Catawba Nuclear Station
Environmental Report

Operating License Renewal Stage
Attachments

ATTACHMENTS




Catawba Nuclear Station
Envirenmental Report

Operating License Renewal Stage
Attachments

Attachment E

Letter from Dr. John F. Brown, SC Dept. of Health and Environmental Control
providing response to request for evaluation of risk from thermophilic organisms
dated July 27, 2000




South Cacolina
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e Eﬂ\é«\;\@ﬁ@aﬂ July 27, 2000

Ms. Mary M. Santini

Group Environment, Health & Safety
Duke Power

13339 Hagers Ferry Road (MG0303)
Huntersville, NC 28078-7929

Re:Duke Power/Catawba Nuclear Station, Units 1 and 2/ Environmental Report - Operating
License Renewal/Thermophilic Microorganisms

Dear Ms. Santini;

Thank you for the technical documents you sent relative to public health considerations of
thermophilic microorganisms and their application to the Catawba Nuclear Station cooling lake.
I have reviewed this material and related technical information in my own library.

While some microorganisms associated with thermal water discharges, especially related (o air
conditioning cooling towers, have been demonstrated to have deleterious human health effects,
these events have occurred rarely and none have been identified with heated water sources
associated with nuclear power plants, to my knowledge.

Pathogenic species of Legionella bacteria and Naegleria amoeba have been identified in heated
cooling waters associated with nuclear plants. In most cases, the heated waters showed a very

small increase (approximastely 10-fold) over unheated source waters, but were substantially
higher in source waters in a few cases.

The most likely exposure to Legionella aeroso! would be to workers within the plant. This would
not impact the general public beyond the plant boundaries. A similar exposure possibility exists
for Naegleria amoeba, with slightly greater exposure potential for swimmers.

The potential public health hazard from pathogenic microorganisms whose abundance might be
promoted by artificial warming of recreational waters is largely theoretical and not substantiated
by available data. There is some justification for providing appropriate respiratory and dermal
protection for workers regularly exposed to known contaminated water, but there seems no
significant health threat to off-site persons near such heated recreational waters. Routine
monitoring for pathogenic microorganisms could be established if suspicious ilinesses arose or if

there were significant comrmunity concerns. Please contact me at 803-898-0652 if you desire
additional discussion of this matter.

Sincerely,

%%égﬁm4 ﬂ/@/mﬂfaﬁﬁ?
John F. Brown, DVM, PhD
State Toxicologist

QZ?@ printed on recycled paper
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jg Duke Power
] 526 South Church Street
) ﬂfiﬁfi { Zﬁﬁ& BO. Box 1006
2 Chadocre, NC 28201-1006

30 2000

Mail Code EC12Y

Ms. Nancy Brock

South Carolina State Historic Preservation Office
8301 Parklane Road

Columbia, SC 29223

Subject: Catawba Nuclear Station
License Extension

Dear Ms. Brock:

Duke Power is in the process of requesting an extension of the operating license for Catawba
Nuclear Station from the Nuclear Regulatory Commission (NRC). We are proposing to continue
operation of the facility without any refurbishment activities. There are no known historic
properties located on the site or immediately adjacent to the site. | have included a site location
map to facilitate your review.

Due to the lack of refurbishment activities and the absence of historic properties, Duke Power
does not believe that continued operation of the facility will affect historic properties.

Accordingly, no additional activities will be required in order to comply with Section 106 of the
National Historic Preservation Act.

Please contact me by April 14, 2000 if Duke Power needs io take further action in order to
comply with Section 106 requirements. [ may be reached at the above address or at
704.373.4392.

Thank you for your assistance in this matter.

Sincerely:

< 4 , £ /
C},NZ(, R rhfs

Jennifer R. Huff
Natural Resource Management

Enclosure
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Horom S Honecr May 30, 2000

Ms. Jennifer R. Huff

Natural Resource Management
Duke Power

PO Box 1006

Charlotte, NC 28201-1006

Re: Catawba Nuclear Station
License Extension

Thank you for your fax transmittal of May 30 regarding the proposed licensing of
the Catawba Nuclear Station.

Since the relicensing only involves continued operation, and no new construction,
ground disturbance, or modification the relicensing should not have an effect on National
Register eligible or listed properties.

If you have questions, please don’t hesitate to call me at 803/896-6169.

Sincerely,

1

Nancy Brock, Coordinator
Review and Compliance Programs
State Historic Preservation Office

8. C. Department of Archives & History * 8301 Parklane Road  Columbia ¢ South Carofina  28223-4305 < (803) 896-6100 « www state.sc.us/scdah
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Catawba Nuclear Station Severe Accident Mitigation Alternatives Analysis

1.0 Introduction and Background

This report presents the “consideration of alternatives to mitigate severe accidents” for
Catawba Nuclear Station, in compliance with environmental review requirements in
10CFR51.53(c)(3)(ii)(L). For this analysis, SAMAs (severe accident mitigation
alternatives) will include a review of potential design alternatives (SAMDAS - severe
accident mitigation design alternatives) along with any procedural, non-hardware,
alternatives. The objective of the SAMAS review is to facilitate the consideration of cost-
beneficial plant modifications that could reduce the risk of severe accidents for plant
operation during the license renewal period. This is achieved by identifying potential
plant enhancements that could provide substantial severe accident benefit and then
assessing the need and viability of those enhancements from a cost-benefit standpoint.
The severe accident benefit is assessed in terms of the total averted risk (including
averted public exposure, averted onsite cleanup cost, averted onsite exposure risk, and
averted offsite property damage) by the proposed alternative. The cost-benefit analysis is
performed using 2000 dollars for the cost of alternatives and the present worth of averted
costs. Supplement 1 to Regulatory Guide 4.2 [Reference 1.1] is used as guidance for the
McGuire SAMASs analysis. This Regulatory Guide states:

“The results of the following analytical steps should be presented in the Environmental
Report, and the methodology or analytical process should be described.

1. Based on the plant-specific risk study and supplementary analyses, identify and
characterize the leading contributors to core damage frequency and offsite risk
(i.e., population dose).

2. From the IPEEE and any other external event analyses, provide estimates of the
incremental contribution to dose consequence risk identified from the IPE.

3. Identify practical physical plant modifications and plant procedural and
administrative changes that can reduce severe accident dose consequence risk.
For each modification or change, estimate the approximate reduction in risk.

4. Estimate the value of the reduction in risk. Value is usually calculated for public
health, occupational health, offsite property, and onsite property.

5. Estimate the approximate cost of each modification and procedural and
administrative change found to reduce consequence risk of severe accidents.
Potential SAMA s that are not expected to be cost beneficial may be screened out
based on a bounding analysis.

6. Perform a more detailed value-impact analysis for remaining SAMAS to identify
any plant modifications and procedural changes that may be cost effective.

7. List plant modifications and procedural changes (if any) that have or will be
implemented to reduce the severe accident dose consequence risk.”
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As background, Duke Energy (Duke) has been actively involved since before 1988 in the
development of plant-specific probabilistic risk assessments (PRA), individual plant
examinations (IPE/IPEEE), and component/system reliability studies to evaluate severe
accidents at Catawba (see Section 2.0). These studies have led to changes in the plant
configuration and enhancements in plant procedures to reduce vulnerability of the plant to
certain accident sequences.

This report presents an assessment of additional alternatives that could be implemented
based on the current Catawba risk profile. Section 3.0 discusses the methodology used by
Duke to perform this assessment. The methodology selected for this analysis involves
reviewing the current risk profile using the Catawba PRA Revision 2b results and
identifying: (a) the severe accident sequences dominating the core damage frequency
(CDF), and (b) the severe accident sequences dominating the person-rem risk. In
Sections 4.0 and 5.0, the list of potential alternatives are screened using a high-level cost-
benefit comparison. A more detailed cost-benefit analysis is performed on those
candidates that survive the initial screening analysis.

In addition, Duke has implemented two ongoing programs—the Maintenance Rule
Program and the Severe Accident Management Guideline Program to manage severe
accident risk. These are described in Section 2.2.
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2.0 Risk Reduction Measures Previously Considered

The following paragraphs provide brief descriptions of previous studies that have been
performed by Duke to identify potential plant enhancements at Catawba. The Catawba
PRA study, that was published in 1988, was performed prior to the existence of
regulatory guidance. The IPE and IPEEE studies were performed in response to Generic
Letter 88-20, as supplemented. The Catawba switchyard reliability study was performed
at Duke’s initiative to assess the reliability of the off-site power system and any potential
plant enhancements that needed to be implemented to further reduce the risk associated
with the failure of this system.

2.1 Past Studies

Catawba PRA

In 1988, Duke completed an initial study documenting a full-scope Level 3 PRA for
Catawba Nuclear Station. The Catawba PRA study identified the major failure
combinations that can lead to core damage, and Duke has taken initiative in making plant
enhancements as a result of the study. Table 2-1 identifies the plant enhancements
implemented as part of the initial study.

Catawba IPE

In 1991, Duke initiated a large-scale review and update of the initial study. The major
objectives of the review and update were to incorporate plant changes made since the
time of the original study, improve on assumptions made in the original study, make use
of plant experience/data from the 1980s, and utilize improvements in PRA methodology
and up-to-date techniques.

On November 23, 1988, the NRC issued Generic Letter 88-20 [Reference 2.1], which
requested that licensees conduct an Individual Plant Examination (IPE) in order to
identify potential severe accident vulnerabilities at their plants. The Catawba response to
GL 88-20 was provided by letter dated September 10, 1992 [Reference 2.2]. Catawba’s
response included the updated Catawba PRA (Revision 1) study. The Catawba PRA
Revision 1 study and the IPE process resulted in a comprehensive, systematic
examination of Catawba with regard to potential severe accidents. The Catawba study
was a full-scope, Level 3 PRA with analysis of both the internal and external events.

This examination identified the most likely severe accident sequences, both internally and
externally induced, with quantitative perspectives on their likelihood and fission product
release potential. The results of the study have prompted changes in equipment, plant
configuration and enhancements in plant procedures to reduce vulnerability of the plant to
some accident sequences of concern which are identified in Table 2-1.
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By letter dated June 7, 1994 [Reference 2.3], the NRC provided an evaluation of the
internal events portion of the above Catawba IPE submittal. The conclusion of the NRC
letter [page 16] states:

The staff finds the licensee’s IPE submittal for internal events including internal
flooding essentially complete, with the level of detail consistent with the
information requested in NUREG-1335. Based on the review of the submittal and
the associated supporting information, the staff finds reasonable the licensee’s IPE
conclusion that no fundamental weakness or severe accident vulnerabilities exist
at Catawba. The staff notes:

(1) Duke Power Company personnel were considerably involved in the development
and application of Probabilistic Safety Assessment technigues to the Catawba
facility, and that the associated walkdowns and documentation reviews constituted
a viable process for confirming that the IPE represents the as-built, as-operated
plant.

(2) The front-end IPE analysis appears complete, with the level of detail consistent
with the information requested in NUREG-1335. In addition, the employed
analytical techniques reflect commonly accepted practices and are capable of
identifying potential core damage vulnerabilities.

(3) The back-end analysis addressed the most important severe accident phenomena
normally associated with ice condenser containments, for instance, direct
containment heating (DCH), induced steam generator tube rupture (ISGTR), and
hydrogen combustion. No obvious or significant problems or errors were
identified.

(4) The human reliability analysis (HRA) allowed the licensee to develop a
quantitative understanding of the contribution of human errors to core damage
frequency (CDF) and containment failure probabilities.

(5) Based on the licensee’s IPE process used to search for decay heat removal (DHR)
vulnerabilities, and review of Catawba plant-specific features, the staff finds the
DHR evaluation consistent with the intent of the USI A-45 (Decay Heat Removal
Reliability)

(6) The licensee’s response to Containment Performance Improvement (CPI) Program
recommendations, which include searching for vulnerabilities associated with
containment performance during severe accidents, is reasonable and consistent
with the intent of Generic Letter 88-20, Supplement 3.

In addition, and consistent with the intent of Generic Letter 88-20, the staff
believes the licensee’s peer review process provided assurance that the IPE
analytical techniques had been correctly applied and that documentation is
accurate.

