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ABSTRACT

A numerical comparison of international light water reactor
operating performance from 1975 to 1984 was carried out in
an attempt to identify trends and discrepancies in PWR and
BWR performance.

The countries examined were: France, the Federal Republic
of Germany, Japan, Sweden, Switzerland, and the United
States. Reactor performance losses for each country were
broken down into many categories for examination and
comparison including: Fuel, Reactor Coolant System, Steam
Generators, Refueling, Turbines, Generators, Condensers,
Circulatory/Service/Component Cooling Water Systems,
Economic, Human, Regulatory, and Unknown. Additionally,
losses were also distinguished as forced or scheduled. All
loss categories were plotted as functions of both time and
reactor age

It was found that from 1975 to 1984 the Swiss PWR and BWR
performance was the highest averaging 85.8X and 88.0%
respectively. The lowest PWR performance was in Sweden
averaging 54.4X. Germany was found to have the lowest BWR
performance averaging 51.1i.

For the PWR's, differences in regulatory, steam generator,
and economic losses were found to be the common contributors
to low performance. For BWR's, differences in regulatory,
reactor coolant system, and fuel losses were found to be
the common contributors to low performance.

Time and age dependent trends were observed for losses in
many of the loss categories.

Thesis supervisor: Dr. Kent F. Hansen

Title: Professor of Nuclear Engineering
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Introduction and Background

With the cost for installing nuclear capacity

escalating, there is strong motivation to increase the

performance of existing nuclear plants. An average increase

of 20% in U.S. nuclear output is equivalent to building

approximately eight 1000 MW. power plants.* This level of

performance is certainly achievable based on the performance

of nuclear facilities in other countries. Whether this can

be accomplished in the U.S. with the current structure of

nuclear industry has yet to be seen.

Over the past decade, there have been large differences

in nuclear power plant performance around the world. In

some countries the performance has been excellent, while in

others, it has been unsatisfactory. This variation is not

just between countries, but also between individual plants

within those countries. In many cases the level of

performance that had been originally expected was not

achieved.

In order to begin to increase performance it is

necessary to know and understand what the U.S. performance

losses are and why they differ from the losses in other

countries. Once the losses are fully understood, changes in

* Using the net electrical ratings of the 77 plants

listed in Table C.10 of Appendix C, with a 20% increase in

the average capacity factor of 60%.
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design, construction, operations, and regulation can be made

to facilitate improved performance. The correlation between

these factors and plant performance can only be determined

through the examination of the discrepancies in performance.

This thesis describes work that was done to identify

and compare discrepancies in nuclear power plant performance

in six countries. Both the acquisition of the performance

data and the comparison of specific losses and data

characterizations are discussed. The most significant

differences in performance are highlighted in the summary

and conclusions.

1.1 Scope

This study examined commercial nuclear power plant

performance in six countries from 1975 to 1984. The six

countries examined were France, the Federal Republic of

Germany, Japan, Sweden, Switzerland, and the United States.

Only light water reactors with a net electrical rating of

greater than 300 MW. were considered. Table 1.1 contains a

summary of the nuclear power plants included in the study.

A detailed listing of the plants can be found in Tables C.S

through C.10 in Appendix C.
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Table 1.1 - Summary of Nuclear Power Plants Included in Study

France:

Total Number of PWR's: 28
PWR plant-years experience: 62.0

Federal Republic of Germany:

Total Number of PWR's: 7
PWR plant-years experience: 54.6

Total Number of BWR's: 4
BWR plant-years experience: 27.7

Japan:

Total Number of PWR's: 11
PWR plant-years experience: 71.5

Total Number of BWR's: 13
BWR plant-years experience: 82.1

Sweden:

'Total Number of PWR's: 3
PWR plant-years experience: 14.2

Total Number of BWR's: 7
BWR plant-years experience: 52.3

Switzerland:

Total Number of PWR's: 3
PWR plant-years experience: 25.0

Total Number of BWR's: 1
BWR plant-years experience: 10.0

United States:

Total Number of PWR's: 52
PWR plant-years experience: 396.0

Total Number of BWR's: 25
BWR plant-years experience: 210.8
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1.2 Participants

This project was a collaborative effort between the

Massachusetts Institute of Technology Energy Laboratory and

the Technische Universitat Berlin in the Federal Republic of

Germany.

1.3 Performance Indices

There were two measures of performance used in this

study, capacity and energy availability. Both are measures

of electrical output or potential electrical output relative

to the maximum theoretical output.

The capacity factor (CF), a measure of the actual

electrical output of the plant, is the ratio of the total

megawatt-hours generated during a given time period to the

product of the net electrical rating of the plant and the

number of hours in the time period. Mathematically:

[NEG]
CF = -------

[NER] [PL]

where:

NEG = Net Electrical Generation (Megawatt-Hours)
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NER = Net Electrical Rating (Megawatts)

PL = Period Length (Hours).

However, capacity includes losses arising from causes

external to the plant. These causes include predominantly

economic and non-economic grid related events such as grid

maintenance, load rejection, load following, spinning

reserve, and other distribution system problems. The impact

on the capacity from these external causes varies between

countries. To be consistent, it is desireable to eliminate

the effect of external causes on plant performance. This

then results in a measure of performance where the plants

are penalized only for losses caused by plant originated

problems. This performance index is called energy

availability. The energy availability factor is then equal

to the capacity factor plus the ratio of the externally

caused losses to the product of the net electrical rating of

the plant and the number of hours in the time period.

Mathematically:

[ECGL]
EAF = CF + 

[NER] * [PL]
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where:

ECGL = Externally Caused Generation Losses

(Megawatt-Hours).

In most countries, energy availability and capacity

differ very little. In this project, energy availability

was preferred as a performance index because it is a measure

of performance potential, and eliminates the influence of

economic and non-economic grid losses. For three of the

countries being studied only capacity was available.

Table 1.2 lists the performance index used for each

country.
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Table 1.2 - Performance Indices Used

Country:

France

Germany

Japan

Sweden

Switzerland

United States

Index:

Energy Availability

Energy Availability

Capacity

Capacity

Capacity

Energy Availability
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1.4 Data

In this section, background information for the

performance data from each country will be given. This

information includes a description of the data categories

used, the sources of the data, statistics, and finally, a

subsection on inconsistencies in the data. Further details

about the data for each country can be found in Appendix C.

1.4.1 Data Categories

In order to identify the differences in plant

performance, capacity losses have to be disaggregated in

sufficient detail to allow disparities to be easily

identified. To accomplish this the data was broken down by

type of plant, type of outage, and specific systems and/or

operations categories. The selection of these categories

was patterned after those chosen in two similar studies,

"Disparities in Nuclear Power Plant Performance in the

United States and the Federal Republic of Germany"' and

"Nuclear Unit Operating Experience: 1980 - 1982 Update".2

Table 1.3 lists the performance loss categories selected

while Table 1.4 lists the systems and operations assignments

used for the U.S. data. Significant deviations from these

assignments are mentioned in later sections and in

Appendix C. A brief description of each category follows.

25



Table 1.3 - Performance Loss Categories

Forced Outages

Nuclear Steam Supply System

Fuel
RCS
SG
Refuel
Other

Balance of Plant

Turbine
Generator
Condenser
cw/Sw/ccw
Other

Economic
Human
Other

Scheduled Outages

Nuclear Steam Supply System

Fuel
RCS
SG
Refuel
Other

Balance of Plant

Turbine
Generator
Condenser
cw/Sw/ccw
Other

Economic
Human
Other

Regulatory Outages
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Table 1.4 - Listing of System Category Assignments

Condenser

Auxiliary Feedwater System
Condensate System
Condenser
Feedwater System
Makeup Water System

Cw/sw/CCW

Circulating Water System
Component Cooling Water System
Service Water System

Economic

Fuel Economic
Coastdown to Refueling and Fuel Depletion
Fuel Conservation

Grid Economic*
Load Following
Low System Demand and Spinning Reserve

Thermal Efficiency Losses

Fuel

BWR PreConditioning Interim Operating Management -
Recommendations (PCIOMR)

Fuel Densification
Fuel Failure
Fuel Failure - Off Gas Limits
RCS Activity

Generator

Human

Maintenance Error
Operator Error
Personnel Involvement Suspected to Have Precipitated

Event
Testing Error

* (no penalty for energy availability)
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Table 1.4 - (Continued)

Other BOP

Auxiliary Systems
Auxiliary Boiler
Off-Gas Systems
Fire Protection Systems
Instrument/Service Air or Nitrogen Systems
Meteorological Systems
Process Computer
Radioactive Waste Systems
Seismic Instruments

Electrical
Cable Routing
Cable Splices and Electrical Connectors
Cable and Cable Insulation Fires

Electrical Systems
Safety Related Equipment
Switchgear/Buses

Structures
Auxiliary Building
Control Building
Main Steam Tunnel

Other NSSS

Chemical & Volume Control System
Containment System
Core Cooling System
Main Steam System
Reactor Core

BWR Control Rod Changes
Burnable Poison Problems
Core D/P
Control Rod Guide Tube & Nut
Control Rod Repatch
Foreign Object in Core
Poison Curtain Changes
Poison Curtain Vibrations
LPRM Vibrations

Reactor Trip System
Reactor Water Cleanup System
Safety Injection System
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Table 1.4 - (Continued)

Other (non BOP OTHER or NSSS OTHER)

Initial Plant Startup/Operator Training
Paired Unit Impact
Refueling Maintenance
Utility Grid (Non Economic)*

Grid Maintenance
Loss of Offsite Power or Other Electrical

Disturbance
Loss/Rejection of Load

Reactor Coolant System

Refuelinf

Core Physics Tests
Refueling
Refueling Equipment Problems

Regulatory

BWR Fuel Limits
Maximum Critical Power Ratio
Maximum Average Planer Heat Generation Rate
General Thermal Limits

EPA Discharge Limit
Excessive Fish Kill
Licensing Proceedings and Hearings
Regulatory/Operational Limit
Regulatory Requirement to Inspect for Deficiency
Regulatory Requirement to Modify Equipment
Safety Restrictions

ECCS Peaking Factor (PWR)
SOL Scram Reactivity/Rod Worth Restrictions
Core Tilt/Xenon Restriction
BWR Thermal Limits
Thermal Power Restriction
Reactivity Coefficient

Unavailability of Safety Related Equipment

Steam Generators

Turbines

Undefined Failure

* (no penalty for energy availability)
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1.4.1.1 Outage Types

There were four outage types chosen for this

study: forced, scheduled, regulatory and unknown. The

definitions of these categories varied from country to

country. An attempt was made to use consistent definitions

but this was not always possible since the data was compiled

by different people and organizations. The definitions of

forced and scheduled outages varied greatly and therefore

most comparisons in this report are for combined forced and

scheduled outages. The outage type definitions given here

are those that were used for the U.S. The specific

definitions used to compile the data for each country,

if known, can be found in Appendix C.

Forced outages are defined as those outages that cannot

be postponed beyond the next weekend.

Scheduled outages are those outages which can be

postponed beyond the next weekend.

Regulatory outages are all outages that result from

regulatory operating limits, requirements for inspection or

modification, licensing proceedings and hearings, and the

unavailability of safety related equipment.

Unknow outages are all the outages in which it is not

possible to determine whether the outage was forced,

scheduled or regulatory. This category applies mostly to

the U.S. where adequate records were not always kept in the

earlier years.
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1.4.1.2 General Systems and Operations Categories

The general systems and operations categories divide

the performance data into one of two major system groups or

one of two operational losses. The two major systems groups

are the Nuclear Steam Supply System (NSSS) and the Balance

Of Plant (BOP). The two operating loss categories are

economic losses and human losses.

NSSS losses are all losses that are associated with

systems, equipment, and operations within the NSSS. The

NSSS is defined as all systems, equipment, and operations

that differentiate nuclear plants from conventional power

stations. This includes all steam piping up to the turbine

inlet, and all feedwater piping beginning at the condenser

outlet.

SOP losses are all losses resulting from systems and

equipment not included in the NSSS. Specifically, for steam

and feedwater piping it begins at the turbine inlet and ends

at the condenser outlet.

Ecooic losses are defined to be all losses whose

impact is primarily financial. These include thermal

efficiency losses, losses arising from fuel cycle extension

and conservation, and all economic grid losses. Thermal

efficiency losses were placed in this category because their

impact is only economical; there is no equipment failure or

malfunction. Fuel cycle extension and fuel conservation are

economic losses because they are managerial decisions to
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delay refueling and not a failure of plant equipment.

Economic grid losses, consisting of low system demand,

spinning reserve, and load following losses, are economic

losses because it is the grid dispatcher's decision not to

utilize the plant. When calculating energy availability

losses, all economic and non-economic grid losses were not

included because their causes are external to the plant.

Human losses are those that arise from human error in

either testing, maintenance or operations.

1.4.1.3 Specific Systems and Operations Categories

Within the NSSS and BOP categories, plant outages were

broken down into lower levels representing specific systems

or operations. The NSSS losses were divided into fuel,

reactor coolant system (RCS), steam generators (SG),

refueling, and other NSSS losses. BOP losses were broken

down into losses associated with the turbines, generator,

condenser, circulating water, service water and component

cooling water systems (CW/SW/CCW), and other BOP losses. A

description of each follows.

Fuel losses are all losses that are directly related to

the fuel. This includes preconditioning in BWR's, fuel

densification, and fuel depletion. It does not include

reactivity control systems or other core related problems.
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Reactor Coolant System losses include all losses

arising from equipment associated with the RCS and support

systems.

Steen Generator losses are those associated with the SG

components and support systems.

Refueling losses are only those losses arising from the

movement of fuel in the core and other supporting

activities. It does not include maintenance performed

during the refueling outage. However, the reporting of

refueling losses has been inconsistent, with a substantial

amount of maintenance work reported in refueling. The

amount of maintenance masked in refueling varies from plant

to plant and from country to country.

Other NSSS losses are all NSSS losses that do not fit

into any of the previous NSSS categories.

Turbine losses include all those resulting from

problems with the turbine components and support systems.

Generator losses are those losses associated with the

generator components and support systems.

Condenser losses include losses from both the condenser

and its support systems, as well as from the condensate,

feedwater, auxiliary feedwater, and makeup water systems.

CW/SW/CCW losses are all those arising from problems

with the circulating water, service water, component cooling

water systems, and supporting systems. Thermal discharge

limits are considered regulatory losses.
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Other GOP losses are all those that could not be placed

in any of the above BOP categories.

1.4.2 Sources

The data used in this study was obtained from different

sources and with the cooperation of many people. In

obtaining the data, it was specifically agreed that, if

possible, all data and findings would be presented in

aggregate form so that the performance of no single plant

could be distinguished from the others. What follows below

is a brief listing of the sources of the data used in this

study.

The French nuclear plant data was provided courtesy of

Electricite de France. West German nuclear data was

compiled from various issues of Atomwirtschaft3- 19 and

provided by our colleagues at the Technische Universitat

Berlin. The Japanese data was acquired from the Director of

the Nuclear Information Center at the Central Research

Institute of the Electric Power Industry (CRIEPI) in Japan.

The Swedish reactor data was obtained from the Managing

Director of the Swedish Nuclear Safety Board of the Swedish

Utilities (R.K.S.). Nuclear power plant data for the Swiss

facilities was provided by the Station Superintendent at the

Beznau Nuclear Power Station in Doettingen, Switzerland.

Finally, the U.S. performance data was obtained from the
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OPEC-2 database which is compiled by the S.M. Stoller

Corporation and was provided through the courtesy of the

Institute of Nuclear Power Operations.

1.4.3 Statistics

In this report an attempt has been made to identify

plausible similarities and differences in nuclear power

plant performance in six countries. The statistical

significance of the results can be determined by performing

the appropriate statistical analysis. Due to a lack of time

and the ability to do such, the statistical analysis of the

data and observations presented in this report is left for

further study.

1.4.4 Data Inconsistencies

In this subsection the major inconsistencies in the

data for six countries are briefly discussed. These points

are important to remember when making comparisons, as the

validity and significance of observations made could be

affected by them. These differences will also be mentioned

elsewhere in this report when they are pertinent. Detailed

information concerning any inconsistencies in the data can

be found in Appendix C.
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The first important difference in the data is that two

performance indices are used, capacity and energy

availability. Although they are very similar, the

difference between them is important in several cases. As

mentioned previously, the energy availability does not take

into account grid related performance losses. Because of

this, the energy availability factor is greater than the

capacity factor by an amoun't equal to all the grid losses.

In addition, economic capacity losses will be greater than

the energy availability economic losses by an amount

which is equal to all the economic grid losses such as load

following. All other types of losses are unaffected by the

definitions of capacity and energy availability. In this

report, energy availability and capacity will sometimes both

be referred to as capacity. It is up to the reader to keep

in mind that when comparing capacity factors or economic

losses, two different performance indices, capacity and
energy availability, are being used.

In Japan, Sweden, and Switzerland, where capacity was

used, it can be assumed that the differences between

capacity and energy availability are negligible. In the

United States, where energy availability was used, grid

related losses are small and the difference is also

negligible. Finally, in France and Germany, where energy

availability was the index, the difference between capacity

and energy availability is significant and is discussed in

the following two paragraphs.
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In France, energy availability differs from capacity

because the French use their reactors for load following.

The difference amounts to approximately 4.6 percentage

points. The load following is necessitated by the large

percentage of the total installed capacity that nuclear

power represents in France.

In Germany, the two indices differ because there is an

agreement between the West German utilities and the West

German coal companies requiring the utilities to use a

certain percentage of coal to generate electricity. In some

instances this requires that a nuclear station be shut down

or operated at reduced output. The resulting loss is an

economic grid loss and is subtracted from the capacity

losses.

Another important discrepancy in the reported data

concerns the definition of forced and scheduled outages used

to compile the data. The definitions used for scheduled

outages range from any outage that can be postponed beyond

the next weekend (U.S.), to any outage that is planned at

least three months in advance. As a result, comparisons of

forced and scheduled outages between countries must be made

carefully.
During the collection of the data from the different

countries a decision was made to create a separate category

for condensers. It was not possible to inform all of the

people collecting the international data that a new category

had been created. Therefore, condenser losses were not

37



available for Japan, Sweden, and Switzerland. The condenser

losses for these countries was put in Balance of Plant

"OTHER". This has no real effect upon the data except that

the BOP OTHER losses for these countries will be larger than

they might have been otherwise.

The final discrepancy in the data pertains to the Swiss

data and its collection. For two of the three Swiss PWR's,

refueling maintenance losses were not reported under

refueling losses. Instead they were placed in the

appropriate system category. As a result, all Swiss PWR

losses may indicate a greater loss in a system category than

would exist if these maintenance losses had been included in

refueling. Likewise, the Swiss PWR refueling losses appear

to be unusually low since some of the maintenance losses are

not included. Only the Swiss PWR capacity factors and all

of the Swiss BWR data are not affected by this problem.
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Performance Losses by Country

In this chapter of the report, performance data for

each country is presented and briefly examined. Aggregated

data tables are given first, followed by plots of capacity

factor distributions, plots of losses by outage type, and

finally, plots of losses associated with the NSSS and BOP.

No discussion of the data in the aggregated data tables will

be given. They are provided only as a reference to aid in

the examination of the figures in this chapter and in

Chapter 3. However, some guidelines and notes to be used

when interpreting the data and examining the figures in this

chapter are given below. An understanding of the

composition of the data for each country is also necessary

to prevent isinterpretation. Information on the data

composition can be found in Section 1.4 and in Appendix C.

Correct interpretation of data requires that the

statistical significance of all observations be analyzed.

As mentioned in Section 1.4.3, the statistical analysis has

been left for future study. However, the number of plants

over which the data has been averaged has been tabulated in

Tables 2.1 and 2.2 by year and by age to aid in the

interpretation of the data. It is up to the reader to

determine the statistical significance of trends and
observations wade in this report.

All of the data used in this study was provided as a

function of calendar year. In order to present the data by

39

2.0



Table 2.1 - Number of Nuclear Plant Data Points by Year

Year

Country 75 76 77 78 79 80 81 82 83 84

France
PWR

Germany
PWR
BWR

Japan
PWR
BWR

Sweden
PWR
BWR

Switzerland
PWR
BWR

United States
PWR
BWR

0 0 0 0 0 0 0 19

3 4 5 5 6 6 6 7

1 1 2 2 3 4 4 4

4 5 6 6 8 8 9 10
3 5 5 9 10 10 10 11

1 1 1 1 1 1 2 2

2 4 4 5 5 5 7 7

2 2 2 2 2 3 3 3

1 1 1 1 1 1 1 1

27 30 36 39 40 41 46 47
18 19 21 21 22 22 22 22

Table 2.2 - Number of Nuclear Plant Data Points by Reactor Age

Country 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Country 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

France
PWR 8 14 14 13 6 5 2 0 0 0 0 0

Germany
PWR 5 5 5 5 5 4 5 5 3 3 2 2

BWR 4 4 4 4 4 3 2 2 1 0 0 0

Japan
PWR 9 9 10 9 8 7 6 5 4 2 1 1
BWR 11 10 10 9 10 9 5 5 5 3 2 1

Sweden
PWR 3 2 2 2 1 1 1 1 1 1 0 0
BWR 5 6 6 6 5 5 5 4 4 3 1 1

Switzerland
PWR 1 1 1 2 2 2 2 2 2 2 2 2

BWR 0 0 1 1 1 1 1 1 I 1 1 1

United States
PWR 37 36 41 37 38 38 35 34 29 26 15 11
BWR 14 12 17 19 20 21 21 21 19 16 10 10

0 O O O 0

2 1 1 1 0

0 O O O 0

0 O O O 0

1 1 0 0 0

0 O O O 0

1 0 0 0 0

2 1 1 0 0
0 O O O 0

6 5 3 22
5 3 2 0 0
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reactor age, it had to be converted. Unfortunately, only

the calendar year in which an outage occurred was provided

with the data. Therefore the calculation of reactor age had

to be based on calendar age. This was accomplished by

calculating the age by one of two different ways, depending

upon the date of first commercial operation.

The first method of calculation was for plants that had

their commercial operation date in the first half of the

year, prior to July 1. In this case, the calendar year in

which the plant first went into commercial operation was

counted as the first year. As an example, for a plant with

a commercial operation date of 3/1/75, the data for 1975 was

considered its first year of operation or AGE = 1.

The second method of calculation was for plants that

had their commercial operation date after June 30. For

these plants, the data for the calendar year in which they

first went into commercial operation was not counted. For

example, a nuclear plant with a commercial operation date of

9/1/78 had 1979 counted as its first year of operation or

AGE = 1. The 1978 data was not used.

All aggregate averages by reactor age, irrespective of

the age calculation method used, were calculated by

weighting each individual data point to account for the

partial years of commercial operation (see Appendix B for

weighting method).

