requests - submitted by 
the developers of new generating sources and new Merchant 
Transmission Facilities, these requests seek interconnection in the PJM 
Region (or seek needed enhancements as the result of increases in 
existing generating resources.) 

Transmission Owner and other stakeholder transmission development 
plans 

Interregional transmission development plans - the transmission 
expansion plans of those power systems adjoining PJM, and in some 
cases, beyond. 

Long-term Firm Transmission Service Requests 

Aclivities under the PJM committee structure especially, the Planning 
Committee (PC), the Transmission Expansion Advisory Cornmiltee 

a 

ReliabilityFirst, a new regional reliability corporation under the North American Electric Reliability Corporation 
(NERC), replaced three existing PJM-related reliability couiicils (ECAR, MAAC and MAIN) on January 1, 2006 
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(TEAC), the Subregional RTEP Committee, and local groups facilitated by 
PJM within the TEAC established processes (see section 1 “TEAC, 
Subregional RTEP Committee, and related planning activities”.) 

PJM Development of Economic Transmission Enhancements based on 
Economic and Market Efficiency factors 

Operational performance assessments and reviews such as the aging 
Infrastructure Initiative - a Probabilistic Risk Assessment of equipment 
that poses significant risk to the Transmission System. 

The cumulative effect of these drivers is analyzed through the PJM Region transmission 
planning process to develop a single RTEP which recommends specific transmission facility 
enhancements and expansion on a reliable and environmentally sensitive basis and in full 
consideration of economic and market efficiency analyses See Attachment B for details of 
the RTEP - Scope and Procedure. 

_I - 

- 

NOTE: The most recent version of the PJM RTEP is available PJM Web site 
at httD://www.pjm.com/plannin~/rtep-up~rades-status.aspx. 

These analyses are conducted on a continual basis, reflecting specific new customer needs 
as they are introduced, but also readjusting as the needs of Transmission Customers and 
Developers change. One such RTEP baseline regional plan will be developed and approved 
each year. 

In this way, the plan continually represents a reliable means to meet the power system 
requirements of the various Transmission Customers and Interconnection Customers in a 
fully integrated fashion, at the same lime preserving the rights of all parties with respect to 
the Transmission System The assurance of a reliable Transmission System and the 
protection of the Transmission Customer/Developer rights with respect to that system 
coupled with the timely provision of information to stakeholders are the foundation principles 
of the PJM transmission planning process. 

The PJM Region transmission planning process also establishes the cost responsibility for 
the followiiig types of facility enhancements as defined in the PJM Tariff: 

Attachment Facilities 

Direct Assignment Facilities 

Network Upgrades (Direct and Non-direct) 

Local Upgrades 
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Merchant Network Upgrades 

Each RTEP encompasses a range of proposed power system enhancements: circuit 
breaker replacements to accommodate increased current interrupting duty cycles; new 
capacitors to increase reactive power support; new lines, line reconductoring and new 
transformers to accommodate increased power flows; and, other circuit reconfigurations to 
accommodate power system changes as revealed by the drivers discussed above. 

Requests for interconnection of new generators or transmission facilities, while not the sole 
drivers of the PJM Region transmission planning process, are a key component of the 
RTEP. Analyzing these requests has required adoption of an approach that establishes 
baseline system improvements driven by known inputs, followed by separate queue-defined, 
cluster-based impact study analyses. Overall, PJM‘s RTEP process - under a FERC- 
approved RTO model - encompasses independent analysis, recommendation and approval 
to ensure that facility enhancements and cost responsibilities can be identified in a fair and 
non-discriminatory manner, free of any market sector’s influence. All PJM market 
participants can be assured that the proposed RTEP was created on a level playing field. 

2.3.7 ~ ~ ~ ~ ~ ~ ~ § ~ i ~ ~  a 

In order to establish a reference point for the annual development of the RTEP reliability 
analyses a ‘baseline’ analysis of system adequacy and security is necessary. The purpose 
of this analysis is threefold: 

To identify areas where the system, as planned, is not in compliance with 
applicable NERC and the applicable regional reliability council 
(ReliabilityFirsl or SERC) standards, Nuclear Plant Licensee 
requirements and PJM reliability standards including equipment 
replacement and/or upgrade requirements under PJM’s Aging 
Infrastructure Initiative. The baseline system is analyzed using &he same 
criteria and analysis methods that are used for assessing the impact of 
proposed new interconnection projects. This ensures that the need for 
system enhancements due to baseline system requirements and those 
enhancements due to new projects are determined in a consistent and 
equitable manner. 

To develop and recommend facility enhancement plans, including cost 
estimates and estimated in-service dates, lo  bring those areas into 
compliance. 

To establish the baseline facilities and costs for system reliability. This 
forms the baseline for determining facilities and expansion costs for 
interconnections to the Transmission System that cause the need for 
facilities beyond those required for system reliability. 

The system as planned to accommodate forecast demand, committed resources, and 
commitments for firm transmission service for a specified time frame is tested for 
compliance with NERC and the applicable regional reliability council (ReliahiliiyFirst or 
SERC) standards, Nuclear Plant Licensee requiremenls, PJM Reliability Standards and P,JM 

PJM 0 201 1 18 
Revision 19, Effective Date 09/15/2011 



KPSC Case No 201 1-00295 
1st Set of Questions of Accion Consultant 
Dated October 2,201 1 
item No 7 
Attachment 2 
Page 24 of 148 

Manual 14B PJM Region Transmission Planning Process 
Section 2. Regional Transmission Expansion Plan Process 

design standards. Areas not in compliance with the standards are identified and 
enhancement plans to achieve compliance are developed. 

The ‘baseline’ analysis and the resulting expansion plans serve as the base system for 
conducting Feasibility Studies for all proposed generation and/or merchant transmission 
facility interconnection projects and subsequent System Impact Studies. 

PJM’s most fundamental responsibility is to plan and operate a safe and reliable 
Transmission System that serves all long term firm transmission uses on a comparable and 
not unduly discriminatory basis. This responsibility is addressed by PJM RTEP reliability 
planning. Reliability planning is a series of detailed analyses that ensure reliability under the 
most stringent of the applicable NERC, PJM or local criteria. To accomplish this each year, 
the RTEP cycle extends and updates the translnission expansion plan with a 15 year 
review. This cycle entails several steps. The following sections describe each step’s 
assumptions, process and criteria. Attachments A through F of this manual add essential 
details of various aspects of the reliability planning process. 

Reliability planning involves a near-term and a longer term review. The near term analysis is 
applicable for the current year through the current year plus 5. The longer term view is 
applicable for the current year plus 6 through plus 15. Each review entails multiple analysis 
steps subject to the specific criteria that depend on the specific facilities and the type of 
analysis being performed. 

The analysis is initiated in December prior to each annual cycle and concludes with review 
by the TEAC and approval by the PJM Board about October (TEAC and the PJM Board are 
appraised regularly throughout the process and partial reviews and approvals of the plan 
may occur throughout the year.) The TEAC, Subregional RTEP and PJM Planning 
Committee roles in the development of the reliability portion of the RTEP are described in 
Schedule 6 of the PJM Operating Agreement. 

The near-t,erm reliability review (current year plus 5) provides reinforcement .for criteria 
violations that are revealed by applicable contingency analysis. Limits used in the analysis 
are established consistent with the requirernents of NERC standards FAC-010 and FAC- 
014. The methodology used to deterrnine system operating limits is included in Attachment- 
F of this manual. System conditions revealed as near violations will be monitored and 
remedied as needed in the following year near-term analysis. Violations that occur in many 
deliverability areas or severe violations in any one area will be referred to the long term 
analysis for added study of possible more robust system enhancement. PJM annually 
conducts this detailed review of the current year plus 5. Each year of the period through the 
current year plus 4 (“in-close” years) has been the subject of previous years’ detailed 
analyses. In addition, for each of these “in-close” years, PJM updates and issues addendum 
to address changes as necessary throughout the year. For example planned generation 
modifications or changes in transmission topology can trigger restudy and the issuance of a 
baseline addendutn. This is referred to as a “retool” study. (For example generators that 
drop from ihe Q’s cause restudy and an addendum to be issued for affected baseline 
analyses.) Also each year during the establishment of the assumptions for the new annual 
baseline analysis, current updated views of load, transmission lopology, installed 
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generation, and generation and transmission maintenance are assessed for the “in-close” 
range of years to validate the continued applicability of each of the “in-close” baseline 
analyses and resulting upgrades (inchding any addendum.) Adjustments in the “in-close” 
analyses are performed as deemed necessary by PJM. PJM, therefore, annually verifies the 
continued need for or modification of past recommended upgrades through its retool 
studies, reassessment of current conditions and any needed adjustments to analyses. All 
criteria thermal and voltage violations resulting from the near term analyses are produced 
using solved AC power flow solutions. Initial massive contingency screening may use DC 
power flow solution techniques. 

There are seven steps in an annual near-term reliability review. They are: 

Develop a Reference System Power Flow Case 

Baseline Thermal 

0 Baseline Voltage 

Load Deliverability - Thermal 

e Load Deliverability - Voltage 

Generation Deliverability - Thermal 

Baseline Stability 

These reliability related steps are followed by a scenario analysis that ensures the 
robustness of the plan by looking at impacts of variations in key parameters selected by 
PJM. Each of these steps are described in more detail in the following material. 

2.3.4 Reference System Power Flow Case 

The reference power flow case and the analysis techniques comprise the full set of analysis 
assumptions and parameters for reliability analysis. Each case is developed from the most 
recent set of Eastern Reliability Assessment Group system models. PJM transmission 
planning revises this model as needed to incorporate all of the current system parameters 
and assumptions. These assumptions include current loads, installed generating capacity, 
transmission and generation maintenance, system topology, and firm transactions. These 
assumptions will be provided to and reviewed by the Subregional RTEP Committee. The 
subregional modeling review and modeling assumptions meeting provides the opportunity 
for stakeholders to review and provide input to the development of the reference power 
system models used to perform the reliability analyses. 

The results O F  any locational capacity market auction(s) will be used to help determine the 
amount and location or’ generation or demand side resources to be included h i  the reliability 
modeling. Generation or demand side resources that are cleared in any locational capacity 
market auction will be included in the reliability modeling, and generation or demand side 
resources that either do not bid or do not clear in any locational capacity market auction will 
not be included in the reliability modeling. All such modeling described here will comport 
with the capacity construct provisions approved by the FERC. 

Subsequent to the subregional stakeholder modeling reviews facilitated by PJM, PJM will 
develop the final set of reliabiliiy assumptions to be presented to TEAC for review and 
comment, after which PJM will finalize the reliability review reference power flow. This model 
is expected to be available in early January of each year to interested stakeholders, subject 
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to applicable confidentiality and CEll requirements, to facilitate their review of the results of 
the reliability modeling analyses 

Contingency definitions used in RTEP analysis are the same as applicable NERC TPL 
contingency definitions. Where the physical design of connections or breaker arrangements 
results in the outage of more than the faulted equipment when a fault is cleared, the 
additional facilities are also taken out of service in the contingency definition. For example, if 
a transformer is tapped off a line without a breaker, both the line and fransformer are 
removed from service as a single contingency event. 

Contingency definitions for double circuit tower line outages shall include any two adjacent 
(vertically or horizontally) circuits on a common structure, but shall exclude circuits that 
share a common structure for one mile or less. The loss of more than two circuits on a 
common structure constitutes a NERC extreme event. 

aseline Thermal 
Baseline thermal analysis is a thorough analysis of the reference power flow to ensure 
thermal adequacy based on normal (applicable to system normal conditions prior to 
contingencies) and emergency (applicable after the occurrence of a contingency) ratings 
specific to the Transmission Owner facilities being examined. It is based on a 50/50 load 
forecast from the latest available PJM Load Forecast Report (50% probability that the actual 
load is higher or lower than the projected load.) It encompasses an exhaustive analysis of all 
NERC category A, B and C events and the most critical common mode outages. Final 
results are supported with AC power flow solutions. 

For normal conditions, all facilities shall be loaded within their normal ratings. After each 
single contingency, all control equipment is allowed to adjust. After the first contingency of a 
multiple-contingency event (NERC category C.3, also referred to as an "N-1-1" event,) all 
system adjustments are made to achieve a new steady state power flow, including 
redispatch in preparation for the next contingency. Subsequent to redispatch all facilities 
must be within normal ratings. After the second contingency of the pair the technique for 
single contingencies is followed except that phase shifters are locked and do not adjust to 
hold flow. All violations of emergency ratings are recorded and reported and tentative 
solutions will be developed. These study results will be presented to and reviewed with 
stakeholders. 

asdine Voltage Analysis 
Baseline voltage analysis parallels the thermal analysis. It uses the same power flow and 
examines all the same NERC category A, B, and C events. Also, voltage criteria are 
examined for compliance. PJM examines system performance for both a voltage drop 
criteria and an absolute voltage criteria. The voltage drop is calculated as the decrease in 
bus voltage from the initial steady state power flow to the post-contingency power flow. The 
post-contingency power flow is solved with generators holding a local generator bus voltage 
to a pre-contingency level consistent with specific Transinission Owner specifications. In 
most instances this is the pre-contingency generator bus voltage. Addifionally, all phase 
shiners, fransformer taps, switched shunts, and DC lines are locked for "Le post-contingency 
solution. SVC's are allowed io regulate. 
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The absolute volt.age criteria is examined for the same contingency set by allowing 
transformer taps, switched shunts and SVC’s to regulate, locking phase shifters and 
allowing generators to hold steady state voltage criteria (generally an agreed upon voltage 
on the high voltage bus at the generator location.) 

In all instances, specific Transmission Owner voltage criteria are observed. All violations are 
recorded and reported and tentative solutions will be developed. These study results will be 
presented to and reviewed with stakeholders. 

The load deliverability tests are a unique set of analyses designed to ensure that the 
Transmission System provides a comparable transmission function throughout the system. 
These tests ensure that the Transmission System is adequate to deliver each load area’s 
requirements from the aggregate of system generation. The tests develop an “expected 
value” of loading after testing an extensive array of probabilistic dispatches to determine 
thermal limits. A deterministic dispatch method is used to create imports for the voltage 
criteria test. The Transmission System reliability criterion used is 1 event of failure in 25 
years. This is intended to design transmission so that it is not more limiting than the 
generation system which is planned to a reliability criterion of 1 failure event in 10 years. 

Each load areas’ deliverability target transfer level to achieve the transmission reliability 
criterion is separately developed using a probabilistic modeling of the load and generation 
system. The load deliverability tests described here measure the design transfer level 
supported by the Transmission System for comparison to the target transfer level. 
Transmission upgrades are specified by PJM to achieve the target transfer level as 
necessary. Details of the load deliverability procedure can be found in Attachment C. 

Thermal 
This test examines the deliverability under the stressed conditions of a 90I10 summer load 
forecast. That is, a forecast that only has a 10% chance of being exceeded. ‘The transfer 
limit to the load is determined for system normal and all single contingencies (NERC 
category A and E3 criteria) under ten thousand load study area dispatches with calculated 
probabilities of occurrence. The dispatches are developed randomly based on the 
availability data for each generating unit. This results in an expected value of system 
transfer capability that is compared to the target level to determine system adequacy. As 
with all thermal transmission tests applied by PJM the applicable Transmission Owner 
normal and emergency ratings are applied. The steady state and single contingency power 
flows are solved consist,ent with the similar solutions described for the baseline thermal 
analyses. 

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. 

2 II 3.9 G e 61 e la ti 0 89 De I ive ra b i B i $ y An a I y s is 

The generator deliverability test for the reliability analysis ensures ihat, consistent with the 
load deliverability single contingency testing procedure, the Transmission System is capable 
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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. The Rowgates ultimately used in the light load 
reliability analysis are determined by running all contingencies maintained by PJM planning 
and monitoring all PJM market monitored facilities and all BES facilities. 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 siep 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. 

The light load reliability analysis ensures that the Transmission System is capable of 
delivering the system generating capacity at light load. The 50% of 50150 summer peak 
demand level was chosen as being representative of an average light load condition. The 
system generating capability modeling assumption for this analysis is t,hat the generation 
modeled reflects generation by fuel class thaf historically operates during the light load 
demand level. 

The starting point power flow is the same power flow case set up for the baseline analysis, 
with adjustment to the model for the light load demand level, interchange, and 
accompanying generation dispatch. The PJM portion of the model is adjusted as well as 
areas surrounding PJM that impact loadings on facilities in PJM. Interchange levels for the 
various PJM zones will reflect a statistical average of typical previous years interchange 
values for off-peak hours. L.oad level, interchange, and generation dispatch for non-PJM 
areas impacting PJM facilities are based on statistical averages for previous off-peak 
periods. Thus the same baseline network model and criteria apply. The flowgates ultimately 
used in the light load reliability analysis are determined by running all contingencies 
maintained by PJM planning and monitoring all PJM market monitored facilities and all BES 
facilities. The contingencies used for light load reliability analysis will include NERC TPL 
category €3 and category C, wit,h the exception ofthe C3 “N-I-’I” criteria. NERC TPL. 
Category A, normal system conditions will also be studied. All BES facilities and all non-BES 
facilities in the PJM real-time congestion management control facility list are monitored. The 
same single contingency power flow soluiion techniques also apply. Details of ,the light load 
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reliability analysis procedure, including methods of creating the study dispatch, can be found 
in Attachment D. 1. 

i? 

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. These analyses ensure the system is transiently stable and that all system oscillations 
display positive damping. Generator stability is performed for critical system conditions, 
which includes light load and three phase faults with normal clearing plus single line to 
ground faults with delayed clearing. Also, specific Transmission owner designated faults are 
examined for plants on their respective systems. 

{PJM IS CURRENTLY EVALUATING STABILITY ANALYSIS NEEDS RELATED TO RFC 
CRITERIA ANY REVISIONS OR ADDITIONS TO RTEP STABILITY ASSESSMENTS WILL 
BE INCLUDED HERE AS THAT REVIEW PROGRESSES AND WILL BE PRESENTED 
THROIJGH THE APPROPRIATE PJM MANUAL REVIEW PROCESS.} 

Finally, PJM will initiate special stability studies as the need arises. The impetus for such 
special studies commonly includes but is not limited to conditions arising from operational 
performance reviews or major equipment outages. 

2.3.1 2 Long Term 
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 liltelihood 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 resulls 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 itV performed on the 
currenl year plus fifteen system. All of the current year plus fifteen results produced will be 
reviewed to determine iir any issues may require longer lead time solutions. If so such 
solutions will be determined and considered for inclusion in RTEP. 
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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 plaiining 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 
determined consistent with the methods for the near term analyses. The analysis for the 
longer term horizon evaluates all NERC category A and B single contingencies against the 
same normal and emergency thermal ratings criteria used for the near term (subject to any 
upgrades that may be applicable for the longer term.) 

Reactive Analysis 

In addition, the longer term review includes a current year plus 10 reactive analysis. This 
focuses on contingencies involving facilities above 200 kV in areas where the preceding 
year-I 5 analysis uncovered thermal violations. Areas experiencing thermal violations that 
also show earlier reactive deficiencies will be reviewed for possible acceleration of any 
longer lead time thermal solutions that were suggested by the year-I 5 analysis. This 
analysis, as necessary from year to year, will also consider long-term upgrade sensitivity to 
key variables such as load power factor delivered from the Transmission System or heavy 
transfers. If uncovered violations are insufficient to justify acceleration of upgrades and are 
all amenable to shorter lead-time upgrades, then the violations will continue to be monitored 
in future RTEP analyses. 

__---- 

takeholder review of an el iab i l i  ty Pia 1"1 ruing 
RTEP reliability planning, through the operation of the TEAC and Stibregional RTEP 
Committees, provides interested parties with the opportunity to review and provide 
meaningful and timely input to all phases of the reliability planning analyses. This section 
extends the Section 1 discussion of the PEAC and Subregional RTEP Committee process 
specifically as it relates to reliability planning. Exhibit 1 shows the workflow and timing for the 
reliability planning process steps PJM anticipates at least two Subregional RTEP 
Committee reliability reviews. The initial Subregional meeting will present and address 
reliability study assumptions and parameters. The second meeting will provide the 
opportunity for stakeholder comment and input on criteria violations and presentations of 
alternative remedies to identified violations. Between the Iwo meetings PJM will provide 
feedback on interim study progress sufficient to enable stakeholder preparation for the 
second set of subregional meetings Additional subregional meetings will be facilitated as 
PJM determines is necessary for adequate input and review The relative timing of the 
TEAC and subregional activities are illustrated in Exhibit 1 
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Subregional RTEP Committee initial assumptions meeting 

This meet,ing is expected to occur in December of each year in preparation for the 
upcoming annual RTEP review. Prior to the meeting PJM will post its anticipated inputs and 
assumptions to enable stakeholder review and preparation for the meeting. At the meeting 
PJM will present the assumptions for discussion and input by all interested parties. 
Subsequent to this meeting stakeholders will have additional opportunity to provide input to 
PJM in preparation for the next TEAC meeting, at which PJM will present the final reliability 
assumptions for TEAC review. Although the initial Subregional assumptions meeting will 
discuss anticipated assumptions for both the reliability and market efficiency phase of the 
RTEP, The final TEAC review of each will likely occtir at separate TEAC meetings (see also 
the market efficiency discussion following.) The TEAC endorsement of final RTEP reliability 
assumptions is expected to occur in early January. 

PJM development of cr i te r t -o la t ions  and stakeholder participation 

Afier t,he TEAC endorsement of PJM's RTEP analysis assumptions, PJM will finalize its 
reference system power flow which is the starting point of its series of reliability analyses. 
This power flow is available t.o stakeholders subject to applicable confidentiaNy and CEI I 
requirements. PJM will perform its series of detailed RTEP reliability analyses 
encompassing the 15-year planning horizon. Details of the methods and procedures for the 
reliability analyses can be found elsewhere in this Manual 14B and its attachments. The 
five-year and longer time-frame criteria violations will be posted far review, evaluation and 
development of remedy alternatives by all interested parties. The PJM production of the 
reliability analysis raw results is expected to occur about January ihuohsgfs July of each 
year, Posting of the results and stakeholder review and consideration of alternative 
remedies is expected to occur about February through August of each year. PJM will post 
TO and other stakeholder alternative upgrade remedies made available throughout this 
process. Throughout this time frame, TEAC typically has monthly or more frequent regularly 
scheduled meetings. PJM will periodically apprise TEAC ofthe progress of the violations 
identification and production of upgrade alternatives. Stakeholders may use these meetings 
to raise and discuss issues found in their reviews. Depending on the issues raised and input 
from stakeholders PJM may facilitate Subregional RTEP Committee meetings instead of or 
in addition to a scheduled TEAC meeting. These subregional meetings are intended for 
more focused review or' subregional violations and alternative solutions. 

- Subregional RTEP Committee criteria violations and upgrade alternative m e e t i u  

This meeting is expected to occur, as may be necessary in various subregions, in the July/ 
August timeframe each year. If a subregional meeting is unnecessary, the regularly 
scheduled TEAC meetings will provide the opportunity for that subregion's participants open 
discussion of violations and upgrades. In any event, all regional and subregional projects will 
be appropriately presented and reviewed at a TEAC meeting. Prior to a subregional 
violations and upgrade meeting, PJM will post the upgrade solutions that it proposes to 
remedy the identified criteria violations. At this subregional meeting PJM will present the 
reliabilit,y upgrades of specific violations and alternative upgrades as may be appropriate. By 
this Subregional RTEP Committee meeting, interested parties will have had the opportunity 
for ongoing participation in the February through August process of violation review and 
solution identification along with PJM and Transmission Owners. This subregional criteria 
violations and upgrade meeting is the forum for a final open discussion ofthe subregional 
reviews which have been occurring, prior to presentation to TEAC. 
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PJM TEAC Committee RTEP review 

PJM expects that about August of each year, the final RTEP upgrade facilities will be 
available for presentation, review and endorsement at a scheduled TEAC meeting. PJM will 
post its recommendations of RTEP upgrades for identified violations as early as possible in 
the month prior to the TEAC meeting at which the final RTEP facilities will be reviewed (see 
RTEP@pjm.corn). This posting will distinguish facilities that are deemed Supplemental 
RTEP Projects. After the TEAC RTEP review meeting, there will be about a month of 
additional time for final written comments on the proposed R E P  facilities, after which the 
PJM Board will consider the final RTEP plan excluding Supplemental Projects for approval. 

e 

PJM’s robust energy market has attracted numerous requests from generator and 
transmission developers for interconnections with the Transmission System. These 
generator and transmission interconnection Requests constitute a significant driver of 
regional transmission expansion needs. This subsection discusses this driver in the context 
of the RTEP preparation. Details of this process are contained in Manual 14A. 

Requests for Long Term Firm Transmission Service and generator deactivations are other 
types of request that are evaluated and incorporated into RTEP. 

Demand Response (DR) can be a load response solution t,o the need for transmission 
upgrades. DR solutions enter the PJM process in the Reliability Pricing Model (RPM) 
through the associated base residual and incremental auctions. The DR cleared in the 
auction is included in the assumptions for RTEP development and physically modeled in the 
baseline power flows. In this manner, load can mitigate or delay the need for RTEP 
upgrades. 

The RTEP process baseline analyses include previously processed generators and 
transmission modifications as starting point assumptions. The current year RTEP 
evaluations performed on this baseline case are incremental to the baseline and establish a 
“revised” baseline for the year of the annual RTEP analysis. This revised baseline forms the 
starting case for the reviews of new interconnection requests. The new interconnection 
request analyses result in system modifications beyond RPEP upgrades that are caused by 
each interconnection request, New interconnection request evaluations also include a 
review of their effects on newly approved RTEP upgrades that are not yet cornmitted to 
construction. If previously identified RTEP upgrades can be delayed because of a new 
interconnection request, the projects responsible for the upgrade deferrals will be credited 
for the benefits of the delayed need for the upgrades. 

The RTEP integrates reliability upgrades, interconnection request upgrades and plan 
modifications and DR effects into a single process that accounts for the mutual interaction of 
t,he various market forces. In .this way, transmission upgrades, interconnection reqLcests and 
DR receive comparable treatment with respect .to their opportunity to relieve transmission 
constraints. 

Timing of Long-Term Firm Transmission Service Requests, and Generation and 
Transmission Interconnection Requests are based on the business needs of the party 
requesting the service. Such Requests, therefore, enter the RTEP planning process 
throughout the RTEP planning year. Expansion plans that result from these individual 
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project evaluations are incorporated into the RTEP after the system impact study stage. In 
addition, if needed to satisfy assumed planning reserve requirements for future planning 
year analyses, queue generators in earlier stages of the queue process may also be 
included. Only the queue generators with completed signed Interconnection Service 
Agreements, however, are allowed to be used to alleviate constraints. 

This manual contains the details regarding the RTEP reliability planning process 
procedures. Refer to the introductory Manual 14 for references to the details associated with 
other elements of RTEP including the request and RPM processes. 

The RTEP encompasses two types of enhancements: Network Reinforceinents and Direct 
Connection Attachment Facilities. Network Reinforcements can be required in order to 
accommodate the interconnection of a merchant project (generation or transmission) or to 
eliminate a Baseline problem as a result of system changes such as load growth, known 
transmission owner facility additions, etc. Merchant project driven upgrades are addressed 
in Manual 14A. The cost responsibility for each baseline-revealed Network Reinforcement is 
borne by transmission owners based on the contribution to the need for the network 
reinforcement. Such costs are recoverable by each transmission owner through FERC-filed 
transmission service rates. Network reinforcements may also be proposed by PJM to 
mitigate unhedgeable congestion. Allocation procedures for Baseline and Market Efficiency 
upgrades are discussed in Attachment A. 

Overall, the RTEP is best understood from the perspective of the studies that revealed the 
recommended Plan enhancements. To that end, tlie Baseline Analysis and Impact Studies 
identify the enhancements required to meet defined NERC and applicable regional reliability 
council (Reliability First or VACAREERC) standards, Nuclear Plant Licensee requirements 
and PJM reliability standards. 

Market efficiency analysis is performed as part of the overall PJM Regional Transmission 
Expansion Planning (RTEP) process to accomplish the following two objectives: 

1, Determine which reliability upgrades, if any, have an economic benefit if accelerated. 

2. Identify new transmission upgrades fhat may result in economic benefits. 

PJM will perform a market efficiency analysis each year, following the availability of the 
appropriate updated RTEP power flow resulting from the reliability analysis process. As a 
result, there is a mechanism in place for regularly identifying transmission enhancements or 
expansions that will relieve transmission reliability violations that also have an economic 
impact. Constraints that have an economic impact include, but are not limited to, constraints 
,that cause: (1) significant historical gross congestion; (2) significant historical unhedgeable 
congestion; (3) pro-ration of Stage I B ARR; or (4) significant future congestion as forecast 
in the marlet efficiency analysis. 

In t,he marltet efficiency analysis, PJM will compare the costs and benefits of the economic- 
based transmission improvements. To calculate the benefits of these potential economic- 
based enhancements, PJM will perform and compare marke'c simulations with and without 
the proposed accelerated re1iabilit.y-based enhancements or the newly proposed economic- 
based enhancements for selected future years within the planning horizon of the RTEP. Tile 
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relative benefits and costs of the economic-based enhancement or expansion must meet the 
benefithost ratio threshold test to be included in the RTEP recommended to the PJM Board 
of Managers for approval (This test and its implementation is described in detail in 
Attachment E.) PJM will also consider potential individual plans meeting objectives I or 2 
resulting from the analyses of the posted congestion data by all stakeholders. PJM will 
present all the RTEP market efficiency enhancements to the TEAC Committee for review, 
comment and endorsement. Subsequent to TEAC review, PJM will address the TEAC review 
and present the final RTEP market efficiency plan to the PJM Board, along with the advice, 
comments, and recommendations of the TEAC Committee, for Board approval. 

.1 Market Efficiency Analysis and 

PJM’s market efficiency analysis involves several phases. The process begins with the 
determination of the congestion drivers that may signal market inefficiencies. PJM will collect 
and publicly post relevant drivers. These metrics will be reviewed by PJM and all 
stakeholders to assess the system areas that are most likely candidates for market 
efficiency upgrades. In addition, PJM will perform market simulations to determine 
projections of future market congestion based on the anticipated RTEP upgraded system. 
This process facilitates concurrent PJM and stakeholder review of the same information 
considered by PJM in preparation for PJM’s solicitation of stakeholder input for upgrades 
that may economically alleviate market inefficiencies. This solicitation of input will be to the 
appropriate TEAC or Subregional RT EP Committee. Following the evaluation of congestion 
drivers and solicitation of remedies, PJM will initiate an analysis phase which first examines 
the potential economic costs and benefits that may be associated with any upgrades 
specified during the reliability analysis. ARer this assessment, PJM will evaluate the 
economic costs and benefits of any identified new potential upgrades target specifically ai  
economic efficiency. The following information looks at each of these phases in more detail. 

All PJM metrics of historical congestion drivers will be posted monthly throughout the year, 
except that AAR information will be posted as specified by the AAR auction process. This 
information can be found at: 

httpt//www.pitn.com/plannin~/rtep-developtnentlmarket-eff iciency.aspx 

http://www.pim.corn/markets-and-operationslftr.aspx 

PJM will calculate and post gross congestion costs by constraint for each constraint causing 
real-time off-cost operations. Gross congestion will be calculated as the product ofthe 
constraint shadow price times the load MWs at each load bus in the affected area times the 
load bus dfax where the affected area is defined as any bus with a dfax of 3% or greater. 

PJM will calculate and post the Unhedgeable congestion cost statistics and associated 
constraints. Unhedgeable congestion costs will be calculated by taking the sum of load MWs 
at each load bus in the affected area times the relevant load bus dfax minus the sum of 
economic generation MWs at each generator bus in the affected area times the relevant 
generator bus dfax minus the sum of FTR MWs, and multiplying the resulting MW by the 
constraint shadow price. Economic generation is generation which is available and on-line 
and which, at its current level of output, has a bid price no greater than the PJM system 
marginal price. Self-scheduled generation is assigned a $id price of zero in the 
cleI.ermination of economic generation MW 
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Congestion causing a pro-ration of Stage 1A ARR requests will be determined and 
recommended for inclusion in the RTEP with a recommended in-service date based on the 
10-year Stage 1A simultaneous feasibility analysis results. This recommendation will also 
include a high-level analysis of the cost and economic benefits of the upgrade as additional 
information but such upgrades will not be subject to market efficiency costlbenefit analysis. 
More information on the ARR allocation auction process can be found in Manual 6 titled 
PJM Capacity Market. 

Congestion causing pro-ration of Stage 1 B ARR requests will be addressed using the “with 
and without” analysis and the benefitkost ratio threshold described previously in this market 
efficiency material. 

~ . ~ j ~ t e d  congestion drivers an potential remedies 

PJM will provide all stakeholders with estimates of the projected congestion by performing 
annual hourly market simulations of future years using a commercially available market 
analysis software modeling tool (see assumptions and criteria material in Section 1 .) This 
siinulat,ion will produce and PJM will post projected binding constraints, binding hours, 
average economic impact of binding constraints, and cumulative economic impact of binding 
constraints for the four RTEP market efficiency analyses (current year plus 1, current year 
plus 4., current year plus 7 and current year plus 12). 

This analysis is expected ‘io be completed about the third quarter of the RTEP cycle year. 
At this time PJM will also facilitate a TEAC or Subregional RTEP Committee meeting, as 
appropriate, to review congestion and solicit feedback from the stakeholders’ review of the 
projected congestion data as well as .the historical congestion data. All Stakeholders can 
provide input to PJM’s consideration of the congestion data and potential upgrades t,o be 
considered for market efficiency solutions to identified economic issues. 

The timing ofthis meeting will depend, to some extent, on the complexity of the analysis, 
however, it is anticipated that this meeting will occur during the third quarter of each year. 
At this meeting, PJM will provide a summary afthe analysis results and a description of any 
congested areas that will be analyzed using Market Efficiency analysis. PJM will also 
provide a high-level estimate of the transmission upgrades then being considered. At the 
completion ofthis stakeholder review, any member 0.f the TEAC can provide additional 
written comments within sixty (60) days of this meeting. 

Stakeholder Wriften Cominenfs 

These written comments will consist of three (3) sections: 

o Introduction, which will describe the par‘cy submitting the comments and 
their reason for submitting these comments 

Summary, which will consist of no more than 3 pages summarizing the 
positions described in the written comments 

Discussion, which will consist of no more than 20 pages describing in 
detail the positions taken by the party 

Parties wishing formally to submit alternative proposals of their own are encouraged to do 
so separately, as described further, below. 

The Office of the Interconnection will have the responsibili.ty of compiling comments from 
TEAC participants. All written comments will be posted to the PJM web site and provided to 
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the PJM Board of Managers together with a PJM staff summary that will focus on conveying 
the following: (I) the issues; (2) the parties raising the issues; and, (3) as may be 
appropriate, PJM’s discussion of ramifications of the issues. Communication to the Board of 
Managers will not include results of any voting. 

-1___-- 

ation of cost / benefit of advaming relia 
PJM will perform annual market simulations and produce cost / benefit analysis of 
advancing reliability projects. An initial set of simulations will be conducted for each of the 
four years (current year plus 1, current year plus 4, current year plus 7 and current year plus 
.lo) using the “as is” transmission network topology without: modeling future RTEP upgrades. 
A second set of simulations will be conducted for each of the four years using the as 
planned RTEP upgrades. A comparison of the “as is” and “as planned” simulations will 
identify constraints which have caused significant historical or simulated congestion costs 
but for which an as-planned upgrade will eliminate or relieve the congestion costs to the 
point that the constraint is no longer an economic concern. A comparison of these 
simulations will also reveal if a particular RTEP upgrade is a candidate for acceleration or 
expansion. For example, if a constraint causes significant congestion in year 7 but not in 
year 10 then the upgrade which eliminates this congestion in the year 10 simulation rnay be 
a candidate for acceleration. The benefit of accelerating this upgrade would then be 
compared to the cost of acceleration as described below before recommendation for 
acceleration is made. 

When the reliability project economic acceleration analyses have been completed, PJM will 
schedule a TEAC or Subregional Committee meeting, as appropriate, to review the results 
The timing of this meeting will depend, to some extent, on the amount and complexity of 
analysis that must be performed. However, it is anticipated that this meeting will take place 
during the fourth quarter of each year. At this meeting PJM will provide a summary of the 
analysis results, including an update of the Market Efficiency analysis and a description of 
any recommendations for accelerating reliability projects based on economic considerations. 

e ~ ~ ~ ~ ~ ~ a t ~ o ~  and evaluation of cost / benefit o’f po%sntial 
specifically targete 

PJM will perform annual market simulations and produce cost / benefit analysis of projects 
specifically targeted for economic efficiency. The net present value of annual benefits will be 
calculated for the first 15 years of upgrade life and compared to the net present value of the 
upgrade revenue requirernent for the same 15 year period. 

An initial se.t of simulations will be coriducted for each of four years (current year plus 1, 
current year plus 4, current year plus “7 and current year plus I O )  using the as planned 
transmission network topology as defined by the most recent RTEP. A second set of 
sirnulations will be conducted for each of the four years using the as planned transmission 
network topology plus the upgrade being studied. The upgrade will be included in each of 
the four simulation years regardless of the actual anticipated in-service date of the upgrade. 
A comparison of these simulations will identify the benefit of the upgrade in each of the four 
years analyzed. Annual benefits within the ‘I 0-year time frame for years which were n0.t 
simulated would be interpolated using .these simulation results. A forecast of annual benefits 
for years beyond the IO-year simulation time frame would be based on an extrapolation OF 
the market simulation results from the studied years. A higher-level annual market 
simulation will be made for future year 15 to validate the extrapolation results and the 
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extrapolation of annual benefits for years beyond the IO-year simulation time frame may be 
adjusted accordingly. This high level simulation of future year 15 may require a less detailed 
model of the transmission system below the 500 kV level. 

An extrapolation of the simulation results will provide a forecast of annual upgrade benefits 
for each of the anticipated first 15 years of upgrade life, beginning from the projects 
anticipated in-service date. The present value of annual benefits projected for the first 15 
years of upgrade life will be compared to the present value of the upgrade revenue 
requirement for the same 15 year period to determine if the upgrade is cost beneficial and 
recommended for inclusion in the PJM R E P .  If the ratio of the present value of benefits to 
the present value of costs exceeds 1.25 then the upgrade is recommended for inclusion in 
the RTEP. 

For each upgrade which is recommended for inclusion in the RTEP, PJM will provide the 
level of new generation or DSM per region that would eliminate the need for the 
transmission upgrade 

When the economic efficiency project evaluations have been completed, PJM will schedule 
a PEAC or Subregional Committee meeting, as appropriate, to review the results. The timing 
of this meeting may depend on the amount and complexity of analysis that must be 
performed. It is, however, anticipated that this meeting will take place by Apriil of the 
calendar year that begins the subsequent RPEP planning cycle. At this meeting PJM will 
provide a summary of the analysis results, including an update of the Market Efficiency 
analysis, and a description of any recommendations for economic efficiency projects. 

P market efficiency upgra 
PJM will perform a combined review of the accelerated reliability projects and new market 
efficiency projects that passed the economic screening tests to determine if there are 
potential upgrades with electrical similarities. This may result in new projects to replace the 
original projects to form a more efficient overall market solution. Stakeholders may also 
suggest such potential synergies. PJM will evaluate the cost / benefits of any such resulting 
“hybrid” projects3. The final list of reliability projects and market efficiency projects, including 
any “hybrid” projects will be presented and discussed at a second quaficer (April) TEAC 
meeting. At this TEAC meeting PJM will review all the Market efficiency plans resulting from 
this cycle of market efficiency studies. Recommended projects will be taken to the PJM 
Board for endorsement, and will either be included in subsequent RTEP analysis if there is a 
“volunteer” to build the project, or a report will be filed with FERC in accordance with 
Schedule 6 of the PJM Operating Agreement. As part of this request for endorsement, PJM 
will provide the written comments submitted by the parties, and will discuss these written 
comments with the PJM Board. 

Within the limits of confidential, market sensitive, trade secret, and proprietary information, 
PJM will make all of the information used to develop the Market Efficiency recommendations 
available to market participants to use in their own, independent analyses. 

For each enhancement which is analyzed, PJM will calculate and post on its website 
changes in the following metrics on a zonal and system-wide basis: (i) total energy 

Hybrid transmission upgrades include proposed solutions which encompass modification to reliability-based 
enhancements already included in RTEP that when modified would relieve one or more economic constraints 
Such hybrid upgrades resolve reliability issues but are intentionally designed in a more robust manner to provide 
economic benefits in addition to resolving those reliability issues 
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production costs (fuel costs, variable O&M costs and emissions costs); (ii) total load energy 
payments (zonal load MW times zonal load Locational Marginal Price); (iii) total generator 
revenue from energy production (generator MW times generator Locational Marginal Price); 
(iv) Financial Transmission Right credits (as measured using currently allocated Auction 
Revenue Rights plus additional Auction Revenue Rights made available by the proposed 
acceleration or modification of a planned reliability-based enhancement or expansion or new 
economic-based enhancement or expansion); (v) marginal loss surplus credit; and (vi) total 
capacity costs and load capacity payments under the Reliability Pricing Model construct. 

For each market efficiency project proposed for RTEP, PJM will also post, as soon as 
practical, the following: 

a. Anticipated high-level project schedule and milestone dates 

b Final commitment date after which any change to input factors or drivers will 
not result in transmission project deferral or cancellation. 

After this TEAC meeting, any member of the TEAC can provide written comments within 
sixty (60) days of this meeting. These written comments will consist of three (3) sections: 

Introduction, which will describe the party submitting the comments and 
their reason for submitting these comments 

Summary, which will consist of no more than 3 pages summarizing the 
positions described in the written comments 

Discussion, which will consist o i  1-10 more than 20 pages describing in 
detail the positions taken by the party 

ubm itti rig ~ ~ ~ ~ ~ ~ a ~ i v ~  
Any TEAC member or other entity (consistent with PJM Operafing Agreement Schedule 6 
provisions), may formally submit alternative proposals for evaluation under the Market 
Efficiency analysis at any time, but no later than December 3ISt of each year RPEP cycle 
year in order to be considered in the then-current planning cycle (the RTEP market 
efficiency planning analysis carries over from the RTEP cycle year into the first quarter of 
the following RTEP planning cycle year.) These alternatives will be posted on the PJM 
Website. PJM will consider these alternatives, and establish the Final set of proposals to be 
included in market efficiency analysis. The process of formally submitting proposals is not 
limited to transmission solutions but may also include generation solutions via PJM’s 
established interconnection queue process, or, demand side management and load 
management proposals as well. Alternatively, market projects to relieve congestion can be 
submitted by market participants through the queue process at any time. PJM will evaluate 
these projects under the then current business rules contained in the PJM Tariff and 
Operating Agreement 

Regardless of all proposals considered .- whether proposed by PJM or other parties - PJM 
will establish a “golno-go” decision-point deadline (or final commitment date) after which 
existing RTEP transmission components will not be deferred or cancelled This will provide 
certainly to developers, owners and investors. 
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To assure that projects selected by the PJM Board for Market Efficiency continue to be 
economically beneficial, both the costs and benefits of these projects will periodically be 
reviewed, nominally on an annual basis. Substantive changes in the costs and/or benefits of 
these projects will be reviewed with the TEAC at a subsequent meeting to determine if these 
projects continue to provide measurable economic benefit and should remain in the RTEP. 

