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ABSTRACT

Seasonal replacement energy costs are estimated for potential short-term
shutdowns of 108 nuclear electricity-generating units. These estimates were developed
to help the Nuclear Regulatory Commission establish regulatory policies, particularly
those requiring safety modifications that might necessitate temporary reactor shut-
downs. Cost estimates were derived from probabilistic production-cost simulations of
pooled utility-system operations. Factors affecting replacement energy costs, such as
random unit failures, maintenance and refueling requirements, and load variations, are
treated in the analysis. Seasonal costs are presented for the two-year period beginning
with fall 1984 and ending with summer 1986.
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FOREWORD

The Cost Analysis Group within the U.S. Nuclear Regulatory Commission Office
of Resource Management is available to help users apply the results presented here,
Please contact Richard Hartfield, Cost and Management Support Branch, U.8, Nuclear
Regulatory Commission, Washington, D.C. 20555, (202) 492-7834. The data on whieh this

work is based are expected to be updated periodically so that costs ean be estimated
beyond 1986.
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REPLACEMENT ENERGY COSTS FOR NUCLEAR ELECTRICITY-GENERATING
UNITS IN THE UNITED STATES

by
J.C. VanKuiken, W.A. Buehring, and K.A. Guziel

SUMMARY

PURPOSE

This report presents estimates of replacement energy costs for nuclear
electricity-generating unit, in the United States. The estimates can be applied to short
term outages between the fall of 1984 and the summer of 1986. The research reported
here was sponsored by the Cost Analysis Group of the U.S. Nuclear Regulatory
Commission (NRC). The information was developed principally for the NRC (o use in its
regulatory impact analyses, specifically analyses that examine the impacts of proposed
regulations that require retrofitting or safety modifications of nuclear reactors. Such
actions might necessitate shutdowns of nuclear power plants while changes are
implemented. These estimates may also be useful in other NRC licensing and regulatory
decisions.

RESULTS

Replacement energy costs were calculated for all 108 nuclear generating units
expected to be operating in the study period. Results are given in Table S.1 and grouped
according to the nine regions of the North American Electrical Reliability Couneil
(NERC). A map of these regions is shown in Fig. S.1.

For most regulatory analyses, Table S.1 should provide an adequate basis for
estimating a replacement energy cost for a specific outage. The analyst must inde-
pendertly estimate the expected length and timing of the short-term outage. For
example, if a proposed regulation were expected to cause the Comanche Peak 1 reactor
to be shut down for two weeks in the fall of 1985 for safety modifications, the analyst
would multiply 14 times the daily replacement energy cost for Comanche Peak for fall
1985 ($709,000) given in Table S.1. The resulting replacement energy cost of $9,926,000
is in 1984 constant dollars. If the analyst is expressing costs and benefits in 1984 present
worth, this value must be discounted one year by the real discount rate.

APPLYING THF RESULTS

The analyst is urged to review this report in its entirety to better appreciate the
assumptions on which these estimat s are based. Greater care should be used in applying
these estimates to shutdowns of a year or more because in such cases utilities would
probably seek out more-optimum solution® to the loss of a nuclear reactor. Long-term
adjustments of this nature are not included in this analysis.




TABLE 8.1  Average Daily Replacement Energy Cost for 108 Nuclear Reactors, by
Season® (103 undiscounted 1984 dollars per day)

NERC Reglgn Fall Winter Spring Summer Fall Winter Spring Summer
and Unit 1984 1984/85 1985 1985 1985 1985/86 1986 1986

ECAR
Beaver Valley 1|
Beaver Valley 2
Big Rock Point 1
Donald C. Cook 1
Donald C. Cook 2
Davis-Besse |
Enrico Fermi 2
Midland 2
Palisades |
Perry 1

ERCOT
Comanche Peak 1
Comarnche Peak 2

MAAC
Calvert Cliffs |
Calvert Cliffs 2
Limerick 1
Oyster Creek |
Peach Bottom 2
Peach Bottom 3
Salem |
Salem ¢
Susquehanna |
Susquehanna 2
Three Mile Island 1|

MAIN
Braidwood 1
Byron 1|
Byron 2

Callaway |

Dresden 2

Dresden 3

Kewaunee |

LaSalle |

LaSalle 2

Point Beach 1

Point Beach 2

Quad-Cities 1|

Quad-Cities 2

Zion 1

Zion 2

MAPP
Duane Arnold |
Cooper |
Fort Calhoun 1
LaCrosse 5
Monticello 1|




TABLE S.1 (Cont'd)

NERC Regéon
and Unit

Winter
1984 /85

Spring
1985

Summe r
1985

Fall
1985

Winter
1985/86

Spring
1986

MAPP (cont'd)
Prairie Island 1
Prairie Island Z

NPCC
Fitzpatrick 1
Ginna 1
Haddam Neck 1
Indian Point 2
Indian Point 3
Maine Yankee |
Millstone 1
Millstone 2
Millsione 3
Nine Mile Point 1|
Pilgrim 1
Seabrook 1|
Shoreham |
Vermont Yankee !
Yankee Rowe 1

SERC
Rrowns Ferry 1
Browns Ferry 2

Browns Ferry 3
Brunswick |

"

Brunswick 2
Catawba 1
Crystal River 3
Farley |
Farley 2
Harris 1

Hatch 1

Hatch 2
McGuire |
McGuire 2
North Anna |
North Anna 2
Oconee |
Oconee 2
Oconee 3
Robinson
Sequoyah
Sequoyah

St. Lucile

St. Lucie 2
Surry 1

Surry 2

Turkey Point 3
Turkey Point 4
V.Ces Summer |
Watts Bar |

4
475
346

1€
» A

331
331
331
275
297
297
450
431
285
285
435
435
357
301




TABLE 8.1 (Cont'd)

NERC Reglgn Fall Winter Spring Summer Fall Winter Spring Summer
and Unit 1984 1984 /85 1985 1985 1985 1985/86 1986 1986

SPP

Arkansas Nuclear
One 1

Arkansas Nuclear
One 2

Grand Gulf |

River Bend |

Waterford 3

Wolf Creek 1

wWs5CC
Diablo Canyon | 2 868
Diablo Canyon 2 887
Fort St. Vrain | 47 44
Hanford N y 122
Palo Verde 1| 847
Palo Verde 2 847
Rancho Seco | 696
San Onofre | 288
San Cnofre 2 778
San Onofre 3 778
Trojan 1 167
WNP 2 172

835eason definitions: Spring, March through May; Summer, .June through August; Fall,
September through November; Winter, December through February.

ECAR East Central Area Reliability Coordination Agreement,
ERCOT Electric Reliability Council of Texas,

MAAC Mid-Atlantic Area Council,

MAIN Mid-America Interpool Network,

MAPP Mid-Continent Area Power Pool,

NPCC Northeast Power Coordinating Council,

SERC Southeastern Electric Reliability Council

SPP Southwest Power Pool, and

WSCC = Western Systems Coordinating Council.

The analyst must also consider the planned outages of the reactor (s ..:duled
maintenance and refueling) and the possibility of shifting these scheduled outages to
coincide with an NRC-imposed shutdown. To the extent that planned outages coincide
with mandated shutdowns, the replacement energy cost attributable to the NRC-imposed
shutdown is effectively reduced. Although the results in Table S.1 are based on nominal
maintenance and refueling schedules for all units, costs for each unit have been adjusted
to reflect the full costs of shutdown, had that unit been in service for each entire season
after its start-up date. This adjustment allows the analyst to examine alternative
shutdown timings without having to assume a predetermined maintenance schedule for
the reactor of interest. As a result, the seasonal results cannot be summed to determine
annual costs. Section 3 describes a procedure for estimating annual shutdown costs under
alternative maintenance and refueling assumptions.




ECAR MAIN
East Central Area Rehabllity Mid-America

Coordination Agreement Interpool Network
ERCOT MARCA

Electric Rellability Mid-Coantinent
C '

Council Texas Coordinatior

MAAC NPCC
Mid-Atlant Area Councl Northeast P

wdinating

FIGURE S.1 North American Electric Reliability Counecil
(NERC) Regions

Some planned reactors may not meet announced start-up pians. However, it was
necessary to use the anticipated dates as of the time of final simulations (approximately
June 1984). For small changes in start-up times, the tabulated results can be ad) isted
according to guidelines described in Seec. 3. For longer delays in start-ups, simple
adjustments are more difficult to perform and selected updates of the analyses may be
warranted. Appendix A lists the reactor start-up dates assumed in this analysis.

Finally, the effect of multiple shutdowns and the availability of additional
economy purchases for replacement energy costs are not fully reflected in these
results. An example in App. B illustrates the potential for multiple shutdowns to
increase replacement energy costs. However, the magnitude of these effects is expected
to be predominantly case-specific, and care shculd be taken in applying the results for
shutdowns in one generating system to other generating systems. Economy purchases
from outside the power pool (a group of closely linked utilities) are assumed to remain
fairly constant in short-term shutdowns. Instead, higher priced emergency purchases are
assumed to satisfy any energy demands that cannot be met within the generating system
of interest, given that scheduled purchases remain fixed. If significant sources of

additional economy purchases were made available during a shutdown, the overall costs
of replacement energy would be reduced.




1 INTRODUCTION

This report presents estimates of seasonal replacement energy costs for short-
term outages of all 108 U.S. nuclear electricity-generating units that are operating or
are expected to be operating by the summer of 1986. This information was developed
principally for the U.S. Nuclear Regulatory Commission (NRC) to use in its regulatory
impact analyses, specifically analyses that examine the impacts of proposed regulations
requiring retrofitting or safety modifications of nuclear reactors. Such actions might
necessitate shutdowns of nuclear power plants while changes are implemented. The
change in energy cost represents one factor the NRC must consider when deciding
whether to require a particular modification.

Replacement energy cost refers to the change in generating system production
cost that results from shutting down the reactor of interest. The change in production
cost is determined from the difference between the total variable costs (variable fuel
cost, variable operation and maintenance cost, and purchased energy cost) when the
reactor is available for generation and when it is not. Changes in capacity expansion
plans are not consider~d feasible responses to short-term shutdowns.

The production-cost results presented in this report are based on probabilistic
simulations of power pools rather than individual utilities. Pcwer pools range from
groups of tightly linked utilities with central dispatch «: generating units to groups of
nearly independent utilities with cooperative agreements for power interchange under

various circumstances. Power pool simulations yield more realistic estimates of
replacement energy costs than do individual utility simulations because economy energy
exchanges within each pool are automatically taken into account. In addition, any
transfer payments between utilities are eliminated (e.g., payments for energy supplied
that pay not only the seller's cost of production but also 50% of the savings incurred
because the buying utility did not generate the electricity itself).

The replacement energy cost for a particular hypothetical reactor shutdown was
determined from two production-cost simulations, as shown in Fig. 1.1: (1) a case in
which all units, including the reactor of interest, operate normally and (2) a similar case
in which all units operate normally except the reactor of interest, which is assumed to be
unavailable for generation. To provide a consistent basis for comparison, a uniform set
of assumptions is used in both cases. This consistency is important because results are
not meaningful unle:. assumptions about key parameters (e.g., load growth, fuel prices,
expansion plans) are identical in both cases. Maintenance schedules for all units in the
power pool were also the same in both cases. Replacement energy costs were deter-
mined on a seasonal basis over the two-year interval of fall 1984 through summer 1986
(September 1984-August 1986).

A production-cost model was used to calculate the generation expected from
each unit in the power pool and the associated costs of that generation. Determining
reasonably accurate generation costs for a system of units with diverse characteristics
requires the use of a production-cost model because so many complex factors influence
costs. These factors include random forced outages of generating units, variation of
system load over time, maintenance and refueling schedules, loading order,




bttt Iinitial conditions
Lid111 %
Jt ;:gs?.m end
power pool casumptions je
. as t
characteristics ey
reactor outage

|
Production—cost analysis
of affected power poo!

Simulations Simulations
with with
reactor reactor
operating unavallable

Sensitivity studies

L

Comparison of {
production—cost simulations

Al

Estimate of
production—cost
increase
attributable to
reactor cutage

FIGURE 1.1 Procedure for Determining
Production-Cost Increases due to
Reactor Outage

representation of generating units with limited energy supply (e.g., hydroelectric units),
and various practical operating conditions. Some of the power pools simulated comprise

several hundred generating units. Thus, a unit-by-unit determination of the additional

generation made necessary by a reactor shutdown is a nontrivial problem.

A more detailed portrayal of the procedure used for the calculations is shown in
Fig. 1.2. The Automated Data Assembly Package (ADAP) was used to prepare very
detailed data sets for each case study. These data sets were input to the production-cost
mode! ICARUS (Investigation of Costs and Reliability in Utility Systems), which is an
cient algorithm for calculating production costs for large utility systems and groups
[ utility systems. Two ~omplete simulations were performed with these procedures for

108 nuclear generating units scheduled to be operating befcre summer 1986:

one
ation with the reactor of interest operating and one with it shut down.

lhe

replacement energy costs presented in this report are more accurate than

prepared with informal estimating techniques but less accurate than costs
1ined from a comprehensive studv of

es

a8 particular reactor. A comprehensive study
outage for a particular reactor would probably be based on more-
l, specific data about factors that can affect replacement energy cost, such as

iintenance schedules and reactor capacity factors. For exam le, the results
F

I

erm

i are based on the assumption that a!l reactors have approximately the
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same annual capacity factor. In some csses, different reactor capacity factors may be
justified, especially over a short period. Changing the capacity factor will affect the
replacement energy cost for the designated reactor as well as for every other reactor in
that power pool.

Another note of caution is giver about assumed dates of commercial operation
for new units. At the time this study was performed, the most up-to-date projections
were obtained from North American Electric Reliability Couneil (NERC) reports, pub-
lished in April 1984.1°%  As time passes, however, some reactors could encounter
additional delays. The results for such reactors can easily be modified by assuming no
replacement energy cost for periods before the revised start-up date. However, costs for
other reactors in the same power pool are based on the earlier commercial operation
date. Therefore, a delay in commercial operation of any reactor will tend to increase
replacement energy costs for other reactors in the same power pool.

The cautionary notes listed above demonstrate that there is no substitute for an
up-to-date, detailed production-cost analysis to determine replacement energy costs.
Nevertheless, the NRC needs reasonable estimates for replacement energy costs as one
input to regulatory decision making. These estimates should be sensitive to important
variables, such as seasonal variation of load, mix of generating capacity in the power
pool, fuel prices, performance characteristics of generating units (e.g., heat rates, forced
outages), and the effects of maintenance scheduling. The results presented here serve
that purpose.

The remainder of the report is organized as follows. Section 2 outlines the
method of analysis, some important assumptions, and key references. Section 3 provides
a brief characterization of every power pool with an operating nuclear unit, information
for interpreting the results given in Sec. 4, and some sample calculations to demonstrate
how those results can be manipulated. Section 4 presents the results for each nuclear
unit. A one-page table is devoted to each of the 108 reactors. Section 5 lists some
observations based on the results of the study. The appendixes list actual operating data
for U.S. reactors and present the results of one case study in which multiple reactors in
the same power pool are shut down.




2 METHODS OF ANALYSIS

This section briefly describes the modeling tools, data sources, and repre-
sentations that were used to estimate replacement energy costs for short-term reactor
shutdowns. Only summary information is provided because this study incorporated many
parameters. Wherever possible, references are noted to provide background information
and sources of data. Key assumptions that have a major influence on estimated costs are
bighlighted.

2.1 MODELING TOOLS: AN OVERVIEW

Probabilistic production-cost and reliability simulations of electrical generating
systems were used for estimating replacement energy costs. Two modeling tools formed
the basis for most of the analysis. One is ICARUS, which &)erforms the probabilistic
simulations for a particular generating system representation. O The other is ADA P, an
automated data assembly package that contains data preparation features and an
extensive data base of electric utility systems.

2.1.1 Production-Cost and Reliability Analysis

The ICARUS model is similar in most respects to conventional production-cost
and reliability models used to examine electric utility performance and costs. It
probabilistically treats system load variations and unscheduled (forced) outages.
Maintenance schedules (and reactor refueling schedules), heat rates, costs, and forced
outages are considered for each unit. The model also includes representations for
operational criteria or constraints such as unit loading priorities and spinning reserves.

I'he primary difference between ICARUS and more-conventional production-cost
models is ICARUS's greater computational efficiency, which allows large systems to be
simulated at reasonable costs. This efficiency was an important consideration in this
study because all 108 reactors had to be examined individually in the context of
operations within 21 different eleetric power pools. Some power pools consisted of
nearly 300 generating units, all of which were treated separately in the calculations of
system generation, fuel use, and costs. Furthermore, each reactor case study consisted
of simulations for two years of study divided into 24 equal periods per year.

'he ICARUS model uses a simplified ca'culation of the energy commitments for
individual units and provides a high degree of accuracy and stability compared to
( ot

conventional mc-'hods.” With the computational advantages of this approach, power

pocls can be characterized in sufficient detail for the examination of replacement energy

costs. Results obtained from the model inelude fuel consumption by unit and fuel type,
energy generation by unit and fuel type, the corresponding fixed and variable costs, and
reliability parameters such as loss-of-load probability and emergency purchases.

Replacement energv costs were determined for each reactor by comparing

results from two simulations, one in whiech the unit is available except for forced outages




and maintenance, and one in which the unit is shut down for the entire study period.
Differences in total production costs were then calculated for each season and converted
to units of mills per kilowatt-hour and average dollars per service day. These con-
versions were based on the kilowatt-hours of generation from the unit in question and the
date of commercial operation assumed for new units. Costs for periods of planned main-
tenance were then adjusted to reflect the shutdown costs that would have occurred if the
unit had not been scheduled out of service (see Sec. 2.3.2). This step eliminates gaps in
the cost results caused by assuming a particular maintenance schedule, and it allows the
resuits to be applied to alternative timings of reactor shutdowns.

2.1.2 Electrical Generating System Data

A data base of electrical generating systems was developed to provide the
necessary representations for simulating power pools. One portion of the data base, the
Argonne Power Plant Inventory, contains a comprehensive inventory of individual
generating units in the United States. Information on approximately 13,000 facilities is
stored in the data base. The U.S. Department of Energy's (‘.eneratmq Unit Reference
File (GURF) was used as = starting point for construeting the inventory. !

l'he original GURF file was substantially modified to correet errors and update
the information according to recent publications. The GURF data for each unit were
compared with similar data from the NERC 1983 regional reports on bulk power
Supp y' ™ to verify that the inventory listed all units and correctly reported the major
characteristics of each unit.* The primary characteristics of interest included unit size
and type, primary fuel type, current operating status (e.g., in service, retired, under
onstruction), and the expected dates of installation or retirement,

Each unit in the inventory was also cross-referenced by company name, power

ol, and NERC region.** The cross-references allow system representations to be based

on single utilities, groups of utilities, power pools, or entire NERC regions. Replacement

energy costs in this study were be-:d on power pool simulations to account for potential

energy exchanges between centrally dispatched or coordinated utility systems. There

fore, the reported costs are not those of a single utility, but instead the net costs in the
ntext of pooled operations.

'he power plant inventory is coupled with a complementary data base of opera
characteristies for generating units, load data, and data assembly software that

*

tes the preparation of coded system representations. Operational characteristics

L8
generating units include forced outage rates, scheduled maintenance requirements

weeks required to be out of service), heat rates, fuel costs, variable operation and

* T

e 1984 editions of the NERC reports were published in time to be used for updating

ad projections and planned commercial operation dates, but not in time to review the

nventory.

and NERC regions are defined in See. 2.3.
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maintenance (O&M) costs, and fixed O&M costs. Load data include monthly load dura-
tion curves that match published load projections. Sources of data for these parameters
are identified in See. 2.2.

The entire collection of utility data and software is called ADAP, for Automated
Data Assembly Package. In response to user-defined commands, the package selects the
appropriate set of generating units and loads, assigns the operational characteristics, and
formats the coded information for direct use by the production-cost and reliability
model, ICARUS. The user can then adjust the information to include case-specific
factors or to depart from portions of the default parameters.

2.2 PRIMARY DATA SOURCES AND COST ASSUMPTIONS

This section identifies the primary sources of data used to determine installed
capacity and assign operational characteristics, costs, loads, and external energy
transfers. Because this analysis incorporated many parameters, only the most critical
values are reported here. Most parameters not explicitly tabulated in this report can be
found or derived from the cited references.

2.2.1 Power Plant Inventory

As previously mentioned, unit data for the Argonne Power Plant Inventory were
verified primarily on the basis of the 1983 reports on bulk power supply from each NERC

rm,;mn.1 9 Additional efforts were made to resolve fuel designations for "dual-fueled"
steam units. These units are designed with the capability for using two fuels, usually
natural gas and residual oil. In some regions the dual-fueled capacity represented a
significant fraction of the total capability and the "primary" fuel designation did not
adequately characterize the current fuel option. For these regions, unit-specific fuel use
reports were consulted to assign the appropriate fuel typf’.‘2

Commercial start-up dates for nuclear reactors were taken from the 1984
editions of the regional North American Electric Reliability Council (NERC) "oports.]
gsince they were published in time to permit a limited number of updates to the inventory.
For a few cases in which the start-up dates listed in Nuclear \'ewﬁi13 were later than
those in the NERC reports, the later dates were interpreted as an indication of recently
encountered delays in construction schedules. In these cases the later dates were
adopted. Capacities for nuclear units were changed to conform with the sizes reported
by the NRC. 4,15 These values were selected to match the standard reference values
likely to be used by the NRC staff. However, in a few cases these values do not conform
with the definition for maximum dependable capacity (net megawatts), which should be
the net dependable capacity rating for either winter or summer, whichever is smaller.

'he NRC Summary Information Report 14 adopts the design capacity ‘or planned
units, a fact that may explain some of the differences between it and NERC sources.
For example, the NRC report shows the two Braidwood reactors as being 1120-MW units,
while the NERC report from Mid-America Interpool Nv'wnrk4 rates them at 1090 MW
for the summer and 1120 MW for the winter. Differences also occur for operating




reactors such as Unit 1 of the Duane Arnold plant. The NERC report from Mid
Continent Area Power Pool” rates that unit at 500 MW net dependable capacity in
summer and 510 MW in winter. The NRC report, Licensed Operating Reactors,'” rates
the Duane Arnold unit at 515 MW. Although there were some discrepancies such as
these, the NRC capacities were adopted and used throughout the two-year study period
without seasonal adjustments.

Appendix A lists the reactors considered in this study along with their assumed

capacities, operation dates, and, for reference, their historical cumulative capacity
factors. Historical capucity factors were not used in this study (see Sees. 2.2.2 and

2.3.1).

2.2.2 Generating Unit Characteristics

Unit operating parameters that must be specified include forced outage rates
(FORs), heat rates, and routine scheduled maintenance requirements (which include
refueling periods for nuclear units as well as the standard unit maintenance). For non
nuclear technologies, these parameters were assigned as a function of unit type (e.g.,
steam turbine, diesel, ga: urbin ini size, fuel type, emission control type, and

regional location. hus, while ¢ operating characteristics are somewhat generic

Decaus” the) ‘¢ based on regional or national averages, they are sensitive to the key

factors that nit performance. In the case of nuclear facilities, standard values

for FORs and maintenance were adopted, while heat rates were based on unit-specific

data.

Foreced t » rates were primarily derived from the NERC annual report on
equipment a\ 'he "equivalent forced outage rate" was used in the calcu
lations to account for partial outages, or deratings, as well as full unscheduled outages.
lhese outage rates vary by unit type, unit size, and fuel type. For coal units with flue
gas desulfuriz: systems, outage rates were adjusted to reflect the additional impact
that emission controls have on unit failures. The equivalent FOR for nuclear units (of all
sizes) was f xed at 21.7%, agreement with data from Eleetric Power Research
Institute (EPRD." When coupled with the maintenance and loading assumptions
described later in this report, the 21.7% FOR vields a more conservative estimate of
annual availability than the overall NERC average FOR of 17.4%. With a 21.7% FOUR,
the maximum annual capacity factor for nuclear units ranges between 57% and 62%. The
lower FOR of 17.4 would allow maximum annual capacity factors to range between
60% and 65%

Heat rates fo - 1its were assigned fro $ vary according to
region and unit size, ats ir other types of n« uclear units vary by size and fue
type but not by regilon. ) | iations for | r ; lifferences in coa
quality (e.g., ash, sulfur, ¢ h pif ‘ | supply patterns for various

regions.

Heat rates for existing nuclear units r SIg on the basis of plant-gpecific

1
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rormation to assign un ecifie '§ ACCO| ‘ *t, for variations that




occur as a result of reactor design differences. While heat rates for a given unit can
change from year to year as a result of different operating conditions, these variations
are expected to be less significant than those arising from differences in reactor designs.

In cases where data were missing or capacity factors were too low to provide
reliable estimates, the heat rates reported for 1981 were selected.zo The few remaining
unresolved cases were assigned heat rates on the basis of average data from the U.S.
Department of Energy's (DOE's) Update on nuclear data and summary information.
Because Form 1 data are reported for plants, not units, identical heat rates were
assigned to multiple units at a given . ite.

Heat rates for planned nuclear units were chosen to match those of similar
existing units in the same utility or power pool. If there were no existing units with
similar design characteristics in the same power pool, then heat rates from similar units
in a neighboring pool were adopted. The final heat rate assignments are shown in the
tables for each unit in Sec. 4. The values range from 10,275 to 14,090 Btu/kWh

With a few exceptions, scheduled maintenance characteristics were taken from
EPRI estimates.” "*'” These estimates vary according to unit type and fuel type but are
uniform across all regions of the United States. Steam units fueled by coal, oil, or gas
also show variations with unit size, whereas other types of units (e.g., diesels, combustion
turbines) have uniform maintenance specified for all unit sizes. On the basis of NERC
data, existing nuclear units were assigned 76 days of maintenance per year,* which
includes allowances {or both refueling and routine servicing. This planned outage period,
which is longer than EPRI's estimate of 47 days, provides a more reasonable average for
the maximum unnual capacity factor (62%) when coupled with the forced outage rate
assumption of 21.7%. Other simuic.ted loading constraints result in nominal capacity
factors of about 57%. Routine maintenance and refueling for new units is not scheduled
until their second year of operation.

2.2.3 Overview of Cost Assumptions

All costs presented in this report are given in undiscounted 1984 dollars. The
primary components include variable costs for fuel, O&M, and emergency purchases.
Capital costs, fixed O&M costs, and the fixed component of nuclear fuel costs are
assumed to be constant over short-term shutdowns tor a given reactor.** Hence these
components do not contribute to the total costs of replacement energy. This assumption
would not hold under longer-term shutdown conditions that could affect (1) fixed costs
for the reactor in question or (2) capital expenditures for new or accelerated con-
struction. Zero real escalation rates were assumed for all cost components except
nuclear O&M costs. Unlike other cost components, nuclear O&M costs have escalated
rapidly during the recent past.

*The NERC outage factor of 19.72%/yr actually translates into 72 d/yr. However, in
the context of 24-period/yr simulations, a maintenance duration of
he closest approximation (76 d) to the NERC estimate.

5 periods results in

**Fuel costs for fossil-fuel-fired units are assumed to have no fixed cost component.




Fossil fuel prices for each power pool were based on a summary of unit-specific
costs for facilities of 50 MW or larger.r The prices that were used are tabulated with
the power pool characterizations in Sec. 3 Differentiating costs by power pool is
important because the pools differ significantly in produetion, processing, and
transportation costs, as well as in contractual purchase agreements. The Report of Cost
and Quality of Fuels for Electric Plants (Ref. 12) summarizes the information reported
on FERC Form 423, a mandatory report submitted monthly to the DOE's Energy Infor-
mation Administration. In a few cases where power pool areas conform to state
boundaries, the averages were obtained directly from Electric Power Monthly.22 This
DOE report tabulates the FERC Form 423 data in state and regional summaries for major
fuel categories. Averages from this report were used only when fuel-use patterns were
homogeneous within a major fuel category. The unit-specific listings were used to
develop quantity-weighted averages when differentiation was required (e.g., between
bituminous and subbituminous coal prices).