Based on the above findings, the staff concludes that the licensee demonstrated an
overall appreciation of severe accidents, has an understanding of the most likely
severe accident sequences that could occur at the Catawba facility, has gained a
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quantitative understanding of core damage and fission product release, responded
to safety improvement opportunities. The staff, therefore, finds the Catawba IPE
process acceptable in meeting the intent of Generic Letter 88-20. The staff also
notes that the licensee’s intent to continue use of the IPE as a “living” document,
will enhance plant safety and provides additional assurance that any potential
unrecognized vulnerabilities would be identified and evaluated during the lifetime
of the plant.

Catawba IPEEE

In response to Generic Letter 88-20, Supplement 4, Duke completed an Individual Plant
Examination of External Events (IPEEE) for severe accidents. This IPEEE was
submitted to the NRC by letter dated June 21, 1994 [Reference 2.4]. The report contains
a summary of the methods, results and conclusions of the Catawba IPEEE program. The
IPEEE process and supporting Catawba PRA include a comprehensive, systematic
examination of severe accident potential resulting from external initiating events. The
Catawba IPEEE has identified the severe accident sequences of significance resulting
from the external initiating events with quantitative perspectives on their likelihood.
Significantly, no fundamental plant weaknesses or vulnerabilities with regard to external
events were identified during the IPEEE examination. However, enhancements to plant
hardware and procedural guidelines have been recommended. Table 2-1 identifies the
enhancements implemented as a result of the IPEEE analysis.

By letter dated April 12, 1999 [Reference 2.5], the NRC provided an evaluation of the
above McGuire IPEEE submittal. The conclusion of the NRC letter [page 6] states:

The staff finds the licensee’s IPEEE submittal is complete with regard to the
information requested by Supplement 4 to GL 88-20 (and associated guidance in
NUREG-1407), and the IPEEE results are reasonable given the Catawba design,
operation, and history. Therefore, the staff concludes that the licensee’s IPEEE
process is capable of identifying the most likely severe accidents and severe
accident vulnerabilities, and therefore, that the Catawba IPEEE has met the intent
of Supplement 4 to GL 88-20.

Catawba Switchyard Study

In May 1998, Duke completed an initial study for the Catawba offsite power system
confirming the high reliability of the switchyard design and configuration. The results of
the study identify human error, equipment associated with runback of a unit generator,
and equipment supporting unit bus line power paths as the dominant contributors to
system unavailability. These insights are expected to enhance offsite power system
configuration and control.
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2.2 Ongoing Initiatives

The following two programs are ongoing initiatives at Duke to further reduce the risk
associated with the plant operation of Catawba. The first program discussed is the
Maintenance Rule program which was implemented at Catawba in response to 10CFR
50.65. The second program, the Severe Accident Management Guidelines Program, is in
response to a regulatory requirement for closure of the severe accident regulatory issue
(SECY 88-147, Generic Letter 88-20).

Catawba Maintenance Rule (ORAM-SENTINEL) Program

In 1996, Duke implemented the Catawba Maintenance Rule Program as an administrative
program to ensure that structures, systems, and components important to safety are
available and capable of reliably performing their intended safety function. The program
requires the monitoring of availability and reliability of Maintenance Rule SSCs against
predetermined performance criteria. The performance criteria are set commensurate with
safety and benchmarked against the Catawba PRA to ensure that any potential impact on
overall plant core damage frequency is minimized and acceptable.

A configuration risk management program is also used to manage the increase in risk that
may result from maintenance activities. In conjunction with governing administrative
procedures, the ORAM-Sentinel computer software program is used to evaluate the
change in core damage frequency from maintenance activities as well as to evaluate their
impact on the level of "defense-in-depth" for key plant safety functions. All planned
maintenance activities are evaluated for their potential impact on plant risk prior to
execution, and then schedules are adjusted to optimized to achieve the lowest possible
risk configurations. For shutdown conditions, an administrative process is used in a
similar manner to assess and manage outage risk.

Catawba Severe Accident Management Guideline (SAMG) Program

Another severe accident initiative that has been undertaken by Duke is the development
and implementation of Severe Accident Management Guidelines (SAMG). In December
1997, Duke completed all the training and procedures for the SAMG program. This
formal program makes use of available plant resources to manage severe accidents,
should they occur. It includes diagnostic tools and severe accident management guideline
documents for developing strategies during an event to arrest core damage progression
and mitigate fission product releases in the event of a severe accident. SAMG training is
given to Emergency Response Organization personnel to provide an understanding of
severe accident phenomenon and the use of the tools and guideline documents.

This SAMG program achieves an incremental risk reduction capability without reliance
on additional hardware and resources.
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TABLE 2-1 Risk Reduction Measures Implemented At Catawba

Past Studies Alternatives Implemented As A Result Of Findings From Study
Catawba PRA Alternatives implemented as a result of the original Catawba PRA analysis:
initial study » Diesel Generator Battery Racks -- The racks which support the diesel generator batteries were modified

to significantly increase the seismic margin of the diesel generator batteries.

e Deleted Auto Swap of RN to the SNSWP -- The Nuclear Service Water System (RN) was designed to
automatically swap from its normal suction source to the Standby Nuclear Service Water Pond (SNSWP)
if an Sp signal (high-high containment pressure) were received. This realignment placed an unnecessary
demand on the RN System suction valves. The system was therefore modified to eliminate the Sp signal
interlock and swap to the SNSWP only if the normal suction source were unavailable.

e Procedure Changes -- The Loss of Component Cooling Water (KC) procedure was modified to direct
the operators to the SSF to establish a backup reactor coolant pump seal cooling source using the
Standby Makeup Pump. Guidance was added to the emergency procedures to stop the Residual Heat
Removal (ND) pumps if miniflow valves fail to open upon initiation of safety injection. The station
blackout procedure was modified to direct the operators to manually isolate air-to-air containment
isolation failures. The emergency procedures were modified to include steps to align backup nitrogen
from the accumulators to the pressurizer PORVs if instrument air is not available.

»  PRA Based Simulator Training -- Risk significant sequences identified by the Catawba PRA were
incorporated into the simulator training received by the reactor operators. Important operator actions
were identified, along with the most likely sequences, which would require these actions. Scenarios were
incorporated into the simulator exercises used as part of the operators license training.

The Catawba Alternatives implemented as a result of the Catawba IPE results included:

IPE study » Install Backup Cooling Water to Centrifugal Charging (NV) Pumps — the normal cooling water
supply to the NV pumps is component cooling water (KC). In a loss of KC event failure of the NV is
likely, which may result in a reactor coolant pump seal LOCA. To reduce the likelihood of a reactor
coolant pump seal LOCA due to a loss of KC event, a backup source of cooling water to the NV pumps
supplied by the drinking water (YD) system has been installed. Training and changes to procedures have
been incorporated associated with this modification.

* Improve Plant Personnel’s Awareness of SSS Importance — the importance of the SSS is emphasized
in the training provided to all station personnel responsible for operation or maintenance of the SSS.

»  Administrative Controls on SSS Unavailability -- administrative controls were developed which
prevent the SSS from being taken out of service at the same time that an RN train, KC train, or diesel
generator train is out of service.

e Decrease Time Required for RN/KC Maintenance -- the isolation valves for the RN side of the KC
heat exchanger have been replaced with valves with stainless steel seats. This should reduce leakage
during KC heat exchanger cleaning and allow the heat exchanger maintenance to be done without
draining the RN system.

e Procedure Enhancements -- Improvements in the Loss of Nuclear Service Water procedure to direct the
operators to establish RCP seal injection from the SSF, Improvements in the Loss of Nuclear Service
Water procedure to include clear direction to establish an alternate RN discharge path if the normal path
fails, Improvements in the directions given to the operators in the Loss of Component Cooling Water
procedure concerning when to go to the SSF, Improvements in the Loss of AC Power procedure to more
clearly identify the priority of manually isolating the air-to-air containment isolation failure pathways,
Improvements in the Loss of Instrument Air procedure to provide guidance about which valves must be
manipulated to align backup nitrogen to the pressurizer PORVs.

The Catawba Alternatives implemented as a result of the Catawba IPEEE results include several modifications to plant
IPEEE study based on fire, tornado and seismic analysis which are contained in the Catawba IPEEE Report [Reference
2.4]. Plant enhancements already completed include: replacing valve 2RN225, procedural enhancement
placing additional instructions in the pre-fire plan for the ETB switchgear area, routing cables for the new
instrument air compressors so that sufficient redundancy for fire will exist, and reinstalling missing door bolts
on the Auxiliary Shutdown Panel NEMA 4 cabinets.
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3.0 Methodology For Identifying Additional SAMAs

The analysis methodology selected for this analysis involves identifying those severe
accident mitigation alternatives, which would have the most significant impact on
reducing core damage frequency and person-rem risk. The approach used in this analysis
consists of:

» developing the information on the current risk profile from the Catawba PRA
Revision 2b results, core damage frequency and person-rem risk (see Sections 4.1 and
5.1),

» identifying potential severe accident candidates for consideration of additional severe
accident mitigation alternatives, and screening out those potential severe accident
mitigation alternatives with low or marginal benefit (see Sections 4.2 and 5.2),

» further eliminating those alternatives whose implementation would not be expected to
be cost-beneficial (see Sections 4.3 and 5.3),

» performing a cost-benefit analysis on the final set of potential alternatives to
determine whether or not the implementation of the alternatives would be cost-
beneficial (see Sections 4.4 and 5.4),

» finally, integrating the overall results and current initiative, and determining whether
any further severe accident mitigation alternatives should be applied for license
renewal (see Sections 6.0 and 7.0).

The current severe accident risk results are based on the 2000 update of the Catawba PRA
Revision 2b [Reference 3.1]. As before, this update constitutes a full-scope Level 3 PRA
with the analysis of both internal and external events. This Catawba PRA Revision 2b
update provides a relatively current profile of the severe accident risk for Catawba
characterized by (i) core damage frequency - the risk of core damage severe accidents
which could release substantial fission products and (ii) person-rem risk - the risk of
release of significant fission products offsite given a core damage accident. For this
analysis the person-rem risk results are updated using the MELCOR Accident
Consequence Code System (MACCS2) computer code with 50-mile population estimates
for the year 2040.
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4.0 SAMAs Considered For Core Damage Frequency Reduction

The following sections explain how the current Catawba PRA results are evaluated for
potential SAMAS to reduce core damage frequency. Section 4.1 describes the current
Catawba core damage frequency profile. Section 4.2 defines the process of selecting the
top cut sets for consideration of SAMASs based on contribution to core damage frequency.
Section 4.3 provides the analysis of potential SAMAS where the seismic and non-seismic
initiators are examined separately since there is a distinct difference in the amount of
plant damage in the event of such accident initiators. After examining the cut sets, an
additional approach to identifying potential SAMAS beyond those selected from
evaluating the cut set listings is applied by reviewing the basic event importance ranking.
This basic event importance ranking provides a means of determining if some individual
basic events contribute significantly to the core damage frequency that may not have been
identified in the cut set review. Finally, Section 4.4 provides the cost-benefit analysis for
selected SAMAs.

4.1  Current Catawba Core Damage Frequency Profile

The current calculated total (internal and external initiating events) core damage
frequency for Catawba is 5.8E-05 per year [Reference 3.1]. The following shows how
this total core damage frequency is distributed among the identified internal and external
events.

The internal events represent about 80% of the total core damage frequency as follows:

Initiating Events Frequency
Transients (Reactor Trips, Loss of Main Feedwater, 1.4E-05 /yr
Loss of Operating 4 kV ac Bus, Loss of KC, etc.)

LOCAs (Small, Medium, and Large) 1.7E-05 /yr
Internal Flood 1.4E-05 /yr
Anticipated Transient Without Scram 3.0E-07 /yr
Steam Generator Tube Rupture 3.6E-08 /yr
Reactor Pressure VVessel Rupture 1.0E-06 /yr
Interfacing-Systems LOCA 2.5E-07 Iyr
Total Internal 4.7E-05 lyr

The external events represent about 20% of the total core damage frequency as follows:

Initiating Events Frequency

Seismic 8.5E-06 /yr
Tornado 2.1E-06 /yr
Fire 1.2E-06 /yr
Total External 1.1E-05 /yr

A review of the detailed distribution shows that the leading contributor to the total core
damage frequency are the LOCA initiators (small LOCA).
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4.2 Identification Of Potential SAMASs

The process of identifying a preliminary list of potential severe accident sequences for
consideration of additional alternatives makes use of the most recent update of the
Catawba PRA Level 1 results. A listing of the top 100 cut sets (severe accident
sequences) based on internal initiators and a top 100 list of cut sets for external initiators
ranked by contribution to total core damage frequency is obtained from the Catawba PRA
Revision 2b analysis. This list of 200 severe accident sequences includes all potential
core damage accident sequences with at least a 0.08% contribution to the total core
damage frequency. Therefore, this list will be the starting point for identifying which
severe accident sequences contribute the most to the core damage frequency for Catawba,
which may need to be considered for additional SAMAES.