For projects with a total cost exceeding $50 million, an independent review of project costs 
and benefits will be performed to assure both consistency of estimating practices across 
PJM and that the scope of the project is consistent with the project as proposed in the 
Market Efficiency analysis. 

sraei 
As per Schedule 6, section 1.5 of the PJM Operating Agreement, PJM is required to 
address operational performance issues and include system enhancements, as may be 
appropriate, to adequately address identified problems. To fulfill this obligation, PJM 
Transmission Planning staff and Operations Planning staff annually review actual operating 
results to assess the need for transmission upgrades that would address identified issues. 
Typical operating areas of interest in these reviews include Transmission Loading Relief 
(TLR) and Post Contingency Local Load Relief Warning (PCLLRW) events. 

The first operational performance issue to be addressed through the RTEP was an upgrade 
of the Wylie Ridge 500/345 ItV transformatioii. The metric applied to designate Wylie Ridge 
an operational performance issue was the TLR metric. This same metric is applied 
consistently across the PJM footprint. 

In addition, PJM has also developed and initiated use of a tool for Probabilistic Risk 
Assessment (PRA) of transmission infrastructure. PJM's 500/230 kV transformer 
infrastructure has been identified as particularly suited for assessment using this tool. PRA 
is further discussed in following sections. 

2.7.1 0 pe ratio sia I 
Events and inetrics considered in the annual operaiional performance reviews are not 
limited to a specifically defined list and will be responsive to events and conditions that may 
arise. In addition, PJM stakeholders may raise operational issues to PJM's attention for 
consideration during the RTEP process through interactions with the Planning, TEAC or 
Subregional RTEP Committees. 

The PJM TLR metric identifies facilities that result in over 1,000 hours or 100 occurrences of 
TLR level 3 or higher on an annual basis. These facilities will be evaluated through the 
RTEP process for system enhancement. 

For PCLLRW events, PJM will review all such events after the conclusion of &he peak 
season. The initiating facilities will be determined and the expected impacts of planned 
RTEP upgrades will be reviewed and the need for additional planned upgrades will he 
evaluated. 

PRA evaluation uses an economic analysis of the cost O F  the investment that mitigates a risk 
and the dollar value of the avoided risk. The mitigation strategy cost, prime rate and 
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payback period are used to determine if the strategy cost is less than the value of risk. 
Projects with lower cost than risk are candidates for the RTEP. 

isk Assessment ~f ktv Transformers 

One significant element of PJM's operational performance reviews involves a risk evaluation 
aimed at anticipating significant transmission loss events. PJM integrates aging 
infrastructure decisions into the ongoing RTEP process: analysis, plan development, 
stakeholder review, PJM Board approval, and implementation, over PJM's entire footprint. 
Thus, the aging infrastructure initiative implements a proactive, PJM-wide approach to 
assess the risk of transmission facility loss and to mitigate operational and market impacts of 
such losses. 

PRA's initial implementation at PJM is a risk management tool employed to reduce the 
potential economic and reliability consequences of transmission system equipment: losses. 
In collaboration with academia, vendors and member TOs, PJM integrated various input 
drivers into a transformer PRA initiative to manage 500/230 kV transformer risk. In the case 
of the 500/230 I<V transformers, risk is the product of the probability of incurring a loss and 
the economic consequence of the loss. Probability of loss is determined based on the 
individual transformer unit's condition assessments and vintage history. Economic loss 
impact is based upon the duration of the loss and the accumulation of unhedgeable 
congestion costs, or the increased cost of running out of merit generation to meet load 
requirements after a transformer loss. If lead times for 500/.230 kV transformer units are as 
great as eighteen months, then outage durations can be long if adequate loss mitigation is 
not in place. The PRA outputs the annual risk io the PJM system of each transformer unit in 
terms of dollars. The annual risk dollars are then used to justify mitigating solutions such as 
redundant bank deployment, proactive replacement or adding spares The deployment 
strategy chosen will depend on the level of risk mitigation and reliability benefit. 

While iniiially developed for aging 5001230 kV transformers, the PRA 'cool is capable of 
assessing other equipment types and other transformer voltage classes. The PRA tool is 
commercially available sohare .  
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.I 
One of the responsibilities of PJM as an RTO is to allocate the cost responsibility for all 
system reinforcement projects including projects required for Customer interconnection 
requests, baseline transmission reliability upgrades and market efficiency upgrades. The 
cost allocation procedures used by PJM for baseline upgrades are described below. Manual 
14A addresses request-driven upgrade cost allocation procedures. 

The PJM Cost Allocation Procedures are presented in two parts: “PJM Generation and 
Transmission Interconnection Cost Allocation Methodologies” discusses the cost allocation 
methodology for projects required for generator and transmission interconnections in 
Manual 14A and: “Schedule 12 Cost Allocation Process for Baseline Transmission 
Reliability and Market Efficiency Upgrades” describes the cost allocation process for 
baseline transmission reliability and market efficiency upgrade project requirements. 

88 

In addition to allocating the costs of interconnection projects (described above), PJM is 
responsible, under Schedule 6 of the Operating Agreement and Schedule 12 of the Tariff, 
for determining the cost allocation of all RTEP upgrades and submitting them to the PJM 
Board for approval. Allocation of transmission upgrades for reliability is cost-causation 
based. With respect to reliability, the determination of benefit is based on the elimination of 
a reliability criteria violation. The parties causing the violation are the parties that benefit 
through the elimination of the violation and the quantification of the benefit is based on the 
relative contribution to the violation being eliminated. Accordingly, each cost allocation 
calculation is based on the particular assumptions used to determine whether or not a 
violation exists of a particular criterion. 

A.3.9 
PJM’s allocation of cost responsibility for RTEP reliability baseline upgrades in accordance 
with these provisions is based on cost causation. The market participants (typically load) 
that create the circumstances that would constitute a violation of reliability criteria are those 
that will benefit from elimination of that violation. Therefore, the quantification of the relative 
benefits of eliminating the violation, and thus the quantification of relative responsibility for 
the cost of the system upgrade(s) needed to remove the violation, is based on the relevant 
market participants’ relative contribution to the violation to be eliminated. 

The planning (modeling) assumptions associated with each reliability criterion in PJM are 
highly prescriptive, such that discretion cannot be applied to manipulate the determination 
that a violation does or does not exist. The reliability criteria and the associated modeling 
rules were established in this way specifically to ensure consistency of application and 
ability to replicate results. 111 this way, once i t  is determined that an applicable criterion has 
been violated, it is a simple matter to determine the extent to which load within each 
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transmission zone contributes to that violation. That relative contribution then establishes 
the appropriate, proportional allocation to each zone of the costs required to remove t,he 
violation. 

To the extent that a criteria violation is based on the thermal limits of a transmission facility, 
the cost allocation is based directly on the relative contribution of the load in each zone to 
the flow on that facility. For criteria violations based on voltage criteria, thermal surrogates 
are determined, such that the flow on a transmission facility or group of facilities best 
correlates to the reactive performance of the system at the point, of the criteria violation. The 
same approach described above is then utilized to simulate incremental flows on the limiting 
facilities, Le., the thermal surrogate that best correlates to the violation. Accordingly, the cost 
allocation for the solution to the voltage criteria violation is, again, based on the relative 
contribution of load in each zone to flow on the limiting facility, in these cases, Ihe thermal 
surrogates. 

Under this approach to cost allocation, it is entirely possible, and certainly consistent wi‘rh 
the philosophy of assessing relative cost-causation, that the costs of upgrades that are 
required to mitigate criteria violat,ions in one transmission zone may be allocated in 
significant part to load in other transmission zones. While many required transmission 
upgrades are allocated entirely to load wit.hin the same zone where the criteria violat,ion and 
the related upgrade are located, the nature of large, integrated transmission systems like the 
PJM system is such that the needs of one area can cause or contribute to problems in other 
areas. The planning process identifies the most effective solutions to criteria violations 
without regard to the location of the load that causes such violations. Therefore, 
responsibility for the costs of baseline upgrades likewise must be allocated to those who 
cause such costs to be incurred, regardless of their physical location relative to the location 
of the baseline upgrade required to ensure the reliabilit,y of their service. 

The basic steps for calculating the cost allocations for baseline upgrades can be 
summarized as follows: 

Generator Deliverability and NERC Category C Load Flow Violations 

Calculate the Distribution Factor (DFAX), where DFAX represents a measure of the effect of 
each zone’s load on the transmission constraint that requires the rnifigating upgrade, as 
determined by power flow analysis. The source used for the DFAX calculation is the 
aggregate of all PJM generation and the sink is each Transmission Owners peak zonal load. 

Mukiply each DFAX by each zonal load to determine the zone’s MW impact on the .facility 
that requires upgrading. 

Divide MW impact for each zone by sum of all MW impacts to yield baseline cost allocation 
factors. 

Load Deliverabilitv Violations 

Calculate the Distribution Factor (DFAX), where DFAX represenb a measure of the effect of  
each zone’s load on the transmission constraint that requires the mitigating upgrade, as 
determined by power flow analysis. The soiirce used for the DFAX calculation is the 
aggregate of all generation external t,o the study area and the sink is the peak zonal load for 
each Transmission Owner within the study area. 

Multiply each DFAX by each zonal toad %o determine the zone’s MW impact on the facility 
that requires upgrading. 
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AE 

0.27% 

2995 

Divide MW impact for each zone by slim of all MW impacts to yield baseline cost allocation 
factors. 

Market ERciencv Allocation 

[As of the effective date of this Revision I 2  of Manual 14B, the cost allocation method for 
transmission upgrades is currently being debated at the FERC and is yet to be determined 
Neither the RPPWG nor Planning Committee are recommending or endorsing any cost 
allocation method, pending the outcome of the proceedings at the FERC.] 

The dollar benefit in all zones with affected load is summed and the final allocation is the 
zonal dollar benefit divided by the total dollar benefit. 

aseline Cost ABlocatiora 

In order to explain the derivation of baseline cost allocation factors, PJM offers the following 
representative example based on Upgrade K b0174, an upgrade to the Portland .- 
Greystone 230 Id/ circuit. 

JCPl 

2.42% 

6713 

Cost Allocation Procedure 

1 I Calculation of Distribution Factors 
(DFAX), representing a measure of the 
impact of each zone’s load on the constraint 
requiring the mitigating upgrade in the first 
place, as determined by power flow 
analysis. 

2. Transmission Owner Load (MW) 

3. Calculate MW impact (MW) of each TO 
zone by multiplying DFAX by TO Load. 

Neptune 

3.57% 

685 

4. Total MW Impacts (MW) across zones 

PSE8G WECO 

2.76% 3.02% 

10760 445 

5. Calculate cost allocation factors by 
dividing each zone’s MW Impact by the 
Total MW Impact across all zones. (Values 
rounded) 

8.09 1 162.45 
I 
505.4? 

24.45 1 296.98 1 13.44 

1.00% 1 32.00% I 5.00% 1 59.00% 1 3.00% 
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ment I 
The purpose of the Regional Transmission Expansion Plan (RTEP) is to develop plans 
which will assure reliability and meet the demands for firm transmission service in the PJM 
Region as described in Schedule 6 of the Operating Agreement. 

e 
As part of its ongoing responsibility, PJM Interconnection, LLC (PJM) will prepare a Regional 
Transmission Expansion Plan (RTEP) which shall consolidate the transmission needs of the 
region into a single plan. The RTEP shall reflect transmission enhancements and 
expansions, load and capacity forecasts, and generation additions and retirements for the 
ensuing five years. The RTEP shall also reflect new transmission construction and right-of- 
way acquisition required to support load growth in years 6 through 15. 

The RTEP will: 

A. Provide a 5-year plan (“near term plan”) to address needs for which a commitment 
to expand or enhance the transmission system must be made in the near term in 
order to meet scheduled in service dates. 

B. PJM will develop the necessary documentation of previous year’s RTEP analyses 
and updates to demonstrate compliance with applicable criteria. Such 
documentation may include the most recent Baseline study for each year in the 
near-term planning horizon (current year through current year plus 5,) annual 
changes to each year’s baseline study assumptioixs for generation, transmission 
and load compared to the current year’s assumptions for each respective study 
year, and retool studies to evaluate and ensure compliance with applicable 
standards and criteria for significant changes proposed to the system 
(Interconnection and New Service Requests.) The need for additional baseline 
retools will be considered and any needed restudy will be performed and reported. 

C. Provide a 15-year plan (“long term plan”) to address new transmission construction 
and right-of-way acquisition. System evaluations will be performed to: 

Identify overloads 230 IN and above due to load growth for years 6 
through 15 This will be completed using DC analysis only. 

Include in the RTEP any new 230 ftV or 345 I<V circuits identified as 
required to support load growth in years 6 through 8. 

Include in the RTEP any right-of-way acquisition required for any new 230 
I<V or 34-5 I N  circuits identified as required to support load growth in years 
9 and I O .  

Include in the RTEP any new circuits 500 kV or greater identified as 
required .to support load growth in years 6 through 12. 
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D. 

E. 

F. 

G. 

H. 

I "  

J. 

I<. 

L. 

M. 

N. 

Include in the RTEP any right-of-way acquisition required for any new 
circuits 500 kV or greater identified as required to support load growth in 
years 13 through 15. 

Include reactive planning to determine if any new transmission identified in the 15- 
year plan should be accelerated to mitigate identified voltage criteria violations. 
Additional details for the reactive planning follow: 

a Development of a 10-year RTEP base case that will include Transmission 
Owner reactive plans. 

The long term plan voltage analysis will be performed using contingencies 
345 kV and greater and monitoring substation voltages 345 kV and 
greater. Analysis of lower voltage systems will be completed on an 
exception basis only. 

Voltage analysis will be performed for areas where PJM identified thermal 
problems in years 6 through 15 or other areas as identified by PJM. 

Based on the results of the voltage analysis, PJM will recommend 
appropriate modifications to the RTEP through the Transmission 
Expansion Advisory Committee. 

Provide an assessment based on maintaining the PJM region's reliability in an 
economic manner. 

Avoid any unnecessary duplication of facilities. 

Avoid the imposition of unreasonable costs on any Interconnected Transmission 
Owner (ITO) or any user of transmission facilities. 

Take into account the legal and contractual rights and obligations of the 
Interconnected Transmission Owners. 

Provide, if appropriate, alternative means for meeting transmission needs in the 
PJM Region. 

Provide for coordination with existing transmission systems and with appropriate 
interregional and local expansion plans. 

Include a designation ofthe Interconnected Transmission Owner or Owners or other 
entity that will own a transmission facility and how all reasonably incurred costs are 
to be recovered. 

Identify local system limitations discovered in analyzing the Transmission System. 

Include Scenario Planning evaluations beginning in mid-2006. Scenario Planning 
examines the long-term impacts on the reliability of the PJM system from 
uncertainty with respect to certain assumptions implicit in the development of the 
RTEP. PJM will examine the effects of uncertainty with respect to selected variables 
such as economic growth effect on the Load Forecast, Circulating transmission flow 
effecis on system deliverability and generation scaling sensitivities. 

Include Probabilistic Risk Assessment (PRA) of Aging Transmission System 
Infrastructure beginning in 4Q, 2006. PRA is employed to mitigate transformer risk 
on the bulk power system The consequences of a failure, both reliability and 
economic impacts, are then considered to implement, when appropriate, a 
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proactive, PJM-wide approach to mitigate operational and market impacts to such 
failures. 

The RTEP will not: 

A. Include an evaluation of Transmission Owner transmission expansion or 
enhancement plans for local area load supply, which are not needed for reliability, 
market efficiency or operational effectiveness of the Transmission System and do 
not otherwise negatively impact the Transmission System. These Transmission 
Owner projects (Supplemental Projects) will be identified in the RTEP for 
information purposes and tracked for possible future impact implications. 

B. Include any upgrades based solely on scaling up of generation to solve load flow 
studies for years G through 15. 

I. Solicit input and coordinate with Transmission Expansion Advisory Cominittee (TEAC) 
and, as appropriate, TEA& Subregional RTEP Committee. 

A. 

B. 

C. 

D. 

E. 

Present the preliminary results of the most recent, applicable NERC regional 
reliability council (ReliabilityFirsl and SERC) Reliability Assessments and the most 
recent PJM Regional Transmission Expansion Plan (RTEP). 

Present a sunimary of the transmission expansion or enhancement needs that will 
be addressed in the RTEP. 

Provide periodic updates to the TEAC on status of the RTEP. 

Solicit input on future transmission needs and requirements horn those who will not 
be contacted directly as listed below. 

Schedule and facilitate Subregional RTEP committee reviews as may he needed to 
foster the goal of a transparent and participatory planning process. 

11. Identify known Transmission System expansion or enhancement needs from the 
following plans and analysis results: 

A. Most recent, applicable Reliability Assessments (ReliabilityFirst and SERC) -- (on 
PJ M website) 

B. Most recent PJM Annual Report on Operations - (on PJM website) 

C. PJM Load Serving Entity (LSE) capacity plans 

D. Generator and Transmission Interconnection requests 

E. Transmission Owner transmission plans 

F. Interregional transmission plans. 

G. Firm Transmission Service Requests 

H. PJM Transmission Expansion Advisory Committee (TEAC) and Subregional RTEP 
Committee input 

I _  PJM Development of Economic Transmission Enhancements 
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Ill. 

IV. 

V. 

PJM will consider the RTEP impacts of each Generation Interconnection Customer 
(“GIC”) and/or Transmission Interconnection Customer that is currently engaged in 
discussion with PJM concerning plans for siting generating and/or transmission 
facilities. 

Typical items to be included are as follows: 

A. GIC and/or Merchant Transmission Facilities developer project status, schedule, 
and milestones. 

B. PJM will review the status of studies currently being performed or scheduled to be 
performed by PJM for the GIC and/or Merchant Transmission Facilities developer. 

GIC and/or Merchant Transmission Facilities developer plans will be included in the 
RTEP based on the following criteria: 

A. 

B. 

C. 

D. 

E. 

Developer must: be presently engaged in discussion with PJM concerning their plans 
for siting generating and/or transmission facilities and actively pursuing those plans. 
Interconnection Studies in response to requests for Generator and/or Transmission 
Interconnections will be conducted in accordance with the following scope: 

Identify transmission enhancements required to meet reliability 
requirements over the next 5 years. 

No studies will he conducted beyond 5 years for interconnection projects. 

“But-for” costs will be applicable toward all system upgrades identified in 
the RTEP Baseline. 

GIC and/or Merchant Transmission Facilities developer plans will be treated equal 
to LSE plans submitted via EIA 41 I in that they will be explicitly modeled and 
explicitly included in the RTEP report. 

GIC and/or Merchant Transmission Facilities developer plans, which have not been 
released publicly, will be masked to the greatest extent possible to preserve the 
confidentiality of the developer’s identity and specific site location(s). 

GIC and/or Merchant Transmission Facilities developer plans, which were 
developed as a result of a PJM feasibility study or are being developed in 
conjunction with a PJM feasibility study being performed concurrent with the RPEP 
process, will be evaluated explicitly during the RTEP. 

GIC and/or Merchant Transmission Facilities developer plans which have not 
undergone a PJM feasibility study or are not actively being developed as a result of 
an agreement executed with PJM to perform a feasibility study concurrent with the 
RTEP process, will only be considered to the extent that the GIC generator 
installation or Merchant Transmission Facilities developer facility may aifect the 
sensitivity of transmission enhancement or expansion alternatives which are being 
evaluated. 

PJM will exchange information and data with each Transmission Owner (TO) for the 
purpose of developing RTEP assumptions in preparation for the Subregional RTEP 
Committee assurnptions meeting. Typical items to be included are as follows: 

A. TOs will verify their transmission and capacity plans. 
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B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

TOs and PJM will discuss the status, impact, and schedule of relevant studies in 
which they are mutually engaged in performing. 

TOs will provide information concerning the contractual rights and obligations which 
PJM must consider per the RTEP protocol as listed in Schedule 6 of the PJM 
Operating Agreement. 

TOs will provide PJM with any information related to concerns, operating 
procedures, or special conditions for each of the TO’s systems that PJM should 
consider related to the analysis to be performed for the RTEP. 

TOs will discuss the accuracy of PJM’s load flow representation for each of the TO’s 
systems including the impact of using the present representation for each of the 
TO’s underlying systems. 

TOs will identify system needs which are currently not identified by published 
transmission plans but could be included for consideration during the RTEP 
analysis. 

TOs will provide the names, addresses, telephone numbers, FAX number, and 
email address for personnel identified to interact with PJM on matters dealing with 
the RTEP process. 

TOs will provide a confidentiality statement regarding all information released to the 
TO by PJM during the course of the RTEP process. 

TOs will provide information on new loads or changing loads that will impact the 
transmission plan. 

VI. 

VI I 

PJM will include available information from neighboring TOs / Regional Transmission 
Operators, gained in the course of interregional planning activities, related to plans in 
other regions which may impact the PJM RTEP. 

RTEP Analysis General Assumptions: 

A. 

B. 

C. 

D. 

E. 

I=. 

G. 

PJM System Models will be drawn from the PJM and applicable regional reliability 
council (ReliabilityFhl and SERC) central planning database which includes 
transmission plans consistent with the most recent FERC 715 Report and most 
recent Regional EIA-4-11 Reports. 

LSE capacity models are to be based on the most recent Regional EIA-41 1 Reports. 

GIC capacity plans will be modeled as described in Procedures Ill and IV. 

When the PJM load in the RTEP model exceeds the sum ofthe available in-service 
generafion plus generation with an executed ISA, PJM will model new generation to 
accommodate additional load growth by including queued generation that has 
received an Impact Study. 

PJM Load Forecasts are to be based on the most recent [.AS Report. 

Power Flow models for world load, capacity, and topology will be  based on the most 
recent Eastern Reliability Assessment Group (ERAG) power flow base cases. 

Generation outage rates will be based on the most recent generator unavailability 
data available to PJM. Estimates, based on historical outage rates for similar in- 
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H. 

I, 

J. 

K. 
L. 

M. 

N. 

0. 

P. 

Q. 

R. 

service units, will be used for all generating units in the neighboring regions and for 
all future PJM units. 

Firm sales to, and firm purchases from, regions external to PJM will be modeled 
consistent with the ERAG base interchange schedule. 

Only PJM’s share of generation will be modeled to serve PJM load. Generation 
located within PJM, but not committed to PJM, will be accounted for in the 
interchange schedule. 

The Reliability Principles and Standards as shown on AMachment D to this Manual 
148, “PJM Reliability Planning Criteria.” 

Stability analysis and short circuit studies will also be performed. 

All PJM Transmission System facilities 100 IcV and greater, and all tie lines to 
neighboring systems will be monitored. 

Contingency analysis will include all facilities operated by PJM. 

The published line and transformer thermal ratings at ambient temperatures of 50°F 
(10°C) winter and 95°F (35°C) summer will be used for all facilities. 

The voltage limits applied for planning purposes will be the same as applied in PJM 
Operations. 

PSKonEd PAR Flows: Model a I OOOMW import at Waldwiclc and ‘I OOOMW Export 
at Goethals and Farragut with Ramapo PARS controlling 920 MW to NYPP. Except, 
for load deliverahility testing, the export to ConEd at Goethals and Farragut may be 
decreased to 600 MW to represent a 400 MW emergency PJM purchase from NY 
for the capacity deficiency conditions being modeled. Likewise, the Ramapo setting 
is changed to 1000 MW into New Jersey. 

Assumptions used for the economic analysis and comparison of alternatives will be 
included in the report. 

Planning and Markets will, annually based on historical data, develop a circulation 
model to be applied to the 5 year RTEP base case. This assumption will be 
reviewed with the PJM Planning Committee prior to implementation. 

Vlll. Evaluate Transmission enhancement and expansion alternatives and develop a 
coordinated Regional Transmission Expansion Plan. 

A. Develop solution alternatives for regional and subregional transmission needs. 

€3. Evaluate solutions on a regional basis and optimize solutions to address needs on a 
coordinated regional basis in a single plan. 

C. Test the single regional plan for reliability, economy, flexibility, and operational 
performance based on forecasts for future years. 

IX. RTEP Deliverables 

A. A 5-year plan, which includes recommended regional transmission enhancements, 
including alternatives if applicable, that address the transmission needs for which 
commitments need to be made in the near term in order to meet scheduled in- 
service dates. 
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B. 

C. 

D. 

The 5-year plan will include planning level cost estimates and construction 
schedules. 
The 5-year plan will specify the level of budget commitments which must: be made in 
order to meet scheduled in-service dates. The commitment may include facility 
engineering and design, siting and permitting of facilities, or arrangements to 
construct transmission enhancements or expansions. 
The 15-year plan will identify new transmission construction and right-of.-way 
acquisition requirements to support load growth. 

in 
Beginning in mid-2006, PJM will include scenario planning evaluations a s  part of the RTEP 
process. Scenario planning examines the long-term impacts on t h e  reliability of the PJM 
system due to uncertainty with respect to certain assumptions implicit in the development of 
t h e  RTEP. PJM will examine the  effects of uncertainty with respect: to selected variables 
such a s  economic growth effect on the load forecast, circulating transmission flow effects on 
system deliverability and generation sensitivities. In t h e  course of the RTEP planning cycle 
scenario planning will evaluate Transmission System requirements, a s  may be  necessary to 
ensure the robustness of the RTEP. The following sensitivities will be considered: 
I .  

1 1 .  

I l l .  

Load forecast for economic growth 
The current 90/10 load values only account for weather uncertainty and do not consider 
economic, growth deviations. An economic growth sensitivity may consider the effects of 
high economic growth factors and higher than forecast loads to determine the impact on 
RTEP baseline upgrades identified for years 6 through 10 for: 

Eastern PJM Mid-Atlantic Region (PSE&G, JCP&L, PECO, Delmarva, A€ 
and RECO). 
Southwestern PJM Mid-Atlantic Region (PEPCO and BG8rE). 
Western PJM Mid-Atlantic Region (MetEd, PPL, UGI and Penelec). 
PJM Western Region (ComEd, AEP, Dayton, Duquesne and AP). 

a PJM Southern Region (Dominion). 

System upgrades identified as required in years 6 through I O  may be advanced if the 
initiating overload occurs in an earlier year d u e  to t h e  high economic growth factor 
scenario. 
Circulation 
Circulation assumptions included in the RTEP baseline analysis will be reviewed for 
appropriate sensitivities. 
Generation sensitivities 
When t h e  PJM load in the RTEP model exceeds the s u m  of the available in-service 
generation plus generation with an executed ISA, PJM will model new generation to 
accommodate additional load growth by including queued generation that has received 
an Impact Study. This newly added generation could affecl t h e  load deliverability results 
either by advancing or mifigating limits. Generation sensitivities may be  examined as 
appropriate to add information regarding the impacts of any such generators with less 
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certain in-service dates. In addition, in areas that are experiencing load deliverability 
issues, sensitivities to the mitigating effects of new local generation may also be 
quantified. 

PJM will analyze the results of any generation sensitivities for consideration of 
adjustments to any new transmission or ROW acquisition previously identified in the 
RTEP for years 6 through 15. 

For any overloads that resulted in transmission or ROW acquisition in years 6 through 
15, PJM will provide the level of new generation or DSM per region that would eliminate 
the need for the transmission or ROW acquisition. 

IV. Additional Information 

PJM 0 20 1 1 
Revision 19, Effective Date. 09/15/2011 

46 



KPSC Case No 20 1 1-00295 
1st Set of Questions of Accion Consultant 
Dated October 2,201 1 
Item No 7 
Attachment 2 
Page 52 of 148 

Manual 14B PJM Region Transmission Planning Process 
- Attachment C PJM Deliverability Testing Methods 

.I I 
Schedule I O  of the PJM Reliability Assurance Agreement states that Capacity Resources 
must be deliverable, consistent with a loss of load expectation as specified by the Reliability 
Principles and Standards, to the total system load, including portion(s) of the system in the 
PJM Control Area that may have a capacity deficiency at: any time. Certification of 
deliverability means that the physical capability of the transmission network has been tested 
by the Office of the Interconnection and found to provide service consistent with the 
assessment of transfer capability internal to PJM as set forth in the PJM Tariff and, for 
Capacity Resources owned or contracted for by a Load Serving Entity, that the Load 
Serving Entity has obtained Network Transmission Service or Firm Point-to-Point 
Transmission Service to have capacity delivered on a firm basis under specified terms and 
conditions. 

PJM determines the Capacity Requirement for the entire PJM footprint to achieve this 
reliability objective assuming sufficient network transfer capability will exist. The energy from 
generating facilities that are ultimately committed to meet this capacity requirement must be 
deliverable to wherever they are needed within PJM in a capacity emergency. Therefore, 
there must be sufficient transmission network transfer capability within PJM. PJM 
determines sufficiency of network transfer capability through a series of Deliverability tests. 

It is important to point out that deliverability ensures that the PJM Transmission System is 
adequate for delivery of energy from the aggregate of capacity resources to the aggregate 
of PJM load. Additionally, the generator deliverability test determines whether a generator 
qualifies for the status of a "certified" capacity resource with respect to the installed capacity 
obligations imposed under the Reliability Assurance Agreement. It does not guarantee any 
rights to specific generators to deliver energy to specific loads within PJM. Nor does i5 
guarantee any rights to generators to produce energy during any particular set of 
operational circumstances. Deliverability ensures that the Transmission System within PJM 
can be operated within applicable Reliability Criteria and, ensures within those criteria that 
regional load will receive energy, with no guarantee as to price, from the aggregate of 
capacity resources available to PJM. 

Failure of the deliverability 'rest for a new capacity resource will result in denial of full 
capaciiy rights for the generator until such generator deliverability deficiencies are corrected 
Failure of load deliverability tests will result in the initiation of appropriate imitigation aciions 
including securing additional capacity resources, reduction of peak load and/or an 
enhancement to the Transmission System to increase the load area's ability to import 
power. 

6.2 ~~~~~~~~~~ i 88 
To maintain reliability in a competitive capacity market, capacity resources must contribute 
to the deliverability of energy within PJM in two ways. First, within an area experiencing a 
localized capacity emergency, or deficiency, energy must be deliverable from the aggregate 
of the available capacity resources to load. Second, capacity resources within a given 
electrical area must, in aggregate, be able to be exporied to other areas of PJM. PJM has 
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developed testing methodologies to verify compliance with each of these deliverability 
requirements. 

ie 
The first of these tests, the delivery of energy from the aggregate of available capacity 
resources in one PJM electrical area and adjacent non--PJM areas (support from external 
areas may be considered to meet deliverability to the extent such support may be 
reasonably expected) to another PJM electrical area experiencing a capacity deficiency, is 
the more common deliverability test that has been utilized within PJM for some time. It is 
often discussed in the context of demonstrating the "deliverability to the load" as opposed to 
the "deliverability of individual generation resources". This ensures that, within accepted 
probabilities, energy can be delivered to each PJM load area from the aggregate of capacity 
resources available to PJM (regardless of ownership). These tests address reliability only 
and do not address the economic performance of "rhe system. 

For the adequacy of generating capacity of the entire PJM footprint, the acceptable loss of 
load expectation (LOLE) is based on load exceeding available capacity, on average, during 
only one occurrence in ten years (l/lO). This concept of deliverability coincides with the 
assumptions inherent in the determination of the PJM Installed Reserve Margin (IRM), i.e. 
the total amount of installed capacity necessary to be at the disposal of the PJM operator t,o 
ensure delivery of energy to load consistent with an LOLE of 1/10. The determination of the 
IRM is based on the assumption that the delivery of energy from the aggregate of available 
capacity resources to load within the PJM footprint will not be limited by transmission 
capability. This assumption depends on the existence of a balance between the distribution 
of generation throughout PJM and the strength of the Transmission System to deliver 
energy to portions of PJM experiencing capacity deficiencies. 

The specific procedures utilized to test deliverability from the load perspective involve the 
calculation of Capacity Emergency Transfer Objectives (CETO) and Capacity Emergency 
Transfer Limits (CETL) for the various electrical areas of PJM. A CETO value represents the 
amount of energy that a given area must be able to import in order to remain within an LOLE 
of 1 event in 25 years (1/25) when that area is experiencing a localized capacity emergency. 
The LOLE calculation takes into account all generation within the study area including that 
which may not be a PJM capacity resource. The CETL represents the actual ability of the 
Transmission System to support deliveries of energy to an electrical area experiencing such 
a capacity emergency. Providing that the CETL for a given area exceeds the CETO for that 
area, the test is passed and, on a probabilistic level, the area will be able to import sufficient 
energy during emergencies. The Transmission System is tested at a LOLE of 1/25 so that 
.the transmission risk does not appreciably diminish the overall target of a 1/10 LOLE for 
PJM. 

To ,test the assumptions used in the development of the PJM Installed Reserve Margin, 
electrically cohesive load areas must first be defined. The historical implementation of this 
test based these areas on Transmission Owner service territories and larger geographical 
zones comprised OF a number of those service territories. Current study areas include the 
definition of smaller areas, within service territory boundaries. These areas, known as 
Locationial deliverability Areas (LDSs) were defined based on the impact of generators, 
po.tentially within the area and on the contingencies known to limit operations in the area. 
Siinilar techniques may be used to form future new areas to establish incentives For 
infrastructure that promotes reliability. 
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PJM will analyze the need for the addition of an LDA if either of the following criteria is met: 

RTEP Market Efficiency Analysis 

Constrained facilities will be identified utilizing the market efficiency analysis. Facility 
constraints that are not resolved by an existing approved RTEP upgrade are identified for 
further consideration. PJM may propose a new LDA when annual market efficiency analysis 
identifies persistent congestion on a 500 kV or above facility or interface for multiple years 
beyond the next BRA. 

RTEP Long Term Planning 

Future constrained facilities or clusters of facilities are identified utilizing the long term 
planning analysis. Potential facilities are screened using thresholds that are utilized in the 
RTEP long-term planning studies. This analysis is updated annually based on approved 
RTEP upgrades. 500 kV and above facilities that advance more than three years between 
RTEP cycles are identified for further consideration. If the driver for a 500 kV facilily 
advancing more than three years is linked to a specific event (e.g. significant generation 
retirement), it may require further analysis. 

Once a facility has been identified utilizing the above methods, distribution factor analysis is 
utilized to determine the specific busses included in the analyzed LDA. The model used to 
determine the load bus distribution factors would include all approved RTEP upgrades. A 
distribution factor cutoff is established based on one of the existing LDA's, and is dependent 
upon an analysis of the specific system topology and the identified constrained facilitiy(s). 

These procedures are consistent with the changing nature of load responsibility under 
wholesale and retail access and provide a wider range of information about the performance 
of the Transmission System as electrical areas of different sizes are evaluated. The 
sequence of evaluating areas of differing size involves nesting small sub-areas into larger 
areas and finally areas into larger geographical areas of PJM to help identify the 
interrelationships between local and large geographical area deliverability problems. 

After an area is defined, two generation patterns must be established. The first represents 
the capacity resource deficiency within the area. Based on the calculated CETO for the 
area, sufficient resources must be removed from service to create a need to import energy 
into the area. As the magnitude of the deficiency is adjusted, single contingency analysis is 
used to establish the CETL value. The second generation pattern required represents the 
dispatch of the remainder of PJM and surrounding non-PJM areas, comprised of a much 
larger number of generators no'c experiencing any emergency conditions. The larger area in 
PJM is modeled as experiencing only normal levels of unit outages simulated through a 
uniform reduction of all on-line generation. The reduction is based on an average Equivalent 
Forced Outage Rate (EFORd) as lhat term is defined by NERC standards 
(http://www.nerc.com/paqe.php?cid=414314~) for PJM capacity resources. 

Thermal studies to determine potential overload conditions are evaluated using a 
probabilistic approach whereby up to 10,000 different generation outage scenarios within 
the study area are simulated to determine an expected value for the various iacility loading 
levels under test at the CETO. Voltage analysis uses a combination of discrete generator 
outages and scaled generator output under test at the CETO 
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ei 

The Capacity Emergency Transfer Objective (CETO) analysis determines a target MW 
import value for a test area that ensures sufficient transmission capability to access 
available external capacity reserves. The import value determined is a measure of the 
transmission capability required by the test area so that the area does not experience a 
modeled, transmission induced loss of load event more frequently, on average, than 1 in 25 
years. This test ensures comparability of transmission service to all areas within the PJM 
Region. 

The CETO for each sub-area in PJM is determined separately using PJM’s reliability 
software to perform a single area reliability study for each load area. The system models are 
based on the latest RTEP load and capacity data available at the time of the study. Only the 
load and capacity within the study area are modeled while the capacity supply from outside 
the study area is assumed unlimited. The transmission system is not modeled. The CETO is 
the import capability value that is necessary for the study area to achieve the CETO 
reliability standard. The CETO reliability standard is one event in 25 years. 

More detail is available by referring to PJM Manual 20 - Resource Adequacy Analysis at 
http://www.pim.com/documents/manuals.aspx 

‘1.8 IrP$YOdUCtiion 

PJM specifies a reliability objective regarding each study area’s ability to import needed and 
available capacity assistance. The purpose of performing a Capacity Emergency Transfer 
Objective/Limit Study (CETO/CETL) also known as a Load Deliverability study is to verify 
that this objective is met. Load Deliverability analysis is therefore one of the tests applied to 
validate the deliverability of PJM capacity resources to PJM load. Load Deliverability 
analysis is performed for a study area. At: present, load deliverability study areas consist of 
individual zones, sub-zones and the geographical combinations of zones. Eighteen zones 
and sub-zones have thus far been identified. The zones correspond to the present power 
flow areas of the PJM opera’ting companies. Five global study areas which are geographical 
combinations of power flow zones have thus far been idenlified 

The goal of a PJM Load Deliverability study is to establish the amount of emergency power 
that can be reliably iransferred to the study area from Ihe remainder of PJM and the areas 
adjacent to PJM in the event of a generation deficiency within the study area (the study 
area’s CETL). This transfer limit, in combination with its corresponding CETO, is then used 
to determine if ‘the import capability required to meet the reliability objective is sufficient. An 
indicator of the amount: O F  reserve transfer capacity (if any) available is also provided. 
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3.0 General Procedures and A§§UPnption§ 

3.1 Independent Study Area Generation Capacity Deficiency 

For the purposes of analysis, each tested study area within the PJM control area is 
assumed to be experiencing a generation deficiency independently. Thus, the remainder of 
PJM and adjacent nan-PJM areas are operating normally and are assumed to be able to 
supply the study area with emergency power up to the limit of their available reserves. Load 
in all other areas beyond the area under test will be modeled at 50/50 load level reduced by 
forecast energy efficiency. The amount of reserves considered available from any adjacent 
non-PJM area may be changed to reflect historical data. Generally the procedure first tests 
the limit based on PJM reserves. The resource supply is opened to areas external to PJM as 
necessary, based on a reasonable expectation of such external support. 

3.2 Consistency with PJM Emergency Operations Procedures 

In all cases, the study area CETL analysis should reflect actual PJM emergency operations 
procedures designed to make as much power available to the deficient study area as 
possible under the prevailing system conditions. This should include (but is not limited to): 

The operation of any available PJM generation regardless of system 
economics. 

The activation of any PJM Load Management (LM) schemes that may 
serve to unload limiting facilities to the edent that it does not reduce the 
load in Ihe area under test below expected 50/50 load reduced by 
forecast energy efficiency levels. 

The modification of any transfers modeled in the base case. 

The adjustment of any Phase Angle Regulators (PARS) which PJM or 
PJM member companies control (within existing agreements for 
emergency operation). 

The activation of any approved PJM or PJM member company operating 
procedure (procedure descriptions are available in Manual 3.) 

Re-dispatch of capacity resources in PJM are allowed internal to the 
study area to relieve an overload provided that the CETO is increased by 
the amount of generation re-dispatch required to eliminate the internal 
overload 

3.3 Study Area Definitions-Zonal and Global 

A study area may consist of a single PJM transmission owner's lransmission system (230 
kV and below for the Mid-Atlantic system) with its connected load and generation. In this 
case, the study area is referred to as a Zonal study area. A study area may also consist of a 
geographical combination of various transmission systems (with all connected load and 
g enerali o n) sharing co m m o n b u I IC fa c es for importing power. For this combination type of 
study area, a Global CETL analysis will be performed in which all load and generation in the 
area will be modeled internal to the study area Assessment of both Global and Zonal Load 
Deliverability analyses will identify the most restrictive emergency import margins with 
respect to reliability criteria and deliverability of capacity resources 

al CETL Study Areas 
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Eastern Mid-Atlantic Area - Comprises all load and generation connected 500 ItV and lower 
in PECO, PSE&G, JCP&L, Delmarva, AE, and RECO. 

Southern Mid-Atlantic Area - Comprises all load and generation connected 500 kV and 
lower in BG&E and PEPCO. 

Western Mid-Atlantic Area -- Comprises all load and generation connected 500 kV and lower 
in Penelec, Met-Ed and PP&L. 

Mid-Atlantic Region - Comprises all load and generation connected 500 I<V and lower in 
Penelec, Met-Ed, PP&L, BG&E, PEPCO, PECO, PSE&G, JCP&L, Delmarva, AE and 
RECO. 

Western Region - Comprises all load and generation connected 765 kV and lower in 
ComEd, ATSI, AEP, Dayton, Duquesne and AP. Note that CPP is within the ATSI 
transmission Zone. 

TL Study Areas 
Penelec - All load and generation connected at 230 kV and below. 

AP -All load and generation connected at 500 lev and below. 

ATSI -All load and generation connected at 3451<V and below. 

Met-Ed - All load and generation connected at 230 IcV and below 

PP&L - All load and generation connected ai- 230 kV and below. 