Fossil fuel prices were average prices for each power pool rather than actual
unit-by-unit prices. Averaging prices reduced data coding requirements and eliminated
some of the unit-specific sensitivities to variations in monthly fuel prices. An
examination of several consecutive monthly reports showed that the average fuel prices
tended to be quite stable, whiie unit-specitic costs often varied significantly due to
factors such as contract expireticns, escalation clauses, and spot market conditions. In
lieu of extensive fuel pricing studies of specific units, power pool averages eliminate
some of the biases that would be introduced throughout the study period for unit cost
rankings and associated loading levels.

Nuclear fuel costs were based on 1982 plant-specific data from FERC Form 119
Gross National Product (GNP) price deflators were used to estimate the costs in 1984
dollars.23 As with heat rate estimates, there are inherent uncertainties in assigning fuel
costs based on a single year of recorded data. However, nuclear fuel costs do vary
significantly because of many unit-specific factors such as contract arrangements for
uranium supply, enrichment services, and transportation requirements. Although changes
in the future (such as contract expirations) may cause unit-specific costs to change, the
time frame of this analysis is sufficiently limited (fall 1984-summer 1986) that dramatic
changes are not likely to occur. If replacement enc gy costs are estimated for the period
beyond summer of 1986, a reevaluation of each unit's fuel cost would be warranted.

[he same steps were taken to fill in missing data and characterize costs for
planned facilities as were described for heat rate assignments. Additional steps were
needed to estimate the fixed component of nuclear fuel costs so these costs could be
properly accounted for in the shutdown studies. The fixed component is associated with
fuel inventory carrying charges and is not avoided in short-term shutdowns.

According to EPRI estimates for 1985, the fixed component represents 20% of
the total fuel costs,!” The actual 1982 fuel costs for each plant were normalized for a
97% capacity factor, corresponding to the nominal factor used in the simulations. Only
the variable fuel component, representing 80% of the total costs, was assumed ‘o be
avoided in the shutdown cases.
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Variable operation and maintenance (O&M) costs, except those for nuclear units,
were determined from EPRI Regional S stems. |8 Again, GNP price deflators were used
to adjust the costs to 1984 dollars.?d Zero real escalation rates were assumed for
nonnuclear O&M costs.

For coal units, variable O&M costs are differentiated according to coal type,
emission control op:ion, and region. Costs range ‘rom 1.2-5.0 mills/kWh, with the lowest
costs occurring for high-sulfur coal units without flue-gas desulfurization (FGD)
equipment. The highest variable O&M costs are assigned to high-sulfur units with FGD
systems. Low-sulfur coal units are assigned costs of 1.7-2.7 mills/kWh, with the higher
costs being associated with FGD systems. Regional variations within these ranges
reflect relative differences in average coal quality between regions.

Variable O&M costs for oil- and gas-steam units were uniformly set at 2.1
mills/kWh, combustion turbines were assigned 3.8 mills/kWh, and diesel units were
assigned 8.9 mills/kWh. Although the cost for diesels is relatively high, these unite
typically generate a small portion of total demand and a small fraction of replacement
energy. Therefore, the contribution from these units to total dollar costs is typicall
small.

As explained previously, fixed costs do not contribute to the replacement energy
costs for short-term shutdowns. However, for reference, the fixed O&M costs* for coal
units range from $5.4-12.5/kW-yr for high-sulfur non-FGD units, $13.0-24.0/kW-yr for
high-sulfur FGD units, $9.2-18.3/kW-yr for low-sulfur non-FGD units, and $14.2-23.0/kW-
yr for low-sulfur FGD units. Unit size is the primary cause for variation within these
categories. Fixed O&M costs for oil and gas units were set at $1.8-3.2/kW-yr,
combustion turbines were assigned $0.4/kW-yr, and diesels were assigned $8.3/kW-yr,

Nuclear O&M costs were derived fror2n DOE's Update and were applied uniformly
to all nuclear units in the shutdown study. 1 In contrast to other cost components,
nuclear O&M costs have shown a high rate of real escalation in the recent past. After
adjusting for inflation (using GNP price deflators), the average cost ranged from 3.8
mills/kWh in 1977 to 8.8 mills/kWh in 1982,** an average annual increase of 18%/yr. For
any multiple-year period ending in 1982, the average annual escalation ranges between
16%/yr and 21%/yr. The value of 18%/yr, which occurred over the six-year period from
1977 to 1982, was selected as a representative estimate for real escalation of nuclear
O&M costs.

As with fuel costs, nuclear O&M costs must be differentiated between fixed and
variable components. Estimates for the percentage split differ widely; estimates for the
variable component range from a low value of 0.2%%% to a high value equal to the annual
plant capaecity factor! (i.e., 57% under assumed reactor characteristics). The Energy
Information Administration estimates that fixed costs represent about 80% to 90% of
total O&M costs.?® For this study, a value of 80% was selected for fixed nuclear O&M

*Fixed O&M costs are differentiated by uiit size, in addition to the other distinetions
made for variable O&M costs.

**Costs for 1982 were the most recent available from Ref. 21.
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costs. The result for 1984 was total O&M costs of 12.3 mills/kWh, variable O&M costs of
2.5 mills/kWh, and fixed O&M costs of 9.8 mills/kW. With an annual capacity fretor of
57%, the fixed component transiates into $49.0/kW-yr.

Variable costs are assigned to emergency purchases, which are defined here as
the portion of energy demand that cannot be satisfied by the power pool or firm
purchases.* This portion of energy demand is assumed to be supplied from an inter-
connected system, at costs typically higher than those of firm purchases. In this study,
the costs of emergency purchases are based on the average total variable costs (variable
O&M and fuel costs) for combustion turbines and oil-steam units. The result is an
average cost of 66 mills/kWh, which was applied uniformly to all of the power pools.
Emergency purchases tend to represent a small component of total replacement energy
costs because most replacement energy is supplied by units within the power pool under
investigation.

Firm purchases and firm sales were assumed to be constant for each power pool,
partly because t} ' shutdowns being studied were short-term and partly because there
were no supportive . 1ta showing the extent to which interpool exchanges and costs would
change under altern:‘ive shutdown conditions. Purchases and sales are particullﬂy
difficult to treat consistently if shutdowns occur simultaneously in interconnected power
pools, especially pools that would normally provide each other with economy exchanges.
For short-term shutdowns and large pools of generating units, however, a reasonable
approach is to fix the firm purchases at a constant value in each pair of simulations (one
with the uiit operational and another with the unit out of service). The effects of
shutdowns on economy exchanges within a power pool are accounted for directly in the
production-cost simulations. Emergency transfers are !ikely to be supplied by higher-
cost units outside the pool; hence, oil-steam and combustion turbine costs are used as a
basis for calculating costs of emergency purchases.

2.2.4 Energy Demands

This report specifies electricity demands for each power pool in terms of
monthly peak loads, load duration curves, and load growth rates. These load chur*s
teristics were constructed primarily from data published in regional NERC reports.
The load data account for transmission losses as well as projected customer demands.
Relative monthly peak loads (fractions of annual peak) and monthly load factors** were
derived from monthly peak hour demands (reported in megawatts) and net energy
(reported in gigawatt-hours) for each power pool for 1984. The monthly load factors

*Firm purchases are typically determined far in advance (i.e., a year or more) aceording
to projected loads and generator aveilabilities., Economy purchases are arranged with
shorter notice (i.e., days or hours) in response to relative costs among interconnected
systems. Emergency purchases may be conducted with only a few minutes notice or
less to avoid system failures or disruptions in service.

**The monthly load factor is defined as the monthly net energy divided by the product of
monthly peak hour demand times the number of hours in the month (with appropriate
conversion of gigawatt-hours to megawatt-hours if peak load is given in megawatts).
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were used to select cumulative lcad duration curves* from EPRI-based data.!® These
selected load duration curves fit closely with total monthly and annual energy demands
reported by the NERC regions.

The actual peak loads (expressed in megawatts) used in this study were based on
projections for 1984 through 1986. The 1984 annual peak loads were identified from the
monthly peaks projected for 1984. These values were preferred over summer and winter
annual peaks because only the monthly peaks cover the full calendar year. Annual peak
loads for 1985 and 1986 were derived by escalating the assumed 1984 peak according to
the average annual growth rate over the 1984-1986 period. Monthly peaks for 1985 and
1986 thus have the same relative monthly load fractions as those for 1984. The annual
load factor and normalized monthly profiles were assumed to remain unchanged over the
study period, even while peak loads change. For short-term studies this assumption is
reasonable. However, for longer-term studies, the trends in energy demands and
potential load management policies must be considered for their possible impacts on
aunual and monthly load characteristics.

2.2.5 Energy Transfers Between Power Pools

Energy transfers between power pools can significantly affect replacement
energy costs. However, the dynamic nature of power pool operations and interactions
makes it difficult to predetermine the timing and magnitude of transfers. For many
pools, economy energy exchanges are determined only days or hours in advance. Such
exchanges occur in response to unit availabilities and load levels that are influenced by
random factors such as unit failures and weather conditions. Emergency transfers may
be implemented with even shorter notice. Firm capacity differs from economy and
emergency exchanges in that contractual agreements for firm capacity may be reached
far in advance of actual transfers.

The NERC has indicated that, in many regions, transmission constraints "limit
the ability of utilities to take adventage of all the available economy energy."“ Such
constraints especially affect power pools with the greatest incentives to engage in
transfers. Power pools that depend heavily on expensive oil- or gas-fired generation are
most likely to seck purchases from lower-cost sources in neighboring power pools. In
these areas, however, transmission lines "a“ being operated at or near their maximum
reliable loading levels most »f the time." Thus if reactors in these areas are shut
down, replacement energy is not likely to be served by additional economy purchases, but
instead by higher-cost units within the affected power pool. In other areas, the price
differential between potential purchases and internally generated replacement energy is
not as significant, so the overall costs for replacement energy are not as sensitive to
economy transfer assumptions.

*Cumulative load duration curves portray the cumulative probabilities of load
occurrences as a function of the possible load levels. These curves provide the basis for
probabilistically combining generating unit aveilabilities with load variations.
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Intrapool exchanges were modeled implicitly in the production-cost simulations.
For most power pools considered in this study, however, external energy transfers were
predefined on the basis of NERC estimates.2’ The NERC annual summary report
tabulates net imports (total imports minus exports) projected through 1992, which
represeat, approximately, the firm contracts for energy exchanges. Ecoromy and
emergency transfers were handled indirectly for most power pools by assigning variable
costs to the portion of demand that was not supplied by firm purchases, firm sales, and
generalion from the power pool.* As explained in Section 2.2.3, these costs reflect the
fact that some of the remaining energy demand may be served by moderately high-priced
generation while a significant portion may also require generation from the highest-cost
sources, such as peaking units that require distillate oils.

Estimates for energy transfers were expanded for two U.S. regions in which
exchanges differed significantly from the nominal exchanges reported by NERC. The
modifications affected power pools in the Western Systems Coordinating Couneil (WSCC)
and the Southeastern Electric Reliability Counecil (SERC). For WSCC, average transfers
reported by NERC for the Northwest Power Pool and the California-Southern Nevada
pool are based on adverse conditions for hydroelectric nncntlon." For 1984, NERC
estimates that, under adverse conditions, hydroelectric generation in the Northwest will
contribute 120 x 109 kwh to the net demand. Under median conditions, hydroelectric
generation will contribute 145 x 10? kWh, with most of the additional generation being
transferred to the California-Southern Nevada symm.2 Monthly patterns in hydro-
electric capacity, generation, and energy transfers for median conditions were
characterized in the shutdown simulations.

In the SERC region, the transfers from the Southern Companies Subregion to
Florida are near maximum. The so-called "ecoal-by-wire" ,sneution is being used to
displace oil- and gas-fired generation in the Florida systems.“ In 1984 the transfers u;
expected to be approximately 17 x 109 kWh. They are estimated to increase to 25 x 10
kWh in 1985 and then decline slightly to 24 x 109 kWh in 1986.

2.3 KEY MODELING ASSUMPTIONS

This section discusses several key medeling assumptions that significantly affect
the interpretation and use of results. Topies include the representations of nuclear units,
derivations of replacement energy costs, and identification of NERC regions and power
pools.

*It was assumed that interties between power pools could supply all of these remaining
energy demands. This assumption is reasonabie for an evaluation of single-unit shut-
downs, but would probably not hold under multiple-shutdown conditions (as addressed in
Appendix B). Under those conditions some of the energy demand might not be satisfied.
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2.3.1 Nuclear Unit Representations
Normal Reactors

In the simulations, nuclear capacity factors are determined on the basis of forced
outage rates (FORs), maintenance requirements, and other loading restrictions. Typical
loading restrictions include such factors as limited load-following capability, spinning
reserve requirements, transmission constraints, and insufficient demands for full
loading, As mentioned previously, the FOR for nuclear units was set at 21.7% and the
annual maintenance requirement, including refueling, was assumed to be 76 days.* These
two factors limit the maximum annual capacity factor to 62%. Allowances for additional
loading restrictions as described above can reduce the annual capacity factor by as much
as 8% to 57%.**

For reactors scheduled to begin service during one of the study years, the
apparent annual or seasonal capacity factors could be quite small, even though the
generation may be near maximum for the time the reactor is in service. In this report
nuclear capacity factors were adjusted to reflect the percentage of time that a unit is in
service. Thus, if a unit operates at a 60% capacity factor for half of a season, the
seasonal capacity factor is shown as 60% rather than 30%, so that capacity factor
indicates the reactor's performance while in service. The results indicate which units are
scheduled to begin service part way through a season.

Reactor under Investigation

To treat replacement energy costs uniformly from one season to the next,
periods of planned maintenance were adjusted for the designated reactor. These
adjustments were necessary to determine shutdown costs that would occur if the reactor
was not scheduled out of service. Without these adjustments, replacement energy costs,
measured in dollars, would be very low for the particular season in which maintenance
was assumed to occur. Although dollar costs should be low if the shutdown overlaps a
regular refueling and maintenance period, maintenance schedules are too uncertain to
limit the results to unit-specific maintenance assumptions through the year 1986,
Unadjusted results would preclude an examination of full shutdown costs if an overlap did
not ocecur,

Examples in Sec. 3 show how the results can be adjusted for alternative
maintenance assumptions. Maintenance for the entire system is initially scheduled to
maximize the minimum expected reserve margin in the 24 periods of a given year. This
schedule provides a reasonable distribution of maintenance for the system as a whole and
ylelds identical scliedules for eack case study in a given power pool.

*Routine maintenance and refueling outages are not scheduled for new units until their
second year of operation,

**Under certain ecircumstances, nuclear capacity factors may be even lower if the total
nuclear capacity that is not on scheduled maintenance in a particular study period
exceeds minimum loads.



Adjusting results during maintenance periods for the units under investigation
causes annual capacity factors for these units to appear higher than the typical value of
57% for other nuclear units. Without scheduled maintenance the maximum seasonal
capacity factors ranged between 72% and 78%. Simulated capacity factors were
frequentiy near the lower end of this range. In this report, seasonal results cannot be
directly summed to arrive at annual replacement energy costs or annual capacity
factors. The results are oriented toward short-term costs and would be based on
different assumptions if the study focused on long-term shutdowns. Still, examples in
Sec. 3 show how to approximate annual costs u)der alternative maintenance assumptions.

2.3.2 Derivation of Replacement Energy Costs

Two simulations are compared for each reactor; both cover the two-year study
period from fall 1584 through summer 1986. In one ase the designated reactor is in
service, except for planned and forced outages, for the entire simulation time, or for
some fractional period if it is expected to become operational within the two-year
period. In the other case, the designated unit is treated as unavailable for the entire
study period.

Each year is subdivided into 24 periods of equal length. Results for each period
are compared to determine changes in total production costs. Period results are then
grouped by season. Variable fuel and O&M costs are the primary components of
replacement energy costs. Fixed costs remain the same whether the designated unit is
operating or shut down. These costs inciude fixed O&M and fixed fuel costs for the
reactor under investigation, because such costs are stili incurred during short-term
shutdowns.

For periods in which a reactor was initially assumed to te scheduled for planned
maintenance, repiacement energy costs were derived from simulations for other units not
originally scheduled for maintenance in those periods. Costs and capacity factors were
selected from those of another unit, most similer in size to the one requiring adjustment.
These costs were then corrected for heat rate and variable fuel cost. The results were
added to the results for other periods in a given season that the unit was in service.

This approach provided the most reasonable method of handling maintenance
effects consistently, both for comparisons between seasonal results for a single unit and
for comparisons of results for several units in the same power pool. The maintenance
scheduls is kept the same for all case studies in each pool, so inconsistencies tend to be
minimized or eliminated. Intraseasonal cost differentials are recognized and integrated
into the shutdown costs for each reactor. These differentials can create counterintuitive
results unless the same maintenance schedules are used for all simulations ‘n a given

power pool.

In five cases where reactors are jointly owned by utilities in more than one power
pool, the simulations were performed separately for the portions of capacity in each
pool. The final costs of replacemen' energy were determined by summing the total
dollar costs and total generation, and then calculating the average costs per kilowatt-
hour and dollars per service-day.



2.3.3 Identification of NERC Regions and Power Pools

Figure 2.1 illustrates the approximate geographical boundaries of the nine NERC
regions.* Members and associate members of these regions include virtually all of the
generating capability in the United States. Reports from each of these regions provide a
major resource for verifying inventuries of generating units and load characteristics.”
Summary reports from the national headquarters of NERC provide data on energy
transfers, unit availabilities, and coal conversions.” ™’ "’

Power pool compositions are described in Table 2.1 and are shown graphically in
Fig. 2.2. The groupings of utilities into power pool areas, which constitute subregions of
NERC regions, were assigned according to references from the Federal Energy
Regulatory Commission.“' 6 D()F,.37 and NPIRP.1‘9'27 The primary goal in designating
power pools was to aggregate the utilities that have highly coordinated unit dispatch or
energy exchanges. The objective in this study is to examine shutdown costs in the
context of pooled generating systems; systems within a pool are likely to respond first to
other systems in the pool that experience short-term shutdowns. To satisfy this
objective, the pool designations were based on broader definitions than the formal power
pool agreements, which include "tight" and "loose" pools as defined by the Federal Energy
Regulatory Commission.3 Tight pools are centrally dispatched and include penalties for
failing to meet reserve requirements. Loose pools are coordinated but have nc central
dispatch or penalties for failing to meet reserve requirements. The power pools defined
in Table 2.1 go one step further in grouping utilities that may lack formal coordination

agreements but are likely to achieve significant operating economies through energy
exchanges.

A total of 33 power pools were designated for this study. Twenty-one of the
power pools contain the 108 nuclear reactors that were examined. Two of these 21 pools
were initially subdivided into two separate pools each. These included the ERCOT NERC
region (pools 5 and 6), and the Illinois-Missouri subregion of MAIN (pools 9 and 10). The
four pools were originally defined separately because they are sometimes described
individually as formal power pools cr systems with strongly coordinated operations.
However, they were regrouped to form two pools because of the interties and coordi-
nation between each of the two pairs. Table 2.1 indicates which power pools included
reactors that were examined in this study.

*Only the U.S. porticnc of Western Systems Coordinating Council, Mid-Continent Area

Power Pool, and Northeast Power Coordinating Council are shown. With the exceptiun
of net energy sales tc the United States, Canadian portions of these regions were not
included in this study of short-term reactor shutdowns.
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TABLE 2.1 Power Pool Compositions

Power Pool Composition

American Electric Power System, Buckeye Power Inc., Ohio
Valley Electric Corp., Richland Power and Light

Central Area Coordiration Group, Byron Municipal Light
and Water, Cleveland Division of Light and Power

Allegheny Power System

Michigan Electric Coordinated Systems, Michigan Municipal
Cooperative Pool, Detroit Public Lighting Dept., Edison
Sault Electric Co., Lansing Board of Water and Light,
Michigan Public Power Agency

Texas Interconnected Systems, Associate Members of ERCOT
Pennsylvania-New Jersey-Maryland Interconnection,

Associa.e Members of MAAC

o8 Commonwealth Edison Co.

9 & 10%C Illinois=Missouri Group (South-Central Illinois Subregion
and East Missouri Subregion of MAIN)

Wisconsin-Upper Michigan Subregion of MAIN

Mid-Continent Area Power Pool (MAPP)

Nonmember utilities in the MAPP region

New England Fower Pool

New York Power Pool

Florida Subregion of SERC

Southern Subregion of SERC

Tennessee Valley Authority

Virginia-Carolinas Subregion of SERC

Group A (W. Arkansas-Louisiana-Mississippi area of SERC)

Group B (Oklahoma area of SERC)




TABLE 2.1 (Cont'd)
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Power
Pool NERC

Number Region Power Pool Composition
228 SPP Group C (W. Missouri-Kansas area of SERC)

23, 24 - No longer used. Originally covered two additional groups
in SPP until that region was characterized by three
groups.

254 WSCC Northwest Power area of WSCC

26 wScC Arizona-New Mexico area of WSCC

278 wsce California-Nevada area of WSCC

282 wSCC Rocky Mountain area of WSCC

29 -- Alaska Systems Coordinating Council (affiliate NERC
member)

30 -- Hawaii

31 ECAR Cincinnati Cas and Electric Co., Dayton Power and Light
Co., Hamilton Dept. of Public Utilities Electric Division

32 ECAR Kentucky Utilities Group, Big Rivers Electric Corp.,
Eastern Kentucky Power Cooperative, Inc., Henderson
Municipal Power and Light, Louisville Cas and Electric
Co., Owensboro Municipal Utilities

33 ECAR Hoosier Energy Rural Electric Cooperative Inc.,

Indianapolis Power and Light Co., Northern Public Service
Co., Public Service Co. of Indiana Inc., Southern Indiana
Cas and Electric Co., Wabash Valley Power Assoc.

8power pool containing at least one reactor considered in this study.

bAlthOugh there are two components of the ERCOT region (basically the Texas
Utilities Croup and the Central and Southwest Group), they are treated as a
single power pool in this study because the Texas Interconnected System pro-
vides a high level of coordination in planning and operation.

®The two components of the illinois-Missouri Group are treated as a single
pool because of their high level of coordination in planning and operation.
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3 POWER POOL DESCRIPTIONS AND INTERPRETATION OF RESULTS

This section summarizes the characteristics of each of the 21 power pools in
which a nuclear reactor is expected to be operating by the summer of 1986. This
summary is followed by a discussion of important assumptions for the replacement
energy cost estimates and some sample calculations illustrating how to interpret the
results given in Sec. 4.

3.1 POWER POOL CHARACTERISTICS

As described in Sec. 2, the power pool groupings were selected as a basis for the
estimates of replacement energy costs. The power pools represent a diverse set of elec-
tricity suppliers, which differ in the following important characteristics that affect
replacement energy cost:

1. Total system capacity,

2. Annual peak load,

3. Annuel energy demand,

4. Annual load factor,

5. Prices for all fuels,

6. Mix of existing capacity by fuel type, and
7. Mix of generation by fuel type.

The difference between the system capacity (1) and peak load (2) indicates the
reserve available at the time of the peak load if no scheduled maintenance or forced
outages occur at that time. If the capacity of the reactor is a significant fraction of the
reserve capacity, the pool may have problems with generation system reliability and
attendant cost penalties. Given that reserve margins are now relatively high throughout
the electric utility industry, reliability problems are not expected to be an important
element of cost in the near term. However, multiple shutdowns of nuclear units could
cause reliability problems and incremental costs. These considerations are discussed in
App. B.

The annual energy demand (3) and annual load factor (4)* indicate the variability
of loads throughout the year. An annual load factor of approximately 65% or greater
implies relatively steady loads, while a load factor below 55% implies significant

*Annual load factor is defined as (annual energy demand) : (peak load x 8760), where 8760
is the number of hours per year.



seasonal variability. Such characteristies strongly influence the maintenance scheduling
and availabiiity of relatively inexpensive replacement energy at various times of the
year.

Fuel prices (5) are an important factor in determining replacement energy cost.
Coal, oil, and gas prices vary considerably by region, as indicated in Sec. 2. Reasons for

this variability include transportation costs, fuel availability, regulations, and existing
contracts.

The mixes of generating capacity (6) and generation (7) give a rough impression
of whether the replacement energy cost for a reactor will be high. Power pools
dominated by coal and nuclear generation would probably have relatively low
replacement energy costs, while power pools dominated by oil and gas generation would
probably have relatively high replacement energy costs.

The seven power pool characteristics described above are displayed in the figures
and tables that follow. Tables 3.1 and 3.2 define the descriptors used in Figs. 3.1-3.42,
whic®: depict the capacity and generation mix of each power pool that contains at least
one nuclear reactor. Tables 3.3-3.23 list the capacity, peak load, energy demand, load
factor, and fuel prices for each power pool that contains at least one nuclear reactor.
The information on the power pools is presented in numerical order. Table 2.1, on pages
25-26, lists the utilities or constituents of each power ponl, and the power pools can be
geographically identified by referring to Fig. 2.2, on page 24.

All load and generation data reported in this section account for transmission
losses in addition to customer demands. The power pool characterizations differ with
regard to their format, depending on whether net purchases or sales are represented. For
power pools with net purchases, the full system energy demand is shown in the
composition table, and the energy of firm purchases is shown in the corresponding
{llustration of generation mix. Sales are treated as additions to the demand to be met by
generation within the system. Therefore, power pools with net sales have the system
demand shown in the table, and an additional entry to show total generation including
sales. However, & corresponding entry is not included in the generation-mix illustration
because the energy for sales is supplied from a mix of fuel types in the system.

The mixes of fuel types, specifically those required for sales, were not isolated
from other fuel use when replacement energy costs were determined. Also, the capacity
illustrations do not include purchases or sales, so the relative mix of generating
capabdility within each power pool can be displayed. Fuel types that contributed less than
9.1% to the pool totals were included in the capacity illustrations but not in the
generation illustrations.

These power pool characteristics provide initial insights into the level of
replacement energy costs expected for any reactor. Section 3.2 reviews the assumptions

and mechanies of the actual calculations so report users can interpret the results in
Sec. 4.