As previously stated, the preliminary list of 200 internal and external cut sets contain
severe accident sequences contributing at least 0.08%. Additionally, some cut sets
contributing as little as 0.01% to the total core damage frequency are also included. This
is a comprehensive list of potential severe accident sequences identified for the Catawba
plant. Furthermore, most of the accident sequences contained in this listing are very
small contributors to the total core damage frequency (< 1%), indicating that little benefit
can be gained in reducing the core damage frequency for these sequences. For this
analysis, a core damage frequency cutoff value of 5.8E-07 (for internal and external
initiators) is applied as a method of screening out those severe accident sequences for
consideration of SAMAs. It is assumed that the implementation of alternatives for
sequences with core damage frequency contributions below this cutoff value will provide
low or marginal benefit. This assumption is conservative because there are no SAMAS
identified as cost-beneficial to implement for the cut sets above this cutoff value, and it is
expected this will be the case for the cut sets below this cutoff value.

4.3  Analysis Of Potential SAMAS

The approach selected for this portion of the analysis (potential SAMASs to reduce core
damage frequency) is to calculate the value of the total averted risk (including averted
public exposure, averted onsite cleanup cost, averted onsite exposure risk, and averted
offsite property damage) for each alternative. It relies on the NRC’s Regulatory Analysis
Guide [Reference 4.1] to convert public health risk (person-rem) into dollars to estimate
the cost of the public health consequences. The requirement established in this guide is to
use $2000 per person-rem to convert public heath consequences to dollars (not indexed to
inflation).

This analysis divides the potential severe accident sequences for consideration of SAMAS
into two sections: (1) seismic initiator sequences, and (2) non-seismic initiator sequences.

10
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Seismic Initiators

In the Catawba IPEEE study, the seismic analysis was conducted by considering a
distribution of equipment failure probabilities over various earthquake levels. The IPEEE
analysis generates many cut sets that are grouped into particular plant damage states
(PDSs). Therefore, the seismic initiator cut sets given in Reference 3.1 are the total
probability of the cut sets in each PDS category rather than the individual cut set
probabilities as in the case of the non-seismic events.

The following paragraphs explain how the Catawba-specific parameters are derived in
order to calculate the total averted cost for the seismic initiator severe accident sequences.

Averted Public Exposure (APE)

The Catawba PRA Level 2-3 analysis maps each seismic initiator PDS into the various
containment failure modes and release categories, and then presents the public health risk
(person-rem) on a frequency weighted basis. The estimated maximum amount of annual
person-rem risk associated with a particular seismic initiator cut set is calculated from the
person-rem risk and core damage frequency for the PDS attributable to the seismic
initiator. For example, the “seismic initiator causes PDS 7PI” severe accident sequence
core damage frequency is estimated to be 7.5E-06 per year. The public health risk results
from the Level 3 analysis estimates the conditional person-rem risk for PDS 7PI to be
8.8E+05 person-rem. Therefore, the total person-rem risk attributable to the “seismic
initiator causes PDS 7PI” is determined by multiplying the core damage frequency for
PDS 7PI by the conditional person-rem for PDS 7PI. This is demonstrated below:

Total Person-rem Risk = 7.5E-06 yr* x 8.8E+05 person-rem = 6.6 person-rem/yr

Some risk will always exist, even when increasing the seismic ruggedness of many plant
components/systems, because there is no way to completely eliminate the risk associated
with seismic events. However, for this analysis an assumption is made that the
implementation of plant enhancements for seismic events will completely eliminate the
risk. The following equation is used to determine the value of the averted risk to the
public:

Value Of Averted Risk = ($2000/person-rem) x (Total Person-rem Risk)

The above equation calculates the value of averted risk on an annual basis. Therefore, a
method of “discounting” is used to calculate the “present value” or “present worth of
averted risk” based on a specified period of time. For this analysis, a discount factor of
7% as described in the NRC Regulatory Analysis Technical Evaluation Handbook
[Reference 4.2] is used to determine the present worth of averted risk over the 20 year
license renewal period for Catawba. This results in a multiplication factor of
approximately 11:
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Averted Public Exposure = (11) x ($2000/person-rem) x (Total Person-rem Risk)

Therefore, averted public exposure is calculated using the following equation:

IAPE for 20-year license renewal period = $2.20E+04 * (Change in annual Risk)| (Eq. 4-1)

Averted Onsite Cleanup Cost (ACC)

The estimated cleanup and decontamination cost for severe accidents is $1.5 billion (from
NUREG/BR-0184 page 5.42). This cost is the sum of equal costs over a 10-year cleanup
period. Ata 7% discount rate, the present value of this stream of costs is $1.1 billion.

The net present value of cleanup and decontamination over the license renewal period is
estimated from (equation from NUREG/BR-0184 page 5.43):

Ucp = [$1.1E+09/0.07][1 - exp(-0.07 * 20)]
Ucp = $1.18E+10

Then,

IACC for 20-year license renewal period = $1.18E+10 * (Change in annual CDF)| (Eq. 4-2)

Averted Onsite Exposure Cost (AOE)

Assume a discount rate of 7% over the 20-year license renewal period.

Immediate Dose (see NUREG/BR-0184 pages 5.30 — 5.33)

W0 = $2000/person-Rem * 3300 person-Rem * [1 — exp(-0.07 * 20)]/0.07 * (Change in
CDF)

where, 3300 person-Rem = best estimate (from NUREG/BR-0184 page 5.30)
W0 = $7.10E+07 * (Change in annual CDF)

Long-Term Dose (see NUREG/BR-0184 pages 5.31 —5.33)

W\ to = $2000/person-Rem * 20,000 person-Rem *[(1 - exp(-0.07 * 20))/0.07] *
[(1 - exp(-0.07 * 10))/(0.07 * 10)] * (Change in CDF)

where, 20,000 person-Rem = best estimate (from NUREG/BR-0184 page 5.31)
Assume the doses accrue over a 10-year period

W, 10 = $3.10E+08 * (Change in annual CDF)
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AOE = W,p + Wi to = ($7.10E+07 + $3.10E+08) * (Change in annual CDF)

IAQE for 20-year license renewal period = $3.81E+08 * (Change in annual CDF)| (Eq. 4-3)

Averted Offsite Property Damage Cost (AOEC)

In 1990 dollars = $2.46E+08 (assumed from NUREG/BR-0184 Table 5.6 on page 5.38)
Inflating to the year 2000 dollars = $3.64E+08 (assume 4% inflation)
Assume a 7% discount rate for the 20-year license renewal period

AOEC = [$3.64E+08/0.07][1 — exp(-0.07 * 20)] * (Change in CDF)

IAOEC for 20-year license renewal period = $3.92E+09 * (Change in annual CDF)|  (Eq. 4-4)

The above methodology is repeated for each of the remaining seismic initiator severe
accident plant damage listed in the top 100 external cut sets [Reference 3.1]. The results
are presented in Table 4-1.

Considering that the averted risk value is approximately $316,000 (see Table 4-1), the
risk reduction achievable is indeed small and that the cost of substantial upgrades in the
plant systems seismic ruggedness is very large (at least several million dollars).
Therefore, seismic related SAMAs are eliminated from further consideration.

Non-Seismic Initiators

The following paragraphs explain how the Catawba-specific parameters are derived, in
order to calculate the averted cost to the public for the non-seismic initiators.

The non-seismic initiator severe accident sequences (cut sets) contain basic events
modeling the different types and combination of failures related to the severe accident
sequence. Since most of the alternatives under consideration in this analysis have the
potential to impact more than one severe accident sequence, it is necessary to determine
the cumulative risk reduction achievable by each SAMA. This is performed by
identifying which basic events in the cut sets would be affected by the implementation of
a particular SAMA and conservatively assuming that the basic event(s) would be
completely eliminated by the SAMA. The resulting change in core damage frequency
from setting the basic event(s) to a value of zero provide the maximum risk reduction for
that particular SAMA. For example, the basic event TRECIRCDHE (operators fail to
establish high pressure recirculation following a LOCA) is associated with several
“LOCA cut sets with failure of operators to initiate high pressure recirculation”. Since
several severe accident sequences have the potential to be impacted by the
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implementation of the alternative (automatic swap over to high pressure recirculation), an
assumption is made to set the basic event TRECIRCDHE to zero to determine the
maximum core damage frequency reduction achievable. In this case the maximum core
damage frequency reduction from implementing the SAMA is 1.5E-05 per year. This
new cut set file is used to generate a new conditional probability matrix, which is then
processed through the PRA Level 3 risk analysis to estimate the new person-rem risk.
This new person-rem risk is subtracted from the base case person-rem risk (31.4 person-
rem) to determine the maximum risk reduction achievable. For the example of the
TRECIRCDHE event the new person-rem risk is estimated to be 30.3 person-rem.
Therefore, the maximum risk reduction for this SAMA is estimated to be 1.1 person-rem
(31.4 minus 30.3).

Some risk will always exist, even when implementing an alternative, because the system
is not expected to be 100% reliable. However, for this analysis an assumption is made
that the implementation of an alternative for a severe accident sequence will completely
eliminate the risk. The equations presented above (Eg. 4-1 through Eq. 4-4) are used here
to determine the “Present Worth Of Averted Risk”. These values represent the upper
limit of “averted risk”. Table 4-2 provides a list of the five SAMAs considered to reduce
core damage frequency, total person-rem risk, and present worth of averted risk
calculated for each candidate applying the method discussed above.

As seen from Table 4-2, the five potential SAMA candidates have a present worth of
averted risk in the range of $18,000 to $570,000. The cost to implement any of the
alternatives listed in Table 4-2 for McGuire will be greater than $1 million, based on the
review of other industry cost estimate studies [Reference 4.3] applicable to Catawba.
Comparing these cost estimates to the present worth of averted risk presented in Table 4-
2, shows that the cost to implement most of these alternatives will far exceed the present
worth averted risk. However, for one potential SAMA listed in Table 4-2 (install third
diesel) a cost estimate has been performed for Catawba (see Section 4.4) to determine
whether or not the alternative is cost-beneficial. There are two reasons why this
alternative is selected for Catawba-specific cost estimates. First, there is no readily
available information on estimated cost to implement similar types of alternatives; and
second, the basic events associated with this alternative are seen to have a Fussell-Vesely
(F-V) importance measure of several percent [Reference 3.1].
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Basic Event Importance Ranking

This portion of the analysis presents another approach to identifying potential SAMAS
beyond those selected from evaluating the cut set listings. This involves (1) reviewing
the basic event importance ranking list [Reference 3.1] for events of significant F-V
values, which are not captured in Table 4-2, and (2) identifying any additional SAMAS
that could be implemented to reduce the core damage frequency contribution from these
events. This will provide a more complete review of potential SAMAS which should be
considered for implementation.

A review of the importance ranking of the basic events reveals that two external initiating
events (seismic and tornadoes) contribute significantly to the core damage frequency.
Since seismic and tornado initiators are acts of nature, their frequency of occurrence
cannot be reduced.

Another initiating event that has a high F-V value is Turbine Building flood. A design
study was performed to address the concerns raised over a Turbine Building flood
causing an extended loss of offsite power as part of the Catawba IPE [Reference 2.2].
The study looked at two options to reduce the likelihood of this sequence. The first
considered moving the 6900/4160-volt transformers out of the Turbine Building
basement. The second evaluated the addition of a water tight wall around the
transformers. It was determined that neither of these efforts is cost effective. Instead,
efforts will focus on improvements in the reliability of the standby shutdown system,
which can be used to mitigate this sequence as well as others.

For the initiating event “Loss of Component Cooling Water (KC) System” the core
damage frequency contribution due to a total loss of KC is obtained from a fault tree
solve. The fault tree solve for this initiator generated a large number of cut sets
representing numerous combinations of equipment/ operator failures. Based on a review
of these cut sets and the various types of failures contained in these cut sets, a possible
way of reducing the frequency of this event occurring is to install a third train of KC. Itis
obvious that the cost to perform this modification will far exceed the benefit of core
damage frequency reduction. Duke has already taken initiative to reduce the likelihood of
a reactor coolant pump seal LOCA due to a loss of KC event by installing a backup
source of cooling water to the NV pumps supplied by the drinking water (YD) system.