BG&E - All load and generation connected at 230 kV and below. 

PEPCO - All load and generation connected at 230 kV and below. 

JCP&L - All load and generation connected at 230 lev and below. 

PECO - All load and generation connected ai- 230 kV and below 

AE - All load and generation connected at 230 ItV and below. 

PSE&G -Al l  load and generation connected at 230 kV and below. 

Delmarva - All load and generation connected at 230 I<V and below 

ComEd - All load and generation connected at 765 IcV and below. 

AEP - All load and generation connected at 765 kV and below. 

Dayton - All load and generation connected at 345 kV and below 

Duquesne - All load and generation connected at 345 ItV and below. 

Dominion - All load and generation connected at 500 ItV and below. 

Delmarva South - All load and generation connected at 230 IcV and below as defined in 
Figure E-I. 

PSE&G Norih - All load and generation connected at 230 IcV and below as defined in Figure 
E-2. 
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4.0 Base Case Development 

Two separate base case models are developed as may be necessary; a PJM summer peak 
case to study summer-peaking study areas and a PJM winter peak case to study winter- 
peaking study areas (The need for a winter case is assessed annually. Currently the only 
PJM winter peaking area has summer and winter peaks sufficiently close to enable the 
analysis on only a summer peak case). The RTEP load flow case nearest to t,he study time 
period should be selected and modified as required (modeling the projected load, 
generation, and transmission system configuration for the target study period). 

To calculate plausible generator outage scenarios, a file containing the installed MW 
capacity and the Generator 1Jnavailability Subcommittee (GUS) five-year planning 
equivalent forced outage rate demand (EFORd) for every PJM capacity resource will be 
developed. Related data is available at http://www.nerc.com/pa~e.php?cid=4143~47. 
4.1 Study Area Capacity Deficiency Assumptions 

The study area being evaluated is assumed to be experiencing the generation deficiency 
due to a combination of higher-than-expected load demand (a 9011 0 load forecast) and 
greater-than-expected generator unavailability. The 90/10 load forecast level is modeled by 
using the value of the 90/1 Oload contained in the latest LAS report along with generator 
outage scenario(s) that would lead to a generation deficiency which cause a transmission 
I im itat ion I 

tudy Area CETL Base Case Modeling Seminary 
Behind the Meter and energy only generation should be modeled at the 
average historic MW output during the previous year’s 10 highest load 
hours for the study area each hour being selected from a different day. 

No study areas will be defined less than a peak load of 1500 MW. 

Generator reactive ou.tput will be reduced in proportion to the MW scaling 
reduction for any generation that is modeled below the rated capability. 

The 90/10 load adder is assumed ’io be at 0.8 power factor. 

Norrnal and emergency ratings included in the power flow will be those 
applied in Operations (at 35°C). 

PAR setting should be ‘1000 MW to NJ at Ramapo, 1000 MW to NJ at 
Waldwick, and 1000 MW into ConEd ai  Goethals and Farragut. PARS 
located within PJM may be operated as needed subject to the appropriate 
agreements (if any) and PJM Operating Company practices. Except as 
follows. 

PAR settings during subsequent contingency analysis can decrease the 
I000 MW delivery to ConEd at Goethals and Farragut to as low as 600 
MW delivery as required to enhance deliverability to the eastern study 
areas. 

The forecas,l 90/10 MW load for the area under test will be reduced by Zhe 
available energy efficiency and DR (both in MW).The greater of the 90/10 
MW load in the area under test reduced by the total amount of energy 

a 
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efficiency and DR or the 50/50 load reduced by forecast energy 
efficiency, will be used as the MW load in the area being tested. 

If the 50/50 load reduced by energy efficiency is used to model the 
load in the test area, the forecast 90/10 MW load reduced by the 
amount of energy efficiency and DR needs to be adjusted by a MW 
adder to reach the level of 50/50 MW load minus the energy 
efficiency. The MVAR load associated with the 50/50 load minus the 
energy efficiency also needs to be increased by an amount equal to 
the difference between the MVAR associated with the 90/10 load 
adder at an 80% power factor and at the power factor in the 50/50 
load forecast. The MVAR adder is to account for the assumption that 
the incremental MW (90/10 load adder) between the 90/10 and 50/50 
load forecast is at an 80% power factor. 

Note that the above assumes that the 90/10 forecast contains 
only a MW value. If the 90/10 forecast contains both a MW and 
a MVAR value, the power factor of this forecast 90/10 load 
needs to be used far the adjustment instead of the 80% power 
factor. 

4.3 Procedure far etermining Load Deliverability Facility List 

The following procedures outline the process for determining which facilities will be 
monitored for the PJM Load Deliverability test. The first procedure provides the details for 
internal PJM facilities and the second procedure concentrates on external PJM facilities. 

Internal PJM Load Deliverability Facility List 
1 I PJM monitors all transmission facilities for its load deliverability test and 

screens criteria violations for upgrades that: pass a transfer distribution 
factor (TDF) cutoff test and are on PJM's monitored facility list (Lists of 
PJM monitored lines and substations are available at 
http://www.pim.com/inarkets-and-operations/transt~ission,- 
service/transmission-facilities.aspx.) PJM performs load deliverability 
for its entire region by individually studying each study area listed in 5 3.3. 
A different subset of the Transmission Facilities is the focus for each 
study area. 

2. The following defines the TDF cutoff for PJM facilities that will be included 
in the separate L.oad Deliverability test for each study area. If a 100 kV 
and up facillty is excluded from all load deliverability analyses based on 
its unresponsiveness to load supply, that facility may be addressed in 
generator deliverability or it becomes subject to reliahility screening under 
the standard NERC TPL 00'1-004 criteria4. 

a. All non-radial facilities 345 kV or grea.ter will be included regardless of 
OTDF. 

r- 

Any 100 kV and above facility that is not subject to upgrade screening in the load deliverability analysis will be 
evaluated in a subsequent screening that evaluates the NERC TPL-001 through 004 criteria in the 5060 peak 
load scenario All facilities failing these standard NERC criteria will be identified for upgrade. 
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b. All facilities with an external OTDF (an ”external OTDF” is based on a 
source point external to the study area and a sink point internal to the 
study area) greater than 10% will be included regardless of voltage 
class. 

c. All facilities with an external OTDF between 5% and 10% will be 
included unless both PJM and the TO agree that the facilit,y should not 
be subject to the load deliverability test. 

d. All facilities with an external OTDF less than 5% will not be included 
unless the PJM and TO agree that the facility should be subject to the 
load deliverability test. 

3. The Load Deliverability Facility List can be modified prior to each baseline 
analysis but cannot be changed between baseline studies. 

4. All PJM monitored facilities will be included when determining any 
generation re-dispatch or PAR movements required for the base case 
development. However, only the facilities on the Load Deliverability 
Facility List will require system upgrade if overloaded for this load 
deliverability test. 

5. The substations to be included for voltage analysis will be developed 
based on the Load Deliverability Facility List. 

6. Additional substations to be included for voltage analysis as agreed to by 
PJM and the TO. 

--- 

External PJM Load Deliverability Facility kist 
For study areas electrically close to PJM, PJM conducts joint coordinated interregional 
studies on a periodic basis that examines and addresses deliverability issues between PJM 
and adjacent, external systems. 

4.4 Dispatch for PJM Areas Not in Capacity Emergency 
PJM generators should be dispatched as per- existing RTEP base case procedures (see 
also “Deliverability of Generation”). To simulate the average forced outage rate for 
generation in PJM, a uniform de-rate of all generation is done. 

4.4.1 Dispatch for nsn-PJM Areas Not in Capacity Emergency 

One of the base principles for the load deliverability test is that the study area is the only 
area that is in a capacity emergency. All adjacent external areas to PJM are assumed to $e 
at a peak load but in a non-emergency condition. Increasing available generation 
(respecting Pmax) simulates exports from these areas to the study area. 

The locations of generation increases and corresponding MW import level to the study area 
is typically optimized to provide the highest available imports to any given study area. The 
import amounts from each external area can be based on strength of ties or historical 
imports when the study area was capacity deficient. The amount of reseives considered 
available from any exlernal system may be changed from the optimized scenario to reflect 
historical import data or to minimize constraints at the discretion of the engineer conducting 
the study. 
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4.5 Dispatch for Load Deliverability Study Area 

4.5.1 Procedure to Determine Dispatch for Voltage Analysis 

1 I Derate all generators in the zone by their EFORd 

2. Rank generators by EFORd"(I/PMAX) 

3. To model discrete generator outages, select generators in rank order until 
the next selected generator would exceed 105% of the target generator 
outage value. 

4. Multiple generators at the same substation may be outaged unless the 
outaged MW to installed MW ratio is great,er than 60%. (For example, if a 
station had 3-100 MW units, 1 unit would be outaged since 100 MW/300 
MW = 33% but two units would not be outaged since 200 MW/300 MW = 
66%) 

5. Any remaining MW outages required to meet the target generator outage 
value will be obtained through a uniform scale of all on-line generation's 
MWs and MVARs in the study area. 

6. The Transmission Owner(s) may request analysis of a different outage 
pattern. If t,his outage pattern resulls in more severe reliability problems it 
will be used in place of the original outage pattern only if both the 
Transmission Owner and PJM accept the new outage pattern. 

ispatch for The Mean EBlsp21t~k.1 Case 4A.2 Procedure to 

1, All generators in the study area are sampled until 10,000 generation 
outage scenarios are found where the amount of generation selected is 
within +/- 2% of the amount needed to meet the target generat,or outage 
value required to model the import objective. 

2. The 10,000 generation outage scenarios are determined by using a 
Monle Carlo simulation and randomly assigning a value between 1 and 0 
'io each generator in the study area. If the value is greater than the 
generator forced outage rate, then that generator is turned on. If the value 
is less than the generator forced outage rate, then that generator is 
turned off .  There is no limit to the number of units that can be 
simultaneously outaged a,& a station. 

3. Determine .the average MW output of each generator in the study area by 
using its dispatched values in the 10,000 generator outage scenarios. 
These average MW 0utpu.t values for each generator are referred to as 
the Mean Dispatch. 

4. The reactive capability of each unit is reduced by the ratio of each unit's 
average MW output from the preceding step to the unit's maximum MW 
oul-put. 

5. Create a base case modeling .ihe average MW output of each generator 
determined in step 5 above. This case is referred to as the mean dispatch 
case. It models a generation outage scenario based on the average MW 
for each unit from the 10,000 generation outage scenarios determined in 
step 5 above. This case is used by the entities to study potential 
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reinforcements required to resolve any overloaded flowgates. In addition, 
since the case models an average generation outage scenario and 
therefore average losses for those outage scenarios, it is the best case to 
use when determining the impact on flowgates of the various discrete 
generation outage scenarios applied for the median loading. 

6. Perform an AC contingency analysis on the mean dispatch case to obtain 
the percent loading for each flowgate. This percent loading is referred to 
as the reference loading. 

7. Flowgates that have a reference loading greater than or equal to 90% of 
the appropriate (Le., normal or emergency) rating (at 35°C) in the mean 
dispatch case are tested further as defined below. 

8. To determine the discrete generation outage scenarios, all generators in 
the study area are sampled until 10,000 generation outage scenarios are 
found where the amount of generation selected is within +/- 2% of the 
amount needed to meet the target generator outage value required to 
model the import objective. (This process is described in steps 7 and 8 
above). 

The flowgate loading for each discrete generation outage scenario is 
determined as follows: 

a. For each generator in the study area, a distribution factor is 
established for each flowgate using the generator in the study area as 
the sink point and all generators external to the study area, being 
used to model &he transfer as the source points. 

b. The impact on the flowgate due to the change in generalion is 
determined for each generator by determining the change in MW 
output in the generation outage scenario from the output modeled in 
the mean dispatch case. The change in MW value is then multiplied 
by the distribution factor of each flowgate to determine the +/- impact 
on the flowgate. 

c. The AC MVA loading from the mean dispatch case is incremented or 
decremented by this MW result. 

d. This results in 10,000 percentage loadings being established for each 
flowgate (i.e., one flowgate percent loading for each of the generation 
outage scenarios studied). 

10. If any overloads exist, any of the system adjustments rioted in section 3 2 

11. Any overloads that still remain will require mitigation in order for the study 

9 

can be  implemented and the procedure in section 4 5 2 is repeated. 

area CETL to exceed the CETO. 

1 

2 

Five % points are selected (30-70% in 10% increments) .to quantify ,the 
probability of a given % loading for each flowgate. 

For example, a 90% flowgate loading in the column of the first point, 30%, 
means that in 3,000 of the 10,000 discrete generation outage scenarios the 
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line loading was below 90%. Likewise, a 90% flowgate loading in the column 
of the third point, 50%, means that in 5,000 of the 10,000 discrete generation 
outage scenarios the line loading was below 90%. This third point is the 
median flowgate loading. 

Select 50% probability point such that any circuits with loadings exceeding 
their applicable rating for more than 50% of the dispatch scenarios will 
require upgrade. 

3 

4.7 CETL Determination 

After steps 4.5.1 and 4.5.2 are completed and any required system upgrades are identified 
to eliminate any voltage problems or overloads, the study area CETL can be determined. 

CETL for Voltage Problems 

To determine the CETL for voltage problems, the imports into the study area will be 
increased in 50 MW increments starting from the dispatched base case identified in section 
4.5.1 I The import change will be modeled by increasing external generation and uniformly 
decreasing internal study area generation. 

CETL for Thermal Problems 

To determine the CETL. for thermal problems, the transfer distribution factor on each of the 
flowgates will be calculated by using a source of generation external to the study area and a 
sink of generation internal to the study area. The transfer distribution factor multiplied by the 
increased imports will indicate which overload will limit the study area imports from a thermal 
perspective. 

CETL. for Study Area 

The lower of the CETL identified for the voltage problems and the thermal problems will be 
used as the study area CETL. 

5.0 Transitionall Rules 

This Load Deliverability Procedure will be applied for all Future load deliverability analysis for 
planning years 2008 and beyond. Any existing projects identified through the RTEP for 
installation prior to June 2008 and approved by the PJM Board will remain requirements as 
identified in previous analysis. 

The second deliverabilily test, the ability of an electrical area to export capacity resources to 
the remainder of PJM has historically been applied in situations where problems were 
expected to occur. Consistent with the move from IOU service territories to electrical areas, 
this test is applied to ensure that capacity is not "bottled" from a reliability perspective. This 
would require that each electrical area be able to export its capacity, at a minimum, during 
periods of peak load. Export capabilities at lower load levels would be based more on 
economic decisions and would no& reflect on deliverability criteria and therefore the 
"certification" of resources as deliverable capacity. 

Deliverability, from the perspective of individual generalor resources, ensures 'chat, under 
normal system conditions, if capacity resources at-e available and called on, their ability to 
provide energy .to the system at peak load will not be  limited by the dispatch of other 
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certified capacity resources. This test does not guarantee that a given resource will be 
chosen to produce energy at any given system load condition. Rather, its purpose is to 
demonstrate that the installed capacity in any electrical area can be run simultaneously, at 
peal< load, and that the excess energy above load in that electrical area can be exported to 
the remainder of PJM, subject to the same single contingency testing used when examining 
deliverability from the load perspective. In short, the test ensures that bottled capacity 
conditions will not exist at peak load, limiting the availability and usefulness of certified 
capacity resources to system operators. In actual operating conditions, energy-only 
resources may displace capacity resources in the economic dispatch that serves load. This 
test would demonstrate that a magnitude of resources equal to or greater than the installed 
capacity in any given electrical area could simultaneously deliver energy to the remainder of 
PJM. Therefore, these tests do not require the calculation of the equivalent of export CETO 
and CETL values. 

The electrical Regions from which generation must be deliverable, range from individual 
buses to the entire regional generation under study. The premise of the test is that all 
capacity within the Region is required; hence the remainder of the system is experiencing a 
significant reduction in available capacity. However, since localized capacity deficiencies 
reductions are tested when evaluating deliverability from the load perspective, the dispatch 
pattern in the remainder of the system is modeled based on a uniformly distributed outage 
pattern. 

I .o 

2.0 

3.0 

lntroduclion 

To maintain reliability in a competitive capacity market, resources must contribute to 
the deliverability of the Control Area in two ways. First, energy must be deliverable, 
from the aggregate of resources available to the Control Area, to load in portions of 
the applicable PJM region experiencing a localized capacity emergency, or 
deficiency. PJM utilizes the CETO / CETL procedure to study this “deliverability of 
load”. Second, capacity resources within a given electrical area must, in aggregate, 
be able to be exported to other areas of PJM that are experiencing a capacity 
emergency. PJM utilizes a Generator Deliverability procedure to study the 
“deliverability of individual generation resources”. This document provides the 
procedure for Generator Deliverability. 

SLudy Objectives 

The goal of the PJM Generator Deliverability study is to determine if the aggregate of 
generators in a given area can be reliably transferred to the remainder of PJM. Any 
generators requesting interconnection to PJM must be “deliverable” in order to be a 
PJM installed capacity resource. 

General Procedures and Assumptions 

Step 1: Bevelop Bass case 

The R E P  base case is developed for a reference year 5 years in the future. All RTEP 
identified system upgrades and Supplemental RTEP Projects are included in the system 
model. Load is modeled at a non-diversified ,forecasted 50150 summer peak load level 
reduced by energy efficiency as pel- the latest load forecast. All approved firm interchange is 
included with roll-over rights. Generation and Merchant Transmission projects that have 
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proceeded at least through the execution of the Facility Study Agreement stage of the 
interconnection process are considered in the model along with any associated network 
upgrades. The starting point dispatch is developed as explained in the next step. PJM uses 
a uniform reduction of generation in place of discrete forced outages for this test due to the 
significant bias any one specific outage pattern can have on the final overload results. 

Step 2: Establish initial RTEP dispatch for unit under study 

Place all in-service capacity resources (those that have procured capacity delivery rights) 
on-line at a generation value equal to their installed capacity x (1 - PJM average EEFORd). 
Wind units with capacity delivery rights are derated to their granted capacity righ.ts (either 
13% beginning with the “U” queue or 20% for prior queues) representing the combined 
effects of wind variation and outage characteristics. The target generation value is the 
projected load + losses + firm interchange. (See addendum 1 for treatment of transmission 
withdrawal and injection right,s). If all in-service capacity resources de-rated by the PJM 
EEFORd are greater than the target generation value, then all in-service capacity resources 
should be uniformly reduced to meet the target generation value. If all in-service capacity 
resources de-rated by the PJM EEFORd is less than the target generation value, then place 
all capacity resources with an executed Interconnection Service Agreement (ISA) on-line at 
a generation value equal to the installed capacity x (1 - PJM average EEFORd). If all in- 
service and ISA capacity resources de-rated by the PJM EEFORd are greater than the 
target generation value, then all these resources should be uniformly reduced to meet the 
target generation value. If all in-service and ISA capacity resources de-rated by the PJM 
EEFORd is less than the target generation value, then place all capacity resources with an 
executed Facility Study Agreement on-line at a generation value equal to the installed 
capacity x (1 - PJM average EEFORd). If all in-service, ISA and Facility Study capacity 
resources de-rated by the PJM EEFORd are greater than the target generation value, then 
all these resources should be uniformly reduced t,o meet the target generation value. 

All resource requests in the study queue ahead of the unit under study are set at 0 MW but 
available to be turned on. The resource request under study is also set at 0 MW but 
available to be turned on. Resource requests queued after the unit under study are not 
modeled. The loading on each transmission line t,hal: results from this dispatch and the 
application of a contingency is the base loading of the facility. (See Addendum 2 for 
treatment of Common Mode Outage Procedures). 

Step 3: Determine potential overll~ads 
PJM uses a linear (DC) power flow program to analyze each facility for which PJM is 
responsible to determine whether any contingencies can overload the facility (including 
comprehensive analysis of single, towerline, bus, and stuck breaker contingencies). These 
results are utilized to determine which flowgates will be used in the generator deliverability 
analysis,i.e., the program examines each PJM flowgate (contingency / monitored element 
pair) on the entire PJM footprint. The procedure below explains conceptually how the 
program works; following the procedure below would yield the same results as the pragram 
The procedure uses a load flow set up according to step 2. 

Determine the distribution factor for each generator on each flowgate. The distribution factor 
for a particular generator is referenced to the PJM online generation. For each flowgate, 
mult,iply the distribution factor of each generator hy ‘the offline portion of the generator to 
obtain the MW impact the generator would have on a par.ticular flowgate if it were ramped 
from its output in the initial load flow to its full output. This result will be referred to the 
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ramping impact of a particular generator on a particular flowgate. For all flowgates 
determine the cumulative ramping impact of generators with greater than a 1 % distribution 
factor. The total amount of ramped generat,ion is capped to limit the number of potential 
overloads t,o a reasonable number of the worst impacts. A typical cap for the total ramping is 
10,000 MW but the actual value can vary to establish a reasonable scope for the potential 
overloads. For each flowgate, add the cumulative ramping impact to the initial DC loading. If 
the resulting DC loading is greater than the flowgate rating, then this flowgate is a potential 
overload. 

eterrnine 80/20 DC loading 
The number of generators having greater than a 1% distribution factor in Step 2 is often 
large enough that having them all simultaneously outputting t,heir full installed capacity 
would be extremely improbable. As a result, in this step the number of generators 
contributing to the cumulative ramping impact on a flowgate is further restricted in the 
following manner. 

Units modeled in the power flow with greater than a 5% distribution factor (or 10% 
distribution factor for flowgates whose monitored element’s highest terminal voltage level is 
equal to or greater than 500 kV) that contribute to the cumulative ramping impact are ranked 
according to their distribution factor on a potentially overloaded flowgate. The availability (I 
-- EEFORd) of the unit with the highest distribution factor is then multiplied by the availability 
of the unit with the second highest distribution factor and so on until the expected availability 
of the selected units is as close to but not less than 20%. This resulting “80/20” cumulative 
ramping impact is then added to the initial DC loading on the flowgate. This resulting loading 
is the 80/20 DC loading and the generators chosen to contribute to the cumulative ramping 
impact are the 80/20 generators. 

Step 5: Determine Faciiiity Loading Adder 

This Step 5 addresses off-line generators which are not included in the 80/20 list. Existing 
generators that do not have capacity delivey rights and active queued generators that are 
not ye’c in commercial operation (or do not yet have a signed ISA) are offline but available t,o 
be turned on. The ramping impact of this set of generators determines the Facility Loading 
Adder. First, for their ramping impact to be considered, off-line generators must, pass the 
impact threshold OF at least a 5% DFAX (I 0% for flowgates with monitored elements having 
the highest.terminal voltage 500 kV and above) on a flowgate or with an impact (DFAX 
times a generator’s full energy output rating) greater than 5% of the flowgate’s rating. 

The ramping impact of offline generators is determined according to their classification as: 
(1) existing generators that do not have capacity delivery rights and active queued 
generators with signed ISA’s, or (2) active queued generators without signed ISA’s. 
Category (1) generators are allowed to aggravate or backoff overloaded flowgates. Category 
(2) generators are considered only if they aggravate overloaded flowgates (active queued 
generators wit,hout signed lSAs are not allowed to backoff overloads.) 

The amount of generation change from .the initial load flow due to changes in 80/20 and 
Facility Loading Adder generation shall not b e  any more than the online installed capacity 
exclusive of the 80/20 generators x PJM average EEFORd. Ramping ipacts for lower DFAX 
offline generators that do not influence the 80/20 cumulative ramping impact are not 
considered when this threshold is exceeded. 
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The ramping impact of active queued generators without signed ISA's considers the 
commercial probability of queued generators at the feasibility and impact study stage of the 
interconnection process. For generators at the feasibility study stage of the interconnection 
process, the output of the generator is multiplied by the historic commercial probability of a 
generator at the feasibility study stage of the interconnection process. For generators at the 
impact study stage of the interconnection process, the output of the generator is multiplied 
by the historic commercial probability of a generator at the impact study stage of the 
interconnection process. To be conservative, these values are then multiplied by 150% to 
determine the ramping impact of generation at the feasibility study and impact study stage of 
the interconnection process. The entire requested capacity of queued generation is used to 
determine the ramping impact of generation that has signed a facility study agreement. 

The summation of 85% (1 00% for a Merchant Transmission pro,ject) of the ramping impact 
on a flowgate of each off-line resource that meets the above conditions is calculated. The 
resulting impact defines the Facility Loading Adder. The Facilit,y Loading Adder is added to 
the base loading and the 80/20 DC loading to obtain the final DC loading on the facility. 

If a flowgate has a final DC loading less than 90% of its rating, it is not considered to he 
overloaded and is not tested further. If a flowgate has a final DC loading greater than or 
equal to 90% of its rating, the 80/20 generators are ramped up to their installed capacity in 
the load flow from step 2 and all remaining PJM generators are uniformly ramped down 
such that the PJM firm interchange is maintained. The resulting flowgate loading is the 
80/20 AC loading. 

The Facility Loading Adder can sometimes have a significant impact on the results of a 
deliverability study. However, ramping up the units associated with the adder in the load flow 
will typically create too much localized generation and a localized capacity emergency 
condition elsewhere when the rest of PJM is proportionally displaced to maintain the firin 
interchange. Therefore, to account for t,he effect of these units on the facility in question, the 
Facility Loading Adder, as determined in Step 5, is added to the 80/20 AC loading to result 
in the Final Flowgate Loading. This Facility Loading Adder accounts for the ramping impact 
of those offline resource requests that are both electrically close to a flowgate and did not 
participate as an 80/20 generator without actually turning them on. If the cumulative ramping 
impact: of these offline resource requests has a beneficial effect on the flowgate, then the 
loading of the flowgate will be decreased to account for this beneficial effect. Similarly, the 
flowgate loading will be increased if these offline resource requests will further add to the 
overload. 

In summary, the 80/20 generators will define the study area for a pai-licular f/owgafe by 
determining which units io ramp up. All remaining online units are proportionally displaced to 
some level below their installed capacity x (I - PJM average EEFORd) to maintain the firm 
PJ M interchange. 

Step 6: Determine Final Flowgate Loading 

Addendum 1 : Modding Transmission WILhdrawaS Rights (TWRs) and 
Tra w m  iss ion 6 njeclion Rig M s  (TI as) 
Firm TWRs and TlRs may be associated with a controllable merchant transmission 
request, i.e. HVDC, which interconnects PJM to another system. If the transmission 
request has an executed ISA associated with it, the firm rights are modeled at their 
.full amount. When the firm rights are modeled, the initial dispatch in step 2 will need 
to be modified to support these rights. If the transmission request does not have an 
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executed ISA and is queued ahead of the project under study or is the project under 
study the following rules apply; for TWRs the sign of the distribution factor is 
changed for the purpose of deciding whether to model the right. The right is modeled 
at its full amount if a generator with its distribution factor would be in the 80/20 list. 
The right is treated as a Facility Loading Adder using the rules of Step 5. 

A ~ ~ e ~ ~ u ~  2: C ~ m m ~ m  Mode Outage Procedure 

In addition to single contingencies, PJM planning criteria requires that the PJM 
system withstand certain common mode outages. These outages include line faults 
coupled with a stuck breaker, double circuit towerline outages, faulted circuit 
breakers and bus faults. PJM uses a procedure very similar to the generator 
deliverability procedure to study common mode outages. The list below highlights the 
other details of the common mode outage procedure that. differ from the generator 
deliverability procedure. 

In addition to the modeling of capacity resource requests, all existing energy 
resources and energy resource requests queued ahead of the unit under study are 
set at 0 MW but available to he turned on. The energy resource request under study 
is also set at 0 MW but available to be turned on. Energy resoui-ce requests queued 
after the unit under study are not modeled. 

A 50/50 DC loading is used instead of an 80/20 DC loading, i.e., the expected 
availability of the selected units is close to but not less than 50%. 

For all voltage levels, a 10% distribution factor is used instead of a 5% distribution 
factor to select the 50/50 generators. 
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The PJM Reliability Planning Criteria consist of multiple standards and applicable planning 
principles that include PJM planning procedures, NERC Planning Standards, NERC 
Regional Council planning criteria, and the individual Transmission Owner FERC filed 
planning criteria. PJM applies all applicable planning criteria when identifying reliability 
problems and determining the need for system upgrades on the PJM system. Details of 
specific criteria applicable to the various stages of reliability planning are discussed along 
with the corresponding discussion of each procedure found elsewhere in this manual. 

I. The PJM Transmission Owners are required to follow NERC and Regional Planning 
Standards and criteria as well as the Transmission Owner FERC filed criteria. 
References to the various planning standards and criteria can be found at: PJM - NERC 
and Regional Compliance and http://www.pim.com/plannin~/plannin~-criteria.aspx. 

ReliabilityFksf Approved Standards will be applied for all ReliabilityFirst 
Bulk Electric: System facilities. 

SERC Reliability Criteria will be applied to all SERC networked 
transmission systems rated 100 kV and higher. 

Transmission Owner standards filed in their FERC 715 filings will be 
applied to all facilities included in the PJM Open Access Transmission 
Tariff facility list. Also, interconnections to Transmission Owner facilities 
are subject to owner standards found at: 
h tt p: //w . pi m . co m/p I a n n i ng /d esig n- e nq i nee r i n a.  as px (these are 
technical interconnection requirements and do not factor into near-term 
and long-term planning analyses. 

PJM maintains a list ~http://w.pim.coin/markets-and-operations/transmission- 
serviceltransmission-faci1ities.aspx) of all PJM Open Access Transmission Tariff facilities 
along with which fac es are included in the PJM real-fime congestion management control 
facility list. Both facility lists are referenced in 'the PJM Reliability Planning Criteria. 

11. The PJM Germ r Deliverability Procedure and Load Deliverability Procedure will be 
applied to all fa es in the PJM real-time congestion management control facility list. 

Ill. Facilities included in the PJM real-time congestion management control facility list but 
not included in the applicable regional cotincil planning criteria as defined in section I 
above will be evaluated against ihe following criteria. For all tests, PJM will not accept a 
planned loss of load of more than 300 MW. Attachment D-1 contains a description of 
the various load loss types referred to in fhis document. This criterion is in addition to, 
not in place of, each Transmission Owners Planning Criteria as repon'ed in the FERC 
71 5 filing. 

1. The loss of any single lransmission line, cable, generator, or transformer may not 
result in any monitored facility exceeding the applicable emergency rating or 
applicable voltage limit. (The applicable emergency rating and voltage limits will 
be as defined in PJM Operations.) The single contingency test will be applied as 
per the RTEP Generator Deliverabilily Procedure (See Attachment C of this PJM 
Manual 14B.) 
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The RTEP base case which includes a 5-year horizon system 
representation and non-diversified forecasted 50/50 summer peak load 
will be used for this analysis. 

System load will be represented at an area or zone wide minimum power 
factor of 0.97 lagging as measured at the transmission / distribution 
interface point. 

The 300 MW load limit referenced above does not include load that is 
immediately restored via automatic switching to adjacent substations. 

Automatic or supervisory switching as proposed by the Transmission 
Owner to sectionalize the system for single contingency events must 
receive acceptance by PJM Operations. 

During normal conditions with all facilities initially in-service, no 
uncontrolled load loss or load loss due to automatic schemes is allowed 
for a single contingency event. Consequential load loss is allowed. 

2. After the occurrence of the transmission line, cable, generator or transformer 
outage, the system must be capable of re-adjustment such that no facility 
exceeds the maximum continuous rating or voltage limits as defined in PJM 
Operations. 

3. During maintenance of any single transmission line, cable, generator, 
transformer, bus or circuit breaker, the loss of a transmission line, cable, 
generator, or transformer may not result in any monitored facility exceeding the 
applicable emergency rating or voltage limit (The applicable emergency rating 
and voltage limits will be as defined in PJM Operations.) However, for practical 
purposes, PJM Planning will only include a specific bus or circuit: breaker 
maintenance condition in all future analysis if PJM Operations experiences 
operational problems as a result of the bus or circuit breaker maintenance 
condition. 

a 

Pre-contingency generation redispatch will be considered acceptable for 
mitigation of a potential overload or voltage limit. 

This test will be applied at 70% of the diversified forecasted 50/50 
summer peak load, as modeled in the RTEP base case, unless the 
Transmission Owner provides information to PJM Operations 
demonstrating sufficient maintenance windows at a lower load level. 

No cascading or uncontrolled load loss is allowed under any 
circumstance. 

Consequential load loss is allowed. 

a 

4.. After occurrence of: the maintenance outage and the subsequent facility outage 
as defined in the previous test #3, {he system must be capable of re-adjustment 
such that no facility exceeds the maximum continuous rating or voltage limits as 
defined in PJM Operations. 

IV. The PJM Light Load Reliability Analysis Procedure will be applied to all facilities in the 
PJM real-time congestion management control facility list. 
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Uncontrolled Load boss - Uncontrolled load loss would require operator interaction to 
prevent system cascading or to return the system to applicable ratings or voltage limits. 
Manual load dump as defined in PJM Operations would be included in this category. The 
PJM Reliability Planning Criteria does not allow for the system design ‘io permit Uncontrolled 
Load Loss for any contingencies that are studied. 

Examples: 

Voltage collapse 

A facility overload without automatic schemes to drop load and with no 
available generation to re-dispatch pre-contingency. 

0 

Consequential Load Loss - Consequential load loss occurs due ‘to the design of the 
system brit does not include automatic schemes designed to drop load under various 
conditions. 

Examples: 

A transformer serving radial load that taps a networked circuit. 

Load that is served from a radial circuit. 

Controlled Load boss due to Automatic Schemes - Controlled load loss occurs due to 
the operation of automatic schemes that are designed to drop load under specific 
maintenance conditions. 

Plamed Load Loss = Consequential load loss +- Controlled load loss due to automatic 
schemes. 

The 300 MW ‘total load loss limit is based, in part, on a Federal reporting requirement for 
major system incidents on electric power systems (refer to Electric Power System 
Emergency Report - Form EIA-d’I7R). 

PJM 0 201 1 68 
Revision 19; Effective Date” 09/15/2011 



KPSC Case No. 201 1-00295 
1st Set of Questions of Accion Cansultant 
Dated October 2. 201 1 
Itern No 7 
Attachment 2 
Page 74 of 148 

Manual 14B PJM Region Transmission Planning Process 
Attachment D- I .  Load Loss Definitions -- 

-2.f is 
The light load reliability analysis tests the ability of an electrical area to export generation 
resources to the remainder of PJM during light load conditions. The export generation is 
selected by using the historical mix of generation that operates at the light load level. This 
test is applied to ensure that generation capability, including renewable generation capability 
that typically operates at light load such as wind, pumped hydro, or other emerging storage 
technologies are not "bottled" from a reliability perspective. 

The light load reliability analysis, from the perspective of individual generator resources, 
ensures that, under light load system conditions, their ability to provide energy to the system 
has a probability of not being limited by the typical dispatch of other generation resources 
that operate at that demand level, including resources in neighboring systems. The 
Generator Deliverability Test and Common Mode Outage procedure have a similar objective 
at the summer peak forecast load. While deliverability under all possible system conditions 
is not in the purview of the RTEP, analyzing the system performance under this wide range 
of forecasted demand levels improves overall deliverability of generating resources. 
Consideration will be given to the capacity factor by fuel class during this period, as 
described in Table 1 I This test does not guarantee that a given resource will be able to 
deliver energy at the light load condition. Rather, the purpose is to demonstrate that typical 
light load generating capabilities in any electrical area can be run simultaneously, at light 
load, and that the excess energy above demand in that electrical area can be exported to 
the remainder of PJM. In short, the test ensures that bottled capability conditions will not 
exist at light load, limiting the availability and usefulness of a range of resources available to 
system operators, including renewable resources. In actual non-emergency operating 
conditions, the economic dispatch serves load. 

t Loa01 ~~~~~ ~~~~~ ~~~~~~~~ Proce 
'I .O Introduction 

To maintain reliability and operational flexibility during the light load period, resources 
within a given electrical area must, in aggregate, be able to be exported to other 
areas of PJM. PJM utilizes a Light Load Reliability Analysis procedure to study the 
system performance during typical light load conditions. This docuinent provides the 
procedure for Light Load Reliability Analysis. 

2.0 Study Objectives 

The goal of the PJM Light Load Reliability Analysis s'rudy is to determine if the 
aggregate of generators in a given area can be reliably transferred to the remainder 
of PJM during light load conditions. Generators requesting interconnection to PJM 
must pass this tes'c in order io become a PJM capacity or energy resource. 

3.0 General Procedures and Assumptions 

Step 1 : Develop BaG ,e case 

The RTEP base case is developed for a reference year 5 years in .the future. All RTEP 
identified system upgrades and Supplemental RTEP Projects are included in the system 
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"- ~ ~ - - ~ - -  

Load Model 

Capacity Facfor far Base Generation Dispatch 
for PJM Resources (Online in Base Case) 

Light Load (50% of 5 0  summer peak) 
Nuclear - 100% 
Coal ,= 5oo MW 
Coal c 500 MW - 45% - 

model. PJM load is modeled at 50% of a non-diversified forecasted 50150 summer peak 
load level reduced by energy efficiency as per the latest load forecast. System Interchanges 
will be determined by PJM through the use of data, including statistical averages based on 
historical data for off-peak load periods for typical previous years. Generation and Merchant 
Transmission projects that have proceeded at least through the execution of the Facility 
Study Agreement stage of the interconnection process are considered in the model along 
with any associated network upgrades. The starting point dispatch is developed as 
explained in the next step. PJM uses a combination of uniform reduction of coal powered 
generation and discrete outages for this test 

Step 2: Establish initial TEQ dispatch far unit under study 

Existing PJM Resources: Place all in-service nuclear resources on-line at a generation value 
equal to their installed capacity. Wind units are derated in the initial dispatch to 40% of their 
nameplate capability. Coal units are initially derated consistent with Table 1 Queued Units 
in the PJM queue that have an ISA will be placed on-line consislent with Table 1. The target 
generation value for each Transmission Owner (TO) zone in the model is the projected load 
f losses -+ historical interchange for the light load period, as calculated by PJM. If 
necessary, coal resources in each TO zone are then uniformly de-rated or increased froin 
the initial dispatch until the iarget generation value is met. 

Existing MIS0 Resources Model all existing wind generation in the MISO area online at a 
100% capacity factor. Sink all MISO generation uniforinly to maintain the target interchange 
MISO generation dispatch utilized to serve MISO load will reflect a typical yearly statisiical 
average for off-peak periods for inierchange between MISO West, Cenlral, and East. 

Queued Resources in PJM and neighboring systems: Model all non-ISA queued generation 
offline. Model all ISA queued generalion online. If selected by the test procedure, queued 
MISO wind resources will have the potential to be dispatched to 100% capacity factor 
Similarly, if selected by the test procedure, queued PJM wind resources will have the 
potential to be dispatched to 80%. 

For queued interconnection studies, all queued resources in the study queue ahead of the 
unit under study are set at 0 MW but available to be turned on per the Generalor 
Deliverability procedure and Common Mode Outage lesk procedure The resource request 
under study is also set at 0 MW but available to be turned on. Resource requests queued 
after (he unit under study are not modeled. The loading on each transmission line that 
results from this dispatch and the applicaiion of a contingency is the base loading ofthe 
facility. (See Addendum 2 for treatment of Common Mode Outage Procedures) 

Table '1 -I Light Laad Base Case 

I Network Model I Current vear + 5 base case 1 
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Capacity Factor for Base Generation Dispatch 
for MISO Resources (Online in Base Case) 
Interchange Values 
Contingencies 
Monitored Facilities 

Natural Gas - 0% 
Wind - 40% 
All other resources - 0% 
Pumped Storage - fu l l  pump 

Wind - , oo% 

Historical values 
NERC Category A, B, C (except C3) 
All PJM market. monitored facilities 

Step 3: Determine potential overloads 

The method to determine potential overloads is similar to the methods used for the 
generator deliverability test. Also, the Common Mode Outage procedure is applied to 
include the effects NERC Category C events such as bus faults, faulted breakers, and 
double circuit towerline outages. 

Step 4.: Determine 80/20 DC loading 

This portion of the test is the generator deliverability procedure except only wind generation 
is considered with a maximum ramping from the base dispatch of 40% to 80% of nameplate 
capability. 

Step 5: Determine Facility Loading Adder 

This portion of the test is the generator deliverability procedure except only wind generation 
is considered with a maximum ramping from the base dispatch of 40% to 80% of nameplate 
capability. 

Eep 6: Determine Final Flowgate Loading 

This portion of the test is the generator deliverability procedure except only wind generation 
is considered with a maximum ramping from the base dispatch of 40?6 to 80% of nameplate 
capability. 
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PJM uses a BenefiffCost Ratio test to determine whether an economic-based enhancement 
OF expansion will be included in the RTEP. Specifically, to be included in the RTEP 
recommended to the PJM Board of Managers for approval, the relative benefits and costs of 
the economic-based enhancement or expansion must meet a BenefitKOst Ratio Threshold of 
at least 1.2511. The BenefitKOst Ratio is calculated by dividing the present value of the total 
annual benefit for each of the first fifteen years of the life of the enhancement or expansion by 
the present value of the total annual cost for each of the first fifteen years of the life of the 
enhancement or expansion. Assumptions for determining the present value of the benefits and 
costs (e.g. discount rate and annual revenue requirement) will be among the assumptions that 
are approved by the PJM Board each year to be used in the economic planning process. 

The BenefiffCost Ratio is expressed as follows: 

BenefitKOst Ratio = [Present value of the Total Annual Enhancement Benefit for each of the 
first 15 years of the life of the enhancement or expansion] f [Present value of the Total 
Enhancement Cost for each of the first 15 years of the life of the enhancement or 
expans ion] 

The purpose of a BenefiffCost Ratio Threshold is to hedge against the uncertainty of 
estimating benefits in the future and to provide a degree of assurance tha‘c a project with a 
15-year net benefit near zero will not be approved. At the same time the threshold is not so 
restrictive as to unreasonably limit the economic-based enhancements or expansions that 
would be eligible for inclusion in the RTEP. 