TABLE 3.1 Descriptors Used in the Capacity Figures

Descriptor Unit Type Fuel Type

Coal Steam turbine Bituminous and sub-
bituminous coal, lignite
and anthracite

Cas Steam turbine Natural gas

GCeothermal Condensing turbine Ceothermal steam

Hydroelectric Conventional hydroelectric Water

turbine

Nuclear Steam turbine Nuclear fuels

Oil-steam Steam turbine Residual oil

Other Steam turbine Refuse or wood

Peaking gas
Peaking oil
Pumped storage

Diese! or combustion turbine

Diesel or combustion turbine

Pumped storage hydroelectic
turbine

Natural gas
Distillate oil
Varicus

TABLE 3.2 Descriptors Used in the Generation Figures

Descriptor

Unit Type

Fuel Type

Coal

Firm purchases
and sales
Cas

Ceothermal
Hydroelectric

Nuclear
01l

Other
Pumped storage

Steam turbine

Various

Steam, diesel, or combustion
turbine

Condensing turbine

Conventional hydroelectric
turbine

Steam turbine

Steam, diesel, or combustion
turbine

Steam turbine

Pumped storage hydroelectric
turbine

Bituminous and sub-
bituminous coal, lignite
and anthracite

Various

Natural gas
Geothermal steam
Water

Nuclear fuels

Residual or distillate
oil

Refuse or wood

Various
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TABLE 3.3 Composition of Power Pool 1

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 26,306 26,306 27,606
Annual peak load (MW) 16,193 16,792 17,413
Annual energy demand (107 kWh) 95 99 102
Total generation including sales (107 kwh) 97 99 102
Annual load flctoz (%) 67 67 67
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 42 42 42

fixed carrying charges)

Coal (bituminous, lignite) 180 180 189

Coal (subbituminous, anthracite) not used not used not used

Distillate oil 614 614 614

Residual oil not used not used not used

Cas not used not used not used
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TABLE 3.4 Composition of Power Pool 2

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 14,854 16,065 16,898
Annual peak load (MW) 11,427 11,724 12,029
Annual energy demand (107 kwh) 65 66 68
Annual load factog (2) 65 65 65
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 26-39 26-39 26-39

fixed carrying charges)

Coal (bituminous, lignite) 165 165 165

Coal (subbituminous, anthracite) not used not used not used

Distillate oil 645 645 645

Residial oil 432 432 432

Cas not used not used not used
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TABLE 3.5 Composition of Power Pool 4

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 17,928 18,603 19,421
Annual peak load (MW) 12,416 12,863 13,326
Annual energy demand (109 kwh) 69 72 74
Total generation including sales (107 kwh) 14 76 79
Annual load flctoz (2) 64 64 64
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 38-55 38-55 38-55

fixed carrying charges)

Coal (bituminous, lignite) 195 195 195

Coal (subbituminous, anthracite) 193 193 193

Distillate oil 600 600 600

Residual oil 428 428 428

Cas 564 564 564
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TABLE 3.6 Composition of Power Pool 5-6%

Year

Characteristic 1984 1985

Total system capacity (end-of-yr MW) 44,294 45,483

Annual peak load (MW) 36,802 38,016

Annual energy demand (107 kwh) 185 191

Annual load fsctog (2) 57 57 57

Fuel prices (¢/10° Bru)
Nuclear fuel (unit-dependent; excludes 50 50 50

fixed carrying charges)

Coal (bituminous, lignite) 92 92 92
Coal (subbituminous, anthracite) 270 270 270
Distillate oil 621 621 621
Residual oil not used not used not used
Cas 355 396 396

8Although there are two components of the ERCOT region (basically the Texas
Utilities Group and the Central and Southwest Group), they are treated
as a single power pool in this study because the Texas Interconnected
System provides a high level of coordination in planning and operation.
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TABLE 3.7 Composition of Power Pool 7

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 47,049 49,033 50,140
Annual peak load (MW) 34,720 35,380 36,052
Annual cnergy demand (107 kwh) 179 183 186
Annual load factog (2) 59 59 59
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 27-64 27-64 27-64

fixed carrying charges)

Coal (bituminous, lignite) 157 157 157

Coal (subbituminous, anthracite) 138 138 138

Distillate oil 609 609 609

Residual oil 481 481 481

Cas 405 433 433
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TABLE 3.8 Composition of Power Poo! 8

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 17,739 18,862 21,102
Annual peak load (MW) 14,250 14,820 15,413
Annual energy demand (107 wkwh) 66 68 71
Annual load factoz (%) 53 53 53
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 21-45 21-45 21-45

fixed carrying charges)

Coal (bituminous, lignite) 183 183 183

Coal (subbituminous, anthracite) 316 316 316

Distillate oil 624 624 624

Residual oil 553 553 553

Cas 529 529 529
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TABLE 3.9 Composition of Power Pool 9-10*

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 15,890 17,078 18,011
Annual peak load (MW) 12,747 13,015 13,288
Annual energy demand (107 kwh) 59 61 62
Total generation including sales (107 wwh) 61 64 66
Annual load factoz (2) 53 53 53
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 40 40 40

fixed carrying charges)

Coal (bituminous, lignite) 155 155 155

Coal (subbituminous, anthracite) not used not used not used

Distillate oil 604 604 604

Residual oil 445 445 445

Cas 499 499 499

8The two components of the Illinois-Missouri Croup are treated as a
single pool because of their high level of coordination in planning

and operation,
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TABLE 3.10 Composition of Power Pool 11

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 9584 9972 9972
Annual peak load (MW) 6977 7158 71345
Annual energy demand (107 kwh) 40 41 42
Annual load factox (2) 65 65 65
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 61-88 61-88 61-88

fixed carrying charges)

Coal (bituminous, lignite) 175 175 175

Coal (subbituminous, anthracite) 177 177 177

Distillate oil 625 625 625

Residual oil not used not used not used

Gas 416 416 416
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TABLE 3.11 Composition of Power Pool 12

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 30,661 30,692 31,173
Annual peak load (MW) 21,176 21,917 22,684
Annual energy demand (10% kwh) 105 108 112
Total generation including sales (10 wwh) 109 114 118
Annual load factoz (%) 56 56 56
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 35-61 35-61 35-61

fixed carrying charges)

Coal (bituminous, lignite) 96 96 96

Coal (subbituminous, anthracite) 122 122 122

Distillate oil 626 626 626

Residual oil 542 542 542

Cas 372 488 488
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TABLE 3.12 Composition of Power Pool 14

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 21,000 21,09 23,316
Annual peak load (MW) 16,468 16,682 16,899
Annual energy demand (109 kwn) 91 92 93
Annual load fcctog (%) 63 63 63
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 39-63 39-63 39-63

fixed carrying charges)

Coal (bituminous, lignite) 210 210 210

Coal (subbituminous, anthracite) not used not used not used

Distillate oil 609 609 609

Residual oil 457 457 457

GCas 505 505 505




FIGURE 3.20 Nominal Generation in Power Pool 14 in 1984
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TABLE 3.13 Composition of Power Pool 15

Characteristic

Year

1984

1985

Total system capacity (end-of-yr MW)
Annual prak load (MW)
Annual energy demand (107 kwh)
Annual load flctog (%)
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes

fixed carrying charges)

Coal (bituminous, lignite)

Coal (subbituminous, anthracite)

Distillate oil

Residual oil

Cas

31,197
21,810
121

63

27-69

178
not used
649
470
405

31,756
22,115
123

63

27-69

178
not used
649
470
423

33,820
22,425
124

63

27-69

178
not used
649
470
423




FIGURE 3.22 Nominal Generation in Power Pool 15 in 1984




TABLE 3.14 Composition of Power Pool 16

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 28,701 29,988 29,966
Annual peak load (MW) 21,887 22,850 23,855
Annual energy demand (107 kwh) 103 108 112
Annual load fnctoz (%) 54 54 54
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 19-73 19-73 19-73

fixed carrying charges)

Coal (bituminous, lignite) 209 209 209

Coal (subbituminous, anthracite) not used not used not used

Distillate oil 618 618 618

Residual oil 445 445 445

Cas 288 401 401




FIGURE 3.24 Nominal Generation in Power Pool 16 in 1984
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TABLE 3.15 Composition of Power Pool 17

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 31,457 32,435 32,486
Annual peak load (MW) 22,519 23,150 23,798
Annual energy demand (107 kih) 115 119 122
Total generation including sales (107 iwh) 134 149 153
Annual load factog (2) 59 59 59
Fuel prices (¢/10” Btu)

Nuclear fuel (unit-dependent; excludes 34-44 34-44 34-44

fixed carrying charges)

Coal (bituminous, lignite) 194 194 194

Coal (subbituminous, anthracite) not used not used not used

Distillate oil 633 633 633

Residual oil 391 391 391

Gas 267 352 352
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TABLE 3.16 Composition of Power Pool 18

Characteristic

1984

1986

Total system capacity (end-of-yr MW)
Annual peak load (MW)
Annual energy demand (109 kwh)
Annual load factog (%)
Fuel prices (¢/10” Btu)
Nuclear fuel (unit-dependent; excludes
fixed carrying charges)
Coal (bituminous, lignite)
Coal (subbituminous, anthracite)
Distillate oil
Residual o1l
Cas

31,376
19,311
111

66

30-33

185
not used
61¢
not used
270

31,376
20,141
116

66

30-33

185
not used
6l4
not used
377

32,541
21,007
121

66

30-33

185
not used
6lé
not used
377
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TABLE 3.17 Composition of Power Pooi 19

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 41,004 42,415 44,084
Annual peak load (l.W) 31,401 32,186 32,991
Annual energy demand (107 kwh) 167 171 176
Total generation including sales (10% «wh) 168 174 179
Annual load factog (2) 61 61 61
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 26~-50 26-50 26-50

fixed carrying charges)

Coal (bituminous, lignite) 182 182 182

Coal (subbituminous, anthracite) not used not used not used

Distillate oil 589 589 589

Residual oil 432 432 432

Cas 436 436 436




FIGURE 3.29 Expected Capacity in

FIGURE 3.30 Nominal Generation in Power Pool 19 in 1984




TABLE 3.18 Composition of Power Pool 20

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 27,166 28,175 28,369
Annual peak load (MW) 19,689 20,122 20,565
Annual energy demand (107 kwh) 103 105 108
Annual load facto; (%) 60 60 60
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 44-50 44-50 44-50

fixed carrying charges)

Coal (bituminous, lignite) 207 207 207

Coal (subbituminous, anthracite) 207 207 207

Distillate oil 639 639 639

Residual oil 347 347 347

Cas 296 312 312
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TABLE 3.19 Composition of Power Pool 22

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 14,838 15,988 16,032
Annual peak load (MW) 10,896 11,212 11,537
Annual energy demand (107 wwh) 47 48 49
Total generation including sales (109 kWh) 50 51 53
Annual load factog (2) 49 49 49
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 50 50 50

fixed carrying charges)

Coal (bituminous, lignite) 170 170 i70

Coal (subbituminous, anthracite) 131 131 131

Distillate oil 594 594 594

Residual oil 479 479 479

Cas 330 431 431




FIGURE 3.33 Expected Capacity in Power Pool 22 at the

Ena of 1984

FIGURE 3.34 Nominal Generation in Power Pool 22 in 1984
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TABLE 3.20 Composition of Power Pool 25

Year

Characteristic 1984

Total system capacity (end-of-yr MW) 37,718
Annual peak load (MW) 31,141
Annual energy demand (10? kWh) 180
Total generation including sales (107 kWh) 206
Annual load tatfnz (%) 66
Fuel prices (¢/10Y Btu)

Nuclear fuei (unit-dependent; excludes

fixed carrying charges)

Coal (bituminous, lignite)

Coal (subbituminous, anthracite)

Distillate oil

Residual o1l

Gas

1985

38,792
32,013
185
211

66

47-48

141

99
619
404
439




*Annual average capacity for
median hydroelectrie conditions

FIGURE 3.35 Expected Capacity in Power Pool 25 at the
End of 1984

FIGURE 3.36 Nominal Generation in Power Pool 25 in




TABLE 3.21 Composition of Power Pool 26

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 13,407 14,735 15,708
Annual peak load (MW) 9,460 10,283 11,178
Annual energy demand (109 kih) 45 49 54
Total generation including sales (107 kwh) 49 54 58
Annual load flctos (%) 55 55 55
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 46 46 46

fixed carry.ng charges)

Coal (bituminous, lignite) 236 236 236

Coal (subbituminous, anthracite) 95 95 95

Distillate oil 619 619 619

Residual o0:l 434 434 434

Cas 345 391 391
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TASBLE 3.22 Composition of Power Pool 27

Year
Characteristic 1984 1985 1986

Total s:stem capacity (end-of-yr MW) 48,507 49,998 49,823
Annual peak load (MW) 38,381 39,225 40,088
Annual energy demand (107 kwh) 189 193 198
Annual load facto‘ (2) 56 56 56
Fuel prices (¢/10° Bru)

Nuclear fuel (unit-dependent; excludes 46-93 46-93 46-93

fixed carrying charges)

Coal (bituminous, lignite) 157 157 157

Coal (subbituminous, anthracite) 99 99 99

Distillate oil 665 665 665

Residual oil 599 599 599

Cas 490 539 539
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TABLE 3.23 Composition of Power Pool 28

Year
Characteristic 1984 1985 1986

Total system capacity (end-of-yr MW) 9367 9731 9731
Annual peak load (MW) 5926 613S 6360
Annual energy demand (107 kwh) 34 35 37
Total generation including sales (109 kWh) 37 38 39
Annual load fcctog (2) 66 66 66
Fuel prices (¢/10° Btu)

Nuclear fuel (unit-dependent; excludes 33 33 33

fixed carrying charges)

Coal (bituminous, lignite) not used not used not used

Coal (subbituminous, anthracite) 100 100 100

Distillate oil 600 600 600

Residual oil 454 454 454

Cas 425 425 425
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3.2 INTERPRETATION OF REPLACEMENT ENERGY COST SUMMARIES

Because the production-cost calculations used to estimate replacemert energy
costs in this study were detailed, some assumptions used in the model were complicated
and sometimes difficult to implement. For example, identifying the beundaries for the
seasons of the year had to be precise for the model yet convenient for users. Therefore,
"nominal" seasons were defined as described below along with other key assumptions and
background material. Readers ere encouraged to carefully review this section and the
following sample calculations in Sec. 3.3. Misinterpretation of the results in Sec. 4 will
be much less likely if this informatio. is examined first.

3.2.1 Seasons of the Year

Nominal seasons are defined as follows:

e Spring -- March, April, May

¢ Summer -- June, July, August

e Fall -- September, October, November
e Winter -~ December, January, February

Thus, if & shutdown were contemplated for two weeks in April, the values stated for
spring would be appropriate. For modeling, seasons were defined as having exactly 2,190
hours (8,760 hours per year) so that precise season boundaries were 6 a.m., March 2;
12 noon, May 31; 6 p.m., August 30; and 12 midnight, November 30. However, atteniion
to such details is probably more appropriate in a detailed case study for a single reactor
than in these seasonal estimates for all 108 reactors.

3.2.2 Reference Date for Costs

All costs and fuel prices are given in 1984 dollars. Replacement energy costs are
not discounted.

3.2.3 Generation To Be Replaced

To illustrate the meaning of each entry in the summary tables in Sec. 4, the
results for the Comanche Peak 1 reactor are also shown here in Table 3.24. At the time
these calculations were performed, Comanche Peak 1 was expected to be brought on line
in January 1985. Consequently the column showing generation to be replaced has no
entries until winter 1984/85. Generation for .nat first season is lower than for other
seasons, because the unit was assumed to be operational for only two-thirds of winter
1984/85.
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TABLE 3.24 Replacement Energy Data for Comanche Peak 1

Reactor Name: Comanche Peak 1 Unit Size (MW): 1,150
Utility: Texas Utilities Heat Rate (Btu/kWh): 11,322

Generating Co. Variable Fuel Cost (¢/10% Bru): 50
Power Pool: 5~6 Operating Status: Planned

NERC Region: ERCOT

Seasonal Production-Cost Incrg.uc

Seasonal Operating Statistics® Due to Short-Term Shutdown

Generation to Capacity z of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per Day

and Year (10% kWh) (2) Service ($10%) (mills/kwWh) ($10°/d)
Fall 1984 - - - - - -
Winter 1984/85 1214 12.3 66.7 44,2 36.4 1217
Spring 1985 1819 72.2 100.0 65.7 36.1 720
Qummer 1985 1838 73.0 100.0 63.9 34.7 700
Fall 1985 1822 72.3 100.0 64.7 35.5 709
Winter 1985/86 1823 712.4 100.0 65.3 35.8 716
Spring 1986 1820 12.3 160.0 64.8 35.6 711
Summer 1986 1840 73.1 100.0 62.5 34.0 685

85ssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bFor portion of season unit is in service, in undiscounted 1984 dollars.

The generation to be replaced for the remaining seasons is relatively constant.
Small differences are caused primarily by variations in loads and the availability of other
capacity for generation. The generation to be replaced includes no scheduled main-
tenance or refueling outages for the reactor of interest, but does include normal
maintenance periods for all other units. Maintenance is discussed further in Sec. 3.2.9.

3.2.4 Capacity Factor

The capacity factor for the season equals (generation to be replaced) ¢ (unit size
x 2,190 hours). These capacity factors do not account for scheduled maintenance and
refueling outages. Methods to account for these outages and adjust the capacity factor
are discussed in Sec. 3.2.9 and in the sample calculations in Sec. 3.3.

3.2.5 Portion of Season Unit Is Assumed To Be in Service

The percentage of the season the unit is expected to be in commercial operation
is omitted for all seasons before the unit is expected to be brought on line and is 100%
for all seasons after the one in which it is brought on line. The value falls between 0 and
100 only in the season the unit is assumed to begin commercial operation. This
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percentage is iniependen. of maintenance and forced outage considerations; that is, the
percentage of time in commercial operation is not the same as unit availability. This
value allows some of the following results to be interpreted more easily.

3.2.6 Total Seasonal Prod: ..cion-Cost Increase

Seasonal production-cost increase is the difference between the seasonal
production costs with and without operation of the nuclear generating unit of interest. It
is measured in millions of 1984 doliars and is not discounted. An unusually low figure,
compared to the values for later periods, such as in winter 1984/85 for Comanche Peak in
Table 3.24, means that the unit was expected to begin commercial operation during the
period and was available for operation during only part of the entire period.

3.2.7 Production-Cest Increase Averaged over Nuclear Energy To Be Replaced

The seasonal production-cost increase divided by the seasonal generation to be
replaced is expressed in mills per kilowatt-hour. This value indicates what types of units
are providing most of the replacement energy. It can be compared with similar values
for other generating units and used to estimate costs for very short outages, such as a
few days, and for capacity factors other than the reference values.

In the Comanche Peak example, Fig. 3.8 for Power Pool 5-6 shows that gas-fired
generation accounts for more than 64% of 1984 total generation. Thus, one could expect
gas-fired generation to supply a large fraction of the replacement energy for Comanche
Peak. The fuel prices in Tablg 3.6 for Power Pool 5-6 show natural gas at $3.55/10° Btu
and nueclear fuel at $0.50/10" Btu. To roughly approximate the cost of replacement
energy, assume a heat rate of 11,000 Btu/kWh for both the nuclear and gas-fired steam
plants, and a nuclear variable O&M cost of 2.5 mills/kWh. Then:

(($3.55 - $0.50)/10% Btu)(103 mils/$1)
x (11,000 Btu/kWh) - 2.5 mills/kWh
31.05 mills/kWh

Replacement energy cost

Thus, the replacement generation supplied by gas should cost 31.05 mills/kWh more than
the nuclear generation. As Table 3.24 shows, this rough approximation underestimates
the findings for Comanche Peak by about 15%. Costs are higher because gas-fired steam
units are unable to fully replace the nuclear generation. The required use of higher-
priced peaking units causes replacement costs to be higher than estimated in the simple
approxiination.

3.2.8 Average Daily Production-Cost Increase for Portion of Season Unit is Operating

The seasonal production-cost increase divided by the number of service days in a
season (91.25 days for units in operation) is another measure of replacement energy cost.
It is useful for estimating the cost of very short term shutdowns, that is, shutdowns of
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only a few days. For example, a two-day shutdown of Comanche Peak in spring 1985 is
estimated to cost 2 x $720,000, or $1.440 million.

In the season in which the urit enters commercial operation, the number of
service days must be reduced according to the percentage of time the unit is assumed to
be in service. The calculation of Comanche Peak costs per day for winter 1984/85 is
shown below:

Daily cost = ($44.2 x 10%)/((91.25 d) (0.667)]
= $726,000/d*

3.2.9 Maintenance

The shutdown costs and reactor generation for each season are based on the
assumption that the designated reactor is not scheduled for maintenance or refueling.
Although all units in the power pool are scheduled for normal annual maintenance, the
results were .djusted, as described in Sec. 2.3.2, to reflect the costs for continuous
operation, even in seasons where maintenance was originally scheduled. With this
approach, the estimated costs can be easily adjusted to account for various maintenance
assumptions. Since maintenance and refueling schedules change so often, it was
preferable to determine replacement energy costs that did not depend on a specified,
fixed maintenance period for the unit of interest.

Therefore, the sun. of the total production-cost increases for the four seasons
does not equal the expected annual production-cost increase. To estimate the effect of
alternative maintenance and refueling schedules, the replacement energy costs in Tables
4.4-4.111 must be reduced to account for maintenance. Typical annual refueling and
maintenance requirements for nuclear units are 8 to 11 weeks/yr, or 1344 to 1848 h/yr.

For example, if Comanche Peak 1 (Table 3.24) were scheduled for 11 weeks of
maintenance and refueling in . 1l 1985, the generation should be reduced by the fraction
(2190 - 1848)/2190, or 0.156. Therefore, generation in that season would be only 284 x
108 kWh, and the capacity factor would be 0.113. The unit would be in service 15.6% of
the season. Replacement energy cost for that season therefore could be calculated as
follows:

Rep'acement energy cost = $64.7 x 105 x 0.156
= $10.1 x 10°

The production-cost increase averaged over the nuclear energy to be replaced
(milis/kWh) remains the same, as does the average daily production-cost increase for
portions of season the unit is in service (th’/urvice day).

*The entry in the table ($727,000/d) differs slightly from this number due to rounding;
more significant digits were used for a decimal representation of two-thirds (the
fraction of time the unit was in service).



3.3 SAMPLE CALCULATIONS AN GUIDELINES FOR APPLYING RESULTS

This section provides several sample calculations to demonstrate how replace-
ment energy costs for specific periods and other important data can be extracted from
the results shown in the tables in Sec. 4. The Comanche Peak 1 example (Table 3.24) will
be used for these calculations.

Example 1:

Solut.on:

Example 2:

Solution:

Example 3:

Solution:

Estimate the replacement energy cost of a one-week shutdown of
Comanche Peak 1 in summer 1985.

Use data from Table 3.24 for summer 1985.

Cost ($700,000/d) x 7 d
Cost $4.9 million (1984 dollars)

Estimate the replacement energy cost of a one-year shutdown of Comanche
Peak 1 starting in spring 1985.

The annual cost must account for scheduled maintenance, so the seasonal
values in Table 3.24 cannot simply be summed. If no data on maintenance
schedules are available, annual cost can be approximated by assuming that
maintenance i3y equally likely in all seasons. For example, if 10 weeks (1680
h) of scheduled maintenance per year are assumed:

Cost = (85.7 + 63.9 + 64.7 + 65.3) x 8106 x (8760 h - 1680 h)/8760 h
= $209.8 million

Alternatively, maintenance could be assumed to be most likely when loads
for Power Pool 5-6 are lowest, namely spring. In this case, the cost can Le
estimated as:

Cost = (63.9 + 64.7 + 65.3) x $10% + ($65.7 x 10%) (2190 h - 1680 n)/2190 h
$209.2 million

The cost variation from season to season for reactor shutdowns in other

power pools is larger than for Power Pool 5-6. In those cases, the effect of
the maintenance timing will be larger.

Compute the average daily cost (in dollars) of shutdown from the seasonal
shutdown cost for spring 1985,

Cost = ($65.7 x 10%) (1 d x 24 W&)/(2190 1)
Cost = $0.720 million’d
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Average daily shutdown costs for each season are shown in Table 3.24 and
Tables 4.4-4.111. These figures can be used to calculate costs of very short
term shutdowns such as in Example 1 (estimating the cost of a one-week
shutdown in summer 1985).

Example 4: What capacity factor is assumed for Comanche Peak 1 for a one-year
period beginning in spring 19857

Solution: The capacity factor assumed for each season is shown in Table 3.24. The
annual capacity factor must account for maintenance. Thus, if 10 weeks
(1680 h) of scheduled maintenance occur in spring 1985, the capacity factor
for the year would be:

Capacity factor = ((0.722) (2190 - 1680)/2190 + 0.730 + 0.723 + 0.724)/4
= 0.586

Example 5: Compute the cost of a one-year shutdown that starts in spring 1985,
assuming Comanche Peak 1 would achieve a 74% capacity factor if it were

operating.

Solution: Without knowing the maintenance schedule, one can estimate replacement
energy coet for any capacity factor by multiplying the production-enst
increase averaged over the nuclear energy to be replaced (mills/kWh) by
the replacement energy generated (kWh):

Replacement energy generated = (1150 x 103 kW) (0.74 x 8760 h)
= 7455 x 10% kwn

Replacement energy cost for
1985 at 74% capacity factor = [(36.1 + 34.7 + 35.5 + 35.8)/4)
x (mills/kWh)($1/10% mills)
x (7455 x 10" kWh)
= $265 million

This calculation assumes the cost per unit of replacement energy is constant over
the range of nuclear energy replaced. Of course this assumption is true only for small
changes from the base values of nuclear energy replaced as listed in Table 3.24. For
example, if other reactors in the Power Pool 5-6 were simultaneously shut down, the
values in Table 3.24 would underestimate replacement energy cost. Furthermore, this
calculation also assumes that the 74% capacity factor already includes an allowance for
schedul-d maintenance.

Example 6: Estimate the replacement energy cost for winter 1985/86 if the start-up of
Comanche Peak 1 is delayed until January 1, 1986.
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Solution: Each season is 2190 h or 91.25 d. The winter season begins December 1.
Therefore, the first 31 days of winter have no generation from Comanche
Peak 1.

Cost = ($65.3 x 10%) (91.25 a4 - 31 a)/91.25 ¢
= $43.i million



4 RESULTS

This section presents results for each reactor expected to be operational at any
time between the fall of 1984 and the summer of 1986. One-page summaries display
basic background data such as unit size, utility ownership (only one major owner is shown
for multiple ownership cases), power pool number, NERC region, and general operating
status. Variable nuclear fuel costs and heat rates are also shown for each reactor.
Seasonal operating statistics and cost estimates for short-term shutdowns are given in
undiscounted 1984 dollars. Table 4.1 provides a guide for locating discussions of specific
topics in the text. Users of these data should read the tert in full to become familiar
with the approach to and assumptions for developing repiacement energy costs. The
examples giver. in Sec. 3.3 should be especially helpful for adapting these results to
alternative assumptions.

In a comperison of results for two or more units within the same power pool, five
key factors must be considered. They are (1) unit size, (2) fuel costs (based on the
product of fuel prices and heat rates), (3) loading order (reflected in capacity factor), (4)
portion of seascn unit is expected to be in service, and (5) joint ownership in more than
one power pcol. With all other conditions being equal, these factors tend to have the
following influences on costs as measured in mills per kWh. Larger unit sizes result in
higher replacement energy costs. Higuer nuclear fuel costs for the reactor of interest
yield lower replacement costs. Loading a unit later in the loading order (shown by lower
capacity factors) creates two effects. Total dollar costs tend to decrease because fewer

kilowatt-hours of replacement energy are required. However, the costs expressed in
mills per kilowatt-hour tend to increase because potential sources for replacement
energy have higher costs. Units that only cperate during a portion of a particular season
(i.e., new unit start-ups) may have either higher or lower costs, as expressed in mills per
kWh, depending on cost differentials during that season. Units that are jointly owned by
two power pools differ from other units because their replacement ene~gy costs are
averaged and weighted by the portions in each pool.

Combinations of these factors can lead to cost increases or decreases. Thus, if
one compares a larger unit having ! gh fuel costs with a smaller unit having low fuel
cos:s, the net result may be that replacement energy costs are approximately the same
in terms of mills per kWh. In contrast, a large unit with low fuel costs would be expected

to show noticeably higher replacement energy costs than a small unit with high fuel
costs.

Seasonal variations in results are generally linked to peak ioad cyecles,
maintenance scheduling, purchases or sales, and hydroelectric cycles. While high peak
loads would normally create conditions for high replacement energy costs, they often
have the opposite effect because all of the units tend to be scheduled for ope~ation at
those times. As a result, most of the low-cost units are available to contribute to
replacement generation. During low-load periods, many low-cost units are ouvt of service

{or routine maintenance, and replacement energy for potential shutdowns must be serveu
by higher-cost units.




TABLE 4.1 Guide to Summary Tables and Specific Topies in Text

Topic of Interest Location of Related Discussion 1n Text

ndex of Reudctors Studied Table 4.2* Alphabetical listing of units
by NERC region, with power pool and table
number of results.

Table 4.3: Alphabetical listing of all
units, with NSRC region, power pool and
table number of results.