Furthermore, the importance ranking shows that the *“Loss of Offsite Power - LOOP”
initiator contributes significantly to the core damage frequency. A lot of work has already
been done as a result of the original Catawba PRA to address the LOOP initiator.
Enhancements to the station blackout procedures and operator training have been
implemented to reduce the likelihood and consequences of LOOPs. Duke continues,
through the PRA update process, to investigate other improvements that can be made to
further reduce the risk significance of these events.
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Duke has and continues to investigate ways of reducing the frequency of initiating events
and mitigating the potential damages associated with such events. Based on the findings
of these investigations, plant enhancements that could reduce the impact of such events
have been implemented where reasonably possible (see Table 2.1).

The remaining basic events listed in the importance table [Reference 3.1], were reviewed
for potential SAMASs. Duke determined that the cost to implement any alternatives to
mitigate or eliminate the consequences of the events would far exceed the averted risk
benefit. Therefore, no additional SAMAS are considered for implementation.

4.4  Cost-Benefit Analysis For Selected SAMAS

In Section 4.3 one alternative was identified for detailed cost estimate analysis due to the
lack of information on the cost of implementation and the basic event importance
measure associated with this alternative. The selected alternative is install third diesel.

Therefore, the purpose of this portion of the analysis is to perform a cost-benefit analysis
on the selected alternative identified above, using Catawba-specific cost estimates.

Install third diesel

A design alternative that could reduce the core damage frequency associated with loss of
offsite power events is to install a third diesel. In September 1995 a design study was
performed to evaluate the costs associated with adding an alternative AC power source
(installing a third diesel) at McGuire and Catawba. In this design study the cost estimate
includes engineering, equipment and material, contracts, and installation craft resources
(along with O&M costs). The results of the cost estimate analysis to install a third diesel
is approximately $2 million. Therefore, the cost of implementing this alternative will far
out weigh the benefit of averted risk worth (maximum benefit for this alternative is
~$570,000 from Table 4-2) making this alternative cost prohibitive.
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TABLE 4-1 Top 6 Seismic Initiator Severe Accident Sequences

Seismic Initiator Change Change in Averted Averted Averted Averted Offsite Total
Severe Accident in CDF Person-rem Risk Public Onsite Onsite Property Present
Sequences (yr?) Exposure Cleanup Costs Exposure Damage Worth

Seismic initiator causes 6.6

PDS 7PI 7.5E-6 (7.5E-06 yr! x 8.8E+05 $ 1.5E+05 $8.9E+04 $2.9E+03 $2.9E+04 ~ $2.7E+05
person-rem)

Seismic initiator causes 0.8

PDS 8PI 8.2E-7 (8.2E-07 yr' x 1.0E+06 $ 1.8E+04 $9.7E+03 $3.1E+02 $3.2E+03 ~ $3.1E+04
person-rem)

Seismic initiator causes 0.3

PDS 8PL 8.2E-8 (8.2E-08 yr x 3.2E+06 $ 6.6E+03 $9.7E+02 $3.1E+01 $3.2E+02 ~$7.9E+03
person-rem)

Seismic initiator causes <0.1

PDS 7PS 6.0E-8 (6.0E-08 yr x 3.7E+05 < $2.2E+03 $7.1E+02 $2.3E+01 $2.4E+02 ~$3.2E+03
person-rem)

Seismic initiator causes <0.1

PDS 1PL 1.3E-8 (1.3E-08 yr x 3.1E+06 <$2.2E+03 $1.5E+02 $5.0E+00 $5.1E+01 ~$2.4E+03
person-rem)

Seismic initiator causes <0.1

PDS 8PS 6.6E-9 (6.6E-09 yr x 5.4E+05 < $2.2E+03 $7.8E+01 $2.5E+00 $2.6E+01 ~ $2.3E+03
person-rem)

TOTAL = 8.0 person-rem $ 316,000
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TABLE 4-2 Top 5 SAMASs Considered To Reduce CDF

Change in Averted Cost of
SAMA Potential Alternative Severe Accident Sequences Change in Total Averted Averted Offsite Total Alternative
# (Basic Event) CDF (yr?) Person-rem Public Averted Onsite Onsite Property Present (2001
Risk Exposure Cleanup Costs Exposure Damage Worth? dollars)
Install automatic swap over to high pressure LOCA cut sets with failure of operators to establish
recirculation high pressure recirculation
1 (TRECIRCDHE) 1.5E-5 11 $ 2.4E+04 $1.8E+05 $5.7E+03 $5.9E+04 ~$2.7E+05 >$1 M
This SAMA would eliminate the operator
action required for manual swap over - DHE
event.
Replace reactor vessel with stronger vessel Failure of reactor pressure vessel with failure to
2 prevent core damage following an reactor pressure 1.0E-6 <01 < $2.2E+03 $1.2E+04 $3.8E+02 $3.9E+03 ~$1.8E+04 >$1 M
vessel failure
(RPV)
Install third diesel Loss of offsite power events, which includes Turbine
Building flood and loss of offsite power initiators.
3 For this SAMA it is assumed that failures (JDGO001ADGR + JDG001BDGR + JDG001ADGS + 1.6E-5 14.0 $ 3.1E+05 $1.9E+05 $6.1E+03 $6.3E+04 ~ $5.7E+05 >$2 M
(run, start and common cause failures) JDGO001BDGS + JDG1IRUNCOM + JDG1IASTCOM
associated with the two diesels already
installed would be eliminated.
Install automatic refill to Upper Storage Tank Loss of Instrument Air with a failure of RN sources
4 (UST) and operators fail to refill UST from Condensate 4.0E-6 0.3 $ 6.6E+03 $4.7E+04 $1.5E+03 $1.6E+04 ~$7.1E+04 >$1 M
Grade Sources
(FCAFILLDHE)
Man Standby Shutdown System (SSS) 24 Turbine Building Flood with a failure of diesel
hours a day with a trained operator generators to run and operators fail to initiate SSS seal
injection following a LOOP event
This SAMA would eliminate the time factor (NNVSSFADHE + NNVSSFBDHE)
associated with an operator being dispatched
5 to the SSS. Therefore, for this analysis it is 5.4E-6 4.1 $9.0E+04 $6.4E+04 $2.1E+03 $2.1E+04 ~ $1.8E+05 >$5 M

assumed that the DHE events associated with
the operators failing to align SSS for operation
in time are completely eliminated since there
would be no transition time associated with
dispatching an operator to start the SSS.

! Total Person - risk includes internal and external (non-seismic) events

2 The Total Present Worth values are calculated from an external spreadsheet and may different slightly when performing hand calculations due to round

off.
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5.0 SAMAs Considered For Person-rem Risk Reduction

5.1 Catawba Person-rem Risk Profile

In the event of a severe accident, a certain amount of person-rem risk would be associated
with various types of containment failure. The containment failure modes of concern are
those that have the potential for early release of fission products to the public such as
early containment failures, isolation failures, and containment bypass (steam generator
tube rupture — SGTR, and interfacing systems LOCA - ISLOCA).

The Catawba PRA Level 1/2 results presented in this analysis are from the current
Catawba PRA (Revision 2b). The results of the current Catawba PRA show that the most
likely containment failure mode is late overpressurization. This containment failure
mode occurs many hours after core melt has occurred, allowing time for mitigative
actions to be taken such as recovering vital pieces of equipment for core debris cooling
and containment heat removal, and implementing evacuation strategies. For the Catawba
containment, the conditional probability of having an early release of fission products to
the public from early containment failures, isolation failures, and containment bypass
following a severe accident is estimated to be approximately 10%.

The Catawba PRA Level 3 results are updated for this analysis using a different
consequence analysis computer code and projected population estimates as described
below. For this analysis, the Catawba severe accident person-rem risk results were
generated with the MACCS2 (MELCOR Accident Consequence Code System —
Reference 5.1) computer code. The plant-specific input to the MACCS2 code includes
Catawba core radionuclide inventory, emergency response evacuation modeling based on
the Catawba evacuation time estimate studies, release category source terms from the
Catawba PRA Rev. 2b analysis, site meteorological data (1991 met data), and projected
population distribution (within 50-mile radius) for the year 2040. The Catawba annual
person-rem risk result from the MACCS2 code for the 50 mile population is 31.4 whole
body person-rem. The internal events account for approximately 21.0 whole body
person-rem per year at 50 miles. The external events account for approximately 10.4
whole body person-rem per year at 50 miles. For external events, the major source of risk
is seismic which is dominated by postulated earthquakes with accelerations (0.3g - 0.5g)
much greater than the design basis earthquake. In general, the risk measures calculated
show very low risk for the health and safety of the public.
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5.2 Identification Of Potential Containment-Related SAMAS

For this portion of the analysis, other industry studies were used to obtain a preliminary
list of containment improvement alternatives to be considered for Catawba. The Watts
Bar SAMA analysis [Reference 4.3] identified several potential alternatives that would
enhance the ability of the containment to withstand challenges associated with late
hydrogen burn, late overpressurization, basemat melt through, and containment bypass.
The following nine design changes were identified for the Watts Bar analysis:

1. Install deliberate ignition system - provide an AC- and DC-independent system to
burn combustible gases generated in containment during a severe accident to
eliminate containment failures due to hydrogen combustion.

2. Install reactor cavity flooding system - provide the capability to flood the reactor
cavity of the containment to reduce the possibility of direct core debris contact with
containment.

3. Install filtered containment vent system - provide the capability to vent the
containment to an external filter to reduce the frequency of and consequences of late
containment failures.

4. Install core retention device - to prevent direct impingement of core debris onto the
containment during a high pressure melt ejection.

5. Install containment inerting system - to inert the containment atmosphere to prevent
combustion of hydrogen and carbon monoxide during severe accidents.

6. Install additional containment bypass instrumentation - install additional pressure-
monitoring instrumentation between the first two isolation valves on low-pressure
injection lines, residual heat removal suction lines, and high-pressure injection lines.
This would improve the ability to detect leakage or open valves, which decrease the
frequency of interfacing systems LOCA (ISLOCAS).

7. Install reactor depressurization system - provides capability to rapidly depressurize
the reactor coolant system to reduce the threat of high pressure melt ejection and
allow injection from low pressure systems.

8. Install independent containment spray system - provides a redundant containment
spray system.

9. Install AC-independent air return fan power supplies - provides a redundant power
supply to air return fans.

The following five additional alternatives considered for containment performance
improvement were obtained from NUREG-1560 [Reference 5.2]:

10. Add procedures for direct reactor coolant system depressurization to prevent early
containment failure associated with reactor vessel breach at high reactor coolant
system pressure.

11. Add emphasis on isolation procedures in operator training.
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12. Add procedures to cope with and reduce induced steam generator tube rupture
(SGTR).

13. Add alternative, independent source of feedwater to reduce induced SGTR.

14. Add emphasis on increasing the likelihood of maintaining a coolable debris bed to
prevent late containment failure due to overpressurization.

Combining the information gathered from the two studies mentioned above provides a
preliminary list of 14 containment performance improvement alternatives to be
considered for Catawba.

The following is the process used to refine the list of 14 containment performance
improvement alternatives identified for consideration at Catawba:

 identify any alternatives that have already been implemented at Catawba, and
» identify any alternatives that are not applicable to Catawba’s containment.

The current Catawba procedures satisfy the intent of Alternatives 10 and 11. Following
the IPE study the plant procedure was modified to address the induced SGTR (Alternative
12). A significant part of the Severe Accident Management Guidance Program (SAMG)
at Catawba emphasizes the importance of and provides guidance to the operators on
depressurizing the reactor coolant system to prevent high pressure melt ejection. Also,
the SAMG program provides guidance on putting water into the containment using plant
resources to increase the likelihood of maintaining a coolable debris bed in the event of a
severe accident. Thus Alternative 14 has been addressed through the SAMG program.

The alternative to “install reactor depressurization system” (Alternative 7) is more for a
plant that has limited reactor coolant system depressurization capability. Catawba has
three PORVs located on the pressurizer, which provides sufficient depressurization of the
reactor coolant system to pressures low enough to prevent high pressure melt ejection.
Also, the SAMG program provides guidance on using the pressurizer PORVS to
depressurize the reactor coolant system rapidly to prevent high pressure melt ejection.
The estimated cost to install an additional reactor depressurization system from other
studies is on the order of several million dollars [Reference 4.3]: therefore, this
alternative is eliminated from further consideration in this analysis since very little benefit
will be gained from the implementation of this alternative.