A limitation exists in the interpretation of

performance data as a function of plant age. This
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limitation arises from the fact that only 10 years of data

was collected for any given plant. The performance data

spans reactors from 1 to 17 years of age. As a result, the

reactors contributing data to ages 11 and above do not

contribute to the data in the younger ages. This means that

the data in ages 1 through 7 are primarily from new plants

while the data in the older ages is from old plants. In

the ages in between, the data is from a mixture of both old

and new plants. Since nuclear plant technology, operating

policies, and regulatory climate are a function of time and

not plant age, the missing data from the older plants may

not follow the same trends as the new plants exhibit. Thus,

it cannot always be determined whether an observation made

is a function of plant age or the state of the nuclear

industry at that time. Therefore, when comparing data from

the two extremes of the age range, only observations

relative to their respective performance during the 10 year

period can be made. In this report, age dependent

observations will be made. It is up to the reader to decide

upon the validity of these observations.

This chapter also contains tables and figures

containing average capacity or energy availability factors

as functions of calendar year and reactor age. In addition,

the standard deviation of the mean is also tabulated. The

capacity factors and standard deviations in the tables were

weighted to account for those nuclear plants coming online

in the middle of the calendar year. The calculation of the
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standard deviation was done using the population method

which yields more meaningful values when the number of data

points is low. One assumption made in calculating the

standard deviations was that the distribution of capacity

factors was Gaussian, which may not always be correct. The

true shape of the distribution was not determined and is

left for further study. The equations used for these

calculations are given in Appendix B.
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2.1 France

In this section the performance losses for the French

nuclear power plants are presented and briefly examined.

Energy availability was the performance index used to

describe the French losses.

2.1.1 Aggregated Data

The French PWR performance data is tabulated by year in

Table 2.3 and by reactor age in Table 2.4. Table 2.5

contains the average PWR energy availability factors and

standard deviations as a function of year and reactor age.

There were no BWR's operating in France at the time of this

study. The scheduled outages were only available in

aggregate form and so only the total scheduled loss is

tabulated.

2.1.2 Capacity Factor Distribution

The French PWR energy availability factor distribution

as a function of time is plotted in Figure 2.1. For the

last three years the average energy availability has

increased from 63.1 to 81.6%, with an average of 73.1X. In

addition, the figure shows that the yearly standard
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deviation of the mean has been steadily decreasing as

performance increased. As the maximum performance of 100%

is approached, all of the plants must be close to the

average, since the ability of the high performance plants to

compensate for those below the average becomes diminished.

The magnitude of the standard deviation in 1982 indicates

that some of the plants performed exceptionally that year

while others performed poorly.

The PWR energy availability factor distribution by

reactor age is shown graphically in Figure 2.2. No age

dependence is exhibited in the PWR performance or in the

standard deviations.

2.1.3 Losses by Outage Type

In this subsection, forced, scheduled, and regulatory

losses for the French nuclear plants are displayed and

examined as functions of time and age.

Forced, scheduled and regulatory losses are plotted

over time in Figure 2.3 for the French PWR's. Consistent

with Figure 2.1, the total losses decrease over time.

The figure also shows that both the forced and scheduled

losses have decreased over time. The forced outages, which

accounted for an average of 32.0% of the total losses, were

almost entirely responsible for the decrease in total losses

from 1982 to 1983. The specific category responsible for
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the reduction was forced NSSS OTHER losses. Improvements in

the scheduled outages, which represented 66.2% of the total

average loss, were the cause of the reduction of total

losses from 1983 to 1984. The specific scheduled loss

category showing the reduction in losses cannot be

determined as the scheduled losses were not available in

disaggregate form.

regulatory losses.

The same loss

age in Figure 2.4.

fluctuate over age

2.1.4

There have been no reported French

categories are plotted as a function of

The forced, scheduled, and total losses

and do not exhibit an age dependency.

NSSS and BOP Losses

The losses in

and the Balance of

the Nuclear Steam Supply System (NSSS)

Plant (BOP) cannot be examined for the

French nuclear power plants because the data was not

available in completely disaggregated form.
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Table 2.3
French PWR Energy Availabilty Losses

By Year

ENERGY AVAIL. LOSSES FRANCE
1980 - 1984 ALL PWR'S

04/22/86 DATA:( 0) ( 0) (19) (19) (24)

1980 1981 1982 1983 1984
: -- - - - ~~~- :-- - - - - -- - - - - - - -

NSSS: FUEL
RCS
So
REFUEL
OTHER

0.000
0.014
0.003
0.000
0.076

0.000
0.001
0.005
0.000
0.007

0.000
0.000
0.006
0.000
0.002

0.093 0.013 0.009

BOP : TURBINE 0.005 0.009 0.005
: IN 0.009 0.008 0.004
: COD 0.004 0.004 0.001
: C/SW/CCW 0.001 0.002 0.001
OTER 0.019 0.008 0.010

: 0.038 0.031 0.021

ICONONIC 0.000 0.000 0.000

BUNAN 0.001 0.001 0.001

OThER 0.027 0.017 0.017

TOTAL 0.159 0.061 0.047

SECnbULt : 13ss : ItL

: : SG
: : tREFUEL
: : OTRIN

: 

: : :

: SOP : TURBINI
: : GIN: COND

: CW/Sv/CC:
: OTEIR

:-------- ----

ECONOMIC

-: --- :

OTItR
_______--_ _ 0.204 0.210 0.13------------------------

TOTAL 0.204 0.210 0.132 :

REGULATORY : 0.000 0.000 0.000

UNKNOWN : 0.008 0.004 0.005
…------------------------------------------------ - ---- ------------- :

*t TOTAL NlERGT AVAIL. LOSS **

** ENERGY AVAIL. FACTOR 

0.389 0.276 0.184

0.631 0.724 0.816
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Table 2.3 - (Continued)

ENERGY AVAIL. LOSSES FRANCE
1975 - 1984 ALL PWR'S

04/22/86 DATA:24 PLANTS 62 PLANT-YEARS

AVERAGE OVER ALL YEARS

FORCED : NSSS : FUEL 0.000
: : : RCS 0.005

: : so 0.005
: : : REFUEL 0.000

OTHER 0.026

0.036

: : BOP : TURBINE 0.006
: : : GNE 0.007

: : COND 0.003
: : : CW/SW/CCW 0.001

: : : OTHER 0.012

0.029

ECONOMIC 0.000
: :---------------------------------------: : AN 0.001

: : OXTUR 0.020

: TOTAL 0.O6 :

- - - - - - - --: : CSSCERDULED : ss : FuR

so
REFUEL

: : : OTHER

,---------------------------------------

: : :~CORD: : P: TURCW/S/CC

OTHER
: : . : C
: :

: :EXCONOMIC
:---------------------------------------

HUMAN
: : :

: OTNER

: TOTAL 0.178

REGULATORY : 0.000

UNKNOWN 0.005
:---------------------------------------

** TOTAL ENERGY AVAIL. LOSS 8* 0.269

8* ENERGY AVAIL. FACTOR ** 0.731
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Table 2.4
French PWR Energy Availabilty Losses

By Reactor Age

ENERGY AVAIL. LOSSES BY REACTOR AGE FRANCE
1975 - 1984 ALL PWR'S

04/22/86 DATA:( 8) (14) (14) (13) ( 6)
:------ ----- - G --- --- -3 -4 -- :
: AGE: 1 2 3 4 S :
:- -- - -:

FORCED NSSS : FUEL
RCS
SO
REFUEL
OTHER

0.000
0.013
0.000
0.000
0.005

0.018

0.000
0.012
0.003
0.000
0.030

0.045

0.000
0.001
0.005
0.000
0.004

0.010

0.000
0.000
0.011
0.000
0.039

0.050

0.000
0.000
0.007
0.000
0.096

0.103

: BOP : TURINE 0.014 0.008 0.005 0.003 0.002
: : GEN 0.015 0.005 0.011 0.003 0.000

: : COND 0.002 0.003 0.006 0.003 0.001
: : CW/SW/CCV 0.003 0.001 0.002 0.000 0.001

OTHIR 0.015 0.012 0.008 0.007 0.026
: : ----- - --- --- -
: : 0.049 0.029 0.032 0.016 0.030

: ECONOMIC 0.000 0.000 0.000 0.000 0.000

HUMAN 0.001 0.001 0.001 0.001 0.000

: OTR 0.037 0.030 0.016 0.009 0.011

TOTAL 0.107 .105 0.057 0.076 0.145
:--- - --------- - ------- …--…--…--…-------!

FUlL
RCE
SG
REFUEL
OTHER

S BOP : TURBINE
: :GIN

COND
cw/sw/ccw

: OTRER

: ---
ECONOMIC

: RUNAN

_OTR

TOTAL 0.122 0.299 0.147 0.143 0.130

: REGULATORY : 0.000 0.000 0.000 0.000 0.000

: UNKNOWN 0.006 0.004 0.005 0.004 0.006 :

** TOTAL ENERGY AVAIL. LOSS *8 0.235 0.408 0.209 0.223 0.281

** ENERGY AVAIL. FACTOR ** 0.765 0.592 0.791 0.777 0.719
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Table 2.4 - (Continued)

ENERGY AVAIL. LOSSES BY REACTOR AGE FRANCE
1975 - 1984 ALL PWR'S

04,'08/86 DATA:( 5) ( 2) ( 0) ( 0) ( 0)

AGE: 6 7 8 9 10
-- ------ - - - - - - - - --

FORCED : NSSS : FUEL 0.000 0.000
: : : RCS 0.000 0.000
: : : SG 0.001 0.006
: : : REFUEL 0.000 0.000
: : : OTHER 0.003 0.002

: : : 0.004 0.008

: : BOP : TURBINg 0.007 0.004
: GEN 0.009 0.000

: : : COND 0.000 0.000
: ' : CW/S#/CCW 0.001 0.000
: : : OTHER 0.016 0.002

: : : 0.033 0.006

: : ECONOMIC 0.000 0.000
- - - - - - --: . - - --:- - - - ---------

: : HUMAN 0.001 0.000
: :---- :

OTlER 0.019 0.012

TOTAL 0.087 0.026 :

SClDULID : ll iRL
cs

: : : SG
: : REFUEL

: : : OTHER

: : : :

* ~: SOP: TURBINE
*: : GE:

: : :COND
: : CS/CC

: : OTHER
: 

CONONIC

OT:ER

: TOTAL 0.192 0.101

: REGULATOR : 0.000 0.000

: NEOWI : 0.006 0.004
:e------------------------------------------------------------------:

*8 TOTAL ENEIOT AVAIL. LOSS a* 0.255 0.131

*8 ENERGY AVAIL. FACTOR *8 0.745 0.869
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Table 2.5 - French Capacity Factor Distributions

* Data

19
19
24

* Data

8
14
14
13
6

5
2

BWR

Mean a * Data

NA

BWR

Mean a # Data

NA

51

PWR

Mean

0.631
0.724
0.816

a

0.201
0.111
0.073

By

Year

75
76
77
78
79
80
81
82
83
84

By

Age

1
2

3

4
5

6
7

8

9
10
11
12
13
14
15
16
17

PWR

Mean

0.765
0.591
0.791
0.777
0.719
0.745
0.869

0.092
0.174
0.072
0.118
0.224
0.095
0.012
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2.2 GermanY

In this section the performance losses for the German

nuclear power plants are presented and briefly examined.

Energy availability was the performance index used to

describe the German losses.

2.2.1 Aggreated Data

Performance losses for the German PWR's are tabulated

by calendar year and by reactor age in Table 2.6 and Table

2.7 respectively. BWR energy availability losses are given

by calendar year in Table 2.8 and by reactor age in Table

2.9. Finally, the ean and the standard deviation of the

energy availability factors are tabulated by year and by age

in Table 2.10.

2.2.2 CapacitY Factor Distribution

The German PWR energy availability factor distribution

is plotted over time in Figure 2.5. The figure displays a

dip in the performance between 1975 and 1984 with the bottom

occurring in 1979. The cause of this drop was an increase

in refueling losses during this period. The average energy

availability factor for the 10 years was 78.2X. The average
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magnitude of the standard deviations is smaller than that

of the French PWR's with no trend over time visible. They

do, however, show the same general correlation between

performance and the magnitude of the standard deviation.

The energy availability as a function of age for the

German PWR's is given in Figure 2.6. A slight increase in

performance with age is observable amid the fluctuation

shown. This trend is probably not significant since the

number of plants at each age is not large and because the

magnitude of the trend is small. The standard deviations

display a trend of decreasing magnitudes with age. This

was caused by the decrease in the number of plants making up

the data at each age.

The energy availability over time is plotted in

Figure 2.7 for the German BWR's. The performance for these

plants shows a very large drop in performance, from 88.7 in

1975 to 30.1% in 1979. From 1980 the performance began to

climb back to its previous level. The causes of these

tremendous losses were large outages for pipe replacements

made under the Basis Safety Concept discussed in

Appendix C. In addition, several of large regulatory

losses also contributed at a couple of plants. The standard

deviations shown indicate that between 1979 and 1983, large

variations in performance occurred between plants in a given

year. Thus, the impact of the Basis Safety Concept over

time was not uniformly distributed among the BWR's.
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The same BWR energy availability data are shown as a

function of age in Figure 2.8. The Basis Safety Concept

pipe replacement losses occurred during a limited period of

time, and were not dependent upon plant age. The data

points showing relatively low performance, with or without

large standard deviations, represent the ages where the pipe

replacements occurred. Thus, no age dependency is

observable.

2.2.3 Losses by Outage Type

In this subsection, forced, scheduled, and regulatory

losses for the German nuclear plants are displayed and

examined as functions of time and age.

Forced, scheduled, and regulatory losses for German

PWR's are plotted versus time in Figure 2.9. Forced losses

averaged 2.3% over the 10 years, representing 10.6% of the

total losses. Forced outages generally were not a problem

in the German PWR's with the exception of 1977 and 1983. In

1977 the forced losses were larger as a result of outages at

three plants that averaged 10% each, including a 9.7%

generator loss at one particular plant. The scheduled

losses, averaging 18.5* over the entire period, represent

84.9* of the average total loss of 21.8*. There is a wide

peak in the scheduled losses spanning 1978 to 1981. This

peak was a result of increased refueling losses in those
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years. The cause for the increased refueling outages is

not known. Regulatory losses have been low, averaging less

than 1.0%, or 4.1% of the total losses. There are no time

dependent trends visible in this figure.

The same PWR losses are plotted by reactor age

in Figure 2.10. Overall, the German losses exhibit a slight

improvement over age with approximately 5 variation

occurring between ages. The scheduled outages represent an

average 85% of the total losses and therefore show the sane

trend as the total losses. This trend, however, is probably

insignificant due to its small magnitude and the amount of

fluctuation present. The regulatory losses have only

affected PWR's through age 8, even though some plants are up

to 16 years old.

Forced, scheduled, and regulatory losses by year for

German BWR's are shown graphically in igure 2.11. Overall,

the total losses have been large, with an average total loss

over the 10 year period of 48.9%. The large total losses

have had contributions from all three of the categories

shown with none of them showing a significant trend.

Scheduled losses have been the largest contributor,

averaging 62.8* of the total. The figure shows that

scheduled losses were generally constant at 11.5% from 1975

to 1978 but then began to increase steeply to 54.3 in

1982. The cause of this increase was large outages for pipe

replacement under the Basis Safety Concept. Forced outages

contributed to the large total loss in 1977 and 1978 as a
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result of a large reactor cooling system outage in 1977 at

one plant and a large NSSS OTHER loss in 1978 at another.

Regulatory losses have also played a role in the overall

losses with large losses at several plants in 1979 and 1980.

Figure 2.12 displays the German BWR losses as a

function of age. A large amount of fluctuation is visible

in the scheduled outages as a result of the pipe

replacements which were time and not age dependent. The

forced outages show an age dependence with losses decreasing

with plant age. This can be attributed to reductions in

losses in several NSSS categories. The regulatory losses

fluctuate with age and do not exhibit any age dependency.

2.2.4 NSSS and BOP Losses

In this subsection the losses in the Nuclear Steam

Supply System (NSSS) and the Balance of Plant (BOP) are

displayed and examined as functions of time and reactor age

for the German nuclear power plants.

NSSS and BOP losses are plotted by year for the German

PWR's in Figure 2.13. NSSS losses have been the largest

contributor to the total representing 78.9. Refueling was

the largest part of this, averaging 88.4% of the total NSSS

loss. Losses in the reactor coolant system were responsible

for an average of 4.7% of the NSSS losses. The peak in the

NSSS losses shown in 1979 and 1980 was the result of large
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refuelings at several plants. The BOP losses have

generally been small, averaging 1.9% per year or only 8.7%

of the total losses. Several peaks are shown in 1977, 1981,

and 1983 which were caused primarily by generator problems.

Over the 10 year period, generator problems accounted for

52.6X of all the BOP losses. The condensers and turbines

were each responsible for 15.8* of all BOP losses during the

same period. Neither the NSSS or BOP exhibit a time

dependent trend in PWR's.

The PWR losses are plotted against reactor age in

Figure 2.14. This picture shows that the BOP losses

are age dependent as almost all of the BOP losses occur

prior to age 10. After age 9, nearly all of the total

losses are can be attributed to the NSSS. The NSSS losses

fluctuate and generally decrease with age.

NSSS and BOP losses are plotted by year in Figure 2.15

for the German BWR's. This figure shows a large separation

between the NSSS and Total losses. The average NSSS

contribution to the total losses was 65.8X. Refueling

losses accounted for 36.6% of the NSSS losses and the

reactor coolant system 54.3X. The large fraction

contributed by the reactor coolant system was the result of

the pipe replacements performed under the Basis Safety

Concept. The BOP losses averaged 2.7% per year or 5.5X of

all losses. The primary contributors to the BOP losses

were the turbines with 40.7% and the condensers which were
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responsible for 33.3%. Neither the NSSS or BOP losses were

dependent on time.

The NSSS and BOP losses are plotted by age in Figure

2.16 for the German BWR's. The NSSS losses display a

large amount of variation in this figure and exhibit

no trend. The variation was the result of the pipe

replacements which were time, not age, dependent. As with

the PWR's, the BWR BOP losses decrease with age. The

magnitude of the decrease is small and exhibits fluctuation

from year to year. The fluctuation present indicates that

the improvement in the BOP losses was the result of a

general reduction in all BOP categories.

62



Table 2.6
German PWR Energy Availability Losses

By Year

ENERGY AVAIL. LOSSES GERMANY
1975 - 1979 ALL PWR'S

04/15/86 DATA:( 3) ( 4) ( 5) ( 5) ( 6)

1975 1976 1977 1978 1979

FORCED : NSSS : FUEL 0.000 0.000 0.000 0.000 0.000
: : : RCS 0.002 0.006 0.005 0.002 0.001
: : : SO 0.000 0.000 0.000 0.001 0.000
: : :REFUEL 0.000 0.000 0.000 0.000 0.000
: : :OTHER 0.000 0.000 0.021 0.001 0.000

: : : 0.002 0.006 0.027 0.004 0.001

S :OP : TURBINE 0.001 0.000 0.013 0.000 0.001
: : 0.000 0.000 0.021 0.005 0.000

' : : COND 0,001 0.000 0.005 0.002 0.000
CW/SW/CCW 0.005 0.000 0.000 0.000 0.000

' : : OTHER 0.000 0.000 0.022 0.000 0.000

0.008 0.000 0.060 0.007 0.001 :

ECONOMIC 0.000 0.000 0.008 0.000 0.000

: ~ : HUMAN

OTHl 0.000 0.002 0.004 0.000 0.000

TOTAL 0.011 0.008 0.099 0.012 0.002

SCIIDULED : X3 :FUEL 0.000 0.000 0.001 0.000 0.006
: : :RCS 0.015 0.002 0.000 0.023 0.016

: : S 0.000 0.004 0.007 0.001 0.000
: : EFUL 0.084 0.145 0,.123 0.162 0.194

: : : OTHER 0.000 0.027 0.001 0.001 0.006:*: : ------ ------ ------ ------ ------ :
: : 0.099 0.177 0.132 0.187 0.222

: O : TURBIN1 0.003 0.007 0.001 0.000 0.001
: : Ol 0.000 0.001 0.007 0.001 0.001

' : . : COQD 0.014 0.000 0.001 0.000 0.001
: :CW/SW/CCW 0.000 0.000 0.000 0.000 0.000

: : : OTHER 0.000 0.000 0.000 0.000 0.000:.: : ------ ------ ---- --- ------ ;
: : 0.018 0.008 0.009 0.002 0.002

: COOMIC 0.007 0.000 0.002 0.006 0.090

HUMAN
:-----------------------------------------------:

OTItE 0.000 0.000 0.000 0.001 0.002

TOTAL 0.123 0.185 0.144 0.195 0.317

REGULATORY : 0.001 0.026 0.002 0.000 0.000

UNKNOWN 0.006 0.002 0.001 0.002 0.000

sS TOTAL ENERGY AVAIL. LOSS *s 0.141 0.222 0.246 0.208 0.319

s ENERGY AVAIL. FACTOR 0.859 0.778 0.754 0.792 0.681
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Table 2.6 - (Continued)

ENERGY AVAIL. LOSSES GERMANY
1980 - 1984 ALL PWR'S

04/15/86 DATA:( 6) ( 6) ( 7) ( 7) ( 7)

1980 1981 1982 1983 1984

FORCED : NSSS : FUEL 0.000 0.000 0.000 0.000 0.000
: : : RCS 0.001 0.000 0.-000 0.001 0.000
: :so 0.000 0.002 0.000 0.012 0.015
: : : REFUEL 0.000 0.000 0.000 0.000 0.000
: : : OTHER 0.000 0.000 0.002 0.000 0.001

0.001 0.003 0.002 0.013 0.016

:OP : TUR6INE 0.000 0.006 0.000 0.001 0.000
: : 0.000 0.000 0.000 0.045 0.001
: : : COD 0.000 0.002 0.000 0.001 0.000
: : : C/S/CC 0.000 0.000 0.001 0.000 0.000
: : : OT 0.000 0.001 0.000 0.000 0.000

: : : 0.000 0.009 0.001 0.046 0.001

: : COOMIC 0.000 0.000 0.000 0.000 0.000: : - :UMAN
OTER 0.000 0.000 0.000 0.001 0.000

: TOTAL 0.002 0.012 0.003 0.059 0.017

SC3IULI : yS : FUEL 0.003 0.000 0.000 0.000 0.000
C: : 0.004 0.005 0.002 0.003 0.000

: : S 0.000 0.003 0.000 0.000 0.000
: : REFUEL 0.276 0.152 0.117 0.139 0.103
OTlHE 0.004 0.004 0.000 0.002 0.000

: . . ..........------ ------- :---
: : 0.286 0.164 0.120 0.144 0.103

:0P : TUIB#1E 0.000 0.000 0.001 0.001 0.000
: : :Gany 0.001 0.011 0.000 0.000 0.000

C: : 0.001 0.001 0.001 0.000 0.001
: : /S/Cc 0.000 0.000 0.000 0.000 0.000

: OTEIS 0.000 0.000 0.000 0.000 0.001
: : . ............------ -- -- -- :