Power Pool Definitions Sec. 2.3.3, Table 2.1, and Fig. 2.2.
NERC Region Definitions Sec. 2.3.3 and Fig. 2.1.

suidelines for Applying Discussed in Sec. 3.3, along with examples
Results that demonstrate how to interpret and
ad just results for alternative assumptions.

Assumrd Reactor Capacities l.Listed for each reactor in App. A.

1d Start-up Dates

Jefinit‘ons of Replacement Sec. 3.2 Related information regarding
Energy Costs and Unit approach and assumptions discussed in
Operating Statistics gec. 3.2,

ynal Definitions $8c. 3.2,

When seasonal results are compared from one year to the next, three primary
factors should be considered. They are: (1) load growth, (2) additions of new units, and
(3) real escalation of nueclesr O&M costs. Increases in system loads tend to increase
replacement energy costs, whereas the addition of new units (presumably relatively low-
cost units) tends to reduce costs. The increase in variable nuclear O&M costs, as
described in Sec. 2.2.3, causes small reductions in costs compared to assumptions of zero
real escalation. Combinations of these factors can result in either cost increases or
decreases from year to year.

4.1 INDEX OF NUCLEAR REACTORS STUDIED

This section contains two indexes of reactors that are expected to be operatin%
between fall 1984 and summer 1986 according to the 1984 regional NERC reports.l"
Fhe first index (Table 4.2) is organized by NERC region and alphabetized by reactor
name. The same ordering is used to agisplay the results in Tables 4.4 through 4.111. The
second index (Table 4.3) lists all of the reactors alphabetically but not according to
NERC region.




4.2 RESULTS

Tables 4.4 through 4.111 display the seasonal replacement energy costs for each
reactor in the investigation. All costs are expressed in undiscounted 1984 dollars and are
accompani2d by the basic operating statistics that will be useful in examining the effects
of alternative short-term shutdown conditions. Again, the reader is urged to read Secs. 2
and 3 (and Sec. 3.3 in particular) for a briefing cn key assumptions and appropriate
interpretation of these data. The assumption about routine maintenance and refueling is
especially important because, with no specified outage for maintenance or refueling, the
seasonal costs for replacemeni energy cannot be simply added to determine annual
costs. Annual costs can be estimated by the methods shown in Sec. 3.3, but such longer-
term shutdowns would be better characterized by using different assumptions in the
analysis.

Reactors that are scheduled to start up within the two-year study period are
noted in the summary tables along with their seasonal percentages of service (excluding
forced and scheduled outages). For these units, seasonal generation, total dollar costs,
and costs averaged over the seasonal generation show that the reactor is not available
for generation for part of the study period. The capacity factor and average daily costs
have been adjusted for the percentage of time the unit is assumed to be operating.




TABLE 4.2 Index of Reactors by NERC Region

NEKC Regilon Power Table NERC Region Power Table
and Reactor Pool Ne. and Reactor Poel No.
ECAR Millstone 2 14 4.56
Beaver Vailey | 2 4.4 Millstone 3 14 4.57
Beaver Vailey 2 2 4.5 Nine Mile Poiat 1 15 4,58
Big Rock Point 1 - b Pilgrim | 14 4.59
Donald C. Cook 1 1 A7 Seabrook | 14 4,60
Donald C. Cook 2 i 4.5 Storeham | 15 4.61
Davis-Besse | 2 4.9 Vermont Yankee | 14 4,62
Enrico Fermi 2 4 4.10 Yankee Rowe | 14 4.63
Midland 2 4 4.11
Palisades | 4 4.12 SERC
Perry 1 2 4,13 Browns Ferry ! 18 464
Browns Ferry 2 18 4,65
ERCOT Browns Ferry 3 18 4.66
Comacnche Peak 1 S .14 Brunswick | 19 4,67
Comanche Peak 2 5 4,15 Bruaswick 2 19 4.68
Catawba | 19 4,69
MAAC Crystal River 3 16 4,70
Calvert Cliffs 1 7 4.16 Farley | i7 4,71
Calvert Cliffs 2 ? 4,17 Farley 2 17 4.72
Limerick 1 7 4.18 Harris | 17 4.73
Oyster Creek | 7 4.19 Hatch 1 17 4,74
Peach Bottom 2 7 .20 Hatch 2 17 4.75
Peach Bottom 3 7 4,21 McGuire | 19 4.76
Salem 1 7 4.22 McGulre 2 19 4.77
Salem 2 7 4,23 North Aana 1 19 4,78
Susquehanna | 7 4.24 North Anna 2 19 4.79
Susquehanna 2 7 4.25 Uconee 1 19 4.80
Three Mile Island | 7 4.26 Oconee 2 19 4.31
Oconee 3 19 4.82
MAIN Robiason 2 19 4.83
Braldwood | 8 4.27 Sequoyah 1 18 4.84
Byron | 8 4.28 Sequoyah 2 18 4,85
Byron 2 8 4,29 St. Luctie 1 16 4.86
Callaway | 10 4.30 St. Lucie 2 16 4.487
NDresden 2 8 4.31 Surry 1 19 4.88
Dresden 3 8 4.32 Surry 2 19 4.59
Kewaunee | 1 4.13 Turkey Point 3 16 4.90
LaSalle 1 8 4.4 Turkey Point & 16 4,91
LaSalle 2 8 .35 V.C. Summer | 19 4.92
Paint Beach | i1 4.36 Watts Bar | 18 4.9
Point Beach 2 i 4,37
Nuad=Cities 1% 8,12 4,38 SpP
Nuad=Citles 2% 8,12 4.39 Arkansas Nuclear One ! 20 4,94
Zion | 8 4,40 Arkansas Nucledr One 2 20 4,95
Zion 2 8 4.4l Grand Gulf (7 20,17 4.96
River Bend | p 4.97
MAPP Waterford 3 20 4.98
Duane Arnold | 12 4,42 Wolf Creek | 2 4.9
Cooper | 12 4,43
Fort Calhoun | 12 4.4 wscce
LaCrosse 5 12 4.45 Diablo Canvon | 27 +.100
Monticello 1 12 4.46 Dtablo Canyon 2 27 4,101
Prairle Island | 12 4,47 Fort St. Vraian 1 2 3,102
Prairtie lsland 2 12 4.48 Hanford N | 2 4,103
Palo Verde 1? 26,27 4,104
NPCC Palo Verde 2% 26,27 4,108
Fltzpatreick | ($] .49 Rancho Seco 1 27 4.106
Ginna 1 15 4.50 San Onofre 1 27 4.107
Haddam YNeck | 14 4.51 San Onofre 2 27 4,108
Indiaa Point 2 15 4.52 San Onofre J 27 4.199
[ndian Point 3 15 4,53 Trojan 1 23 4.110
Maine Yankee | 14 4454 WNP 2 23 4.111
Millstone | 14 4.55

%nits jointly ownsd by more than one power pool.



83

TABLE 4.3 Alphabetical List of Nuclear Reactors Included in the Study

Power NERC

Pool Reglion

Arkansas Nuclear J i Millatone
ne | Millstone ! NPCC
Arkansas Nuclear ( s Millstone - NPCC
One 2 Monticello ! 12 MAPP
Duane Arnold | 12 Nine Mile Point | NPCC

Beaver Valley | ECAF North Anna | ; SERC

Beaver Valley 2 I North Anna 2 SERC
Big Rock P - . : Oconee | 3 SE

Braidwood | ) 2 Jconee 2
Browng Ferry l SERC Jeonee I3

Browns Ferry . 18 SERC Oyster Creek |

Browns Ferry 3 ] sER 4 .¢ Palisades |

Brunswick | . / Palo Verde
mswic ! - Palo Verde

Peach Bott
Peach Bot
Perry 1
Pilgrim | | NPCC
Point Beach | MAIN
Point Beach 2 1 MAIN
Prairie Island | 2 MAPF
Prairie Island 2 | MAPP
Juad=Cities 1? MAIN
Juad~Cities 22 : MAIN
Rancho Seco |
R{

P b

O W

W oA A = p

&

Jnofre
eabrook
>equoyah
»equovan
shoreham

Lucie

L cle
surry |
urry 2
usque
Jusque
Three
Trojan

Turkey Po

Turkey Po

V.Co Summer |

Vermont Yankee |

WNP-2 2

Wwaterford J

Jacts Bar |
.reek |

Kowv

power pool.




TABLE 4.4 Replacement Energy Data for Beaver Valley 1

Reactor Name: Beaver Valley 1 Unit Size (MW): 810
Utility: Duquesne Light Co. Hea:t Rate (Btu/kWh): 11,438

(Ma jor Owner) Variable Fuel Cost (¢/10% Bru): 26
Power Pool: 2 Operating Status: In Service
NERC Region: ECAR

Seasonal Production-Cost Increase
Due to Short-Term Shutdown"

Seascnal Operating Statistics?

GCeneration to Capacity X of Average per Average
Season be Rgplaced Factor Season 1n Total kWh Replaced per Day
and Year (10¥ kWh) (2) Service ($10%) (mills/kWh) ($10°/4d)

Fall 1984 1287 72.5 100.0 28.0 21.8 307
Winter 1984/85 1287 72.6 100.0 25.8 20.0 282
Spring 1985 1286 72.5 100.0 25.2 19.6 276
Summer 1985 1286 712.5 100.0 24.7 19.2 271
Fall 1985 1286 72.5 100.0 25.2 19.6 277
Winter 1985/86 1286 712.5 100.0 23.6 18.3 258
Spring 1986 1285 12.4 100.0 23.4 18.2 256
Summer 1986 1284 12.4 100.0 22.5 17.5 247

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bFur portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.5 Replacement Energy Data for Beaver Valley 2

Beaver Valley 2
Duquesne Light Co.
(Ma jor Owner)
Power Pool: 2

NZRC Region: ECAR

Reactor Name:
Ucility:

Unit Size (MW): 833
Heat Rate
Variable Fuel Cost (¢/10% Btu): 26
Operating Status:

(Btu/kWh): 11,438

Planned

Seasonal Operating Statistics®

Seasonal Production-Cost Increase
Due to Short-Term Shutdown

Z of
Season 1in
Service

Ceneration to Capacity
be Rgplaced Factor
kWh) (2)

Season
and Year (10

Average per
kWh Replaced
(mills/kWh)

Average
per Day
($10°/4d)

Tota

($10%)

Fall 1684

Winter 1984/85

Spring 1985

Summer 1985

Fall 1985

Winter 1985/86

Spring 1986 440
Summer 1986 1321

8Agssuming no scheduled maintenance or refueling outages for this reactor but normal

maintens > for all other units.

bFor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.6 Replacement Energy Data for Big Rock Point 1

Reactor Name: Big Rock Point 1 Unit Size (MW): 64
Utility: Consumers Power Co. Heat Rate (Btu/kWh): 11,477
Power Pool: 4 Variable Fuel Cost (¢/10% Bru): 38
NERC Region: ECAR Operating Status: In Service

Scasonal Production=-Cost Incrg.la

. Due to Shert-Term Shutdown

Seasonal Operating Statistics

Ceneration to Capacity X of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per Day

and Year (10° kwh) (2) Service ($10°) (mills/kWh) ($10°/4)
Fall 1984 105 75.0 100.0 3.4 32.1 37
Winter 1984/85 105 75.0 100.0 3.3 31.1 36
Spring 1985 104 74.1 100.0 2.9 28.1 32
Summer 1985 103 73:7 100.0 2.6 25.6 29
Fall 1985 104 74.3 100.0 3.0 29.0 33
Winter 1985/86 104 74.5 100.0 2.9 27.3 31
Spring 1986 104 74.0 100.0 2.7 26.2 30
Summer 1986 103 73.7 100.0 2.5 24 .4 28

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.
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TABLE 4.7 Replacement Energy Dr.ta for Donald C. Cook 1

Reactor Name: Donald C. Cook 1 Unit Size (MW): 1,020
Utility: Indiana and Michigan Heat Rate (Btu/kWh): 10,770

Electric Co. Variable Fuel Cost (¢/10° Bru): 42
Power Pool: 1 Operating Status: In Service
NERC Region: ECAR

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average
Season be Rgplaced Factor Season 1in Tota kWh Rep! aced per Day

and Year (10Y kWh) (2) Service ($10%) (mills/kWh) (£107/4)

Fall 1984 1615 72.3 100.0 7.6 17.1 302
Winter 1984/85 1613 12,2 100.0 26.6 16.5 292
Spring 1985 1612 712.2 100.0 26.4 16.4 289
Summer 1985 1612 712.2 100.0 26.3 16.3 288
Fall 1985 1613 712.2 100.0 26.5 16.4 290
Winter 1985/86 1613 72.2 120.0 25.8 16.0 283
Spring 1986 1614 712.2 100.0 25.9 16.0 284
Summer 1986 1614 12.2 100.0 25.8 16.0 283

8passuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.8 Replacement Energy Data for Donald C. Cook 2

Reactor Name: Donald C. Cook 2 Unit Size (MW): 1,060
Utility: Indiana and Michigan Heat Rate (Btu/kwh): 10,770

Electric Co. Variable Fuel Cost (c/lOb Btu): 42
Power Pool: 1 Operating >Status: In Service

NERC Region: ECAR

Seasonal Production-Cost Increase

Seasonal Operating Statistics® Due to Short-Term Shutdown™
GCeneration to Capacity X of Average per Average
Season be Rgplaced Factor Season in Tota kWh Replaced per Day )
and Year (10 kWh) (%) Service ($10%) (mills/kWh® ($10'/4d)
Fall 1984 1678 72.3 100.0 28.7 17.1 315
Winter 1984/85 1676 72.2 100.0 27.7 16.5 304 s
Spring 1985 1675 72,2 100.0 - G 16.4 301
. Summer 1985 1675 72.2 100.0 27.3 16.3 299
Fall 1985 1675 72.2 100.0 27.5 16.4 301
Winter 1985/86 1676 712.2 100.0 26.8 16.0 294
Spring 1986 1677 12.2 100.0 26.9 16.0 295
Summer 1986 1676 72.2 100.0 25 .7 16.0 293

8assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.9 Replacement Energy Data for Davis-Besse 1

Reactor Name: Davis-Besse 1 Unit Size (MW): 874
Utility: Toledo Edison Co. Heat Rate (Btu/kWh): 10,844

(Ma jor Owner) Variable Fuel Cost (¢/10% Bru): 39
Power Pool: 2 Operating Status: In Service
NERC Region: ECAR

Seasonal Production-Cost Incrgase

4 Due to Short-Term Shatdown

Seasonal Operating Stat:stics

Ceneration to Capacity X of Average per Average
sJeason be Rgplaced Factor Season 1n Tota kWh Replaced per gay
and Year (10Y kWh) (%) Service (s107) (mills/kwWh) ($107/4d)

312
286
279
273

79
260
257
248

Fall 1984 1388 72.9 100.0
Winter 1984/85 1387 72.5 100.0
Spring 1985 1385 712.4 100.0
Summer 1985 1387 72.5 100.0
Fall 1985 1387 72.5 100.0
Winter 1985/86 1387 712.5 100.0
Spring 1986 1386 72.% 100.0
Summer 1986 1384 72.3 100.0

NNNNMNMNNN
N WWwWWwbhuUoOD
. o
DNV VW

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.10 Replacement Energy Data for Enrico Fermi 2

Reactor Name: Enrico Fermi 2 Unit Size (MW): 1,093
Utility: Detroit Edison Co. Heat Rate (Btu/kWh): 11,629

(Ma jor Owner) Variable Fuel Cost (¢/10% Bru): 54
Power Pool: 4 Operating Status: Planned
NERC Region: ECAR

Seasonal Production-Cost Increase
Seasonal Operating Statistics?® Due to Short-Term Shutdown

Generation to Capacity Z of Average per Average
Geason be Rgplaced Factor Season in Tota kWh Replaced per Day
and Year (10° kwh) (2) Service ($107) (mills/kWh) ($10°/4)

Fall 1984 - - - -
Winter 1984/85 1788 14.7 100.0 55.6
Spring 1985 1770 73.9 100.0 47.1
Summer 1985 1760 73.5 100.0 43.7
Fall 1985 1773 74.1 100.0 50.4
Winter 1985/86 1775 74.1 100.0 49.4
Spring 1986 1764 713.7 100.0 %5.9
Summer 1986 1759 713.5 100.0 42.1

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.11 Replacement Energy Data for Midland 2

Reactor Name: Midland 2 Unit Size (MW): 818
Utility: Consumers Power Co. Heat Rate (Btu/kWh): 11,629
Power Pool: 4 Variable Fuel Cost (¢/10% Bru): 55
NERC Region:  ECAR Operating Status: Planned

Seasonal Production-Cost Incrgale

. Due to Short-Term Shutdown

Seascnal Operating Statistics

Ceneration to Capacity % of Average per Average

Season be Rgpllced Factor Season in Tota kWh Replaced per Day

and Year (10° kwWh) (2) Service ($10%) (mills/kWh) ($10°/4)
Fall 1984 - - - - - -
Winter 1984/85 - - - - - -
Spring 1985 - - - - - -
Summer 1985 - = - * * -
Fall 1985 v - - - - -
Winter 1985/86 - - - - — -
Spring 1986 i - i - - -
Summer 1986 877 73.4 66.7 20.3 23.2 334

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.
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TABLE 4.12 Replacement Energy Data for Palisades 1

Reactor Name: Palisades 1 Unit Size (MW): 635
Utility: Consumers Power Co. Heat Rate (Btu/kWh): 11,629
Power Pool: & Variable Fuel Cost (¢/10% Btu): 55
NERC Region: ECAR Operating Status: In Service

Seasonal Production-Cost Incrg.se

Seasonal Operating Statistics? Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per Day

and Year (10° kwh) (2) Service ($107) (mills/kWh) ($10°/4)
Fall 1984 1040 74.8 100.0 33.3 32.0 365
Winter 1984/85 1040 74.8 100.0 31.7 30.5 347
Spring 1985 1029 74.0 100.0 27.2 26.5 299
Summer 1985 1024 73.6 100.0 24.9 24.3 273
Fall 1985 1032 74.2 100.0 28.4 27.5 311
Winter 1985/86 1034 74.3 100.0 27.7 26.8 303
Spring 1986 1025 13.7 100.0 26.6 25.9 291
Summer 1986 1023 73.6 100.0 23.9 23.4 262

8Assuming no scheduled maintenance or refueling outages for this reactor but  )rmal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.

26



TABLE 4.13 Replacement Energy Data for Perry 1

Reactor Name: Perry 1 Unit Size (MW): 1,205
Utility: Cleveland Electric Heat Rate (Btu/kWh): 10,844

Illuminating Co. (Major Owner) Variable Fuel Cost (¢/10% Bru): 39
Power Pool: 2 Operating Status: Planned

NERC Region: ECAR

Seasonal Production-Cost Incrgale

a Due to Short-Term Shutdown

Seasonal Operating Statistics

Generation to  Capacity Z of Average per Average

Season be Rgplnced Factor Season in Tota kWh Replaced per y

and Year (10° kwh) (2) Service ($10°) (mills/kiWh) ($107/4d)
Fall 1984 - - - - - -
Winter 1984/85 - - - - - -
Spring 1985 636 72.3 33.3 11.4 17.9 374
Summer 1985 1909 72.3 100.0 34.8 18.2 381
Fall 1985 1911 72.4 100.0 35.3 18.5 387
Winter 1985/8¢ 1908 72.3 100.0 33.1 17.3 263
Spring 1986 19¢7 72.3 100.0 32.7 17.1 358
Summer 1986 1907 72.3 100.0 31.5 16.5 345

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.
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TABLE 4.14 Replacement Energy Data for Comanche Peak 1

Reactor Name: Comanche Peak I Unit Size (MW): 1,150
Utilitys: Texas Utilities Heat Rate (Btu/kWh): 11,322

Generating Co. Variable Fuel Cost (¢/10% Btu): 50
Power Pool: 5-6 Operating Status: Planned
NERC Region: ERCOT

Seasonal Production-Cost Incrgase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity 2 of Average per Average
Season be Kgplaced Factor Season 1n Tota kWh Replaced per Day
and Year (10° kWh) (2) Service ($10%) (mills/kwWh) ($107/4d)

Fall 1984 - - - -
Winter 1984/85 1214 72.3 44,2 36.4
Spring 1985 1819 72.2 65.7 36.1
Summer 1985 1838 73.0 63.9 34.7
Fall 1985 1822 712.3 64.7 35.5
Winter 1985/86 1823 712.4 65.3 35.8
Spring 1986 1820 72.3 64.8 35.6
Summer 1986 1840 73.1 62.5 34.0

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.15 Replacement Energy Data for Comanche Peak 2

Reactor Name: Comanche Peak 2 Unic Size (MW): 1,150
Utilitys Texas Utilities Generating Heat Rate (Btu/kWwh): 11,322

Co. (Major Owner) Variable Fuel Cost (C/IO6 Btu): 50
Power Pool: o=6 Operating Status: Planned
NERC Region: ERCOT

Seasonal Production-Cost Increase

a Due to Short-Term Shutdown

Seasonal Operating Statistics

Ceneration to Capacity Z of Average per Average
Season be Rgp?aced Factor Season 1n Tota kWh Replaced per Day
and Year (10 kWh) (%) Service (s10™) {(mills/¥9h) ($10°/4d)

Fall 1984
Wwinter 1984/85
Spring 1985
Summer 1985
Fall 1985
Winter 1985/86
Spring 1986
Summer 1986

4pssuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

bror portion of season unit is 1in service, in undiscounted 1984 dollars.




TABLE 4.16 Replacement Energy Data for Calvert Cliffs 1

Reactor Name: Calvert Cliffs 1 Unit Size (MW): 825
Utility: Baltimore Gas Heat Rate (Btu/kWh): 10,861

and Electric Co. Variable Fuel Cost (¢/10° Btu): 41
Power Pool: 7 Operating Status: In Service
NERC Region: MAAC

Seasonal Production-Ceost Increase
Due to Short-Term Shutdown

Seasonal Operating Statistics®

Generation to Capacity 2 of Average per Average
Season be Rgp!acvd Factor Season 1n Tota kWh Replaced per Day
and Year (10¥ kWh) (%) Service ($10°) (mills/kWh) ($107/4d)

Fall 1984 1318 45.7 34.7 501
Winter 1984/85 1313 44.3 33.8 486
Spring 1985 1310 . 44,2 33.8 485
Summer 1985 1309 . 32.0 24.5 351
Fall 1985 1312 . 40.9 31.2 449
Winter 1985/86 1314 . 43.3 33.0 475
Spring 1986 1311 . 43.7 33.3 479
Summer 1986 1310 . 33.2 25.3 364

aAssumxng no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.17 Replacement Energy Data for Calvert Cliffs 2

Reactor Name:
Utility:

Power Pool:
NERC Region:

Calvert Cliffs 2 Unit Size (MW): 825
Baltimore Cas Heat Rate (Btu/kWh): 10,861
and Electric Co. Variahle Fuel Cost (¢/10% Bru): 41
7 Operating Status: In Service
MAAC

Seasonal Production-Cost Increase

. Due to Short-Term Shutdown

Seasonal Operating Statistics

GCeneration to Capacity 2 of Average per Average

Season be Rgplnced Factor Season in Tota kWh Replaced per Day

and Year (10° kwh) (2) Service ($10%) (mills/kWh) ($10°/4d)
Fall 1984 1318 72.9 100.0 45.7 34.7 501
Winter 1984/85 1313 72.7 100.0 44,7 33.8 486
Spring 1985 1310 72.5 100.0 44,2 33.8 485
Summer 1985 1309 72.4 100.0 32.0 24.5 351
Fall 1985 1312 72.6 100.0 40.9 31.2 449
Winter 1985/86 1314 712.17 100.0 43.3 33.0 475
Spring 1986 1311 72.6 100.0 43.7 33.4 479
Summer 1986 1310 72.5 100.0 33.2 25.3 364

8apssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.
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TABLE 4.18 Replacement Energy Data for Limerick 1

Reactor Name:?® Limerick 1

Utility: Philadelphia Ele¢

Power Pool: 7
NERC Region: MAAC

Unit Size
Heat Rate

Variable

Operating

Seasonal Operating Statistics®

Ceneration to
Season be Rgplaced
and Year (107 kwWh)

Fall 1384
Winter 1984/85
Spring 1985
Summer ]98°
Fall 1985
Winter 1985/86
Spring 1986
Summer 1986

aAssumxng no scheduled maintenar

maintenance for all other units

beor portion of season unit 18

1n

Capacity
Factor

(%)

S

Z of
eason in
Service

service,

in

66.7
160.0
100.0
100.0
100.0
100.0

e or refuel ing outages

Seasonal

for this reactor but

(MW):
(Btu/kWh):

fuel Cost (¢/10° Btu):

StaTus:

1,065
10,960
45
Planned

Production-Cost

Increase

Due to Short-Term Shutdown

Average per

Tota kWwh Replaced
($10%) (mills/kWh)

35.8
40.9
52.4
55.5
55.9
42.1

Average
per Day

($10°/d)

undiscounted 1984 dollars.

normal




TABLE 4.19 Replacement Energy Data for Oyster Creek 1

Reactor Name: Oyster Creek 1 Unit Size (MW): 620
Utility: GPU Nuclear Corp. Heat Rate (Btu/kWh): 11,672

-

Power Pool: 7 Variable Fuel Cost (c/lobﬁtu): 27
NERC Region: MAAC Operating Status: In Service

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

GCeneration to Capacity Z of Average per Average
Season be Rgplaced Factor Season 1n Tota kkh Replaced per Day
and Year {107 kWh) (%) Service ($10%) (mills/kWh) ($10°/4d)

Fall 1984 991 73.0 100.0 35.8 36.1 392
Winter 1984/85 987 72.7 100.0 34.4 34 .8 377
Spring 1985 985 72.5 100.9 34.3 34 .8 376
Summer 1685 984 72.5 100.0 25.1 25.5 275
Fall 1985 985 72.5 100.0 32.0 32.5 351
Winter 1985/86 988 72.8 100.0 33.7 34.1 369
Spring 1986 986 72.6 100.0 34.0 34.5 373
Summer 1986 985 72.5 100.0 26.0 26 .4 285

8pssuming no scheduled maintenance Or refueling outages for this reactor hut normal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.20 Replacement Energy Data for Peach Bottom 2

Reactor Name: Peacl. Bottom 2 Unit Size (MW): 1,051
Utility: Philadelphia Electric Co. Heat Rate (Btu/kWh): 10,708

{(Major Owner) Variable Fuel Cost (¢/10° Btu): 64
Power Pool: 7 Operating Status: In Service
NERC Region: MAAC

Seasonal Production-Cost Incrgase

. Due to Short-Term Shutdown

Seasonal Operating Statistics

Ceneration to Capacity Z of Average per Average
Season be Rgplaced Factor Season in Tota kWh Repiaced per Day
and Year (107 kwWh) (2) Service ($10%) (mills/kWh) ($10°/4)

Fall 1984 1677 712.9 100.0 54.2 2.3 594
Winter 1984/85 1672 72.6 100.6 52.7 31.5 578
Spring 1985 1669 12.5 100.0 52.7 31.6 578
Summer 1985 1666 12.4 100.0C 37.2 22.3 407
Fall 1985 1669 712.5 100.0 48.6 29.1 533
Winter 1985/86 1673 72.7 100.0 51.5 30.8 564
Spring 1986 1669 712.5 100.0 52.0 31.1 570
Summer 1986 1668 72.5 100.0 38.5 23.1 422

aAssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.21 Replacement Energy Data for Peach Bottom 3

Reactor Name:
Utility:

Power Pool:
NERC Region:

Peach Bottom 3

Philadelphia Electric Co.