@%it 
The benefit component of the BenefitKOst Ratio (Total Annual Enhancemen.t Benefit) is the 
s u m  of two metricsr the “Energy Market Benefit” and the “Reliability Pricing Model (RPM) 
Benefit.” By including these two metrics, the benefits to customers from reductions in both 
energy prices and capacity prices as a result of an economic-based enhancement or 
expansion will be taken into account in the formulaic analysis. These Iwo metrics in turn 
each consist of two elements -- the change in production cost and the change in load 
payment, which are weighted sevent,y percent and thirty percent respectively. This 
comprehensive test captures customers’ benefits in the energy markets and the capacity 
markets that may correspond to responsibilities related to obtaining reasonably priced 
energy as well adequate capaciiy. 

a. Energy Market 
The energy-market benefit analysis is conducted using an energy market simulation tool that 
models the hourly least-cost, security-constrained commitment and dispatch of generation 
over a future annual period. A detailed generation, load, and transmission system model is 
used as input into the simulation tool in order to mimic thhe hourly commitment and dispatch 
of generation to meet load, while recognizing constraints imposed on thhe economic 
commitment and dispatch of generation by the physical limitations of the transmission 
system. Benefits of potential economic-based enhancements, PJM will perform and 
compare market simulations with and without the proposed enhancement for selected Future 
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years within the planning horizon of the RTEP. A comparison of these simulations will 
identify the annual economic impact of the enhancement for each of the future study years. 
An extrapolation of these results provides a projection of annual benefits for each of the first 
fifteen years of the life of the enhancement. 

The Energy Market Benefit component of the BenefiUCost Ratio is expressed as: 

Energy Market Benefit = 1.701 
[.30] * [Change in Load Energy Payment] 

[Change in Total Energy Production Cost] 4- 

The Change in Total Energy Produdion Cost is the difference in estimated total annual fuel 
costs, variable O&M costs, and emissions costs of the dispatched resources in the PJM 
Region without and with the enhancement or expansion. 

The Change in Load Energy Payment is the difference between the annual sum of the 
hourly estimated zonal load megawatts for each PJM transmission zone multiplied by the 
hourly estimated zonal Locational Marginal Price for each PJM transmission zone without 
and with the economic-based enhancement or expansion. In determining the Change in 
Load Energy Payments for projects, the costs of which will be assigned cost responsibility 
on a regional basis (e.g. above 500 I<V facilities), t,he Load Energy Payment in all PJM 
transmission zone will be considered whether there is an increase or decrease in the Load 
Energy Payment in the transmission zone. However, for projects, the cost of which will be 
allocated using a flow-based or distribution factor methodology (e.g. below 500 Id/ fac 
only the Load Energy Payment in the PJM transmission zones that show a decrease will be 
considered in determining the Change in Load Energy Payments. 

b. Reliabillity Pricing Model Benefit 
Reliability pricing benefit analysis is conducted using the Reliability Pricing Model software. 
The Reliability Pricing Model Benefit component of the BenefiVCost Ratio evaluates the 
benefits of a proposed economic-based enhancement or expansion that will be realized in 
the capacity market and is expressed as: 

Reliability Pricing Benefit = [.70] * [Change in Total System Capacity Cost] i- 
[.30] * [Change in Load Capacity Payment] 

The Change in Total System Capacity Cost is the difference between the sum ofthe 
megawatts t,hat are estimated to be cleared in the Base Residual Auction under PJM's 
Reliability Pricing Model capacity construct times the prices that are estimated to be 
contained in the offers for each such cleared megawatt (times ,the number of days in the study 
year) without and with the economic-based enhancement or expansion. 

The Change in Load Capacit,y Payment, is the sum of the estimated zonal load megawatts in 
each PJM transmission zone times the estimated Final Zonal Capacity Prices (payments 
paid by load in each transmission zone) for capacity under the Reliability Pricing Model 
construct (times the number of days in the study year) without and with the economic-based 
enhancement or expansion. The Change in Load Capacity Payment will be evaluated in the 
same manner as the Change in Energy Load Payment. Like for the Change in Energy Load 
Payment, in determining the Change in Load Capacity Payment for projects the costs of 
which will be assigned cost, responsibility on a regional basis (e.g. above 500 CtV facilities), 
t h e  Load Capacity Payment in each and every PJM transmission zone will be considered; 
for projects, the cost of which will be allocated using a flow-based or distribution factor 
inethodology (e.g. below 500 ItV facilities), only the Load Capacity Payments in the PJM 
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transmission z o n e s  that s h o w  a decrease will b e  considered in determining t h e  C h a n g e  in 
Load Capacity Payment.  

t 
T h e  annual  cost  of t h e  e n h a n c e m e n t  is t h e  revenue  requirement of t h e  enhancement .  T h e  
e n h a n c e m e n t ' s  annual  revenue requirement is a n  assumption that  is developed by PJM a n d  
presented to the TEAC for discussion and  review. A s  s ta ted earlier, t h e  benefits a n d  c o s t s  
will be considered over the  s a m e  time period (for each of t h e  first fifteen y e a r s  of t h e  life of 
t h e  expansion).  
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This document describes the process and measures used by PJM to develop System 
Operating Limits (SOLs) used for the planning horizon. The method described in this 
attachment is applicable to all Bulk Electric System (BES) facilities. 

Definitions: 

A System Operating Limit (SOL) is defined as: 

The value (such as MW, MVAr, Amperes, Frequency or Volts) that satisfies the most limiting 
of the prescribed operating criteria for a specified system configuration to ensure operation 
within applicable reliability criteria. System Operating Limits are based upon certain 
operating criteria. These include, but are not limited to. 

e Facility Thermal Ratings (Applicable pre- and post-Contingency 
equipment or facility ratings) 

Transient Stability Ratings or Limits (Applicable pre- and post- 
Contingency Stability Limits) 

Voltage Stability Ratings or Limits (Applicable pre- and post-Contingency 
Voltage Stability) 

Systeni Voltage Ratings or Limits (Applicable pre- and post-Contingency 
Voltage Limits) 

0 

PJM's Planning analyses are designed to ensure all applicable PJM, NERC, regional and 
Transmission Owner criteria are enforced. This is accomplished through exhaustive 
application of established PJM facility ratings in the on-going system power flow and short 
circuit analysis. PJM ensures that its exhaustive application of facility ratings are also within 
system dynamic limits through system dynamic testing. This dynamic testing confirms that 
PJM system operating limits are not more limiting than the limits established using facility 
ratings. 

Facility Ratings are defined by NERC as. 

The maximum or minimum voltage, current, frequency, or real or reactive power flow 
through a facility that does not violate the applicable equipment rating of any 
equipment comprising the facility. 

Facility ratings determine the fundamental limits of transmission system equipment. SOLs 
shall not exceed the facility ratings. The facility rating is based on which ever device or 
component is the limiting element of the facility such as a conductor, current transformer, 
disconnect switch, circuit breaker, wave trap or protective relay. PJM plans its system such 
that no facility exceeds [he limit/rating consistent with NERC Standard TPL 001 -. 004 
Additional information concerning SOL can be found in 'the Transmission Operalions Manual 
(M-03), and Reliability Coordination Manual (M-37) located on Ihe PJM web page at the 
following link: 

(http://www.pitm.cotn/documents/manuals.aspx) 
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I ~ X V C Q ~ - U X X A ~  Reliability peratimg Limits are defined as: 
An Interconnected Reliability Operating Limit (IROL) is defined as System Operating Limits 
that, if violated, could lead to instability, uncontrolled separation or Cascading Outages that 
adversely impact the reliability of the Bulk Electric System. In the planning horizon PJM 
analyses examine and reveal the violations of applicable criteria. This includes violations 
affecting PJM monitored facilities at all voltage levels as well as violations that may have 
widespread impacts affecting the Bulk Electric System, which may be eligible for designation 
as IROLs. PJM plans system upgrades for violations of applicable criteria, thus IROL 
designations are not typically required for the upgraded system in the planning horizon. PJM 
closely tracks the project status and milestones of all planned upgrades on a frequent and 
recurring basis. For baseline reliability upgrades, the project tracking is coordinated with the 
entity that has been designated the construction responsibility, typically the Transmission 
Owner. If the schedule for implementation for a planned upgrade does not meet in-service 
date required for system reliability in the planning or operating horizon, PJM will perform 
additional analysis to determine any alternative plans that need to be taken to ensure 
system reliability, including the establishment of an IROL. For additional information on 
IROLs for the operating horizon see the PJM Transmission Operation Manual (M03) and the 
PJM Reliability Coordination Manual (M37). 

PJM’s Planning methodology to determine IROL facilities simulates transfers across a 
facility or interface (combination of facilities), comparing thermal and voltage violations 
associated with a facility. The transfer scenarios used by PJM Planning are established 
through the application of PJM’s deliverability criteria. Additional information on PJM’s 
deliverability criteria is included in Attachment C of this manual. PJM classifies a facility as 
an IROL facility on the network if wide-area voltage violations occur at transfer levels that 
are near the Load Dump thermal limit. 

As part of the development of the PJM Regional Transmission Expansion plan, SOLS which 
could result in system instability or uncontrolled cascading outages are identified and 
system reinforcements are developed. All BES facilities in PJM’s footprint and ties to 
external systems are monitored for violation. In addition, certain selected 69ltV and below 
facilities may also be monitored consistent with the procedures defined in the PJM 
Transmission Operation Manual (M-03). 

PJM plans its system based on the most restrictive System Operating Limits (such as MW, 
MVAr, Amperes, Frequency or Volts) of its facilities for the system configurations and 
con.tingency conditions that represent the most stringent of the applicable PJM, NERC, 
regional or Transmission Owner criteria over the planning horizon. The System Operating 
Limits used to plan the system are consistent with the limits used in Operations. Voltage 
limits and any exception to those limits are identified in ‘the PJM Transmission Operation 
Manual (M-03). 

An Interconnection Reliability Operating Limit is the value (such as MW, MVAr, Amperes, 
Frequency or Volts) that is derived from or is a subset of the System Operating Limits, which 
if exceeded, could expose a widespread area of the Bulk Electric System ‘io instability, 
uncontrolled separation(s) or cascading outages. PJM Reliability Coordination Manual (M37) 
defines PJM’s methodology for determining, monitoring, and controlling IROL facilities. 

Nuclear Power Plant Generat,or Operators are required to transmit Nuclear Plant Interface 
Requirement (NPIR) to transmission entities. The transrnission entities are required lo 
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include those parameters into planning and operational analysis, operate to meet those 
parameters, and inform the nuclear licensees when those parameters cannot be met for any 
reason. For details please refer to Manual M03 Section 3: 
http://www.p~m.com/-/media/documents/manuals/m03.ashx 

C Standard TPL-001, in the pre-contingency state 
s shall be within their facility ratings and within 

voltage and stability limits. In the determination of SOLs, the BES condition used shall 
reflect expected syst.em conditions and shall reflect changes to system topology such as 
facility outages. 

Following single contingencies as defined in NERC Standard TPL-002 all facilities should be 
within their applicable facility ratings and the system shall be transient, dynamic and voltage 
stable. Cascading outages or uncontrolled separation shall not occur. 

Starting with all Fac 
NERC Reliability Standard TPL 002, may include any of the following: 

Planned or controlled int,erruption of electric supply l o  radial customers or some local 
network customers connected to or supplied by the faulted facility. This is often referred to 
as consequential load loss. 

es in service, the response to a single contingency as defined in 

System reconfiguration through manual or automatic control or protection actions. 

To prepare for the next Contingency, system adjustments may be made, including changes 
to generation, uses of the transmission system, and changes io the transmission system 
topology. 

Starting with all facilities in service and following any of the multiple contingencies identified 
in NERC Reliability Standard TPL-003 the system shall be  transient, dynamic and voltage 
stable and all facilities shall be within their applicable facility ratings and within applicable 
thermal, voltage and stability limits. Cascading Outages or uncontrolled separation shall not 
occur. In general, stability is not a limiting constraint in the PJM RTO. Stability limits that 
have been identified for certain system configurations or following multiple contingencies are 
identified in the PJM Transmission Operation Manual (M-03). New stability limits identified in 
Planning are comrnunicated to PJM Operations and included in the Transmission Operation 
Manual (M-03). 

In determining the response to any of the multiple contingencies, identified in NERC 
Reliability Standard 'TPL-003, in addition to the actions identified above following single 
contingencies, the following shall be acceptable: 

For all 'rests, as described in Attachment D-I ,  consequential load loss of up to 300 MW may 
occur. 

PJM's Reliability Planning methodology for determining SOLs utilizes multiple standards and 
applicable planning procedures including the PJM Reliability Planning Criteria, NEKC 
Planning Standards (TPL 00'1 - TPL OO4), Regional Reliability Organiza'rion criteria, and 
individual Transmission Owner FERC filed criteria. In all cases, PJM applies the most 
conservative of all applicable planning criteria when id i,iying reliability problems. PJM 
tests these criteria on a regional basis including all fa s within i.ts foolprint. All BES 
network elements in PJM's footprint and all transmission tie lines within PJM and lo external 
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systems are monitored for thermal, voltage and stability violations. Remediation plans are 
developed to mitigate the violations that exceed the established SOL limits. 

PJM‘s develops models for specific planning horizons using the latest Eastern Reliability 
Assessment Group (ERAG formerly MMWG) modeling information available for the 
applicable planning period. A detailed model is utilized for PJM’s internal system 
(transmission owner under PJM’s footprint) while the latest ERAG model for that planning 
period is used for facilities outside of PJM to incorporate critical modeling details of other 
control areas. Additional information about PJM’s base case development procedures can 
be found in section 2 of this manual. 

PJM reliability planning criteria requires that the system be tested for all BES single 
contingency outages and all common mode outages. Common mode outages consist of line 
faults coupled with a stuck breakers that result in multiple facility outages, double circuit 
towerline outages and bus faults in the PJM system. PJM’s planning procedures require all 
NERC category A, B, and C conditions be tested. 

When appropriate PJM will identify and implement Special Protection Schemes. If the 
scheme is required for reliability purposes, operational performance, or to rest.ore the system 
to a reliable state following a significant transmission facility event, operation of the scheme 
will be tested in the on-going planning analysis. See the Transmission Operations Manual 
(M-03) ( h tt p: //w. pi ni . co m/d o cu me nts/-/m ed i a/d o c u men t s/m a n u a Is/m 03. as hx) for 
additional information concerning special protection schemes. 

The PJM planning process includes a series of detailed analyses to ensure reliability under 
the most stringent of applicable NERC, PJM or local criteria. Through this process, violations 
of system operating limits are identified. System reinforcements required to mitigate the 
violations are developed and included in the Regional Transmission Expansion Plan for 
implementatian. As a result PJM’s application of its System Operating Limits far the planning 
horizon ensures system operation within Interconnection Reliability Operating Limits. 

PJM Planning will communicate to PJM Operations any potential IROL facilities resulting 
from PJM deliverability criteria analysis. PJM Planning and Operations work to develop new 
IROL Reactive lneerfaces and associated operating procedures as required. 
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i I i‘ly , I 

PJM Planning conducts stability studies to ensure that the planned system can withstand NERC 
criteria disturbances and maintain stable operation throughout the PJM planning horizon. 

NERC criteria disturbances are those required by the NERC planning criteria applicable to 
system normal, single element outage and common-mode multiple element outage conditions. 
These conditions are specified in the NERC approved Transmission Planning (TPL) Reliability 
Standards that can be found on the NERC website (-www.NERC.com). Because these 
standards change from time to time they are included here by reference. In addition, PJM’s 
analyses also satisfy the Transmission Owner specific stability practices and procedures as may 
be applicable when these are more demanding tests than the standard NERC criteria tests 
applied by PJM. All Transmission Owner specific information and criteria that exceed standard 
testing of/V€RC criteria and are applicable to PJM reliability based RTEP stability analyses are 
included or referenced in the Appendix to this Attachment. Transmission Owner stability criteria 
filed as FERC Form No. 715 and posted on PJM’s website and not included in the Appendix 
may be used t,o support Transmission Owner funded upgrades. The currently approved version 
of this Appendix at the commencement of the annual RTEP process will be the basis for that 
baseline R E P  and related generator queue assessments. PJM’s stability analyses verify 
satisfactory projected system performance over the range of anticipated load levels and identify 
any need for upgrades, operating guides, or special protection systems that may be indicated 
based on stability or short circuit testing as a primary driver. In general, the most appropriate 
remedy to NERC criteria violations is a system upgrade. In circumstances involving criteria that 
go beyond PJM’s standard testing of NERC criteria, operating guides or special protection 
system remedies may also be considered as discussed further in this Attachment and its 
Appendix. New Special Protection Systems, however are generally avoided and, if considered, 
require case-by-case review and justification. Also certain specific areas of PJM have been 
identified through PJM or Transmission Owner analysis as stability limited areas of the system. 
In such areas of the system, stability operating guides may apply. For related informa’rion see 
PJM Manual 03 at http://www.pim.com/documents/manuals.aspx. 
System conditions most critical for stability analysis on the PJM system are generally 
characterized by light load. Peak load analysis is added for stability reviews that involve new 
connections of wind turbines and performance of low voltage ride through testing. In exceptional 
cases, PJM may add heavy load ,testing for other types of units when PJM determines that 
heavy load may he the critical load level for system stability for the limitation under review. 

PJM’s stability analyses ensure the dual objectives 0.f stability of new interconnection projects 
and system-wide stabili.ty. PJM, each year conducts dozens of interconnection queue project 
stability studies. These analyses ensure newly-connecting projects and nearby changes to the 
system configuration maintain the stability of the project and Ihe system. Study of these projects 
located throughout PJM provides a .thorough, ongoing review of PJM both at ”rhe pro,ject level 
and system-wide. In addition, each year, PJM conducts a re-study of one third of existing PJM 
generation stations. This results in a three-year cycle of on-going re-study of the entire PJM 
system. PJM also performs additional system-wide stability analyses during the annual RTEP 
review. In addition, as may be required from time to time, PJM conducts stability analyses to 
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evaluate the dynamic performance of actual or possible major future system developments. For 
example a proposed new backbone transmission project or prolonged unexpected backbone 
transmission outage in a stability sensitive area would he cause for a specifically targeted 
system study. Another cause could he the need to evaluate system performance resulting from 
major developments affecting power and energy policy. 

This section provides a high level review of the process of setting up and performing dynamics 
analyses 

eference Cases 

Reference power flow cases for stability analysis are created in a similar manner to that of the 
power flow reference cases. Additional information, however, is necessary for stability studies to 
simulate the combined dynamic responses of various power system components. Included in 
this additional information are dynamics models for generators, excitation systems, power 
system stabilizers, governors, loads and various other equipments. The required dynamic and 
other modeling information that must be supplied by generators interconnected to the PJM 
system is detailed in Manual 14A. A dynamic simulation links the system model or power flow 
iiiformation with the dynamic data or models to determine if the system and generators will 
remain stable for steady-state and various disturbances. The current RTEP summer peak case 
is used as a starting point to create new dynamics cases (light load and peak load.) For 
example the RTEP analysis is performed for the current year plus five (available early in each 
calendar year and updated for the five-year-out RTEP analyses in early fall of each calendar 
year). The stability case setup is for the same study year using the updated RTEP case. This 
updated RTEP power flow case and the associated stability case become the baseline cases for 
the impact study analyses (that begin in the fall of each year) that begin with the first 
interconnection queue of each calendar year and continue through each of the 3 subsequent 
annual queues. 

amics Analysis 
The two dynamics cases Originate from the RTEP Power Flow Case that is created for the 
annual RTEP Plan analyses. The annual RTEP cycle is depicted in Manual 14B, Exhibit I .  The 
earliest availability for this annual RTEP reference power ,flow case is for the impact studies 
associated with the interconnection request queue that closes on January 31. For subsequen,t 
project queues that close later in the year, this reference RTEP case is updated to the most 
current data. The reference power flow case is reviewed and modified as necessary to 
correspond to the dynamics database (which includes external world dynamics data from the 
NERC System Dynamics Data Working Group as well as PJM data.) In addition, the case is 
modified to include generator step-up transformers and explicit modeling of generator station 
service power use along with gross generator rating. Also, because of the demands of dynamics 
analyses, power flow static load representations are replaced with their dynamic load model 
representations. PJM currently represents loads as 'I 00% constant current real power and 
100% constant impedance reactive power. In light load representations, pumped storage 
resources are in pumping mode. 
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This process is followed to develop stability setups for analysis of all PJM interconnection 
requests. In addition PJM’s system stability analyses will use the most current available setup 
from this continuous development process. 

Testing 

Fa is patc h 

After the dynamics model setup, an unperturbed dynamic simulation is run for 20 
seconds. After case verification, the final, initialized set of power flows and the 
associated snap-shots, along with the associated dynamic run files are available to 
Interconnection Customers and others who have a legitimate need for the 
information, subject to applicable Confidentiality and Critical Energy Infrastructure 
Information processes (see PJM Operating Agreement $18.1 7 and 
http://www . pi m . co rnldocu in en ts/fer c-m a n ua Is/ceii . as px. 

The assumptions used for generation dispatch can be critical to the results. It is 
generally accepted that units operating at their highest possible power output and 
generating as little reactive power as necessary to maintain voltages are likely to be 
less stable. Normally, the units in the vicinity of the project under study will be turned 
on to their maximum real power output with unity power factor at the high side of the 
GSU’s, or units’ VAR output will be adjusted to hold scheduled voltages, depending 
on specific Transmission Owner criteria. Wind turbines are tested at light load for 
stability and peak load for low voltage ride through at 100% of their maxiixum energy 
value. In addition, stability test scenarios necessitated by any applicable 
I ransmission Owner operating guides will also factor into each analysis. - 

Simulations to determine required upgrades (aiso see the  Appendix to this  Attachmeelk) 
Fault Criteria: 

a. Fault Types: For interconnection and system stability analyses, three 
phase faults, single line to ground faults with stuck breaker and single line 
to ground faults with the communications failure cleared within zone 2 
time will be examined. Each analysis will include a determination of the 
most critical faults to apply. 

b. Clearing Times: Dynamic simulation issues are identified using estimates 
of actual (nominal) clearing times, including relay trip times, breaker 
interrupting time, fault extinguishing time, intentional delay time, and a 
margin for error. 

c. Reclosing: Only high speed reclosing is modeled if present. 

d. Fault locations: For interconnection analysis, criteria faults at power flow 
busses including one bus removed from the interconnection point will be 
examined. When clusters of generating busses are studied, the most 
critical faults one bus removed from new generators in the cluster will be 
examined. In addition, other fault locations judged critical to cluster 
response will be added to the scope. For system analyses, the scope will 
determine the most critical locations to apply criteria faults. 

e. Maintenance outages: Interconnection analyses of planned line 
maintenance outage conditions prior .to fault application are system 

PJM 0 201 1 81 
Revision 19, Effective Date 09/15/201 1 

http://www


KPSC Case No 201 1-00295 
1st Set of Questions of Accion Consultant 
Dated October 2, 201 1 
Item No 7 
Attachment 2 
Page 87 of 148 I 

Manual 14B PJM Region Transmission Planning Process 
Attachment G. PJM Stability, Short Circuit and Special RTEP Practices and Procedures - 

conditions that can be anticipated and that are generally of limited 
duration. The least cost remedy to issues during such system conditions 
is to require generation to curtail output. Such analyses are, therefore, of 
primary interest in the operating horizon and are not generally considered 
to determine upgrade facilities required prior to interconnection. 
Nevertheless, prior to commercial operation, or prior to completion of the 
facilities study at the request of the Interconnection Customer, Planning 
will screen critical faults for issues during line maintenance. The results of 
the line maintenance sfudy will be conveyed to PJM Operations, the 
Interconnection Customer, and affected Transmission Owners. 

PJM addresses Power System Stabilizer (PSS) outages in a similar 
fashion. If there are existing PSS installations nearby a new 
interconnection or if PSS is required on the new interconnection, critical 
faults for the outage of these devices will be studied prior to commercial 
operation and the results will be conveyed to PJM Operations, the 
Interconnection Customer, and affected Transmission Owners. 

Margins: 
The margins applied by PJM are intended to be applied in impact study stability 
analysis that uses a project’s final stability study data as further discussed below. As 
such, these margins account primarily for uncertainty in actual clearing times, and 
the final data represents .the “as built” performance. With the machine modeled at net 
unity power factor at the high-side of the GSU (or unity power factor at the generator 
terminals for wind turbine installations), transient, stability must be maintained for 
tested faults when the following margins are included: 

a. Add 0.25 cycles to the nominal primary clearing .time for 3 phase, 
normally cleared faults. 

b. Add 0.25 cycles ‘io the nominal primary clearing time for single-line-to- 
ground faults, plus an addit,ional 0.5 cycles added to the nominal backup 
clearing time for stuck Inrealter (.75 cycle total clearing time margin). 

c. Add 0.25 cycles to the nominal primary clearing time for single-line-to- 
ground faults, plus an additional 1.25 cycles to the nominal Zone 2 
clearing time for failure of primary relaying (1.5 cycle total clearing time 
margin). 

Monitoring requirements : 
Rotor angle, Real power output, EFD, speed and terminal vol.tage of units under 
study are monitored. Bus Voltages in the same area are also monitored. 

Acceptable Voltage Drop: 
Following the disturbance, the voltages of the monitored buses maintain voRages 
within k5% of the precontingency voltages 

Acceptable Damp in g : 
Following the disturbance, the oscillations of the monitored parameters display 
positive damping. The positive damping is determined with a damping coefficient 
calculation algorithm. This characterizes the degree of positive (damped) or negative 
(undamped) damping based on the dampirig trend, over the duration of the stability 
run, of the envelope of machine angle oscillation peaks. This trend can be observed 
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by drawing an envelope connecting each succeeding peak or valley of the oscillation 
of the monitored element.. An acceptable oscillation envelope will demonstrate a 
positive decay within the appropriate test period (normally 10 to 15 seconds). A 
sustained oscillatory system response, even if slightly damped, will cause the system 
to be in a vulnerable state and exposed to adverse impacts for subsequent changes 
to the system over some prolonged time. To limit this system exposure PJM uses a 
3% damping margin. Such positive damping demonstrates an acceptable response 
by the system, and no further analysis is required Failure to meet the damping 
standard will require application of some combination of power system stabilizers, 
excitation system upgrade and tuning, and system upgrade. 

iti 
Generating unit stability analysis is performed by PJM as a part of the System Impact Study for 
proposed generation interconnection to the PJM system. PJM also conducts annual system 
stability analysis of the PJM system in compliance with applicable NERC transrnission planning 
criteria. PJM’s standards for stability analyses satisfy NERC criteria and are the generally 
applicable criteria for all PJM stability analyses. In addition, Transmission Owner stability criteria 
may apply. Certain specific areas of PJM have been identified by PJM or Transmission Owner 
analysis as stability limited areas of the system. In such areas of the system, stability operating 
guides may apply. See PJM Manual 03 at http://www.pjm.com/documents/manuals.as~ for 
more information on PJM stability operating guides. 

a. Submission of Project Stability Study Data 

Stability study data is included in the data required for the series of 
studies generally required for a System Impact Study. A System Impact 
Study typically includes a shoi-i circuit study, power flow study and 
stability study. As required by the PJM Tariff, and detailed in PJM Manual 
14A, all data for the System Impact Study, including stability analysis 
data, must be submitted by the Interconnection Customer as part of a 
completed System Impact Study Agreement. System Impact Study 
Agreements are not complete until the required agreement is fully 
executed and all associated data for the complete series of studies is 
received. Upon PJM’s acceptance of a completed System Impact Study 
Agreement, all associated data becomes the Interconnection Customer’s 
final data for the System Impact Study and any subsequently necessary 
Facilities Study. 

b. Final Stability Study Data 

Prior to beginning any of the studies generally required for a System 
Impact Study, PJM will accommodate modifications to submitted data 
unless, in PJM’s judgment, such modification woulcl adversely impact 
subsequently queued projects. It is .&he lntercannection Customer’s 
responsibility to establish and maintain communication with the assigned 
PJM Project Manager to determine ’the lat,esf date that specific data 
changes can be accommodated. Interconnection Customers are 
encouraged to work closely with their Project Managers .to determine if 
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any anticipated project changes can be accommodated without adversely 
affecting subsequent projects. After acceptance of the System Impact 
Study Agreement, PJM is under no obligation to accept any changes in 
data and may proceed through the System Impact Study, Facilities Study 
and the Interconnection Service Agreement processes on the basis of the 
final data. This final data is considered consistent with the “as built” 
representation of the system. As such, it should represent the actual 
equipment that will be installed and commissioning settings that can be 
achieved” 

c. Changes to Stability Data After Commencement of Sfability Study 

This section addresses project changes that affect the stability study and 
often the short circuit study. Such changes typically involve the electrical, 
configuration and physical parameters of the generator and associated 
electrical equipment between the connection to the networked power 
system and the generator. While some configuration changes could 
necessitate power flow re-study, the changes that are discussed here 
only cause stability and possibly short circuit re-study. 

After the start of the stability study PJM will complete the stability study, 
issue the System Impact Study report, complete any necessary Facilities 
Study and issue the Interconnection Service Agreement. After the start of 
the stability study, changes to electrical parameters that will require 
stability re-study, will be accommodated by PJM as resources are 
available and in a manner that does not negatively impact later queued 
projects. In addition, certain parameter changes may also require new 
short circuit studies. Necessary re-study caused by parameter changes 
may be performed by contractors. The re-study will be performed on the 
system model that includes all project studies completed at the time of the 
re-study. The scope of the re-study will determine all necessary 
incremental system facilities necessitated by the parameter changes. 

d. Cost of Incremental Facilities Caused by Restudy 

The Interconnection Customer that makes the parameter changes that 
cause re-study will be responsible for the costs of re-study and the cost 
of the incremental facilities that are specified by the re-study, including 
facilities that are revealed by the short circuit re-study. 

G.3.2 System impact Study Stability cope and Process 

These procedures apply to stability studies required as part of System Impact or Initial S.tudies. 
These stability studies determine the project‘s cost responsibility for upgrades due to 
interconnection stability issues. These upgrade responsibilities become part of a project’s 
Interconnection Service Agreement (ISA.) 

Stability study stark dates, generally, are at least six months after the close of a queue. This 
allows time to complete feasibility studies and the power flow and short circuit phases of fhe 
impact study. This section outlines the process of coordination and execution of the stability 
study among the representatives of PJM, the Interconnection Customers and Transmission 
Owners. 
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I .  

2. 

PJM will develop a study scope at the beginning of each prqject stability analysis. This 
scope will include but not, be limited to the following kerns: 

1 . I .  The MW Size of the project. Developers may reduce the project maximum output, 
based on tariff terms, from the feasibility request. Stability will study projects at their 
maximum outputs regardless of the project’s value for capacity marltets. 

1.2. The electrical Point of Interconnection (POI) of the project. For pro,jects that tap an 
existing transmission line, the feasibility power flow generally assumes a line POI is at 
the line midpoint. Stability analysis will require the actual location information to 
determine the tap point. 

Fault specification will include fault: 

1.3.1. location 

1.3.2. phase involvement 

1.3.3. impedance 

1.3.4. actual timing for clearing and reclosing 

1.3.5. explicit timing or other margins to be added 

1.3.6. justification of any procedures that exceed PJM standard methods 

1.3. A detailed fault list testing all applicable NERC and Transmission Owner criteria faults. 

1.4” Dispatch in the vicinity of the study location. 

1.5. Selection of the appropriate base case, light load or peak load, for study of the 

Study scope will be supplied to the affected Transmission Owner. Affected parties have one 
week to provide input to the study scope after which time PJM will issue the final scope and 
a date that the study will begin. All special study conditions, scenarios or simulations, if any, 
required by guides or sensitive areas and accurate clearing times must be included in this 
final scope. The study will progress to completion based on the final scope document. 

2.1. ‘The study scope for interconnection studies will consider standard NERC criferia faults 
and Transmission Owner criteria faults, as a general rule, including the POI bus and 
one bus away from that bus. In other words if a new POI is cut-in at the midpoint of an 
existing line, faults will be examined at the POI, and up to and including faults at the 
ad,jacent existing system substations and lines. If a project interconnects to an existing 
system bus location, then faults at that location and including adjacent substations and 
lines will be examined. When new interconnection requests are considered, in PJM’s 
judgment, in a cluster study, they will consider inierveniiig bus location faulk (further 
than one bus from any new interconnection) at PJM’s discretion when the electrical 
configuration indicates that .the added locations could pose a more severe test and that 
a contributing cause OF the stability concern is the new interconnection. In a similar 
fashion, PJM may use its judgment in any stability analysis to expand ,the fault locations 
outside the general “one bus removed” criteria when system electrical configurations 
dictate and the interconnecting pro,ject poses the concern. 

guides or Special Protection Systems (SPS) (for example see Manual 03) may include 
scenarios designed to test the proper operation of the existing guides or SPS. In such 

intercon n e c k  n request. 

2.2. The stability scope for interconnections in areas affected by established operating 
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3. 

4” 

5.  

6. 

cases, the scope may be augmented to examine and specify modified procedures or 
facilities that ensure the integrity of the system operation. 

After completion of the study scope, PJM will transmit results and suppor‘cing information to 
the Transmission Owner. A review conference call between the Transmission Owner and 
PJM will be scheduled within a week of providing the results. 

The transmission Owner will provide an estimated date for completion of its determination of 
system remedies for any issues identified in the stability results. Such remedies will include 
system impact cost estimates and the earliest feasible date to complete system 
modifications ‘chat accommodate the new interconnection. 

Upon completion of the Transmission Owner review and estimates PJM will issue the final 
impact study report to the project developer. 

In situations when the required system modifications or upgrades cannot be accomplished 
by the projected in-service date of the project, PJM will develop a scope and schedule to 
determine interim solutions and dates along with provided interim capability. 

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 PJM’s load deliverability testing (see Manual 143 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. 
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le t in e8 
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 44A and 14B and the PJM Open Access Transmission tariff (OAPT.) 
In recognition of some of the unique characteristics and challenges posed by wind projects, 
however, the PJM OATT procedures include certain special provisions applicable to wind farm 
interconnection requests. Interconnection Customers should familiarize themselves with all 
applicable PJM procedures and requirements, in consultation with their assigned PJM project 
manager. Some provisions of particular interest to wind interconnection requests can be found 
in OATT PART IV, Subpart A, PART VI, Subpart A, and OATT Attachment 0 Schedule H. 

r ~ j e ~ t  Final Im 
Upon entering the interconnection queue, wind generators may submit approximate data for the 
feasibility study that represents the wind farm as a single equivalent unit. Prior to 
commencement of the wind Farm impact study the approximate data must be replaced with 
detailed design data including the detailed electrical layout of the wind farm. This data is 
required for wind farm projects, by tariff provisions, no later than six months after the filing of the 
interconnection request. As described in the general discussion of System Impact and Initial 
Study procedures, final impact study data is generally required at the beginning of the system 
impact study process which often will happen to be about: six months after the close of the 
queue. In the case of wind projects, tariff requirements ensure that the data may be supplied up 
to six months from the initiation of the queue request. In practice the wind farm developer, as 
well as all project developers, should maintain good communications with the assigned project 
manager to determine when PJM is scheduled to begin a specific project’s stability analysis. 

5 2  ~~~~ Project LVRT 
In addition to all facets of the standard stability study scope previously discussed, wind 
generators will be studied during their impact study stabili.ty analysis for compliance with the 
Low Voltage Ride Through Criteria (LVRT.) The LVRT criteria tests the ability to the wind farm 
generator to maintain operation and interconnection with the system during events that cause 
extremely low voltage transients as measured at the high side of the transformer that, steps up 
the Wind Farm’s voltage to the transmission system (high side of the wind farm GSIJ.) Peak 
load conditions are the most stressful for maintaining system voltage so this analysis will be 
conducted on a peak load power flow model (in contrast to the standard stability analysis that: is 
conducted on an off-peak model.) Based on the results of the standard stability analysis, PJM 
will determine the most critical three phase faults with normal clearing and phase to ground 
.faults with delayed clearing. The wind generator will be required to maintain its power output, to 
the system following three phase faults cleared in up through 9 cycles (9 cycles includes any 
applicable margins) and that produce a voltage as low as zero at the high side of the GSU. 
Actual clearing times plus applicable margins will be used, which may be less than 9 cycles and 
high side GSU voltages may be somewhat greater than zero. Also the wind farm must maintain 
output to the system following the most critical phase to ground faults with delayed clearing, 
using actual clearing times. Applicable clearing time margins will apply to the LVRT test. 
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Stability tests will be conducted on a system model with the GSU modeled and zero generator 
reactive power output (unity power factor.) When power flow analysis does not model the 
generator step up transformer, the zero generator reactive power output is applied at the 
collector bus. This base case and the stability analysis will establish power factor or reactive 
power delivery requirements only if impact study analysis is conducted that demonstrates that 
the safety or reliability of the system is impacted by the lack of the requirement. System 
transient, oscillatory, or voltage instability during any phase of the impact study is evidence of 
system safety or reliability impact. For such results, the least cost remedy that considers system 
protection, transmission upgrades, or reactive requirements will be determined and specified. 

In the event that the transient or voltage instability only affects the wind project (for example 
when long radial interconnection facilities cause the inability of the wind facility to remain stably 
interconnected), the wind project will be notified and be requested to provide project design 
remedies. PJM’s analysis of possible remedies will be limited to specifying the size of dynamic 
reactive device or increased transmission interconnection capacity if such a remedies are 
sufficient. 

re 
The PJM system generally operates to limits determined by thermal and reactive criteria. In 
some specific instances local areas of PJM or individual plants operate to stability limitations. 
The PJM transmission system conditions and procedures due to localized thermal, reactive and 
stability considerations are outlined in PJM Manual 03. 

The PJM Transmission Owners are often owners O F  the facilities that are subject to these 
procedures and carry out PJM’s operating instructions ensuring safe and reliable operation 
consistent with these guidelines and procedures. PJM, therefore, closely coordinates review of 
the stability guides and procedures with the Transmission Owners and, when appropriate, 
Transmission Owners may conduct analysis, subject to PJM’s review. 

Stability guides applicable to specific plants are reviewed as part of PJM’s three year cycle of 
generator stability analysis that ensures continued compliance with NERC criteria. Local stability 
guides and procedures are reviewed as necessary when interconnections or transmission 
changes cause the need for review. Each review is specific to the area or plants operating 
procedures and guides and confirms or develops modifications to the guide and system 
upgrades, as appropriate, to maintain reliable operation within applicable criteria. 

.$ Short Circuit 
PJM performs short circuit analysis as part of the annual Regional Transmission Expansion 
Plan (RTEP) baseline assessment. This analysis includes a study of the entire PJM system 
based on its current configuration and equipment. In addition, PJM also performs the analysis 
on the planned system configuration using a 5-year out case. The generation and merchant 
transmission interconnection process (see Manual 14A) also includes short circuit analysis for 
each requested new interconnection project. The addition of new sources drives most breaker 
replacements. PJM Planning conducts short circuit analysis fo ensure the high-voltage circuit 
breakers on the transmission system are sufficiently rated to safely interrupt fault currents. 
These short. circuit studies are also referred to as breaker interrupting studies. Since new 
sources only become cornmitied with relafive assurance a few years before scheduled 
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commercial operation and since breaker replacement lead times are only a few years, these 
analysis are only conducted within the 5-year planning horizon. 

The short circuit analysis is performed in accordance with the following industry standards: 

ANSIAEEE 551-2006 “IEEE Recommended Practice for Calculating Short- 
Circuit Currents in Industrial and Commercial Power Systems” 

ANSIAEEE C37.04-1999 “IEEE Standard Rating Structure for AC High- 
Voltage Circuit Breakers” 

ANSllIEEE C37.010-1999 “IEEE Application Guide for AC High-Voltage 
Circuit Breakers Rated on a Symmetrical Current Basis” 

ANSMEEE C37.5-1979 “IEEE Guide for Calculation of Fault Currents for 
Applications of AC High-Voltage Circuit Breakers Rated on a Total Current 
Basis” 

The system condition most critical for short circuit analysis on the PJM system is all available 
generation in-service. This condition is modeled in short circuit reference cases that are 
specially configured for short circuit analysis. The PJM Transmission Planning Department 
maintains the following short: circuit base case representations and associated data: 

I year planning representation consisting of the current system plus all 
facilities planned to be in-service within the next year. 

Current year plus 5 planning representation using the 1 year planning 
representation as the base model and including all system upgrades, 
generation projects, and merchant: transmission projects planned to be in- 
service from years 1 through 5. This 5 year planning representation is 
consistent with the PJM RTEP 5 year load flow base case. 

Data file containing current circuit breaker interrupting ratings and other 
relevant circuit breaker nameplate data for all BES circuit breakers. 

The short: circuit base cases are maintained using Aspen One Liner and short circuit analysis is 
performed using the Aspen Breaker Rating Module. The PJM short: circuit 1 year planning 
representation is developed annually with the assistance of the designated transmission owner 
short circuit contacts and maintained by the PJM Transmission Planning Department. 

6.8 ~~~~~~~ Plant s y ~~~~~~~~~~~ 

Stability analysis of nuclear facilities is conducted during PJM’s three-year cycle of stability 
review of all existing generating units. Also, interconnections or transmission modifications in 
the vicinity of existing generating stations, including nuclear stations, may necessitate additional 
reviews. PJM conducts these reviews consistent with the NERC criteria and certain added 
criteria specified by the Transmission Owner or plant operator or owner. PJM stability studies 
take into account coordination with any applicable Special Protection Schemes. Results of PJM 
Planning analyses can he found under the “planning” tab material and “commiMees 8: groups” 
tab maierial on PJM.com particularly: 

http://www.piin.com/planning/planiiing-criteria.aspx 
http://www. pim.com/planning/rtep-development.aspx 

http://www.pirn.com/planning/generation-interconnection.aspx 
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http://www.pim.com/coininittees-and-~roups/committees/teac.aspx 
PJM will notify PJM System Operations and the affected Transmission Owner in the event that 
PJM’s planning analyses indicate planning study results that violate PJM planning criteria or 
nuclear specific planning criteria. In addition, results of PJM Impact Studies affecting nuclear 
facilities are communicated to the affected Nuclear owner and operator. 

PJM applies some nuclear plant: study procedures that exceed standard NERC criteria to be 
consistent with certain regulatory and safety requirements specific to these facilities. Material 
contained in the Appendix to this Attachment G provides Nuclear Plant Interface Requirements 
(NPIR) regarding the nuclear specific testing procedures applied by PJM and Transmission 
Owner Planning. 
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errat 
This appendix contains Transmission Owner specific criteria applicable to RTEP stability study 
analyses that may go beyond the NERC system stability performance tests routinely applied by 
PJM. PJM normal stability testing enforces the NERC criteria that are based on single 
contingencies and common-mode multiple contingencies. PJM does not permit planned load 
loss or interruption of firm transmission service for these events, even when such service 
curtailment may be permitted by the NERC standards. These contingencies are also referred to 
in this Attachment and Appendix as the “standard” NERC criteria and include the following 
events: 

System normal, 

Single phase and/or three phase fault (N-‘I), 
Single phase fault stuck breaker (N-2), 

Three phase fault tower (N-2), and 

Single Phase fault and communication failure (N-2). 