0.001 0.012 0.002 0.001 0.002

CONOMIC 0.005 0.005 0.000 0.015 0.015

RUMAN

: OTER 0.004 0.001 0.000 0.002 0.002

TOTAL 0.296 0.183 0.122 0.161 0.123

: REGULATORY : 0.007 0.006 0.007 0.004 0.028

: UNKNOWN : 0.000 0.000 0.000 0.001 0.001
:- ------------- --------- ----------- ---------------------------- :

I$ TOTAL ENERGY AVAIL. LOSS m8 0.305 0.200 0.132 0.226 0.169

*s ENERGY AVAIL. FACTOR *s 0.695 0.800 0.868 0.774 0.831
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Table 2.6 - (Continued)

ENERGY AVAIL. LOSSES GERMANY
1975 - 1984 ALL PWR'S

04/15/86 DATA: 7 PLANTS 56 PLANT-YEARS

AVERAGE OVER ALL YEARS

FORCED : NSSS : FUEL 0.000
: : : RCS 0.002
: : : SG 0.004
: : : REFUEL 0.000
: : : OTHER 0.002

0.008

: : BOP : TURINEt 0.002
: : : GEw 0.001

COND 0.001
: : : Cw/SW/CCW 0.000

OTHER 0.002

: : : 0.014

: : ECONOMIC 0.001
o :mmllm--o-------------- ------- ------- ------- ------- ----- :

REMAN

OTlER 0.001

TOTAL 0.023
-------------- ------ ----------------------------------------------

: SCIEULI : S : UEL 0.001 :
: : Rc 0.006

so: : 0.001
: : REFUEL 0.152
: : OTHER 0.004

0.164
: :.....------------------------------------- -------------- :
: : BO P : TURBINE 0.001
: : : Gas 0.002

COND 0.001
: : : C/S/CCW 0.000
OTHER 0.000

0.005
: :........------------------------------------------------:

COXOMIC 0.015
i: :e------------------- ------- ---------------------- -- :

HUMAN

OTlR ' 0.001
: l----------------------------------- ------------------- :

: TOTAL 0.15 :

REGULATORY : 0.009 :

UNNOWN : 0.001

*t TOTAL ENERGY AVAIL. LOSS s 0.218

88 ENERGY AVAIL. FACTOR 88 0.782

65



Table 2.7
German PWR Energy Availability Losses

By Reactor Age

ENERGY AVAIL. LOSSES Y REACTOR AGE GERMANY
1975 - 1984 ALL PWR'S

04/15/86 DATA:( 5) ( 5) ( 5) ( 5) ( 5)

AGE: 1 2 3 4 5

FORCED : NSSS FUEL 0.000 0.000 0.000 0.000 0.000
: : : RCS 0.002 0.004 0.005 0.000 0.000
: : : SG 0.000 0.000 0.000 0.000 0.000
: : : REFUEL 0.000 0.000 0.000 0.000 0.000
: : : OTHER 0.024 0.001 0.001 0.001 0.000

: : : 0.026 0.005 0.006 0.001 0.000

: BOP : TURBINE 0.001 0.006 0.012 0.002 0.001
: : : GEM 0.001 0.000 0.000 0.015 0.000

COND 0.006 0.003 0.000 0.001 0.002
: : : CW/SW/CCW 0.003 0.000 0.000 0.000 0.000

: : :OTHER 0.023 0.000 0.001 0.000 0.000

0.034 0.009 0.013 0.018 0.003

ECONOMIC 0.000 0.000 0.008 0.000 0.000

: HUMAN
OTtE 0.004 0.002 0.000 0.000 0.001

TOTAL 0.065 0.017 0.027 0.019 0.004

SCREDULED : : FUEL 0.000 0.000 0.007 0.004 0.000
C: : : 0.010 0.023 0.000 0.000 0.017
S: : : 0.000 0.000 0.000 0.000 0.000
: : : REFUEL 0.083 0.191 0.210 0.198 0.109
OTHER 0.001 0.000 0.001 0.000 0.003

: : .: 0.094 0.214 0.218 0.202 0.129

: : tOP : TURBINE 0.001 0.001 0.002 0.002 0.001
: : : GIM 0.006 0.002 0.003 0.001 0.000

: : : CO#D 0.007 0.001 0.001 0.003 0.000
: : ; CW/SW/CCW 0.000 0.000 0.000 0.000 0.000

: : : OTHER 0.000 0.000 0.000 0.000 0.000
: : : -- --- ------...-- ---- :

: : : 0.014 0.004 0.006 0.006 0.001
---------------- --- ---

ECONOMIC 0.000 0.002 0.052 0.016 0.042
:---------------------------------------

: : BUNAM

OTHER 0.004 0.002 0.000 0.001 0.002

TOTAL 0.111 0.222 0.276 0.225 0.175

: REGULATORY : 0.005 0.017 0.010 0.006 0.002

UNKNOWN 0.001 0.002 0.000 0.004 0.001
:---------------------------------------

** TOTAL ENERGY AVAIL. LOSS * 0.182 0.258 0.313 0.254 0.182

*8 ENERGY AVAIL. FACTOR 8 0.818 0.742 0.687 0.746 0.818
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Table 2.7 - (Continued)

ENERGY AVAIL. LOSSES BY REACTOR AGE GERMANY
1975 - 1984 ALL PWR'S

04/15/86 DATA:( 4) ( 5) ( 5) ( 3) ( 3)

: AGE: 6 7 8 9 10

FORCED : NSSS : FUEL 0.000 0.000 0.000 0.000 0.000
: : : RCS 0.001 0.001 0.003 0.000 0.000
: : : So 0.000 0.001 0.000 0.027 0.041
: : : REFUEL 0.000 0.000 0.000 0.000 0.000
: : : OTHER 0.000 0.000 0.001 0.000 0.000

: : : 0.001 0.002 0.004 0.027 0.041

BO : TURBINE 0.000 0.000 0.000 0.000 0.000
G: : : 0.000 0.053 0.000 0.032 0.001
COW 0.000 0.001 0.000 0.000 0.000
: : : CW/S/CCW 0.000 0.000 0.000 0.000 0.000
OTHER 0.000 0.001 0.000 0.000 0.000

~~: : : ~ 0.000 0.055 0.000 0.032 0.001 :

ECONOMIC 0.000 0.000 0.000 0.000 0.000: :- ........----------------------------------------------- :
: : HUMAN

: : ........----------------------------------------------- :
*: : OTRU 0.000 0.000 0.000 0.000 0.000

TOTAL 0.001 0.056 0.005 0.059 0.043

SCEDULS u3R5 : : L 0.000 0.000 0.000 0.000 0.000
: : S 0.003 0.003 0.002 0.000 0.003
: : : S 0.000 0.004 0.003 0.012 0.001
: : : REFUEL 0.218 0.104 0.121 0.157 0.177
: : : OTHER 0.002 0.000 0.000 0.002 0.001

0.223 0.111 0.126 0.171 0.182

: OP : TURBIN 0.000 0.000 0.003 0.000 0.000
: : l 0.000 0.013 0.000 0.000 0.000

: COND 0.002 0.000 0.002 0.000 0.001
: : Cw/S/CCw 0.000 0.000 0.000 0.000 0.000 :
: : : OTHER 0.000 0.000 0.001 0.000 0.000

-: : : 0.002 0.013 0.006 0.000 0.001

CONONIC 0.000 0.011 0.011 0.009 0.009

: HUMAN

OTEIS 0.002 0.000 0.000 0.000 0.000

TOTAL 0.227 0.136 0.143 0.180 0.192
:e------------------------------------------------- ---------------- :

: REGULATOR : 0.00 0.004 0.044 0.000 0.000

: UKNOWN 0.000 0.001 0.000 0.001 0.000

33 TOTAL ENERGY AVAIL. LOSS 0.236 0.197 0.192 0.240 0.235

SS ENERGY AVAIL. FACTOR * 0.764 0.803 0.808 0.760 0.765
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Table 2.7 - (Continued)

ENERGY AVAIL. LOSSES BY REACTOR AGE GERMANY
1975 - 1984 ALL PWR'S

04/15/86 DATA:( 2) ( 2) ( 2) ( 1) ( 1)

AGE: 11 12 13 14 15

FORCED : NSSS : FUEL 0.000 0.000 0.000 0.000 0.000
: : : RCS 0.000 0.000 0.000 0.000 0.000
: : : :S 0.000 0.000 0.000 0.000 0.000

: : : REFUEL 0.000 0.000 0.000 0.000 0.000
OTHER 0.000 0.000 0.000 0.010 0.000

: : : 0.000 0.000 0.000 0.010 0.000

: OP : TURlrI 0.001 0.000 0.002 0.000 0.000
: : :GIl 0.000 0.000 0.000 0.000 0.000

COmD 0.000 0.000 0.000 0.000 0.000
CW/SW/CCW 0.000 0.000 0.000 0.007 0.000
OTHER 0.000 0.001 0.000 0.000 0.000

: : : -----
0.001 0.001 0.002 0.007 0.000 :

ECONONIC 0.000 0.000 0.000 0.000 0.000

: RUAN
OTUR 0.000 0.000 0.000 0.000 0.000

TOTAL 0.001 0.001 0.002 0.018 0.000

SCEDULID : iSS : FUlL 0.000 0.000 0.000 0.000 0.000
: : aRC 0.006 0.004 0.003 0.000 0.018 :

: : 0.000 0.000 0.000 0.000 0.000
: : REFUEL 0.130 0.173 0.118 0.149 0.298

: OTHR 0.000 0.009 0.009 0.000 0.004

: : 0.138 0.186 0.130 0.149 0.320 :

:OP : TURBINE 0.000 0.000 0.000 0.000 0.000
GI: : 0.000 0.000 0.000 0.000 0.000
COmD 0.000 0.000 0.003 0.000 0.000
CW/SW/CCW 0.000 0.000 0.000 0.000 0.000
OTHER 0.000 0.000 0.000 0.000 0.000

::-: ------ ------ ----- ----- :
~: : :0.000 0.000 0.003 0.000 0.000 :

COIONIC 0.011 0.006 0.010 0.000 0.001

OTHER 0.003 0.005 0.001 0.000 0.000
: eeeeem-- - - ------------------------ -------- :

: OTAL 0.150 0.198 0.143 0.149 0.321
:---- --------------------------------------------------------------- -:

: REGULATORY : 0.000 0.000 0.000 0.000 0.000

: UNKNOWN 0.000 0.000 0.000 0.000 0.000

** TOTAL ENERGY AVAIL. LOSS ** 0.151 0.199 0.145 0.167 0.321

** ENERGY AVAIL. FACTOR ** 0.849 0.801 0.855 0.833 0.679
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Table 2.7 - (Continued

ENERGY AVAIL. LOSSES TBY REACTOR AGE GERMANY
1975 - 1984 ALL PWR'S

04/15/86 DATA:( 1) ( 0) ( 0) ( 0) ( 0)

AGE: 16 17

FORCED NSSS : FUEL 0.000
'* : : RCS 0.000
' : : So 0.000

REFUEL 0.000
OTHER 0.000

: : * * 0.000

OP : TURINI 0.000
GEM 0.000
COmD 0.000

~~: : CI/SW/CCW 0.002
OTHER 0.000

:-~ : 0.002

ECOnOmIC 0.000

:UNAN

OTHRl 0.000
--------------------------------------------------------

TOTAL 0.002

SCHEOULE N533 : FUL 0.000
: ICS 0.000
: SO 0.000
: REFUEL 0.103

* : OTHER 0.000

0.108

BOP : TURINE 0.000
: G 0.000

:: CORm 0.000
: C/Sw/CCW 0.000

: OTBR 0.000

0.000

ECONONMIC 0.026

nowr

OTHIR 0.012

TOTAL 0.146

RIGULATORY : 0.000

,UNKNOWN : 0.000

8* TOTAL ENERGY AVAIL. LOSS 88 0.148

8* ENERGY AVAIL. FACTOR n 0.852
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Table 2.8
German BWR Energy Availability Losses

By Year

ENERGY AVAIL. LOSSES GERMANY
1975 - 1979 ALL B#R'S

04/15/86 DATA:( 1) ( 1) ( 2) ( 2) ( 3)

1975 1976 1977 1978 1979

FORCED : NSSS : FUEL 0.000 0.000 0.000 0.000 0.000
: RCS 0.000 0.003 0.184 0.020 0.006
: SO

: :. : REFUEL 0.000 0.000 0.000 0.000 0.000
OTHER 0.000 0.011 0.000 0.275 0.008

: : : 0.000 0.014 0.184 0.295 0.015

: OP : TURBINE 0.000 0.000 0.000 0.062 0.004
: : :Gasl 0.000 0.000 0.001 0.003 0.000

: : CO 0.000 0.000 0.002 0.005 0.001
: : : C#/S#/CCV 0.000 0.000 0.000 0.000 0.008

I: : : OTHER 0.000 0.000 0.000 0.000 0.000
: : ................- :

0.000 0.000 0.004 0.070 0.013

: ECONOMIC 0.000 0.000 0.000 0.000 0.000

HUMAN

OTRIN 0.000 0.000 0.000 0.010 0.000

TOTAL 0.000 0.014 0.188 0.376 0.028

SCUlDOLEI : 31a :UL O 0.000 0.000 0.000 0.000 0.000
: : : RC 0.000 0.000 0.000 0.000 0.000
so
: : : UEL 0.000 0.099 0.113 0.093 0.201
: : : OTR 0.113 0.010 0.004 0.006 0.001

: : : ------ ------ ------ ------ ------ :
: : : o0.113 0.108 0.118 0.104 0.201

: :m----- --------------------------- -- -------- ----- -:

*: : BOP : o TURlINE 0.000 0.020 0.000 0.000 0.009
: : :HGM 0.000 0.004 0.000 0.000 0.001

: COI 0.000 0.000 0.000 0.000 0.008
: : : C/S/CCW 0.000 0.000 0.000 0.000 0.001

: : : OTEI2 0.000 0.000 0.001 0.000 0.000
: : : ------ ------ ----- ---- ------ :
: : : o~ooo 0.000 0.024 0.001 o.o000 0.019

ECOIOMIC 0.000 0.000 0.000 0.000 0.001

: : :HUMAN
: : .........----.-------------------- --- -........--- --.. :

OTtEI 0.000 0.000 0.001 0.002 0.001

: TOTAL 0.113 0.132 0.119 0.106 0.222

: REGULATORY : 0.000 0.200 0.104 0.100 0.432

: UNKNOWN : 0.000 .000 0.015 0.002 0.017

8* TOTAL ENERGY AVAIL. LOSS aS 0.113 0.346 0.427 0.583 0.699

8* ENERGY AVAIL. FACTOR *a 0.887 0.654 0.573 0.417 0.301
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Table 2.8 - (Continued)

ENERGY AVAIL. LOSSES GERMANY
1980 - 1984 ALL BWR'S

04/15/86 ATA:( 4) ( 4) (4) 4) ( 4)
:- - - - - - - - - - - ------ - - - - - -- - - - ------ - -- --

1980 1981 1982 1983 1984

FORCED : NSSS : FUEL 0.000 0.000 0.000 0.000 0.000
: : : Icso 0.000 0.002 0.005 0.001 0.000

: : : C:SG
: : : REFUEL 0.000 0.000 0.000 0.000 0.000
: : : OTHER 0.006 0.007 0.008 0.000 0.001

: : : 0.006 0.008 0.013 0.001 0.001
: :---

:OF : TUIINE 0.001 0.003 0.002 0.002 0.016
: : GE 0.000 0.001 0.000 0.001 0.000

: : :COND 0.008 0.033 0.005 0.001 0.002
: : : CW/S#/CCV O.010 0.000 0.000 0.000 0.000
: : : 8OTHER 0.012 0.003 0.000 0.009 0.000

: : :O 1030.032 040 0.008 0.003 0.017 :
CONONIC 0.000 0.000 0.000 0.000 0.007 :

: A 
: OT3 0.002 0.001 0.001 0.002 0.000

TOTAL 0.03 0.039 0.021 0.001 0.026 :

: SCEDULE : : UL O.00 0.000 0.000 0.000 0.000 0.000
c : 0.165 0.206 0.432 0.302 0.000

: : : EFUEL 0.03 0 .148 0.072 0.095 0.152 :
: OT2ER 0.013 0.002 0.001 0.004 0.004::: ------ ------ ------ ------ ---- :

~~~: : : ~ 0.263 0.356 O.505 0.401 O.156 :
: :...........------------------------------------------:

D: : LOP : 0.000 0.000 0.000 0.000 0.010
: : : GE 0.000 0.000 0.000 0.000 0.000

t: : : C IOR 0.002 0.000 0.001 0.000 0.000
: : : CW/S#/CC# 0.000 0.000 0.002 0.000 0.000

: : : OTE O .000 O.000 0.00 0 0.00 0.000 0.000 0.000 :
: : : ..------ ---- ------ ---- : -----

~~~: : : ~ 0.002 0.001 0.002 0.000 0.010 :

: : ECOO#ZC O .021 0 .026 .17 0.030 0.009 0.020 :

: : OTHi 0.001 0.022 0.005 0.003 0.001 :

: TOTAL 0.293 0.396 0.543 0.414 0.186 :

: REGULATORY : 0.268 0.054 0.014 0.002 0.000 :

: UNKNOWN : 0.008 0.000 0.004 0.005 0.000 :

** TOTAL ENERGY AVAIL. LOSS as 0.608 0.500 0.581 0.436 0.212

*a ENERGY AVAIL. FACTOR ** 0.392 0.500 0.419 0.564 0.788
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Table 2.8 - (Continued)

ENERGY AVAIL. LOSSES GERMANY
1975 - 1984 ALL BWR'S

04/15/86 DATA: 4 PLANTS 29 PLANT-YEARS

AVERAGE OVER ALL YEARS

FORCED :NSSS FUEL 0.000
: : : RCS 0.016

so
: : : REFUEL 0.000

: : : OTHER 0.024

: : : 0.040

:OP : TURBINE 0.008
: : GEl 0.001
: : COIN 0.00 :
: : CW/Sw/CCW 0.002
: : OTHER 0.003

*: 0.022
: CONOMIC 0.001

~: :HUMAN

OTHER 0.002

TOTAL O. OU :
------------------------------------------------------------------ :

SCIEDULID : Mi : FUEL 0.000
: : : 0.159

: : : ~SG
: : : REFUEL 0.118

: : : OTHER 0.005

: : :-- 0.282 :
: : l : ~FTURIME 0.003 :

: : : GIN 0.000
: : : COND 0.001

: : : CW/Sv/CCW 0.001
: : : OTHR 0.000

0.005

CONOMIC 0.015

: : ;UN"

OTHER 0.005

TOTAL 0.307
:-------------------------------------------------------------- e---:

: RGULATOR : 0.113

UNKNOWN 0.00

8* TOTAL ENERGY AVAIL. LOSS *$ 0.489

*8 ENERGY AVAIL. FACTOR $e 0.511
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Table 2.9
German BWR Energy Availability Losses

By Reactor Age

ENERGY AVAIL. LOSSES BY REACTOR AGE GERMANY
1975 - 1984 ALL WR'S

04/15/86 DATA:( 4) ( 4) ( 4) ( 4) ( 4)

AGE: 1 2 3 4 5

FORCED : NSSS : FUEL 0.000 0.000 0.000 0.000 0.000
: : : BCS 0.098 0.011 0.005 0.004 0.000

: : : REFUEL 0.000 0.000 0.000 0.000 0.000
OTHER 0.008 0.137 0.011 0.003 0.004

0.106 0.148 0.016 0.007 0.004

: : SOP : TURBINE 0.004 0.007 0.025 0.001 0.004
: : : Gi 0.000 0.002 0.001 0.001 0.000

: : CON 0.004 0.013 0.029 0.006 0.001
: : : CV/SW/CC# 0.006 0.009 0.000 0.000 0.000
: : : OTIER 0.013 0.000 0.000 0.009 0.002
: :: ------ ------ ------ --- ------ :

~: : : ~ 0.027 0.031 0.055 0.017 0.007 :

ECONOMIC 0.000 0.000 0.000 0.000 0.000

: :UMA

OTtER 0.000 0.007 0.000 0.001 0.000

TOTAL 0.133 0.187 0.071 0.025 0.011
--------------------------- ------------------------- ---------------

:SCIDULI : ESS F: FUL 0.000 0.000 0.000 0.000 0.000
: : : RC 0.175 0.206 0.000 0.189 0.000

: : : se
R: RFUEL 0.071 0.118 0.195 0.181 0.078 :

: OtYNE 0.003 0.004 0.003 0.000 0.014::: ------ ------ ------ ------ ----- :
0.249 0.328 0.198 0.370 0.092

: : . . ...........---- ----------------------- - -:
: : P TUBlINE 0.011 0.000 0.000 0.001 0.000

: : : 0.002 0.000 0.000 0.000 0.000
COnD 0.006 0.002 0.000 0.000 0.000
: : : C/SW/CC 0.000 0.000 0.000 0.001 0.000
OTll 0.000 0.000 0.000 0.000 0.000: : :------ - ------

0.019 0.002 0.000 0.002 0.000
: :-----------------------------------------------------:

: COOIC 0.000 0.009 0.000 0.002 0.043

: : OTHER 0.002 0.001 0.002 0.005 0.021

: TOTAL 0.270 0.341 0.201 0.380 0.157

REGULATORY : 0.057 0.049 0.300 0.259 0.053

: UNKNOWN 0.022 0.000 0.004 0.008 0.002

SS TOTAL ENERGY AVAIL. LOSS aS 0.482 0.577 0.576 0.672 0.223

SS ENERGY AVAIL. FACTOR ts 0.518 0.423 0.424 0.328 0.777
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Table 2.9 - (Continued)

ENERGY AVAIL. LOSSES BY REACTOR AGE GERMANY
1975 - 1984 ALL BWR'S

04/15/86 DATA:( 3) ( 2) ( 2) ( 1) ( 0)

AGE: 6 7 8 9 10

FORCED : NSSS : FUEL 0.000 0.000 0.000 0.000
: : : RCS 0.001 0.001 0.000 0.000

: S
: : :tREFUEL 0.000 0.000 0.000 0.000
: : OTHER 0.006 0.001 0.002 0.000

: : : 0.007 0.002 0.002 0.000

SOP : TURIXNE 0.022 0.000 0.001 0.000
: : GNl 0.000 0.001 0.000 0.000
: : COmD 0.002 0.000 0.000 0.000

: : C/SW/CC 0.000 0.000 0.000 0.000
OTHER 0.001 0.000 0.000 0.000

0.025 0.001 0.001 0.000

ECONONIC 0.000 0.000 0.013 0.000

HUMAN

: : OtIRE 0.000 0.002 0.004 0.000

TOTAL 0.033 0.006 0.021 0.000
-- ---- --- - - -- - - - -- - - -- - - - -- - - -- - ---------- - -- :

SCRllDILED : : FUlL 0.000 0.000 0.000 0.000
: : R 0.139 0.533 0.357 0.000
so
RE : : FUEL 0.084 0.083 0.071 0.162

: : :OTHER 0.002 0.001 0.001 0.012

: :0.225 0.125 0.420 0.174
:' : SOP : TURBINE 0.000 0.000 0.006 0.027 :

': : : GE* 0.000 0.000 0.000 0.000 :
: COmD 0.001 0.000 0.000 0.000

: : C/S/CCW 0.002 0.003 0.000 0.000
OTHER 0.000 0.000 0.000 0.000

- - ----- - - - :
: 0.003 0.003 0.006 0.027

: : ECOOMIC 0.021 0.050 0.013 0.002

O : OSR 0.001 0.001 0.004 0.000

TOTAL 0.251 0.672 0.452 0.203

REGULATORY : 0.071 0.027 0.000 0.000

UNKNOWN 0.001 0.001 0.006 0.000

** TOTAL ENERGY AVAIL. LOSS s 0.356 0.705 0.479 0.203

ts ENERGY AVAIL. FACTOR t$ 0.644 0.295 0.521 0.797
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Table 2.10 - German Capacity Factor Distributions

PWR

Mean

0.859
0.778
0.754
0.792
0.681
0.695
0.800
0.868
0.774
0.831

* Data

0.033
0.164
0.104
0.082
0.131
0.137
0.052
0.046
0.094
0.068

3
4
5
5
6
6
6
7
7
7

PWR

Mean

0.818
0.742
0.687
0.746
0.818
0.764
0.803
0.808
0.760
0.766
0.849
0.801
0.854
0.833
0.679
0.852

0.093
0.126
0.153
0.069
0.098
0.195
0.129
0.052
0.014
0.058
0.024
0.063
0.038
0.000
0.000
0.000

a Data

5
5
5
5
5
4
5
5
3
3
2
2
2
1

1

1

BWR

Mean

0.887
0.654
0.573
0.417
0.301
0.392
0.500
0.419
0.564
0.788

a $ Data

0.000
0.000
0.078
0.070
0.287
0.236
0.210
0.194
0.280
0.036

1

1

2
2
3
4
4
4
4
4

BWR

Mean

0.519
0.423
0.424
0.328
0.778
0.643
0.295
0.520
0.797

a # Data

0. 194
0. 193
0.253
0.235
0.115
0.074
0.047
0.269
0.000

4
4
4
4
4
3
2
2
1

75

By

Year

75
76
77
78
79
80
81
82
83
84

By

Age

1
2
3
4
S
6
7
8
9

10
11
12
13
14
15
16
17
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2.3 Japan

In this section the performance losses for the Japanese

nuclear power plants are presented and briefly examined.