(Major Owner)
7
MAAC

Unit Size (MW): 1,035
Heat Rate (Btu/kWh): 10,708
Variable Fuel Cost (c/lo6 Btu): 64

Operating Status: In Service

Seasonal Operating Statistics

Seasonal Production-Cost Incrgcse

a Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per y

and Year (10° kWh) (%) Service ($10%) (mills/kwWh) (s$107/4)
Fall 1984 1651 72.8 100.0 53.4 32.3 585
Winter 1984/85 1646 72.6 100.0 51.9 31.5 569
Spring 1985 1643 72.5 100.0 51.9 31.6 569
Summer 1985 1641 712.4 100.0 36.6 22.3 401
Fall 1985 1643 725 100.0 47.8 29.1 524
Winter 1985/86 1647 72.7 100.0 50.7 30.8 556
Spring 1986 1644 72.5 100.0 51.2 31.1 561
Summer 1986 1642 72.5 100.0 37.9 23.0 415

8pssuming no scheduled maintenance or refuel ing outages for this reactor but normal

maintenance for all other units.

Ppor portion of season unit is in service, in undiscounted 1984 dollars.

101



TABLE 4.22 Replacement Energy Data for Salem 1

Reactor Name: Salem 1! Unit Size (MW): 1,079
Utility: Public Service Electric Heat Rate (Btu/kWh): 10,960

and Cas Co. (Major Owner) Variable Fuel Cost (¢/10° Btu): 45
Power Pool: 7 Operating Status: In Service
NERC Region: MAAC

Seasonal Production-Cost Increase
Seasonal Or--ating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity 2 of Average per Average
Season be RgplaCed Factor Season 1n Tota kWh Replaced per Day
and Year (10° kWh) (2) Service (5107) (mills/kWh) ($10”/4d)

Fall 1984 1723 72.9 100.0 58.9 34.2 645
Winter 1984/85 1717 712.17 100.0 57.4 33.4 629

Spring 1985 1713 12.5 100.0 57.4 33.5 629
Summer 1985 1712 712.4 100.0 41.4 24,2 254
Fall 1985 1714 72.5 100.0 53.1 31.0 582
Winter 1985/86 1718 712.7 100.0 56.2 32.7 616
Spring 1986 1714 12.5 100.0 56.6 33.0 €20
Summer 1986 1713 712.5 100.0 42.6 24.9 467

8Assuming no scheduled maintenance or refueling outages for this reactor bul normal
maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.23 Replacement Energy N..ia for Salem 2

Reactor Name:
Utilityw:

Power Pool:
NERC Region:

Salem 2 Unit Size (MW): 1,106
Public Service Electric Heat Rate (Btu/kwh): 10,960
and Gas Co. (Major Owner) Variable Fuel Cost (¢/10° Bru): 45
7 Operating Status: In Service
MAAC

Seasonal Production-Cost Incrgase

Seasonal Operating Statistics? Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average

Season be Rgpl.ced Factor Season in Tota kWh Replaced per Day

and Year (10 kWh) (%) Service ($10°) (mills/kwh) ($10°/4d)
Fall 1984 1765 72.9 100.0 60.3 34.2 661
Winter 1984/85 1760 137 100.0 58.9 33.5 646
Spring 1985 1756 72.5 100.0 58.8 33.5 644
Summer 1985 1754 72.4 100.0 42.5 24,2 466
Fall 1985 1756 72.5 100.0 54.5 31.0 598
Winter 1985/86 1761 12.7 100.0 57.7 2.9 632
Spring 1986 1757 72.5 100.0 58.0 33.0 636
Summer 1986 1756 72.5 100.0 43.7 24.9 478

8assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of seascn unit is in service, in undiscounted 1984 dollars.

€01



TABLE 4.24 Replacement Energy Data for Susquehanna 1

Susquehanna 1 Unit Size

(MW):

Pennsylvania Power Heat Rate (Btu

and Light Co.
Power Pool:
NERC Region:

Operaf

Seasonal

: -
Seasonal Operating Statistics Due

kWh):
Variable Fuel Cost (Cz106 Btu):
1ng Status:

1,032
10,960
45
Service

Production-Cost Increase
to Short=Term Shutdown

Capacity X of
Factor Season in

(2)

Generation to
be Rgplaced
0

Tota
(1 kWh) }’)

($10

Service

Average per
kdh Replaced
(mills/kWh)

Average
per Day
($107/4d)

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

1646
1641
1638
1636
1638
1643
1639
1637

Fill 1984
W.nter 1984/85
Spring 1985
Summer 1985
Fall 1985
Winter 1985/86
Spring 1986
Summer 1986

34.2
33.4
33.5
24.2
31.0
32.7
33.0
24.9

aASSumlhg no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

Bror portion of season unit 1s in service, in undiscounted

1984 dolilars.




TABLE 4.25 Replacement Energy Data for Susquehanna 2

Reactor Name:
Utility:

Power Pool:
NERC Region:

Susquehanna 2
Pennsylvania Power and
Light Co. (Major Owner)

Unit Size (MW):

Heat Rate (Btu/kWh): "
Variable Fuel Cost (¢/10° Btu):
Operating Status:

1,052
10,960
45
Planned

Seasonal Operating Statistics

Seasonal Production-Cost Incr
Due to Short-Term Shutdown

gue

Ceneration to Capacity Z of Average per Average
Season tplaced Factor Season in Tota kWh Replaced

and Year kWh) (2) Service (510%) (mills/kWh) ($10°/4)
Fall 1984 558 72.7 33.3 21.2 38.0 697
Winter 1984/85 1674 72.6 100.0 55.9 33.4 613
Spring 1985 1670 72.5 100.0 55.9 33.5 613
Summer 1985 1668 72.4 100.0 40.3 24,2 442
Fall 1985 1670 72.5 100.0 51.8 31.0 568
Winter 1985/86 1675 72.7 100.0 54.7 32.6 599
Spring 1986 1671 12.5 100.0 55.2 33.0 605
Summer 1986 1670 72.5 100.0 41.6 24.9 456

8assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

Pror portion of season unit is in service, in undiscounted 1984 dollars.

So0T



TABLE 4.26 Replacement Energy Data for Three Mile Island 1

Reactor Name: Three Mile Island 1 Unit Size (MW):
Utility: CPU Nuclear Corp. Heat Rate (Btu/kWh):

(Ma jor Owner) Variable Fuel Cost (¢/10% Btu):
Power Pool: 7 Operating Status:

NERC Region: MAAC

Seasonal Production-Cost Incrgnse
Seasonal Operating Statistics® Due to Short~Term Shutdown

Ceneration to Capacity Z of Average per Average
Season be Rgplaced Factor Season in Tota kWwh Replaced per Day
and Year (10° kwh) (%) Service ($10°) (mills/kWh) ($107/4d)

Fall 1984

Winter 1984/85 823 72.6 66.7 26.4 32.1
Spring 1985 1232 72.5 100.0 40.9 33.2
Summer 1985 1231 72.4 100.0 29.4 23.9
Fall 1985 1232 72.5 100.0 37.9 30.8
Winter 1985/86 1236 72.7 100.0 40.1 32.4
Spring 1986 1233 72.6 100.0 40.5 32.9
Summer 1986 1232 72.5 100.0 30.6 24.9

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.27 Replacement Energy Data for Rraidwood 1

Reactor Name: Braidwood 1 Unit Size (MW): 1,120
Utility: Commonwealth Edison Co. Heat Rate (Btu/kWh): 11,173
Power Pocel: 8 Variable Fuel Cost (¢/10% Bru): 40
MERC Region: MAIN Operating Status: Planned

Seasonal "ruduction-Cost Incrgase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity 2 of Average per Average
Season be Rgplaced Factor Season in Tota kWh Replaced per Day
and Year (10° kWh) (%) Service ($10%) (mills/kWh) ($10°/4)

Fall 1984

Winter 1984/85

Spring 1985

Summer 1985

Fall 1985 - - -
Winter 1985/66 - - -
Spring 1986 1037 63.4 66.7
Summer 1986 1522 62.0 100.0

8pgsuming no scheduled maintenance or refueling outages for this reactor but
maintenance for all other units.

bFor portion of season unit is in service, in n2discounted 1984 dollars.




TABLE 4.28 Replacement Energy Data for Byron 1

Reactor Name: Byron 1 Unit Size (MW): 1,120
Utility: Commonweal th Edison Co. Heat Rate (Btu/kWh): 11,173
Power Pool: 8 Variable Fuel Cost (¢/10% Btu): 40
NERC Region: MAIN Operating Status: Planned

Seasonal Production-Cost Incrgase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Generation Lo Capacity Z of Average per Average
Season be Rgplaced Factor Season 1in Tota kWh Replaced per Day
and Year (10% kwh) (2) Service (5107) (mills/kWh) ($10°/4)

Fall 1284 - - - - -
Winter 1984/85 1190 72.8 66.7 43.3 36.4
Spring 1985 1698 69.2 100.0 54.9 32.3
Summer 1985 1610 65.6 100.90 43.7 27.1
Fall 1985 1743 71.1 100.0 54.8 31.4
Winter 1985/86 1774 72.3 100.0 58.2 32.8
Spring 1986 1717 70.0 100.0 45.2 26.3
Summer 1986 1638 66.8 100.0 33.5 20.4

8apssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.29 Replacement Energy Data for Byron 2

Reactor Name: Byron 2 Unit Size (MW): 1,120
Utility: Commonwealth Edison Co. Heat Rate (Btu/kWh): 11,173
Power Pool: 8 Variable Fuel Cost (¢/10° Btu): 40
NERC Region: MAIN Operating Status: Planned

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity 2 of Average per Average
Season be Rgplaced Factor Season in Tota kWh Replaced per Day
and Year (10° kWh) (%) Service (s10%) (mills/kWh) (5107/4d)

Fall 1984

Winter .984/85

Spring 1985

Summer 1985

Fall 1985 -

Winter 1985/86 . ‘

Spring 1986 . 24.2
Summer 1986 7 33.5

8Assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.30 Replacement Energy Data for Callaway 1

Reactor Name:
Utilicy:
Power Pool:
NERC Region:

Callaway 1
Union Electric Co.

9-10
MAIN

Unit Size (MW): 1,188
Heat Rate (Btu/kWh): 11,173
Variable Fuel Cost (¢/10% Bru): 40
Operating Status: Planned

Seasonal Operating Statistics

Seasonal Production-Cost Incrgnte
Due to Short-Term Shutdown

Ceneration to Capacity X2 of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per Day

and Year (10° wwh) (%) Service ($10°) (mills/kwh) ($10°/4)
Fall 1984 - - - - - -
Winter 1984/85 1259 72.6 66.7 21.9 17.4 361
Spring 1985 1885 72.5 100.0 33.2 17.6 364
Summer 1985 1881 72.3 100.0 29.3 15.6 321
Fall 1985 1882 72.4 100.0 29.7 15.8 325
Winter 1985/86 1889 72.6 100.0 35.2 18.7 386
Spring 1986 1887 72.5 100.0 35.8 19.0 392
Summer 1986 1884 712.4 100.0 29.6 15.7 324

8Assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

bFor portion of season unit is in service. in undiscounted 1984 dollars.

o1t



TABLE 4.31 Replacement Energy Data for Dresden 2

Reactor Name: Dresden 2 Unit Size (MW): 7172
Utility: Commonwealth Edison Co. Heat Rate (Btu/kWh): 11;22)
Power Pool: 8 Variable Fuel Cost (¢/10% Btu): 39
NERC Region: MAIN Operating Status: In Service

Seasonal Production-Cost Increase
Seasonal Operacing Statistics® Due to Short-Term Shutdown

Ceneration to Capacity X of Average per Average
Season be Rgplaced Factor Season in Tota kWh Replaced per Qay
and Year (10° kWh) (2) Service (s10%) (mills/kWh) ($107°/4d)

Fall 1984 1229 72.7 100.0 41.7 33.9 457
Winter 1984/85 1231 72.8 100.0 42.6 34.6 467
Spring 1985 1227 72.6 100.0 37.5 36.5 411

Summer 1985 1222 72.3 100.0 29.9 24 .4 327
Fall 1985 1227 72.6 100.0 37.6 30.6 412
Winter 1985/86 1228 712.6 100.0 40.0 32.6 438
Spring 1986 1226 125 100.0 30.7 25.0 336
Summer 1986 1221 72.2 100.0 22.6 18.5 248

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.32 Replacement Energy Data for Dresden 3

Reactor Name: Dresden 3 Unit Size (MW): 773
Utility: Commonwealth Edison Co. Heat Rate (Btu/kWh): 11,221
Power Pool: 8 Variable Fuel Cost ((‘/106 Btu): 39
NERC Region: MAIN Operating Status: In Service

Seasonal Production-Cost Increase
Seasona! Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity ~ of Average per Average
Season be Rgplaced Factor Season in Tota kWh Replaced per Day
and Year (10" kWh) (2) Service (5107) (mills/kWh) ($10°/4)

Fall 1984 1232 2.7 100.0 41.4 33.7 454
Winter 1984/85 1233 72.8 100.0 42.6 34.6 467
Spring 1985 1228 72.5 100.0 37.5 30.6 411
Summer 1985 1224 72.3 100.0 29.9 24 .4 328
Fall 1985 1227 72.5 100.0 37.7 30.7 413
Winter 1985/86 1229 72.6 100.0 39.9 32.4 437
Spring 1986 1227 72.5 100.0 30.8 25.1 337
Summer 1986 1223 72.2 100.0 22.7 18.5 248

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of season unit 1s in service, in undiscounted 1984 dollars.




TABLE 4.33 Replacement Energy Data for Kewaunee 1

Reactor Name: Kewaunee 1 Unit Size (MW): 503
Utility: Wisconsin Public Service Heat Rate (Btu/kWh): 10,969

Corp. (Major Owner) Variable Fuel Cost (c/lO6 Btu): 88
Power Pool: 11 Operating Status: In Service
NERC Region: MAIN

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average
Season be Rgplaced Factor Season in Tota kWh Replaced per Day
and Year (10° kWh) (2) Service ($107) (mills/kWh) ($10°/4d)

11.7 102
10.9 95
10.3 90
9.7 84
10.5 91
10.7 93
10.4 91
9.5 83

Fall 1984 796 100.0
Winter 1984/85 795 100.0
Spring 1985 795 100.0
Summer 1985 794 100.0
Fall 1985 795 - 100.0
Winter 1985/86 796 100.0
Spring 1986 796 100.0
Summer 1986 795 100.0

. . s »
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8
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8assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.34 Replacement Energy Data for LaSalle 1

Reactor Name: LaSalle 1 Unit Size (MW): 1,078
Utility: Commonweal th Edison Co. Heat Rate (Btu/kWh): 11,173
Power Pool: 8 Variable Fuel Cost (¢/10” Btu): 21
NERC Region: MAIN Operating Status: In Service

Seasonal Production-Cost lncrgase
Seasonal Operating Statistics?® Due to Short=Term Shurdown

Ceneration to Capacity 2 of Average per Average
Season be Rgpiaced Factor Season 1n Totag kWh Replaced per Day
and Year (10% kWh) (%) Service ($107) (mills/kWh) ($107/4)

36.1 680
37.0 697
33.0 619
26.8 501
32.9 618
34.7 654
27.5 516
21.0 393

62.
63.
56.
45.
56.
59.
47.
35.

Fall 1984 1716
Winter 1984/85 1720
Spring 1985 1712
Summer 1985 1708
Fall 1985 1715
Winter 1985/86 1719
Spring 1986 1714
Summer 1986 1706

s 7
.8
-
o3

6

.

O~ ~yNbdbuwubdboOo

72
12
72
72
12
12
72
72

w o

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

ror portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.35 Replacement Energy Data for LaSalle 2

LaSalle 2
Commonwealth Edison

Reactor Name:
Utility:

Pool : 8
MAIN

Power

NERC " z2gion:

ro

Ceneration
Season be Rgplac:d

and Year (10" kWh)

Seasonal Operating Statistics®
Capacity
Factor

(%)

Unit Size (MW):

Heat Rate (Btu/kWh):

Variable Fuel Cost (c/lO6 Btu):
Operating Status:

1,078
11,173
21

In Service

Seasonal Production-Cost Increase
Due to Short-Term Shutdown

Z of
Season 1n
Service

Average
per Day

($10°/4d)

Average per
kWh Replaced
(mills/kWh)

Tota
($107)

1717
1719
1709
1707
1713
1715
1710
1706

1984
Winter 1984/85
Spring 1985
Summer 1985
Fall 1985
Winter 1985/86
Spring 1986
Summer 1986

Fall

~ ~

s SN SN SN N
NNNNNNON
. . . . . . N

~N

681
697
618
501
618
654
515
393

62.1
63.6
56.4
45.7
536.4
59.7
47.0
35.9

36.2
37.0
33.0
26.8
32.9
34 .8
27 .5
21.0

OO0 OO00OO00C

8pssuming no scheduled maintenance or

maintenance for all other units.

bror portion of season unit 1s

in service,

refuel ing outages for this reactor but normal

in undiscounted 1984 dollars.




TABLE 4.36 Replacement Energy Data for Point Beach 1

Reactor Name: Point Beach 1 Unit Size (MW): 495
Utility: Wisconsin Ele :tric Heat Rate (Btu/kWh): 10,745

Power Co. Variable Fuel Cost (C/lOb Btu): 61
Power Pool: 11 Operating Status: In Service
NERC Region: MAIN

Seasonal Production-Cost Increase
Due to Short-Term Shutdown

Seasonal Operating Statistics®

Ceneration to Capacity 2 of Average per Average
Season be Rgplaced Factor Season in Tota kWh Replaced per Day
and Year (10" kWh) (2) Service (s10°) (mills/kbr,; (5107/4d)

11.
11,
10.
10.
10.
10.8
10.
9.

127
120
115
110
116
118
116
108

Fall 1984
Winter 1984/85
Spring 1985
Summer 1985
Fall 1985
Winter 1985/86
Spring 1986
Summer 1986
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4Assuming no scheduled maintenance or refueling outages for this reactor but
maintenance for all other units.

hFur portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.37 Replacement Energy Data for Point Beach 2

Reactor Name: Point Beach 2 Unit Size (MW): 495
Utilitys Wisconsin Electric Heat Rate (Btu/kWh): . 10,745

Power Co. Variable Fuel Cost (¢/10° Btu): 61
Power Pool: 11 Operating Status: In Service
NERC Region: MAIN

Seasonal Production-Cost Increase

Seasonal Operating Statistics?® Due to Shorit-Term Shutdown
P

Generation to Capacity Z of Average per Average
Season be Rgplaced Factor Season 1n Tota kWh Replaced per Day
and Year (10" kWh) (%) Service (510%) (mills/kWh) (5107°/4)

14.8 127
14.0 120
13.4 115
12.8 110
13.5 116
13.7 118
13.5 116
12.6 108

Fall 1984 783
Winter 1984/85 7184
Spring 1985 783
Summer 1985 783
Fall 1985 783
Winter 1985/86 7184
Spring 1986 783
Summer 1986

100.0 11,
100.0 11.
100.0 10.
100.0 10.
100.0 10.
100.0 10.
100.0 10.

~ o~

2.
2.
2.
“’I
5

2.

N
.

y N
.

e I N R N )
LoD WVO O

N
O
-

8pssuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

-

OFor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.38 Replacement Energy isata for Quad-Cities 1

Reactor Name: Quad-Cities 1 Unit Size (MW): 769
Utility: Commonweal th Edison Co. Heat Rate (Btu/«Wh): 11,443

(Major Owner) Variable Fuel Cost (¢/10% Bru): 45
Power Pool: 8 (752), 12 (252) Operating Status: In Service
NERC Region: MAIN (75%), MAPP (252)

Seasonal Production-Ceost Increase
Seisora! Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Averag.
be Rgplaced Factor Season 1n Tota kWh Replaced per Day
(10° kwh) (2) Service (5107) (mills/kWh) ($10°/4)

Fall 1984 1214 32.8 359
Winter 1984/85 1218 34.1 374
Spring 1985 1190 32.5 356
Summer 1985 1093 23.8 261
Fall 1985 1173 30.8 2 338
Winter 1985/86 1214 32.6 357
Spring 1986 1075 25.3 277
Summer 1986 9566 18.3 201

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

PFor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.39 Replacement Energy Data for Quad-Cities 2

Quad-Cities 2 Unit Size (MW): 169
Commonwealth Edison Co. Feat Rate (Btu/kWh): 11,443
(Major Owner) Variable Fuel Cost (c!'XO6 Btu): 45
8 (752), 12 (252) Operating Status: In Service
MAIN (75Z), MAPP (25%)

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capac: % of Average per Average
be Replaced )1 Season in Tuzaé kWh Replaced ver Day
(10 kWh) Service (5$10%) {mills/kwWh) 's10°/4d)

359
373
356
261
338
356
274
201

Fall 1984 11 . 100.0
Winter 1984/¢ i > 100.90
Spring 1985 1179 . 100.0

Summer 1985 100.0
Fall 1985 1152 100.0

NN
. .

o
Wwoe oowo e

.

Winter 1985 19 100.0
Spring 1986 1 100.0
1986 914 100.0

_WWN W W W
-

o wN
w o

Summer

ans¢mxﬂg no scheduled maintenance or refueling outages for this reactor but normal

maintenance tor all other units.

¥

“For portion of season unit 1s in serv > undiscounted 1984 dollars.




TABLE 4.40 Replacement Energy Data for Zion 1

Reactor Name: Zion 1 Unit Size (MW): 1,040
Utility: Commoawealth Edison Co. Heat Rate (Btu/kWh): 11,173
Power Poo!: 8 Variable Fuel Cost (c/lo6 Btu): 40
NERC Region: MAIN Operating Status: In Service

Seasonal Production-Cost Incrgale

. Due to Shor:-Term Shutdown

Seasonal Operating Statistics

Ceneration to Capacity 2 of Average per Average
Season be Rgplaced Factor Season in Tota kWwh Replaced per Day
and Year (10" kwh) (2) Service ($10°) (nills/kWh) ($10°/4)
Fall 1984 1654 72.6 100.0 56.2 34.0 616
Winter 1984/85 1657 72.8 100.0 57.7 34.8 632
Spring 1985 1650 72.5 100.0 50.8 30.8 557
Summer (985 1645 72.2 100.0 40.5 24.6 444
Fall 1985 1652 72.5 100.0 50.6 30.6 555
Winter 1985/86 1654 72.6 100.0 53.9 32.6 590
Spring 1986 1650 72.4 100.0 41.7 25.3 457
Summer 1986 1644 72.2 100.0 30.9 18.8 339

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.

0zt



TABLE 4.41 Replacement Energy Data for Zion 2

Reactor Name: Zion 2 Unit Size (MW): 1,040
Utility: Commonwealth Edison Co. Heat Rate (Btu/kWh): 11,173
Power Pool: 8 Variable Fuel Cost (c/lo6 Btu): 40
NERC Region: MAIN Operating Status: In Service

Seasonal Production=-Cost Inctglll

Seasonal Operating Statistics® Due to Short-Term Shutdown

ceneration to Capacity X of Average per Average

Season gplaced Factor Season in Tota kWh Replaced per Day

and Year (10 (2) Service (s$10%) (mills/kWh) ($10°/4d)
Fall 1984 1654 712.6 100.0 56.2 34.0 616
Winter 1984/85 1651 72.5 100.0 57.7 35.0 632
Spring 1985 1637 71.9 100.0 50.8 31.1 557
Summer 1985 1596 70.1 100.0 40.5 25.4 444
Fall 1985 1650 72.4 100.0 50.6 30.7 555
Winter 1985/86 1653 712.6 100.0 53.9 32.6 590
Spring 1986 1639 71.9 100.0 41.7 25.5 457
Summer 1986 1612 70.8 100.0 30.9 19.2 339

1zt

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.



TABLE 4.4” Replacement Energy Data for Duane Arnoid 1

Duane Arnold 1 Unit Size (MW): 515

Iowa Electric Light and Heat Rate (Btu/kWh): 1,001

Power Co. (Major Owner) Variable Fuel Cost (C/I(J6 Btu): 42
Power Pool: 12 Operating Status: In Service
NERC Region: MAPP

Seasonal Production-Cost Incrgase
Due to Short-Term Shutdown

Seasonal Operating Statistics®

Ceneration to Capacity 2 of

be Rgp}aced Factor Season in Tota
(10¥ kWh) (s10%)

Average per Average
kWh Replaced per Day
(mills/kWh) ($107/4d)

Fall 1984
Winter 1984/85
Spring 1985
Summer 1985
Fall 1985

-

—

Pt et

Winter
Spring
Summer

1985/86
1986
1986

POV OOON~00
* o s M
Vi WO =N

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenan.e for all other units.

chr portion of season unit 1s in service, in undiscounted 1984 dollars.




TARLE 4.43 Replacement Energy Data for Cooper 1

Reactor Name:
Utilicy:

Power Pool:
NERC Region:

Cooper 1
Nebraska Public
District

Power

MAPP

Unit
Heat
Variable Fuel Cost
12 Operating Status:

Size (MW):
Rate (Btu/kWh):

(¢/10% Bru):

In Se

764
10,800

rvice

Season

Fall 1984
Winter 1984/85
Spring 1985
Summer 1985
Fall 1985
Winter 1985/86
Spring 1986
Summer 1986

Seasonal Operating Statistics

a

Seasonal Production-Cost Incr
Due to Short-Term Shutdown

ase

Capacity p 4
Factor
(2)

Ceneration to
be Rgplnced
(10" kWh)

ot
Season 1
Service

Ave
per

Average per
kWh Replaced
(mills/kWh)

Tota

($107)

rage
ay

($107/4d)

1209
1214
1212
1207
1210
1220
1225
1208

.

712.2
12.6
12.4
72.1
72.3

~J
N
V=)

—

Pt
OO0~ 000®
. » .

WO WN W

114
111
155

84
144
137
123

81

aASSummg no
maintenance

PEor portion of

for all

other units.

season unit 1s in service,

scheduled maintenance or refueling outages for this reactor but normal

in undiscounted 1984 dollars.




TABLE 4.44 Replacement Energy D: .a for Fort Calhoun 1

Reactor Name: Fort Calhoun 1 Unit Size (MW): 438
Utility: Omaha Public Power Heat Rate (Btu/kWh): 10,969
District Variable Fuel Cost (¢/10% Bru): 61
Power Pool: 12 Operating Status: In Service
NERC Region: MAPP
Seasonal Production-Cost Incrgale
Seasonal Operating Statistics® Due to Short-Term Shutdown
Ceneration to Capacity X of Average per Average
Season gplaced Factor Season in Tota kWh Replaced per gu
and Year (10 (%) Service ($10°) (mills/kWh) ($10°/4d)
Fall 1984 693 72.2 100.0 5.5 8.0 60
Winter 1984/85 696 72.6 100.0 5.7 8.2 63
Spring 1985 695 72.4 100.0 8.1 11.6 88
Sumraer 1985 692 72.2 100.0 4.3 6.2 47
Fall 1985 694 12.3 100.0 1.5 10.8 82
Winter 1985/86 700 72.3 100.0 7.3 10.4 80
Spring 1986 699 72.9 100.0 6.2 8.9 68
Summer 1986 692 72.2 100.0 4.1 5.9 45

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

Pror portion of season unit is in service, in undiscounted 1984 dollars.

%zl



TABLE 4.45 Replacement Energy Data for LaCrosse 5

Reactor Name:
Utilicy:

Power Pool:
NERC Region:

LaCrosse 5
Dairyland Power
Cooperative

12

MAPP

Unit Size (MW): 48
Heat Rate (Btu/kWh): 10,700
Variable Fuel Cost (¢/10%® Bru): 52

Operating Status. In Service

Seasonal Operating Statistics®

Seasonal Production-Cost Incrgase
Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average

Season be lgplaced Fac*or Season in Tota kWh Replaced r y

and Year (10" «Wh) &) Service ($10%) {mills/kWh) ($10°/4)
Fall 1984 76 72.3 100.0 0.7 8.6 7
Winter 1984/85 76 72.7 100.0 0.7 9.6 8
Spring 1985 76 72.5 100.0 1.1 14.8 12
Summer 1985 76 72.2 100.0 0.5 7.2 6
Fall 1985 76 12.4 100.0 0.9 11.7 10
Winter 1985/86 17 73.0 100.0 0.9 11.4 10
Spring 1986 17 73.2 100.0 0.7 9.6 8
Summer 1986 76 72.2 100.0 0.5 6.9 6

8sssuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.