Mare stringent NERC criteria that involve multi phase faults, non-common mode multiple 
Contingencies, and higher order contingencies (also referred to as “beyond” standard NERC 
criferia) do not routinely form the basis for required PJM RTEP upgrades. Some Transmission 
Owner criteria, however, as detailed in this Appendix, go beyond the standard PJM stability 
screening criteria and do require remedies. These procedures, as applicable, are applied during 
PJM RTEP (including interconnection related) stability analyses in addition to PJM thorough 
testing of stal7dardNERC criteria tests and system performance is verified to be stable and 
within criteria. The Transmission Owner specific criteria are limited to interconnections with the 
iransmission facilities of the respective Transmission Owners. 

All PJM testing applies the clearing margins and damping criteria discussed in Attachment G 
and more stringent criteria when the specific Transmission Owner criteria exceed these 
standard margins. In all cases PJM applies the criteria in a comparable and not unduly 
discriminatory fashion to new interconnection projects and existing generators. Violations based 
on standard NERC criteria and standard margins must be remedied by upgrade modifications to 
the system. Operating curtailments will generally be an available remedy for issues found for 
line maintenance outage tests. 

a 

For interconnection queue studies that pass the standard NERC and PJM criteria but produce 
localized violations based on criteria that are beyond the standard NERC criteria and/or margins 
that exceed standard PJM margins, PJM, in consdtation with the affected Transmission 
Owners, will determine lower cost remedies. For these Transmission Owner ‘tests, planned load 
loss or interruption of firm transmission service is not allowed when lower cost remedies are 
available. An available lower cost reimedy will be required to address such violations. For 
example, lower cost remedies that may be considered include: 

Relaying modifications 

e Sectionalizing schemes 

breaker upgrades 
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Independent pole tripping 

High speed breaker failure schemes 

High speed reclosing 

Fast closing of steam intercept valves 

Braking resistors 

a 

a 

If the search for lower cost upgrades produces none, or in the case of wide-spread system 
violations such as may be encountered during RTEP baseline stability analysis, then PJM, in 
consultation with the affected Transmission Owners, will make a more detailed assessment of 
the violation(s) including factors such as the extent of violations, the events’ likelihood, system 
impact and cost to remedy. Based on the gathered information, PJM will specify a remedy 
including possible consideration of operating guides, special protection systems, and more 
extensive high voltage upgrade options. 

With regard to nuclear station related planning stability analysis, in addition to the standard 
NERC criteria and specific Transmission Owner criteria testing, PJM reviews and enforces 
criteria testing that can be found under the Planning section of the Nuclear Plant Interface 
Requirement (NPIR) documents. In some cases the Transmission Owner also performs special 
nuclear unit stability testing as described in PJM Manual 39 and the NPIR. Together, the 
analyses that may be performed by the Transmission Owner and PJM’s testing incorporate the 
voltage and stability requirements of the station PJM ensures Transmission System 
performance to the specified criteria that enables the station equipment and systems to perform 
as designed. Nuclear voltage criteria at the Transmission System level, including any voltage 
drop criteria, are enforced on a system normal and post-contingency basis as described in the 
NPIR planning requirements. Observed criteria violations during planning assessments affecting 
nuclear stations will he evaluated jointly by PJM Planning and PJM Operations consistent with 
procedures outlined in PJM Manual 39. Appropriate remedies, consistent with this Attachment 
and the PJM Manuals and Agreements, will be specified to ensure applicable criteria are met 
The nuclear owner will be responsible for reinforcements necessary to comply with criteria that 
are specific to the Nuclear Plant and that are more stringent than the standard PJM and 
Transmission Owner iests. 

The specific nuclear unit planning criteria contained in the NPIR documents are included in the 
Appendix to this Attachment G when the nuclear plant owner has consented to these excerpts 
being included here for convenient planning reference. In any instances of a nuclear plant 
owner preference to maintain confidentiality of this informaiion, it is not reproduced in this 
manual but is still evaluated arid enforced during planning studies. 

G&E Specific Criteria 

Add it i o n a I stab i I it y testing a p p I i ca b le to inter co n n e ct io n s with B G &E t ran s m is s io n fa c i I i t ies 
includes tests of three-phase faults a i  a point 80% of the circuit impedance away from the 
station under siudy with delayed (zone two) clearing. 
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Specific Criteria 
Additional stability testing applicable to interconnections with ComEd transmission facilities 
includes: 

Three-phase fault on any transmission or generation element with delayed 
clearing due to a stuck breaker or other protective equipment failure. For 
situations involving independent pole operated breakers, it is assumed that 
only one phase of the breaker fails to open and the delayed clearing time is 
used for the remaining single-phase fault. 

Three-phase fault on any transmission or generation element with delayed 
clearing due to failure of a special protection system. 

Three-phase fault on all transmission lines on a multiple circuit tower with 
normal clearing. 

Three-phase fault on any transmission or generation element. during the 
scheduled outage of any other transmission or generation element. 

It should be noted that a one-cycle margin is included in all primary-clearing times for faults on 
the ComEd system, instead ofthe PJM margins. For more severe, lower probability events such 
as faults occurring during maintenance outages or faults cleared in delayed time, if lower cost 
remedies are not available, PJM will retest with the PJM's standard margins as a possible 
remedy. 

pecific Criteria 

Additional stability testing applicable Zo interconnections with PPL transmission facilities 
includes: 

permanent three-phase faults at a point 80% of the line impedance away 
from the PPL zone generating facility under consideration with delayed (Zone 
2) clearing times, including reclosing, if applicable. 

Permanent three phase fault with stuck breaker or other cause of delayed 
clearing. 

Permanent three phase fault on one line in the substations one substation 
removed .from the interconnection point with an over-trip of another unfaulted 
line in the same station. Both the over-trip and clearing of the faulted line 
occur in normal primary clearing time. Reclosing sequences, if applicable, will 
be included. 

PPL EU applies a transient synchronous stability safely margin of 7% in the 
exporl: limited Northern PPL area (see PJM Manual 03 a.t 
littp://www.pjm.com/documents/maiiuals.aspx)~ This implies tha.t the net 
export limit based on stability will be reduced by 7% to account for a margin 
of error in the specified net export limit from the area. 