Capacity was the performance index used to describe the

Japanese losses.

2.3.1 Anregated Data

The Japanese PWR capacity losses as a function of

calendar year and reactor age are tabulated in Table 2.11

and Table 2.12. The BWR capacity losses are tabulated by

year in Table 2.13 and as a function of reactor age in

Table 2.14. The mean and the standard deviations of the

capacity factors are tabulated by year and by reactor age in

Table 2.15.

2.3.2 Capacity Factor Distribution

Japanese PWR capacity factors are plotted against time

in Figure 2.17. The Japanese plants have had an average

energy availability of 63.3X over the ten year period.

Performance from 1975 to 1979 fluctuated from year to year

with several years having large standard deviations. The

large standard deviation in 1975 was the result of a 92.4%
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loss for refueling at a single plant. A different plant

with an 89.6X refueling loss accounts for the deviation in

1977. The low performance in 1979 is the result of large

refueling losses at many of the plants which may have

resulted from the accident at Three Mile Island that year.

Since then the performance has increased as a result of

reductions in refueling losses. The standard deviation over

these years has remained relatively constant.

The PWR capacity factors are displayed as a function of

age in Figure 2.18 and exhibit no age dependency. The

standard deviations have been relatively constant with an

average of 0.158.

Capacity factors for the Japanese BWR's are plotted

over time in Figure 2.19. Performance has averaged 61.0X

during the 10 year period shown. Large refueling outages at

2 out of 3 BVB's contributed to the 28.1t capacity factor in

1975. In 1977 large refueling losses at 3 out of 5 plants

resulted in an average capacity factor of 25.8X. The cause

for these large refuelings is unknown. The large standard

deviations for these two years were because the remainder of

the plants in those years did not perform as poorly.

From 1979 on, BR performance has improved as a result of

reductions in refueling losses.

The BWR capacity factors are shown by age in

Figure 2.20. The capacity factors and standard deviations

fluctuate with age but neither exhibits any age dependency.
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Losses by Outage Type

In this subsection, forced, scheduled, and regulatory

losses for the Japanese nuclear plants are displayed and

examined as functions of time and age.

In Figure 2.21, the forced, scheduled and regulatory

losses are displayed over time for the Japanese PWR's.

Japanese losses have generally been large, averaging 36.7%

over the 10 years studied. From 1979 to 1984, the

performance of the Japanese PWR's steadily improved. The

scheduled losses comprised the largest fraction of the total

losses, with a 10 year average of 34.0%. This represents

92.3* of the total. Scheduled losses have been high as a

result of mandatory shutdowns for inspection and maintenance

which are usually performed during refueling outages.

Reductions in the size of these mandatory outages since 1979

account for the increase in performance exhibited. The

other scheduled losses are small as a result of the large

amount of maintenance performed. Forced outages have been

small, averaging 2.6* over the 10 year period. In addition,

the forced losses show a time dependent decrease. The cause

of this trend cannot be assigned to any one category; it

arises from a general reduction in forced outage losses in

several categories. The Japanese have not reported

regulatory losses in any of their PWR's.

The PWR's losses are shown as a function of reactor age

in Figure 2.22. None of the outage categories studied
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shows an age dependent trend in this figure. The large

peaks in both forced and scheduled losses at age 11 were

caused by a steam generator repair and a large refueling at

one plant.

BWR outage categories are plotted over time in

Figure 2.23. As the figure illustrates, the total and

scheduled losses fluctuated prior to 1978 and then began to

decrease from year to year. The scheduled outages

represented 96.4% of the total losses and followed the total

loss curve closely. The reason for this was the large

mandatory refueling outages for inspection and maintenance

that were required each year, similar to the PWR's. Forced

outages have been relatively constant with a 10 year average

of 1.4X. As with the PWR's, there were no regulatory losses

reported.

Finally, in Figure 2.24, the B outage categories are

plotted by reactor age. The figure shows fluctuation in

the total losses with an increasing tendency with age. This

trend is probably insignificant due to its small magnitude

and the fluctuation that is present from year to year.

Forced outages are small and exhibit a slight decrease with

age. This trend is also probably insignificant as a result

of its snall agnitude. The sall peak in the forced

outages at ages 12 and 13 was from turbine losses at one

plant.
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NSSS and BOP Losses

In this subsection the losses in the Nuclear Steam

Supply System (NSSS) and the Balance of Plant (BOP) are

displayed and examined as functions of tine and reactor age

for Japanese nuclear power plants.

Japanese PWR NSSS and BOP losses are shown graphically

by year in Figure 2.25. The NSSS losses, which on average

made up over 94% of the total losses, show fluctuation prior

to 1980 and a decrease in magnitude thereafter. Large

refueling outages for inspection and maintenance were

responsible for over 93% of these losses. Fluctuation in

the refueling outages accounts for the fluctuation visible

in the NSSS losses. Steam generator problems accounted for

another 4.6% of the NSSS losses. The BOP losses have been

small, averaging 0.5% per year or 1.4% of the total losses.

The figure shows that the BOP losses have decreased since

1975. This reduction is due to decreased losses over time

in the turbines and the C, SW, and CCW systems.

The PR losses are plotted as a function of age in

Figure 2.26. The NSSS losses appear to be independent of

reactor age while the BOP losses exhibit a decline in losses

with age. The decline in the BOP losses was caused by

improvements in turbine performance with age.

NSSS and BOP losses for the Japanese BWR's are plotted

over time in Figure 2.27. The NSSS losses, which averaged

34.8% per year, represented 89.2% of the total losses.
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Refueling losses are the largest fraction of the NSSS

losses, contributing 95.1%. Fuel losses account for another

3.7% of the NSSS losses, partially as a result of the

PreConditioning Interim Operating Management Recommendations

(PCIOMR) used in the Japanese BWR's. Fromee 1978 to 1984 the

NSSS losses show a substantial improvement dropping from

45.4% to 27.2* as a result of a similar reduction in

refueling losses. The BOP losses for BWR's have been very

small, averaging 0.6% per year and representing only 1.5 of

the total losses. The BOP losses are independent of time.

The Japanese sWR losses are shown as a function of age

in Figure 2.28. Neither the NSSS or the BOP losses exhibit

a trend with age.
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Table 2.11
Japanese PWR Capacity Losses

By Year

CAPACITT LOSSES JAPAN
1975 - 1979 ALL P#3'S

03/25/86 DATA:( 4) ( 5) ( 6) ( 6) ( 8)

1975 1976 1977 1978 1979

FORCID : SSS: TUlL 0.000 0.000 0.000 0.000 0.000
: : : 0.000 0.000 0.000 0.013 0.000
: : : 0.006 0.054 0.007 0.009 0.027

~: : : RIUIL:
: : : O 0.001 0.002 0.000 0.000 0.020

0.006 0.056 0.007 0.022 0.04 :

:P : TI : I 0.024 0.001 0.000 0.000 0.000
: : : 0.000 0.000 0.060 0.000 0.000

: : : : COfi:~~~616: : : CV/V/CC/ 05 0.0020 . 0.00 0.004 . . :
: : : 0.000 0.000 .000 0.000 0.000

: : : ------ ------ ------ ------ ------ :
0.049 0.006 0.004 0.001 0.001: : ........---------------------------------------------:

: : ICOI"IC:
: : ......----------------------- -------............. :

:6M 0.000 0.000 0.000 0.000 0.000

: : O O.026 0.009 0.006 6.002 0.06 :

: OTAL 0.06 0.067? .012 0.02 0.060 :

: sCIIL : us :UL 0.000 0.004 .066 0. 000 0.000
:sea 0.006 0.,000 0.000 0.000 .000

: : 0.000 0.000 0.000 0.000 0.000
: : : L 0.433 0.209 0.413 0.354 0.572

: : : O 0.000 0.000 0.001 0.000 0.000

0.433 0.212 0.413 0.354 0.572

: : O1P : I 3l 0.001 0.003 0.006 0.009 0.002
:1 0.000 0.000 0.000 0.000 0.000

: Il/ 0.000 0.000 0.000 0.000 0.00 
: : : O1313 0.000 0.000 0.000 0.000 0.000

: : : ------ ------ ----- :
: : : 0.001 0.003 0.006 0.009 0.002 :: :- ...............------------------------------------ :

: : ICOINWIC 0.000 0.009 0.000 0.001 0.000
: : . . . ..----------------------------- -. --- -----

: : _IUNA
: :............---------------------------------- - ------ :

: : OT013 0.004 0.057 0.020 0.004 0.030 :
: mmm------------------------------------------------:

: TOTAL 0.438 0.281 0.439 0.367 0.604 :

: RIGULATOR : 0.000 0.000 0.000 0.000 0.000 :

: UNIKNOWN : 0.000 0.026 0.000 0.000 0.000 :
-…----

*8 TOTAL CAPACITT LOSS 88

** CAPACITY ACTOR 88

0.525

0.475

0.379 0.451 0.393 0.655

0.621 0.549 0.607 0.345
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Table 2.11 - (Continued)

CAPACITT LOSSES
1980 - 1984

03/25/86
:---------------

:---------------

: tORCD : I

: :i

:~~~~~

: : I: : (* I
: snmULST: : : wI
I i: .I

: : I*: : :

I

m E9 m mmm9m. Jmmm: :1KI~1 
i

I
a,~BE ,od u. , .U .mlll l

1998

a
:0

UIL
lC

'Iruz
TIER

DATA:( 8)

1980

0.000
0.006
0.013

0.004

0.023

( 9)

1981

0.000
0.000
0.032

0.000

0.033

(10)

1982

0.000
0.000
0.006

0.000

0.005

(10)

1983

0.000
0.000
0.018

0.001

0.019

JAPAN
ALL PWr S

(11)

1984

0.000
0.002
0.000

0. 000

0.002 :

BOP T: UINs 0.000 0.000 0.000 0.001 0.000
: g 0.000 0.000 0.000 0.000 0.000
: co
C/SV/CCV 0.002 0.000 0.001 0.000 0.000
OTUZO 0.000 0.000 0.000 0.000 0.000

18: 0.002 0.000 0.000 0.001 0.000

1CORQIIC

INI 0.000 0.000 0.000 0.000 0.000 :

)0TlR 0.000 0.001 0.000 O.002 0.000

0ITL 0.02 0.0284 . 0.022 0.002 :

111: n
: 0
: sl

: 01

10P : Ti
: 01
: cC
: CI
: 01

EUo
mmIM mmml

IS

11"E L
.11111

I1-I-

1/11/COw
rl3

TOTAL
_________________.

0.000
0.000
0.000

0.000

0.348

0.002
0.000

0.000
0.000

0.002

0.000

0.000

0.31l

0.000
0.000
0.000
0.,11
0.000

0.311

0.001
0.000

0.000
0.000

0.001

0.000

0.011

0.323
______-

0.006
0.000
0.000
0.260
0.000

0.260

0.000
0.000

0.000
0.000

0.000

0.000

0.006

0. all
m_____.

6.000
0.000
0.000

0.2,2
0.0000.000

0.0000.2320.000
0.000
0.000

0.009

0.241

0.000
0.000
0.000
0.269
0.000

0.266

0.000
0.000

0.000
0.000

0.000

0.000
______

o . ooo-

o. ooo

0.000

0.269
______.

.000 .000 0 .00 0 oo.000 0.000
____________________________--------------------------:

0.000 0.000 0.000 0.000 0.000
…-…me mm mm em mm ee em me mmo mm ~Umo me mm em mm em mm

S* TOTAL CAPACITT LOSS S*

8* CAPACITY FACTOR 8*

0.370 0.37 0.272 0.264 0.271

0.624 0.643 0.728 0.730 0.729

95

e,____________

Eml,m,____________

____,I*_____

,____,B

,_ -- mm.i--- - ---

-----------------------------------------------
-----------------------------------------------

._m,I._._ iI_~l

.____.,_._.__~__m

_ _ _ _ _14m ~1



Table 2.11 - (Continued)

CAPACITY LOSSES
1975 - 1984

03/25/86

: o.:: !

: -

: I

lEGUJATORT
e

I
U = = =: ICIUB 

:
e
.- elm s:~e I. e me

· UI.lOI 
. .~~~~

'lllEEe .e See .. mI

DATA: 11 PLANTS

AVIRAGE

essS: F
: a
: S

: 0

tCS

111al"
gruzz

OVER ALL

0.000
0.002
0.016

0.003

0.021

JAPAN
ALL PWI'S

77 PLANT-TEAlS

TEARS

LOP : TURIIE 0.001
G: 0.000cos
C: /Sw/cc 0.002
O: Ot 0.000

: --0.003

ICO[ONIC
__________--____________________------------------- -:

IUNm 0.000

)Tll 0.002 :
m _m m _________________ ________________ ________________

::mm
mmmm m e m e e eememeem___

la: li
: 

: l
. O

lop : Ir
: a
:04

* o

1coic
0mIt

rOTA

'l.
I11110asER
FU

0.021

0.000
0.000
0.000
0.325
0.000

0.325

0.00
0.000

0.000
0.000

0.002

0.001

I1
o/S

lts

0.011

0.340

0.000

6.002
_______________________________________________________

tS TOTAL CAPACITT LOSL S*

$$ CAPACITT FACTOR *$

0.367

0.633
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._________,____________

,________________,_____________________________.

mmm __,_mme mem _memeem

,_________________.

__________________.______________________

.______________________________________________

-----------------------------------------------
,_________________._______________________
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Table 2.12
Japanese PWR Capacity Losses

By Reactor Age

CAPACITY LOSSES IY RIACT0R All
1975 - 1984

03/23/86 DA!

: roczo

Iw ~ r

A4

: : S

: : I
: : 0'

SOP : T1

: : ol
: - * _ .GCI

: 1CONIC
:- __m .

: 01

01:

CS

EffUILgmE
MR3

minII
/IsV/CC

MI

ILImE11111

A:( ) ( 9) (10) ( 9)

0.000
0.009
0.000

0.001

0.010

0.007
0.000

0.010
0.000

0.017

0.000

0.013

0.050

0.000
0.000
0.000
0.207
0.000

0.207

2

0.000
0.006
0.000

0.004

0.009

0.001
0.000

0.001
0.000

0.002

0.000

0.000

0.011

0,000
0.000
0. 341
0.000

0.347

3

0.000
0.000
0.037

0.000

0.037

0.000
0.000

0.001
0.000

0.001

0.000

0.002

0.040

0. 00
0.000
0.000
0.440
0.000

0.440

4

0.000
0.000
0.031

0.015

0.046

0.001
0.000

0.001
0.000

0.002

0.000

0.001

0,040

0.600
0. 000
0.2210.000
0.331o.,ooo

_ _ __, ~ m
o. 311

JAPAN
ALL P'S

( )

0.000
0.003
0.000

0.001
0.004

0.004

0.000
0.000

0.001
0.000

0.001

0.000

0.000

0. o

0. 000
0.000
0.332
0.000

0.331

: OP i TUISI 0.002 0.004 0.003 0.002 0.001
: : 0.000 0.000 0.000 0.000 0.000: CO 

: : CI/$I#/CC 0.000 0.000 0.000 0.000 0.000
t: : 0.000 0.000 0.000 0.000 0.000

: : 0.002 0.004 0.003 0.002 0.001

: BCONC 0.001 0.000 0.000 0.003 0.000

: 13 .033 o.01 O.003 .011 0.000
_______. _m______________________________- - _-------------

TOTAL 0.243 0.370 0.44s 0.307 0.340

: RGULATOR : 0.000 0.000 0.000 0.000 0.000

: UIl l : 0.015 0.000 0.000 0.000 0.000 i
:… … … …m… ---------__--_----__ _ _ _ _ _______

*8 TOTAL CAPACXIT LOSS **

a* CAPACITY TACTORS *

0. 29?

0.703

0.321

0.619

0.40
0.514

0.406

0.594

0.345

0. 00

97

--

I

-------------------------------------------------------------------
.o.,.dB'O'OOI- -- -- -- - - - -

> - - i'BIll0

---------------------- ---- ----------------
----------------- ------------

__.*lib,________
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Table 2.12 - (Continued)

CAPACITY LOSSES BY RIACTOE AGE
1976 - 1984

03/23/86 DA'

~~: ~ AGI:
FORCID :NSSS 1 L

: : ----- _________

: : :CO3

~: : : CV/SV/CCI

: : _B --COIONXC: : sco c

I IINAI

01333

TOtAL: I Is :_ _ _ _ .

: : : 18

:__op : 113SI: :o:sm fU3

: _ _ _ _ _~OT

A: : : TC

: i!,o , .

: : sULATO?: :__ h _ ________E: ¢tc
: _ _ _ _ _ _ _ _: : ~776
: : _ _ _ ______

: :r~u os: ------ - ---

A:( 7)

6
i__0.000

0.000
0.000
0. 000

0.0000. 000

( 6)

7

0.000
0.000
0.031

0.001

0.032

( s)

8

0.000
0.000
0.022

0.000

0.022

( 4)

9

0.000
0.000
0.000

0.001

0.001

JAPAN
ALL P'S

( 2)

10

0.000
0.000
0.000

0.000

0.000
._______0.000 0.000 0.001 0.000 0.000

0.000 0.000 0.001 0.000 0.000

0.000 0.000 0.000 0.000 0.000
0.00 0.000 0.000 0.000 0.000

0.000 0.000 0.001 0.000 0.000

0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.004 0.0006 0.000

0.601

0.600
0.000
0.000
0.312
0.000

0.212

I.I0I2

6.6 o0. 
0.000
0.38
0.000

0.268

0.02?0.000.000
0. O
0.000

0.232

0.002
I.I0.000

0.000

0.293

0.000

0.000
0.000
0.000
0.460
0.000

0.469
____._ 0.001 -. 0.000 0.000------------

0.000 0.001 0.002 0.000 0.000
0.000 0.000 0.000 0.000 0.000 :

I 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000

0.00 0.001 0.00---- 0.000 0.000

0.000 0.000 0.000 0.000 0.000
,____________________-------------------:

0.003

0.317

0.000

0.000

0.001

0.267

0.000

0.000

0.000

0.24
0.000

0. 00

0.204

0.000I. 000

0.007

0.477

0.000

0 .000

8* TOTAL CAPACIT LOSS **

** CAPACITX FACTOR *

0.231

0.682

0.399 0.311 0.29 0.477

0.01 0.393 0.704 0.523
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iI!

iII

__IIIN

_IN

--------- -------- --

Ii!,__iI.__I.,___

,____

,__II_.__.__,___

,__.__.__.lIII<
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Table 2.12 - (Continued)

CAPACITT L03IS IT R lACTOR 0 JAPAN
197 - 1904 ALL PR'S

03/23/86 DATA:( 1) ( 1) ( 0) ( 0) ( 0)

: AGl: 11 12 13 14 1 :

voID : 0Csss : FfU 0.000 0.000
* :cS 0.000 0.000: ' ' s 0.180 0.000

: : : irUIL:
: 0T 0.000 0.000: , , ...------------- ------- :

0.1180 0.000

: OP : TUN 0.000 0.0ooo00
: : 0.000 0.000

: : /S/CC 0.000 0.000
: ' : 0Tnl 0.000 0.000: :,: ------------ ------ ----- ------ :

0.000 0.000

:co :ouC
: :------------------------

Now : ' 0.000 0.000

EaI11l 0.000 0.0 0

: - --- an 0.000 0.000

t!: soA 0.000 0.000 
TTFA L O.30* 0.000

:T I II .000 0.000

: ~~ --- ~~~~~~~H~~----~·HUWI I- --- :---------

*o iinVSIXn 0.00i 0.0 n: : : oL 0.000 0.000

: : umzSc 0.000 o.oo:3: 0 : O.000 0.000

0.000 0.001
· .............- .--. -- ------------------------- -.-- -:

: 0 : T0 X 0.000 0.001~Ullp: ll 0.000 0.000

: : c. . :ou

: - --- -O.00o o-ooo

: OO/U 3 0.006 0.000
22GULAR: : 0.000 0.001 :: : --- ----------------- … -----------------

: : 0.000 0.000: -……--------------------------I U~OIIT: OOA 0.47 . 001 :

:------- tI - - - - I - i - - - - - - i - - - i - - - i - - - - - - ----- I III III I -----

SS TOTAL 0CAPACITT LO$$ S

** CAPACITY rFATOR SS

0.36

0.345

0.061

0.949
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Table 2.13
Japanese BWR Capacity Losses