174



TABLE 4.46 Replacement Energy Data for Monticello 1

Reactor Name: Mcnticello 1 Unit Size (MW): 525
Utility: Northern States Power Co. Heat Rate (Btu/kWh): 10,804
Power Pool: 12 Variable Fuel Cost (CHOb Btu): 35
NERC Region: MAPP Operating Status In Service

Seasonal Production-Cost Increase
Seasonal Operating Statistics?® Due to Short-Term Shutdown

Generation to Capacity 2 of Average per Average
Seasor be Replaced Factor Season in Totaé kWh Replaced per Day
and Year (10 kWh) (%) Service (510%) (mills/kWh) ($107/4)

N
.

10.9 100
11.} 102
14.5 133
9.1 83
13.9 126
13.4 123
12.0 110
8.9 81

Fall 1984 8§31
Winter 1984/85 835
Spring 1985 833
Summer 1985

Fal 1985

Winter 1985/86

Spring 1986

Summer 1986

.
oo

NN
. . .
NN O W

7
7
!
-
!
7
7
!
3
’
7

N W W
.

aA>>umxug no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

hFrtr portion of season unit 1s in service, in undiscounted 1984 dollars.




TABLE 4.47 Replacement Energy Data for Prairie island 1

Reactor Name:
Utilicy:
Power Pool:
NERC Region:

Prairie Island 1

Northern States
12
MAPP

Power Co.

Unit Size (MW): 503
Heat Rate (Btu/kWh): 11,099
Variable Fuel Cost (¢/10® Bru): 39
Operating Status: In Service

Seasonal Operating Statistics

Seasorial Production-Cost Increase
Due to Short-Term Shutdown

GCeneration to Capacity X of Average per Average

Season oe lgplnced Factor Season in Tota “Wh Replaced per y

and Year (10° kwh) (%) Service ($10%) (mills/kWh) ($107/4)
Fall 1984 7196 72.2 100.0 8.2 10.4 90
Wiater 1984/85 800 72.6 100.0 8.4 10.5 92
Spring 1985 798 712.4 100.0 11.1 14.0 122
Summer 1985 795 72.2 100.0 6.8 8.5 74
Fall 1985 797 72.3 100.0 10.6 13.3 116
Winter 1985/86 805 73.0 100.0 10.3 12.8 113
Spring 1986 807 73.2 100.0 9.2 11.3 100
Summer 1586 795 72.2 100.0 6.6 8.3 72

8assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.

Lzt



TABLE 4.48 Replacement Energy Data for Prairie Island 2

Reactor Name: Prairie Island 2 Unit Size (MW): 500
Utility: Northern States Power Co Heat Rate (Btu/kWh): 11,099
Power Pool: 12 Variable Fuel Cost (c,’lo6 Btu): 39
NERC Region: MAPP Operating Status: In Service

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Generation to Capacity Z of Average per Averag

be Replaced Factor Season in Tota kWh Replaced per Day
(10" kWh) (2 Service ($107) (mills/kWh) ($10°/4d)

90
92
121
74
115
112
100
12

Fall 1984
Winter 1984/85
Spring 1985
Surmmer 1985
Fall 1985
Winter 1985/

o~ 00
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WNNNNON
Pt Gt e,
- R - B
.

~d

N W

.
Wi = RO WM S DN

qAssuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

of season unit is in servi in undiscounted 1984 dollars.




TABLE 4.49 Replacement Energy Data for Fitzpatrick 1

Reactor Name:
Utility:
Power Pool:
NERC Region:

Fitzpatrick 1
New York Power Authority

Unit Size (MW):

Heat Rate (Btu/kWh):

Variable Fuel Cost (clxo° Btu):
Operating Status:

810
10,410

In Service

Seasonal Production-Cost Increase
Seasonal Operating Statistics? Due to Short-Term Shutdown

Generation to Capacity 2 of Average per Average

Season zplaced Factor Season in kWh Replaced per Day

and Year (10 (2) Service (mills/kWk) ($10°/4)
Fall 1984 1282 72.3 100.0 43.9 617
Winter 1984/85 1283 72.4 100.0 44,1 620
Spring 1985 1282 72.2 160.0 42.8 601
Summer 1985 1281 72.2 100.0 36.5 513
Fall 1985 1281 72.2 100.0 40.3 566
Winter 1935/86 1283 72.3 100.0 43.8 616
Spring 1986 1281 72.2 100.0 40.2 564
Summer 1986 1282 72.3 100.0 35.8 502

8sssumiag no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.

621



TABLE 4.50 Replacement Energy Data for Ginna 1

Reactor Name: Cinna 1 Unit Size (MW): 470
Utility: Rochester Cas and Heat Rate (Btu/kWh): 6 10,973
Electric Corp. Variable Fuel Cost (¢/10” Btu): 54

Power Pool: 15 Operating Status: In Service
NERC Region: NPCC

Seasonal Production-Cost Increase

a Due to Short-Term Shutdown

Seasonal Operating Statistics

Capacity 2 of Average per Average
Factor Season 1in To kWh Replaced per Day
(2) Service ( (mills/kWh) ($10°/4)

|
|
|
|
|
|
|

330
329
322
271
299
331
300
264

.
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maintenance oOr I in outages I10or this reactour but normal
4

other units.

undiscounted 1984 dollars.




TABLE 4.51 Replacement Energy Data for Haddam Neck 1

38
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100.0
100.0
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TABLE 4.52 Repiacement Energy Data for Indian Point 2

)

Edison
Power Poo

NERC Region:

Seasonal

Ceneration

2 A
g Statistics

Season 1n

Service

864
11,671
43

In Service

Size (MW):

Heat Rate (Btu/kWh):
Variable Fuel Cost (C!lOb
Operating Status:

Unit

Btu):

Production-Cost Increase
Short-Term Shutdown

Seasonal

Due to

% of Average per
kWh Replaced

) (mills/kWh)

Average
per Yay

Total
g ($10°/4d)

($10

o ~J

o
s

(s ¥
wn

4 2
9E 2
985 712
3 2

2

b 0D -
O O w
@ oo

o ) -

~
N

ol AR

- »

scheduled maintenance

for all other units.

®For portion of season unit 1s 1n

& & 9 8
NWNNNWW

.

sServ

refueling

1ce,

in

57.1
57.4
55.5
47.0
52.2
56.9
52.0
45.9

41.8
41.9
40.6
34 .4
38.2
41.6
38.1
33.6

626
629
603
515
572
624
570
503

utages for this reactor but normal

undiscounted 1984 dollars.




TABLE 4.53 Repiacement Energy Data for Indian Point 3

e Reactor Name: Indian Point 3 Unit Size (MW): 965
o Utility: New York Power Authority Heat Rate (Btu/kWh): 11,671
Power Pool : 1 Variable Fuel Cost (¢/10% Btu): 43
> NERC Region: NPCC Operating Status: In Service
S Seasonal Production-Cost Increase b
Seasonal Operating Statistics® Due to Short-Term Shutdown f
.k Ceneration to Capacity X of Average per Average 5
i Seasor be Replaced Factor Season 1n Yo:ag kWh Replaced per Day
. and Year (10° wwh) (%) Service ($107) (mills/kWh) ($10°/4)
: Fa 1984 1528 72.3 100.0 63.9 41.8 700
Winter 1984/85 1529 72.3 100.0 64 .4 42.1 705 -
‘ Spring 1985 1527 12.2 100.0 62.0 40.6 679 -
Summer 1985 1526 72,2 100.0 52.6 34.5 577
Fall 1985 1526 12,2 100.0 58.6 38 .4 642
86 1528 12.3 100.0 63.8 41.7 699
1526 72.2 100.0 58.1 38.1 637
1527 712.3 100.0 51.4 33.7 564
o Aassuming 1 scheduled maintenance or refueling outages Ifor this reactor but normal
‘“.' ma enance for all other units.

season

b : .
“For portio f n unit 1s 1n service, 1 undiscounted 1984 dollars.



TABLE 4.54 Replacement Energy Dats for Maine Yankee |

Maine Yankee | Unit Size (MW): 810

Maine Yankee Atomic Heat Rate (Bru/kWh): 11,126

Power Co. Variable Fuel Cost (¢/1( i 49
Power Pool: 14 Operating Status: In Service
NERC Region:

Seasonal Production-Cost Increase
ng Stax._ist) . Due to Short-Term Shutdown

Seasonal Operati

Ceneration U« Capac:ty o Average per Average
Fact Season 1n To kWh Replaced per Day
(2) Serv ($1 (mills/kWh) ($10°/4)

~ J

H;; |

100.0
100.0
100.0
100.0
100.0
100.0

ot

duled maintenance or refueling outages for this reactor but normal
h

1er units.

undiscounted 1984 dollars.




TABLE 4.55 Replacement Energy Data for Mililstone 1

Reactor Name: Millstone 1 Unit Siz. (MW): 654
Utility: Northeast Utilities Heat Rate (Btu/kWh): 11,387

(Major Owner) Variable Fuel Cost (c«’lO6 Btu): 52
Power Pool: 14 Operating Status: In Service
NERC Region: NPCC

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity 2 of Average per Average
Season be Rgplaced Factor Season 1n Tota kWh Replaced per Day
and Year (107 kWh) (2) Service (510%) (mills/kWh) ($107,4)

Fall 1984 1061 74.1 100.0 46.9 44 .2
Winter 1984/85 1070 14.7 100.0 47.0 £3.9
Spring 1985 1080 75.4 100.0 50.5 46.7
Summer 1985 1053 73.5 100.0 44,1 41.9
Fall 1985 1065 74.3 100.0 46.7 43.9
Winter 1985/86 1066 14.4 100.0 45.3 42.5
Spring 1986 1072 74.9 100.0 44.3 41.3
Summer 1986 1049 73.3 100.0 41.7 39.7

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

For portion of season unit 1s in service, in undiscounted 1984 dellars.




FABLE 4.56 Replacement Energy Data for Millstong

Reactor Name: Millstone 2 Unit Size (MW): g60
Utilicty: Northeast Utilities Heat Rate (Btu/kWn): 10,926

(Major Owner) Variable Fuel Zost (¢/10° Bru): 60
Power Pool: 14 Operating Status: In Service
NERC Region: NPCC

Seasonal Production-Cost Increase
Seasonal Operating Statistics? Due to Short-Term Shutdown

Ceneration to Capacity % of Average per Average
Season be Rgplaced Factor Season 1in Tota kWh Repiaced per Day
and Year (10° kWh) (2) Service \$107) (mills/kwWh) ($10°/4’

Fall 1984 1394 74.0 100.0 6l1.1 43.8 €70
Winter 1%84/85 1405 74.6 100.0 61.5 43.8 674
Spring 1985 1420 715.4 100.0 66.4 46.8 728
Summer 1985 1383 713.4 100.0 57.4 41.5 629
Fall 1985 1398 14.2 100.0 61.0 43.6 668
Winter 1985/86 1400 74.3 100.0 59.4 42.5 651
Spring 1986 1408 74.7 100.0 59.2 42.1 €49
Summer 1986 1278 73.2 100.0 54.4 39.5 596

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bFor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.57 Replacement Energy Data for Milistone 3

Reactor Name: Millstone 3 Unit Size (MW): 1,150
Utilisy: Northeast Utilities Heat Rate (Bru/kWh): 10,926

(Ma or Owner) Variable Fuel Cost (¢/10% Bru): 60
Power Pool: 14 Operating Status: Planned

NERC Region: NPCC

Seasonal Production-Cost Incrg.oe

Seasonal Operating Statistics?® Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average

Season be Rgplnceﬁ Factor Season in Tota kWh Replaced per y

and Year (10° k4h) (2) Service {$10%) (mi’ls/kwh) ($10°/4)
Fall 1984 - - - - - -
Winter 1984/85 - - - - - -
Spring 1985 - -~ » - - ~
Summer 1985 - - - . » -
Fali 1985 - - = = -~ -
Winter 1985/86 - - o - - -
Spring 1986 628 74.8 33.3 27.6 44.0 908
Summer 1986 1842 73.1 100.0 73.3 39.8 803

8pssuming no scheduled maintenance or refuel ing outages for this reactor but normal
maintenance for all other units.

bror por-ion of season unit is in service, in undiscounted 1984 dollars.

(ET



TABLE 4.58 Replacement Energy Data for Nine Mile Point 1

Reactor Name: Nine Mile Point 1 Unit Size (MW): 610
Utility: Niagara Mohawk Power Corp. Heat Rate (Btu/kWh): 10,288

(Major Owner) Variable Fuel Cost (Cﬂlob Btu): 69
Power Pool: 15 Operating Status: In Service
NERC Region: NPCC

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity X of Averape per Average
Season be Rgplaced Factor Season 1in Tota kWh Replaced per Day
and Year (1 kWh) (%) Service ($10°) (mills/kWh) ($107/4)

Fall 1984 966 72.3 100.0 38.2 39.5 418
Winter 1984/85 966 72.3 100.0 38.3 39.6 419
Spring 1985 965 72.3 100.0 37.1 38.4 406
Summer 1985 965 72.2 100.0 31.1 32.2 341
Fall 1985 965 72.2 100.0 34.4 35.7 377
Winter 1985/86 966 72.3 100.0 38.1 39.4 417
Spring 1986 965 72.2 100.0 34.5 35.7 378
Summer 1986 965 72.2 100.0 30.2 31.3 331

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bFur portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.5¢ Replacement Energy Data for Pilgrim 1

Reactor Name: Pilgrim 1 Unit Size (MW): 670
Utility: Boston Edison Co. Heat Rate (Bru/kWh): 10,275
Power Pool : 14 Variable Fuel Cost (¢/10% Btu): 39
NERC Region: NPCC Operating Status: In Service

Seasonal Production-Cost Incrgnse
Seas(nal Operating Statistics® Due to Short-Term Shutdown

Ceneraticn to Capacity Z of Average per Average
Season Le Rgplaced Factor Season in Tota kWh Replaced per Day
and Year (107 «Wh) (2) Service ($107) (mills/kWh) ($10°/4d)

Fall 1984 1088 74.2 160.0 50.2 46.1 550
Winter 1984/85 1098 74.8 100.0 50.4 45.9 552
Spring 1985 1107 75.4 100.0 53.9 48.7 591
Summer 1985 1080 73.6 100.0 47.3 43.8 519
Fall 1985 1092 74.4 100.0 50.1 45.9 549
Winter 1985/86 1093 74.5 100.0 48.6 44 .4 532
Spring 1986 1101 715.0 100.0 47.7 43.3 523
Summer 1986 1075 73.3 100.0 44.8 41.7 491

8pgsuming no scheduled waintenance or refueling outages for this reactor but normal
maintenance for all other units.

Pror portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.60 Ruplacement Energy Data for Seabrook 1

Reactor Name: Seabrook 1 Unit Size (MW): 1,198
Utility: Public Service Co. of Heat Rate (Btu/kWh): 10,725

New Hampshire Variable Fuel Cost (¢/10° Btu): 63
Power Pool: 14 Operating Status: Planned

NERC Region: NPCC

Seasonal Production-Cost Increase
Seasonal Operating Statistics? Due to Short-Term Shutdown

Generation to Capacity Z of Average per Average
Season be Rgplaced Factor Season in Tota kWh Replaced per Day
and Year (10" kWwh) (2) Service (5107°) (mills/kWh) ($10°/4d)

Fall 1984

Winter 1984/85

Spring 1985

Summer 1985

Fall 1985

Winter 1985/26

Spring 1986

Summer 1986 73.2 . 26.0

fAssuming no scheduled maintenance or retueling outages for this reactor but normal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4,61 Replacement Energy ['ata for Shoreham 1

Reactor Name: Shoreham 1 Unit Size (M¥W): 820
Utility: Long Island Lighting Co. Heat Rate (Btu/kWh): 11,671
Power Fool: 15 Variable Fuel Cost (c."l()b Btu): 43
NERC Region: NPCC Operating Status: Planned

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity % of Average per Average
Season be Replaced Factor Season in Tota kWh Replaced per Day
and Year (10”7 kwh) (2) Service ($107) (mills/kWh) ($10°/4)

Fall 1984 -

Winter 1984/85 -

Spring 1985 -

Summer 1985 12, 29.8
'3

Fall 1985 3 A 49,

Winter 1985/86 2 2, 564.0
Spring 1986 ] 72 49.3
Summer 1986 12. 43.6

8sssuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

hr.,r portion of season unit 1s 1in service, 1n undiscounted 1984 dollars.




TABLE 4.62 Replacement Energy Data for Vermont Yankee 1

Reactor Name:
Utility:

Power Pooul:
NERC Region:

Vermont Y¢-kee 1

Vermont Yankee Nuclear

Power Corp.
14

NPCC

Unit Size (MW): 504
Heat Rate (Btu/kWh): 10,725
Variable Fuel Cost (¢/10% Bru): €3
Operating Status: In Service

Seasonal Oper-ating Statistics

Seasonal Production-Cost Incrgale

a Due to Short-Term Shutdown

Generation to Capacity %X of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced r Day

and Year (10° wwh) () Service ($10%) (mills/kwh) ($10°/4)
Fall 1984 817 74.0 100.0 35.4 43.3 388
Winter 1984/85 824 74.6 100.0 35.4 42.9 388
Soring 1985 832 75.3 100.0 37.9 45.6 416
Summer 1985 811 73.5 100.0 33.3 41.1 365
Fall 1985 820 74.3 100.0 35.2 43.0 386
Winter 1985/86 820 74.3 100,0 33.9 41.3 37
Spring 1986 825 74.8 100.0 32.9 39.9 361
Summer 1986 808 73.2 100.0 31.4 38.8 344

8assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.

il



TABLE 4.63 Replacement Encrgy Data for Yankee Rowe 1

Reactor Name: Yankee Rowe 1 Unit Size (MW): 169
Utility: Yankee Atomic Electric Co. Heat Rate (Btu/kWh): 14,090
Power Pool : 14 Variable Fuel Cost (¢/10% Bru): 42
NERC Region: NPCC Operating Status: In Service

Seasonal Production-Cost Increase

. Due to Short-Term Shutdown

Seasonal Operating Statistics

Generation to  Capacity Z of Average per Average

Season be Rzplaced Factor Season in Tota kWh Replaced per Day

and Year (10° kwh) (2) Service (510%) (mills/kWh) ($10°/4d)
Fail 1984 274 74.1 100.0 12.0 43.9 132
Winter 1984/85 276 4.7 100.0 11.9 43.2 131
Spring 1985 279 75.4 100.0 12.8 45.7 140
Summer 1985 272 73.5 100.0 11.4 41.9 125
F211 1985 275 74.3 100.0 11.9 43.4 131
Winter 1985/86 275 74.4 100.0 113 41.6 126
Spring 1986 277 74.9 100.0 11.0 39.6 120
Summer 1986 271 713.2 100.0 10.6 39.2 116

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.

enl



TABLE 4.64 Replacement Energy Data for Browns Ferry 1

React Name : Browns Ferry

Valley

Utility: Tennessee Authority
Pool : 18

SERC

Power
NERC Region:

Unit Size
Rate
Variable
Operating Status:

Heat

1,065

10,720

Btu): 30
In Service

(MW):
(B[,ur’k”h)l )
Fuel Cost (¢/10°

Seasonal Operating Stat:

stics®

Capacity
Factor
(%)

Ceneration to
be Rgplaced
(10° kWh)

Season
and Year

12.6
72.1
12.1
12.4
712.7
72.1
72.1
712.4

1693
1682
1682
1688
1695
1682
1682
1689

Fall 1984
Winter 1984/85
Spring 1985
Summer 1985
Fall 1985
Winter 1255/86
Sprir, 1986
Summer 1986

% of
Season 1n
Service

Seasonal Production-Cost Increase
Due to Short=-Term Shutdown

Average
per Day
(§107/4d)

Average per
kWh Replaced
(mills/kWh)

Tota

($10%)

27.9 306
26.4 289
26.7 292
25. 15 280
27. 16 297
25. 15. 283
25. 15. 281
25. 14 276

pssuming no scheduled maintenance or refueling outages for

maintenance for all other units.

season unit 1s 1n service,

bror portion of

this reactor but normal

in undiscounted 1984 dollars.




TABLE 4.65 Replacement Energy Data for Browns Ferry 2

Reactor Name: Browns Ferry 2 Unit Size (MW): 1,065
Utility: Tennessee Valley Authority Heat Rate (Btu/kwh): 10,720
Power Pool: 18 Variable Fuel Cost (¢/10° Bru): 30
NERC Region: SERC Operating Status! In Service

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity 2 of Average per Average
Season be Rgplaced Factor Season 1n Totag kWh Replaced per Day
(10

and Year kWh) (2) Service ($10%) (mills/kWh) (s$10°/4d)

306
289
292
280
297
283
281
276

Fall 1984 1692 72.5 . 27.
Winter 1984/ 1682 72.1 . 26.
Spring 1985 1682 72.1 . 26.
Summer 1985 1686 72.3 . 25,
Fall 1985 1694 712.6 N 27.
Winter 1985/86 1682 72.1 100.0 25.
Spring 1986 1682 72.1 100. 25.
Summer 1986 1689 72.4 25.

NSO~ NDPY

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all nther units.

beor pcrtion of season unit is 1n service, 1n vndiscounted 1984 dollars.




TABLE 4.66 Replacement Energy Data for Browns Ferry 2

Reactor Name: Browns Ferry 3 Unit Size (MW): 1,065
Utility: Tennessee Valley Authority Heat Rate (Btu/kWh): 10,720
Power Pool: 18 Variable Fuel Cost (C/106 Btu): 30
NERC Region: SERC Operating Status: In Service

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity %z of Average per Average

Season be Rgplaced Factor Season 1n Total kWh Replaced per Day
and Year (10” kWh) (2) Service (SlOb) (mills/kWh) ($10°/4d)

Fall 1984 1691 72.5 100.0 27.9 16.5 306
Winter 1984/85 1682 72.1 100.0 26.4 15.7 289
Spring 1985 1682 72,1 100.0 26.7 15.9 292
Summer 1985 1680 72.3 100.0 25.6 15.2 280
Fall 1985 1694 12. 100.0 27.1 16.0 297
9 15.4 283
7 15.3 281
2 14.9 276

Winter 1985/8 1682 ' 100.0 255

6
1

Spring 1986 1682 72.1 100.0 25.
4

Summer 1986 1688 72, 100.0 25,

8pAssuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance tor all other units.

For portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.67 Replacement Energy Data for Brunswick 1

Reactor Name:
Utility:

Power Pool:
NERC Region:

Brunswick 1 Unit Size (MW): 790
Carclina Power and Heat Rate (Btu/kWh): 11,166
Light Co. Variable Fuel Cost (¢/10% Bru): 42
19 Operating Status: In Service
SERC

Seasonal Production-Cost Incrgase

. Due to Short-Term Shutdown

Seasonal Operating Statistics

Ceneration to Capacity 2 of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per Day

and Year (10° kWh) (%) Service (5107) (mills/kWh) ($107/4)
Fall 1984 1279 73,9 100.0 35.5 27.7 389
Winter 1984/85 1270 13.4 100.0 25.8 20.3 283
Spring 1985 1284 74.2 100.0 36.2 28.2 397
Summer 1985 1271 73.4 100.0 27.7 21.8 304
Fall 1985 1282 74.1 100.0 35.9 28.0 394
Winter 1985/86 1264 73.0 100.0 24.4 19.3 267
Spring 1986 1280 74.0 100.0 30.5 23.9 335
Summer 1986 1268 73.3 100.0 25.5 20.1 280

‘Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

Pror portion of season unit is in service, in undiscounted 1984 dollars.

ot



TABLE 4.68 Replacement Energy Data for Brunswick 2

Reactor Name: Brunswick 2 Unit Size (MW): 790
Utility: Carolina Power and Heat Rate (Btu/kWh): 11,166

Light Co. Variable Fuel Cost (¢/10% Btu): 42
Power Pool: 19 Operating Status: In Service

NERC Region: SERC

Seasonal Production-Cost Incrgnse

Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average

Season be Rgpllced Factor Season in Tota kWh Replaced per Day

and Year (10° kWh) (2) Service ($10°) (mills/kWh) ($10°/4d)
Fall 1984 1279 73.9 100.0 35.5 27.7 389
Winter 1984/85 1271 713.4 100.0 25.8 20.3 283
Spring 1985 1284 74.2 100.0 36.2 28.2 397
Summer 1985 1271 73.5 100.0 27.17 21.8 304
Fall 1985 1282 74.1 100.0 35.9 28.0 394
Winter 1985/86 1264 73.1 100.0 24.4 19.3 267
Spring 1986 1280 74.0 100.0 30.5 23.9 335
Summer 1986 1268 73.3 100.0 25.5 20.1 280

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.

871



TABLE 4.69 Replacement Energy Data for Catawba 1

Reactor

Utility:

P

ower

NERC Reg

a

b

Assuming

“For porti

Name :

Pool :

no

maintenance

on

Unait
Heat

Catawba 1
Duke
19

SERC

Co.

Power

Size

(MW):

Rate (Btu/kWh):
kcw’lcb

Variable

Fuel Cost

Operating Status:

. . a
Seasonal Operating Statistics

1on t %2 of

be Rg; aced Factor
kWh) (%)

Cenerat Capacity

Season

100.0
100.0
100.0
100.0
100.0

scheduled maintenance or »fuel ing out

for all other units.

ot

1ges

undi1 scounted

Seasonal Product

Due to

1on=Cost
Short=-Term Shutdown

Average

o N |

.

D\_‘ N) b DJD
O
.
ONOND

w
.

—
.

for this reactor but

1984 dollars.

per
kWh Replaced
(mills/kWh)

normal

Increase

Average
per

($10



TABLE 4.70 Replacement Energy Data for Crystal River 3

Crystal River 3 Unit Size (MW): 311
Florida Power Corp. Heat Rate (Btu/kWh): 10,551
(Ma jor Owner) Variable Fuel Cost (¢ Bt 47
16 Operating Status: In Service
SERC

Seasonal Product i«

n-Cost Increase
¥
Short~Term Shutdown"

asonal Operat

Average per Average
Season 1in fota] kWh Replaced per

Ray
Servic

(mills/kWh) ($10°/4)

aAﬁﬁuran no schedt g outages 101
maintenance for all other

OFor portion of season unit nted 1984 dollars

Se




TABLE 4.71 Replacement Energy Data for Farley 1

Farl
Alab

SERC

enerat

e

|

a )
“Assuming no
maintenance for all

3
b
For portion ot

season

= '
ey 4

ama

Seasonal

10N

KEgpiLace
s - '
10

Kwh )

scheduled maintenance

other

unit

Power Co.

Rate
Variable

Operating Status:

easonal

Operating Statistid

Capacity

or Season

a ract

Service

100.0
100.0
100.0C
100.0
100.0
100.0
100.0
100.0

or refueling outages

units.

1s 1n service, 1n undiscounted

(Btu/

Fuel

for

kWh):

Cost (¢/]

804
11,388
44
Service

Production-Cost Increase

Short-Term Shutdown”

rage per
Replaced

l1s/kWh)

this reactor but

1984

dollars.