Thus, the preliminary list of 14 containment performance improvement alternatives
considered for Catawba is reduced to nine potential candidates for cost-benefit analysis.
The following section discusses the method used to determine if any of these nine
alternatives are cost-beneficial to implement for the Catawba containment.
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5.3  Analysis Of Potential Containment-Related SAMASs

The method used in this portion of the analysis is similar to the one presented in
Section 4.3.

The following explains how the Catawba-specific parameters are derived in order to
calculate the averted cost to the public based on implementation of containment
performance improvements. The Catawba PRA Level 3 analysis calculates the estimated
person-rem risk associated with each type of containment failure mode following a severe
accident. As can be seen in Table 5-1, the results of the Catawba PRA analysis show that
there are three containment failure modes contributing more to the annual person-rem risk
than any of the other potential failure modes (ISLOCA - 2.6 person-rem, Early
Containment failures - 7.3 person-rem, and Late Containment failures - 21.1 person-rem).
These are evaluated in detail below.

The PRA Level 3 analysis reveals that almost all of the large early release frequency
(LERF) is attributable to the ISLOCA initiator. The dominant ISLOCA initiator
sequences involve the failure of at least two valves (i.e., valve ruptures, transfers position,
operator error, etc.). The total CDF and person-rem risk associated with the ISLOCA
initiators is 2.5E-07 per year and 2.6 person-rem, respectively. The estimated cost to
implement additional containment bypass instrumentation is on the order of several
million dollars [from Reference 9.3]. For this analysis if the assumption is made that the
implementation of a containment performance improvement alternative will completely
eliminate the ISLOCA risk, the total averted risk value is $61,000 (applying Eq. 4-1
through Eq. 4-4 of Section 4.3 — APE = 11 * $2000 * 2.6 person-rem/yr = $57,200, and
ACC, AOE, AOEC = 2.5E-7 per yr * [$1.18E+10 + $3.81E+08 + 3.92E+09] = $4025).
Therefore, the estimated cost to implement additional containment bypass
instrumentation to detect ISLOCAs far exceeds the theoretical maximum present worth of
averted risk making the alternative very cost prohibitive even if Catawba’s actual cost is
significantly less than the referenced estimate.

From the Catawba PRA results, the containment isolation failure mode is dominated by
loss of offsite power events. These sequences involve loss of power to motor-operated
containment isolation valves and would require manual action to close the valve outside
containment. The only feasible containment performance improvement alternative
considered for this type of containment failure mode is adding emphasis on isolation
procedures in operator training. This has already been implemented at Catawba per the
Catawba IPE study.

The late containment failure mode for the Catawba plant is associated with sequences
where containment sprays are lost and no recovery is possible. This leads to a buildup of
pressure from steam and non-condensible gases over many hours until the containment
fails. A containment performance improvement alternative that could reduce the person-
rem risk associated with such failures is the installation of an independent containment
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spray system. From Reference 4.3 the estimated cost to implement such an alternative
will be at least several million dollars. The present worth of averted risk for
implementation of this alternative is estimated by assuming all 21.1 person-rem risk is
eliminated for late containment failures. Then multiplying the 21.1 person-rem risk by
$2000/person-rem vyields an estimated averted risk value of $42,200, and multiplying this
value by the discount multiplication factor of 11 gives an estimated present worth of
$464,000. Therefore, based on the cost to implement this alternative this containment
performance improvement will cost far more to implement than the value of the averted
risk. Some benefit in reducing the early containment failure may be seen from this
alternative but this would be expected to be small compared to the late containment
failure benefit.

Furthermore, when considering the implementation of alternatives, it is important to
evaluate the potential negative impacts of implementing alternatives as well as the
positive benefits. For example, the containment performance improvement alternative
considered in Table 5-1 (installing a reactor cavity flooding system) is intended to reduce
the likelihood of basemat melt through by flooding the core material after reactor vessel
failure. Even though the implementation of this alternative may reduce the likelihood of
basemat melt through, any potential negative consequences have not been investigated.

Table 5-1 provides a list of the nine selected containment performance improvement
alternatives considered for implementation at Catawba along with the percentage of the
time a containment failure mode may occur given a severe accident, the total person-rem
and present worth of averted risk estimates associated with each containment failure
mode.

As seen from Table 5-1, the nine potential containment-related SAMAS have an averted
risk worth in the range of $2200 to $464,000. The cost to implement any of the
containment performance improvement alternatives listed in Table 5-1 for Catawba will
range anywhere from a few million dollars to tens of millions of dollars based on the
review of other industry cost estimate studies [Reference 4.3]. Comparing these cost
estimates to the averted risk worth presented in Table 5-1 reveals that the cost to
implement these alternatives will far exceed the averted risk worth. This conclusion
applies even for those alternatives providing benefit to more than one type of containment
failure mode.

For example, the six alternatives (install independent containment spray system, filtered
containment vent, backup power to igniters, reactor cavity flooding system, backup power
to air return fans, and containment inerting system) provide some benefit to more than
one type of containment failure mode. As stated earlier, the installation of an
independent containment spray system provides more late containment failure benefit
than early containment failure benefit. But if this alternative is assumed to completely
eliminate late and early containment failures, the cost of implementation would far
exceed the averted risk value of ($464,000 + $161,000). This same conclusion is applied
to each of the filtered containment vent alternative, backup power to igniters alternative,
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backup power to air return fans alternative, and containment inerting system alternative
based on the cost of implementation versus the total averted risk value for early and late
containment failures ($464,000 + $161,000). The cost to implement most of the
alternatives listed in Table 5-1 for Catawba will be greater than $1 million, based on the
review of other industry cost estimate studies [Reference 4.3] applicable to Catawba.
Comparing these cost estimates to the present worth of averted risk presented in Table 5-
1, shows that the cost to implement most of these alternatives will far exceed the present
worth averted risk. However, for one potential SAMA listed in Table 5-1 (install reactor
cavity flooding system) a cost estimate has been performed for Catawba (see Section 5.4)
to determine whether or not the alternative is cost-beneficial.

5.4  Cost-Benefit Analysis For Containment-Related SAMAS

In Section 5.3 one alternative was identified for a Catawba-specific cost estimate analysis
due to the lack of information on the cost of implementation and the potential
containment performance improvement associated with this alternative. The selected
alternative is: Install standpipe in containment for reactor cavity flooding.

Therefore, the purpose of this portion of the analysis is to perform a cost-benefit analysis
on the selected alternative identified above, using Catawba-specific cost estimates.

Install Standpipe in Containment for Reactor Cavity Flooding

The accident mitigation goal associated with flooding the reactor cavity is to provide
cooling to the core debris (invessel and exvessel). The current spill over elevation for
water to enter the reactor cavity/incore instrumentation room from the containment sump
at Catawba is approximately 13 feet. This elevation is at the reactor coolant system
piping penetrations in the primary shield wall. The water volume necessary to increase
the Catawba containment sump level to the spill over point of 13 feet and flood the
reactor cavity is equivalent to two refueling water storage tank (FWST) volumes
(~750,000 gallons). Therefore, prior to reactor vessel failure there are two options
available for achieving this accident mitigation goal: (1) inject the initial FWST volume
into containment and refill the FWST and inject that volume into containment, and (2)
inject all available water sources into containment (i.e., FWST volume, cold leg
accumulators, reactor coolant system volume, and ice). If an open standpipe is installed
in the containment sump floor that allows water to spill over into the reactor cavity at an
elevation much less than the current 13 foot elevation, but still maintain net positive
suction head pump requirements for swap over to recirculation, then the likelihood of
flooding the reactor cavity is increased. The results of the cost estimate analysis to install
a standpipe in containment is at least $1 million. The maximum benefit from
implementation of this alternative is estimated by assuming that early containment
failures and basemat melt through are completely eliminated. From Table 5-1 this benefit
is estimated to be ~$163,000 ($161,000 + $2200). Therefore, the cost of implementing
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this alternative will far out weigh the benefit of averted risk worth making this design
alternative cost prohibitive.
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TABLE 5-1 Potential Containment SAMASs Considered To Reduce Person-rem Risk

Percentage Of Time Total Present
Containment Failure Potential Containment Severe Accidents Will Person-rem Worth Of
Mode (CFM) Performance Alternatives To End In Particular Risk Averted Risk
Mitigate CFM CFM
Late Containment Failures | 1. Install independent
containment spray system
2. Install filtered containment
vent system
5. Install backup power to
igniters 45 % 21.1 $464,000
1. Install reactor cavity flooding
system
8. Install backup power to air
return fans
9. Install containment inerting
system
Containment Bypass 3. Install additional containment 2.6 - ISLOCA $61,000
ISLOCA bypass instrumentation (ISLOCA)
(ISLOCA)
<1%
SGTR 4. Add independent source of (ISLOCA and SGTR
feedwater to reduce induced combined) <0.1-SGTR < $2200
SGTR (SGTR)
1. Install independent
containment spray system
Early Containment Failures | 2. Install filtered containment
vent system
5. Install backup power to
igniters 9% 7.3 $161,000
6. Install reactor cavity flooding
system
8. Install backup power to air
return fans
9. Install containment inerting
system
6. Install reactor cavity flooding
Basemat Melt Through system 5% <0.1 < $2200
7. Install core retention device
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6.0 Overall Results

Duke has evaluated potential plant enhancements that would further reduce the
probability of severe accidents and the associated person-rem risk. The incremental
safety benefit of implementing these plant enhancements has been analyzed by
performing a public risk analysis. The results of the public risk analysis show that none
of the hardware changes for severe accident mitigation alternatives considered for core
damage frequency and person-rem reduction would be cost-beneficial to implement at
Catawba. Most of the alternatives considered are associated with severe accident
sequences of either low contribution to core damage frequency (< 5% of the total) or low
risk (< 5 person-rem). From the results obtained, it is apparent that one of the dominant
severe accident sequences are loss of offsite power events due to internal flood initiators
based on their total contribution to core damage frequency and person-rem risk.
However, even the alternatives considered for these type initiators are found to be cost
prohibitive because the cost to implement the alternatives far exceed the value of the
public health risk averted.

In addition, Duke recently implemented two programs to manage the risk associated with
severe accidents. The Maintenance Rule Program is currently aiding in identifying risk
significant structures, systems and components to minimize failures that are maintenance
preventable. Most recently, Duke’s implementation of the Severe Accident Management
Guidance (SAMG) Program provides guidance on arresting core damage and mitigating
fission product releases to the public in the event of a severe accident. Some of the
severe accident management guidance provided by the SAMG program include:

» depressurizing the reactor coolant system prior to reactor vessel failure, thus
preventing a high pressure melt ejection and SGTRs,

» venting containment prior to containment failure due to overpressurization (controlled
release versus an uncontrolled release of fission products),

* inject water into reactor building (containment) to cool core debris, etc.

The following table summarizes the severe accident mitigation alternatives and

containment performance improvements considered for Catawba and the status of
implementation:
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TABLE 6-1 Summary Of Potential Alternatives Considered For

Catawba To Reduce Core Damage Frequency & Person-rem Risk

Potential Alternative

Implemented or
Not Implemented

Reason Not Implemented

Increase seismic ruggedness of many plant
components/systems

Not Implemented

Not Cost Beneficial. The risk reduction
achievable is small and that the cost of
substantial upgrades in the plant systems
seismic ruggedness is very large

Install automatic swap over to high
pressure recirculation

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk

Replace reactor vessel with stronger vessel

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk

Install third diesel

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk

Install auto refill to Upper Storage Tank
(UST)

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk

Man SSF 24 hours a day with a trained
operator

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk

Install additional containment bypass
instrumentation (ISLOCA)

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk.
SAMG Program addresses this issue.

Add independent source of feedwater to
reduce induced SGTR

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk

Install backup power to igniters

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk

Install backup power to containment air
return fans

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk

Add procedures for direct RCS Implemented Existing procedures adequate
depressurization

Add emphasis on isolation procedures in Implemented Existing procedures adequate
operator training

Add procedures to cope with and reduce Implemented Existing procedures adequate
induced SGTR

Add emphasis on increasing the likelihood Implemented Implemented through SAMG

of maintaining a coolable debris bed
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TABLE 6-1 Summary Of Potential Alternatives Considered For

Catawba To Reduce Core Damage Frequency & Person-rem Risk

(continued)

Potential Alternative

Implemented or
Not Implemented

Reason Not Implemented

Install containment inerting system

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk.
In addition, this alternative has the potential to
increase the likelihood of containment failures
at Catawba due to overpressurization.