By Year

CAPACITY LOSSES
1975 - 1979

JAPAN
ALL WB'S

03/27/86 DATA:( 3) ( 5 ( 5) ( 9) (10)

1975 1976 1977 1978 1979

:FORMCD : SSI : fUL 0.000 0.000 0.000 0.000 0.000
: : : CS 0.010 0.025 0.001 0.000 0.004

so
: : : BIFUEL

: : : OTIER 0.020 0.001 0.000 0.000 0.001: : : .............----- : ----- - ---
: : : 0.030 0.025 0.001 0.000 0.005

:OP : TUSINI 0.000 0.008 0.000 0.000 0.004
: : : anI 0.000 0.003 0.000 0.000 0.000
: : : COl
: : : C#/SV/CCV 0.000 0.002 0.000 0.000 0.004
: : : OTtl! 0.001 0.000 0.000 0.000 0.001: : : ------ ------ ------ ----- :
: : : 0.001 0.012 0.000 0.000 0.009

CONONC

U: : A 0.000 0.000 0.001 0.001 0.000

: : OThI 0.011 0.005 0.000 0.004 0.001

:TOTAL 0.049 0.042 .00 0.002 0.006 0.016

S: SCDUI ss : s 0.05 0.01 0.00 0.0 0.0 0.03 0.02 :
: : : 0.000 0.000 0.000 0.000 0.000
: : : seo
: RPUBl 0.652 0.204 0.99 0.423 0.28 :

: : : OT1R 0.000 0.000 0.000 0.000 0.000
: : : .-- -57 ---- ------ ------ ------ :

0?: 7133: : 0.000 0.21000 0.000 0.40004 0.300

: : : TUsel 0.000 0.000 0.000 0.000 0.000
: /: : / O.000 0.000 0.000 0.000 0.000

: : : GO l :
1 : C/S/CC 0.000 0.000 0.000 0.000 0.000

: : : OTR 0.0 0.000 0.002 0.000 0.000 0.000: : : ------ ------ ------ ------ ------ :
OULA: :TNY : 0.000 0.000 0.000 0.000 0.000

: :--- ---------------------------0.000 . 0.00 0.000 0.000
: : ICOIONIC O 0.000 0.003 0.000 0.00 0.000 :

::--- ------------------------------------------------ :

: :........------------------------------------------------:
: : O=TUR 0.014 0.119 0.035 0.035 0.001 :

: TOTAL 0.070 0.339 0.740 0.498 0.360 :

: ROULATOR : 0.000 0.000 0.000 0.000 0.000 :

: UNN1O : 0.000 0.000 0.000 0.000 0.000 :
:--------------------------------------------------- --- ---------

a* TOTAL CAPACITY LOSS *

*8 CAPACITY FACTOR *t

0.719 0.381 0.742 0.50 0.375

0.281 0.619 0.258 0.497 0.625
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Table 2.13 - (Continued)

CAPACITY LOSS
1980 - 1984

03/27/86

: FOiCID

Is

:,

::
NSSS : rFL

RCS
So
RYEVL
OT073

DATA: (10)

1980

0.000
0.000O. 000

0.003

0.003

(10)

1981

0.000
0.000

0.001

0.002

(11)

1982

0.000
0.004

0.000

0.004

(11)

1983

0.000
0.003

0.001

0.004

JAPAN
ALL IBR'S

(13)

1954

0.000
0.000

0.000

0.000

SOP: : TURl 0.005 0.003 0.003 0.002 0.000
on:03 0.001 0.000 0.000 0.005 0.001co: : cos

: : C/S/CCV 0.003 0.000 0.001 0.000 0.001
: : OT1 0.001 0.000 0.000 0.000 0.000

: : 0.011 0.008 0.004 0.007 0.002

:COnONiC

:. EuA 0.000 0.002 0.000 0.000 0.000

01113 0.004 0.004 0.002 0.004 0.000

TOTAL

: Il: In
5 I I

:01: :TI

: :

07611l:---- ----: a m I: : O(

:-----____

1M

I

ril

10
33I

I/SV/CCw
snR

0.018

0.015
0.000

0.314
0.000

0.329

0.000
0.000
0.000
0.002

0.002

0.002

0.034

0.3866

0.000

0.000

0.015

0.014
0.000

0.329
0.000

0.343

0.000
0.000

0.000
0.000

0.000

0.002

0.026

0.371

0.000

0.000

0.011

0.010
0.000

0.25
0.000

0.265
I--0.000

0.000
0.000

0.000
0.000

O. 000

0.001

0.021

0.288

0.000

0.000

0.018

0.009
0.000

0.280
0.000

0.299
0.000I_

0.000

0.000
0.000

0.000

0.002

0.012

0.303

0.000

0.000

0.002

0.004
0.000

0.267
0.000

0.272

0.000
0.000

0.000
0.000

0.000

0.001

0.004

0.277

0.000

0.000

t8 TOTAL CAPACITY LOSS 

tt CAPACITY FACTOR t

0.383

0.617

0.386 0.298 0.318

0.614 0.702 0.682

n I

CU33IIRS

RIBULATORT

UpaOavy

0.279

0.721

.____________

IIi.I___IIIIiIi

___.III.________I

iIiIIei_____er____________

,___II

.___I,_____i_

,______________________________________________

,______________________________________________

____iI.____,_,_________

____,_.,__,__,_________________________________

ii_.iI_.___i,_..____________________i

---------------------------------------------------------------------

m,

B,

I



Table 2.13 - (Continued)

CAPACITY LOSSIS JAPAN
1975 - 1984 ALL lWR'S

03/27/86 DATA:13 PLANTS 87 PLANT-TEARS

: AViAG OTVR ALL YTARS

: FORCD : NSSS : FUL 0.000
: : : RCS 0.003

: SO
: : : B:IrFUEL

: : : T0113 0.002

0.000

* : O uP TUNDIVI 0.002
: : : (il 0.001

COID
: : : Cw/SW/CCW 0.002
: : : OTn11 0.000

0.006
: : . . ................................--...............--- :

ECOnONIC

: : NAl 0.000
OTI:R 0.00 

: TOTAL 0.014
…--- : ------ - ----- … ---- - - -…:

c: sCmuL : Nils *: rL 0.013
: : : Bus 0.000 :

: : r: rUEL 0.331
: OTI 0.000

0.344 :: :.........-----------------------------------------------:
*: SO : 1OP :TU 0.000

: : : 0.000
: COn

: : : CW/SW/CCW 0.000
: : : O 0.000

: : : 0.000: :.........----------------------------------------------:
:ICO:ONC 0.002 :

: : OTEnE 0.030

: TOTAL 0.376 :

: IULATORY : 0.000

: UNUL : 0.000

$t TOTAL CAPACITY LOSS 8* 0.390

8t CAPACITY FACTOR tS 0.610
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Table 2.14
Japanese BWR Capacity Losses

By Reactor Age

CAPACITY LOSSES Y REACTOR AGE JAPAN
1975 - 1994 ALL BlI'S

03/23/86 DATA:(11) (10) (10) ( 9) (10)

: AG: 1 2 3 4 5

r: orch SS : fUL 0.000 0.000 0.000 0.000 0.000
: : : RCS 0.010 0.005 0.003 0.001 0.001

: : : 0Thll 0.007 0.00 3 0.003 0.001 0.000 0.000 :

: : : 0.017 00 0.003 0.004 0.001 0.001

: : OP : TUIBIN 0.003 00 0.00 0.005 0.001 0.001 :
: : : 0.000 0.001 0.001 0.002 0.003

: : : Clf/SW/CCl 0.000 0.002 0.00S 0.002 0.00 :
: : :0T 0.000 0.000 0.000 0.000 0.000: : : 0.00----------- 0.00 0.00------

: : : . s0.003 0.000 0.009 0.000 0.0o :-------------------------------------------------------- !

:somuas

:IIUI0~

: GlSATOX

: UNNO

: ICOnTic

: UNA

: OTm

TOTAL

: u : l
: : 

:it: : I J
: 0

_Ul
es
I

T1111EVIl'Msn

0.000

0.006

0. 26

0.011
0.000

0.256
0.000

0.277

0.000

0.004

0.019

0.012
0.000

0. zoo
0.000

0.278

0.001

0.000

0.014

0.012
0.000

0.423
0.000

0,430

0.001

0.003

0.001

0.013
0.000

0.261
0.000

0.279

0.000

0.003

0.016

0.010
0.000

0.349
0.000

0. 39

s0P : TI1B3 0.000 0.000 0.000 0.000 0.000
: 11 0.000 0.000 0.000 0.000 0.000
. CO
: C/S/CCO 0.000 0.000 0.000 0.000 0.000
i 0oTI 0.000 0.002 0.000 0.000 0.000

: 0.000 0.00 0.000 0.000 0.000

ECOIOM1ItC 0.000 0.005 0.001 0.002 0.002
. _m ____----------------------------------m------------

: IMM

: TOnt
_________.

SOS^L

0.044

0.321

0.000

0.000

ts TOTAL CPACITY LOSS 

SS CAPACITY FACTOR 8S

0.347

0.653

. 060

0.345

0.000

0.000

0.364

0.638

0.017

0.453

0.000

0.000

0.467

0.533

0.038

0.320

0.000

0.000

0.329

0.671

O.021

0.392

0.000

0.000

0.397

0.603

103

,______________________________________________

.____,_______.

,___m_,mmm~mm,_______.

,___mmI._N

--------------- -------------- --------------
,____mm,_..___.,_________

,___,_.m,_I.__m__- -----------IIIII
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Table 2.14 - (Continued)

CAPACITY LOSSES BY REACTOR AGE
1975 - 1984

03/23/86 DA'
:m-----------________________.

:i~~~ ~ AGE:

F: ORCED : 5SSS FUEL
: : :sRes

: so

: : : 11RR
: : | ui

: : : GII
: : : coin

: : C)ICONXC·~U: NAotn
| |.~----.-----o. . . . .

: 3:93 9 scomIB c

: :_____________TO_

: : Gw I: : onnr
~: __OP : ___ __ __

: :i

: : :mueosw

: I0133

TOTAL

: REGULATORT :

A:( 9)

6
,-- - -

( 5)

7
_ _ _ _ .

( 5)
,_______

8
_____ _.m._0 _

JAPAN
ALL IWR'S

( ) (3)

9 10
_________________-

0.000 0.000 0.000 0.000 0.000
0.006 0.000 0.000 0.003 0.000

0.000 0.000 0.000 0.000 0.000

0.006 0.000 0.000 0.003 0.000
_____0.000 0.000 0.000 ._3 0.007_--

0.000 0.000 0.000 0.003 0.007
0.001 0.000 0.000 0.000 0.000

I 0.001 0.000 0.002 0.000 0.000
0.002 0.000 0.000 0.002 0.000

0.004 0.000 0.002 0.000 0.007

0.002 0.007 0.004 0.000 0.000

0.012 0.006 0.06 0.009 0.007

0.001 6.011 0.00 0.00 0.008
0.000

0.340
0.000

0.348

0.000

0.478
0.000

0.489

0.000

0.329
0.000

0.337

0.000

0.365
0.000

0.373

0.000

0.441
0.000

0.449
___--_________________________________

0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000

I 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000

0.000 0.001 0.007 0.001 0.000

0.021 0.021 0.031 0.011 0.015

0.369 0.511 0.376 0.392 0.463

0.000

0.000

_0.000
0.000

O.000

0.0000.000

O. 000

0.000

0. 000

0.000

0.000

* TOTAL CAPACITY LOSS **

s* CAPACITY FACTOR *8

0.391

0.619

0.519

0.481

0.381

0.619

0.401

0.599

0.470

0.530

1nd

.____~Emm,,.___O

.____.__,_..__.__m___n

:--- ---- --- --- ---- --- ---- ---- --- ---- ---- --- ---- ---- ---



Table 2.14 - (Continued)

CAPACITY LOSSES T REACTOE AGE
1975 - 1964

03/23/86 DA'

AGE:

: FORCD : NSSS: FUL
* ' : CS

OP : TURNE

.: : :: 0ill: : on

: CONOMIC

: : M:u
: : ....... c: : 0·,ll

':~ TOTAE

3S33ID :111,

ECONOMICS: : : ART r I:OP : ItUIXE
: :OTAL

* T OTA L CAPACTT LOSS

*8 TOTAL CAPACITT FACTOR 8
*8 CAPACIT FACTOR *8

tA:( 2)

11

0.000
0.000

I

0.000

0.000

0.000
0.000

0.000
0.000

0.000O .000

0.005

0.006

0.03

0.000
0.000

0.442
0.000

0.452

( 1)

12

0.001
0.000

0.000

0.000

0.016
0.000

0.001
0.000

0.017

0.000

0.044

0.003
0.000

0.000

0.3150.000o
0.10 6- -

0.000

( 1)

13

0.000
0.000

0.000

0.009

0.010
0.000

0.000
0.000

0.011

0.000

0.000

0.004

0.000

0.147
0.000

0.151

( 1)

14

0.000
0.000

JAPAN
ALL lDW'S

( 0)

15

0.000

0.000

0.000
0.000

0.000
0.000

0.000

0.000

0.000

0.000

0.002
0.000

0.306
0.000

0.300
m_____________0.000 0.000 0.000 0.000 _

0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

I 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

______-- ______--______ -______ --______

0.000

0.009
0.461

0.000

0.000

0.466

0.534

0.000

0.021

0.33
0.000

0.000

0.382

0.618

0.000

0.029

0.130

0.000

0.000

0.000

0.000

0.300

0.000

0.000

0.207 0.308

0.793 0.032

._._m

.__________,__Bm!

._______--

----------------------------------------
--------- --------- - -----IIIIIII

,____I

,____mink__

,____,__

,______________________________________

._______________________________________

,___________ti,_...__lmE

,___________~41,_.._,__.

,___________w,_.l._e.__.

- -.___________________ __________________



T*h 21 s as- -anesw -a Fcr D i ... ributio..

BWR

Mean

0.281
0.619
0.258
0.497
0.625
0.617
0.614
0.702
0.682
0.721

a # Data

0.330
0.136
0.215
0.267
0.096
0.123
0.136
0.145
0.081
0.138

3
5
5
9

10
10
10
11
11
13

BWR

Mean

0.653
0.636
0.533
0.671
0.603
0.620
0.481
0.618
0.599
0.529
0.533
0.618
0.793
0.692

a # #Data

0.249
0.134
0.275
0.127
0.219
0.149
0.258
0.133
0.064
0.155
0.244
0.000
0.000
0.000

11
10
10

9
10

9
5
5
5
3
2
1

1
1

106

PWR

Mean * Data

0.475
0.621
0.549
0.607
0.345
0.624
0.643
0.728
0.736
0.729

0.363
0.125
0.283
0.103
0.157
0.154
0.179
0.132
0.173
0.129

4
5
6
6
8
8
9

10
10
11

By

Year

75
76
77
78
79
80
81
82
83
84

By

Age

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

PWR

Mean * Data

0.703
0.619
0.514
0.593
0.655
0.682
0.601
0.689
0.705
0.524
0.345
0.949

0. 166
0.145
0.299
0.187
0.212
0.168
0.189
0.127
0.071
0.013
0.000
0.000

9
9

10
9
8
7
6
5
4
2
1
1

. .

-Jaanese Caoacitv Factor DistributionsTAhle 2.15
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2.4 Sweden

In this section the performance losses for the Swedish

nuclear power plants are presented and briefly examined.

Capacity was the performance index used in compiling the

Swedish data.

2.4.1 Aggregated Data

The Swedish PWR capacity losses are tabulated by

calendar year and reactor age in Table 2.16 and Table 2.17

respectively. BWR capacity losses are given by year in

Table 2.18 and by reactor age in Table 2.19. The mean and

standard deviation of the capacity factor are tabulated by

year and by age in Table 2.20. Scheduled losses were only

available in aggregate form with the exception of economic

losses.

2.4.2 Capacity Factor Distribution

Capacity factors for Swedish PR's are plotted over

time in Figure 2.29. The Swedish PWR performance has been

the poorest of the six countries examined with a 10 year

average of 54.4%. From 1975 to 1980 the capacity factor was

from just one plant. Between 1980 and 1984, two more PWR's
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came online. The average capacity factor shows a drop in

1982 which is from several large steam generator and

regulatory losses. The specific issue causing the

regulatory shutdowns is unknown; it is plausible that they

are related to the steam generators. Neither the capacity

factors nor the standard deviations show any time

dependency.

Plotted as a function of age in Figure 2.30, the

performance of the Swedish PWR's shows a slight increasing

age dependency. However, the number of plants for each age

is small so that the trend is insignificant. This is

confirmed by the large standard deviations through age 3.

Swedish B#R capacity factors are shown graphically in

Figure 2.31. The figure indicates that Swedish BWR

performance has been improving over time. Capacity factors

increased an average of 10 percentage points from 1975 to

1984. The cause for the improvement was a reduction in

forced balance of plant losses. The standard deviations,

with an average of .081, do not show as large a variation as

some of the other figures. This indicates that the Swedish

BWR's have consistently performed well.

The BWR capacity factors are plotted by reactor age in

Figure 2.32. In addition to the time dependency identified

in the previous figure, the Swedish BWR's also exhibit an

age dependence, with performance improving with age. This

improvement was also caused by-reductions in forced BOP
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losses. The magnitude of the standard deviations fluctuates

with age and does not show an age dependence.

2.4.3 Losses by Outage Type

In this subsection, forced, scheduled, and regulatory

losses for the Swedish nuclear plants are displayed and

examined as functions of time and age.

Forced, scheduled and regulatory losses for the Swedish

PWR's are plotted by year in Figure 2.33. From 1975 through

1980 the data shown is from one PWR. A second plant

came online in 1981 and a third in 1983. The major

contributor to the total losses over the 10 years was forced

outages, representing 52.4% of the total loss. A

considerable amount of variation is shown from year to

year from several different systems. Scheduled losses were

generally less than the forced losses with an average of

17.4% per year. As with the forced losses, there is

fluctuation in the year to year data that cannot be

identified. The regulatory losses prior to 1982 were

generally small. In 1982 and 1983 unknown regulatory losses

at two plants were primarily responsible for a drop in the

average performance of approximately 20% of full capacity.

None of the outage categories shows dependence on time.

The same Swedish PWR losses are also shown as a

function of reactor age in Figure 2.34. The total losses
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exhibit a decreasing tendency with age that probably is not

significant due to the small number of plants in the Swedish

data. The forced losses also tend to follow this curve but

do not display as uch age dependence. Scheduled losses

fluctuate about a constant value with no trend visible. As

with the previous figure, the regulatory losses were small

except over a two year period.

Forced, scheduled and regulatory losses are plotted by

year for the Swedish BWR's in Figure 2.35. Compared to the

PWR's, the BWR's exhibit much less fluctuation in forced and

scheduled losses over the 10 years. Forced and scheduled

losses have contributed nearly equally to the total losses

each year, with almost negligible regulatory losses.

Additionally, the forced, scheduled and total losses have

been slowly decreasing over time. In the forced outage

category, the reduced losses are due to fewer losses

in the balance of plant. Individual categories within the

scheduled outage category were not distinguishable.

The BWI outage category losses are plotted as a

function of age in Figure 2.36. Here also, the forced and

scheduled loss categories show a general dependence upon

plant age, each decreasing with increased age. The age

dependent decrease in the forced losses was due to

reductions in many areas, while the aggregate scheduled

losses data would not permit the identification of the

responsible system(s).
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NSSS and BOP Losses

The losses in the Nuclear Steam Supply System (NSSS)

and the Balance of Plant (O8P) cannot be examined for the

Swedish nuclear power plants because the data was

unobtainable in completely disaggregated form.
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Table 2.16
Swedish PWR Capacity Losses

By Year

:APACITY LOSSES
L975 - 1979

SWEDE
ALL PWI'

13/25/86 DATA:( 1) ( 1) ( 1) ( 1) ( 1)
: -- ------------------- __-__ __-__ _ _ _ _ _ _ _ _ _ _ _ ______-----------------

1975 1976 1977 1978 1979
: ---------------- --- ---------- ___- __________________________---

FORCID : ISSS : FURL 0.000 0.000 0.003 0.000 0.000
s: : S 0.000 0.000 0.000 0.007

: : SA 0.000 0.003 0.031 0.000 0.082

: : 013T! 0.000 0.108 0.002 0.048 0.051

*: : :0.000 0.111 0.036 0.048 0.140

: OP : TURINI 0.001 0.003 0.008 0.000 0.044
0: : 0.049 0.024 0.001 0.000 0.000
COMB

: : : CV/S#/CC 0.017 0.148 0.033 0.002 0.000
:*: : O~l 0.060 0.034 0.021 0.177 0.121

0.147 0.209 0.063 0.179 0.165

: CONONC 0.019 0.061 0.032 0.009 0.030

Elm: : 0.004 0.002 0.000 0.000 0.007

: 01l 0.000 0.000 0.000 0.000 0.000

TOTAL 0.170 0.23 0.121 0.236 0.342

ICRUl S S : M118 : 1fL

013

S

.

I'

tOP : TUINEl

: COn
: C`/S/CCW
: OT~ll

:COIO1C 0.000 0.000 0.069 0.000 0.002
.m m e m e m m m mm m m e e e m o

uuia

___m_

TOTAL 0.266 0.030 0.292 0.169 0.136

RGULATOR : 0.112 0.003 0.004 0.011 0.006

UNKNOWN : 0.000 0.000 0.00 0.000 0.000
…_________________________________________________

*8 TOTAL CAPACITY LOSS $*

*8 CAPACITY rACTOR *

0.548

0.452

0.416 0.42? 0.416 0.41 0484

0.584 0.573 0.584 0.516
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Table 2.16 - (Continued)

CAPACITY LOSSIS
1980 - 1984

SWEDEN
ALL PWR'S

03/25/86 DATA:( 1) ( 2) ( 2) ( 3) ( 3)

: 1980 1981 1982 1983 1984

ESSI : FUEL
BCS
SO
RTFUIL
OTEIE

0.000 0.000 0.000 0.003 0.000
0.000 0.000 0.000 0.000 0.000
0.062 0.245 0.280 0.034 0.018

0.042 0.025 0.003 0.008 0.042

0.104 0.270 0.287 0.045 0.061

SOP : TURBINE 0.001 0.001 0.000 0.001 0.004
: l 0.010 0.002 0.001 0.016 0.015
COlD
: C/S/CCW 0.023 0.068 0.007 0.025 0.010
: OTIR 0.043 0.018 0.008 0.007 0.020: ----- ------ ---- - .-

0.077 0.089 0.014 0.049 0.049

ICOMONIC 0.016 0.037 0.011 0.073 0.041

UNA 0.002 0.002 0.000 0.000 0.002--_________-_____________________---------------------
OTUR

TOtAL

0.000 0.000 0.000 0.000 0.000

0.199 0.398 0.312 0.168 0.153
--------------- …-…------------------------------- --

Ni : fULmt
BSe
RIFUIL
OTUIR

BOP : TUIRSIN
Gan

: COs
: C/SI/Ccw

.: Onl
' ~ ~ ~ ~ mmm :mmmmmo mmmmom

: sCONONiC 0.000 0.002 0.001 0.004 0.013

: lw

: O…l…
OTAL0 0.107 0.103 0.184 0.223 0.173

: REGULATO : 0.001 0.000 0.120 0.124 0.004

: UNKOWN 0.000 0.000 0.000 0.000 0.000

---------------------------------------------------------------------

--------------------------------------------------------

FORCED

SCmaiu/d

** TOTA CACITT LOBS ** 0.387 0.502 0.597 0.315 0.330

0.613 0.498 0.403 0.485 0.670* CACITY FACTOR **
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Table 2.16 - (Continued)

CAPACITY LOSSES
1975 - 1984

03/25/36

: FORCD : !