Average

per Day

normal




TABLE 4.72 Replacement Energy Data for Farley 2

Reactor Name:
Utilicy:
Power Pool:
NERC Region:

Farley 2

Alabama Power Co.
17

SERC

Unit Size (MW):

Heat Race (Btu/kWh):
Variable Fuel Cost (C/lO6 Btu):
Operating Status:

814
11,388
44

In Service

Seasonal Operating Statistics

Seasonal Production-Cost Incrgale
Due to Short-Term Shutdown

Generation to Capacity Z of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per gay

and Year (10° kwh) (2) Service ($10°) (mills/kwWh) ($10°/4d)
Fall 1984 1315 73.17 100.0 23.8 18.1 261
Winter 1984/85 1322 74.2 100.0 27.0 20.4 295
Spring 1985 1349 157 100.0 25.1 18.6 275
Summer 1985 1326 74.4 100.0 25.7 19.4 282
Fall 1985 1342 75.3 100.0 51.8 38.6 568
Winter 1985/86 1342 75.3 100.0 28.7 21.4 314
Spring 1986 1354 75.9 100.0 52.5 38.8 575
Surmmer 1986 1331 74.7 100.0 27.3 20.5 300

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.

(491



TABLE 4.73 Replacement Energy Data for Harris 1

Reactor Name:
Utility:

Power Pool:
NERC Region:

"arris 1 Unit Size (MwW): 900
Carolina Power Heat Rate (Btu/kWh): 10,641
and Light Co. (Major Owner) Variable Fuel Cost (¢/10% Bru): 39
19 Operating Status: Planned

SERC

Seasonal Operating Statistics®

Seasonal Production-Cost Inctgnne
Due to Short-Term Shutdown

Ceneration to Capacity X of Average per Average

Season be Rgplac“‘ Factor Season in Tota kWh Replaced per y

and Year (10° wkwh) (2) Service ($10%) (mills/kWh) ($10°/4)
Fall 1984 - - - % - -
Winter 1984/85 - - g - - -
Spring 1985 - * - - - -
Summer 1985 - » - - - -
Fall 1985 - - il o v -
Winter 1985/86 - - - - -
Spring 1986 1459 74.0 100.0 35.7 24.5 391
Sumrer 1986 1446 73.3 100.0 30.0 20.7 329

8pssuming no scheduled maintenance or

maintenance for all other units.

refueling outages for this reactor but normal

bror portion of season unit is in service, in undiscounted 1984 dollars.

1194



TABLE 4.74 Replac>ment Energy Data for Hateh 1

Unit Size (MW): 164
Heat Rate (Btu/kWwh): 10,997
Variable Fuel Crst (¢/10 3tu) 34
Operating Status: In Service

1al Production-Cost Increase
- )
Short-Term Shutdown

Average per Average
Thtaé kWwh Replaced per gay
($10%) (mills/kWh) ($107/4d)

O

N

Fall 1684

Winter 1984/85 124 2 100.0
Spring 1985 ] 100.C
Summer 1985 . > 100.0
Fall 1985 12 100.0
Winter 1985/86 100.90
Spring 1986 100.0
Summer 1986 100.0

o
. o
N

O N

NN VBLDNN NN

SN O~NOoOwWwS
® 5 o »

NN O

8Assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

PFor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.75 Replacement Energy Data for Hateh 2

Reactor Name:
Utility:

Power Pool:
NERC Region:

Hatch 2

Ceorgia Power Co.

(Major Owmer)
17
SERC

Unit Size (MW):

Heat Rate (Btu/kWh):

Variable Fuel Cost (c/lo6 Btu):
Operating Status:

171
10,997
34

In Service

Seasonal Production-Cost Incrgase

Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to  Capacity Z of Average per Avereze

Season be Rgplaced Factor Season in Tota kWh Replaced per Day

‘2d Year (10° kwWh) (%) Service ($10®) (mills/kWh) ($10°/4)
Fall 1984 1246€ 73.8 100.0 24,1 19.4 265
Winter 1984/85 1253 74.2 100.0 28.4 22.7 312
Spring 1985 1278 75.7 100.0 27.1 21.2 297
Summer 1985 1257 14.4 100.0 26.0 20.7 285
Fall 1985 1272 79.3 100.0 50.6 39.8 555
Winter 1985/86 1272 75.4 100.0 28.2 22.2 309
Spring 1986 1283 76.0 100.0 51.1 39.8 560
Summer 1986 1262 18.7 10¢.0 27.5 21.8 301

8pssuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all

other units.

bFor portion of season unit is in service, in undiscounted 1984 dollars.

119!



TABLE 4.76 Replacement Energy Data for McGuire 1

Reactor Name: McCuire 1 Unit Size (MW): 1,180
Utility: Duke Power Co. Heat Rate (Btu/kWh): 6 10,641
Power Pool: 19 Variable Fuel Cost (¢/10° Btu): 39
NERC Region: SERC Operating Status: In Service

R Seasonal Froduction-Cost Incrgnse

Seasonal Operating Statistics Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average
S.:ason be Rgplaced factor Season in Tota kwWwh Replaced per ?.y
and Year (10° kwh) (2) Service ($10°) (mills/kWh) ($10°/4)
Fall 1984 1913 74.0 100.0 54.6 28.6 598
Winter 1984/85 1900 73.5 100.0 41.3 21.7 452 o
Spring 1985 1919 74.3 100.0 57.0 29.7 624 =
Summer 1985 1901 73.6 100.0 43.4 22.8 475
Fall 19&5 1917 74,2 100.0 54.1 28.2 593
Winter 1985/86 1896 73.4 100.0 37.7 19.9 414
ipring 1986 1914 74.1 100.0 48.2 25.2 528
Summer 1986 1897 73.4 100.0 39.8 21.0 436

8assuming no scheduled maintenance or refueling outzges for this reactor but normal
maintenance for all other units.

bror portion of season unit is “ 1 service, in undiscounted 1984 dollars.



TABLE 4.77 Replacement Energy Data for McGuire 2

Reactor Name:
Utility:
Power Pool:
NERC Region:

McGuire 2

Duke Power Co.
19

SERC

Unit Size (MW):

Heat Rate (Btu/kWh):

Variable Fuel Zost (c/lo6 Btu):
Operating Status:

1,180
10,641
39

In Service

Seasonal! Operating Statistics

Seascinal Production-Cost Increase
Due t - Short-Term Shutdown

Generation to Capacity Z of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per Day

and Year (10" kwh) (2) Service ($10%) (mills/kWh) (s10°/4d)
Fall 1984 1911 713.9 100.0 54.6 28.6 599
Winter 1984/85 1899 73.5 100.0 41,2 21.7 452
Spring 1985 1919 74.3 100.0 57.0 29.7 624
Summer 1985 1900 73.5 100.0 43.4 22.8 475
Fall 1985 1917 74.2 100.0 54.1 28.2 593
Winter 1985/86 1895 73.3 100.0 32.7 19.9 414
Spring 1986 1914 74.1 100.0 48.2 25.2 528
Summer 1986 1896 73.4 100.0 39.8 21.0 436

8pssuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.

LST



TABLE 4.78 Replacement Energy Data for North Anna 1

Reactor Name: North Anna 1 Unit Size (MW): 817
Utility: Virginia Electric and Heat Rate (Btu/kWh): 11,062

Power Co. Variable Fuel Cost (c/lD6 Btu): 38
Power Pool: 19 Operating Status: In Service

NERC Region: SERC

Seasonal Production-Cost Incrgase

Seasonal Operating Statistics® Due to Short-Term Shutuown
Generation to  Capacity X of Average per Average
Season be Rgplaced Factor Season in Tota kwh Replaced per Day
and Year (10" kwh) (%) Service ($10°) (mills/kWh) (s10°/4)
Fall 1984 1420 73.9 100.0 39.9 28.1 438 b
Winter 1984/85 1411 713.5 100.0 29.7 Z21.0 325 s
Spring 1J85 1426 74.3 100.0 41.3 28.9 452
Summer 1985 1412 73.5 100.0 31.6 22.4 346
Fall 1985 1424 74.1 100.0 40.7 28.6 446
Winter 1985/86 1406 73.2 100.0 27.7 19.7 304
Spring 1986 1422 74.0 100.0 34.9 24.5 382
Summer 1986 1409 73.3 100.0 29.1 20.7 319

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

Pror portion of season unit is in service, in undiscounted 1984 dollars.




seasonai
N »
vuc O

»laced
kwh )

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

o _ !
8Assuming no scheduled maintena but normal

maintenarce for all other units.

n undiscounted 1984 dollars.

12 = o
“For of season 1 n vice, 1




TABLE 4.80 Replacement Energy Data for Oconee 1

Reactor Name: Oconee 1 Unit Size (MW):

Utility: Duke Power Co. Heat Rate (Btu/kWh):
Power Pool: 19 Variable Fuel Cost (¢/10%
NERC Region: SERC Operating Status:

860
10,460
45

In Service

Seasonal Production-Cost Increase

Seasonal Operating Statistics® Due to Short-Term Shutdown

Generation to  Capacity 2 of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per Day

and Year (10° kwh) (2) Service {($10°) (mills/kWh) (s10°/4)
Fall 1984 1391 73.9 100.0 38.4 27.6 421
Winter 1984/85 1382 73.4 100.0 25.3 20.5 311
Spring 1985 1397 74.2 100.0 39.7 28.4 435
Summer 1985 1383 73.4 100.0 30.2 21.9 331
Fall 1985 1395 74.1 100.0 39.1 28.1 429
Winter 1985/86 1375 73.0 100.0 26.5 19.3 290
Spring 1986 1393 74.0 100.0 33.4 24.0 366
Summer 1986 1380 73.3 100.0 27.8 20,2 305

8Assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.

091



TABLE 4.81 Replacement Energy Data for Oconee 2

100.0
100.0
100,93
100.0
100.(

100.0
100.0

N

17n0.0

undil scour




TABLE 4.82 Replacement Energy Data for Oconee 3




TABLE 4.83 Replacement ¥nergy Data for Robinson 2

Size (MW): 665
Utility: Carolina Power and ueat Rate (Bru/kWh 11,624

Reactor Name!: Robinson 2 Unit

Light Co Variable Fuel Cost f 26
Operating Status: In Service

Seasonal Production-Cost Ir:-r;
Due to Short-Term Shutdown™

Average per Average

kWh Re¢ placed r ‘Qéxy
P |
Vv 3 J

o

e
(mills ($1

100.0
100.0
100.9
100.0
100.0
10C.0
100.0
100.0

scheduled maintenance Or e o putapges this reacior but normal

ssuming no

maintenance for all other units.

b .
“For portion of season unit 1s 1n service, in undiscounted 1984 dollars.




TABLE 4.84 Replacement Energy Data for Sequoyah 1

Reactor Name: Sequoyah 1 Unit Size (MW): 1,148
Utility: Tennessee Valley Authority Heat Rate (Dtu/kWh): 10,620
Power Pool: 18 Variable Fuel Cost (¢/16° Btu): 33
NERC Region: SERC Operating Status: In Service

Seasonal Production-Cost Increase
Due to Short-Term Shutdown

Seasonal Operating Statistics

Ceneration to Capacity p4 Average per Average
be Rgplarwd Factor Season in Zotag kWh Replaced per Day
(107 kWh) (%) Service (s10%) (mills/kWh) ($10°/4d)

160.0
100.0
100.0
100.0
100.0
10.0
10G.0
100.0

d ~

Winter
Spring

~4

.

Summer

N

1985/8%
ng 1986

.
B b

* S
2.1
;5
72.1
2.6
2.1
2

2

SN

summer 1986

scheduled maintenance or refueling ou fe this reactor but normal
] 4

for al other units.

f season unit 1s 1n service, 1in 1di1scounted 1984 dollars.

i




TABLE 4.2C Replacement Energy Data for Sequoyah 2

Reactor Name: Sequoyah 2 Unit Size (MW): 1,148
Utility: Tennessee Valley Authority Heat Rate (Btu/kWh): 10,620
Power Pool: 18 Variable Fuel Cost (¢/10% Btu): 33
NERC R jion: SERC Operating Status: In Service

Seasonal Production-Cost Incrgnle

a Due to Short-Term Shutdown

Seasonal Operating Statistics

GCeneration to Capacity % of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per Day

and Year (10”7 kwWh) () Service (s10°) (mills/kWh) ($10°/4)
Fall 1984 1822 72.5 100.0 29.6 16.3 325
Winter 1984/85 1812 72.1 100.0 27.9 15.4 306
Spring 1985 1813 712.1 100.0 28.3 15.6 310
Summer 1985 1812 72.1 100.0 27.1 4.9 297
Fall 1985 1824 72.6 100.0 28.8 i5.8 316
Winter 1985/86 1813 b & % 100.0 27.4 15 .1 300
Spring 1986 1813 72.1 100.0 27.2 15.0 298
Summer 1986 1819 72.3 100.0 26.7 14.7 293

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.86 Replacemeant ata for St. Lucie 1

Reactor Nawe: 35 Lucie 1 Unit Size (MW): 822
Utility: Florid: ) and t Co Heat Rate (Btu/kWh): 10,968
Power Pool: ] Variable Fuel Cost (¢/ 73
NERC Regi SFRC Operating Status: In Service

easonal Production-Cost Increase
Due to Short-Term Shutdown
Average per Average
Season in ¢ kWh Replaced per Day
Service , (mills/kwWh) ($107/4d)

100.0
100.0
100.0
100.0
100.0
100.0
100.0

7
o/
3
>
‘
'
V.
) |
i

ot

winter

-~

Spring

Summer

8As ming nd ) d maintenance ot 2 lin out 3 | this react

meaintenance to il other units.

season unit




Reactor Name:

|

1984
1984
1985

1985

winter
Spring
Summer
Fall 1985
winter
Spring 1986

Summer 1986

4pAssuming no

nairntenance

t

e .
For portion

-
o

5

1985/86

scheduled maintéenance
tor all

ot

seasol

12
2

cther

rating
Capacity
Factor

(%)

o

5
33

)

N
~

~N
oo

o N

WLV N N

NN
‘\

units.

unit 1s 1n service,

refuel ing outages

r

Size
Rate

Unit
Heat
Variable

Operat

Statist)

100.0
100.0
100.0
162.0
100.0
100.0
106.0

1ng Status:

Seasonal

(MW ):
(Brtu/kWh):
Fuel

Cost (¢ 10° Btu):

786

10,968

73

In Service

Producti

Due to Short-Term S

Average per
kWh Replaced
kWh)

(mills

on-Cost
hutdown

Increase

Average

gav

d)

per

($10

468
382
432
431
439
378
460
434

undiscounted

for thas

reactor but

1984 dollars.

normal




TABLE 4.88 Replacement Energy Data for Surry 1

Reactor Name: Surry 1 Unit Size (MW):
Utility: Virginia Electric and ieat Rate (Btu/kWh):
Power Co. Variable Fuel Cost (C/IO6 Btu):
Power Pool: 19 Operating Status:
NERC Region: SERC

Seasonal Production-Cost Increase

a Due to Short-Term Shutdown

Seasonal Operating Statistics

Ceneration to Capar 1ty 2 of Average per Average
be Rgpkicud Factor Season 1in Tota kWh Replaced per Day

(10™ k%Wh) (%) Service ($10%) (mills/kWh) ($10°/4)

Fall 1984 125: 73.8 100.v 32.6 368
Winter 1984/85 242 73.2 100.0 24.1 264
Spring 1985 1258 74.1 100.0 34.3 y 2 376
Summer 1985 124 73.3 100.0 26.0 20.9 285
Fall 1985 ] 25 74.0 100.0 34.1 27.1 373
Winter 1985/86 1239 73.0 100.0 22.7 18.° 249
Spring 1986 125 74.0 100.0 28.8 22 315
Summer 1986 124 3.1 100.0 23.9 19 262

8Assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

bpor portien of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.89 Replacement Energy Data for Swry 2

Surry 2

Virginia Electric and
Power Co.

Power Pool: 9

NERC

Reactor Name:
Ucalaty:

Region:

Sea.onal

Capacity
Factor
(%)

Ceneration to
Season be Rgpiaced
(10" kWh)

and Year

Operating Statistics®

Season 1n
Service

Unit Size (MW):

Heat Rate (Btu/kWh):

Variable Fuel Cost (C/lOb Btu):
Operating Status:

Seasonal Production-Cost Increase

Due to Short-Term Shutdown

Z of Average per
kWh Replaced

(mills/kWh)

Average
per Day
($107/4d)

Total

($106)

73.8
73.1
74.1
713.2
74.0

1984
1984/85

Fall
Winter
Spring 1985
Summer 1985
Fall 1985

Winter 1985 73.0
Spring 1986 73.9
Summer 1986 1 13

scheduled maintenance Or
for all other units.

8A55um1ng no
maintenance
in service,

Pror portion of season unit 1s

26.8
19.4
27.2
20.9
27,1
18.3
22.9
19.3

368
264
376
285
373
249
315
262

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

> bW

OO ~N-~0 W=

NN WN W W
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refuel ing outages

for this reactor but normal

in undiscounted 1984 dollars.




TABLE 4.90 Replacement Znergy Data for Turkey Point 3

Reactor Name: Turkey Point 3 Unit Size (MW): 666
Utility: Florida Power and Light Co. Heat Rate (Btu/kWh): 11,173
Power Pool : 16 Variable Fuel Cost (¢/10% Bru): 19
NERC Region: SERC Operating Status: In Service

Seasonal Production-Cost Incrgnce

Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity X of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per Lay

and Year (10° kwWh) (2) Service ($10°) (mills/kWh) ($107/4)
Fall 1984 1068 73,2 100.0 42.4 39.7 464
Winter 1984/85 1055 712.4 100.0 35.7 33.8 391
Spring 1985 1061 72.8 100.0 39.5 37.2 432
Summer 1985 1058 T2:5 100.0 39.7 37.5 435
Tall 1985 1059 72.6 100.0 40,2 37.9 440
dinter 1985/86 1056 72.4 100.0 35.4 33.5 388
Spring 1986 1065 73.0 100.0 41.7 39.2 457
Summer 1986 1064 73.0 100.0 39.8 37.4 436

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion cf season unit is in service, in undiscounted 1984 dollars.

0LT



TABLE 4.91 Replacement Energy Data for Turkey Point 4

Reactor Name:
Utility:
Power Pool:
NERC Region:

Turkey Point 4

Florida Power and Light Co.

16
SERC

Unit Size (MW):

Heat Rate (Btu/kWh):

Variable Fuel Cost (¢/10° Bru):
Operating Status:

666

11,173

19

In Service

Seasonal Operating Statistics

Seasonal Production-Cost Iacrease

Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per Day

and Year (10" kWh) (2) Service ($10°) (mills/kwh) ($10°/4)
Fall 1984 1068 73.2 100.0 42.4 39.7 404
Winter 1984/85 1055 712.4 100.0 35.7 33.8 391
Spring 1985 1061 712.6 100.0 39.5 37.2 432
Summer 1985 1057 72.5 100.0 39,7 37.5 435
Fall 1985 1059 72.6 100.0 40.2 37.9 440
Winter 1985/86 1056 712.4 100.0 35.4 33.5 388
Spring 1386 1065 73.0 100.0 41.7 39.2 457
Summer 1986 1064 73.0 100.0 39.8 37.4 436

8Assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

beor portion of seasor unit is in service, in undiscounted 1984 dollars.

TLT



TABLE 4.92 Repiacement Energy Data for V.C. Summer 1

Reactor Name: V.C. Summer 1 Unit Size (MW): 900
Utility: South Carolina Electric Heat Rate (Btu/kWh): 10,64)

and GCas Co. Variable Fuel Cost (¢/10° Btu): 39
Power Pool: 19 Operating Status: In Service
NERC Region: SERC

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown®

Ceneration to Capacity % of Average per Average
Season be Rgplaced Factor Season 1n Tota kWwh Replaced per Day

and Year (10¥ kWh) (%) Service {(milis/kwWh) (510°/d)

N

451
336
466
357
459
313
391
328

Fall 1984
Winter 1984/85
Spring 1985
Summer 1985
Fall 1985
Winter 1985/
Spring 1986
Summer 1986

41
30

SHw b
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8assuming no scheduled maintenance or refueling outages for this reactor but ncrmal

maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.93 Replacement Energy Data for Watts Bar 1

Reactor Name:
Utilicy:
Power Pool:
NERC Region:

Watts Bar 1

Tennessee Valley Authority

18
SERC

Unit Size (MW):

Heat Rate (Btu/kWh):

Variable Fuel Cost (c/lO6 Btu):
Operating Status:

1,165
10,620
33
Planned

Seasonai Operati ig Statistics?

Seasonal Production-Cost Incrgase
Due to Short-Term Shutdown

Ceneration to Capacity X of Average per Average

Season be Rgpiaced Factor Season in Tota kWh Replaced per Day

and Year (10" kwh) (%) Service ($10°) (mills/kWh) ($10°/4)
Fall 1984 613 72.1 33.3 9.9 16.1 324
Winter 1984/85 1839 72.1 100.0 28.3 15.4 311
Spring 1985 1840 72.1 100.0 28.7 15.6 314
Summer 1985 1837 12.0 100.0 27.5 15.0 301
Fall 1985 1851 72.6 100.0 29.3 15.8 321
Winter 1985/86 1839 72.1 100.0 27.8 15.1 305
Spring 1986 1840 72.1 100.0 27.6 15.0 302
Summer 1986 1845 72.3 100.0 27.1 14.7 297

8Assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars.

E€LT



TABLE 4.94

Arkansas Nuclear One
Arkansas Power and
Light Co

20

SPy

| Operating Statis

Capac

Fact«

(Z

/.
R
AJON

1984/
Spring 1985
Summer 1985
Fall 1985
1985/
1986
1986

scheduled maintenance

1

tor all other units.

of season unit

-

Replacement Energy Data for Arkansas Nuclear One 1

Si1ze
Rate

(MW):
(Btu

Fuel

Unit
Heat kWh):
Variable
Operating Status:

Seasonal

Cost (¢/

10°

Product

836
11,322
Btu): 50

in Service

ion-Cost Increase

Due to Short-Term Shutdown

Avirage per

Average

kWwh Replaced per Day

(mills/kWh)

100.0
100.0
100.0
100.0
100.0
100.0
100.0

g Ooutages tor

undiscounted 1

NNNNNNN
WV v n

v N
bl U

this reactor

($10°/d)

oo wwe

but normal




TABLE 4.95 Replacement Energy Data for Arkansas Nuclear One 2

Reactor Name:
Utility:

Power Poocl:
NERC Region:

Arkansas Nuclear One 2
Arkansas Power and

Light Co.
20
SPP

Unit Size (MW):
Heat Rate (Btu/kWh):
Variable Fuel Cost (+/10% Btu):

Operating Status:

858
11,322
50
In Service

Seasonal Operating Statistics®

Seasonal Productian-Cost Incrgase

Due to Short-

.rm Shutdown

Generation to Capacity % of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per gay

and Year (10° kWh) (2) Service ($10%) (milis/kWh) ($10°/4)
Fall 1984 1354 72,1 100.0 34.6 25.5 379
Winter 1984/85 1354 12.1 100.0 34.8 25.7 382
Spring 1985 1354 72.1 100.0 33.4 24,7 366
Summer 1985 1354 72.1 100.0 34.% 25.4 3717
Fall 1985 1354 72.1 100.0 %2 24.5 363
Winter 1985/86 1354 72,1 100.0 33.7 24.9 369
Spring 1986 1354 72.1 100.0 32.5 24.0 356
Summer 1986 1354 72.1 100.0 33.3 24.6 365

‘Assuning no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

PPor vortion of season unit is in service, in undiscounted 1984 dollars.

Sl



TABLE 4.96 Replacement Energy Data for Grand Gulf 1

Reactor Name:
Utilicy:

Power Pool:
NERC Region:

Grand Gulf 1

Mississippi Power and
Light Co. (Major Owner)

26 (902), 17 (iox)

SPP (90%), SERC (10%)

Unit Size (MW): 1,250
Heat Rate (Btu/kWh): 11,388
Variable Fuel Cost (¢/10% Bru): 44
Operating Status: Planned

Seasonal Operating Statistics

Seasonal Production-Cost Incrgnle

a Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average

Season be Rgplaced Factor Season in Tota kWh Replaced per y

and Year (10° kWh) (2) Service (510°) (mills/kWh) ($10°/4)
Fall 1984 1977 712.2 100.0 50.0 25.3 548
Winter 1984/85 1979 72.3 100.0 50.8 25,7 557
Spring 1985 1983 12.4 100.0 49.8 25.1 546
Summer 1985 1980 712.3 100.¢0 50.1 2%.3 549
Fall 1985 1981 72.4 100.0 52.5 26.5 575
Winter 1985/86 1981 12.4 100.0 49.3 24.9 540
Spring 1986 1984 72.5 100.0 50.0 25.2 548
Summer 1986 1981 12.4 100.0 48.8 24 .6 535

‘Assuming no scheduled maintenance or refuel ing outages for this reactor but normal
maintenance for all other units.

bFor portion of season unit is in service, in undiscounted 1984 dollars.

9LT



T.  3LE 4.97 Replacement Energy Data for River Bend 1

934
11,322
50

Planned

increase
)

tdown’

\verage per Average
kWwh Replaced per Qaw
(mills/kWh) ($10°/4d)

QAssuming 1.0 -hedul ed maint or : >l 1ng outages tor this reactor but normal

maintenance for all other units.

r
“For portion of season unit 1s in service, in undiscounted 1984 dollars.




TABLE 4.98 Replacement Energy Data for Waterford 3

Size (MW): 1,151
Heat Rate (Btu/kWh): 1,322
Yariable Fuel Cost (:"‘o Btu): 50

ting Status: Planned




TABLE 4.99 Replacement Energy Data for Woif Creek 1

r Name: jolf Cree Unit Size (MW): 1,150

ity Kanse Cas n Heat Rate (Btu/kWh): 11,322
Variable Fuel Cost (¢/10° Bru): 50

Power Pool: Operating Sta“tus: Planned

NERC Region:

Seasonal Production~-Cost Increase
Due to Short-Term Shutdown

. . a
Seasona: Uperating Statistics

Ceneration t¢ Capacity X of Average per Average
be Replaced Factor Season in Total kWh Replaced per Day

(10° wwh) (2) Service ($10%) (mills/kiWh) ($10°/4)

Fall 1984 - -
Winter 1984/85 -

Spring 1985 66.7
Summer 1985 100.0
Fall 1985 10C6.0
Winter 1985/86 100.0
Spring 1986 100.0
Summer 1986 100.0

.
w

SIS N e
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. .
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8Assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

rtion of season unit 1s 1n service, i1n undiscounted 1984 dollars.




TABLE 4.100 Replacement Energy Dnta for Diablo Canyon 1

Reactor Name: Diablo Canyon 1 Unit Size (MW): 1,084
Utilicy: Pacific Cas and Heat Rate (Btu/kWh): 11,035

Electric Co. Variable Fuel Cost (¢/10° Bru): 46
Power Pool: 27 Operating Status: In Service

NERC Region: WSCC

Seasonal Production-Cost Increase

Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average

Season be R:placed Factor Season in Tota kWh Replaced per jay

and Year (10 kwh) (2) Service ($10°) (mills/kWh) (s10°/4)
Fall 1984 1718 72.4 100.0 84.1 49.0 922
Winter 1984/85 1709 72.0 100.0 81.8 47. 897
Spring 1985 1701 71.7 100.0 74.2 43.6 813
Summer 1985 1712 712.1 100.0 76.0 44 .4 833
Fall 1985 1716 72.3 100.0 81.5 47.5 893
Winter 1985/86 166C 69.9 100.0 79.2 47.7 868
Spring 1986 1697 71.5 100.0 71.0 41.9 779
Summer 1986 1712 72.1 100.0 73.3 42.8 803

8Assuming no scheduled mainteznance or refueling cutages for this reactor but normal
maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.

081



TABLE 4.101 Replacement Energy Data for Diablo Canyon 2

Reactor Name:
Utility:

Power Pool:
NERC Region:

Diablo Canyon 2
Pacific Cas and
Electric Co.