e 

~~~a~~~~ of the ~~~~ for ~~~~~~~~ Ana 
PJM is required to incorporate the Nuclear Plant Interface Requirements (NPIRs) in to its 
planning processes according to the applicable NERC standards. PJM performs these planning 
analyses consistent with the NPlR planning requireinents and its Regional Transmission 
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Planning requirements. PJM Manuals 14B and 39 are the two principal sources that document 
these requirements, among various other planning and operating process business rules. It the 
responsibility of the Planning engineer to monitor changes to the planning requirements 
contained in the NPlR source documents (kept in confidence by PJM System Operating) and 
Manual 39 and to update this manual to reflect changes as appropriate per the protocols of 
Manual 39 section 3.1. 

The following material are the excerpted planning requirements and criteria contained in the 
NPIR’s that must be incorporated into PJM Planning analyses. This material must only be 
changed to be consistent with the source documents. 
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Nuclear Plant Voltage Adequacy Studies: Periodic analysis of the expected Braidwood 
switchyard voltages following a unit trip (Unit 1 or 2) shall be performed for various transmission 
system load levels and contingencies based on the study template provided by Exelon Nuclear. 
Exelon Nuclear will periodically request these studies from the ComEd transmission entity on a 
periodic basis to support compliance with GUC 17. The results of the studies are to be provided 
to Exelon Nuclear by the ComEd Transmission Entity. 

- PJM Planning and Operations transmission studies shall incorporate the Braidwood voltage and 
st,ability requirements that follow. Exelon Nuclear shall be notified by the Planning Authority if 
planning study results identify that the Braidwood requirements are not met by current or future 
system configurations, load levels, and coiitingencies. Transmission study violations based on 
standard PJM criteria Zesting will be handled by 'the procedures described in the PJM 
agreements and manuals. Study violations based on criteria that are specified specifically for 
Braidwood and are beyond standard PJM crkeria testing will require remedies that will be the 
plant owner's responsibility. The following Braidwood requirements shall be utilized for the 
planning studies: 

Voltage and Offsite Source l o a d  Capacity Requirements: 

The Braidwood Voltage Operating Limits, which are based upon internal plant limitations 
reflected at the transmission system voltage limit level, are as follows: 

345kV: Normal l o w  (actual voltage evaluations) - 349.2kV (1.0122) 

Emergency Low (contingency voltage evaluations) - 349.2kV (1.01 22) 

Note: 

The limits above are applicable for Braidwood lJnits 1 and 2. It is acceptable that the Normal 
Low limit be conservatively adjusted upward by1 kV to allow for design limitations of the 
transmission entity state estimators. Some state estimator designs do not allow a Normal Low 
limit and an Emergency l o w  limit to be the same value. 

For the purposes of the planning studies only the Braidwood unit trip contingency voltage limit, 
requires evaluation. Other transmission system contingencies do not require evaluation. 

Stability: 

Braidwood genera'ting units 1 and 2 are to be stable for the following conditions (the following 
are included in PJM standard stability testing): 

A three-phase line fau1.t with normal clearing of the line protective systems. 

A phase-to-ground fault with abnormal (delayed) clearing involving the failure 
of a relay or circuit breaker. 

A double line tower .fault. I) 

Exelon Nuclear shall be notified by the Planning Authority if the results of system stability 
studies identify that any of the stability requirements discussed above are not met. In addition, 
Exelon Nuclear shall be notified if the system stability studies pertinent to the Braidwood 
generators, the Braidwood switchyard, or the lines connecting the Braidwood switchyard to the 
transmission system indicate that stability requirernents contained in the PJM, NERC or ComEd 
Transmission Entity standards are not met. 
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Nuclear Plant Voltage Adequacv Studies: Periodic analysis of the expected Byron switchyard 
voltages following a unit trip (Unit 1 or 2) shall be performed for various transmission system 
load levels and contingencies based on the study template provided by Exelon Nuclear. Exelon 
Nuclear will periodically request these studies from the ComEd transmission entity on a periodic 
basis to support compliance with GDC 17. The results of the studies are to be provided to 
Exelon Nuclear by the ComEd Transmission Entity. 

PJM Planning and Operations transmission studies shall incorporate the Byron voltage and 
stability requirements that follow. Exelon Nuclear shall be notified by the Planning Authority if 
planning study results identify that the Byron requirements are not met by current or future 
system configurations, load levels, and contingencies. Transmission study violations based on 
standard PJM criteria testing will be handled by the procedures described in the PJM 
agreements and manuals. Study violations based on criteria that are specified specifically for 
Byron and are beyond standard PJM criteria testing will require remedies that will be the plant 
owner's responsibility. The following Byron requirements shall be utilized for the planning 
studies: 

Voltaqe and Offsite Source Load Capacitv Requirements: 
The Byron Voltage Operating Limits, which are based upon internal plant limitations reflected at 
the transmission system voltage limit level, are as follows: 

345kV: Normal Low (actual voltage evaluat,ions) - 341 . O b /  (.9885 pu) 

Emergency Low (contingency voltage evalua.tions) - 341 .OkV (9885 pu) 

Notes: 

The limits above are applicable for Byron Units 1 and 2. It is acceptable that the Normal Low 
limit be conservatively adjusted upward by I 1 ItV to allow for design limitations of the 
transmission ent,ity state estimators. Some state estimator designs do not, allow a Normal Low 
limit and an Emergency Low limit to be the same value. 

For the purposes of the planning studies only the Byron unit trip contingency voltage limit. 
requires evaluation. Other transmission system contingencies do not require evaluation. 

Stability: 

Byron generating units 1 and 2 are to be stable for the ,following conditions (the following are 
included in PJM standard stability testing): 

A three-phase line fault with normal clearing of the line protective systems. 

A phase-to-ground fault with abnormal (delayed) clearing involving the failure 
of a relay or circuit breaker. 

A double line tower fault. 

Exelon Nuclear shall he notified by the Planning Au.thority if the results or' system stability 
studies identify that any of the slability requiremerits discussed above are not met. In addition, 
Exelon Nuclear shall be notified if the system stability studies pertinent to the Byron generators, 
the Byron switchyard, or the lines connecting 'the Byron switchyard to the transmission system 
indicate that stability requirements contained in the PJM, NERC or CoinEd Transmission Entity 
standards are no,& met. 
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Nuclear Plant Voltage Adequacv Studies: Periodic analysis of the expected LaSalle Station 
switchyard voltages following a unit trip (Unit 1 or 2) shall be performed for various transmission 
system load levels and contingencies based on a study template provided by Exelon Nuclear. 
Exelon Nuclear will periodically request these studies from the ComEd Transmission Entity on a 
periodic basis to support compliance with GDC 17. The results of the studies are to be provided 
to Exelon Nuclear by the ComEd Transmission Entity. 

PJM Planning and Operations transmission studies shall incorporate the LaSalle voltage and 
stability requirements that follow. Exelon Nuclear shall be notified by the Planning Authority if 
planning study results identify that the LaSalle requirements are not met by current or future 
system configurations, load levels, and contingencies. Transmission study violations based on 
standard PJM criteria testing will be handled by the procedures described in the PJM 
agreements and manuals. Study violations based on criteria that are specified specifically for 
LaSalle and are beyond standard PJM criteria testing will require remedies that will be the plant 
owner's responsibility. The following LaSalle requirements shall be utilized for the planning 
studies: 

Voltage and Offsite Source Load Capacity Requirements: 

The LaSalle Voltage Operating Limits, which are based upon internal plant limitations reflected 
at the transmission system voltage limit level, are as follows: 

345 ItV: Normal low (actual voltage evaluations) - 353.0 kV (1.0232 pu) 

Emergency Low (contingency voltage evaluations) - 353.0 kV (1.0232 1x1) 

Note: 

The limits above are applicable for LaSalle Units 1 and 2. It is acceptable that the Normal Low 
limit be conservatively ad,justed upward by .I ItV to allow for design limitations of the 
transmission entity state estimators. Some state estimator designs do not allow a Normal Low 
limit and an Emergency Low limit to be the same value. 

For the purposes of the planning studies only the LaSalle unit trip contingency voltage limit 
requires evaluation. Other transmission system contingencies do not require evaluation. 

Stability: 

LaSalle generating units 1 and 2 are to be stable for the following conditions (the following are 
included in PJM standard stability testing): 

A three-phase line fau1.t with normal clearing of the line protective systems. 

A phase-to-ground fault wiih normal clearing and with abnormal (delayed) 
clearing involving the failure of a relay or circuit breaker. 

A double line tower fault. 

A phase-to-ground fault during planned ,transmission line maiii.tenance 
outages 

Exelon Nuclear shall be notified by the Planning Authority if the results of system stability 
studies identify that any of the stability requirements discussed above are not met. In addition, 
Exelon Nuclear shall be notified if the system stability studies perlinent to the LaSalle 
generators, the LaSalle switchyard, or the lines connecting the LaSalle switchyard to the 
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transmission system indicate that stability requirements contained in the PJM, NERC or ComEd 
Transmission Entity standards are not met. 
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Nuclear Plant Voltage Adequacv Studies: Periodic analysis of the expected Quad Cities 
switchyard voltages following a unit trip (Unit 1 or 2) shall be performed for various transmission 
system load levels and contingencies based on the study template provided by Exelon Nuclear. 
Exelon Nuclear will periodically request these studies from the ComEd Transmission Entity to 
support compliance with GDC 17. The results of the studies are to be provided to Exelon 
Nuclear by the ComEd Transmission Entity. 

- PJM Planning and Operations transmission studies shall incorporate the Quad Cities voltage 
and stability requirements that follow. Exelon Nuclear shall be notified by the Planning Authority 
if planning study results identify that the Quad Cities requirements are not met by current or 
future system configurations, load levels, and contingencies. Transmission study violations 
based on standard PJM criteria testing will be handled by the procedures described in the PJM 
agreements and manuals. Study violations based on criteria that are specified specifically for 
Quad Cities and are beyond standard PJM criteria testing will require remedies that will be the 
plant owner’s responsibility. The following Quad Cities requirements shall be utilized for the 
planning studies. 

Voltage and Offsite Source Load Capacity Requirements: 

The Quad Cities Voltage Operating Limits, which are based upon internal plant limitalions 
reflected at the transmission system voltage limit level, are as follows: 

345kV: Normal Low (actual voltage evaluations) - 348.2 kV (1 “0093 pu) 

Note: 

The limits above are applicable for Quad Cities IJnits 1 and 2. 

For the purposes of the planning studies only the Quad Cities unit trip contingency voltage limit 
requires evaluation. Other transmission system contingencies do not require evaluation. 

Power flow and Stability Testing: 

The following design requirements of the Quad Cities UFSAR are to be annually verified 
through the battery of transmission tests performed by PJM and ComEd. All ofthe Quad Cities 
requirements are embodied in the standard NERC, PJM and ComEd transmission criteria 
applied during PJM and ComEd studies related to the Regional Transmission Expansion Plan 
and generation interconnections. These tests ensure the Quad Cities and ComEd system are in 
compliance with the applicable crit,eria. 

The transmission sys,tem is designed to withstand the sudden outage of large arnounts of 
generating capacity. The system shall be designed to compensate for the simultaneous loss of 
any two generating units and maintain all transmission network flows within shod term 
emergency limits, and all 345kV and 138kV voltages within steady state limits. This is required 
at all load levels up to the 50/50 load forecast. PJM testing examines the non-simul.taneous 
outage of any ,two units. ComEd testing examines the most critical combination of sirnultaneous 
outages of two units. 

Quad Cities Station and the transmission system is designed for stability and circuit isolation 
that will prevent the sudden loss of one unit at Quad Cities from causing the second uni% to trip. 
This is confirmed by power flow and stability studies. The system shall be stable for situations 
involving a three phase fault on the most critical generating element with normal clearing, or a 

Emergency Low (contingency voltage evaluations) - 348.2 kV (1.0093 pu) 
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three phase fault on the most critical generating element with delayed clearing, or the loss of the 
most critical single facility with no fault. 

Assuming one or both of the Quad Cities units are tripped when carrying full load, the high 
voltage lines at the station will continue to be energized from the transmission system. The 
transmission system shall be designed to withstand the outage of any one generator and 
maintain all network flows within emergency ratings (up to 50/50 load) or short term emergency 
ratings (up to 9011 0 load). 

Exelon Nuclear shall be notified by the Planning Authority (PJM) if the results of system stability 
studies identify that any of the stability requirements discussed above are not met. In addition, 
Exelon Nuclear shall be notified if the system stability studies pertinent to the Quad Cities 
generators, the Quad Cities switchyard, or the lines connecting the Quad Cities switchyard to 
the transmission system indicate that stability requirements contained in the PJM, NERC or 
ComEd Transmission Entity standards are not met. 
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Nuclear P l a n t u t a g e  Adeauacv Studies: Periodic analysis of the expected Dresden Station 
switchyard voltages following a unit trip (Unit 2 or 3) shall be performed for various transmission 
system load levels and contingencies based on a study template provided by Exelon Nuclear. 
Exelon Nuclear will periodically request these studies from the ComEd Transmission Entity on a 
periodic basis to support compliance with GDC 17. The results of the studies are to he provided 
to Exelon Nuclear by the ComEd Transmission Entity. 

PJM Planning and Operations transmission studies shall incorporate the Dresden voltage and 
stability requirements that follow. Exelon Nuclear shall be notified by the Planning Authority if 
planning study results identify that the Dresden requirements are not met by current or future 
system configurations, load levels, and Contingencies Transmission study violations based on 
standard PJM criteria testing will be handled by the procedures described in the PJM 
agreements and manuals. Study violations based on criteria that are specified specifically for 
Dresden and are beyond standard PJM criteria testing will require remedies that will be the plant 
owner's responsibility. The following Dresden requirements shall be utilized for the planning 
studies: 

Voltage and Offsite Source Load Capacitv Requirernents: 
The Dresden Voltage Operating Limits, which are based upon internal plant limitations reflected 
at the transmission system voltage limit level, are as follows: 

345 kV: Dresden Unit 2 (Blue Bus); 

346.2 ItV (1.0035 pu) with Tr 86 LTC in manual 

LTC in auto, 346.2 ItV (1.0035 pu) with Tr 86 LTC in manual 

345 ItV: Dresden Unit 3 (Red Bus), 

auto, 345.3 ItV ( I  "0009 pu) with RAT 32 LTC in manual 

LTC in auto, 345.3 kV ('I .OO09 pu) with RAT 32 LTC in manual 

Note: For the purposes of the planning studies only the Dresden unit trip contingency voltage 
limit requires evaluation. Other transmission system contingencies do not require evaluation. 

Sta bility: 

Dresden generating units 2 and 3 are to be stable for the following conditions (the following are 
included in PJM standard stability testing): 

A three-phase fault on any transmission or generation element with normal clearing of the 
protective systems. 

Normal low (actual voltage evaluations) - 332.9 kV (0.9650 pu) wilh Tr 86 LTC in auto, 

Emergency Low (contingency voltage evaluations) -- 332.9 kV (0.9650 pu) with Tr 86 

Normal low (actual voltage evaluations) - 338.8 lcV (0.9821 pu) wilh RAT 32 LTC in 

Emergency Low (contingency voltage evaluations) - 338 8 ItV (0 9821 pu) with RAT 32 

a. A three-phase fault on any transmission or generation element with ahnormal (delayed) 
clearing involving the failure of a relay or circuit breaker. The fault is cleared in delayed 
time by back-up equipment. If the protective device which fails to operate is an 
independent pole operated ([PO) breaker, only one phase will be assumed to fail to clear 
in the primary clearing aLtempt which will leave only a single phase fault during the 
delayed clearing time. Mitigation for unstable scenarios may include generator tripping. 
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b. A three phase fault on any transmission or generation element accompanied by the 
failure of a special protection scheme to detect, clear, or properly respond to the fault. 
The fault is cleared in delayed time by back-up equipment, or the special protection 
scheme may fail to operate as designed. Mitigation for unstable scenarios may include 
generator tripping. 

c. A three phase fault on all transmission lines installed on a multiple circuit tower. No relay 
or circuit breaker failure is assumed for this contingency. 

d. A three phase fault on any transmission or generation element during the scheduled 
outage of any other transmission or generation element. No relay, circuit breaker, or 
special protection scheme failure is assumed for this contingency. Mitigation for unstable 
scenarios may inctude generator tripping. 

Exelon Nuclear shall be notified by the Planning Authority if the results of system stability 
studies identify that any of the stability requirements discussed above are not met. In addition, 
Exelon Nuclear shall be notified if the system stability studies pertinent to the Dresden 
generators, the Dresden switchyard, or the lines connecting the Dresden switchyard to the 
transmission system indicate that stability requirements contained in the PJM, NERC or ComEd 
Transmission Entity standards are not met. 
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Normal Low (actual 
vo I’cage eva I uat io n s) 
Emergency Low 
(contingency voltage 
evaluations) 

._ .. 

230kV Oyster Creek Switchyard 
Voltage 
227kV (0.9869 PA.) 

223.7kV (0.9726 p.u) 

Attachment G: PJM Stability, Short Circuit an_d Special RTEP Practices and PFocedures -- 

Note: For the purposes of the planning studies only the Oyster Creek unit. trip contingency 
voltage limit requires evaluation. Other transmission system contingencies do not reqiiire 
evaluation. 

Planning assessments enforce nuclear voltage criteria at the Transmission System level, 
including any voltage drop criteria. Criteria are enforced on a post-contingency basis without 
system adjustments hut allowing generation reactive supply within normal reactive limits, except 
as may be explicitly noted below. 

Oyster Creek system normal (reference case conditions) 230 ItV low voltage limit is 227 kV 
(.987 pu) and, under contingency conditions it is 223.7 Id/ (“973 pu). In addition, frequency will 
be monitored for all studied contingencies and verified to be maintained above 57.5 Hz. 
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Stabilitv Requirements: 
The system shall remain stable and perform within voltage and other applicable criteria 
following: 

1. A 3 phase fault with primary clearing on the most critical of the 230 kV lines 
emanating from Oyster Creek. (standard PJM test) 

2. A 3 phase fault with primary clearing on the most critical of the 34.5 kV lines 
emanating from Oyster Creek. (standard PJM test applied to lower voltage 
than PJM’s standard testing) 

3. A 1 phase fault on the most critical of the two 230 Id/ lines emanating from 
Oyster Creek, followed by a stuck breaker and clearing in backup clearing 
time. (standard PJM test) 

4. The simultaneous loss of the Oyster Creek generating unit and the largest 
generating unit in New Jersey (Salem Unit 2)  with no faults. (not part of 
standard testing) 

5.  3 phase close-in fault on the most critical 230 kV and above lines from the 
station (double circuit tower outage, specifically both Manitou-Oyster Creek 
lines) and loss of the Oyster Creek generator (verify Oyster Creek unit trips 
based on out-of-step relay protection), (standard PJM test) 

Exelon Nuclear shall be notified by the Planning Authority if the results of system stability 
studies identify that any of the stability requirements discussed above are not met. 
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2 Auxiliary Sing le Auxiliary 
Transformer T ra n sfo r rn e r 0 per at i o n 

Manual Load Tap 
C h a n g e r 

Normal Low 

Planning assessments en,force nuclear voltage criteria a.t the Transmission Syst,em level, 
including any voltage drop criteria. Criteria are enforced on a system normal and post- 
contingency basis after allowance for full system adjustments that can be available within 30 
minutes following a disturbance. 

Stability: 

Three Mile Island generating unit stability is to be analyzed according to the applicable NERC, 
Regional Entities of NERC, and PJM criteria for transient stability. 

Exelon Nuclear shall be notified if the results of system stability studies ident,ify .that any of the 
stability requiremetds discussed above are not met. In addition, Exelon Nuctear shall be notified 
if the system stabilit,y studies pertinent to t h e  TMI generator, the TMI switchyard, or the lines 
connecting the TMI switchyard to the transmission system indicate 'chat any of the stability 
requirements are not met. 

Operation Operation 
223 (0.9710 pu) 223 (0.9710 pu) 223 (0.9710 pu) 
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- Nuclear plant Voltage Adequacv Studies: Periodic analysis of the expected Limerick switchyard 
voltages following a unit trip (Unit 1 or 2) shall be performed for various transmission system 
load levels and contingencies based on the study template provided by Exelon Nuclear. Exelon 
Nuclear will periodically request these studies from the PECO Transmission Entity to support 
compliance with NRC licensing commitments for Limerick. The results of the studies are to be 
provided to Exelon Nuclear by the PECO Transmission Entity. 

PJM Plannina and Operations transmission studies shall incorporate the Limerick voltage and 
stability requirements that follow. Exelon Nuclear shall be notified by the Planning Authority if 
planning study results identify that the Limerick requirements are not, met by current or future 
system configurations, load levels, and contingencies. Transmission study violations based on 
standard PJM criteria testing will be handled by the procedures described in the PJM 
agreements and manuals. Study violations based on criteria that are specified specifically for 
Limerick and are beyond standard PJM criteria testing will require remedies that will he the plant 
owner's responsibility. The following Limerick requirements shall be utilized for the planning 
studies: 

Voltage and Offsi,&e Source Load Capacitv Requirements: 
The L.imerick Voltage Operating Limits, which are based upon internal plant limitations reflected 
at the transmission system voltage limit level are as follows: 

2301cV: Normal L.ow (actual voltage evalual-ions) - 225kV (.9783 pu.)  

Emergency Low (contingency voltage evaluations) - 225ltV (.9783 P.u.) 

Voltage drop: 2.5% (Post contingency voltage drop 1imi.t to be applied for a contingency 
trip of Limerick lJnit 1 or Unit 2). 

500kV: Normal Low (actual voltage evaluations) - 5001tV ('I "0 p.u.) 

Emergency Low (contingency voltage evaluations) - 500kV (1 .0 F).LI.) 

Voltage drop: 2.5% (Post contingency voltage drop limit to be applied for a contingency trip of 
Limerick Unit 1 or Unit 2). 

69kV: Normal Low (actual voltage evaluations) - 67.5kV ("9783 P.u.) 

Voltage drop: 3.4% (Post contingency voltage drop limit to be applied for a con'iingency trip of 
Limerick lJnit 1 or Unit 2). 

Note: The 69kV voltage limits are to be activated when notification is received from Exelon 
Nuclear that the Limerick 69kV source is in operation. 

No.&e: For the purposes of the planning studies only the Limerick unit, trip contingency voltage 
limit requires evaluation. Other .transmission system contingencies do not require evaluation. 

Stability Requirements: 

Limerick Generating Slation (LGS) Units 1 and 2 are to be stable for the following conditions: 

a. A three-phase fault on any single 500 ItV or 230 ItV circuit terminating in the 
Limerick 500ltV or 2301cV switchyards that is cleared by primary protective 
equipment (standard PJM test.) 
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b. A three-phase fault on any single 500 ItV or 230 kV circuit terminating in the 
Limerick 50OkV or 23OltV switchyards, where the most critical LGS circuit breaker 
fails to open and the fault is cleared at LGS by backup protective equipment. 
(beyond standard PJM testing.) 

c. A three-phase fault on the transformer connecting the LGS 500 Id/ and 230 kV 
buses that is cleared by primary protective equipment (standard PJM test.) 

d. A three-phase fault on the transformer connecting the LGS 500 ItV and 230 kV 
buses, where the most critical circuit breaker fails to open and the fault is cleared at 
LGS by backup protective equipment. (beyond standard PJM testing.) 

e. Simultaneous three-phase faults on both LGS to Whitpain 500 kV circuits that are 
cleared by primary protective equipment (beyond standard PJM testing ) 

In addition, the transmission system shall remain stable for the following three cases with either 
one or both LGS units in service. (All the following are beyond standard PJM testing): 

a. Loss of the largest generating station (i.e., loss of Peach Bottom Atomic Power 
Station (PBAPS) Units 2 and 3) (No faults applied). 

b. Loss of the largest load (No faults applied). 

c. Loss of the most critical right-of-way (Le., four simultaneous three-phase faults on 
the four transmission lines on the 130-30 right-of-way): 

1. Cromby-Perkiomen (I 30-30) 138 I N  Line 

2. Cromby-Upper Providence (220-62) 230 kV Line 

3. Limerick-Whitpain (5030) 500kV Line 

4. Limerick-Whitpain (5031) 50OltV t h e  

Exelon Nudear shall he notified by the Planning Authority if the results of system stability 
studies identify that any of the stability requirements discussed above are not met. In addition, 
Exelon Nuclear shall be notified if PJM system stability studies pertinent to the Limerick 
generators, the Limerick switchyards, or the lines connecting the Limerick switchyards to the 
transmission system indicate that any of the stability requirements contained in the PJM, NERC 
or PECO Transmission Entity standards are not met. 
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Nuclear Plant Voltage Adequacy Studies: 

Periodic analysis of the expected Peach Bottom offsite power source voltages following a unit 
trip (Unit 2 or 3) shall be performed for various transmission system load levels and 
contingencies based on a study template provided by Exelon Nuclear. Exelon Nuclear will 
periodically request these studies from the PECO Transmission Entity to support compliance 
with NRC licensing commitments for Peach Bottom. The results of the studies are to be 
provided to Exelon Nuclear by the PECO Transmission Entity. 

PJM Planninn and Operations transmission studies shall incorporate the Peach Bottom voltage 
and stability requirements that follow. Exelon Nuclear shall be notified by the Planning Authority 
if planning study results identify that the Peach Bottom requirements are not met by current or 
future system configurations, load levels, and contingencies. Transmission study violations 
based on standard PJM criteria testing will be handled by the procedures described in the PJM 
agreements and manuals. Study violatioils based on criteria that are specified specifically for 
Peach Bottom and are beyond standard PJM criteria testing will require remedies that will be 
the plant owner's responsibility. The following Peach Bottom requirements shall be utilized for 
the planning studies: 

Voltage and Offsite Source 1 oad Capacity Requirements. 

The Peach Bottom Station Voltage Operating Limits, which are based upon internal plant 
limitations reflected at the transmission system voltage limit level are as follows: 

- 2SU: (Peach Bottom Pap on 220-08 line) 

Normal Low (actual voltage conditions)- 225l:V (.9783 p.u ) 

Emergency Low (contingency voltage conditions)- 225l:V ("9783 p.u.) 

Voltage Drop: 1.8% (Post contingency voltage drop limit 'to be applied for a contingency trip of 
Peach Bottom Unit 2 or 3). 

Maximum - 242ItV (1 "05 p.u.) 

I- 34.3SU: (Peach Bottom 230kV; Peach Eottom terminal of 220-34 line) 

Normal Low (actual voltage conditions)- 225kV ("9783 P.u.) 

Emergency Low (contingency voltage conditions)- 225kV (.9783 P.u.) 

Voltage Drop - 2.6% (Post contingency vollage drop limit to be applied for a contingency trip of 
Peach Bottom Unit 2 or 3). 

Maximum ~ 242kV (1.05 p.u ) 

E: (1 3l:V tertiary of Peach Bottom @'I transformer) 

Normal Low (actual vollage conditions)- 'I 3.5ltV 

Emergency Low (contingency voltage conditions)- 13.5l:V 

Voltage Drop - 2.5% (Post contingency voltage drop limit to ..e applied for a contingency trip of 
Peach Bottom 1Jiiit 2 or 3). 

Maximum - 538W (1.0760 p.u.)(on 500kV side of Peach Bottom #I Autotransformer) 

No.ie: The limifs above are applicable for Peach Bottom IJnits 2 and 3. 
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Stability Requirements: 

Stability studies shall have simulated 500 kV and 230 kV transmission line faults, the loss of 
each of the Peach Bottom generators, and the loss of the largest generator on the 500 kV grid. 
The studies must show that the transmission system is stable and there will be no cascading 
transmission outages for the simulated transmission line faults. The studies must show that 
continuous offsite power is assured for the simulated transmission system contingencies. This 
requirement is demonstrated by showing that offsite power sources 2SU, 343SU, and 3SU are 
maintained in service unless the simulated transmission system contingency is the direct supply 
to the offsite power source. 

Exelon Nuclear shall be notified by the Planning Authority if the results of system stability 
studies identify that any of the stability requirements discussed above are not met. In addition, 
Exelon Nuclear shall be notified if PJM system stability studies pertinent to the Peach Bottom 
generators, the Peach Bottom switchyards, the lines connecting the Peach Bottom switchyards 
to the transmission system, or the 220-08 line indicate that any of the stability requirements 
contained in the PJM, NERC or PECO Transmission Entity standards are not met. 
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Normal Plant Loading 
Post Unit I Trip 
Loading both Start-up 
transformers in-service 
Post Unit 2 Trip 
Loading both Start-up 
transformers in-service 
Post Unit 1 Trip 
Loading T-10 Start-up 
transformer in-seivice 
Post Unit 2 Trip 
Loading T-10 Start-up 
transformer in-service 
Post unit '1 Trip 
Loading T-20 Siart-up 
transformer in-service 
Post Unit 2 Trip 
Loading T-20 Start-up 
tra nsfo rme i- i n-se rvice 

Susquehanna Station units 1 & 2 Planning Requiremen.ts 

P-'I 0 7-20 7'-12 
42 f 

5 + J3 5 4- J3 J24 4 2 +  J24 

27.1 
3-J'14.65 27.1 -5J14.65 42 f J24 

27.1 42 -5 
-5Jl4.65 27.1 "rJ14.65 J24 

54.2 1-J 
29.3 42 f J24 

5 4 2  f J  42 i- 
29.3 J 24. 

54.2 +J 29.3 42 -i J24 

42 i- 
54.2 +J 29.3 J24 
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Monitor offsite circuits with/without one S/U transformer in service 

With both Start-up Transformers (T-I 0 & T-20) in-service 
Minimum Voltase Allowable Voltage Drop* 
21 2kV (0.921 7) 5% 

~ With one Start-up Transformer (T-I 0 or T-20) in-service 
Minimum Voltage Allowable Voltage Drop" 
216.7kV (0.9421) 2% 

*Post contingency voltage drop limit to be applied for a contingency trip of Susquehanna unit, I 
or unit 2. 

NOTE: Voltage excursions below the Susquehanna voltage limits with durations expected to be 
greater than 9 seconds will result in the affected unit or units transferring from offsite power to 
the onsite power distribution system. Therefore, the transmission Entities shall take into 
consideration actions that will mitigate voltage excursions below the Susquehanna minimum 
voltage limits with durations greater than 9 seconds and provide notification when proposed 
actions cannot mitigate the voltage excursion. 

S ta bi I ity : 

Susquehanna generating units I and 2 are to be stable for the following conditions: 

In general, the st,ability requirements are tha.t the system shall be maintained without loss of 
non-consequential load during and after the .following types of cont,ingencies based on the latest 
light load forecast prepared annually by the PJM Load Analysis Subcommittee. 

Standard NERC criteria conthgencies (identified as R-" cases of FSAR Table 8.2-1): 

Single contingency outage conditions 

Double circuit tower line outage or single stuck circuit breaker conditions 
Three phase faults with normal clearing time 

Single line to ground faults with a stuck breaker or other cause for delayed 
clearing 

The NERC TPL Standard reliability criteria also requires an evaluation of the ability of the bulk 
electric system to withstand abnormal or extreme system disturbances (identified as the N-* 
cases of FSAR Table 8.2-1). The NERC TPL Standard reliability criteria does not require that 
the bulk electric system be planned and constructed to withstand these abnormal or extreme 
disturbances due t,o their low probability of occurrence. However, it. is PPL SSES position to 
maintain stability for these FSAR Table 8.2-1 cases as well. These abnormal system 
disturbances are analyzed not on the basis of their likelihood of occurrence but rather as a 
practical means to study the system for its ability to withstand disturbances beyond those that 
can he reasonably expected. 

A total of six (6) contingencies identified in the FSAR Table 8.2-1 are required by NERC 
standards. Seventeen (17) other contingencies are not required by NERC standards but 
analyzed to assure a high level of transmission system reliability. FSAR table 8.2-1 is attached 
with the list of stability cases performed for PPL Susquehanna LLC. PPL Susquehanna shall be 
not,ified if the results of system stability studies identify that any of the stability requirements 
discussed above are not met. In addition, PPL Susquehanna shall be notified i f  the system 
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stability s tudies  indicate that a n y  of the stability requirements contained within t h e  at tached 
stability summary  tables  is not met.  
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-I -~ 

Nuclear Plant Voltage Adequacy Studies 

At the request of CCNPP, BGE shall perform periodic analysis of expected Calvert Cliffs 500 
kV Switchyard post Unit trip voltages. These studies are typically performed on an annual 
frequency, but could be needed on a more frequent basis. The results of these studies shall 
be provided to CCNPP by BGE. 

Planning and Operations Transmission Studies 

PJM planning and operations transmission studies shall incorporate the Calved Cliffs 500 
kV Switchyard voltage, frequency and capacity requirements in switchyard voltage section 
below. CCNPP shall be notified by the Planning Coordinator (PJM) if planning study results 
identify that the Calvert Cliffs 500 kV Switchyard requirements are not met by current or 
future system configurations, load levels, or contingencies. Transmission study violations 
based on standard PJM criteria testing will be dispositioned in accordance with the 
applicable PJM agreements and manuals. Resolution of study violations based on criteria 
that are specific to CCNPP and are beyond standard PJM criteria testing will be CCNPP 
responsibility. The following Calved Cliffs 500 kV Switchyard requirements shall be utilized 
for the planning studies: 

Voltage and Offsite Source Load Capacity Requirements: Refer to Section 1 for the voltage 
and load capacity requirements. 

Stability Requirements: Stability studies shall have simulated transmission line faults, the 
loss of each of the CCNPP main generators, and the loss of the largest generator on the 
500 Id/ system. The studies must show that ihe transmission system is stable and there will 
be no cascading transmission outages for the simulated transmission line faults. They must 
also show continuity of offsii-e power at the Calvert Cliffs 500 Id/ Switchyard for the 
simulated transmission system contingencies by ensuring voltage limits defined in section 
I .3 are not violated. CCNPP shall be notified by the Planning Authority (PJM) if the results 
of system stability studies identify if any of the stability requirements are not met. 

Calvert Cliffs 500 kV Switchyard Voltage and CCNPP Frequency Requirements 

Operating Voltage Limits for the Calvert Cliffs 500 ItV Switchyard 

Note: See maximum post-'trip voltage drop below for loss of a CCNPP unit. 

Calved Cliffs 500 kV Switchyard Volkage Drop Limit 

Maximum post-trip voltage drop (Post-contingency for a single CCNPP unit): Voltage drop of 
5% of ihe pre-trip bus voltage with either one or both P-I3000 transformet-s in service. The 
5% post contingency voltage drop limit is .to be  applied at 'the Calver'r Cliffs 500 kV 
Switchyard for a contingency trip of CCNPP Unit 1 or Unit 2 
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Short Circuit Calculations 

BGE and SMECO shall provide to CCNPP available short circuit current data at the points of 
interconnection, when requested for use in the CCNPP distribution system short circuit 
calculations. 
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Nuclear Station Voltage Adequacy studies: Per Service Agreement No. 1668, Schedule F, 
paragraph 12: "ATSI (American Transmission Systems Incorporated) will perform a 
probability study, at FENOC's (FirstEnergy Nuclear Operating Company) expense, by June 
1 of each year to determine the frequency of grid voltage outside of values identified in this 
schedule. This study will include expected power flow transfers through the region that 
would influence grid voltages." Results of the studies are to be provided to FENOC. 

Transmission Planning studies: The Transmission Planner shall incorporate the voltage and 
stability requirements of BVPS. These studies shall include those performed to evaluate 
future transmission and generation interconnection in accordance with applicable NERC and 
Regional Entities of NERC standards. Both FENOC (Akron) and the BVPS Design 
Engineering staff shall be notified i f  planning study results identify that the BVPS 
requirements are not met by current or future syst,em configurations, load levels, and 
con,tingencies by the Transmission Planner performing the studies. Transmission study 
violations based on standard PJM criteria testing will be handled by the procedures 
described in the PJM agreements and manuals. Study violations based on criteria that are 
specified specifically for BVPS and are beyond standard PJM criteria testing will require 
remedies that will be the plant owner's responsibility. The following BVPS requirements shall 
be utilized for the planning studies: 

Voltages: 

The voltage limit requirements are as stated below. 

The Station voltage limits are as follows: 

Beaver Valley Switchyard 345kV Voltage Liinits 

EL (Emergency Low) 341 I;V (0.9850 p.u.) 

NL (Normal Low) 343 1:V (0.9942 p.u.) 

NH (Normal High) 355 1:V (1 "0290 p u " )  
Beaver Valley Switchyard 138ltV Voltage Limits 

EL (Emergency Low) 131 (CV (0..9493 P.u.) 

NL (Normal Low) 136 l<V (0.9855 p.u.) 

Nl-i (Normal High) 142 kV (1.0289 p.u.) 

Planning assessments enforce nuclear voltage criteria at the Transmission System level, 
including any voltage drop criteria. Criteria are enforced on a system normal and post- 
contingency basis after allowance for full system adjustments that can be available within 30 
mi 1-1 utes fo I lo wi n g a disturbance. 

Frequency: 

Both BVPS-1 and BVPS-2 require a stable grid frequency of 59.9 to 60.'1 Hz, 

Stability: 

BVPS generating unit siabiliiy is .to be analyzed according to t h e  applicable NERC, and 
Regional Entities of NERC, criteria for transient stability. The analyzed contingencies that 
are evaluated against Beaver Valley's voKage requirements include: 
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a 

e 

Loss of a significant generating unit (standard PJM testing) 

Loss of a significant transmission line (standard PJM test), or 

Loss of a Beaver Valley unit (standard PJM test) 

BVPS and FENOC (Akron) shall be notified by the lransmission Planner performing the 
studies if the results of system stability studies identify that any of the stability requirements 
discussed above are not met. 
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Attachment G. PJM Stability, Short Circuit and Special RTEP Practices aniProcedures 

Accident Meqawate Load 
AB ~ i v i s i o n  CD Division 1 Entire Plant 

22 22 "I 42 ~ 

I 42.5 
~~ 

20 24 

The following requirements are derived from Cook Plant Design Information Transmittal DIT- 
B-03036-00. The information in this DIT is to be used to perform transmission studies that 
support Cook Plant Operation. 

This DIT looks at case reports for Mode I and LOCA. The purpose is to allow a comparison 
between plant data and the model (Mode I) and make adjustments to the model if 
appropriate, These values will be transmitted to Transmission planning as input for their 
studies. 

Depending on the preferred power line up (split = Transformer &I and Transformer $5; 
Transformer #4 only; or Transformer #5 only) different values for transfer must be 
considered, The "split" lineup will transfer the IA & I B or 2A ti 2B busses to Transformer #5 
and the IC 8: ID or 2C & 2D busses to Transformer #4. The transfer includes the associated 
T-busses. These groups of loads (load groups) are called Division AB and Division CD for 
each unit. When the preferred power lineup is Transformer W only or Transformer #5 only; 
then both divisions (AB and CD) will transfer to the applicable single transformer. The single 
transformer load group is called "Entire Plant" and consists of the Division A 5  and Division 
CD for a single unit. This DIT also looks at 69kv power requirements. 

3. Design Value Determination 

3.1.  The values determined abovc %e increased to 0lIow increased use of power within the plant 
and for margin. The amount of the increase was determined by cnginecring judgcmcnt 
considering weld receptacles and desired margins. All  power magnitudes are assumed to be 
at 0.8 power factor. This is reasonable since the current plant model shows power factor 
slightly above 0.S-  

3.2. The division power levels should be used for the normal split lineup of the 
switchyard when the AB division will be powered via transformer 5 and the CD 
division will be powered via transformer 4. The division power levels cannot be 
added together to represent the entire plant because the division power values are 
representative of different plant lineups where depending on which pumps are in 
service power can be shifted from one division to another. The total power levels 
should be used when the switchyard is lined up in either the Transformer4 only or 
transformer 5 only lineups. 

4- 49kv System Determination 

4.1.  Power for the 691cv system is procedurally limited to 600 amperes at the 4kv level 
for each unit e e f  4). This power would be in addition to the normal load seen on 
69kv. The normal load consists ofpower to other buildings at tIie site such as the 
Training Center and the Visitors Center. Actual power factor is expected to be 
between 0.8 and 0.9. The vdue which results in the lowest voltage shouId be 
selected for conservatism. 

4.2. Since the primary result %om determining these vallties is the evaluation of voltage 
adequacy and the limitation is an absolute value for current; available power will 
reduce with available voltage. 
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Megawatt Load Transferred a8 Unit Trip 
AB Divfsion CD Division Entire Plant 

_ _ _ _ ~ ~  - (TR5 split) (TR4 split) (TR5 or TR4 only) 
Unit 1 22 22 42 

Unit 2 20 24 42.5 
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4.3. The bounding case of determining minimum adequate voltage will be when system 
conditions are such that the minimum acceptable voltage results from applying the 
power allowed at that voltage via the EP (69kv source). 

4.4. The lowest allowable vollage is cited in the TR$4 as 91%. 

4.5. . .  The power for the bounding case is I200*0.91*4160*1.73*pf7.86*pf (MW) 

5. Conclusions for Transmission Planning Studies 

51.  The power transferred to our 34kv system will depend on the lineup of the system, Thc 
noma1 lineup is split so that the AI3 division will transfer to TR5 and the CD division will 
transfer to TR4. If either transformer is out of service then the entire unit will transfer to the 
remaining transformer (TRS and TR4 only lineups). The following table prescribes the 
value to he used for transmission studies. The power factor associated with these loads is 
0.80, 

5.2. 
. 

The power that can be transferred to the 69kv system is 7.86* power factor (MW). The 
power factor between 0.80 and 0.90 which provides the lowest voltages should be selected. 

Using the input data described above, periodic planning studies are conducted of the 
transmission and subtransmission networks surrounding the D. C. Cook Plant to determine 
worst-case offsite power voltage conditions that could credibly exist during a plant shutdown 
scenario, as well as minimum and maximum voltage and shorL circuit levels that may be 
experienced. These studies determine the impact of the most significant factors including 
transmission and subtransmission network contingencies, Cool< P1an.t generating unit 
configurations, status of other generation near Cook Plant, 765 kV switched shunt reactor 
stal-us, and transmission network power flows and take into account the various possible 
reserve auxiliary switchyard lineups. Available historic data for EHV flows and voltages is 
utilized in preparation of power flow models used in the studies atid for independent 
validation of study results. 

Typically, planning studies will b e  requested by Cook Plant personnel and performed by 
AEP Transmission with results provided to Cook Plant and to PJM Planning. 

PJM 0 201 1 121 
Revision 19. Effective Date. 09/15/201 I 



KPSC Case No 2011-00295 
1st Set of Questions of Accion Consultant 
Dated October 2, 201 1 
Item No 7 
Attachment 2 
Page 127 of 148 

B PJM Region Transmission Planning Process 
Attachment G. PJM Stability, Short Circuit and Special RTEP Practices and Procedures 

Cook OiTsiIe- 34 kV S\sitchyard 345 kV System Swyd ‘lR4 ‘lertinry 34.5 kV System Swvyd 
Powr  Source Swing Limit (Value @ DFR reset.) % of 
Source Breaker position 3.25kV 34.5kV 

Swing Limil (Vnlttc @ DGR rcsct) % of 

Unit I Unit 2 _, Unit 1 I Unir 2 
Limit Limit Alarm Limit Alnrm Limit Alarm 
Note 1 I k!:;$it Note I Setpoint Note 1 Setpoint Note I Setpoint -- 

TR5 d 1134 BD - Open 5.0% 4.5% 3.7% 3.2% 5.3% 4.8% 3.6% 3.1% 

m- BD &BE -Closed 1.1% O.6% 0.0% -0.5% NlA N/A NIA NIA ~~ 

TR.+ BD & BC - Closed NIA NIA 

The BOLDEDvnlucs indicntc Ihc limits and alarm values. 

13E 6: BC - Closed Notc 3 Norc 2 NOW 3 Note 2 Note 3 Note 2 Note 3 Note 2 

BC - Opcn No1c 2 Nole 2 

BE - opcn ho - Nole 2 

-- 

NlA NIA 4.3% I 3;82, 2.5% 2.0% 

Voltage Requirement 

I 
I 
I 

inual 1 

-~ __ ~ 

TABLE 2 
Maximum switchyard voltage swing rcquircmcnts to resct tlic dcgradcd voltage rclays with thc Main Gcnerator 

Synchronized to the Transmission Network and the buse(s) are potbered from the 12eseme Ausiliary Transformer(s) 
soiircc: 

”_ . _ ~  --- 
Cook Offsite 31 LV Switchyard 345 kV System Swyd TR4 Tcrtinry 34.5 kV System S n ~ d  
Poirer Source Swing Limit (Value @ IIGR reset) % of Swing Limit (Value @ DGR reset) 96 of 
Source Breaker position 345kV 31.5kV 

Unit 1 Unit 2 Unit 1 Unir 2 
Limit Alarm Limit Alarm Limit Alarm I h i t  Alarm 
Note I Setpoint Note I Setpoint Note I Setpoint Note 1 Setpoint 

TR5 d TR4 BD - Open 1.G% 1.1% 1.1% 0.6% 2.4% 1.9% 2.0% 1.5% 

I’R5 BD & BE-Closed 1.0% 0.5% 0.7% 0.2% N/A %/A N/A N/A 

TR4 RD&RC-CIOSC~ NIA N/A N l h  NIA 1.5% 1.0% 1.1% O.G% 

The BOLDED values indicate the limits and nlarin values. 

BE & BC - Closed Note 2 Note 2 Note 2 Note 2 

BC -Open No:e 2 Nole 2 

- 

BE - open Note 2 Nole 2 

TABLE I 
XIasimum svitchynrd voltnge swing requirements to reset the degraded voltnge relnys with the Blain Generator 

Synchronized to the Tmnsn~ission Network and the buse(s) are powered from the Unit Auxiliary Trnnsformcr(s) source: I 

I 
I 
I 
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Transmission Condition 
All lines in 
All lines in 
All lines in 
All lines in 
Worst case N-I contingency 
Worst case N-I contingency 
Worst case N-I contingency 
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Unit 1 Unit 2 
On On 
Trip On 
On Trip 
Trip Trip 
On On 
Trip Qn 
On Trip 

PJMlDominion Electric Transmission Planning will notify Dominion Nuclear of any NPlR 
criteria violations. Transmission study violations based on standard PJM/Dominion planning 
criteria will be handled through the normal planning processes described in &he PJM 
agreements and manuals. Upgrades for study violations hased on the more stringent 
Dominion Nuclear NPlR criteria will be the responsibility of the plant owner. 

Voltage Limits: 

The NAPS 500 IN switchyard voltage must be maintained between 505kV and 535 kV to 
ensure compliance with GDC-17 voltage analysis. The Dominion System Operator must 
notify the station in a timely manner (within Its minutes) when one of the following conditions 
0 cc [.I 1-s : 

The 500 Id/ or 230 Id/ voltage or frequency limits are exceeded, and the 
steps taken or being taken ’to mitigate the exceeded limit. 
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B u s  Name 
500 ItV 
2.70 kV 

Normal Limit Low 
510.0 kV (I -02 pu) 

Emergency Limit Low 
505.0 kV (1.01 pu) 

226.3 kV (0.984 nul 224.0 liV (0.974. DU) 

B u s  Name Normal Limit High 
500 kV 530.0 kV (1.06 pu) 

Emergency Limit High 
535.0 kV (1.07 pu) 

Bus  Name Normal Voltage Drop 
500 kV 3.5 % 
230 kV 3.5 Yo 

A contingency analysis study indicates the normal or emergency limit for 
the station will be exceeded if a single contingency occurs and the 
Transmission Operator cannot effectively mitigate the condition to avoid 
the violation. 

Both the Dominion and the PJM Real Time Contingency Analysis (RPCA) 
are not available. 

The real time telemetry between Dominion System Operator and the 
station is known l o  be out of service. 

The system conditions return to normal. 

Emergency Voltage Drop 
3.5 % 
3.5 % 
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Transmission Co nd ition 
All lines in 
All lines in 
All lines in 
All lines in 
Worst case N-1 contingency 
Worst case N-1 contingency 
Worst case N-1 Contingency 
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Unit 1 Unit 2 
On On 
Trip On 
On Trip 
Trip Trip 
On On 
Trip On 
On Trip 
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The Dominion System Operator must notify the station in a timely manner if any of the GDC- 
17 limits stated in item 1 above may potentially be impacted by the results of Operations 
Planning studies. 

It is the responsibility of Transmission Planning to develop a long-range transmission plan 
which provides for orderly and timely modifications to the transmission system in order to 
insure an adequate, economical and reliable supply of electric power. The system must be 
planned, designed, and constructed to operate reliably within thermal, voltage, and stability 
limits. Dominion’s Transmission Planning performs a wide variety of specific studies to 
ensure the GDC-17 requirements are met. These include: 

Power Flow Studies 

Stability Studies 

PJM and Dominion Electric Transmission Planning will design the system to meet the GDC- 
17 requirements. Steady state voltage limits will use the “Emergency Limit Low” and 
“Emergency Limit High” voltage limits of section 1. Only the following contingency scenarios 
will be evaluated: 

PJM/Dominion Electric Transmission Planning will notify Dorninion Nuclear of any NPlR 
criteria violations. Transmission study violations based on standard PJMlDominion planning 
criteria will be handled through the normal planning processes described in the PJM 
agreements and manuals. Upgrades for study violations based on the more stringent 
Dominion Nuclear NPlR criteria will be the responsibility of the plant owner. 

Voltage Limits: 

The SPS 500 kV switchyard voltage must be maintained between 505 ItV and 535 kV to 
ensure compliance with GDC-17 voltage analysis. Similarly, the 230 I<V switchyard voltage 
must be maintained between 220 kV and 245 kV. The Dominion System Operator must 
notify the station in a timely manner (within ‘I 5 minutes) when one of the following conditions 
occurs: 

The 500 ItV or 230 kV voltage or frequency limits are exceeded, and the 
steps taken or being taken to mitigate the exceeded limit 
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Bus Name Normal Limit Low 
500 kV 510.0 kV (1.02 pu) 
230 kV 222.3 kV (0.967 pu) 

Emergency Limit Low 
505.0 kV (1 “01 pu) 

220.0 kV (0.957 pu) 

Bus Name Normal Limit High 
500 IN 530.0 kV (1.06 pu) 

Emergency Limit High 
535.0 kV ( I  .07 pu)  

Bus Name Normal Voltage Drop 
500 kV 4.5 % 
230 kV 6.0 % 

A contingency analysis study indicates that the normal or emergency limit 
for the station will he exceeded if a single contingency occurs and the 
Transmission Operator cannot effectively mitigate the condition ‘to avoid 
’the exceeded limit. 

Both the Dominion and the PJM Real Time Contingency Analysis (RTCA) 
are not available. 

The real time telemetry between Dominion System Operator and the 
station is known to be out of service. 

The system conditions return to normal. 

Emergency Voltage Drop 
4.5 % 
6.0 % 
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60.33 Hz 
60.33 Hz 



KPSC Case No 201 1-00295 
1st Set of Questions of Accion Consultant 
Dated October 2, 201 1 
Item No 7 
Attachment 2 
Page 132 of 148 

Manual 14B PJM Region Transmission Planning Process 
Attachment G. PJM Stability, Short Circuit and Special RTEP Practices and Procedures - 

Hope Creek Generating Station, operating in the PJM controlled bulk electric system 
requires periodic transmission planning studies to be performed to enstire onsite power 
systems remain connected to the offsite power sources during grid transients or a unit trip of 
Hope Creel: or the adjacent Salem generating units. 

Periodic analysis of the expected Hope Creek switchyard voltage and voltage drop following 
a unit trip shall be performed for various transmission system load levels and contingencies. 

Studies shall also be performed, as needed, to evaluate the effect that future proposed 
modifications or changes to the transmission system may have on Hope Creel: offsite power 
source limits. 

PSEG Nuclear shall be notified if any of the above planning studies identify that the Hope 
Creek requirements stated in Section 1 are not met: by current or future configurations, load 
levels, and /or contingencies. 

Transmission Planner organization shall provide the 500kV System Equivalent Impedances 
(min and max) at the Hope Creek switchyard whenever transmission planning studies are 
performed or as requested by the generating station 

erating Station is analyzed to operate within the following voltage limits: 

Emergency Low: 493 KV (0.986 P.u.) 

Normal Low: 500 KV (1.000 p.u.) 

High Limit: 550 KV (1 .I 00 p,u.) 

Hope Creek Generating station has been analyzed for a maximum allowable offsite voltage 
drop at the station following a unit trip and the worst case post trip accident loading. 