: |

: aa a
a a
a a

a a

. ~ ~~~~~ .

~~~:1
: a: . |_.
: :1

: : ¢: :

: i
: : 1: : !
: : 4I

. .~~~~~~~~

:: I

DATA: 3 PLANTS

AVIRAG

3SS :

Sop : TI

: cl: ¢(
: C1
: 0'

ICOIONIC
I.m*,m llt

mmA

MT"H

________.o rU*/
________.m~

FUL
OCS
SG
RIFUEL
OTIER

INE
)id
I/SV/CCSSil

Ils : UL
: S
: 1
: IIIUL
: OTER

top : TEmIn
: GEl
: Con
: CII/I/CCWotr

On
POAL

SWEDEN
ALL PwRI'S

16 PLANT-YTEARS

OVER ALL

0. 001
0.0000.000
0.084

0.031

0.117

0.008
0.011

O.029
0.040

0.014

0.036

0.002

0.000

0. 23

YEARS

0.009

0.174

: REGULATOR : 0.044

: UNOW : 0. 000

*8 TOTAL CAPACITY LOSS 

t8 CAPACITY FACTOR *

0.46
0.544
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._____________________-

.___ _________ ___ _ _ _ _ _ _ _ _ _ _ ___lll -- W4r - -id

._____________________________________________-

.______________-,_____________________

.________________,_____________________

.________________,_____________________

,________________,L____________________

,_ I________________ __________________

______________________________________-

-- - - - - - - - - - - -- - - - - - - - - - - - - -

---------------------------------------

-- - - - - - - - - - - - -- - - - - - - - - - - -

---------------------------------------

-- - - - - - - - - - - - - - - - - - - - - - - -

--------------------------------------~

-- - - - - - - - - - - - -- - - - - - - - - -

--------- -- ---------------------- -- --------------;

POTAL , 0.174

;---- ----- ----- ---- ----- ----- ----- - --- ----- -----

_ __ _.

ISS:M



Table 2.17
Swedish PWR Capacity Losses

By Reactor Age

CAPACITY LOSSES BY RACTOR AGE
1975 - 1984

03/23/8 DAIrA:( 3) ( 2) ( 2) ( 2)

: ~A01: 1 2 3 4 5 :

FORCED : 1lSS : fUEL 0.000 0.000 0.005 0.000 0.000
: e 0.000 0.000 0.000 0.000 0.007 :

: : SO 0.098 0.203 0.015 0.000 0.082

OT: : 0.013 0.057 0.005 0.074 0.05S1 :

: : 0.111 0.260 0.025 0.074 0.140

: OP : TURfl 0.000 0.002 0.004 0.002 0.044
: : 0.031 0.012 0.001 0.000 0.000

: : CO*:
: : Cl/SI/CCW 0.0233 0.079 0.035 0.010 0.000

:OTItR 0.034 0.018 0.013 0.098 0.121
: :S: ------ ------ ------ ------ ------

S: : :0.09 0.111 0.053 0.110 0.1 :

e: COnOXC O.02 0.036 0.045 0.011 0.030

:IUAI 0.002 0.001 0.001 0.000 0.007
. :------------

: OTER 0.000 0.000 0.000 0.000 0.000

TOTAL 0.22 0.406 0.123 0.13 0.342 :

:ICULI : F:EL f:

: : : B 8:011 : U
:5--- ------ ------ ------ ------ ------

: : ..- ----------.--------- .---------- -------- :
: : BOP : x :TUIE

: : COD
: : : C/w/CCW:
: : {::

S.15 O.101 O.2U 0.171 0.13 :r: :0ECOIoN C 0.001 0.000 0.025 0.016 0.002: -- TOTAL 0.155 0.101 0.2384 0.171 0.13 :
: REGULATORY : 0.043 0.122 0.126 0.005 0.006

UNUOVN : 0.000 0.000 0.000 0.000 0.000
……------------------------------------------- - - -… --------------

** TOTAL CAPACITY LOS S**

S* CAPACITY FACTOR S*

0.435

0.565

0.239 0.533 0.375 0.484

0.371 0.467 0.625 0.518
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Table 2.17 - (Continued)

CAPACITY LOSSIS Y RLACTOR A01
1975 - 1984

03/23/86 DA'

: ------------- _-___________.-
:FORCD : 1s: uL

: : : aOTn

SOP : TUR N

: li m : 1 : 
: : : c/sw/ccl: : 01111ons

: :0----___________
: : :COVOTC
: : 0---_____________

~: : lUNAU

: : OTIBTOTAL

: : : LTOT L 115PCT : :1CT 2133** APAITYr :C C/C

:---CAPACITY ____ ____O_____

TA:( 1)
.____;_.

0.000
0.000
0.062

0.042

0.104

( 1)

7

0.000
0.000
0.130

0.010

0.140

( 1)

0.000
0.000

0.010

0. 16

( 1)

9

0.__000
0.0000.000
0.074

0.009

0.063

SWEDEN
ALL PW'S

( 1)

10

0.000
0.000
0.055

0.024

0.079

O.001 0.001 0.000 0.002 0.009
0.010 0.002 0.001 0.005 0.000

I 0.023 0.060 0.004 O.020 0.001
0.042 0.024 0.014 0.001 0.026

0.077 0.097 0.019 0.025 0.03

0.016 0.038 0.011 0.036 0.070

0.002 0.002 0.000 0.000 0.008

0.000 0.000 0.000 0.000 0.000

0.193 0.27 0.196 0.214 0.IN

0.000 0.003 0.002 0.008 0.004

0.187 0.13 0.15 0.209 0.214

0.001

0.000

0.38?

0.613

0.000

0.000O .000

0.416

0.584

0.000

0.000

_0.000

0.000

0.000

0.001

0.000

0.351 0.421 0.40

0.649 0.577 0.595
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Table 2.18
Swedish BWR Capacity Losses

By Year

CAPACITY LOSSES SWEDEN
1975 - 1979 ALL BWR'S

03/25/86 DATA:( 2) ( 4) ( 4) (5) (5)

1975 1976 1977 1978 1979
---------------------------------------------------------------------

FORCED : NSSS : FUEL 0.000 0.001 0.000 0.009 0.000
RCS 0.000 0.002 0.002 0.001 0.004

: : : SO
: : : REFUEL

: : : OTHER 0.014 0.038 0.008 0.014 0.016

: : : 0.014 0.041 0.010 0.024 0.020
-- --------------------------------------------------

o : TUREINE 0.061 0.025 0.026 0.002 0.023 :
: : 0.004 0.001 0.030 0.020 0.087i: : :COND .

: : : CW/SW/CCW 0.071 0.023 0.007 0.041 0.041
: : OTH0 R 0.052 0.135 0.086 0.026 0.034

: : 0.188 0.188 0.149 0.089 0.184 :

: ECONOMIC 0.003 0.019 0.008 0.001 0.002 :

a ~: HUMAN 0.000 0.000 0.001 0.000 0.001 :

: OTR 0.000 0.000 0.000 0.000 0.000

TOTAL 0.204 0.245 0.168 0.115 0.207 :

: SCRDLID F: 11ss: aUrL
:a: a RCS a

: : 6

1: : I OTRIN

: Ol 

: : :

: : C/SW/CCw
: : OTER

a: : ICOOMIC 0.000 0.000 0.000 0.000 0.003

: : OTRIa

: TOTAL * 0.147 0.192 0.217 0.134 0.130

: REULATORY : 0.002 0.034 0.003 0.004 0.002

: NKNOW : 0.000 0.000 0.000 0.000 0.000

** TOTAL CAPACITY LOSS ** 0.354 0.470 0.389 0.252 0.340

** CAPACITY FACTOR ** 0.646 0.530 0.612 0.748 0.660
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Table 2.18 - (Continued)

CAPACITY LOSSIS
1980 - 1984

03/25/86 DATA:( S)

1980
___________,

( 7)

1981
______.

( 7)

1982
______I

( 7)

1983
______.

SWIDE#
ALL #R3'S

( 7)
1984-----:
1984

--------- :

FORCID : NSS : FUL 0.000 0.002 0.002 0.000 0.000
*: : :RCS 0.000 0.001 0.002 0.004 0.001

so: : 
: : FUIL
OTIl2 0.009 0.013 0.057 0.008 0.008

0.009 0.015 0.060 0.012 0.009

SOP : tUnI2u 0.009 0.010 0.003 0.004 0.000
: : 0.010 0.001 0.003 0.004 0.001

: : COW
: : C#/S3/CCW 0.035 0.013 0.014 0.014 0.003

O: : 0.036 0.019 0.022 0.023 0.026

0.090 0.043 0.043 0.045 0.030

: COOWic 0.010 0.025 0.012 0.053 0.029
----------------- _- 0.000 0.001 0.000 0.000 0.000__

: rO 0.000 0.000 0.000 0.000 0.000

TOTAL 0.108 0.084 0.116 0.109 0.068
…m--m m-- meemee…----m em-- …e -

SCiIDUIs n as : UL&
CS

OT!IN

I r
I

I r
r 1

I r

r
r r

I
I I
I r

I I
I ,

r

I
I r
I I

I
I r

I (

r
r

I (
I (
r
I r

r

I
I

mop : Olu0E: on
: C/S/CCV: OTlI

2COeOnIC 0.004 0.014 0.019 0.028 0.022
- ----------------------- ________________________ -- _

TOTAL 0.150 0.156 0.100 0.155 0.120
:-------------------------------------------------------------------:

: IOGULATOR : 0.006 0.009 0.007 0.005 0.003

: UW10O : 0.000 0.000 0.000 0.000 0.000
:mmm emem emmm me e emmm mmme emmm mme mmem mmee meem mme mmme mmmm emm

8* TOTAL CAPACITY LOSS *

$* CAPACITY ACTOR **

0.264

0.736

0.250

0.750

0.223 0.269

0.777 0.731
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Table 2.18 - (Continued)

CAPACITY LOSSES
1975 - 1984

03/25/86

: iOCID : I

roicis

s. m I

i

- --

3:OULAI0 :: 2Io: I J:
:
m

_.m~ ~ m me mm mEBmm 

DATA: 7 PLANTS

AVERAGE

#SSS :fl

: S
: R

lop : Ti
:GI

Cl
I' l

' O

ICONONIC

IOYAL

155s Im l:a
I

IL
CS

lul

IIN
D10

I/SW/CCV
Tru

SWIDIN
ALL WR'S

53 PLANT-SARS

OVUR ALL

0.001
0.002

YEARS

0.019

0.022

0.011
0.015

0.022
0.039

0.03O

0.019

0.000

0.000

0.123

'3L

I

Rt'

lOP: tUlIn
: otl' CO0

BCOIIIC 0.012
__ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ __ll---le m m e__eem

VIMAN

_fill
OS ~ma, m

OTAL 0 .14

0.007

0.000

m* TOTAL CAPACITT LOSS *8

*8 CAPACITY FACTOR *8

0.281

0.719
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Table 2.19
Swedish BWR Capacity Losses

By Reactor Age

CAPACITY LOSSES BYT RACTO A SWEDEN
1975 - 1984 ALL IWt'S

03/23/8 DATA:( 5) ( 6) ( 6) ( 6) ( 5)

: G: 1 2 3 4 5

O: rCID : SS : FUEL 0.001 0.000 0.007 0.000 0.000
: : : 0.001 0.002 0.000 0.002 0.000
so

: : : OTtER 0.061 0.037 0.009 0.012 0.005

: : : 0.063 0.039 0.016 0.014 0.005

:op : P : tUI 0.042 0.020 0.002 0.003 0.011
: GNE 0.004 0.003 0.021 0.016 0.0 :
CO: co

: : : CWV/S/CCl 0.023 0.014 0.011 0.041 0.032
: : : OT 0.033 0.086 0.062 0.026 0.049 :: : : ------ ------ ------ ----- ------ :

: : : 0.102 0.123 0.09# 0.092 0.177

CONOIC 0.009 0.029 0.011 0.014 0.014
: a - :

E: : 0.001 0.000 0.000 0.000 0.000 :
: : . ......................................-- --......... -:

OT: t 0.000 0.000 0.000 0.000 0.000

TOTAL 0.176 0.131 0.121 0.121 0.116

: usu", : *l :ML
: : : ImCJL

:--- ----- ------ ------ ------ :

:~sop : T: uin

: : ------ …------ -- ----- …- -…--:: : : CO

: CO IOC 0.000 0.016 0.010 0.014 0.005

: : OtUb
: --- ~-------- … a ------------------- ---------

: TOTAL 0.160 0.152 0.191 0.142 0.104

: GULATORT : 0.031 0.003 0.006 0.004 0.007

~IJ31J : 0.000 0.000 0.000 0.000 0.000
…~W~·~·w-CIIII~~~·--~~~~

88 TOTAL CAPACITr LOlS 8

88 CAPACITY FACTOR 8S

0.372

0. 82

0.346 0.327 0.267 0.309

0.654 0.673 0.733 0.691
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Table 2.19 - (Continued)

CAPACITY LOSSS BY RACTOR AGI
1975 - 1984

03/23/86 DA'~~: ~AGN:
: so: r1CD : s : TUnl

: : : n
: : : S

: : BOP : TuR xu

: : : co011: : : COS
:· : ' O: CW/I#/CCl

: CONONIC

: : TOTAL

: I : : auS

: : : 0019: : 303X:

: : G: E '

: 01r& cona : : : COW/SW/CA-------- - .------ --

: U:
: EG _TO _________

: : oO32

8* TOTAL CAPACITY LOSS 8*

** CAPACITY ACTOR 88

?A::( 5) ( )

6 7

0.002 0.000
0.000 0.004

4)

0.004
0.006

( 4)

9

0.000
O.004

SWIDIN
ALL BIW'S

( 3)

10

0.000 :
0.000 :

0.008 0.013 0.017 0.027 0.013

0.010 0.017 0.027 0.031 0.013

0.008 0.013 0.002 0.002 0.000
0.001 0.001 0.010 0.001 0.001

1 0.006 0.028 0.030 0.021 0.011
0.046 0.017 0.021 0.010 0.023

0.070 0.056 0.063 0.034 0.035

0.019 0.009 0.029 0.024 0.016
0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000

0.000 0.000 .000 0.000 0.000

0.100 0.084 0.118 0.090 0.0"

…--- ------ ------ ----- ------ …

0.015 0.017 0.008 0.013 0.010

________________________________________

0.171 0.122 0.103 0.121 0.102

0.007 0.006 0.000 0.004 0.001

0.000 0.000 0.000 0.000 0.000

0.271

0.722

0.212 0.20 0.210

0.78 0.714 0.780

0.159

0.831
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Table 2.19 - (Continued)

CAPACITY LOSSIS YT RIACTOR AGE
1975 - 1984 ALL bWl'S

3/23/8 DATA:( 1) ( 1) ( 1) ( ) ( 0)

AGI: 11 12 13 14 14 :

FroCID : SS : FUEL 0.000 0.000 0.000
: : :C3s 0.000 0.000 0.000
::* : S0

: : OTIiU 0.009 0.000 0.000

*: : : 0.009 0. 0 00 000 

SOP : TUSUIII 0.018 0.000 0.000
: : 0.000 0.000 0.000

:COII
: : t//CCW 0.044 0.000 0.000

: : 0OTIll 0.021 0.031 0.072

0.083 0.031 0.072

: ICOIIOIC 0.011 0.024 0.002

: lal 0.000 0.000 0.000

0: OT 0.000 0.000 0.000
: ~ ~ ~ ~ ~ - - - - - - -- - - - - - - - - - - -

TOTAL 0.103 0.085 0.074

cBrlUI : mm e flul
* S

I S

III

:---__________

: RIOULAOT :
:-------------

: UNKOWgIu.,

: Wsa
: Ill
: RnM
:OTUl.

SOP : 73U5X1N

: COgg
: CI/IS/CCW
:OT!II

ICOONXC 0.000 0.025 0.044

TOTAL 0.133 0.120 0.154

0.000

0.000

0.000

0.000

0.000

0.000

$* TOTAL CAPACITY LOSS 88

*$ CAPACITY ACTOR 8

0.236

0.764

0.183 0.228

0.817 0.772
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Table 2.20 - Swedish Capacity Factor Distributions

PWR

Mean a * Data

0.452 0.000 1
0.584 0.000 1
0.573 0.000 1
0.584 0.000 1
0.516 0.000 1
0.613 0.000 1
0.498 0.149 2
0.403 0.246 2
0.485 0.115 3
0.670 0.063 3

PWR

Mean a * Data

0.565 0.197 3
0.370 0.214 2
0.468 0.105 2
0.625 0.040 2
0.516 0.000' 1
0.613 0.000 1
0.584 0.000 1
0.649 0.000 1
0.577 0.000 1
0.595 0.000 1

BWR

Mean a * Data

0.647 0.049 2
0.530 0.129 4
0.612 0.074 4
0.748 0.062 5
0.660 0.126 5
0.736 0.063 5
0.750 0.063 7
0.777 0.085 7
0.731 0.103 7
0.809 0.051 7

BWR

Mean a * Data

0.628 0.166 5
0.654 0.091 6
0.673 0.071 6
0.733 0.076 6
0.692 0.157 5
0.723 0.073 5
0.788 0.041 5
0.714 0.138 4
0.785 0.017 4
0.832 0.066 3
0.764 0.000 1
0.817 0.000 1
0.772 0.000 1
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2.5 Switzerland

In this section the performance losses for the Swiss

nuclear power plants are presented and briefly examined.

Capacity was the performance index used to compile the Swiss

nuclear plant performance data.

2.5.1 Aggregated Data

Swiss PWR capacity losses are tabulated by calendar

year in Table 2.21 and by reactor age in Table 2.22. The

BWR capacity losses are tabulated by year and by reactor age

in Table 2.23 and Table 2.24 respectively. The mean and

standard deviation for the capacity factors are tabulated in

Table 2.25 by year and by reactor age.

2.5.2 Capacity Factor Distribution

The Swiss PWR capacity factors are shown graphically in

Figure 2.37. Performance of the Swiss PWR's has been

excellent, with a tn year average of 85.8X. Two periods of

improvement are visible in this figure. The first is from

1975 to 1978 with small standard deviations associated with

the man capacity factors. The second period of improvement

is from 1980 to 1984 with larger standard deviations than
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during 1975 to 1978. A drop in performance occurred

between these two periods in 1980 as a third plant came

online and did not perform as well as the others. The

increased standard deviations after this plant came online

result not only from the new plant's lower performance but

also from more variation in the performance of the other two

PWR's.

The PWR capacity factors are plotted by age in

Figure 2.38. Performance shows improvement over the

first five years and finally levels off after age 6 as the

plants get older. As with the previous plot, the lower

performance during the first five years is the result of the

third PWR coming online in 1980 and not operating as well as

the other two reactors. The standard deviations are

generally small and exhibit no age dependence.

There is only one Swiss BWR. The performance of this

plant can be found plotted by year and by age in Figures 3.1

and 3.2 respectively.

2.5.3 Losses by Outage Type

In this subsection, forced, scheduled, and regulatory

losses for the Swiss nuclear plants are displayed and

examined as functions of time and age.

Forced, scheduled, and regulatory losses of Swiss PWR's

are plotted by year in Figure 2.39. The total losses of the
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Swiss PWR's have been the lowest of the six countries

investigated, with a 10 year average of 14.2%. The figure

shows that the total losses display two periods of

improvement. Scheduled losses are the largest contributor

to the total losses responsible for 83.1. The scheduled

losses have been generally constant with a small amount of

fluctuation from year to year. The forced outages have been

very small, averaging only 2.1X per year. In addition, the

forced losses also account for the two periods of

improvement seen in the curve of the total losses. The

first of these periods was from 1975 to 1979 when losses

decreased as a result of improvements in steam generator,

turbine, and CW/SW/CCW performance. In 1980, a new PWR cane

online which did not perform as well as the two already

operating, causing an increase in losses. From 1980 to 1984

losses again decreased but this time from a combination of

different improvements from all three of the PWR's. There

were no regulatory losses reported for the Swiss PWR's.

The Swiss PR losses are plotted by reactor age in

Figure 2.40. In this figure it can be seen that all the

losses have generally decreased each year up to age 5, after

which they have remained essentially constant. The peak at

age 14 is due to increased reactor coolant system problems

at the only plant with that age.

The forced, scheduled and regulatory losses for the

only Swiss BWR are plotted by year in Figure 2.41. As

illustrated, the losses in all categories have decreased
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slightly with time. The scheduled losses, with a ten year

average of 10.7%, make up the largest fraction of the total

losses, representing 89.2% of the total. Forced losses are

small, averaging only 1.3X per year over the 10 year

period. There were no reported regulatory losses for the

Swiss BWR's. The magnitude of the decrease in losses was

approximately 2.5 percentage points and is too small to

allow the identification of the specific systems

responsible.

As there is only one Swiss BWR, a plot of the forced,

scheduled and regulatory losses as a function age would be

identical to Figure 2.41. Therefore, such a figure is not

presented.

2.5.4 NSSS and BOP Losses

In this subsection the losses in the Nuclear Steam

Supply System (NSSS) and the Balance of Plant (BOP) are

displayed and examined as functions of time and reactor age

for the Swiss nuclear power plants.

The Swiss PWR NSSS and BOP losses are plotted over time

in Figure 2.42. The NSSS losses have averaged 11.0% per

year and represent 77.5% of the total losses. Refueling

losses were the largest contributor, representing 42.7 of

the NSSS losses. The contribution of refueling losses

should actually be larger because of the inconsistent
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reporting of maintenance performed during refueling. In

addition to refueling losses, reactor coolant system

problems contributed 30.9% and steam generator problems

contributed 24.52. The curve displays two periods of

declining losses from 1975 to 1978 and from 1980 to 1984.

No specific system was responsible for these two trends.

The peak in 1980 was caused by increased losses in several

systems, partially as a result of a new plant coming

online. The Swiss PWR BOP losses have averaged 2.2%

per year, or 15.5% of the total losses. The largest

contributor to the BOP losses was the turbines, representing

81.8*. The drop that occurs in 1981 was the result of the

inconsistent reporting of maintenance performed during

refueling. The new PWR going online in 1980 reported this

maintenance as refueling losses and not in the specific