Install reactor depressurization system

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk.
SAMG Program emphasize depressurizing
RCS.

Install filtered containment vent system

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk.
SAMG Program provides guidance on venting
strategy to minimize releases to public.

Install independent containment spray
system

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk. In
addition, the alternative primarily reduces late
containment failure. These occur many hours
after core damage begins allowing plenty of
time for recovery of containment heat removal
equipment and implementation of SAMG
strategies.

Install reactor cavity flooding system

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk.
SAMG Program provides guidance on putting
water into containment for cooling the core
debris. In addition, this alternative has the
potential to increase the likelihood of
containment failures at Catawba due to
overpressurization from steam generation.

Install core retention device

Not Implemented

Not cost beneficial. Very expensive with
extremely small impact on public health risk.
SAMG Program provides guidance on putting
water into containment for cooling the core
debris.
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7.0 Conclusions

Duke has performed a number of severe accident studies on Catawba and has
implemented several plant enhancements to reduce the risk of severe accidents since the
late 1980’s.

The results of the Catawba-specific analyses for severe accidents show that the total core
damage frequency is estimated at 5.8E-05 per year, and the risk is estimated at 31.4
person-rem per year.

For the current residual severe accident risk, a SAMA analysis has been performed using
PRA techniques and making use of industry studies and NRC reports providing guidance
on performing cost-benefit analysis. This Catawba-specific analysis demonstrates that
plant enhancements (severe accident mitigation and containment performance
improvement) in excess of $2200 to $570,000 are not cost justified based on total averted
risk.

Because the environmental impacts of potential severe accidents are of small significance
and because additional measures to reduce such impacts would not be justified from a
risk perspective, Duke concludes that no additional severe accident mitigation alternative
measures beyond those already implemented during the current term license would be
warranted for Catawba.

It is recognized that risk assessment studies are subject to varying degrees of uncertainty
in the estimated core damage frequency, person-rem risk, and cost to implement
alternatives. The results of this analysis show that the cost of implementing any of the
alternatives is as much as several orders of magnitude higher than the estimated averted
risk values. Therefore, no additional severe accident mitigation alternatives are cost-
beneficial even when the uncertainties in the risk assessment process are considered.
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Fl .OTE PROTECT

=— MAR 19 2001
2600 Bull Street ' Dribs Power
Columbia, SC 29201-1708

ental Engineering”|

March 7, 2001

Mr. William Miller, P.E., RLS

Duke Power Group Environment, Health,
, 526 South Church Street
{ P.O. Box 1006

Charlottte, NC 28201-1006

and Safety

Dear Mr. Miller,
Thank vou for vyour correspondence of February 22, 2001.

The correspondence and accompanying materials will be

beneficial during our review of the Catawba Nuclear Station
license renewal.

As a result of our inguiries involving any “new or
significant issues” within the Department, we have not
identified any issues that are pending at this time.

We look forward to providing input and working with you ana
the Catawba Nuclear Station staff during this license
renewal process.

Sincerely,

R. Michael Gandy
Radiocactive Waste Management Section
SCDHEC Bureau of Land and Waste Management

SOUTHCAROLINADEPARTMENT OF HEALTH AND ENVIRONMENTAL CONTROL
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Attachment J

Letter from Roger L. Banks, US Fish and Wildlife Service
o
Bill Miller, Duke Energy
dated April 24, 2001




United States Depart

nt of the Interior

FISH AND WILDLIFE SERVICE
176 Croghan Spur Road, Suite 200
Charleston, South Carolina 29407

April 24, 2001

Mr. Bill Miller

Duke Power Company

P.C. Box 1006

Mail Code EC12ZB

Charlotte, North Carolina 28201-1006

Re:  Duke Power License Renewal Application
for McGuire and Catawba Nuclear Stations

Dear Mr. Miller:

The U.S. Fish and Wildlife Service (Service) has reviewed the above-referenced project. This
project involves applying for extended operating licenses for the McGuire and Catawba Nuclear
Stations. Duke Power will submit the license renewal application to the U.S. Nuclear Regulatory
Commission in 2001. After reviewing the “Generic Environmental Impact Statement for License
Renewal for Nuclear Plants” the Service believes that all issues concemning fish and wildlife
resources have been adequately identified.

We appreciate the opportunity to review the proposed project and will gladly provide any
additional assistance.

Sincerely yours,

Roger L. Banks
Field Supervisor

RLBATA/km

This is your future. Don’t leave it blank. - Support the 2000 Cernsus.



TRANSMISSION SYSTEM ADEQUACY:

Duke Electric Transmission (ET) monitors the adequacy and reliability of the
transmission system and its interconnections through analysis of internal transmission
system models and participation in regional reliability groups. Corrective actions are
planned and implemented in advance to ensure continued cost-effective high quality
electric service is provided. Duke ET internal models cover the next ten years and are
prepared in close coordination with Duke’s resource planning and distribution personnel
to accurately reflect available genecrating resources and load. The Duke ET internal
model data is also used as input into industry models employed by regional reliability
groups in their analyses.

Transmission system reliability is constantly monitored through evaluation of changes in
load, generating capacity, transactions, or topography. Annually, a detailed screening of
an internal model three years out is performed to identify any voltage or thermal loading
violations of ET’s Planning Guidelines. The screening methods are in compliance with
Southeastern Eleciric Reliability Council (SERC) and North American Electric
Reliability Council (NERC} planning guidelines. The annual screening results are used
to evaluate a 10-year planning horizon that accounts for load growth, transmission
reservations, and planned changes in generation and system topography. The screening
results are a major input for the Transmission Asset Management Plan (TAMP). The
TAMP controls the allocation of resources to ensure proper prioritization and funding of
projects to maintain system reliability.

Duke ET participates in the following regional reliability groups for coordination of
analysis of regional, sub-regional and inter-control area ftransfer capability and
interconnection reliability:

1. VACAR — Carolina Power & Light (CP&L), Duke Power (DP}, Fayetteville Public
Works Comm., North Carolina Electric Membership Corporation (NCEMC), North
Carolina Eastern Municipal Power Agency (NCEMPA), North Carolina Municipal
Power Agency No. I (NCMPAT1), South Carolina Electric & Gas (SCE&G), South
Carolina Public Service Authority (SCPSA), Southeastern Power Administration
(SEPA), Dominion Virginia Power, and Yadkin, Inc.

2. VAST - VACAR, American Electric Power (AEP), Southern and the Tennessee
Valley Authority (TVA)

3. VEM - VACAR, East Central Area Reliability Council (ECAR) and the Mid-Atlantic
Arca Council (MAAC)

4. VSTO - VACAR, Southern, TVA and Oglethorpe

Each of these reliability groups evaluates the bulk transmission system to: 1) assess the
interconnected system’s capability to handle large firm and non-firm transactions, 2)
ensure planned future transmission system improvements do not adversely affect
neighboring systems and 3) ensure the interconnected systems’ compliance with selected
NERC Planning Standards.
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Regional reliability groups normally participate in the evaluation of transfer capability
and compliance to the NERC Planning Standards for the next peak load period through
the next five to ten years. The regional reliability groups perform tests at sufficiently
high transfer levels to verify satisfactory transfer capability is maintained for years in
advance. Duke evaluates all requests for transmission reservation for impact on transfer
capability and compliance with ET’s Planning Guidelines. Studies, including transfer
capability assessments, are performed to ensure transfer capability is acceptable and
exceeds VACAR Reserve Sharing Agreement requirements. The VACAR Reserve
Sharing Agreement ensures that all VACAR member control areas have sufficient
generation to meet their largest single generation contingency. The TAMP process is also
used to manage projects for improvement of transfer capability.

Duke ET’s internal analyses, participation with industry reliability councils, and process
for managing transmission system projects contribute to system security and reliable
operation.

On July 18, 2000 CP&L Energy, Duke Energy and SCANA Corporation announced the
formation of an independent regional transmission organization (RTO) in compliance
with the Federal Energy Regulatory Commission’s Order 2000. The RTO is to be known
as GridSouth and would be responsible for operating and planning the transmission
systems of the three companies.

Initially, the three utilities will continue to own their existing transmission networks,
while the RTO assumes broad operational and planning responsibilities to ensure open
and non-discriminatory access to the grid. The intent of the three companies is to create a
framework that may lead to a broad, regional independent transmission company that
spans the Southeast.

Historically, the three utilities have done an excellent job coordinating the planning and
operation of their interconnected transmission systems to maintain a high degree of
system reliability and adequacy. The formation of GridSouth, as the transmission
operator for the combined transmission system, will further enhance the reliability of the
interconnected systems. GridSouth will be uniquely positioned to coordinate not only the
planning and operating activities of the three companies but to also coordinate the
planning and operating activities with neighboring utilitiecs and RTOs. This broader view
may allow GridSouth to identify potential issues that the individual utilities previously
may not have been able to identify.

The NCUC order dated June 21, 2000 in Docket No. E-103, Sub 84 required that the
Annual Plan due September 1, 2000 include a discussion of efforts by the interested
parties to meet and develop an efficient and responsive reporting mechanism for
transmission adequacy. On August 15, 2000, CP&L, Duke, Dominion, NCEMC and the
Public Staff met (o discuss reporting on transmission adequacy. The utilities explained

7



that transmission reliability is the subject of certain assessments and reports provided
periodically by the utilities to the Federal Energy Regulatory Commission (FERC), the
North American Electric Reliability Council (NERC), the Department of Energy (DOE)
and to the Southeastern Electric Reliability Council (SERC). The parties agreed that the
utilities shall provide copies of the published reports to the Public Staff. After the Public
Staff reviews the reports, the parties will have additional meetings, as necessary, in an
effort to resolve this issue.

CP&L has agreed to provide to the Public Staff, on behalf of CP&L, Duke, Dominion,
and NCEMC, copies of the following reports:

VST 2603 Summer Study

VACAR 2003 Reliability Study

1999 SERC Reliability Review Subcommiitee Report
2000 Summer VAST Reliability Study

2000 Summer VEM Reliability Assessment

Each company’s FERC Form 715 Filings from April, 2000.



CUSTOMERS SERVED UNDER ECONOMIC DEVELOPMENT

The incremental load (demand) for which customers are receiving credits under the
economic development rates and/or self-generation deferral rates (Rider EC) is:

48MW For North Carolina
29MW For South Carolina



ANNUAL PLAN INFORMATION CONTENTS

1. LOAD FORECAST AND LOAD CAPACITY AND RESERVES (LCR) TABLE
This section includes a tabulation of summer and winter peak loads, annual energy

forecast, generating capability, and reserve margins for each year, and & description of the
methods and assumptions used to prepare the forecast.
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THE LOAD FORECAST:

To determine customer energy needs, Duke prepares a load forecast of energy sales and
peak demand using state-of-the-art econometric methodologies. The current forecast
includes plans for the energy needs of all new and existing customers within Duke’s
service territory. This requirement may change in any restructured electric industry.
Currently, certain wholesale customers have the option of obtaining all or a portion of
their future energy needs from suppliers other than Duke Power.

As part of the joint ownership arrangement for the Catawba Nuclear Station, the North
Carolina Electric Membership Cooperative (NCEMC), the Saluda River Electric
Coaoperative Incorporated (SR) and the North Carolina Municipal Power Agency #1
(NCMPA) have given notice that they will be solely responsible for their total load
requirements beginning January 1, 2001. As a result, NCEMC, SR and NCMPA
supplemental load requirements, above their ownership portions of the Catawba Nuclear
Station, are not reflected in the forecast commencing in 2001. Likewise, Piedmont
Municipal Power Agency (PMPA}) has given notice that they will be solely responsible
for their total load requirements beginning January 1, 2006. As a result, PMPA
supplemental load requirements, above their ownership portions of the Catawba Nuclear
Station, are not reflected in the forecast commencing in 2006.

The current forecast over a 15-year period reflects an average annual growth in summer
peak demand of 1.6 percent. Winter peaks are {orecasted to grow at an average annual
rate of 1.2 percent, and the average annual territorial energy is forecasted to grow at 1.8
percent. The growth rates use 2000 as the base year with 18,693 MW summer peak,
16,485 MW winter peak, and 98,016 GWH average annual territorial energy.