2.5% Voltage Drop 

Hope Creel: Generating Station is operated in close proximity with the PSEG Nuclear Salem 
Units 1 and 2 generating stations and has been analyzed for stability for the ,Following faults 
provided the station is operated per the Artificial Island Operating Guide (AIOG) A-5-500- 

1. Loss of Hope Creek Generator. 

EEE-1686: 

2. Loss of most critical Generating 1Jnit on the Grid 

3. Loss of the Most Critical Transrnission Line 

The Transmission Operator, Transmission Planner and PSE&G Transmission Owner are 
required to incorporate the requirements of the latest revision of the Artificial Island 
Operating Guide A-5-500-EEE-1686, into all future stability studies, and provide PSEG 
Nuclear with at least 24~ months notice of any viola.tions to the guide due to future system 
modifications which could impact generation output at Ai-iificial Island. 
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ontrolled bulk electric system requires 
periodic transmission planning studies to be performed to ensure onsite power systems 
remain connected to the offsite power sources during grid transients or a unit trip of Salem 
or the adjacent Hope Creek generating units. 

Periodic analysis of the expected Salem switchyard voltage and voltage drop following a unit 
trip shall be performed for various transmission system load levels and contingencies. 

Studies shall also be performed, as needed, to evaluate the effect that future proposed 
modifications or changes to the transmission system may have on Salem offsite power 
source limits. 

PSEG Nuclear shall be notified if any of the above planning studies identify that the Salem 
requirements stated in Section 1 are not met by current or future configuralions, load levels, 
and /or contingencies. 

Transmission Planner organization shall provide the 5001<V System Equivalent Impedances 
(min and max) at the Salem switchyard whenever transmission planning studies are 
performed or as requested by the generating station. 

Voltage Limits 

Salem Generating Station is analyzed to operate wittiin the Following voltage limits: 
Emergency Low: 493 KV (0.9863 P.u.) 
Normal Low: 500 KV (1.000 p.u.) 
High Limit: 550 i<V (1 .IO0 p.u.) 

Salem Generating station has been analyzed for a maximum allowable offsite voltage drop 
at the station following a unit trip and the worst: case post trip accident loading. 

2.0% Voltage Drop 

Salem Units 1 and 2 are located in close proxiinity with the PSEG Nuclear Hope Creek 
generating station and have been analyzed for stability for the ,following faults-provided the 
station is operated per the Artificial Island Operating Guide (AIOG) A-5-500-EEE-1686: 

1. Loss of One Salem Nuclear Unit 

2. Loss of Largest Generating Unit on the Grid 

3. Loss of the Most Critical Transmission Line 

The Transmission Operator, Transmission Planner and PSE&G Transmission Owner are 
required to incorporate the requirements of the latest revision of the Artificial Island 
Operating Guide A-5-500-EEE-1686, into all future stability studies, and provide PSEG 
Nuclear with at least 24" months notice of any violations to the guide due to future system 
modifications which could impact generation output at Artificial Island 

PJM 0 201 1 128 
Revision 19. Effective Date. 09/15/2011 



KPSC Case No 201 1-00295 
1st Set of Questions of Accion Consultant 
Dated October 2, 201 1 
Item No 7 
Attachment 2 
Page 134 of 148 

Manual 14B PJM Region Transmission Planning Process 
Attachment G. PJM Stability, Short Circuit and Special RTEP Practices and Procedures 

-- 

3 -  el ity 
Background 

The purpose of the standard is to ensure that protective relay settings shall not limit 
transmission loadability; not interfere with system operators’ ability to take remedial action to 
protect system reliability and; be set to reliably detect all fault conditions and protect the 
electrical network from these faults. There are a number of requirements that specify how 
protective relays should he set so that they will not limit loadability of a circuit. One of the 
requirements of the Standard (R3) is for the Planning Coordinator to identiFy the 100 kV to 
200 kV facilities that must meet Requirement lof:  the standard to prevent potential cascade 
tripping that may occur when protective relay settings limit transmission loadability. The 
Planning Coordinator shall have a process to determine the facilities that are critical to the 
reliability of the Bulk Electric System, maintain a current list of facilities determined 
according to the process, and provide the list of facilities to its Reliability Coordinators, 
Transmission Owners, Generator Owners, and Distribution Providers within 30 days of 
establishment of the initial list and within 30 days of any changes to the list. 

As part of the development of the RTEP each year PJM staff will perform analysis to 
determine what facilities may be susceptible to cascading. The test will determine if the 
simultaneous loss of two independent5 BES elements (without intermediate system 
adjustments) results in a 100 kV -- 200 I<V facility being loaded in excess of 115% of its 
emergency rating and the loss of that overloaded facility results in additional overloaded 
BES facilities. If there are additional overloaded BES facilities loaded in excess of ‘their 
emergency rating, the 100 kV - 200 kV element that was overloaded after the initial N-1-1 
will be identified as needing to meet the requirements of the standard. 

Note that this test methodology is beyond the  current requirements of NERC Standard TPL-003 
given the standard evaluates common m o d e  failures (i.e. loss of a clouble circuit tower line, bus, or 
circuit breaker failure) that result in the loss of two or more facilities. Category C3 in  Table 1 of the 
standard evaluates the loss of independent BES elements however system adjcistinents can be rnade 
following the loss of the first facility. 
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Accurate power system modeling data is a ltey component of quality power system analysis. 
PJM System Planning uses a variety of models and analytical techniques to create and 
maintain the simulation models used for the RTEP studies. The intended use of this 
Attachment is to supplement existing documentation by PJM and other entities that specify 
accurate modeling data requirements. PJM will continue to follow the data guidelines and 
standards set forth by NERC as parl' of the MOD standards and the Eastern Interconnection 
Reliability Assessment Group (ERAG) Multiregional Modeling Working Group (MMWG) 
Procedural Manual. 

m g  .I &sad Flow Analysis Models 
Base case creation is a collaborative process between PJM and its members. From a 
technical standpoint PJM ,follows the guidelines set forth in the €RAG MMWG Procedural 
Manual. In the following sections, the logistics and transfer of information between PJM and 
its members are detailed. 

- Annual Updates 

In the fourth quarter of each year, PJM will distribute to the Transmission Owners a current 
year +5 summer peak network model based on the most up to date MMWG case combined 
with the previous year's RTEP case. This draft case will contain all upgrades identified 
during the previous year's RTEP cycle. Within 4 weeks of receiving ihe initial draft network 
model, Transmission Owners will provide: 

Network updates to the model that will advance the case to represent a 
current year -1- 5 base case with respect to the 1st Quarter of {he following 
year. This update should be reviewed for correctness and compatilsility 
with the final version of the base case under development 

Complete NERC category B and C contingency file updates that 
correspond to the updated network model (Include any contingencies 
which may not change the poweflow model, but change contingency 
definitions) 

Maximum credible disturbance (NERC Category D) contingencies 

Any other significant changes such as new load or tslocl< load additions 

Support, if necessary, for the development of network models for 
additional years and demand levels for both near term (years 1 through 5) 
and longer term (beyond 5 years) analyses. 

Verification that all baseline, network and supplemenial upgrades are 
included in the updated case along with a written description oiJ any case 
mod if ica ti o n s. 
Notification of any changes to tie lines whether they are ties internal to 
PJM or to external companies 

a 

a 

PJMO2011 I30 
Revision 19. Effective Date 09/15/2011 



KPSC Case No 201 1-00295 
1st Set of Questions of Accion Consultant 
Dated October 2, 201 1 
Item No 7 
Attachment 2 
Page 136 of 148 

Manual 14B PJM Region Transmission Planning Process 
Attachment H. Power System Modeling Data 

I 

------- 
Generation Owner Requirements: 

Specific information regarding generator capability per MOD 10 and MOD 
12 

H.1.2 Load Flow sd e I i ng Req u i rem e M ~ S  

In addition to the guidelines set forth by NERC and the ERAG MMWG procedural manual, 
PJM uses several specific procedures in establishing the base case so that it represents the 
best starting point for the annual RTEP analysis. 

Generator step-up transformers 

Generator models should represent the physical plant lay-out to the extent possible, 
explicitly modeling generator step-up transformers (GSUs) and Station Service loads (aka 
Auxiliary loads). This applies to units above 20 MW and connected to the BES system, 
consistent with BES requirements. Plants consisting of multiple units aggregating to 75 MW 
or more also require explicit representation of GSUs and station service loads. 

I n l e  rc h a n s  
The PJM net interchange in the summer peak case is determined by the firm interchanges 
that are represented in the PJM OASIS system. The interchange in light load cases follows 
the light load criteria as defined in the Light Load Reliability Analysis in section 2.3.10 of this 
manual. 

Generator Reactive Capabilitv 

Annually, PJM updates the model for the generator reactive capability (GCAP) of each 
generator based on data used by PJM Operations, which includes default limits obtained 
from the most up to date d-curves as well as data provided by the Generator Owners. 

Interconnection Proiects With Interconnection Sei’vice Agreements (ISAs) 
PJM includes queue projects with a signed ISA into the base case as well as verifying the 
accuracy of queue projects that have not yet signed an ISA. PJM also includes the 
interconnection, ratings and associated upgrades for each of these projects. Transmission 
Owners will verify the accuracy of the points of interconnection and the associated upgrades 
in their zones. 

Real and Reactive Load 
Each PO is responsible for modeling the active (real) and reactive load profile in its zone. 
PJM will scale the load in each zone to the targeted values reported in the latest annual 
PJM load forecast report. 

Real loads will be scaled uniformly in each zone to meet the PJM 50/50 load forecast less 
any Demand Response (DR), Energy Efficiency (EE), or Behind the Meter (BTM) generation 
as necessary. Real loads will also he scaled uniformly within each zone for off-peak 
analysis. Reactive load in each area will be scaled ai- a constant power factor along with the 
real load for peak load analysis. For off-peak analysis including light-load, PJM will provide a 
case to the Transmission Owners, at iheir discretion, for updating their zonal reactive load 
profile. 
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Any deviation from the above method of load modeling method, associated with specific test 
procedures such as the PJM Load Deliverability Procedure or the PJM Light Load Reliability 
Test Procedure will be defined specifically in other sections of this manual. 

PJM will coordinate with TOs on an individual basis to ensure that non-conforming loads are 
properly modeled and not uniformly scaled. 

Voltage Schedules 

The setting of voltage schedules is crucial to the robustness of cases. PJM allows 
Transmission Owners to supply generator voltage schedule data. If the data is not provided 
PJM will use the default voltage schedules as defined in PJM Manual 03. 

- ~- 

ubrnittal of Loa 

Acceptable Data Formats 

a For PSS/E users, cases should he submitted to PJM in a “.SAV” format in 
a PSS/E version that is readable by the current version of PSS/E that 
MMWG is using. 

For users of PSLF or other inodeling software, cases shall be submitted 
to PJM in a “.RAW’ format that is PSS/E compatible and is readable by 
the current version of PSSlE that MMWG is using. 

PJM’s migration of PSSlE versions may slightly lag MMWG, in that case it 
is acceptable to provide updates formatted for the current version that 
PJM is using. 

TO’S can submit data in an agreed to version i f  they are unable to export 
to the latest MMWG compatible version 

a 

Timing 
Transmission Owners must comply with the schedule dictating the timeliness of the case 
creation process which will be included in the initial email sent to kick off the process. This 
schedule will include a minimum of 4 weeks to provide updates to the case and 
corresponding files for the first iteration, and 2 weeks for the second iteration. 

Load Flow Data Qualitv 

In the event iliat data provided by Transmission Owners does not pass all 
of the testing included in the MMWG data checker, PJM may request 
updated data. 

Transmission Owners must provide unique bus names or circuit ID’s for 
each winding of all transformers. 

Bus numbers must he within the allocated bus number range for each 
company. 

Conveniions used for the naming of Machine ID’s vary for different TO 
zones. PJM will coordinate with each TO individually to align with their 
preferred convention. 
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Certain specific modeling and naming conventions which must be 
followed by all TO’S include: 

HighlLow Pressure units should be modeled on the same bus and 
designated with the corresponding machine ID “H” and “L”. 

No other machine ID should be named “H” or “L”. 

With the exception of HighlLow Pressure units, multiple machines 
modeled on the same bus must have the same status. Offline 
machines should not be modeled on the same bus as machines which 
have a status of online. 

Machines ai  the same plant with different statuses should be modeled 
on separate busses connected by a very low impedance line (X=.O02) 
as defined in the MMWG manual. 

H.4.4 Short Circuit Analysis 
Short Circuit, data procedures are documented in the Attachment G.7 of this manual, which 
references ANSlllEEE 551. The intended use of this attachment is to supplement these 
procedures and outline the data requiremenk which PJM follows in creating the short circuit 
cases used for analysis. 

Short circuit models should be provided in Aspen “.olr” format, if possible. 

Each TO provided Aspen “.OLR case should model only the TO area 
and its tie lines. No outside areas should be included in the submission. 

All area numbers in the TO provided cases should be consistent with 
MMWG designated area numbering convention. Area numbers such as 1, 
2, 3, etc. are not acceptable. 

Generation owners must submit to PJM all their breaker dala for breakers 
rated above ‘I 00 IcV. 

Transmission Owners must submit an excel sheet containing 
explanations for outaged and out-of-service equipment that is normally in- 
service. 

Timing 
In the 1st quarter of  each year, PJM will send the Transmission Owners an initial current 
year +5 impedance network model. This case is based on the most up lo  date PJM short 
circuit case combined with the previous year’s RTEP case containing all upgrades, MTX 
projects, and generation queue projects in the Facility Studies Phase that have been 
identified during that RTEP cycle. 

In the 4th quarter of each year, PJM will send the Transmission Owners an initial current 
year -:-I impedance network model. This case is based on the most up to date PJM short 
circuit case combined with the previous year’s RTEP case containing all upgrades, MTX 
projects, and generation queue projects in the Facility Studies Phase that have been 
identified during that RTEP cycle. 

Transmission Owners must comply with the time schedule of the case creation process 
which will be included in the initial ernail sent to Iciclc off the process. This scheduie will 
include a minimum of 4- weeks to provide updates to the case and corresponding files. Once 
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all cases and corresponding files have been submitted to PJM, a +I case is created and 
analysis performed to determine overdutied breakers. TOs are then given another 4 weeks 
to confirm any new overdutied breakers. After the +I year short circuit case is finalized, the 
-+I year case is then used to create the+5 year short circuit case for performing the short 
circuit studies and identifying the new system issues. The identified issues will be sent out to 
the Transmission Owners who will have 4 weeks to provide solutions to address these 
issues. 

The case used for st,ability and dynamic studies is developed by PJM based on information 
from the Regional Transmission Expansion Plan (RTEP) case prepared by PJM 
Interconnection and the MMWG case prepared by Powertech Labs for the Eastern 
Interconnection Reliability Assessment Group (ERAG). 

When preparing the base case for stability and dynamics, the ERAG case provides the 
information for the areas outside PJM while the RTEP case provides the PJM information 
(e.g. load forecast, network configuration). When combining the ERAG and the RTEP 
cases, care should be taken to preserve the ties between the PJM areas and the rest of the 
Eastern Interconnection. 

All generator projects active in the PJM queue process that have been studied miist be 
included in the base case for stability and dynamics. In some instances, the RTEP model 
for the queue project may not be detailed enough for use in stability studies. In this 
situation, the case must be updated to make sure that all detailed components associated 
with this project are included in the stability and dynamics power flow model (e.g. generator 
step-up ,transformer, loads). 

In addition to updating the power flow case with the latest network information, the dynamic 
models must also be updated to reflect the changes introduced by the RTEP case and the 
stability and dynamic studies performed by PJM. In this regard, the dynamic data file from 
the ERAG MMWG case is updat,ed so that the dynamic models for the generators in the 
PJM areas are matched agains,t .the new power flow iiiformation from the RTEP. The 
dynamic model for each queue generator must also be added to the dynamic data file. 

The resulting power flow case, the dynamic data file and supporiing files required for a 
complete stability and dynamics base case need also fo be correlated and reviewed to 
determine inconsistencies as well as missing or questionable data. A base case is 
considered to be finished when, after the review, it compiles, links the models to the PSSE 
main structure and initializes correctly. An acceptable condition for a finished base case is 
when simulated system dynamics, using this case, do not deviate from the initial conditions 
for any simulation setup with no disturbances applied ,to the system. 

Timing 
In the first quarter of each year, PJM will build stability cases based on the latest RTEP 
power ,flow model and the latest ERAG dynamic cases. In this period, PJM will request the 
Transmission Owners for load models .for dynamic studies, and for other supporting data if 
necessary. Transmission Owners must comply with the time schedule of the stability case 
creation process which will be included in the initial ernail sent to kick off the process. 
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Stability and dynamics base cases: 
Stability is assessed using a summer peak load and a light load condition. The summer 
peak stability case has the load profile of the RTEP summer peak case and corresponds to 
the demand expected t,o be served in the specific planning year. The light load stability case 
represents 50% of the summer peak load and is developed by scaling down the summer 
peak load case at the same power factor. 

For simplicity, it is recommended to first build the summer peak case and then update that 
case to reflect the second load condition (light: load). This approach provides two cases that 
are common in bus numbers and network information. Updates to both cases, such as 
addition or removaJ of proposed lines or queue projects would be easy to handle due to the 
uniformity . 
After the power flow case has been finalized and revised, the dynamic data file from the 
dynamic data file will be updated to reflect the changes that, were introduced by the addition 
of the PJM areas from the RTEP case and generation interconnection studies. It is important 
to note that the RTEP case and the ERAG case complement each other. RTEP case 
information is used for future generation queue projects and transmission upgrades which 
don't exist in the ERAG case and €RAG case consists of information of existing units. 

The light load case (50% peak) is derived from the summer peak case. This approach 
ensures consistent bus numbers and network information in both cases, making addition oi- 
removal of proposed lines or queue projects easy to handle. After the summer peak case is 
completed, the PJM load is scaled down to a load representing 50% ofthe 50/50 load. The 
areas outside PJM are updated with the light load case from the corresponding ERAG 
MMWG case. Note that generation and shunt capacitors may be turned off or disabled in 
order to achieve corwergence of the power flow. In addition, all purnped storage hydro units 
are rnodeled in the pumping mode with their governors and power systems s'rabilizers 
deactivated or adjusted to reflect the appropriate operating condition. 

GenerationrPransmission Owner Responsibilities: 

Provide necessary supporting data for stability case build upon PJM's 
request including but not liinited to: topology information and dynamic 
mocleling and station loads 

Provide station loads, including power factors and load representation 
data (CONL file) if the load representation is different from the one in the 
€RAG MMWG series 

Verify upgrades and generator modeling (MVA base & Topology) 

If there is any discrepancy between the RTEP case and the ERAG MMWG case for existing 
units, PJM will follow up with the Generation owner with assistance from the TO to insure 
.that the most current data is used. 

A complete base case (summer peak or light load) must include a& least: 

a A power flow file: This file contains the network information and provides 
the initial conditions for the dynamic models. 

A dynamic data file: This file contains all the information necessary to 
simulate the dynamic response of the various system components. 
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a A gnet file: This file contains the information of those generators that do 
not have a dynamic model. Any generator listed in this file is considered 
as a negative MVA load. 

A con1 file: This file indicates how loads will be modeled based on a 
combination of constant MVA, constant current and const,ant admittance. 
It is strongly recommended that each TO develop more accurate load 
representation for stability and dynamics studies 

Dynamics Data Submittal Requirements and Guidelines: 

The Multiregional Modeling Working Group (MMWG) provides the following topics pertaining 
to dynamics data submittal requirements and guidelines. This information is accessible in 
Appendix II of the MMWG Procedure Manual V5. A hyperlink to the manual is located at the 
bottom of this section. 

Power Flow Modeling Requirements 

o Bus name identifiers for synchronous condensers, Static VAr 
Compensators (SVCs) modeled as generators, switched shunts, 
relays, and HVDC terminals. 

Step-up transformer representation requirements for both MMWG 
power flow cases and non-MMWG power flow cases. 

Resistance and reactance data placements for step-up transformers 
represented in , the power flow generator data records. 

Xsource value representations in the power flow generator data 
record. 

SVC representation requireinents in power flows. 

o 

o 

o 

Dynamic Modeling Requirements 

o Synchronous generator and condenser modeling / associated data 
requirements and exceptions. 

Additional representation requirements and excepfions for 
synchronous generators and condensers modeled as described in 
Requirement 11. 1" 

PSS/E modeling requirements for any other types of generating units 
and dynamic devices. 

Exceptions to the use of standard PSS/E dynarnic models. 

Required written documentai-ion and its submittal procedures for user- 
defined modeling in MMWG cases. 

Generating unit, synchronous condenser, and other dynamic device 
requirements for netting, 

Lumping conditions o.F similar or identical generating units ai. a plant. 

Location requirements for per unit data. 

Exception procedure for any requirements listed. 

o 

o 

o 

o 

o 

o 

o 
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D Dynamics Data Validation Requirements 

Dynamics data screening requirements 

Preliminary procedures to undergo before regional data submittal to 
the MMWG coordinator. 

Material required by each region to validate the dynamics model. 

Guidelines 

Additional documentation that should be submitted with dynamics 
data. 

Information pertaining to parameters for representing loads via the 
PTI PSWE CONL activity that the regions should provide to the 
MMWG. 

Location of MMWG Procedural Manual: 
/?ffps.//rfjrsf. O ~ ~ / ~ ~ l ~ ~ / J ~ / ~ f ~ / ~ ~ S f ~ ~ l 7 ~ n ~ ~ I C 0 1 7 1 7 ~ C f ~ O l ~ ~ ~ / ~ ~ b ~ / ~ f ~ ~ S S ~ S S l ~ ~ l 7 ~ ~ ~ O U p / m 1 ? 7 I n / 4 / ~ O C U ~ ? ~ l 7 f S /  
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Revision 78 (7'/20/207 7): 
C) Added Light Load Reliability Analysis criteria and created a new 

attachment D-2 to contain the criteria. 

Added description of reactive load modeling in CETL base cases. e 

Added references where appropriate to reflect the inclusion of the 
American Transmission Systems, Inc. (ATSI) and Cleveland Public Power 

Clarified the methodology to establish an IROL in the Planning Horizon. 

Updated the short circuit methodology to include the existing process to 
study all BES breakers. 

(CPP). 

Added a Contingency Definitions section (10/20/2010 MRC approval) 

Added Appendix G.10 NERC Standard PRC-023 -. Transmission Relay 
Loadability (1 0/20/2010 MRC approval) 

Modified PJM Critical Energy Infrastructure Information Release 
Guidelines (08/05/2010 MRC approval) 

Added clarifying language to Baseline Voltage Analysis test methodology 
(08/05/2010 MRC approva1)lJpdated the IROL definition to align with the 
latest NERC IROL definition (08/05/2010 MRC approval) 

Added new Attachment F describing PJM stability, short circuit and 
special RTEP practices and procedures. This Attachment includes the 
special requirements for coordination of planning for nuclear interfaces 

Attachment C: Added language to specify how energy efficiency is 
incorporated into deliverability tests. Added additional language to specify 
the load level modeled in the load deliverability test for the area being 
tested. (1/22/10 MRC Approval) 

Inserted Commercial Probability technique in Attachment C, Generator 
Deliverability Procedure Step 5 (1 0/2/08 MRC approval) 

Added Attachment Fr Determination of System Operating Limits .for 
Planning the Bulk Electric System (06/1'7/09 MRC approval) 
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0 Att,achment C: Cap on generat,ion delivery adders (1 2/21/09 MRC 
a pp rova I) 

Attachment C: Added language to Overview of Deliverability to Load to 
clarify criteria that may trigger analysis of potential new LDAs (1 1/11/09 
MRC approval) 

Updated hyperlinks throughout the manual 

Temperature correction and clarification to Attachment B Section VI1.N Q 

Revision 12 ( ~ ~ / ~ ~ / ~ ~ ~ ~ ~  

The following revisions primarily consist of additions, clarifications and reorganization to 
address FERC Order No. 890 requirements: 

Additions to Section 1 to update, clarify, and expand the RTEP overview. 

Combine old Sections 6 and 2 into an expanded Section 2. 

Move wind, power factor and behind the meter generation inaterial to a 
reconstituted Section 6 

Include additional reliability planning process and criteria information 

Market Efficiency Process revisions (section 2 and Attachment E) plus 
additional editorial and consistency changes throughout including 
Attachments D, E, and G. 

Added Exhibit 1 edits to Intro, Sections 1, 2, related attachments 

Multiple passes of CEll revisions. 

Generation Delivery clarifications in Attachment C. 

Removed the final material in Section 2 that is related to Interconnections 
'to Manual '14A and revised the remaining material appropriately for 
Manual 14B. 

Exhibit 1 update for quarterly queues 

Attachment D criteria clarifications 

Added Final RPPWG comments of Nov 30, 2007 meeting, added minor 
clarificai-ions, and cut material to move to the appropriate generation or 
transmission interconnection related porfions of revised 14A and 14E as 
.to be determined. Sections deleted from here and moved to either 14A or 
14E are: (the following attachment designations are according to the 
previous version Manual 14.13 lettering) 

Moved Section 3: Generator and Transmission Interconnection Planning 
Process 

Generation and Transmission Interconnection Feasibility Study 

Systern Impact study 

Generation and Transmission Inlerconnection Facilities Study 

a 

0 

0 

0 
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Moved Section 4: Small Resource Interconnection Process 

Moved Section 5: Interconnection Service, Construction 8, Other Service 
Agreements 

Moved Section 6. Additional Generator Requirements 

Behind The Meter Generation Projects 

Generator Power Factor Requirements 

Wind-Powered Generation Projects 

Moved Attachment A: PJM Generation and Transmission Interconnection 
Planning Process Flow 

Attachment B: PJM Cost Allocation Procedures 

Moved PART 1 : PJM GENERATION AND TRANSMISSION 
I NTE RCO N N ECT IO N COST AL LO CAT I 0 N 
Moved Attachment C : PJM Generation and Transmission 
Interconnection Planning Team Role Diagram 

Moved Attachment F: General Description of Facilities Study Procedure 

Moved Attachment H: Small Generator (1 0 MW and Below) Technical 
Requirements and Standard 

Moved Attachment H-I: Sinall Generator (above 10 MW to 20 MW) 
Technical Requirements and Standards 

Moved Annex 1: SCADA Requirements by Transmission Owner Region 

Revk5iasn *I1 (f 
The Manual Title has been changed. The RTEP process has evolved over the past 5t- 
years and so has the scope of Manual 14.B The title of the manual has been changed from 
"Generation and Transmission Interconnection Planning" to "PJM Regional Planning 
Process" 

Section 6 and Attachment I have been revised to reflect the implementation of the 15-year 
horizon component of PJM's Regional Planning Process cycle, including that for market 
efficiency. These changes are made in accordance with the mmm, dd 2006 FERC approval 
of PJM's subject Operating Agreement and Open Access Transmission Tariff (OATT) 
revisions. 

Conforming editorial revisions have been made throughoLtt the remainder of the docuinent. 

Attachment B Regional Transmission Expansion Plan revised to include 
steps for reactive planning in t h e  RTEP. 

Revised hyperlinlts in Attachment D: PJM Reliability Planning Criteria. 

PJM 0 201 1 140 
Revision 19. Effective Date 09/15/2011 



KPSC Case No 201 1-00295 
1st Set of Questions of Accion Consultant 
Dated October 2, 201 1 
Item No. 7 
Attachment 2 
Page 146 of 148 

Manual 14B: PJM Region Transmission Planning Process 
Revision Histox - ~~- - 

1 

.- -. 

Attachment H: Small Generator (1 0 MW and Below) Technical 
Requirements and Standards replaces former attachment on Small 
Generators of 2 MW and less 

Attachment H-1: Small Generator (above I 0  MW to 20 MW) Technical 
Requirements and Standards added. 

References to PJM OATT provisions in Sections 2 and 5 are revised to 
indicate that they are now in the new Part VI of the OATT (along with their 
former Part IV locations) 

Wording in Section 2 under “Summary of RTEPProcess” and again in 
Attachment E is revised to reflect that generation retirements included in 
project studies will be those announced as of the date a project enters the 
project queue. 

Introduction trimmed to eliminate redundant information. 

List of PJM Manuals exhibit removed, with directions given to PJM Web 
site where all the manuals can be found. 

Revision History permanently moved to the end of the manual 

., 

0 

Manual sections ‘1 and 2 and Aitachimnt B (Regional Transmission Expansion Plan - 
Scope and Procedure) are revised to include Probability Risk Analysis (PRA) of Aging 
Infrastructure as an input to the PJM Region transmission planning process. The tinieline in 
Section 5 is revised to require the Transmission Owner to submit a final invoice lo PJM 
within 120 days after project completion. Attachment B (Regional Transmission Expansion 
Plan -- Scope and Procedure) is also revised to add guidelines For Scenario Planning. 
Replaced references throughout to “ECAR, MAAC and MAIN” with ReliabiliiyFirs‘r, the new 
replacement regional reliability council as of January 1, 2006 

Revisions were made on the following pages: 8 ,  10, 12 through 16, 23, 24, 41, 56, 62, 63, 
65, 67, 68 and 98. 

Revision 08 ~ ~ ~ / ~ ~ / ~ ~ ~  
Section 1 is revised lo state that all analyses of Transmission System adequacy are 
conducted using the load forecast produced annually by PJM. Attachments E and G are 
revised to state that load is modeled in i l ie RTEP base case used for the Generator 
Deliverahility procedure at a “non-diversified” 50/50 summer peak load level as per the latest 
load forecast 

Wsvisisn 07 ~ ~ ~ / ~ ~ / ~ ~ ~  

Section 2 is revised to add process for “Evaluation of Operational Performance Issues.” 
Atiachment A is revised to clarify the Load Flow Cost Allocation Method and to add the 
Schedule ’I 2 Cost Allocation process. Attachment C; is revised to include references to 
Dominion and lo add Addendum 2 “Common Mode Outage Procedure” to t h e  Generator 
Deliverability Procedure Attachment D is revised to include a minimum power Factor for 
system ‘I load”. 
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Section 2 is revised to indicate that “One RTEP baseline regional plan will be developed and 
approved each year” and that “Generation retirements will not affect the study results” for 
any project that has received an Impact Study Report. Attachment B is revised to clarify and 
expand the scope and procedure of the Regional Transmission Expansion Planning 
Process. 

evision 85 (06/23/05) 
Revision includes a change in Section 6 to include reference to new Attachment E, re-writes 
of Attachment C (PJM Deliverability Testing Methods) and Aitachment D (PJM Reliability 
Planning Criteria) and the addition of new Attachment E (Economic Planning Process, 
Congestion Relief Evaluation). 

Revision 04 (iBW 7/04) 
Revision includes the changes in Sections 2 and 4 necessitated for compliance with FERC 
Order 2003 for standardized Generator Interconnection Agreements and Procedures, re- 
write of Attachment F: Facilities Study Guidelines, re-write of Attachment D: PJM Reliability 
Planning Criteria, and the addition of Attachment H: Small Generator (2MW or less) 
Technical Requirements and Standards. 

Revisisn 03 (0 
Revision includes t h e  addition of rules for Generator Power Factor Requirements and 
Behind the Meter Generation in Section 2, the designation O F  small resources as 20 MW or 
less in Section 4, the addition of the Economic Planning Process in Section 6 and general 
updates. 

Revision iiicludes the addition of Wind-Powered Generator Specific Requirements to 
Section 2, a placeholder for the addition of the Economic Planning Process in new Section 6 
(currently under development) and the addition of Attachments D (Regional Transmission 
Expansion Plan - Scope and Procedure), E (PJM Deliverability Testing Methods), F 
(General Description 0% Facilities Study Procedurre) and G (PJM Reliability Planning 
Criteria); also, text changes throughout lo conform with Nuclear Plant Licensee Final Safety 
Analysis Report grid requirements and with new Manual M-14E (Merchant Transmission 
Specific Requirenwmts - also currently under development). 

Revision includes a manual title change from PJM Manual for Generation Ini-ercmnection 
Transmission Planning ( ) to PJM Manual for Generation and Transmission 
Unterconnection ~ ~ ~ i ~ n ~ n ~  (M-‘l4B); also, text- changes throughout to conform to new 
Manuals M-14C and M-‘14D. 

This document is &he initial release of the PJM Manual for Generatian ~ ~ ~ e r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
Transmission Planning ( 

Manual M-14, Revision 01 (03/03/0’i) has been restructured to create five new manuals: 
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M-I 4A: “Generation Interconnection Process Overview” 
M-14B: “Generation Interconnection Transmission Planning” 
M-l4C: “Generation Interconnection Facility Construction” 
M-14D: “Generation Operational Requirements” 
M-14E: “Merchant Transmission Specific Requirements” 
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QUEST 

Please supply a copy of the PJM transmission reliability criterion. 

Please refer to Section 1.5 in Attaclruient 2 (PJM Manual 14B) included in the answer to 
Question No. 7. 



Please supply a copy of the 10-year KE" summer and winter coincident peak load 
projections used for the analysis of tlie need of tlie proposed facilities for the system as a 
whole and for subareas. As past of your respoiise, please supply the date they were 
prepared. In addition, if there are iiewer vintage load forecasts, please supply thein also. 

Page 1 of the attaclvneiit provides 2006, 2008, 2009 and 2011 Load Forecasts for tlie 
Coiiipaiiy's seasonal peak demands. The 2006 Load Forecast was completed in the 
suimner of 200.5. Tlie 2008 Load Forecast was completed in the fall of 2007. Tlie 2009 
Load forecast was finalized in llie spring of 2009. Tlie 2011 Load Forecast was 
completed in tlie winter of 20 1 0/1 I. 

The area load forecasts are coinpleted on as iieeded basis. Page 2 of tlie attacluneiit 
provides 2006, 2007 and 20 10 area load forecasts of seasonal coincident peak demands. 
The 2006 area forecast was complete iii the fall of 2006. The 2007 area forecast was 
finalized in tlie spring of 2007. The 2010 area forecast was completed in tlie spring of 
20 10. 
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Kentucky Power Company 
Hazard Area 

2006,2007 and 2010 Area Forecasts (RAW) 

2006 Area Forecast 

2008 
2009 
201 0 
208 1 
201 2 
2013 
2014 
201 5 
2Q16 
201 7 
209 8 
201 9 
2020 

344 
349 
354 
359 
363 
369 
374 
380 
385 
390 
395 

453 
461 
469 
477 
482 
487 
495 
504 
51 3 
51 9 
525 

2007 Area Forecast 
Summer Winter 

287 433 
288 439 
289 439 
289 437 
290 436 
291 437 
292 438 
295 442 
299 445 
302 449 
304 453 

Ten-Year Average A~aeiual Growth RaBe 
1.4% 1 5 %  0.6% 0 5% 

2018 Area Forecast 
Sui m me r Wi Fater 

325 464 
326 471 
32 1 465 
31 8 460 
320 459 
323 461 
325 464 
329 467 
331 470 
335 474 
338 476 

0.4% 0.3% 



tunc er c o  Y 

UEST 

Please supply a succinct description of the KIP load forecasting methodology including 
inputs, econometric data requirements, load ratioing, and weather normalization. 

Kentucky Power Company develops its load forecast by customer class to derive total 
load for the Company. Energy and revenue data are fioin internal sources. Economic 
drivers are fiorn extemal sources such as Moody’s Analytics, NOAA and Energy 
Infonnatioii Administration. 

Residential, coinmercial, industrial arid other retail classes are modeled separately, which 
reflects the individual characteristics of each class. In addition, wholesale customers load 
are modeled separately. 

The Company uses national and regional forecasts developed by Moody’s Analytics in its 
energy forecasts. The regional forecasts reflect a SUM of county level data for each state 
jurisdiction of the Company. 

Short-term models are developed using ARIMA processes. The short-term models are 
used for the first 12 to 24 inoiiths of the forecast period. The long-term models are 
estimated using econometric models. The long-term models project out up to 30 years. 

Long-tenn customers are modeled by retail customer class. 
customers to regional economic variables specific for each class. 

These models relate 

Long-tenn residential energy usage is inodeled using a statistically adjusted end-use 
model (SAE) developed by Itron. This model reflects factors such as energy prices 
(electricity and natural gas), service area real personal income, service area weather arid 
service area population. The effects of Federal legislation related to appliance and 
liousing efficiency on household usage are captured in this model. Residential energy 
sales are derived by multiplying resideiitial usage times residential customers. DSWEE 
effects are reflected in post-model adjustments. 



KPSC case NO. 2~bnn-00295 
First Set off Questions off Accion C o n s ~ ~ ~ a ~ t  

Dated October 2,2011 
Item No. 10 
Page 2 off 3 

Long-term commercial energy sales are modeled using SAE models. The model reflects 
factors such as electricity price, weather and seivice area coininercial output. The effects 
of Federal legislation on energy consumption are captured in the modeling process. 
DSWEE effects are reflected in post-model adjustments. 

Short-tenn industrial sales are modeled as large and small manufacturing and mining 
customers. For KPCo, there are models for eight large manufacturing custoiriers arid 
three large mining custoiners. There are also 'small customer' models for the reinaiiider 
of the manufacturing and industrial sales. Long-tenn manufacturing energy sales are 
modeled as a function of electricity price, natural gas price and FRB industrial production 
indexes for petroleum and primary metals. Long-tenn mining energy sales are modeled 
as a function of service area coal production and electricity price. DSM/EE effects are 
reflected in post-model adjustments. 

The other retail sales are modeled by relating sales to seivice area commercial 
employment. 

The wholesale models reflect regional economic activity, weather and electric prices. 
And where appropriate, changes in contracts are reflected. 

To forecast peak, revenue class sales is combined with class level and end-use level load 
shapes. These shapes are modeled arid simulated with actual and forecast temperatures to 
provide hourly load shapes by revenue class and end-use. Each of the end-use shapes is 
aggregated to form an overall system shape. The system shape is evaluated against 
historic peaks and load factors and adjusted if necessary. 

Peak normalization is a fundamental process of evaluating aruiual or rnoritlily peaks over 
time, without the impact of "abnormal" weather events and load curtailment events. n i e  
limited number of true aimual or monthly peaks over time makes it difficult to use 
traditional regression analysis. So, a regression model is used to deteiiniiie statistical 
relatioiisliips among a set of daily observations that are similar to aiuiual/nnonthly peaks 
and weather conditions. Any load curtailinent or significant outage events are added 
back to tlie daily observations. The peak normalization demand model is replicated 
riuinerous times in a Motite Carlo (stochastic) sirnulation model. This approach derives 
probability distributions for both the dependent variable (peak) and independent variables 
(weather). Multiple estimates for peak are obtained over time, that ultimately produce a 
weather iioiinalized peak. 

Similarly, the weather-rionnalized iiiteiiial energy requirements is deteiiniiied by 
applying, to each month of the year, an adjustineiit related to heating or cooling degree- 
days, as appropriate, to each class of the recorded inteiiial energy requirements. The 
adjustment for each class is obtained as the product of (1) tlie difference between the 
service area's expected (or "nonnal") lieatiiig or cooling-degree-days for the month and 



the actual heating or cooling degree-days for that month and (2) a weather-sensitivity 
factor (in W l i  per heating or cooling degree-day), which is estimated by regressing over 
the past years monthly class energy requirements against heating or cooling degree-days 
for the month. The normalized monthly energy requirements thus determined for each 
class are then added for all classes across all twelve months to obtain the net total 
weather-normalized energy requirements for the year. 

On an as needed basis, four sub-areas are forecast for the Company, Le., Asliland, 
Pilceville, Hazard and South Williamson. These forecasts are for seasonal coincident 
peak demands. Each area is modeled separately and adjustments are made to assure that 
the forecasts sum to the Company total. 



Please supply tlie input parameters for the ratings programs used to rate KP transmission 
and sub.-traiismissioii line aiid substation components. 

The attached documents provide the niethodologies used in deteriniiiiiig the substation 
facilities ratings, transmissioil/sub-traiismission circuit ratings, aiid liiie ratings: 
Attaclmeiit 1 : Transmission & Station Facility Rating Guidelines 

Attaclmeiit 2: AEP Procedure for Deteriiiiniiig Trausmission Circuit Ratings 

Attaclvneiit 3 :  A Guide for Maximum Teniperature and Ainpacity of Bare Overhead 
Conductors. 
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M e  Niiiirc: \\01i0~11007\T;i1i1\TSE~~l~~l\SES~~l~~l\S1n1ioirG11i~cli1rcs\C11~cii~\SS.663~Ol~Imi1s~~~Stn~~q11i[1~R:1liii~~Guidc doc 
CAUTIOS: 1’1 iiilcd copics of this dociimcirf ni c iincoiili ollctl n l ~ d  liing be obsolctc. 

Al\~n).s clieck Wr 1111: Inlest revision prior lo IISC. - 
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Piotection 6r. Conhol Rating Met1 
Reveiiue A4eteriiig Rating Metlioclology 

Revision History.. ............................. ............................................... 

PiirDose (or Foreword) 

This document is intended to satisfy iegulatoi y docu~iieiitation iequiiements, to establish ti aiismission line, statioii, aiid 
equipiiieiit iatiiigs, anti to seiw as a listing of those existing guidelines tliat also establisli tliese tatiiigs to be used 
thioughout AEP. I t  has peviously existed as a book titled by the saiiie iiaiiie as this document’s title but is being priblislied 
in this folmt \vitli the initial ielease of tliis document. 

- 3. Scope 

All iatiiigs or iatings iiietliodology set foil11 i n  tliis docuiiient sliall be effective upon its ielease and sliall be applicable 
t h i  ougliout the AEP systeiii. 

- 4. References 

1. FAC-00% I AEP Tiansinissioii, as a Ttansinission Owner, sliall document its cu~rent ~iietlioclology used for 
developing Facilily Ratings (Facility Ratii~gs Metliodology) of its solely and jointly owiietl Facilities in 
ERCOT, PJM and SPP. 

2. TP-000003 AEP Pioceduie for Deteuniiiing Transmissioii Cilcuit Ratings Applicable to AEP East and AEI’ 
West Facilities) 
TI a~isiiiissio~i Asset kraiiagemeiit website untlcr TP Guideliiies 

3 .  All docunieiits listed in Iliis coiiipeiidiiiiii are iefereiiced as they occur. 

.--. 
propcrly of, Aiircricnn Elcclric Power Coiii~rn~iy, I irc , is iirlciidcd Tor AEl’ IISC oiily, 
is not to be liiniislicd lo, 01 copicd or reproduced by, pnrlies 1101 oflilintcd n i l l i  ilic 

n.itIioiit ilie esprcss ur i lkn COIISCIII oTAEl’, niid is lo be rs(cinrcd itpoi1 rcqiicsi 
.-“.I_ 

TRANSRl ISSION OPERATING GUIDELINE 
T1TL.E: ‘fiailsnrissioli SC Slation Facility liatiiig Guidelilies 
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- 5. Iiiformation Reoiiests and tecliiiical review of Ratings R?ethodologv 

This docurrierit and any oi all referenced docuiiients shall be ~xovided within filiecn (15) days of the ieceipt of request fro111 
Reliability Coordinators, Tiansniissioii Operators, Transmission l'lannei s, and Planning Auihorities tliat have respo~~sibility 
for [lie aiea iii wliicli tlie associated facilities are located. 

l r  a Reliability Coordinator, Transmission Operator, TI aiisiiiission l%niier, or Plaiiniiig Authoi it)! provides written 
coiiinieiits 011 its teclinical review oftliese refereiiced guides, AEP ~Iaiisniissior~ sliall provide a written response to that 
co~iime~itiiig entity wiiliin 45 calendar days of ieceipt of those coin~iie~its. Tlie Iespoiise sliall indicate wlietlier a cliaiige w i l l  
be macle io [lie referenced guides and if no change will be made, the reason why. 

- 6. Facilitv Ratings Basis a n d  Liinifs 

Equilinient tinineplate Iatings, manufacturers' Iecoiiime~idatioi~s and Induslly Standards have been 1 outinely conside~ed in 
[lie piocess of aniving at tlie ratings per tlie referenccil guides if aiid as ap11ropi iate. 111 limited cases, the age and lineage of 
sonie eqriiprnent that is in setvice pi ecliitles obtaining or docuiiienting rating info~iiiatioii consistent with present equipnie~it 
nameplate i~tirigs, ~iia~iiifactiirers' recoiiiiiieiidations and Industiy Standards. That is to say, in soiiie liinited cases, 
equipment was iiistallecl pi ior to the developiuent of tlie equipment nanicplate ratings, nianufach~ren' reconuiiendatioiis aiid 
Industry Stantlards tliat are presently coiiinionly found, I n  tliese limited cases, AEP has Iiistoi ically employed Good Utility 
Practices in tlie application of the equilinient. 111 tliese limited cases, tlie eqiiipnient can be rated using cqnilinient naiiieplate 
ratings, manufachirers' recoiniiie~~datioi~s arid 11idiish.y Standards for modern equipmeiit of similar const~uction. AEP is not 
a\vare of any instance i n  its liis~ory wlieie tlie application of ilie above niention practicc has Iesulted iii tlie failtire of any 
piece ofequipiiient, or niisopera~ion of ally eqtiipnient or systeins. 
l(leiii1in is a chronological database wliere poner flow iiiodeling data, iiiclurling spsteiii topology, facilities iating and 
impetlance data are stored. TIie eqtii~~iiient as discwed iii TP-000003 is considered wlien populating ICreinliii with data. 
Tlie data in  Krcmlin, in  soiiie cases contains the most Iiiiiitiiig sei ies element wliicli \vas ]~reviously developed using Good 
Utility Piactices. In cases where AEP Station Staiitlartls ale ciealetl orievised to reflect inodein Intlustip Stantlards, AEP 
will peifoi 111 doe diligeiice and inipleineiit tliese cliariges in  Kieiiilin arid cIo\snstieairi opeiational databases witliin G inontlis 
Ron1 effective date of [lie Station Standard. 

- 7. Masiri~~irn Tcn~jicr~~trrre andAllll,ncitv of Bare Overliead Contlucfors 

Refer to Repoi t No. TP-D007SG, which is available at the follo\\~irig inhanet LJRL: 

0007S~~Giiitle~fo~~~~asiint11~i_T~A1iipacit)l_Bare_Ovel I iead~Condt1c to~s~Re~~~~~00807?-?- .~1t i f  
\\oIIOCOO 1 ~\I ICW\ Jra11~Y2008 FAC\FAC-008-1\TP- 

- 8. Undernioiind Pipe-Tvae & Solid Dielectric Transniissior~ Cable Anipacitv R'letllotloloov 

Refer to tlie dociriiieiit stoierl at the follo\ving path and nanie: 

\\oliOgli007\etgali\S~a1idar~ls~Sta\Cable~Po~~~er\SS-O~OO2O~U1i~le1~1 oiiiid Cable Anipacity Methodology-R4. pdf 

- 9. I311slriiig Loatlabilitv 

Refer to SS-070002, "Busliiiig Loatlability Guide" at  llie following path antl naine: 

\\0110g1iO07\ctgali:\Sta~id~i rls_Sta\T~-aiisforiiiers~ Po\\~ei\Busl~ing_L.oadabilit)l\SS- 
070007__8usliirig~L:_~oarlabilit~~_Guide~R?-.]~tlT. 

-~ Power Transfornicr Loatlinz Carinbilitv I O .  

Refer to SS-780001, "Giiide for Calculation of Power Tiansfoi i i w  Loading Capability a1 tlie Colloning path arid naiiie: 

\\oli0gli007\etg~li\S~a1i~lar~ls~S~a\T1 aiisforriier~Datn\SS_7S00~ I-PwITi aiisL.oadCpbltyCaIcGuicle_R3 .pdf 

- 11. Power Trsiisfornier Loatliii~ Limitations 

Rcfcr to SS-780002, "Po\ver Traiisfoi mer Loatliiig Liniitalioris" at tlic following path and nanie: 

\\0110g11007\~ig~li\Stal,tl~1~i~~Sta\~1 ansfoi i i ~ e r ~ D a t a \ S S _ 7 S 0 0 0 2 ~ P ~ ~ i ~ ~ 1  ansL.oadLiiiiits_R3.p'lf 
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- 12. Current EHV Transformer Caoabilitv Reiiori 

A ctiireiit listing of EHV tiansfoi mer capabilities can be obtaiiietl at any time by i uilniiig the ISIS Canned Queiy, 
"Traiisfoi iiiei Capability Report - EI-IV". 

- 13. Bus Aiiiiincitv Ratings 
Refer to SS-060000, "Bus Aiiipcily Ratings and Desigii Guideliiies for Subslations and Switching Stations" at the 
following path and iiaiiie: 

\\oliOgli007\etgali\Sta11dards~Sla\Bus~Des~gn\nnipac~t)r Ratings\SS-060000-R4 Bus Aiiipacity Raliiigs and Design 
Guitlelines for Substatioiis and S\\ritcliing Stations. prlf 

- 14. Circuit Brenlter Ratiiip Methodology 

Refer to SS-O;OOO.?, "Cuiieiit O\wload Capabilities of AC I-ligh-Voltage Ciicuit Bieakers" at tlie following path and name: 

\\oliOgli007\etgali\Sta1ida~ds~Sta\B~eal;ers~SS-O3OOOl?~Cu1 I eiit-~\~erload_Cap_AC_I-rV_CB_R;.pdf 

- 15. Substation Bus Switch rat in^ Rletliodologv 

Refer to SS-76;OIO "Air Switclies Cuireiit Carrying Capability" at the following path and Iiaillc: 

\\o1i0g1i007\etgali\Slandartls_Sta\S~~~itclies~~~~~licaiioii~G uitle\SS- 
7G; 0 1 0-A ir_S \uitcli_Cunrrit-Cai Iyiiig-Capabil il]?-RZpdf 

- 1G. Wave Trap Tliermal R a t i E  

Refer to SS-47SGOi "Line Tiap Equi~inient Rating Guideline" at the followiiig path and iiaiiie: 

\\0110g11007\etgali\S ta i id~~ds~Sta \P io tec t io~~~&~Coi~l i  ol\Dist~-Sta_Geiieral\SS- 
47860 l_L.ine-T~np-Equip~iie~it-Rating(; uidel iiie_Rl?.pd f 

Profecfioii & Control Rating Metliodolow -- 17. 
Refer to SS-45 I O  15 "Protection and Control Equipment Rating Guitleline" at the following path aud 
riame:\\oliO~li007\etgali\St~iida~~ls~Sta~1 otectioii-~-Control\Distr-Sta-Geiie~al\SS- 
45 10 1 ~~P1otectioii~CoiitIol~Eqipment~Ratin~_Guideli11e~R4.pdf 

- 18. Rcwriiie Metering Rating Metliodologv 

Refer to SS-490004 "Energy Meteiiiig Equiliriient Rating Guitleline at the follo\\,ing path: and iiaiiie: 
\\o1i0~11007\etgali\Staii~lards~Sta~h~earsi1~e1iie1its~Geiieral\SS~ 
4 9 0 0 0 4 ~ E n e r ~ y ~ ~ h 4 e l e ~ i i i g _ E q u ~ p " ' e l d f  

_. 19. Rntiiip Mctliodoloev for Othcr Series Bleiiients 

Refer to SS-660300, "AEP Tecluiology Fleet Equipnient Tlieriiial Ovei load Capabilities" at  the folloniiig path and iiaiiie: 

\\o1i0g11007\etgali\St~1i~ards~Sta\PJ~~\SS-660i00~TecliPlee~01o~tlCapab~Iities~R3 .pdf 

2 Stantlard for Establisliing the Masiiiiririi Operatiw Teiiii~eratu~e of AEP Traiisniission Lines 

Refer to TLES -25 "Standard for Eslablisliing the Maximuin Opeiatiiig Teinperatcure of AEP Traiisiiiissioii Lines (2.3 kV lo 
765 ItV Inclusive) 

I----- I 

TRANSMISSION OPERATING GUIDELINE 
TITLE: Tiansinissioii & Station Facility Rating Giiitleliiies 
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Approval 

Pi eparation 

rrcpflr~crl by: R'l. L. Skidinore Seiiior Eiigiiieer 

Revieiirrl by: 

Rci~ieic~crl l?y: 

Ap])rol~cd by: I<. S. Robinsoil 
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Slation Stand; ' 

Director, 
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~ 

Quarteily Semi-annual As Needed Aniiual 
X 
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Retention Pel iotl 

Thee Years 
S 

Depaitmeiit Title 
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without the espress netten conseni of AEP, and is to be returned iipoii request 

TRANSMISSION PLANNING GUIDELINE 
TITLE: AEP Procedure for Determining Transmission Circuit Ratings -- 

Responsible Engineer: 

Meredith Gaffold 
Rev. 1.2 
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ACTION 

Prepaied by: 

I h k w x i  by: 

Revienwl by: 
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CAUI'IOS: Pri i i lct l  copics of l l i is  dociioiciit nrc i i i icot i l ro l lcd niitl iiiny bc obsolelc. Alnnys cliccli for l l i c  lnlcst rcvisioi i  p r i o r  lo IISC. 
Tlic lnlcsl  clcrli oiiic wrsioii 01 Ilkis ilociinicnl i s  snwd oii I l ic ' i in i is i i i ibr ioi l  Asset hlnitn~eii ici i i  n c b s i t e  i i i i ~ l c r  TI' Gtiidcliiics. 

NAh'IE TITLE SIGNATURE Sr DATE 

R4eredith L,. Gafford Engineer I, ETP ,#&iL ;d#.b.( 12/Jfi/zc, 0 

Moliaiiiiiied Aliiiicd Ivfniiager, ETP -+L- 0 -i 
;. ~ t.t/.2")/,LO i d  

I Su~iervisor Plaiiiiiiig RL JHT 
Eiigiiiccriiig 11, WTP 

Director, ETP 

12/28)20 I 0 Jaiiies 11. Treece 

Evaii R. Wilcos 22%' &@L I 7 - h  'I /&, ' 
JP1-l 

12/2s/2010 .Joseph P. I-lassinlc Director, WTP 

i 

Quarterly: 

Preparation 

Seiiii-aiiiiud: Atiiitial: X As Ncctletl: 

PILE NAME 

Traiisiiiission Circuit 
Raliiigs Rev 0 -- 

2004-1 0-29.tloc 
TP-000003 -- 

Traiisiiiission Circtiit 
Ratings -- Rev I -- 

200s-09-1 S.doc 
TI'-000003 -- 

Tiaiisiiiissioii Circuit 
Ratings -- Rcv I , I  -I 

2009-12-23.tloc 
TP-000003 -- 

TP-000003 -- 

Review Cycle 

CHANGE NOTICE REMARKS 

ol igillal Issue 

Updated Issue 

Allllllal 

Rev. I 

Rcv. I .  1 

Rev. 1 2 

Release 

Septeiiiber IS, 2005 

Deceliiber 23,2009 

Dcceiiiber2S, 2010 

1 VERSION 1 DATERELEASED 

Tiaiisiiiissioii Circuit 
Ratings -- Rev 1.2 -- 

2010-12-2S.tloc 

~ Rev.0 i October29,2004 

Allllual Rcvie\v 

Sis iiioiiilis: 

Retention Period 

One Year: T\VO Ycals: T h e e  Years: X 

TRANSB'IISSION PLANNING GUIDELINE 
TITLE: AEP Pioceduic for Dctciiiiiiiing 

Tiniisiiiissioii Ciicriit Ratings 

TP-000003 
-.. 

Page 2 of G 
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ETP 