systems categories as did the other two plants. As a

result, the new plant reported no BOP losses. However, the

BOP losses from the other two PR's were averaged over

an additional plant each year, resulting in the drop

observed.

The Swiss PWR losses are displayed as a function of

reactor age in Figure 2.43. NSSS losses exhibit an

improvement from age 1 to age 5. However, the losses shown

for ages 1 through 3 were from the PWR reporting maintenance

performed during refueling as a refueling loss. Therefore,

NSSS losses in these years were higher. Neglecting this

inconsistency, NSSS losses in the Swiss PWR's have remained

148



relatively constant over age. The BOP losses decline with

age from ages 6 though 13 as a result of reduced turbine

losses each year. The low losses prior to age 6 were

primarily the result of the inconsistent reporting of losses

mentioned above.

The NSSS and BOP losses are plotted by year in

Figure 2.44 for Switzerland's only BWR. The NSSS losses

have averaged 9.4% per year, representing 78.3% of the

average total losses. Refueling losses were the largest

component of this, contributing 93.6*. NSSS losses have

remained relatively constant over time. The BOP losses

averaged 0.8% each year, and represented 6.7% of all

losses. Turbine losses accounted for 75* of the BOP

losses. As the figure illustrates, the BOP losses have

decreased with time. This was caused by a decline in

turbine losses from 1975 to 1984.

Since there is only one Swiss BR, a plot of the NSSS

and BOP losses as a function age would be identical to

Figure 2.44. Therefore, no figure is presented.
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Table 2.21
Swiss PWR Capacity Losses

By Year

CAPACITY LOSSES
1975 - 1979

SWITZEBLAND
ALL PWR'S

03/25/86 DATA:( 2) ( 2) ( 2) ( 2) ( 2)

: 1975 1976 1977 1978 1979

1551 : FUlL
RCS
SO

OTtER

0.000
0.000
0.028

0.000

0.021

0.000
0.002
0.007

0.000

0.009

0.000
0.001
0.011

0.000

0.011

0.000
0.001
0.009

0.000

0.010

0.000
0.000
0.011

0.000

0.011

: OP : ?UINE 0.009 0.002 0.000 0.001 0.001
: : GoioN 0.000 0.001 0.002 0.000 0.000
: : CFD11:
: : CW/SW/CC# 0.005 0.006 0.001 0.000 0.000
: : OTIS 0.000 0.000 0.000 0.000 0.000 :
: : ------ ------ ---- ---- - :
: : 0.015 0.00 0.003 0.001 0.001

ICOnONIC 0.000 0.000 0.000 0.000 0.000

: UNA 0.000 0.000 0.000 0.000 0.000

: Or3 0.000 0.000 0.000 0.000 0.000

TOTAL 0.043 0.017 0.014 0.011 0.011

ns : rlL
6s
finsl

07333

0.000
0.037
0.024
0.0321
0.000

0.100

0.000
0.060
0.016
0.036
0.000

0.102

0.00
0.034
0.015
0.043
0.000

0.092

0.00
0.023
0.008
0.027
0.000

0.062

0.000
0.038
0.024
0.019
0.000

0.031

s0o : T1ll31 0.025 0.027 0.025 0.021 0.027
: l 0.000 0.000 0.000 0.000 0.000
COin
: v/s/ccw 0.000 0.000 0.001 0.000 0.000

: OTI 0.000 0.000 0.000 0.000 0.000
: .--- ------ --- --- ------ -----

0.025 0.027 0.025 0.021 0.027

ICOONMlC 0.009 0.006 0.004 0.004 0.004

0tll

TOTAL 0.133 0.135 0.121 0.087 0.112

RIGULATOl : 0.000 0.000 0.000 0.000 0.000 :

: UNKNOWN : 0.000 0.000 0.000 0.000 0.000
:------------------ --------------------- :

8* TOTAL CAPACITY 13O sS

8 CAPACITY FACTOR 8

0.173 0.151 0.135 0.093 0.123

0.825 0.849 0.865 0.902 0.877
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Table 2.21 - (Continued)

CAPACITY LOSSIS
1980 - 1984

03/25/86
: ----------- -.

: tORCD :

- -.

I .: :

: - - - - -:

:o _.DBI ~ e ,*E~ BO~

MSSS : 1

: 34
: it
: 01

BOP : TI
: GI

C(
: C

COOICIC0ER0NIC

'OTALmmolmma

OIL

33MIRgrill

EINu
IEE

1I : lL
: 1C
: E
: lML
: OTUR

: Gls:con
: CV/SV/

ICONONCT: OTl

tOTAL

0.000

0.011
0.01?

0.000

0.023

DAA: 0.003
0.000

ccV 0.01
0.00

0.023

0.004

0.0000.0000.023

0.000.000

0.1120.0120.0000.000ff0.000

0.012

C O. 00
0.000

0.012

0.001

( 3)

1981

0.000
0.010
0.005

0.000

0.015

0.002
0.000

0.000
0.000

0.002

0.003

0.000

0.001

0.021

0.003
0.017
0.023
0.03
0.000

0.105

0.010
0.000

0.000
0.000

0.010

0.002

( 3)

1982

0.000
0.006
0.007

0.000

0.013

0.000
0.000

0.000
0.000

0.001

0.008

0.000

0.000

0.084

0.005
0.027
0.022
0.053
0.000

0.114

0.010
0.000

0.000
0.000

0.010

0.00

3)

1983

0.000
0.001
0.000

0.000

0.001

0.002
0.000

0.000
0.002

0.004

0.003

0.000

0.000

0.008

0.003
0.02
0.013
0.050
0.000

0.102

0.012
0.000

0.000
0.000

0.012

0.005

0.126 0.118 0.130 0.118

0.000 0.000 0.000 0.000

0.00 0.00 0.000 0.004
____________________________________________.

SWITZIRLAND
ALL PR'S

( 3)

1984

0.000
0.001
0.000

0.000

O.OOL :

0.001
0.001

0.000
0.000

0.001

0.003

0.000 :

0.000
0.000 :
0.005

0.000
0.018
0.023
0.044
0.000

0.018 :

0.010
0.000

0.000
0.000

0.010

0.007

0.102

0.000

0.004

88 TOTAL CAPACITY LOSS 8S

8* CAPACITY FACTOR 

0.189

0.811

0.147

0.853

0.153 0.129 0.110

0.847 0.871 0.890

151

.____________

!IE1.____________

I

,_____

I_____

I,__ __

I,_____

mmmm,__ __

II

- - - - - - - - - - - - - - - - - - - - - - - - - -

I

-- - - - - - - - - - - - -- - - - - - - - - - - -

,_________________.---------------------------------- 

-------------------- T

________.-

,____________________________

-- - - - - - - - - - - - - - - - - - - - - - - -

------------------------------- ----------------------- ;
rOTAL 

0.126 0.118 0130 0.118 0102
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Table 2.21 - (Continued)

CAPACITY LOSSES
1975 - 1984

SWITZRLAND
ALL PR'S

03/25/86 DATA: 3 PLANTS 25 PLANT-TRARS

AVERAGE OVEI ALL TEARS
I----------------------------------------------------------------------

mNSS : FUEL
RCS
SO
REFUEL
OTEER

0.000
0.004
0.009

0.000

0.012

: 0P : TURINE 0.002
: : 0.000

: : COlD: : C/S/CC 0.003
OT: : 0.001

0.006

ECOlONtC 0.003

E: UN 0.000

: oll 0.00o

TOTAL . 02 :

SClluLls : "sll : ML
: : I us

: s: 
: : REFUEL

: OTE

: 0 : TUlRINE 0.016: 0.000
: : COI:

: : /SW/CCW 0.000
: : : ll o0.000

0.016 :

: COI3fC 0.004

---------------------------
TOTAL 0.----------

________________________---------- -- - ---------------------------

: REGULATOR : 0.000

: UNKNOW : 0.003
:--------------------------------------------_________________________

** TOTAL CAPACITY LOSS *$

*$ CAPACITY FACTOR *

FORCED

0.001
0.031
0.018
0.047
0.000

0.097

0.142

0. S

152
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Table 2.22
Swiss PWR Capacity Losses

By Reactor Age

CAPACITY LOSSES Y IREACTOi AGE
1975 - 194
03/23/30 DAI

: AuOu:: roRcED : mass : rue,: : : E

: : TU: SI: : : EVru/L

OTEER:* : :cooic: O: :/ l: : : OUto

: : o U COin: : :U AI /$/Co

: : :COEONIC: : …

: : OP'---___ _ -__ ___: : : al

: : :010X O

: : TOL CAI L OI t:2 CAPCITY FCTOTAL 
: ItOULATOIY :

TA:( 1)

1

O.00
0.000
0.006

0.000

0.00

0.000
0.000

I 0.048
0.015

0.013

0.011

0.000

0.000

0.080

0.004
0.000
0.000
0.153
0.000

0.163

0.000
0.000

0.000
0.000

0.000

0.000

2

0.000
0.000
0.000

0.000

0.000

0.005
0.000

0.000
0.000

0.005

0.010

0.000

0.004

0.01

0.000
0.000

0.000

0.140

0.00
0.000

0.000
0.000

0.000

0.000

( 1)

3

0.000
0.014
0.000

0.000

0.014

0.000
0.000

0.000
0.001

0.001

0.027

0.000

0.000

0.042

0.016
0.000
0.000
0.X32
0.000

0.143

0.000
0.000

0.000
0.000

0.000

0.002

( 2)

4

0.000
0.000
0.009

0.000

0.009

0.000
0.000

0.004
0.002

0.006

0.006

0.000

0.000

0.003
0.013
0.014
0.074
0.000

0.110

0.014
0.000

0.000
0.000

0.014

0.003

0.163 0.141 0.151 0.12?

0.000 0.000 0.000 0.000

0.024 0.024 0.000 0.005
_____________________________.

0.267 0. 190

0.733 0.810

0.194

0. 06

0.152

0.148

SWITZIRLAND
ALL P' S

( 2)

0.000
0.001
0.000

0.000

0.001

0.001
0.000

0.000
0.000

0.001

0.0014

0.000

0.000

0.000

0.000
0.025
0.000
0.010
0.000

0.094

0.013
0.000

0.000

0.000

0.013

0.003

0.112

0.000

0.005

0.123

0.877
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Table 2.22 - (Continued)

CAPACTY LOSSES YT REACTOR AGE
1975 - 1984

03/23/86 DA'

AGE:
: ---------------------------

tORCID : Nas: Fus~: %0: n : fcs
: * : :S

: : 10 : o5r3L. . G0l

: : COD
:~ : :I CI/S3/CC1

RUNAN: : lO elr oTl: : g c:01

TOTAL: : 3" # 81fFE

: : 01T3

: : :C0BONE

: ' : : OTLn

: : : c

: : O TI

: ------ _ _______ _______ -----__: "a^ R TOTAL

: REULATORT :

eem Xoum

T:( 2)

6

0.000
0.000
0.013

0.000

0.018

0.009
0.002

1 0.002
0.000

0.013

0.000

0.000

0.000

0.03S

0.000
0.024
0.025
0.044
0.000

0.093

0.022
0.000

I 0.001
0.000

0.023

0.006

( 2)

7

0.000
0.002
O.Olt0.017

0.000

0.019

0.002
0.001

0.006
0.000

O.009

0.000

0.000

0.000O. 000

0.027

0.000
0.033
0.014
0.033
0.000

0.000

0.025
0.000

0.000
0.000

0.025

0.003

0.000
0.001
0.022

0.000

0.023

0.001
0.000

0.000
0.000

0.001

0.000

0.000

0.000

0.0112

0.014
0.023
0.000

0.030

0.026
0.000

0.000
0.000

0.026

0.005
I 2

,_ __ _

,_ __ _

I O 0

(2)

9

0.000
0.012
0.003

0.000

0.021

0.003
0.000

0.000
0.000

0.003

0.000

0.000

0.000

0.024

0.000
0.051

0.0825
0.000

0.0660.013

0.000

0.000
0.000

0.013

0.003
8.8

0.120 0.107 0.111 0.108

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

SWITZRLAND
ALL PWR'S

( 2)
______----:

10
______----:

0.000
0.001
0.000

0.000

0.001

0.000 :
0.000 :0.000

0.000
0.000

0.000O.000 :

0.000 :

0.0000.0___--- :

0.0006 :

0.000 :0.001 :

0.000 :
0.03 :
0.026
0.022 :
0.000

0.081 :

0.022 :
0.000

0.000
0.000

0.022

0.003
.---------- :

O.111

0.000

0.000

8t TOTAL CAPACITY LOSS *e

*t CAPACITY tACTO t88

0.152

0.848

0.134

0.866

0.133

0.867

0.132

0. s

0.112

0.888
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- (Cnntinued)

CAPACITY LOSSES T RIACTO AGE
1975 - 1984

SWITZERLAND
ALL P'S

03/23/86 DATA:( 2) ( 2) ( 2) ( 1) ( 1)
:---------------------- ---------------------- ------------------- - :

AGE: 11 12 13 14 15 :
----------------- ___------------------------------------------- :

NSSS : FURL
ECS
SO

OTii

0.000
0.006
0.014

0.000

0.019

0.000
0.015
0.002

0.000

0.023

0.000
0.002
0.011

0.000

0.013

0.000
0.000
0.000

0.000

0.000

0.000
0.000
0.000

0.000

0.000

SOP : TURSIMI 0.001 0.002 0.000 0.005 0.002
: G1 0.000 0.000 0.000 0.000 0.001
: COIs
: CW/S/CCV 0.000 0.001 0.000 0.000 0.000
: OTRI 0.000 0.000 0.000 0.000 0.000

0.001 0.003 0.000 0.001 0.003

: ICOnouC 0.000 0.000 0.000 0.000 .000

: UNI 0.000 0.000 0.000 0.000 0.000

O 0.000 0.000. 0.000 0.000 .000

TOTAL 0.021 0.021 0.014 0.005 0.003

: Res :

: |(
: t

CS

ElUL
OTISR

0.000
0.049
0.016
0.016
0.000

0.080

0.000
0. 02
0.030
0.022
0.000

0.077

0.000
0.019
0.042
0.024
0.000

0.095

0.000
0. 07
0.028
0.022
0.000

0.125

0.000
0.029
0.030
0.021
0.000

0.030

: 0 : TUINBI 0.013 0.015 0.015 0.020 0.014
: ll 0.000 0.000 0.000 0.000 0.000

C: /IV/CC 0.000 0.000 0.000 0.000 0.000
O: : oT 0.000 0.000 0.000 0.000 0.000

0.018 0.015 0.015 0.020 0.014

: COIONIC 0.003 0.004 0.010 0.014 0.010
!-.......................................................

: n

: OTus

TOTAL 0.101 0.097 0.121 0.150 0.104 :

: IGULATOR : 0.000 0.000 0.000 0.000 0.000
:- - ---- ---- ---------------------------------------------- :
: 3OW : 0.000 0.000 0.000 0.000 0.000 :

-

*8 TOTAL CAPACITY LOSS 8

a* CAPACITY FACTOR 8*

0.12 2 0.122 0.125 0.164 0.107

0.878 0.878 0.865 0.836 0.893
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Table 2.23
Swiss BWR Capacity Losses

By Year

CAPACITY LOSSES
1975 - 1979

SWITZIRLAND
ALL bWR'S

03/25/86 DATA:( 1) ( 1) ( 1) ( 1) ( 1)

1975 1976 1977 1978 1979
:-------------------------------------------------------------------- :

ISIS : FUIL 0.000 0.000 0.000 0.000 0.000 :
: RCS 0.009 0.003 0.017 0.003 0.001
: so
: RsFUL
: OTEIR 0.000 0.000 0.001 0.000 0.001 :

0.009 0.003 0.019 0.003 0.002

sop : TUINI 0.011 0.010 0.006 0.007 0.004
03 0.000 0.000 0.001 0.000 0.000
come
: C/S/CC 0.000 0.003 0.000 0.000 0.002

: T1111 0.000 0.001 0.001 0.001 0.001

0.011 0.014 0.001 0.000 0.007

ECOlONZC 0.000 0.000 0.000 0.000 0.000

SUNAI 0.000 0.000 0.000 0.000 0.000

OtEll 0.000 0.000 0.000 0.002 0.000 :

TOTA& 0.020 0.017 0.026 .012 0.008

SCBDUis : Bll :
I r

I I:
I I

:
:
I r

ML
DCI

OT1N

OTtER

: 10 : ? iN

: : CONI
' : CW/SE/CC/

: OTER

-- ---

: RCOONZC

:UN
: ------ _____ ---

: OTIS

TOTAL
________________________________

RBOULATORE :

._____________-- ----- … …--------- -- -

0.000 0.000 0.000 0.000 0.000
0.001 0.000 0.000 0.000 0.000

0.084 0.096 0.079 0.096 0.093
0.000 0.000 0.000 0.000 0.000

0.015 0.096 0.079 0.096 0.093
0.00------------------ 0.000 0.000 0.000 0.000

0.002 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 :

0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000

0.02 0.020 0.001 0.019 0.01
._11 0.1m ---- ------ ------ 0---0.002 0.000 0.000 0.000 0.0000.023 0.02l 0.031 0.019 0.019 :

0.111 0.124 0.111 0.118 0.111 :

0.000 0.000 0.000 0.000 0.000 :

: UOIww : O.000 0.000 0.000 .000 0.000 

*t TOTAL CAPACITY LOSS *8

** CAPACITY FACTOR **

0.131 0.141 0.137 0.127 0.120

0.889 0.859 0.863 0.873 0.880
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Table 2.23 - (Continued)

CAPACITY LOSSES
1980 - 1984

03/25/80
---------------

----------- __

: FORCED :

SCIULu I a* . ~~~~a.

- :1a I

33GULATORT

UNKNOWN- - -. .~~~~~~

: _
: :-~~~~~~~~.

: o
· i

. .~~~~~~

s,.
. .~~~~~~

! e

: _.

: : I

*: _.

: scoLD : I
: _
: *

i.

e,.

e
.

o*,.

.m

--~.~.m--e~mm .m~l~m . -em

: 9IGULATOI? :~~~~
o

o
.f.~~~~~~~.oi.mEEB4 Om,4l.ee*

: ONK]10#11 :~~~~~
i ,~~~~~~~~~.im,.,,,,mm.,,,B.,m!, m .
e~~~~~~~~~~~

#SSS : 

S4
: R

U9L
CS

EYUB2~

DATA:( 1)

1910

0.000
0.004

a

* ( 1)

1981

0.000
0.001

( 1)

1982

0.000
0.004

( 1)

1983

0.000
0.000

SWITZERLAND
ALL BVR'S

( 1)

1984

0.000
0.010

: OTI 0.000 0.000 0.000 0.000 0.000

0.004 0.001 0.004 0.001 0.010

BOP : TUINI99 0.007 0.004 0.003 0.004 0.003
: 1 0.000 0.000 0.000 0.000 0.000
: CO
: C/SW/CCW 0.000 0.000 0.001 0.000 0.000
:OTRI 0.000 0.001 0.001 0.001 0.001

0.007 0.005 0.006 0.005 0.004

ICONONIC 0.000 0.000 0.000 0.000 0.000

MUNAI 0.000 0.000 0.000 0.000 0.000
,_______________________________________________________

)Ol
,________________.

POtA&

1l33 : rl
: 34

S4
: 1
: O

o : TI

: C
: el

ICONONIC

,_ m_

lIB ammoI

11.
:C8I

umMR99

1e
//C

09D

0.001

0.012

0.000
0.000

0.096
0.006

0.0960.000

0.000
0.000

0.000
0.000

0.000

0.012

0.001

0.001

0.000
0.000

0.03n
0.000

0.00.000

0.000

0.0000.000
0.000
O.0000.000

0.012

0.001

0.003

0.000
0.000

0.035
0.000

0.06

0.000

0.0000.000
0.000

0.000

0,001

0.. O06

0.000
0.000

0.032
0.000

0.032

0.0000.000
0.000

0.000
0.000

0.000

0.011

0.000

0.014

0.000
0.000

0.087
0.000

0.000
0.000

0.000
0.000

0.000

0.0100

TOTAL 0.109 0.097 0.09T 0.093 0.102
_________________________0.000 0.000 0.000 0.000 0.000_

0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000
_______________________________________________________

t* TOTAL CAPACITY LOSS **

t* CAPACITY FACTOR 

0.121

0.879

0.105

0.895

0.106

0.894

0.099

0.901

0.115

0.885
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Table 2.23 - (Continued)

CAPACITY LOSSES
1975 - 1984

SWITZERLAND
ALL BWR'S

03/25/86 DATA: 1 PLANTS 10 PLANT-YEARS

: AVRAG OVER ALL TIARS

F: ORCED : SS FUEL 0.000
: * : es 0.005

: SO
: : : llrJrl:
: : : OTSER 0.000

: : : 0.006

OP : TUBINE 0.006
: : : rGanE 0.000· ~~~~~: : :COI

: : ¢C/S#C O./CCv 0.001
: : :OTi 0.001

: : :0.007
--------------------------------------------

ECOnOmnC 0.000
--------------------------------------- --------

: UNAm 0.000
: :---------------------------------------

: : OiT 0.000 :

TOTAL 0.013
: ---------------- --------------------- :

: SCEnDUlED : V33 : FlL 0.000
: : : ICs 0.000

: : : SI
: : : I LREUL 0.081 :
: : : OTlE 0.000
: : : ------ :

0.089

:O :P : tUUI 0.000: : : 0.000
: : c0.000

: : : OTISR 0.000

0.000: : : . . . ... :
: : ,,,-,--------------------------

: : ECOOIC 0.018 :
: : - :---------------------- ------ :

: r---------- -------------------------------- :

: : I OT:ER

: TOTAL 0.10 

: BULTORT : .000 :

U: ---O-- 0. 000,------------------------------------------------------
tS TOTAL CAPACITY LOSS S

8s CAPACITY FACTOR t8

0.120

0.880

158



Table 2.24
Swiss BWR Capacity Losses

By Reactor Age

CAPACITY LOSSUS T RIACTOR AGE SWITZIRLAND
1975 - 1984 ALL #R'S

03/23/386 DATA:( 0) (0) ( 1) ( ) ( 1)

AGE: 1 2 3 4 5

FORCID 5S : FUEL 0.000 0.000 0.000
eSS 0.009 0.003 0.017

so

RIFUEL
OTEll 0.000 0.000 0.001

:*~~~~~~ : : 0.009 0.003 0.013

mop : TUMIE 0.011 0.010 0.006
:O 0.000 0.000 0.001:con

: : : cw/s#/¢clf o~0o 0.003 o.ooo CW/SV/CCW 0.000 0.003 0.000*: : :OTE 0.000 0.001 0.001

: : : UI ~~0.011 0.014 0.000

ECOnOmiC 0.000 0.000 0.000

: : 00UMN 0.000 0.000 0.000

:OTUR~~~ : 10.000 0.000 0.000

TOTAL0.01 0. 0120 0.0 .0

scEuul X3821 us 0.000 0.000 0.000
M3:Is 0.001 0.000 0.000

E : UtlL 0.084 0.000 0.079
OTER 0.000 0.000 0.000

0.031 .. 096 0.079

sOP : UInEgB 0.002 0.000 0.000
SIX:al 0.000 0.000 0.000

* *come
:O W/SW/CC 0.000 0.000 0.000

:OTtER 0.000 0.000 0.000

:3995 : :0.002 0.000 0.000

,-------------------------------------------------: : OECONOIC 0.023 0.023 0.031OTEER

TOTAL. 0.111 0.124 0.111

REGULATORY : 0.000 0.000 0.000

UhgOW: 0.000 0.000 0.000

S8 TOTAL CAPACITY LOSS $$ 0.131 0.141 0.137

** CAPACITT FACTOR 8 0.89 0.359 0.363

159



Table 2.24 - (Continued)

CAPACITY LOSSES T REACTOR AGE
1975 - 1984

SWITZERLAND
ALL IBR'S

03/23/86 DATA:( 1) ( 1) ( 1) ( 1) ( 1)

AGE: A 7 8 9 10

: FORCED : #NSS : FUlL 0.000 0.000 0.000' 0.000 0.000
: : : RCS 0.003 0.001 0.004 0.001 0.004

: So
: REFUEL

: : OT 0.000 0.001 0.000 0.000 0.000

0.003 0.002 0.004 0.001 0.004

: OP: 7TURN 0.007 0.004 0.007 0.004 0.003
: : 0.000 0.000 0.000 0.000 0.000
CONS
CW/SV/CC 0.000 0.002 0.000 0.000 0.001
OTnE 0O.001 0.001 0.000 0.001 0.001

0.003 0.007 0.007 0.008 0.00S

: sCOOWMC 0.000 0.000 0.000 0.000 0.000 :

: lNA 0.000 0.000 0.000 0.000 0.000

: oTn 0.002 0.000 0.001 0.001 0.001

TOTAL 0.012 0.00 0.012 0.00 0.00 :

3SCMlt12L 333l 5 FlL
iSC
to
OTill

0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000

0.0o0 0.093 0.0S01 o0.0 0.08 :
0.000 0.000 0.000 0.000 0.000