27

WScc

Unit Size (MW): 1,106
Heat Rate (Btu/kWh): 11,035
Variable Fuel Cost (¢/10% Bru): 46

Operating Status: Planned

Seasonal Operating Statistics

Seasonal Production-Cost Increase

4 Due to Short-Term Shutdown

Ceneration to Capacity X of Average per Average

Season be lgplnced Factor Season in Tota kWh Replaced per Day

and Year (10° kWh) (2) Service (510°) (mills/kWh) ($107/4)
Fall 1984 - - - - - -
Wincer 1984/85 - - - - - -
Spring 1985 1121 69.4 66.7 45.7 40.8 751
Summer 1985 1746 12.1 100.0 77.86 44.5 851
Fall 1985 1751 12.3 100.0 83.2 47.5 912
Winter 1985/86 1745 72.0 100.0 80.9 46.4 887
Spring 1986 1650 68.1 100.0 72.4 43.9 793
Summer 1986 1746 72.1 100.0 74.7 42.8 819

8Assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenarce for all other units.

bpor portion of season unit is in service, in undiscounted 1984 dollars.

181



TABLE 4.102 Replacement Energy Data for Fort St. Vrain 1

Reactor Name: Fort St. Vrain 1 Unit Size (MW): 330
Utility: Public Service Co. Heat Rate (Btu/kWh): 11,053

of Colorado Variable Fuel Cost (¢/10° Btu): 33
Power Pool: 28 Operating Status: In Service
NERC Region: WSCC

Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity X of Average per Avrrage
Season be Replaced Factor Season 1in Tota kWh Replaced per Day
and Year (10° wwh) (%) Service (s10%) (mills/kWh) ($107/4)

66
47
46
40
70
44
81
39

—
~4 OO 0O »=

100.0
100.0
100.0
100.C
100.0
100.0
100.0
100.0

Fall 1984 530
Winter 1984/85 521
Spring 1985 521
Summer 1985 521
Fall 1985 524
Winter 1985/ 521
Spring 1986 521
Summer 1986 521
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aASSumxng no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.103 Replacement Energy Data for Hanford N

Reactor Name:
Utility:
Power Pool:
NERC Region:

Hanfor

d N

U.S. Department of Energy

25
WSCC

Unit Size (MW): 860
Heat Rate (Btu/kWh): 11,000
Variable Fuel Cost (¢/10° Bru): 47
Operating Status: In Service

Seascnal Operating Statistics®

Seasonal Production-Cost Incrgase
Due to Short-Term Shutdown

Generation to Capacity 2 of Average per Average

Season gplaced Factor Season in Tota kWh Replaced per gcy

and Year (10 (2) Service ($10™) (mills/kwh) ($10°/4)
Fall 1984 1425 75.7 100.0 32.9 23.1 360
Winter 1984/85 1358 72.1 100.0 9.9 7.3 108
C€pring 1985 1357 72.1 100.0 6.5 4.8 72
Summer 1985 1392 73.9 100.0 27.0 19.4 296
Fall 1985 1426 15.7 100.0 47.9 33.6 525
Winter 1985/86 1359 72.1 100.0 11.1 8.2 122
Spring 1986 1357 72.1 100.0 6.1 4.5 67
Summer 1986 1393 74.0 100.0 28.4 20.4 311

8Assuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

bror portion of season unit is in service, in undiscounted 1984 dollars. The large
variations in seasonal costs are primarily attributable to the wide variability and
large contribution of hydroelectric generation in the Northwest Power Pool. Results
are based on median hydroelectric conditions (see Ref. 28).

€81



TABLE 4.104 Replacement Energy Data for Palo Verde 1

Reactor Name:
Utilicy:

Power Pool:
NERC Region:

Palo Verde 1

Arizona Public Service Co.

(Major Owmer)
26 (792), 27 (212)
W3sCC

Unit Size (MW):

Heat Rate (Btu/kWh):
Variable Fuel Cost (c/lo6 Btu):
Operating Status:

-
——
- -
o W

SUR

Planned

Seasonal Production-Cost Incrgaoc

Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity 2 of Average per Average

Season gplaced Factor Season in Tota kwh Replaced per guy

and Year (10 (2) Service ($10°) (mills/kWh) ($10°/4)
Fall 1984 - " - - - -
Winter 1984/85 2062 72.2 100.0 18.7 38.2 862
fpring 1985 2049 71.7 100.0 71.3 34.8 781
Summer 1985 2078 72.8 100.0 81.1 39.0 889
Fall 1985 2064 72.3 100.¢ 75.6 36.6 828
Winter 1985/86 2064 72.3 100.0 7.3 37.5 847
Spring 1986 2056 72.0 100.0 69.7 33.9 7164
Summer 1986 2079 72.8 100.0 77.6 37.3 850

8Assuming no

maintenance for all other units.

bFor portion of season unit is in service, in undiscounted 1984 dollars.

scheduled maintenance or refueling outages for this reactor but normal

Y81



TABLE 4.105 Replacement Energy Data for Palo Verde 2

Reactor Name:

Palo Verde 2

Unit Size (MW):

Utility: Arizona Public Service Co. Heat Rate (Btu/kWh): 11,035

(Major Owner) Variable Fuel Cost (c/lo6 Btu): 46

Power Pool: 26(792),27(212) Operating Status: Plunned

NERC Region: wsSccC
Seasonal Production-Cost Increase
Seasonal Operating Statistics? Due to Short-Term Shutdown

Ceneratior to Capacity Z of Average per Average

Ceason be lzplnced Factor Season in Tota kwh Replaced per gny

and Year (10° kWh) (2) Service (s10°) (mills/kiWh) ($107/4)
Fall 1984 - - - - i -
Winter 1984/85 - - - - - -
Spring 1985 - - - - - -
Summer 1985 - - i " - -
Fall 1985 2064 72.3 100.0 75.6 36.6 828
Winter 1985/86 2063 72.2 100.0 77.3 37.5 847
Spring 1986 2055 72.0 100.0 69.7 33.9 764
Summer 1986 2072 72.6 100.0 17.5 37.4 849

8pssuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance for all other units.

Peor portion of season unit is in service, in undiscounted 1984 dollars.

S81



TABLE 4.106 Replacement Energy Data for Rancho Seco 1

Reactor Name:
Utility:

Power Pooui:
NERC Region:

Rancho Seco 1 Lait Size (MW): 873
Sacramento Municipal Heat Rate (Btu/kwh): 11,035
Utility District Variable Fuel Cost (c/lO6 Btu): 46
27 Operating Status: In Service
wWscC

Seasonal Preoduction-Cost Iacrgale

Seasonal Operating Statistics? Due to Short-Term Shutdown
Generation to Capacity 2 of Average per Avera;e
Season gplaced Factor Season in Tota kWh Replaced per
and Year (10 (2) Service ($10%) (mills/kWh) (s$10 /d)
Fall 1984 1384 12.4 100.0 67.4 48.7 739
Winter 1984/85 1376 72.0 100.0 65.7 47.7 720
Spring 1985 1377 72.0 100.0 59.6 43.3 653
Summer 1985 1378 72.1 100.0 61.2 44 .4 671
Fall 1985 1382 12.3 100.0 65.3 47.2 716
Winter 1985/86 1337 69.9 100.0 63.5 47.5 696
Spring 1986 1376 2.0 100.0 56.4 41.0 618
Summer 1986 1379 72.1 100.0 59.3 43.0 650

8assuming no schednled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bror portion of seascn unit is in service, in undiscounted 1984 dollars.

981




TABLE 4.107 Replacement Energy Data for San Onofre 1

Reactor Name: San Onofre 1 Unit Size (MW): 436
Utility: Southern California Heat Rate (Btu/kWh): 11,124

Edison Co. (Major Owner) Variable Fue! Cost (C/lO6 Btu): 93
Power Pool: 27 Operating Status: In Service
NERC Reg:i.on: wWsCC

Seasonal Production—-Cost Incrgase
Seasonal Operating Statistics® Due to Short-Term Shutdown

Ceneration to Capacity Z of Average per Average
be Rgpiaced Factor Season in Tota] kWwh Replaced per Day
(10° kWh) (2) Service ($10%) (mills/kWh) ($10°/d)

Fall 1984 691 12.4 29.7 43.0 326
Winter 1984/85 688 712.0 29.6 43.0 324
Spring 1985 639 66.9 25.8 40.4 283
Summer 1985 664 69.6 26.7 40.2 293
Fall 1985 684 71.7 28.6 41.9 314
Winter 1985/86 680 71.2 26.3 38.7 288
Spring 1986 651 68.2 23.9 36 .8 262
Summer 1986 656 68.7 25.9 39.4 283

8pssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

beor portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.108 Replacement Energy Data for San Onofre 2

Reactor Name: San Onofre 2 Unit Size (MW): 1,087
Utility: Southern California Heat Rate (Btu/kWh): 11,124
Edison Co. (Major Owrer) Variable Puel Cost (¢/10% Bru): 93
Power Pool: 2/ Operating Status: In Service
NERC Region: WSCC
Seasonal Production-Cost Increase
Seasonal Operating Statistics® Due to Short-Term Shutdown
Ceneration to Capacity 2 of Average per Average
Season be lgpluced Factor Season in Tota kWh Replaced per gny
and Year (10® kwh) (2) Service (s10°) (mills/kWh) ($10°/4)
Fall 1984 1722 72.3 100.0 75.2 43.7 824
Winter 1984/85 1712 71.9 100.0 73.0 42.6 800
Spring 1985 1600 67.2 100.0 65.6 41.0 719
Summer 1985 1637 68.7 100.0 67.3 41.1 738
Fall 1985 1688 70.9 100.0 72.6 43.0 796
Winter 1985/86 ‘A17 67.9 100.0 71.0 43.9 778
Spring 1986 276 §6.2 100.0 62.6 39.7 686
Summer 1986 1608 67.5 100.0 64.6 40.2 708

fAssuming no scheduled maintenance or refueling outages for this reactor but normal

maintenance fo

41 wenl@r units.

bror portirm of season y_.t is in service, in undiscounted 1984 dollars.

88T



TABLE 4.109 Replacement Energy Data for San Onofre 3

Reactor Name: San Onofre 3 Unit Size (MW): 1,087
Utilicy: Southern California Heat Rate (Btu/kWh): 11,124

Edison Co. (Major Owner) Variable Fuel Cost (c/lO6 Btu): 93
Power Pool: 27 Operating Status: In Service
NERC Region: wWSCC

Seasonal Production-Cost Incrgase
Seasonal Operating Statistics® Due to Short~Term Shutdown

Ceneration to Capacity 2 of Average per Average
Season be Rgplaced Facto Season 1n Tota kWh Replaced per Day
and Year (10" kWh) (%) Service ($107) (mills/kWh) ($107/d)

Fall 1984 1714 712.0 160.0 715.2 43.9 824
Winter 1984/85 1673 70.3 100.0 73.0 43.6 800
Spring 1985 1564 65.7 100.0 65.6 41.9 719
Summer 1985 1600 67.2 100.0 67.3 42.1 738
Fall 1985 1654 69.5 100.0 12.6 43.9 796
Winter 1985/86 1597 67.1 100.0 71.0 44 .4 7178
Spring 1986 1545 64.9 100.0 62.6 40.5 686
Summer 1986 1558 65.5 100.0 64.6 41.4 708

8Assuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bI-‘or portion of season unit is in service, in undiscounted 1984 dollars.




TABLE 4.110 Replacement Energy Data for Trojan 1

Reactor Name: Trojan 1 Unit Size (MW): 1,080
Utilicy: Portland General Heat Rate (Btu/kWh): 11,123

Electric Co. (Major Owner) Variable Fuel Cost (¢/10% Btu): 48
Power Pool: 25 Operating Status: In Service
NERC Region: WSCC

Seasonal Production-Cost Incrgase
Seasonal Operating Statistics® Due to Short-Term Shutdown

ay

Ceneration to Capacity 2 of Average per Average
Season be Rgplaced Factor Season in Tota kWwh Replaced per Day

and Year (107 kWh) Service ($10°) (mills/kWh) ($10°/4d)

~N

SO wO

517
147

86
370
672
167

80
401

Fall 1984 100.0
Winter 1984/85 1705 100.0
Spring 1985 1704 ] 100.0
Summer 1985 1748 100.0
Fall 1985 1791 100.0
Winter 1985/86 1706 100.0
Spring 1986 1705 100.0
Summer 1986 1750 100.0

—

[
.

o
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N

4sssuming no scheduled maintenance or refueling outages for this reactor but normal
maintenance for all other units.

bFor portion of season unit is in service, in undiscounted 1984 dollars. The large
variations in seasonal costs are primarily attributable to the wide variability and
large contribution of hydroelectric generation in the Northwest Power Pool. Results
are based on median hydroelectric conditions (see Ref. 28).




TABLE 4.111 Replacement Energy Data for WNP 2

Reactor Name: WNP 2 Unit Size (MW): 1,103
Utility: Washington Public Power Heat Rate (Btu/kWh): 11,123

Supply System Variable Fuel Cost (¢/10% Bru): 48
Power Pool: 25 Operating Status: Planned
NERC Region: WSCC

Seasonal Production-Cost Incrgase
Seasonal Operating Statistics® Due to Short-Term Shutdown

-

Ceneration to Capacity % of Average per Average
Season be Rgplaced Factor Season 1n Tulaé kWh Replaced per Day
and Year (107 kwWh) (%) Service ($107) (mills/kWh) ($107/d)

535
155

88
378
684
172

82
410

N

Fall 1984 100.0 48.8
Winter 1984/85 100.0 14.2
Spring 1985 100.0 .0
Summer 1985 100.0 34.5
Fall 1985 100.0 4
Winter 1985/86 100.0
Spring 1986 100.0
Summer 1986 100.0

»
VWO = WwWwN-

—

6
8
4.
9
4

N —w
oW

8pssuming no scheduled maintenance Or refueling outages for this reactor but normal
maintenance for all other units.

bFnr portion of season anit is in service, in undiscounted 1984 dollars. The large
variations in seasonal costs are primarily attributable to the wide variability and iarge
contribution of hydroelectric generation 1n the Northwest Power Pool. Results are based
on median hydroelectric conditions (see Ref. 28).




5 OBSERVATIONS

Replacement energy costs for nuclear generating units in the United States
depend on a number of key parameters. Data on those parameters must be extensively
verified and corrected before a reasonable cost estimate can be developed. In addition,
analysts must carefully address many complexities in representing utility systems. In
this study, replacement energy costs were estimated for all U.S. reactors planned to be
operating between fall 1984 and summer 1986. Observations on the results of the studies
are summarized below.

Significant increases in production costs can be expected whenever an operating
reactor is shut down. Replacement energy costs range from $6,000 to $922,000 per day
of reactor outage. The wide variation reflects differences in reactor sizes and in the
fuels and generating plants used to replace the lost nuclear generation.

Replacement energy costs exhibit a strong regional dependence. The results in
Sec. 4 show a wide variation in the average producticn-cost increase per nuclear
kilowatt-hour to be replaced.

Seasonal trends are significant in some regions and negligible in others. In
regions where summer peak loads are m: ~h higher than other seasonal peak loads, the
replacement energy costs were often lower in the summer than other seasons. Costs are
lower because, for reliability reasons, little, if any, maintenance is scheduled during the
summer peak load. Therefore, all generating units are a: .ilable, while during the off-
peak seasons many generating units are off-line for scheduled maintenance. 'Thus, the
cost of generating an additionai kilowatt-hour is frequently higher in the off-peak
seasons when many of the lower-cost units are unavailable. Another important seasona!
factor is variation in the amount of hydroelectric generation.

Potential reliability problems are important in some power pools. Some pools are
expected to have relatively little reserve capacity, so the loss of a single nuclear unit
would have a significant effect. Other pools (the southern subregion of SERC is one
example) seem to have sufficient reserve capacity to sustain the temporary loss of a
nuclear unit; when cales to other pools are considered, however, the loss of a nuclear unit
could cause difficulties. If sales to other pools are curtailed, the reliability and
generation costs for those pools will be affected. Studies that focus on individual

utilities rather than power pools greatly magnify the reliability effects of potential
reactor shutdowns.

Maintenance schedules affect replacement energy costs, especially on a seasonal
basis. In particularly important cases in which a production-cost study is run for the
designated reactor, the researcher should try to obtain the currently planned
maintenance schedules from the utilities involved. The ICARUS model and ADAP data
base make it possible to carry out such production-cost studies without investing a great
deal of time to collect and check data. This modeling package provides a head start for
case studies of particular reactoers.




Several issues were identified in this study as needing further attention. The
major issues include (1) estimations of economy exchanges under alternative shutdown
conditions (especially for power pools with a potential for extensive purchases or sales
outside the pool), (2) sensitivities to year-to-year variations in hydroelectric generating
conditions, and (3) the role of system reliability in evaluating shutdown impacts and
alternatives. Although there is no substitute for an up-to-date, case-specific analysis of
reactor shutdowns, efforts in the three areas identified would significantly strengthen
and extend the results that could be rapidly obtained from the modeling capability
described in this report.

Economy exchanges are especially difficult to mouel because interties and
system operstions are dynamic. Hydroelectric representations, as included in this study,
are based on average conditions that can, in fact, vary substantially from year to year.
These variations can strongly influence the apparent costs of shutdowns in systems that
contain substantial percentages of hydroelectric generating capacity. The issue of
system reliability has only been touched upon in the case study of multiple shutdowns
(App. B), yet it could become a major issue for some regions and power pools. System
reliability is an especially important consideration if retrofits or other modifications
force simultaneous shutdowns in interconnected pools that normally would rely on each
other for emergency transfers as well as economy exchanges.

The modeling package used throughout this study is an extensive compilation of
data and software for modeling electrical generating systems. The overall simulation
procedure was automated by minimizing the required user inputs and parameter

specifications. With the package, simulations can be rapidly assembled and, depending on
the particular power pool characteristics, reasonable energy costs can often be estimated
with few or no adjustments. In other cases, pool-specilic refinements require closer
attention and modification by the ana.yst. The modeling package allows more attention
to be given to case-specific refinements that are important for accurately portraying the
effects of nuclear unit shutdowns on generating systems.
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APPFNDIX A: REFERENCE LIST OF ASSUMED REACTOR
CAPACITIES AND START-UP DATES

TABLE A.1 Assumed Reactor Capacities and Start-Up Dates

Maximum Commercial Cumulative

Dependable Operation Capacity

NERC Region Capacity Date Factor as
and Reactor (Mw) (month/yr) of 12/31/83

ECAR
Beaver Valley 1 39.9
Beaver Valley 2 -
Big Rock Point 1 57.3
Donald C. Cook 1
Donald C. Cook 2
Davis-Besse 1
Enrico Fermi 2
Midland 2
Palisades 1
Perry 1

ERCOT
Comanche Peak 1
Comanche Peak 2

MAAC
Calvert Cliffs 1
Calvert Cliifs 2
Limerick 1
Oyster Creek 1
Peach Bottom 2
Peach Bottom 3
Salem 1
Salem 2
Susquehanna 1
Susquehanna 2
Three Mile Island

MAIN
Braidwood 1
Byron 1
Byron 7
Cal'saay 1
Dresden 2
Dresden 3
Kewaunee 1|
LaSalle 1
LaSalle 2
Point Beach 1

o
'
—

—
— 00 00 »= 00 00 © 0 00 ®
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Maximum Commercial Cumulative

Dependable Operation Capacity
NERC Region Power Capacity Date Factor as
and Reactor Pool (MW) (month/yr) of 12/31/83

MAIN (cont'd)
Point Beach 2
Quad Cities 1®
Quad Cities 2b
Zion |
Zion 2

MAPP
Duane Arnold 1
Cooper 1
Fort Calhoun 1
LaCrosse 5
Monticello 1
Prairie Island
Prairie Island

Pt e e et et P et
NNMNNNNN
—
NN N

[

NPCC
Fitzpatrick 1
Cinna 1

Haddam Neck 1

Indian Point

Indian Point

Maine Yankee

Millstone 1

Millstone 2

Milistone J

Nine Mile Point 1

Pilgrim 1

Seabrook 1

Shoreham 1

Vermont Yankee 1

Yankee Rowe |

- o~

.__
N WO

o

.A_

~Sd = Sy NNW

SERC
Browns Ferry 1
Browns Ferry 2
Browns Ferry 3
Brunswick 1
Brunswick 2
Catawba 1|
Crystal River 3
Farley |
Farley 2
Harris 1|
Hatch 1
Hatch 2




Maximum Commercial Cumulative

Dependable Operation Capacity

NERC Region Capacity Date Factor as
and Reactor (MW) (month/yr) of 12/31/83

SERC (cont'd)
McGuire 1
McCuire 2
North Anna 1
North Anna 2
Oconee 1
Oconee 2
Oconee 3
Robinson 2
Sequoyah 1
Sequoyah 2
St. Lucie 1
St. Lucie 2
Surry 1
Surry 2
Turkey Point 3
Turkey Point 4
V.C. Summer 1
Watts Bar |

SPP
Arkansas Nuclear One 1
Arkansas Nuclear One 2
Crand Gulf 1°
River Bend 1|
Waterford 3
Wolf Creek 1

wsccC
Diablo Canyon 1 27
Diablo Canyon 2 27
Fort St. Vrain 1 28
Hanford-N 1 25
Palo Verde 1° 27
Palo Verde 1b 27
Rancho Seco 1 27
San Onofre 1 27
San Onofre 2 27
San Onofre 3} 27
Trojan 1 25
WNP 2 25

8gExpected date for return to service.

bUn:?s ointl owned by more than one power pool.
) y y ' P
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APPENDIX B: MULTIPLE-SHUTDOWN CASE STUDY

This appendix demonstrates, through the use of a sample case study, that
replacement energy costs are not necessarily additive in the case of multiple shutdowns
within a single power pool. Replacement energy costs would generally increase (per
kiiowatt-hour replaced) with multiple shutdowns because larger percentages of the
replacement energy would have to be deriv.d from higher-priced generation.

The rise in costs would be most apparent in power pools with a significant
percentage of nuclear capacity and some capacity using premium fuels, such as oil and
gas, which are substantially more expensive than other fueis. The system capacity mix
and reserve margin also affect how much and how fast the costs of replacement energy
increase with multiple shutdowns.

The Pennsylvania-New Jersey-Maryland Interconnection (PJM, referred to as
Power Pool 7 in this report) was selected for this multiple-shutdown case study because
it contains 11 nuclear units. These 11 units constitute more than 21% of the total system
capacity (10,545 MW out of 49,112 MW total). Another reason for selecting PJM is that
approximately 22% of its capacity (10,726 MW) is oil- and gas-fired steam units.
Although large amounts of oil and gas use would generally cause higher per-unit costs in
multiple shutdowns, the generating system does have a large reserve margin (nearly 39%)
and significant coal-fired capacity (35% of total capac'ty), which both tend to moderate
the cost-esvcalating effects. Still, the case studies do exhibit the anticipated increase in
replacement energy costs in response to multiple shutdowns.

The multiple-unit simulations were treated somewhat a!fferently than the single-
unit studies with respect to cost adjustments for periods of planned reactor maintenance.
As discussed in Section 2.3, the single-unit results were adjusted so that shutdown costs
could be examined uniformly for all seasons ‘n the two-yeer study period. For the
multiple shutdown study, these adjustments were not required because the comparisons
highlight annual averages rather than seasonal variations (which were of major interest
for the single-unit cases).

In this appendix, comparisons of multiple-unit shutdowns with single unit
shutdowns are based on the original unadjusted simulation results. Therefore the annual
cost averages used here are not directly shown in Tables 4.16-4.26. Also, to simplify the
calculations for the multiple shutdown comparisons, results for the calendar year 1985

were used. These differ slightly from results for the period from winter 1984/85 through
fall 1985.

Figure B.1 illustrates the differences in costs per kilcwatt-hour for muitiple
shutdown conditions and the sum of costs for the corresponding individual shutdowns.
The costs per unit of replacement energy are plotted as & function of the combined
megawatts assumed to be shut down (bottom scale) and the combined kilowatt-hours of

energy assumed to be replaced (top scale). All costs are given in undiscounted 1984
dollars.
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FIGURE B.1 Average Annual Replacement Energy Costs for
Muitipie Shutdown Case Study

The results in Fig. B.] demonstrate the cost-escalating effect of multiple
shutdowns in contrast to the constant costs per kilowatt-hour that are derived by
summing the individual shutdown costs. The average cost per unit of energy ‘rcreases by
26% when all 11 units are assumed shut down simultaneously.




TABLE B.1 Total Costs and Marginal Costs for the Multiple-Shutdown Case Study

Total Average
Number of Capacity Replacement Replacement Replacement Marginal
Units Shut Shut Down Energy osts® Gensration Energy Costs® Energy Costs®
Down (Mw) ($107) (107 kWh) (mills/kWh) (mills, kWh)

- 36 .4

825 42 37.6
4,356 40.8
10,466 53.3 54 .0

8Undiscounted 1984 dollars.

The summed costs for single-unit shutdowns remain essentially constant in the
comparison because the generating units are sufficiently similar in capacities and
assumed performance characteristics to yield fairly uniform shutdown costs when
considered individually. Of course, the total dollar costs vary between uqits, primarily
because unit sizes differ. The costs per kilowatt-hour, however, are essentially constant.

Table B.1 displays the total dollar costs and the marginal costs associated with
the examples from Fig. 3.1. It should be noted that comparisons between marginal
system costs and average replacement energy costs must account for the variable
components of nuclear costs (approximately 8 mills/kWh in these examples). These costs
must be subtracted from marginal system costs to estimate marginal replacement costs
for nuclear units at any of the four conditions shown in Table B.1.

Both total costs and marginal costs increase significantly as the number of units
being shut down increases. The increase is especially apparent in the 11-unit shutdown
case where marginal costs are 32% higher than marginal costs of a 5-unit shutdown and
44% higher than the marginal energy costs of a single-unit shutdown. For perspective,
the average variable costs in this power pool are:

e 8 mills/kWh for a nuclear unit,
19 mills/kWh for a coal-fired unit,
50 mills/kWh for a residual-oil-fired steam unit, and
e 89 mills/kWh for a distillate-oil-fired combustion turbine unit.

The case studies do not fully account for possible changes in conditions outside
the selected power pool that might influence shutdown costs. The analysis assumes that
firm purchases from other interconne~ted systems remain the same in the shutdown
cases as in the nominal case used for comparison. This assumpticn is subject to
considerable uncertainty because interpool energy exchanges would be affected by
factors such as (1) whether the shutdowns affect all power pools simultaneously, (2) how
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much notice is given before shutdowns, and (3) how significant the incentives are to
increase purchases or decrease sales in the event of multiple shutdowns. In some power
pools with low reserve margins, the costs of unserved energy could also contribute
significantly to the cosis of widespread multiple shutdowns.

The effect of curtailing firm 2nergy purchases during multiple shutdown
conditions was estimated with a sensitivity test. Firm purchases contribute 11% to the
total energy demand for the power pool under consideration. For the case with all 11
reactors shut down, canceling purchas.s increased the average replacement energy costs
compared to the case in which purchases remained constant. Replacement energy costs
averaged about 59 mills/kWh with purchases curtailed in the shutdown case versus aoout
36 mills/kWh with purchases held constant.

As mentioned previously, the reserve margin in the PJM system is nearly 39%, a
margin that prevents multiple shutdowns from causing the same magnitude of capacity
shortages that would occur in other power pools. Still, reliability would become an issue
for this system if all nuclear units had to be shut down simultaneously. In other systems,
multiple shutdowns would lead to major reliability problems and substantial cost
increases relative to those for single-unit shutdowns. Significant portions of replacement
energy would have to originate from the highest-priced fossil fuels within the power pool
and from emergency purchases from interconnected systems. The sensitivity of costs to
multiple shutdowns is likely to vary significantly among the various regions and power
pools; variations would reflect differences in fuel prices, reserve margins, and cost and
availability of interpool exchanges.
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