TPW 

Evan R Wilcox I East Tiansrriission Planning I Director 

East Tiansmission Planning 

West Transmission P 1 anniiig 

Lotus Notes E-mail Group 

Lotus Notes E-mail Gio~ip 

Joseph P Hassinli 

Jeffrey A Fleeman 

ATST I Advanced Tiaiismission Studies k Technolog I Lotus Notes E-mail Group 

West Transmission Planning Director 

Advanced Transmission Studies & Technology Director 

Jeffrey E Moiniiie 

T David Parish 

I< Sha\vn Robinson I Transmission Station Eiigineering I Director 

Traiismission Line Projects Engineering Director 

Transmissioii Line Engineering Design Siaiidards Manage] 

Steven I< Guiiity 

Station Engineering AI1 

David R Ball i Transmission Protection k Contiol Engineering I Director 

Station Design Standards Managci 

Ti ansmission Station Engineering Lotus Notes E-mail Group 

Transmission Protection k Conk01 Standwds 

Ti ansmissioii Protection & Coiitiol Engineering 

Jeffery D Cavote 

Paul B Johnson 1 Transmission Operations I Managing Directoi 

Manager 

Lotus Notes E-mail Gioup 

Edwa~d G Sclinell 

Tiniotliy A Hostetler 

TOPS East Ratings Cliaiiges 

TRELCOMP 

Table of Contents 

Transmission Dispatching Directoi, 

Transinissioii Operations Engiiieering Manager 
Traiisniission Operations Engineering aid 
EMS / SCADA Applications 

Transmission Reliability Compliance 

Lotus Notes E-mail Group 

Lotus Notes E-mail Gro~ip 

1 . Introduction ..._. . . . . . . .. , , . . . . . . . . . I". . , . . I .", . .. . . . ~ . ~ . . . . . . . I " I .  .. . . . . . . . . ...." _".. . . .~ .  . . . . . . . . . . ___ .  . . . . . . . .". "... . . . . . . . . ..~. , . _. . . . .". 4 
2. Procedure .."._.. .. ".."__..... ~ I I _ .  _.... ~ _....... .I ._.. . . ~ ~  "._.. l.. .... .._.. ._.... .. . ........... l ~ .  I I ....." ..",,. I ...... . .. ... .._. ... ._ 5 
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TITLE: AEP Pioceduie foi Deteimining ----- 
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1. Introduction 

NERC Reliability Standard FAC-008-1 (Facility Ratings Methodology), effective August 7, 2006, 
requires Transinission Owiier facilities be rated in compliance with tlie applicable Regional requireiiients. 
The three Measures that are used to audit coinpliance to this standard require that: 

MI. Transmission Owners sliall have a documented Facility Ratings Methodology that includes all of 
the items identified i n  FAG008 Requirenient 1.1 through FAC-008 Requirement 1.3.5. 

M2. The Tiansniission Owner sliall have evideiice it made its Facility Ratings Methodology available 
for inspection within 15 business days of a iequest as follows: 

M2.1 

M2.2 

R12.3 

M2.4 

Tlie Reliability Coordinator sliall have access to the Facility Ratings Methodologies 
used for Rating Facilities in its Reliability Coordinator Area. 
Tlie Tiaiismission Operator shall have access to tlie Facility Ratings Metliodologies 
used for Rating Facilities in its poi-tioii of tlie Reliability Coordinator Aiea. 
The Transniission Planner shall have access to tlie Facility Ratings Methodologies 
used for Rating Facilities in its Transinission Planning Area. 
The Planning Authority sliall have access to tlie Facility Ratings Methodologies used 
for Rating Facilities in  its Plaiiiiiiig Authority Area. 

M3. If the Reliability Coordinator, Traiisinissioii Operator, Transmission Planner, or Planning 
Authority provides documented coininelits on its technical review of a Transmission Owner’s 
Facility Ratings Methodology, the Transmission Owner shall have evidence that it provided a 
written response to that commenting entity within 45 calendar days of receipt of those coniiiieiits. 
The response shall indicate whether a change will be made to the Facility Ratings Methodology 
and, if no cliaiige will be made to that Facility Ratings Methodology, tlie reason why. 

Within AEP, tlie responsibility for documenting tlie various equipment rating iiietliodologies and 
determining the Relay Compliance Trip Limits rests with Transmission Asset Engineering. The 
responsibility for applying these equipment rating iiietliodologies and Relay Compliance Trip Limits to 
deteiiiiine the applicable seasonal noriiial and eiiiergeiicy facility ratings for all AEP transmission circuits 
rests with tlie three Traiisniissioii Planning groups. This determination of facility ratings is made in 
accordance with tlie requirements outlined i n  NERC Reliability Standard FAC-009-1 (Establish and 
Coiiiiiiuiiicate Facility Ratings). 

During emergency conditions, Transmission Operations inay apply teinporaiy ratings of equipment. The 
teiiiporaiy ratings are determined in coordination with Transmission Asset Engineering. These ratings 
frequently reflect equipment capabilities of a slioiter duration than typically applied by AEP. The 
application of any teinporaiy ratings is docriinented in operating procedures or operator logs. 

TmNSIhlllISSIIoN P W M N G  GUPDELINE 
TITLE: AEP Procedure for Determining 

Traiisniission Ciicuit Ratings 
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2. Procedure 

The application of the equipiiient rating iiiethodologies to determine the overall seasonal noriiial and 
einergeiicy facility ratings shall consider the following individual equipineiit associated with transmission 
circuits, as appropriate: 

1 I Buses and Risers (Thermal Limits) 
2. Line Conductors (Thermal Limits) 
3. Circuit Breakers (Therm1 Limits) 
4. Switches (Thermal Limits) 
5. Wave Traps (Thermal Limits) 
6. Current Transformers (Thermal Lhiits) 
7. Relays (Thermal Limits) 
8. Relays (Trip L,imits) 
9. Meters (Thermal L,iniits) 

10. Transformers (Thermal Limits) 
11. Series Reactive Devices (Thermal Limits) 
12. L,oadability Limits (Surrogate MW Liiiits for Voltage or Steady-State Stability Limits) 
1.3. Other Series Elements (That May Limit the Capability of the Transniissioii Circuit) 
14. Business Rules Imposed by Regioiial Transmission Organiz,ations and Reliability Coordinators 

(For Exaniple: PJM requires that eiiiergeiicy ratings be 3% below load drop ratings. This iiiay 
result in the implementation of emergency ratings that are lower than those specified i n  tlie AEP 
Facility Ratings Methodology.) 

The seasonal normal and emergency ratings assigned to any transmission circuit shall not exceed 
the R I Q S ~  limiting applicable equipment ratings of the individual pieces of equipment that comprise 
that transmission circuit. I n  the absence of an applicable iating methodology for specific equipment, 
the nameplate or recoiiimendation €rain the manufacturer shall be used in  deteimining tlie transmission 
circuit ratings. In addition, and unless otherwise documented, eiiieigency iatiiigs shall reflect 24-hOur 
equipment ratings. 

hi the case of line conductors, ratings shall be determined in accordance with AEP guideline TP-00078G 
(A Guide for Maximum Temperature and Ampacity oC Bare Overhead Conductors). This guideline also 
includes directions on how sag limits shall be considered when determining the line conductor ratings. 

I n  the case of current transfoimers, ratings shall be determined based on the connected ratios and not on 
the naineplate ratings I 

In the case of relays (trip limits), ratings shall be determined based on tlie Relay Conipliaiice Trip Limits, 
as outlined in the separate PRC-023-1 process flow document. Documented facility ratings shall 
explicitly note iiistaiices where Relay Compliance Trip Limits are not applicable. 

I n  the case oCtransCoimeis, iatiiigs shall not exceed instantaneous capabilities that are limited to 150% of 
their respective nameplate ratings. 

TPdNSil4lSSIQN PLANNING GUIDELINE 
TITLE: AEP Proceduic foi Deteimining 

Tiansmission Ciicuit Ratings 
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In the case of loadability limits, ratings shall ta le  into consideration any limitations determined by the 
Planning Authority in accordaiice with NERC Reliability Standard FAC-010-2, and by the Reliability 
Coordinator in accordance with NERC Reliability Standard FAC-011-2. 

Ratings assigned to transmission circuits that terminate in either a ring or breaker-and-a-half airangenielit 
shall be based on the assurnption that both circuit breakers associated with such a transmission circuit are 
noinially in  service (system normal condition), and that power flow will split 50/50 across both of these 
circuit breakers. For relays that sum the secondary flows from two relaying current transformers (each 
associated with one circuit breaker in a breaker-and-a-half ariaiigeinent), their thermal ratings are based 
on the assumption that such relays see 100% of the power flow. As a supplement to these system norinal 
ratings (for the benefit of users such as Transmission Operations), one-breaker-open ratings may also be 
determined. 111 such instances, tlie one-breaker-open ratings shall be clearly labeled in order to avoid any 
confusion with tlie system normal (all circuit breakers iii service) ratings. 

Rating deviations fiom the standard equipment rating methodologies, such as providing a consistent basis 
for rating jointly-owned/joiiitly-operated facilities and other uiiique applications, shall be documented. 
Ratings oE joiiitly-owned/jointly.-opelated facilities (including interconnection iatings) shall be 
coordiiiated with the counter-pal ties to the jointly-owned/jointly-operated facility agreements. 

TRANSRfPSSKON PLANNING GUIDELINE TP-000003 - 
TITLE: AEP Procedure for Deteimining -_L__ 

Page 6 of 6 Transmission Circuit Ratings 
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Plots of Nonnal and Emergency Capability as a fiiiiction of Ambient Teiiiperature 
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Nonnal and Contingency Allowable Temperatures of Bare Overliead Conductors 
Allowable Current Carrying Capacity of Bale Overhead Conductors 
Tiansmission Lines - 13s IcV and Above - AE,P East 
Winter Ambient 3.5 O F ,  Suiiiiiier Ambient 95 O F  

Wind Velocity = 2 MPH and Wind Diiection 60 degrees to the line 
Allowable Current Carrying Capacity of Bare Overliead Conductors 
Transniission Lines - 13s ItV and Above - AEP West 
Winter Ambient 68 OF; Suiiimer Arnbient I04 OF 
Wind Velocity = 2 MPIH and Wind Direction 60 degrees to the line 
Allowal>le Current Carrying Capacity of Bare Overhead Conductors 
Sub-Transiiiission Lines -Below 13s IcV - AEP East 
Winter Ambient 35 'T; Summer Ambient 95 OF 
Wind Velocity = 1 MPIH and 2 MPH and Wind Direction 60 degiees to the line 
Allowable Current Carrying Capacity of Bare Overhead Conductors 
Sub-Transmission Lines -Below 13s ItV - AEP West 
Winter Aiiibient 68 O F ;  Summer Ambient 104 OF 
Wind Velocity = 1 MT'H and 2 MPI-I and Wind Direction 60 degrees to the line 
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I. SUMMARY 

This guide for maximum temperature a id  anpacity of bale oveiliead conductors includes masiiiuni couductor temperatuie 
and ampacity values for nomial and emergency coiiditions during summer a id  winter seasons. These values indicate tlie 

es of conductors to cany cunent wit11 a calculated loss of strength over tlieir lifetime 

This report replaces i n  its entirely .Atnp;1eity Repott TP-0007S6 (Rev 2) issued I>eceml)cr 200-I. The changes, 
however, aie limited to the application of conductor emergency iatings as described in tlie “text boxes” below. The 
ampacity values levised in “Ampacity Report TP-000786 (Rev 2) issued December 2004” ille unchanged and reflect 
modified assumptions, namely the wind direction In particular, the wind direction was initially presumed “at riglit angles” 
to all lines and has been changed to “60 degrees” for all lines. The report also incorporates tlie basis for establishing 
ampacity values applicable to MP West. 

Copper and aluminum conductors react differently to themial loading conditiolis For copper conductors, continuous 
tlieniial loading at the nonnal value results in  soiiie loss of strength Both the normal and continuous emergency 
capabilities are based on tlie stated loss of strength Aluminum conductors lose very little, if any, strenglh below and at 
nomial ratings. For aluminum conductors, the continuous emergency capabilities are based on a stated loss of strengtli 
resulting froni emergency loading. 

Conductor thermal loadings in excess of continuous emergency ratings will greatly accelerate strength loss aid, in most 
cases, will result in excessive sag. Plniied operatioils at ampacities oi coiiductor temperature levels above those 
established as emergency values are not recommended. 

AEP East 
IT §NO?JED BE NOTED THAT the ampacities in this report aie based on mechanical considerations 
(i. e , conductor brealcing strength), assuming that  adequate clearance can be maintained. Ilo\vcver, for MI? 
East tmismission line facilities (I38 kV - 345 IcV) designed prior to 19S2, circuit ampacities might be 
limited by sag (Le, clearance). For hose  lines expected to exceed their conductor iioriiial ratings, as 

lines must assume the conductor iionnal ratings as defined in this report as tlie circuit iating (assuming no 
other line or station limiting elemeiits). Sag investigations may indicate inaxinitmi operating temperatures 
different fro111 tlie values in tllis report. 

on lines alp to be designed assuming the conductor feniperatures ns 

NOTED THAT tlie ampacities in this ieport are based 011 mechanical considerations 
alciiig strength), assuming that adequate cleaiance can be iiiaintaiiied Howevei; for AEP 
lilies designed prior to 2003, circuit ampacities iiiigbt be limited by sag (i e , cleaiance). 

models representing the emergency capabilities oftliese lines must assuiiie tlie conductor iioniial ratings as 
defined in this ieport as the circuit iating (assuming no other line 01’ station liniiting elements) Sag 
investigations may indicate maximum operating temperatures different from tlie values in this iepoit 

I 
.\I1 new . \EP o\ er1ie:itl transniission lines are to be  tlesigned assuming tfie 

Y . , --- this report LTable l).,, 

TP-000786 
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Currently, there are two primary standards relating to trausmissioii lines. 

a) TLES-IO: 

b) TL.ES-25: 

System Standards for AEP Transmission and Sub-transmission L.iiies (New Construction) 

Guideline for Reviewing Transmission Lhes  Designed PI ior to .July 1978 for Masimum Operating 
Temperatures Above 120°F 

The values given in this report are appropriate for a conductor for which there is no luiowledge ofloading history, etc If 
such knowledge is available, it may be used to determine applicable ampacities. The design for new traismission (below 
76.5 kV) and sub-[ransniissiori (below I38 ItV) lines should be based on the ~ n a s i m u ~ i i  operating taiiperatures as defined in 
this guide. New 765 ItV lines are to be designed on the basis of a 203°F niasimum operating temperature without 
including the effects o f  elevated temperature creep. 

TP-0007S6 
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11. STRENGTH LOSS CRITERIA 

Permanent strength loss of aluminum or copper strands results G-om cumulative annealing. In contrast, the steel core wire 
in ACSR and SSAC type coiiductors neither anneals nor loses strengtli (at tlie temperatures at which AEP operate its lines) 
As a result, ACSR conductors \villi higher steel-to-aluiiiinuni ratios (as well as aluminum wire dianieter) can be operated at 
substantially higher temperatures than other aluminun~ conductors. 

For tlie deteniiiiiation of conductor ampacity values, a SO-year conductor life is assuiiied Different design bases are used 
for copper and aluminuiii. The design basis for copper conductors is tliat tlie combined operation at l00OC (for a 
cuniulative duiation of 600 hours) plus operation at 75°C over its remaining life results in a strength loss ofiiot more than 
17% For alumuium conductors, combined operation at the specified emergency temperature (for a cumulative duration of 
I000 hours) plus operation at 95°C for its remainiiig life results in not more than 10% strength loss In both cases, 
remaining strengths are adequate to meet iiieclianical design loadings (e g., maxiniuiii ice loaduig assumptions) For ACSS 
conductors, wliicli do not exhibit any strength loss up to 401"F, the nomial and emergency ratings are the same 

Tlie reasoils for diffeient design bases for copper aud aluiiiinum relate to the differences in the strength loss cliaracteristics 
oftlie t\yo materials and diffeiences in tlieir application Aluminum based conductors (e g., ACSR) are subject to strength 
loss at temperatures exceeding about 94°C. In comparison, copper conductors are subject to strength loss when conductor 
temperatures exceed approximately 50°C Accordingly, for copper conductors, the use of a "nornial operation" design 
temperature, based on 110 loss of strength, would mean a significant liniitation in load capability Rather than accept this 
capability limitation, it is niore desirable to accept the risk of strength loss by using a nornial opeiatllig design tempcrature 
of 75°C. This statement also assumes that future new lines or line le-conductoring will iiot include any copper concluctors 

For emergency operation a coiiimoii basis ofa  10% strength loss was used For copper conductors, operation at 100°C for 
600 hours results in 10% loss of strength For aluminum based coiiductois, operation at tlie temperatrri-es noted in Table 1 
(dependent 011 stranding) for 1000 hours results in 10% loss of strength. After the allo\vable strength losses, the spccified 
remaining strengtlis of copper (installcd many years ago and not used today in new constniction) and aluminum conductors 
(used today) are compatible with the shengths of tlieir suppoiling struchues, as designed by different past and present 
criteria Without strength loss, the structures are the meclimical limiting elements. With strength loss beyond the 
specified 17% and 10% values, tlie conductor beconies the niechanical weak luik 

Tlie loss of strength of conductors has a uon-linear relationship to temperature and time At tlie conductor teniperatures on 
which tlie emergency ratings are based, most of the strength loss occurs in the early hours of operation. For example, for 
795 IccmiI 45/7 ACSR, 1000 hours of operation at 140°C leads to 10% strength loss, half'of Lliat slrenglli loss occurs in the 
first 70 hours of operation Because of the non-linear relationship, opeiation at liiglier temperatures has a siguificaut 
impact. If 795 Itcmil 45/7 ACSR is opeIated at 160°C (i.e , 20°C above its emergency operating temperatuie) a strength 
loss of 10% occurs in less than fifiy (SO) houis So for tliis example, a sinal1 increase in capability (approxiiiiately 6 5%) 
has been obtained at the expense of a very large decrease in emergency loading hours. Accordingly, it is recoinmended 
tliat conductor emeigency operating temperatures not be exceeded. The emeigency loaduig design durations (600 hours for 
coppel' and I000 hours for aIumiiium) should provide a sufficient margin socli lliat system operators do not have to monitor 
cumulative Iioius of elevated temperature operation 

TP-000786 
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111. FACTORS AFFECTING AMPACITY CAPABILITIES OF CONDUCTORS 

Two groups of factors goveiii the ainpacity of coiiductors One relates to conductor heating and the otlier relates to the 
physical coilsequelices of excessive temperature 

Factors in the first group, ivliich cover lieat geiieratioii 111 the conductor, tlie loss of lieat to the atmosphere, and the resulting 
conductoi temperatme, are. 

Q Current aiid its distribution over tlie cross-sectional a e a  ofilie conductor. 

Q Conductor diameter; 

0 Resistance and its variation with coiiductor temperatuie, 

Eiiiissivity of the coiiductor surface, 

Q Solar absoqitioii and the angle of the suii’s lays, 

0 Ambient temperature; 

0 Wind velocity aiid its direction; 

0 Connectors and their contact resistance, 

a Fenous liardime in diiect contact wit11 tlie conductor’s surface (i e , without aniior iods) causes a localized 
temperature increase of about 10°C aiid accelerates annealing ofthe conductor 

The factors in tlie second group cove1 tlie physical consequences of heating tlie conductor beyond allowable limits 
Specific i t em in this category are. 

o Annealing of alumhittin and copper strands causing a significant reduction iii fatigue eiidurance limits, yield, and 
tensile strengths This can iesult in noli-recoverable elongation or mechaiiical failure of conductors at sigiiificantly 
reduced tension stress values. 

o 

Q 

Additive creep (a fonn of non-iecoverable elongation) 

Excessive tlieniial elongation (a form of teiiipoiaiy rccovcrable elongation) 

o Significaiit incieases iii coiiductor sag, due to elongation (i e , the ctimulative effects of the above tluee items), which 
can result in ope1 ational aiid safety related problems due to reduced clearaiices 

Deterioration of galvanizing 011 ACSli aiid ACSS steel core wires at temperatuies above 401”F, thus, exposing the steel 
and resulting in corrosion of the steel core wires 

o 

The above five factors iiiost diiectly affect tlie integrity, life, aiid operation of the coiiductor aid, therefore, exert a niajor 
influence on its cuireut rating. 

TP-000786 
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IV. METHOD AND CRITERIA OF ESTABLISHING AMPACITY GZTIDELINES 

To detemiine the c ~ ~ i ~ e n t  rating for a conductor, first its allowable temperature is established according to criteria for 
ailnealiiig a i d  reflecting acceptable operating practices Then, a lieat balance based on conductor I2R, solar absorption, 
radiated and converted heat loss, all as influenced by the nine items in the first group in Section 111, establishes the specific 
niagiiitude of current for that conductor temperature 

The values of factors used to calculate the coiiductor lieat balance and temperature, and thus, its noiiiial and continuous 
emergency ratings are as follows: 

AMBIENT TERIII'ERAT- 

AEP East 
Winter 
sum me^ 95 "1; (35 "C) 

i 5  "F (approximately 2 "C) 

AEP West 
Winter 68 "F (20 "C) 
sum me^ 104 "F (40 "C) 

- WIND VELOCITY 

Transmission lines (1 3s ItV and above) 
Sub-Transmission lines (below 138 kV) 

2 MPH (2 933 Qs)  
1 MPH (1 467 f i l s )  

WIND DIRECTION 

At GO degrees angle to all line conductors 

RZDIATlON 

Emissivity Facto1 0 8  

SOLAR ABSORPTION 

Absorption Factor 0 8  

ANGLE OF SUN'S RAYS 

At right angles to all line coiiductors 

ELEVATION ABOVE SEA LEVEL 

1000 feet 

CONDUCTOR TERIPERATURES 

Coiiductoi tempeiaturc vaiies and depends on conductoi type and stranding These tempc~atines are listed in 
Table 1 below 

TP-000786 
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Normal and Emergency Allowable Temperatures of Bare Overhead Conductors 

E T - -  Normal  Rat ing  C o n t i n u o u s  E m e r g e n c y  Ra t ing  ('I  

_---.-.-. 

C o n d u c t o r  T y p e  

A C S S  ( S S A C )  
All Sizes I 205% (401°F)(2) I 205oC (40 1 OF) 

CAUTION: Pniited copies of this docurnetit are uncontrolled 2nd may be obsolete 
Always cliecli fo r  the latest revision pr ior  to use. 

ACAR 
All Sizes 95% (203°F) 125% (257OF) 

S A C  (also c a l l e d  AAC) 
All Sizes 95OC (203OF) 1 20% (248'F) 

AAAC 
All Sizes 75% (1 67oF) 7 5 T  (1 67'F) 

HD C o p p e r  & C o p p e r  P i p e  
All Sizes 75% ( 167'F) 1 0O0C (2 1 2'F) 

_ _ _ ~ -  ~~ 

I 

A C S R  
Sizes with 36/1. 18/1 and 6/1 (#I and smaller) 
strandings 

Sizes with 45/7,72/7 and 8411 9 strandings 

Sizes with 26/7 and 54/7 strandings 

I Sizes with 6/1 (1/0 and larger) strandings 

I Sizes with 24/7 and 30/7 strandings 

Sizes with 12/7, 8/7,9/7 and 16/19 strandings 

I 130% (266°F) (3) 

I 1 50% (302'F) (3) 

160% (320OF) (3) 

165% (329OF) (3) 

185% (365'F) (') 

155°C (31 I°F) 

205% (40 1 OF) 

95% (203OF) (3) 

TP-0007SG 
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V, RECOhlMENDED OVERI-IEAD CONDUCTOR AMPACITY RATING§ 

Recoinnieiided ratings for overliead transinissioii and sub-tiansmission line conductors are attached as Tables 2 through 5 
Tables 2 (AEP Fast) and 3 (AEP West) list both iiornial and continuous eiiiergeiicy ratings for selected transmission line 
conductors, at an assumed wind speed of 2 MPH (2 933 f p s )  

Tables 4 (AEP East) and 5 (AEP West) list noniial ratings for selected sub-transmission line conductors for assumed wind 
speeds of 1 MPI-I and 2 MPI-I Tlie 1 MPI-I wind q e e d  values should be used for urban lines and the 2 MPII values should 
be used for rural lines 15niergeiicy ratiiigs for sub-transmission lines are not indicated because the AEP plaruiing criteria is 
based on not exceeding noniial ratings. This is because ofthe greater lilteliliood that there will be structures or facilities 
passing under tlie conductors (distribution line and other under-builds) By utilizing only nornial capabilities, tlie 
lilceliliood of conductors sagging into tliese facilities is iiiiiiiiiiized 

111 certain areas wlieie a sub-tTansmission line is designed for higher voltage operation and tlie likelihood of under-built 
facilities is small, Table 2 or i values can be used for conductor ainpacity (including emergency values) of sub- 
transmission lines, as l o w  as there are no sag limitations 

Tlie tabulated data was calculated based oil a paper entitled “Current CarTying Capacity of ACSR“ by H E House aiid P. 
D Tuttle, IEEE Transactions, Power Apparatus and Systems, Volume 40, page 1169. Reference has also been made to 
“738-1993 IEEE Standard for Calculating the Current-Temperature of Bare Overliead Conductors 1993” 

AEP has developed a spreadsheet based coniputer data file that includes an esteiisive collection ofconductor data and tlie 
anipacity calculation algorithm Additional spreadsheet files have been developed to include a large asso~tinent of 
coiiductois that are or can be used for overliead transmission or sub-transmission lines. These files include an extensive 
array of graphical plots, which will be available at tlie Transinission Planning Share Point site. 

In order to expand on the niaterial in Tables 2 through 5, graphical plots were made aiid tliese are presented in the 
Appendices. “Appendices A and B’  include plots of ACSR conductor teiiiperature as a function of conductor loading for 
AEP East and AEP West, iespeclively Plots of ACSR conductor normal and contingency capabilities as a functioii of 
ambient temperature are included in “Appendix C” Tlie first set of curves will help deteniiine allowable conductor ampere 
loading on any specific circuit if it is limited to a particular conductor teniperature by sag or other constraints. Tlie second 
set of curves will assist systeiii operators to determine circuit capabilities with changiiig aiiibient temperatures. 
“Appendices D aiid E ’  plots show curves for ACAR and AAC conductors as in “Appendices A and B,” and “Appendix F“ 
provides similar iiifoi niation for coliper conductors 
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To determine MVA ratings for specific transniissio~l/sub-transmission voltages the following multipliers should be used 
(based on mipacities spccified in Table 2 througli Table 5) or as shown in various plots in the appendices: 

Voltage Class To get MVA Capability 
( W  Multiply Anipacity by:-- 

23 
34 5 

40 
46 
69 
58 

13s 
161 
230 
345 
500 
765 

0 0398 
0 0598 
0 0693 
0 0797 
0 120 
0 152 
0 239 
0 279 
0 39s 
0 59s 
0 S66 
133 
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Tile design for new 345 kV, 138 kV 

Transmission line specific ratings 
guide. New 765 IN iines are to be 

the specified loading. 

The emergency capabilities silould be applied as described on page 5 of this report. ** 
-b Ferrous clamps without armor rods. - 

NOTE: FOR CIRCUITS DESiGNEO PRiOR TO 1982, EXCESSIVE SAG MAY OCCUR AT LOAOiNGS ABOVE THE NORMAL RATING See TLES-25 
Standards. The emergency capabilities should be applied as described o n  page 5 of this report 

- 
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guide. New 765 kV lines are to be designed on the basis o f a  203T maximum operating temperature. 
Transmission line specific ratings can be calculated when information from fieid surveys or as built documentation is available. 

I -- I 
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-- 
A This table shows the capability to load overhead conductors during various conditions of ambient temperature. The "ratings" are used for 

planning studies and other forward looking analyses The "extreme ambient" capabilities can b e  used for operating the system on a real-tir 
basis; t l ic extreme temperatures are close to extremes experienced on the AEP System "Normal" capabilities imply no loss-of.strength 
"Emergency" capabilities Imply a loss-of-strength; e g , for ACSR conductors there is a 10% ioss.of-strength for  1000 lhours of operation at 
the specified loading. 

The emergency capabilities should be applied as described on  page 5 of this report. ** 
+ Ferrous clamps Without armor rods. 

NOTE: FOR CIRCUITS DESIGNED PRIOR TO 2003, EXCESSIVE SAG MAY OCCUR AT LOADINGS ABOVE THE NORMAL RATING See TLES-25 
Standards Tlic emergency capabilities should be applied as described on page 5 of this report 

The design for new 345 I&!, 138 kV and sub-transmission lines should be based on  the maximum operating temperatures as defined i n  this 
_. 

CAUTION Pnnted copies of this document are uncontiolled and may be obsolete 
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lities imply a loss-of-strength, e g , for ACSR conductors there is a 10% loss-of-strength for $000 hours of operation at 
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-_____I 

TABLE 4 
Allowable Current Carrying Capacity of Bare Overhead Conductors* 

-- 
Subtransmission Lines Below 138 kV -- AEP East 

1 Extrame Wlntor 7 Conduclor Ratinas --ExtrcmoSrm>er 

TP-OOO7S6 
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of Bare Overhead Conductors' 
-- 

I 
c Ferrous clamps without armor rods 
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This loblc shows t l i ~  capabilityto load overhead conductors during various conditions of ambient tcmpcralure.Thc "rutinge"arc used 
for planning studies and othcr forward looking unalyscs. The "cxticrne ambisnt" capabilities can be used for operating the 

Ferrous clamps without armor rods.  

ACSRIWS 440 1 510 I 358 I 41J 1 350 I 268 I 313 
211,3001 (1W) 1 Cochin j $40 I 509 1 357 j 413 1 301 - 1 3 5 2 1  267 312 
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AAAC6201 559,600 (19) Darion (477) 850 990 637 746 
740.800 (37) Rint(636) 1020 1104 762 892 

COPPW 2 (7) 300 351 227 267 
20 (7) 454 531 342 403 

250,000 (19) 681 795 51 2 602 
500,000 (37) 1059 1233 794 930 
750,000 (37) 1364 1586 1020 1194 

1,000,000 (37) 1523 1885 1212 1418 

4/0 (19) 612 715 461 541 

CAUTION: Printed copies of this docunient are uiicoritrolled and may be obsolete 
Always check for the latest revision prior to  use. 

475 1 668 I 364 448 
566 1 676 1 429 531 

174 207 I 138 168 
261 31 0 ' 206 251 
349 41 6 273 333 
387 461 302 369 
693 708 455 560 
757 905 575 711 
895 1070 673 036 

* 
This tablo shows tito capability to load ovorhond conductors during vwious conditions of nrnbicnt tcrnpcraturc. Tho "ratings" aro used 
for planning studios and othor forward looking analyscs. The "oxtrerno ambient" mpabilitics can be used For operating tho 

Ferrous damps without armor rods. 
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Appendix A 

Appendix B 

Appendix 4: 

Appendix Id 

Appendis E 

Appendis F 

Appendis G 

Appendix H 

Appendix 1 

CAUTION: Printed copies of this document arc uncontrolled and may be obsolete 
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Plots of Conductor Temperature as a function of Conductoi Loading 
ACSR Conductors - AJ3? East 
Plots of Conductor Teinperature as a function of Conductor Loading 
ACSR Conductors - AEP West 
Plots of Nomial and Emergency Capabilities as a function o f  Ambient Temperature 
ACSR Conductors 
Plots o f  Conductor Temperature as a function of Conductor Loading 
ACAR and AAC - AEP East 
Plots of Conductor Temperature as a fuiictioii of Conductor Loading 
ACAR and AAC Conductors - AEP West 
Plots of Noimal and Emergency Capability as a fimction of Ambient Teiiipeiatuie 
ACAR aid AAC Conductors 
Plots o f  Conductor Temperature as a function of Conductor Loading 
Copper Conductors - AEP East 
Plots of Conductor Temperature as a function of Conductoi L.oading 
Copper Conductois - AEP West 
Plots of Nomial and E,iiiergency Capability as a function of Ambient Teiiiperatnre 
Copper Conductors 
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Conductor 'Temperature as a Function of Loading 
Ambient Temperature (Summer 95 O F  Winter 35 OF) Wind 2 MPI-I 

176,900 ACSR (12/7) AW - Dotterel 

Conductor remperature as a Function of Loading 
AmbienSTemperature (Summer 95 O F  Winter 35 O F )  Wind 2 MPI-l 

266,800 ACSR (26/7) - Patridge 
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Conductor Temperature  as  a function of Loading 
Ambient Temperature  (Summer  95 O F  Winter 35 O F )  Wind 2 MPH 
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Conductor Temperature as a function of Loading 

Ambient. Temperature (Summer 95 O F  Winter 35 O F )  Wind 2 MPll 
397,500 ACSR (1811) -Chickadee 
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Conductor Temperature as a function of Loading 
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Conductor Temperature as a function of Loading 
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Conductor Temperature as a function of Loading 
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Conductor Temperature a s  a Function of Loading 
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Conductor Temperature as a function of Loading 
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Please supply a copy of the filial repoi-t justifying the proposed facilities if different fioni 
filiig Exhibit 12. 

The filial repoi-t was iiicluded as Exhibit 12 in the Application filing. 
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EQIJEST 

If the limiting condition is voltage driven, please supply the trarisinission to sub- 
transmission transfoiiiier no load tap settings, no load tap capabilities, hold voltages, and 
tap changer ranges. Please also supply the same information for the sub- 
transmissiodlower voltage traiisfoimers. 

The attachrneiit provides the transmission and subtransmission traiisfonner tap settings 
a id  the tap ranges. 
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If the limiting condition is voltage driven, please supply the generator miiiiniuiii VAR 
capability, iiiaxiinuiii VAR capacity, MW size, liold voltages, and power factor for 
generators within the Hazard load area or witliiii 2.5 iiiiles of tlie Soft Shell and Hazard 
138ltV substations that are on the 1381tV or lower voltage power system. As part of your 
response, please locate these facilities 011 a geographical transmission and sub- 
traiisiiiissioii map 

There are no generators in the study area. Geiierator inforination and location caii be 
found in the PJM map attached as a reference in Question No. 1. 



If the limiting condition is voltage driven, please supply the location and size of 
capacitors on the 13 81tV aiid sub-transmission system. In addition, please also supply the 
load power factor at the low side of the sub-traiisniission to lower voltage transfoiiners in 
the Hazard load area. 

Attaclmeiit 1 lists the location and size of capacitors on the 138 kV aiid the sub- 
traiisinissioii systems in the study area. The exhibit attached as a respoiise to Question 3 
also shows the location and size of capacitors. Attaclment 2 provides the load power 
factors on the low-side of transfoiiiiers where metering data is available. 

Attaclment 1 : Hazard Area Capacitors 

Attaclment 2: Hazard Area Power Factor Information 
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Area 1381cV Capacitors 

Hazard : 32.4 MVAR 

Area 691cV Capacitors 

Hazard 2:24.3 MVAR 
Hazard 1: 13.2MVAR 
Combs: 13.2 MVAR 
Cliavies: 9.6 MVAR 
Leslie: 14.4 MVAR 
Daisy: 13.2 MVAR 
Fleming: 14.4 MVAR 
Collier: 9.6 MVAR 
Jacltsoii: 4.8 MVAR 
Whitesburg: 13.2 MVAR 
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Please supply the estimated cost of iiistallilig distribution voltage rated capacitors on a $/KVAR 
basis. 

The estimated installed cost for distribution voltage rated capacitors is $20/ltVAR. 



If the limiting condition is tlieiinally driven, please supply the component by coinponent 
ratings of the limiting system line elenieiit(s). If a transformer is part of the limit, please 
supply the transformer nameplate ratings, overload ratings, and the transfoiiner rating 
calculations. 

The attaclments provide the ratings of the limiting eleinents including the transforiner 

o Attaclvneiit 1 : Limiting Line Conzponent Spreadsheet 

0 Attaclmeiit 2: Hazard Transformer # 1 Rating Report 
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If the limiting coiiditioii is theniially driven and a line, please supply the liiie conductor 
size, temperature to which the liiie was designed to operate, tension, and design 
clearances. 

The attached document provides the requested information. 

Attaclmient 1 : Thermally Limited Line Details 
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OWQr company 

QUEST 

Please supply a description on how KP conducts ecoiioiiiic evaluations between 
competing alternative prqjects. (Not alternative routes of the proposed line, but other 
transmission alternatives, generation alternatives, rebuild with composite conductors, 
etc.) 

AEP and PJM on behalf of KP conduct iuiual plaiuiing studies to ensure the adequacy of 
tlie transmission and the sut)-traiismissioii systeiiis in iiiaintaiiiing reliable service against 
mandatory reliability standards and planiling criteria. After the studies are perforiiied and 
probleiiis identified, both thermal and voltage, transmission system upgrades are 
identified and studied to make sure that the reliability and any operatioiial problems are 
addressed. PJM and AEP develop traiisniissioii plans in collaboration to resolve 
violations that could otherwise lead to overloads, low voltages, and black-outs. The 
process seeks to develop plans that address tlie reliability criteria violations, are feasible 
and pliysically viable, caii be inipleniented by the need date, and are cost affective. This 
process culminates in one recoinniended plan. 

Tlie recoinmended plan developed is shared with all the stalteliolders tlxough the PJM’s 
Regional Transmission Expansion Plan (RTEP) process to seek iiiput and deteiiiiiiie that 
tlie plan recoinmended is the most cost effective in addressiiig tlie mandatory reliability 
standards and plaiuiing criteria. 



QUEST 

Please supply a list of alternative projects to the Bonnymari to Soft Shell I38kV line evaluated by 
IC? and a copy of the economic evaluations. 

K P  investigated three alternatives to the proposed plan. 

Alternative # I  : This alternative was to establish a second 161 kV interconnection with Kentucky 
Utilities Company (KU) at Hydeii Station via Wooten Station. The key elements of tlie plan 
involved: coiistructioii of approximately 1.2 iiiiles of new 161 ItV line from Hyden (IW) to 
Wooteii; histalliiig 1611138 kV, 300 MVA transformer at Wooten; 138 1tV line kV line fkom 
Wooten to Bonnyman; I3 8/69 ItV transformer at Botiiiyman; and miscellaneous additions. 

The plan would have solved both thermal and voltage problems associated with the BES and tlie 
69 kV system. However, the plan was not selected because of tlie potential upgrades on tlie 1W 
System and the associated costs in irnpleineiitiiig the plan, uncertainty of timely completion of the 
plan; aiid the overall operational coiiceriis due to reliance on the 161 ItV infi-astructure which is 
not a standard traiisniission voltage utilized on the AEP System. 

No detailed cost estimates or an economic evaluation was performed since coordinated planning 
studies with KU were iiot perfoiiiied. 

Alternative #2: This alternative entailed rebuilding tlie Hazard 69 kV loop (approsimately 17 
miles in length) aiid replaceinelit of Hazard #1 138/69 ItV, SO MVA traiisforiiier in addition to 
miscellaneous additions. 

The economic evaluation of this plan was not pursued since it did iiot address the PJM BES 
violation on the 13 8 ItV system uiider contingency condition. 

Alternative #3: The intercoiinection with TVA at Pineville Station, although conceptually viable, 
was iiot pursued because of the cost of a longer line and more irnportaiitly the need to address 
therinal aiid voltage issues within the Hazard 69kV loop. 



Please supply a short description on liow KP selects the final route of tlie proposed line 
versus alternative routes for tlie same facilities if differeiit tlian Reese testiiiiony, page 1 1. 

RESPONSE 

Kentucky Power selected tlie final route of the proposed line based upon tlie 
recoinniendatioii by GAI in conjunction with Kentucky Power’s independent analysis of 
the inforiiiatioii contained in tlie GAI report, the work of Kentucky Power’s right-of-way 
agents, public coiruiients made at tlie public forums hosted by Kentucky Power that were 
conducted in Deceinber 20 10, discussions with public officials, and Keiitucky Power’s 
evaluation of the cost aiid “constructability” of tlie line along tlie proposed route. 

Kentucky Power generally follows the guidance contained within the Federal Power 
Conmission (1 970) Gziideliries for the Protection of Nattiral, Historic, Scenic, and 
Recreational Values in the Design arid Locadion of Rights-of TVay and Tr~arisnzission 
Facilities in the siting and planning of its facilities. In this specific instance, tlie 
nietliodology described in the Reese testimony is generally consistent with the Federal 
Power Conmiissioii Guidelines. In addition, prior to Kentucky Power malting its 
decision, I<entiicky Power/AEP plaiuiing personnel flew tlie proposed route, consulted 
with field persoimel, and Hazard District management. 



Reference, Filing, page 5.  Please identify the 4 propei-ty owiiers to date, by parcel 
referenced in Exhibit 9, that have expressed obj ectioiis to the prefeixd alternate. Your 
response sliould also include a slioi-t description of each owiier obj ectioii 

Attached is a list of tlie four (4) property owiiers to date that have expressed objectioiis to 
the prefeiTed aIteiiiate. Fui-tlier discussioiis continue with each of the four property 
owners. 



Parcel 
Ref for 

Name &Address 
Hersliell and Margaret Dixon 

074-00-00-081 00 P.O. Box 91 

I 75 

I 3 

Boiinyman, ICY 41719 
Daniel Gayheart 

Hindman, KY 41822 
P.O. Box 619 I~n01t  037-00-00-081 00 

071-00-00-001 00 
74, 70A 

- 
Allowed surveying, however they prefer an alternate 
route becaue they plan future development and does 
not \\wit to split-up the properly 

Allowed surveying, however they prefer an alteniate 
route becaue they plan future development and does 
not want to split-up the property 

Jon Aniburgey 
035-00-00-050.05 224 Bearville Road 1 63 1 Enimalena, ICY 41740 

James Jones and Mable .Jones 

Chicago, IL, 60618 
~ 115-00-00-033 00 ~ 38 I 2823 N. Woodaid 1 PET 

Iinott 

KPSC Case No 201 1-00295 
1st Set of Questions of Accion Consultant 
Dated October 2, 201 1 
Item No. 22 
Page 2 of 2 

Affected 
Acreage Description of Objection 

surveying, however prefers we not affect he 
and plans to put a mobile home on part of 111 

Allowed surveying, however he prefers we use a 
route because of coiicenis lie has on the 

impact of potential iiiiniiig of 111s coal 



QUEST 

Reference Filing, Sectioii 18, and page 8. Please supply the benefits and costs of the thee 
alternatives stated compared to tlie preferred Boixiyinan to Soft Sliell 1381tV alternative. 

SPONSE 

Please refer to tlie company's response to Question No. 20. 



Reference Filing, Section 18, and page 8. Was a second Hydeii to Wooteii 161 1tV line coilsidered 
as an alternative? If not, why not? 

Yes, please see Alternative #1 in the Company's response to Question No. 20. 



Reference Filing, Section 18, aiid page 8. Please describe any aiid all alternatives 
considered to defer the preferred project where the canying cost of the deferral project(s) 
are less than tlie first year carrying costs of the preferred project. 

Over tlie years, interim plans were developed and implemented to defer the cost of a large 
scale prqject, which entails bringing anotlier source into the area. To illustrate, we 
established a 16 IltV interconnection with KU at Hyden Station, iiistalled facilities to 
close the iioriiially open 691tV iiitercoixiectioii at Lee City with EKPC, and added a 
capacitor bank in the Hazard Area. We have reached a point today that we need an 
additional 1381tV source that will address the local area 691tV tlieriiial and voltage 
problems in addition to the thermal overload on a BES facility. 
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Accioii understands that the $62.5 iiiillioii cost of tlie proposed project is in 2009 dollars. Please 
confiriii or ideiitify the year dollars the estimate is stated in. As pai-t of yo-urr response, please also 
supply the impact of rising commodity prices oii tlie projected cost of tlie prqject siiice the 
estimate was made. 

The Coiiipaiiy's cui-reiit estimate of $62.5 inillioii is in 2014 dollars. Rising coiniiiodity prices 
are addressed with coiitiiigeiicies included within the estimate. 



Kemtueky Power ColianpaHlly 

Please supply the cost of tlie pro~ject in 2014 completion date dollars for the project segnieiits as 
listed in Exhibit 12, page 13. Please identify tlie IDC portion of tlie estimate in each project 
segment as pai-t of your response. 

As stated in response to Question No. 26, tlie $62.5 inillion is in 2014 dollars. Listed below is a 
breakdown of tlial. estiiiiated cost between direct, indirect and AFIJDC. All figures are in 
iiiillioiis. 

Component Direct Cost Indirect Cost AFUDC Total 

Line $28.0 $ 9.4 $1.6 $39.0 

S tatioii $ 9.4 $ 3.1 $0.5 $13.0 

WW $10.3 $ 0.2 $0.0 $10.5 

Total $47.7 $12.7 $2.1 $62.5 
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QUJEST 

Reference Lasslo testimony, page 4, lines 1 1 - 19. Is tlie first contingency event described 
a design issue or a vegetation iiiaiiageiiieiit issue. Please explain. 

Although the first contingency event was primarily a vegetation iiiaiiageiiierit issue, it did 
deiiioiistrate the reliability risks for tlie large poi-tioii of the Hazard District customers that 
are served from the Hazard 691tV loop. 

Tlie conductor sagged into a tree that was located in tlie buffer zone under the conductors. 
The buffer zone is where the riglit of way transitions fi-om the clear cut area to tlie forest. 



Reference Lasslo testimony, page 4, aiid line 24 tluough page 5, line12 The second event 
described here was a single coiitingency. If ICY perfoiiiis system adequacy analysis aiuiually, as 
stated at tlie bottom of page 12 of tlie Lasslo testimony, and tlie system is designed to withstand 
the first contingency, please explain wliy customer load was required to be cui-tailed. 

The Keiitucky Power subtransmission system that includes tlie 691N system was designed to 
meet tlieiiiial aiid voltage requirements wider single contingency conditions. As the system 
grows aiid tlie customer loads increase, system iiiiproveineiits are developed aiid iiiipleiiieiited 
based on the amual studies perfoiiiied to meet the reliability criteria. 

Load flow studies have indicated tliat a single coiitingency on tlie Hazard 69kV loop would 
violate thermal aiid voltage planning criteria wider peak loading conditions and would jeopardize 
service to customers. Over tlie past several years, Kentucky Power lias iiiiplemeiited interim 
improvement plans to address these issues. As an exaiiiple, a noriiially-closed 69kV tie at tlie 
Lee City Station was established. However, the system has now reached a point that a 
periiiaiieiit long term solution needs to be implemented to meet the reliability standards. 

The refereliced event in tlie testimony demonstrated tlie real CoiiseqLieiices of a single 
contingency on the Hazard 69kV loop during winter loading coiiditions aid provided a 
validation of tlie results of tlie load flow studies. 

A wide spread outage was narrowly avoided due to voluntary load cui-tailmeiits. If tlie voluntary 
load curtailments had failed to stabilize the coiiditioiis on the Hazard 691tV loop, additional load 
slieddiiig would have been required to iiiaiiitaiii tlie integrity of tlie reiiiaiiiiiig sections of the 
Hazard 691tV loop. 



Reference L,asslo[sic] testimony, page 5, lilies 7.- 13. Please supply the analysis performed 
to evaluate the factors geiierally listed here and specifically listed in Exliibit 13, Table 4 
for each of the alteniatives. As part of your respoiise, please indicate what weights were 
given to the factors (aiid their subsets) as described in the Kentucky Transmission Line 
Siting Model, Prqject Report dated July 3 1, 2006. 

The raw data presented in Tables 2 and 4 of Exhibit 13, along with input received 
tlu-ough the public aiid agency review process, were used to evaluate each of the 
alternatives. An iterative review based on these data was used tliat eiiiployed the siting 
criteria identified in Section 2 o l  Exliibit 13. These criteria were selected to avoid or 
iiiiiiiiiiize land use conflicts; impacts on human, natural, visual, aiid cultural resources; 
regulatory conflicts; constrrrction, operation aiid iiiaiiiteiiance problems; and project 
scliedule delays. Each alternative was reviewed with respect to tliese siting issues, aiid 
the relative suitability of each was assessed. This analysis is provided in Section 4.3 of 
Exhibit 1 3. 

A quantitative weighted ranking protocol as described in the Kentucky Model was not 
employed as a part of this analysis. The methodology utilized was selected to enable 
maximal flexibility in siting the line to incorporate on-going landowner preference and 
stakeholder input. Compatibility with fiiture mining and land use plans aiid the needs of 
liidowiiers are of liigli priority in the study area where resource extraction activities are 
significant components of the local and regional economy. 

For further inforination please see the coiiipaiiy's response to Question No. .32. 



Reference L,asslo testimony, page 5, lilies 19-22. Please explain tlie status of the NERC 
requireiiieiit regarding transmission design down to the 1 OOkV level. In your response, please 
indicate the ability to obtain waivers to said design and the KY effort to attain such waivers. 

NERC is the iiiiiiimuin standard that traiismissioii providers and planners must utilize in 
assessment o€ the traiismissioii system. NERC plaiming standards evolve around system 
assessinelit under vaxious types of contingeiicies and developing plans to address identified 
violations. Tlie contingencies that are planned for are very descriptive and iiivolve single or 
multiple events on the system. AEP is not aware of any instance where a waiver has been granted 
by NERC. 
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Reference Reese testimony, page 9, and lines 17-26. Please explain how the two tier 
coil-idor selection process described relates to the process described in the Kentucky 
Traiisinissioii Line Siting Model, Project Repoi-t dated July 23 1,2006. 

The two-tier process describes a process that is similar to that shown in Figure 2-2 of the 
Kentucky Transmission Line Siting Model (Keiitucky Model). The three potential 
corridors refereiiced in Line 1 8 geiierally coil-espoiid to macro-coil-idors as discussed in 
tlie Keiitucky Model. These were identified based upon review of high-level data 
iiicoi-porated into a GIs constraints database. Tliis database included iiifoiination fiom 
aerial pliotograpliy, [JSGS topographic mapping, published GIS data layers, and 
preliminary input fiom area stakeholders. Witliin these macro-coil-idors, preliminary 
transiiiission h i e  segiiieiit locations and alteiiiative routes were subsequently identified 
using a process that coinbines the alteiiiative corridors and alteiiiative routes 
developiiieiit pliases of the Kentucky Model. This pliase incorporated iiicreasiiigly 
refined data based upon field views, additional inteip-etation of remote seiisor data, 
laiidowiier aiid stakeliolder input, agency coordination, aiid a Iielicopter survey of tlie 
preferred route. A quantitative weighted raillting protocol as described in the Keiitucky 
Model is not employed in the two-tier aiialysis. Rather, as discussed in Exhibit 13, the 
two-tier process utilized a GIs-based comparison of raw data for resources within a 100- 
foot wide ROW and/or within approximately 250 feet of the ceiiterline reviewed in 
consideration to siting criteria (Section 2.0 of Exhibit 13) aiid iiiput froin stakeholders 
and Iandowiiers. 



Reference Exhibits 4, 5, and 6. Please supply edge of right-of-way EMF levels (magnetic 
and electric) for each of the three configurations. 

The requested infoniiation will be made available upon coiiipletion of the study. 



Kentucky Power company 

Reference Exhibit 8. Please supply before and after one line breaker diagrams of the 
Boiuiymaii substation. 

The attached document contains a before and after one-hie breaker diagram of the 
Boiuiyiiiaii Sub st at ion. 
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Refereiice Exhibit 12, pagel. Why wasn’t a looped alternative considered wliere tlie 
teiiiiiiius of the iiew liiie would be tlie Hazard 13 81tV substation iiistead of the preferred 
radial alternative teriniiiatiiig at Boiuiyinaii substation? 

Bringing a new 1381tV source into Boiuiyiiian Statioii allows ICP to iiilroduce a new 
source in the northern part of tlie Hazard Area system which will help reduce the bias of 
the south to north power flow in the Hazard Area. Uiider coiitiiigericy conditions, tlie 
south to noi-th bias increases in ail effort to coinpelisate €or outages and establishing an 
additional source at Hazard Station instead of Boimymaii Station would increase the 
south to iioi-th bias, thus causing thermal issues on the 69kV system. For an outage of the 
Blue Grass-Hazard 2 69kV line, tlie Hazard-Bulan 69kV h e  overloads as iioted in 
Exhibit 12 Figure 4. Bringing ail additional source into Hazard Station aiid not 
Boimyman Station would increase llie severity of this overload. I€ tlie new I38kV liiie 
was constructed into Hazard 1381tV Station iiistead of Boiviyiiiaii Station low voltage 
issues would still exist on the 691tV Hazard loop under siiigle coiitiiigeiicy conditions. If 
the line was constructed to Hazard Station low voltages would exist €or the siiigle 
contingency loss of Roimyinan-Combs 69kV line or Blue Grass-Hazard 691cV line 
because the principal source to the 691tV loop would still be the 691V line from Hazard 
towards Bulaii. The only way to effectively correct tlie low voltage aiid thermal issues oii 
the 691tV loop is to construct an additional source in tlie northern part of the 691tV loop. 



REQUEST 

Refereiice Exhibit 12, page 3. In what year do KY system studies show that tlie 
coi-npletion of the 138kV loop froin Boimyiiian to Hazard substatioii is required to meet 
reliability criterion? 

SPONSE 

PJM aiid AEP on behalf of KP liave not established a firm date for tlie need of closiiig tlie 
1381tV loop from Romiyinan Station to Hazard Station. Completing the 1381tV loop froin 
Boimyman Station to Hazard Station will depend on the area load including distribution 
and iniiiiiig loads, any large industrial load locating in tlie area, or any sigiiificaiit changes 
in tlie support fioiii neighboring systeiiis tie lines. On-going Iransniissioii system studies 
by PJM aiid AEP on behalf of KP will coiitiiiue to eiisure reliability criterion is being met 
in tlie Hazard Area. If a reliability criterion violation were to arise in the area 
consideration will be given to coiiipletiiig tlie 138kV loop. 



Power Gompaaay 

Refereiice Exhibit 12, page 6. Please relate the sigiiificaiice of closing the Lee City tie to tlie 
system diagram 011 Exhibit 12, page 2. 

Closing tlie Lee City tie liiie will help tlie KP 69kV system, specifically tlie Hazard 691tV loop. 
Although closiiig tlie Lee City tie helps our system, it is limited to a inaxiiiiuiii of 51 MVA 
support from tlie EIQC system. Previously tlie statioiis from Boimyiiiaii to Jackson were 
supplied radially from Bomiyiiian Station aiid had severe low voltage issues uiider contingency. 
Tlie closed tie at L,ee City allows tlie statioiis from Boiuiyiiiaii to Jackson to receive a looped 
feed that lielps during contiiigeiicy conditions. 

Closing the normally opeii Lee City 691tV switch will help tlie KP system uiider coiitiiigeiicy 
conditions, but does not effectively solve tlie thermal aiid voltage issues in tlie area. Tlie voltages 
uiider siiigle coiitiiigeiicy coiiditioiis in tlie local Hazard k e a  will iiiiprove as a result of this 
intercoimection, but iiot to the extent that is iieeded to meet voltage reliability criterion. Exhibit 
12, Figures 4 & 5 coiitaiii voltage and tlieriiial perforiiiaiice for the Hazard Area with tlie Lee 
City tie closed. Closiiig tlie L,ee City liiie does iiot help KP solve tlie RES tlieriiial overload 
concerii because it is iiot a strong eiiougli source to carry the additional load iii tlie event of 
losing tlie two principal sources into tlie area. This iiitercoimectioii with EKPC lacks tlie strength 
to fidly support our systeiii uiider coiitiiigeiicy conditions. 
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