YEAR® SUMMER WINTER TERRITORIAL
(MW)' (MW ENERGY (GWH)*
2001 18,335 16,241 98,568
2002 18,737 16,162 166,962
2003 | 19,122 ; 16,399 103,236
2004 19,543 16,658 105,507
2005 19,951 16,934 107,758
2006 20,156 17,160 109,704
2007 20,540 17,431 111,913
2008 20,946 17,711 114,093
2009 21,364 17,954 T 116,126
2010 21,761 18,256 118,338
2011 | 22,164 18,527 120,414
2012 22,574 18,777 122,397
2013 22,943 19,056 124,476
2014 23,330 | 19,327 126,477
2015 23,763 19,583 128,410
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Note 1: Summer peak demand is for the calendar years indicated and includes the demand

Note 2:

Note 3:

of the other joint owners of the Catawba Nuclear Station (CNS). Beginning on
January 1, 2001 total demand above NCEMC, SR and NCMPA retained
ownership is not included. Also, beginning on January 1, 2006 total demand
above PMPA retained ownership is not included.

Winter peak demand includes the demand of the other joint owners of the CNS.
Beginning on January I, 2001 total demand above NCEMC, SR and NCMPA
retained ownership is not included. Also, beginning on January 1, 2006 total
demand above PMPA retained ownership is not included.

Winter peak demand of 2001 is December 2000 which still includes the
NCEMC, SR and NCMPA demand above their retained ownership. Winter peak
demand of 2002 does not include NCEMC, SR and NCMPA demand above their
retained ownership.

Territorial energy is the total projected energy needs of the Duke service area,
including losses and unbilled sales, and the energy requirements of the other joint
owners of the CNS. Beginning on January 1, 2001 total energy above NCEMC,
SR and NCMPA retained ownership is not included. Alseo, beginning on January
I, 2006 total energy above PMPA retained ownership is not included.

Note 4: This forecast is not comparable to that included in the 2000 Duke Power Forecast

Note 5:

beginning January 1, 2001 due to removal of NCEMC, SR and NCMPA
suppiemental loads and beginning January 1, 2006 due to removal of PMPA
supplemental loads.

The impact of encrgy efficiency DSM programs is accounted for in the load
forecast.
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The foliowing rates are numbered (o match the line numbers on the SEASONAL PROJECTIONS OF LOAD, CAPACITY, AND
RESERVES latle. All values are MW except where shown as a Perceat.

1.

1.

12.

Planning is done for the peak demand for the Duke System including Naniahala. Nantahala became a
division of Duke Power August 3, 1898.

. Generating Capacity. Capacity must be online by June 1 to be included in the available capacity for the summer

peak of that year. Capacity must be online by Dec 1 fo be included in the availabie capacity for the winter peak
of that year. indudes 100 MW Nantahala hydro capacity, and total capacity for Calawba Nudlear Station (2258 W),

Capacily changes are due ta Summer (May - Sep(} Lincoln Fogger capacity of 67MW.

. The 80 MW capacity refirement in 2006 represents the projected retirement date for CTs at Lee.

The 120 MW capacity relirement in 2007 represents the projected retirement date for CTs at Riverbend.

The 83 MV capacity reticerent in 2009 represents the projected retirement date for the CTs at Buck.

The 173 MW capacity retirement in 2009 represents the projected refirement date for CTs at Dan River & Bz Rst (Wsi).
The 108 (AW capacity retirement in 201§ represents the projected retirement date for CT's at Buzzard Roost({GE}.
Ocanee Nudear Slation is relicensed.

All retirement dates are subject to review on an ongoing basis.

. Purchase Conéracts have several components:

A Effective January 1, 2001, the SEPA allocation will be reduced {o T2MW. This reflects seff scheduling by Seneca, Greenwaood,
Saluda River, NCEMC, and NCMPAT. The T2MW reflects allocations for PMPA and Scheduie 104 customers who continue to
be served by Duke.

B. Piedmeont Municipal Power Agency has given notice that they will be solely responsible for total load requirements
beginning January 1, 2006. This reduces the SEPA allocation (o 13 MW, which is atiributed {o Schedule 10A customers
who continue to be served by Duke.

C. Purchase of 250 MW maximum summer peak capacity from PECO began in June 1898 and expires Sept. 2001.

D. Cogeneration megawalis have increased due to the 88 MW Cherckee Cogen contract which began in June 1998 and expires June 2013,
and an additional 10 MW due o the fiom purchase contract with the Kannapolis Energy Partners signed Februacry 2000 and expires February 2005,
The RIReynold's contract for §2MW expires December 31, 2003.

E. Purchase of 302 M summer peak capacity from July 1, 2000 to May 31, 2001 from CP&L, and 151 MW
from June 1, 2001 to December 31, 2045,

F. Purchase of 600 MW from Dynegy began July 1, 2000 and expires December 31, 2003,

. Future Resource Additions represent new capacity rescurces or capabiiity increases which are being considered.

Meither the date of operation, the type of resource, noc the size {s firm. Al Future Resource Additions
are uncomwmitied and represent cagacity required to mainiain a minimum plaaning reserve margin,

. Reserve margin is shown for reference only.

Reserve Margia = (Cumutative Capacity-Sysiem Peak Demand)/System Peak Demand

Capacity margic is the industry standard term. A 14.6 percent capacily margin (s equivalent to 2 17.9 percent
reserve margin.
Capacity Margin = (Cumulative Capacity - System Peak DemandlCumulative Capacity

Cumutative [nterruptible and Direct Load Control capacity represeats the demand-side management contribution

loward meetling the load. The programs reflected in these aumbers include dispatchable load control programs
designed to be activated during capacity problem situations.
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2. EXISTING PLANTS IN SERVICE

This section includes a list of the existing plants in service with capacity, plant type, and
location.

MW
NAME UNIT # CAPACITY LOCATION PLANT TYPE
Allen i 165 Belmont, N. C. Fossil
Allen 2 165 Belmont, N. C. Fossil
Allen 3 265 Belmont, N. C. Fossil
Allen 4 275 Belmont, N. C. Fossil
Allen S 270 Beimont, N. C. Fossil
Belews Creek i i12¢ Walnut Cove, N. C. Fossil
Belews Creek 2 1120 Walnut Cove, N. C. Fossil
Buck 3 75 Spencer, N. C. Fossil
Buck 4 38 Spencer, N. C. Fossil
Buck 5 128 Spencer, N. C. Fossil
Buck 6 128 Spencer, N. C. Fossil
Buck 7C 31 Spencer, N. C. Combustion Turbine
Buck 8C 31 Spencer, N. C. Combustion Turbine
Buck 9C 31 Spencer, N.C. | Combustion Turbine
Buzzard Roost 6C 22 Chappels, S. C. Combustion Turbine
Buzzard Roost 7iC 22 Chappels, S. C. Combustion Turbine
Buzzard Roost &C 22 Chappels, S. C. Combustion Turbine
Buzzard Roost 9C 22 Chappels, 5. C. Combustion Turbine
Buzzard Roost 16C 08 Chappels, S. C. Combustion Turbine
Buzzard Roost 11C 18 Chappels, S. C. Combustion Turbine
Buzzard Reoost 12C 18 Chappels, S. C. Combustion Turbine
Buzzard Roost 13C 18 Chappels, S. C. Combustion Turbine
Buzzard Roost 14C 18 Chappels, S. C. Combustion Turbine
Buzzard Roost IsC 18  Chappels, S. C. Combustion Turbine
Cliffside i 38 Cliffside, N. C. Fossil
Cliffside 2 38 Cliffside, N. C. Fossil
Cliffside 3 Gl Cliffside, N. C. Fossil
Cliffside 4 61 Cliffside, N. C. Fossil
Cliffside 5 562 Cliffside, N. C. Fossil
Dan River I 67 Eden, N. C. Fossil
Dan River 2 67 Eden, N. C. Fossil
Dan River 3 142 Eden, N. C. Fossil
Dan River 4C 30 Eden, N. C. Combustion Turbine
Dan River s5C 30 Eden, N. C. Combustion Turbine
Dan River 6C 25 Eden, N. C. Combustion Turbine
Lee 1 100 Pelzer, S. C FFossil
Lec 2 100 Pelzer, S. C Fossil
Lee 3 170 Pelzer, S. C Fassil
Lee 4C 30 Pelzer, S. C Combustion Turbine
Lee 5C 30 Pelzer, S. C. Combustion Turbine
Lee 6C 30 Pelzer, S. C. Combustion Turbine
Continued 16



EXISTING PLANTS IN SERVICE, continued

MW
NAME UNIT # CAPACITY LOCATION PLANT TYPE
Lincoln 1 79.19 Lowesvilie, N. C. Combustion Turbine
Lincoln 2 79.19 Lowesville, N. C. Combustion Turbine
Lincoln 3 79.19 Lowesville, N. C. Combustion Turbine
Lincoln 4 79.19 Lowesville, N. C. Combustion Turbine
Lincoln 5 79.19  Lowesville, N. C. Combustion Turbine
Lincoln 6 79.19  Lowesville, N. C. Combustion Turbine
Lincoln 7 79.19 Lowesville, N. C. Combustion Turbine
Lincoln 8 79.19 Lowesville, N. C. Combustion Turbine
Lincoln 9 79.19 Lowesville, N. C. Combustion Turbine
Lincoln ¢ 79.19  Lowesville, N. C. Combustion Turbine
Lincoln I 79.19  Lowesville, N. C. Combustion Turbine
Lincoln 12 79.19  Lowesville, N. C. Combustion Turbine
Lincoln 13 79.19  Lowesville, N. C. Combustion Turbine
Lincoln 14 79.19 Lowesville, N. C. Combustion Turbine
Lincoln 15 79.19  Lowesvilie, N. C. Combustion Turbine
Lincoln 16 79.19  Lowesville, N. C. Combustion Turbine
Marshall ] 385  Terrell, N.C. Fossil
Marshall 2 385 Terrell, N. C. Fassil
Marshall 3 6640 Terrell, N. C. Fossit
Marshall 4 660 Terrell, N. C. Fossil
Riverbend 4 94 Mt. Holly, N. C. Fossil
Riverbend 5 94 Mt Holly, N. C. Fossil
Riverbend G 133 Mit. Holly, N. C. Fossil
Riverbend 7 133 Mt, Holly, N. C. Fossil
Riverbend 8C 30 Mt Holly, N. C. Combustion Turbine
Riverbend 9C 30 Mt. Holly, N. C. Combustion Turbine
Riverbend 1oC 30 Mt Holly, N. C. Cambustion Turbine
Riverbend HC 30 Mt. Holly, N. C. Combustion Turbine
Catawba 1 1126 Clover, S.C. Nuclear
Catawba 2 1129 Clover, S. C. Nuclear
McGuire i 110¢ Cornelius, N. C. Nuclear
MeGuire 2 1100 Cornelius, N. C. Nuclear
Oconee i 846 Seneca, S. C. Nuclear
Qconee 2 846 Seneca, S. C. Nuclear
Oconee 3 846 Sencca, S. C. Nuclear
Jocassee t 152.5 Salem, S. C. Pumped Storage
Jocassee 2 152.5 Salem, S.C. Pumped Storage
Jocassee 3 152.5 Salem,S.C. Pumped Storage
locassee 4 152.5 Salem, S. C. Pumped Storage
Bad Creek l 266.25 Salem, S. C. Pumped Storage
Bad Creck 2 266.25 Salem, S. C. Pumped Storage
Bad Creek 3 266.25 Salem, S. C. Pumped Storage
Bad Creek 4 266 25 Salem, S.C. Pumiped Storage

Hydro (in various locations)

136
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3. GENERATING UNITS UNDER CONSTRUCTION OR PLANNED

A list of generating units under construction or planned at plant locations for which
property has been acquired, for which certificates have been received, or for which
applications have been filed with location, capacity, plant type, and proposed date of
operation included.

Duke has no generating units under construction or planned.



4. PROPOSED GENERATING UNITS AT LOCATIONS NOT KNOWN

This section includes a list of proposed generating units at locations not known with
capacity, plant type, and date of operation included to the extent known.

The following table contains the recommended resource additions for maintaining the
current minimum planning reserve margin through 2015. Neither the resource, date of
operation, type, nor size is firm. Additionally, new resources may be a combination of
short/long-term capacity purchases from the wholesale market, capacity purchase options,

and building or contracting to build new generation.

CAPACITY! SUPPLY SIDE DATES OF OPERATION
(MW) RESOURCES
600 Peaking/Intermediate 06/01/2002
470 - Peaking/Intermediate 06/01/2003
1175 Peaking/Intermediate 06/01/2004
490 Peaking/Intermediate 06/01/2005
644 Peaking/Intermediate 06/01/2006
486 Pesking/Intermediate 06/01/2007
482 Peaking/Intermediate 06/01/2008
810 Peaking/Intermediate | 06/01/2009
486 Peaking/Intermediate | 06/01/2010
482 Peaking/Intermediate 06/01/2011
486 Peaking/Intermediate 06/01/2012
482 Peaking/Intermediate 06/01/2013
482 Peaking/Intermediate 06/01/2014
648 Peaking/Intermediate 06/01/2015

Note 1: Capacity amounts placed in service may vary due to selection of actual purchase

amounts, generation technology capacity ratings, etc.

Note 2: Duke is currently evaluating responses to its Request For Proposal (REP) issued
January 5, 2000. Potential outcomes could include self build resources, purchased

power resources, or a combination of both.

another RFP for resource additions.
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5. GENERATING UNITS PROJECTED TO BE RETIRED

This section includes a list of units projected to be retired from service with location,
capacity and expected date of retirement from the system. The following table reflects
decision dates for retirements or refurbishments during the planning horizon and are
subject to review on an ongoing basis.

STATION CAPACITY IN | LOCATION DECISION DATE
MW |
Lee 4C 30 Pelzer, SC 12/31/2005
Lee SC 30 Pelzer, SC 12/31/2005
Lee 6C 30 Pelzer, SC 12/31/2005
Riverbend 8C 30 Mt. Holly, NC 12/31/2006
Riverbend 9C 30 Mt. Holly, NC 12/31/2006
Riverbend 10C 30 Mit. Holly, NC 12/31/2006
Riverbend 11C 30 Mit. Holly, NC 12/31/2006
Buck 7C 31 Spencer, NC 12/31/2008
Buck 8C 31 Spencer, NC 12/31/2008
Buck 9C 31 Spencer, NC 12/31/2008
Buzzard Roost 6C 22 Chappels, SC 12/31/2008
Buzzard Roost 7C 22 Chappels, SC 12/31/2008
Buzzard Roost 8C 22 Chappels, SC 12/31/2008
Buzzard Roost 9C 22 Chappels, SC 12/31/2008
Dan River 4C 30 Eden, NC 12/31/2008
Dan River 5C 30 Eden, NC 12/31/2008
Dan River 6C 25 Eden, NC 12/31/2008
Buzzard Roost 10C 18 Chappels, SC 12/31/2014
Buzzard Roost [1C 18 Chappels, SC 12/31/2014
Buzzard Reost 12C 18 Chappels, SC 12/31/2014
Buzzard Roost 13C 18 Chappels, SC 12/31/2014
Buzzard Roost 14C 18 Chappels, SC 12/31/2014
Buzzard Roost 15C 18 Chappels, SC 12/31/2014
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6. GENERATING UNITS WITH PLANS FOR LIFE EXTENSION

This section includes a list of units for which there are specific plans for life extension,
refurbishment or upgrading. The reporting utility shall also provide the expected (or
actual) date removed from service, general location, capacity rating upon return to
service, expected return to service date, and a general description of work to be

performed.

STATION ORIGINAL LICENSE REVISED LICENSE
EXPIRATION DATE EXPIRATION DATE

OCONEE 1 2/2013 2/2033

OCONEE 2 10/2013 10/2033

OCONEE 3 712014 7/2034

On May 23,2000, the Nuclear Regulatory Commission approved the License Renewal
for all three units of the Oconee Nuclear Station located near Seneca, South Carolina.
With renewal, the original 40 year licenses for the three units has been extended for 20
years. The 20 year extension moves the license expiration dates from 2013 for Units 1
and 2 and 2014 for Unit 3 to 2033 and 2034, respectively. Maintenance work is
normally performed during regularly scheduled refueling outages. No capacity upgrades
of the units are currently being planned.

STATION - PRESENT LICENSE PROPOSED LICENSE
‘ - EXPIRATION DATE EXPIRATION DATE

McGuire | 6/12/2021 6/12/2041

McGuire 2 3/3/2023 3/3/2043

Catawba 1 12/6/2024 12/6/2044

Catawba 2 22412026 2/24/2046

In 2001, Duke Energy plans to submit an application to the Nuclear Regulatory
Commission for license renewal of four additional units. The two units at McGuire
Nuclear Station located near Huntersville, North Carolina and the two units at
Catawba Nuclear Station located near Clover, South Carolina. With renewal, the
original 40 year licenses for the four units will be extended for 20 years. The 20 year
extension moves the license expiration dates from 2021 for McGuire Unit [ and 2023
for McGuire Unit 2 to 2041 and 2043, respectively. In addition, the 20 year extension
moves the license expiration dates from 2024 for Catawba Uit | and 2026 for
Catawba Unit 2 to 2044 and 2046, respectively. Maintenance work is normally
performed during regularly scheduled refucling outages. No capacity upgrades of the
units are currently being planned.
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7. TRANSMISSION LINES AND OTHER ASSOCIATED FACILITIES UNDER
CONSTRUCTION

This section includes a list of transmission lines and other associated facilities (161 KV
or over) which are under construction or for which there are specific plans including the
capacity and voltage levels, location, and schedules for completion and operation.

The following table identifies construction cf one connection station for a project in
Duke’s transmission system.

PROJECT VOLTAGE LOCATION OF LINE CAPACITY | SCHEDULED
CONNECTION OPERATION
STATION

Carolina Power SO0 kv Guardian line-new Single circuit June 1, 2001
& Light — New connection station MecGuire to CP&L to

generation between McGuire Pleasant Garden —

(~800MW) Nuclear Station & 1666 MVA

Pleasant Garden, ~ 29 (No Upgrade)

miles from McGuire
(Rowan County)
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In addition, NCUC Rule R8-62(p) requires the following information for existing
{ransmission lines:

(1) For existing lines, the information required on FERC Form 1 pages 422, 423, 424, and

425.

Please see Appendix B for Duke’s 1999 FERC Form 1 pages 422, 423, 422.1, 423.1,
422.2,423.2,422.3,423.3, 424 and 425.

(2) For lines under construction, the following:

[

PER MmO ae @

commission docket number;
location of end point(s};
length;

range of right-of-way width;
range of tower heights;
number of circuits;
operating voltage;

design capacity;

date construction started;
projected in-service date.

Duke has no new transmission lines under construction.

(3) For all other proposed lines, as the information becomes available, the following:

TR e 00 o

county location of end point(s);

approximate length;

typical right-of-way width for proposed type of line;
typical tower height for proposed type of line;
number of circuits;

operating volitage;

design capacity;

estimated date for starting construction;

estimated in-service date.

Duke has no proposed new transmission lines.



8. GENERATION OR TRANSMISSION LINES SUBJECT TO
CONSTRUCTION DELLAYS

This section includes a list of any generation and associated transmission facilities under
construction which have delays of over six months in the previously reported in-service
dates and the major causes of such delays. Upon request from the Commission Staff, the

reporting utility shall supply a statement of the economic impact of such delays.

There are no delays over six months in the stated in-service dates.
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9. DEMAND-SIDE OPTIONS AND SUPPLY-SIDE OPTIONS REFLECTED IN
THE PLAN

This section includes a list of demand-side options and supply-side options reflected in
the resource plan.

ENERGY EFFICIENCY DEMAND-SIDE OPTIONS:
All effects of existing energy efficiency DSM programs listed below are captured in the
customer load forecast:

RESIDENTIAL SERVICE WATER HEATING - CONTROLLED/SUBMETERED
This program shifts a participating customer’s water heating usage to off peak periods
as determined by Duke. The program is currently available in accordance with rate
Schedule WC. The customer is billed at a lower rate for all water heating energy
consumption in exchange for allowing Duke to control the water heater.

EXISTING RESIDENTIAL HOUSING PROGRAM
This residential program represents Duke’s activities in the existing residential market
to encourage increased energy efficiency in existing residential structures. The
program consists of loans for heat pumps, central air conditioning systems, and energy
efficiency measures such as insulation, HVAC tune-up, duct sealant, etc.

In the past year, Duke reviewed two energy efficiency pilot programs:

Special Needs Energy Products Loan
Neighborhood Revitalization Program

The pilots were combined into one program, Special Needs Energy Products Loan
Program, effective February 24, 2000. This residential program represents Duke’s
activities in the existing residential market tc encourage increased energy efficiency in
existing residential structures for low income customers. The program consists of
loans for heat pumps, central air conditioning systems, and energy efficiency
measures such as insulation, HVAC tune-up, duct sealant, etc.
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INTERRUPTIBLE DEMARD-SIDE OPTIONS:

These existing interruptible DSM options are identified on line 12 of the Seasonal
Projections of Load, Capacity, and Reserves table. The interruptible DSM Options are
not included in the customer load forecast because load control contribution depends

upon actuation.

RESIDENTIAL LOAD CONTROL

This program is designed to provide a source of interruptible capacity to Duke at any
time it encounters capacity problems. For air conditioning control, participants receive
billing credits during the billing months of July through October for allowing Duke to
interrupt eleciric service to their central air conditioning systems. For water heating
control, participants receive billing credits each month for allowing Duke to interrupt
electric service to their water heaters. Water heating load control was closed to new
customers on January 1, 1993 in North Carolina and on February 17, 1993 in South
Carolina.

STANDBY GENERATOR CONTROL

This program is designed to provide a source of interruptible capacity to Duke at any
time it encounters capacity problems during the year.  Participants in the program
contractually agree to transfer electrical loads from the Duke source to their standby
generators when so requested by Duke. The generators in this program do not operate
in parallel with Duke’s system and, therefore, cannot “backfeed” (or export power)
into the Duke system. Participating customers receive payments for capacity and/or
energy based on the amount of capacity and/or energy transferred to their generator.

INTERRUPTIBLE POWER SERVICE

This program is designed to provide a source of interruptible capacity to Duke at any
time it encounters capacity problems during the year. Participants in the program
contractually agree to reduce their electrical loads to specified levels when so
requested by Duke. Failure to do so results in a penalty for the increment of demand
which exceeds a specified level. The program has not been available to new
pariicipants since 1992.

Projected data on the Interruptible DSM Programs are contained on the following page.
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9. DEMAND-SIDE OPTIONS AND SUPPLY-SIDE OPTIONS REFLECTED IN
THE PLAN, contimued

The Supply-Side Options selected for the expansion plan are subjected fo an economic
screening process to determine cost effective supply side technologies. The most viable
supply-side technologies are selected.

Vieble Supply-Side Options:

Canventional Technologies: (technologies in common use)
162 MW Combustion Turbine

482 MW Combined Cycle

600 MW Conventional Fossil

400 MW Gas Fired Boiler

1600 MW Pumped Storage

Demonstrated Technologies: (technologies with limited acceptance and not in widespread
use)

20 MW Lead Acid Battery

220 MW Compressed Air Energy Storage (CAES)

The most economically attractive technologies that were selected for expansion planning
analysis were:

162 MW Combustion Turbine
482 MW Combined Cycle
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10. WHOLESALE PURCHASE POWER COMMITMENTS REFLECTED IN
THE PLAN

1. Rockingham L.L.C. has constructed a gas-fired, five-unit, 750 MW generation facility
in Rockingham County, NC. Duke Power has a contract to purchase 600 megawatts
of capacity and energy generated by the power plant. The contract term began July I,
2000 and runs through the end of 2003, with options to extend through 2008.

2. Duke Power has acquired capacity purchase options of 250 MW from PECO Energy.
The contract term began in June 1998 and will continue through September 2001.
This contract is applicable during summer months only (June - September).

3. Duke Power has acquired capacity purchase contract of 302 MW from CP&L. The
contract term begins July 1, 2000 to May 31, 2001 at 302 MW. The contract capacity
then drops to 151 MW from June 1, 2001 to December 31, 2005.

4. Duke purchases 88 MW of capacity from Cherokee Cogeneration on an annual basis,
through June 2013.

5. Duke expects to purchase approximately 82 MW annually from other cogeneration
and small power producers as identified in Appendix C. These firm purchases will
decrease over time as contracts expire.
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[1. WHOLESALE POWER SALES COMMITMENTS REFLECTED IN THE
PLAN

Duke provides whelesale power sales under Schedule 10A. The load requirements of
Schedule 10A customers are reflected in the Seasonal Projections of Load, Capacity and
Reserves table. Sales in 1999 totaled 1347 GWH as reported in Duke Energy’s 1999
FERC Form 1 filing.
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