. 0.0 0.03 0.086 0.05 0.068

: OP : TU1Zx 0.000 0.000 0.000 0.000 0.000
:l O 0.000 0.000 0.000 0.000 0.000

: : COBB
/ :C/sC/CCV 0. 0.000 0.000 0.000 0.000
: : 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000

ECONONIC 0.019 0.01 2 0.012 0.012 0.012 :

l------------------------------------ll-------U -

: OTlR :

TOTAL 0.115 0.111 0.103 0.097 0.097

: RGULATORT : 0.000 0.000 0.000 0.000 0.000

: UNIOWN : 0.000 0.000 0.000 0.000 0.000
:- -- ----------------------------------------- -----------------------

8* TOTAL CAPACITY LOSS *S

*S CAPACITT FACTOR 8*

0.127 O.119 0.120 O.105 0.106

0.873 0.881 0.880 0.335 0.894
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Table 2.24 - (Continued)

CAPACITY LOSSES Y RACTOR AGE SVITZ2RLAND
1975 - 1984 ALL DR#'S

03/23/86 DATA:( 1) ( 1) ( 0) ( 0) ( 0)

AGE: 11 12 13 14 1S :

: ORCED : SSS : TUEL 0.000 0.000: : : S 0.000 0.010
so

: : : OT 0.000 0.000
0.000 O.010

:OP : TURB I 0.004 0.003
: 0.000 0.000

: : : COID
: : : C/S/CC 0.000 0.000U: : 0.001 0.001

*: :: 0.005 0.004

COfONWC 0.000 0.000

: : NA 0.000 0.000

I: : I I OT 0.001 0.000
: ------ -------

: '~OTAL, 0.00 0.014 :

: sCRULnu : Nl3s : ml 0.000 0.000
: : :atc 0.000 0.000

: : : lllRFL 0.062 0.08?
: : : OTER O0.000 0.000
: : : ------ ------ ------ ------ ------ :

III: : : 0.082 0.087: : ...... ...........................................-- -:
SOP : TUESIIr 0.000 0.000

: : .: 3G 0.000 0.000
: : : Com)

: : : CI/RS/CCl 0.000 0.000
8: : : o00T 0. 000 0.000

l: : : 0.000 0.000

: : RCO3 ZC 0.011O 0.015

: : lll~l:

: TOTAL 0.093 0.102 :

: REGULATORY : 0.000 0. 000 :

: UNOVw : 0.000 0.000 :
-------------------------------------------- ------ :

t* TOTAL CAPACITT LOSS *8

*8 CAPACITT ACTOR **

0.099

0.901

0.116

0.884
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Table 2.25 - Swiss Capacity Factor Distributions

PWR

Mean a * Data

0.825 0.008 2
0.849 0.017 2
0.865 0.015 2
0.902 0.001 2
0.877 0.007 2
0.811 0.056 3
0.853 0.040 3
0.847 0.035 3
0.871 0.032 3
0.890 0.002 3

PWR

Mean a # Data

0.734 0.000 1
0.810 0.000 1
0.807 0.000 1
0.847 0.014 2
0.877 0.012 2
0.848 0.032 2
0.867 0.035 2
0.867 0.017 2
0.869 0.034 2
0.889 0.019 2
0.879 0.014 2
0.878 0.036 2
0.865 0.023 2
0.836 0.000 1
0.893 0.000 1

BWR

Mean a * Data

0.869 0.000 1
0.859 0.000 1
0.863 0.000 1
0.873 0.000 1
0.880 0.000 1
0.879 0.000 1
0.895 0.000 1
0.894 0.000 1
0.901 0.000 1
0.885 0.000 1

BWR

Mean a # Data

0.869 0.000 1
0.859 0.000 1
0.863 0.000 1
0.873 0.000 1
0.880 0.000 1
0.879 0.000 1
0.895 0.000 1
0.894 0.000 1
0.901 0.000 1
0.885 0.000 1
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4
5
6
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2.6 United States

In this section the performance losses for the

U.S. nuclear power plants are presented and briefly

examined. U.S. performance data was compiled using energy

availability as the performance index.

2.6.1 Aggregated Data

The U.S. PWR energy availability losses are tabulated

by calendar year and by reactor age in Table 2.26 and

Table 2.27 respectively. The BWR energy availability losses

are tabulated by year in Table 2.28 and by reactor age in

Table 2.29. The mean and standard deviations of the

U.S. energy availability factors are tabulated in

Table 2.30.

2.6.2 Caoacity Factor Distribution

U.S. P energy availability factors are plotted by

year in Figure 2.45. The performance of the PWR's averaged

60.2% over the 10 years with two distinct periods. From

1975 to 1978, the energy availability factor averaged 64.5%

with a small amount of fluctuation. In 1979 the energy

availability for U.S. PWR's dropped 10.7 percentage points
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as a result of the accident at Three Mile Island (TMI).

Since the accident, performance has been slowly improving

but has not yet reached its pre-TMI level. The magnitude of

the standard deviation of the energy availability factors

noticeably increases during this period. This indicates

that there were large variations in the performance of the

plants in each year, possibly as a result of the non-uniform

impact of post-TMI safety regulation. From 3.5 to 5.0

percentage points of the U.S. PWR losses from 1979 to 1984

can be directly attributed to the two out of service TMI

reactors.

The U.S. PWR energy availability factors as a function

of reactor age are shown graphically in Figure 2.46. This

figure shows that performance improved up to age 12 after

which it started to decrease. The decrease is due to large

regulatory losses in those plants. The standard deviations

of the mean also significantly increase after age 12

indicating that the regulatory losses were not spread

evenly over all the plants.

Energy availability factors for U.S. BWR's are plotted

over time in Figure 2.47. The average energy availability

factor over the 10 year period was 58.0%. The curve shown

has a peak of 67S in 1978 and 1979 with the performance

falling off to less than 50% on either side. The increase

in.performance prior to 1979 was due to reductions in

balance of plant losses. The decrease in performance after

1979 was due to increased regulatory losses in the wake of
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the Three Mile Island accident. The standard deviation of

the mean increases in magnitude after 1979 and gets larger

every year. This is probably caused by the uneven impact

of the increased regulation during those years.

The BWR energy availability factors are plotted as a

function of reactor age in Figure 2.48. The figure shows a

slight improvement in performance over the first five years

and then levels out until age 13 where there is a large

drop. This trend is very similar to that exhibited by the

PWR's in Figure 2.46. The low performance and high standard

deviations beyond age 12 were from large steam generator and

regulatory losses at only a couple of plants.

2.6.3 Losses by Outage TYD

In this subsection, forced, scheduled, and regulatory

losses for the U.S. nuclear plants are displayed and

examined as functions of time and age.

Forced, scheduled and regulatory losses are plotted by

year in Figure 2.49. The total losses were high over the 10

year period, averaging 39.8% and increasing from 1975 to

1984. The scheduled losses were the largest component of

the total losses with a 10 year average of 16.3%, or 41.0X

of the total losses. No trend is exhibited by the scheduled

losses a they are relatively constant across the entire

period of interest. Forced losses were also a large

173



fraction of the total, contributing 31.4%. The forced

losses were also relatively constant from 1975 to 1984.

Finally, the regulatory losses, averaging 10.9% and

representing an average of 27.4% of the total losses each

year, increased in magnitude from 1975 to 1984. In 1979

there was an increase in the regulatory losses of 10.7

percentage points to 16X as a result of the accident at

Three Mile Island. Since the accident, it has subsided

slightly and remained constant at approximately 13*.

The PWR outage category losses are plotted as a

function of age in Figure 2.50. In this figure, the total

losses exhibit a slight decrease from age 1 to age 12 after

which it fluctuates and increases. The scheduled losses

show some fluctuation but remain mostly constant to age 12.

The forced losses exhibit a definite age dependency,

with losses decreasing over the entire range of ages. The

cause of this decrease is difficult to determine but it

appears that it occurred as the result of a general

reduction in many of the forced outage categories.

The forced, scheduled, and regulatory losses for the

U.S. BWR's are shown by year in Figure 2.51. The curve of

the total losses shows a decrease from 1975 to 1979 and then

a rise again from 1980 to 1984. Scheduled outages were the

largest component of the total losses, contributing 40.7%.

The scheduled losses fluctuated from year to year but

remained relatively constant over the 10 years. The

forced losses represent 34.3% of the total losses and have
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decreased as a function of time. Reductions in the balance

of plant OTHER losses over time were the main cause of the

trend. The regulatory losses have increased since 1977

from 2.4X to 21.8% in 1984 and represent 27.4X of the total

loss.

The same BWR outage categories are plotted as a

function of reactor age in Figure 2.52. The U.S. BWR

scheduled losses remained constant with some fluctuation and

did not display an age dependency. The forced losses show

a decline through age 10 after which there is a large amount

of fluctuation. No specific category is responsible for the

decline in forced losses. Regulatory losses exhibit

a very gradual increase over all ages.

2.6.4 NSSS and BOP Losses

In this subsection the losses in the Nuclear Steam

Supply System (NSSS) and the Balance of Plant (BOP) are

displayed and examined as functions of time and reactor age

for the U.S. nuclear power plants.

NSSS and BOP losses are displayed over time for the

U.S. PWR's in Figure 2.53. NSSS losses remained essentially

constant over the 10 year period averaging 18.0X and

representing 45.2% of the total losses. Refueling losses

made up almost 602 of the NSSS losses while the reactor

coolant system and steam generator problems accounted for
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18.3% and 13.9X respectively. BOP losses have also been

essentially constant, averaging 5.9% and contributing 14.8%

of the total losses. Turbine losses were the largest

fraction of the BOP losses accounting for 33.9. Condenser

problems also contributed to 30.5% of the losses.

U.S. PWR NSSS and BOP losses are shown as a function of

reactor age in Figure 2.54. Both NSSS and BOP losses show

more variation by age than by year. The NSSS generally

remain constant as a function of age while the BOP losses

show a decrease with increasing age. The decrease in

BOP losses was primarily the result of similar trends in

the turbines and condensers.

NSSS and BOP losses are illustrated by year for the

U.S. BWR's in Figure 2.55. NSSS losses have averaged 18.6%

and have accounted for 44.3* of the total losses each year.

The largest fraction (48.9X) of the NSS losses was from

refueling losses while reactor coolant system losses

accounted for 24.2*. The BWR NSSS losses exhibit a slight

decrease over time as a result of a decrease in fuel losses

which is discussed in Section 3.2.2. The BOP losses for

U.S. BWR's have averaged 7.3*, representing 17.4* of the

average total losses. Approximately 80* of these losses

were evenly attributed to turbine, condenser, and BOP OTHER

losses. From 1975 to 1978 the BOP losses declined as a

result of reductions in BOP OTHER losses. From 1978 to 1984

the BOP losses slowly grew as a result of increasing turbine

losses.
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The BWR's NSSS and BOP losses are plotted by reactor

age in Figure 2.56. From age 3 to age 10 the U.S. NSSS

losses have slowly improved as a result of decreased losses

in several categories. The peak at ages 13 and 14 was from

high reactor coolant system losses at several plants. The

BOP losses show a steep drop from age 1 to age 4 which

occurred as a result of decreases in BOP OTHER losses.

After age 4 the BOP losses flatten out and fluctuate with age.
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Table 2.26
U.S. PWR Energy Availability Losses

By Year

ENERGY AVAIL. LOSSES
1975 - 1979

04/11/86

: IORCED : NSSS

: : mop

: EUIONAN

TOTAL

: l

: I: :30,

: : E0B

: TOTAL

R:EULATOR :: I … :
: ______,- -
: : iCOy

: If
: Rl
: 3S

. 01,8 a]
I C(
: 01

lIC

I ir:a 
: C
: 0'

61
:C
: 0'

IC

CS

1
Ti

)11

anIf/
I'!

11
e1l
Ul
T

m
ro
01

DlVj

DATA: (27)
_-- __--_------ .

1975

IL 0.001
! 0. 044

0.005
fUlL 0.000
ER 0.013

0.064

MtBin 0.029
! 0.004
1D 0.022
!Sw/CCW 0.001
1I3 0.001

0.057

0.029

0.004

0.06?

IL 0.000
! 0.018

0.017
UtL 0.071
M3R 0.001

0.114

ltin 0.000
I 0.001
Is 0.009
'IV/CCW 0.001
1M 0.000

0.016

0.002

0.000

0.006

0.000

(30)

1976

0.000
0.037
0.014
0.002
0.012

0.065

0.020
0.023
0.012
0.001
0.002

0.06

0.020

0.006

0.006

0.000
0.026
0.006
0.11?
0.004

152

0.002
0.003
0.002
0.001
0.001

0.011

0.005

0.001

0.007

_0.17

0.047

0.000

(36)

1977

0.000
0.017
0.015
0.000
0.011

0.044

0.004
0.004
0.012
0.001
0.003

0.024

0.026

0.002

0.006

0.o00
0.006
0.003
0.10?
0. 006

0.123

0.021
0.001
0.006
0.001
0.000

0.023

0.00?0.0

0.0

tE · -B

0.000

0.008
0.172

0.031

0.000

(39)

1971

0.08
0.02

0.0;0.00
0.00

0.00

0.010.04

0.01

0.04

0.0O

0.08
0.01
0.04

0.110.010.08
0.180.08

O.ll0.11

0.01
0.08
0.08

0.010.00.01

O.08

0.14

0.01

0. 0

UNITED STATES
ALL PWR'S

(40)

I 1979 :

)0 0.001
20 0.020
)1 0.002
11 0.001
13 0.007

15 0.030

14 0.017
I2 0.002
15 0.01 :
)1 0.001
1? 0.002

19 0.036

l2 0.017

is 0.003

14 0.023 :

.0.109 :

la 0.000
1O 0.004
2 0.022 
3 0.109
I7 0.002

1? 0.138

1L 0.006
l0 0.000
1 0.002 :

i0 0.000 
1 0.000

4 0.000 :

i1 0.009

)0 0.000

13 0.006

11 0.101 :

13 0.164 :

00 0.003 :

*$ TOTAL EN2RT AVAIL. LOS **

**8 ER0Y AVAIL. ACTOR *8

0.338

0.664

0.377

0.623

0.304

0.696

0.330

0.670

0.437

0.563
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Table 2.26 - (Continued)

INIRGY AVAIL. LOUSES
1980 - 1984

04/11/86

: FORCID : IS33

a a

: : ICOMGI
am

: 1: 
·

: 2F
: 31

: 01
: Cl
: 0a

IRC

I: 
, iI

ill1vlIE
lhIU

glll
on
I/SW)
IME

UIL.
ICI
UJ30nr331331

DAtA: (41)

1980

0.000
0.021
0.015
0.000
0.017

0.0853

is 0.013
0.008
0.018

!CCW 0.002
0.002

0.040

0.016

0.003

6.003

6.116

0.006
0.002
0.016
0.119
0.001

0.137

(46)

1901

0.000
0.034
0.001
0.000
0.010

0.053

0.020
0.01
0.018
0.001
0.011

0. 08

O.020

0.004

0.004

0.141

0.000
0.004
0.013
0.131
0.001

O.150

(47)

1982

0.000
0. 03
0.033
0,.000
0.010

0.070

0.013
0.009
0.011
0.005
0.006

0.060

0.010

0.004

0.004

6.161

0.000
0.003
0.009
O.111
0.001

0. 12

(49)

1983

o.oa
0.01
0.00
0.o
o.oa

0.02

0.00

0.01
0.00
0.040.01

0.01

0.01

0.01

0.04

0.01

0.01
0.01
0.01
0.1
0.01

0.13

UNITID STATES
ALL PWR' S

(52)

1984
.______------

)0 0.000 :
12 0.021 :
9 0.008 :

)1 0.000 :
s18 0.007 :

9 0.03 :

?7 0.003
17 0.021
19 0.012
is 0.001 :
)t 0.002

0 0.039

1. 0.015
._______---- :

13 0.009

I0 0.000
LO 0.003

II 0.002

10 0.111 :
; ------- _________ _________________________________

: 10P : Ts1Ng 0.012 0.004 0.001 0.004 0.002
: : 03l 0.000 0.000 0.003 0.002 0.004

COnS 0.002 0.003 0.006 0.002 0.003
: : C/W/CCW 0.000 0.000 0.002 0.000 0.001

T: : 0.003 0.001 0.000 0.000 0.000

0.017 0.001 0.012 0.009 0.011

COIONIC 0.012 0.001 0.004 0.007 0.004

3:31A 0.000 0.002 0.000 0.000 0.000

: 01O 0.000 0.004 0.000 0.049 0.026

TOtAL 0.181 0.171 0.143 0.190 0.156

GaULATOl? : 0.160 0.102 0.138 0.136 0.137

Uw040 0.000 0.000 0.001 0.002 0.001

SS TOTAL EllOGT AVAIL. LOSS t8

8 SIllROT AVAIL. fACTOR 8S

0.460

0. 55

0.420 0.434

0.50 0.566
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Table 2.26 - (Continued)

lENI AVAIL. LOSSES
1975 - 1984

04/11/86

: FOiCID 3: Ns

o
o

sCONG

m .*.E I

TOTAL
$ e

' SCIIULAI : BillU UEVUO

: GULATOR

:- .mm- _______-i-.-E

DATA:52 PLANTS

AVERAGE

: ri
: RE
: So
: i
: 0'

C
i

: _: 01: C

: v1

: 0'

NIC:_

E~aDED

UIL
CS

1FULTillt

O1
'/Sv/CCI
tIsR

U'L

lISU
Tinll

111
rin

un

UNITED STATES
ALL PR'3

407 PLANT-TEARS

OvEI ALL

0.000
0.025
0.012
0.000
0.012

0.080

0.013
0.012
0.015
0.002
0.005

0.045

0.019

0.004

0.006

0.001
0.013
0.106
0.003

0.130

0.001
0.002
0.002
0.001
0.001

0.006

0.000

0.0130.1630

0.109

0.001
,_________B~

TEARS

** TOTAL ENERGY AVAIL. LOSS 

** lNEROT AVAIL. FACTOR *

0.396

0.602
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Table 2.27
U.S. PWR Energy Availability losseS

By Reactor Age

ENERGY AVAIL. LOSSES SY REACTOR AGE UNITED STATES
1975 - 1984 ALL PWR'S

04/11/86 DATA:(37) (36) (41) (37) (38)

AGE: 1 2 3 4 5

FORCD : NSSS : FUEL 0.000 0.000 0.001 0.001 0.000
: : : C 0.041 0.040 0.020 0.040 0.021
: : : sa 0.005 0.005 0.004 0.011 0.011 0.013
*: : : RBTUL 0.000 0.003 0.000 0.000 0.000

: : : OTnIS 0.021 0.027 0.022 0.006 0.007

: : : Q ~0.067 0.074 0.054 0.058 0.041 :
: :emmmmmeme-- -- - -- -- - ------------------------------------- -:

:OP : TURBIN 0.034 0.011 0.001 0 .012 0.017 :
: : : 0.009 0.033 0.010 0.009 0.012

: : : COID 0.027 0.015 0.016 0.014 0.013
: : : CV/SV/CCW 0.003 0.003 0.000 0.003 0.001

: : : OT 0.011 0.014 0.002 0.00 0.007

: : : 0.084 0.076 0.034 0.046 0.050 :: : ..... ...... ... ............--.-.-....... ......-- - - ---- :
: : ECONONIC 0.022 0.019 0.023 0.023 0.022
: : J--------------- - ------------------------------ ----- :

OM: : A 0.008 0.009 0.004 0.005 0.003

: : OTESo 0.020 0.006 0.004 0.004 0.002

: TOTAL 0.206 0. .14 0.121 0.138 0.119

: sCnDUI u : : L 0.000 0.000 0.000 0.000 0.000
: : : ReC 0.016 0.023 0.007 0.004 0.004

: S 0.007 0.010 0.006 0.009 0.005
: : : FUL 0.045 0.099 0.147 0.126 0.110

: : :8OTER 0.011 0.004 0.001 0.004 0.000
: : : . ......------ ----- - --- -............. :
: : : 0.079 0.136 0.161 0.143 0.119
: : .......----------------------------------------------- :

: : P : TUII 0.011 0.011 0.002 0.004 0.002
: : : 0.004 0.605 0.004 0.001 0.001

: COlb 0.006 0.006 0.002 0.004 0.002
: : : C/S/CC 0.001 0.001 0.001 0.000 0.002

: : : 8OTER 0.001 0.002 0.000 0.002 0.001: : : ------ ------ ----- ------ ------ :
: : : 0.023 0.025 0.009 0.011 0.008 :
::-------------------------------------:----------------

COEONIC 0.002 0.006 0.007 0.009 0.007: : .........----------------------------------------------- :
: : BURmAn 0.000 0.001 0.000 0.000 0.000
:- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - :

OTthl 0.017 0.009 0.009 0.010 0.002

: TOTAL 0.123 0.175 0.186 0.172 0.135

: RGULATOR : 0.053 0.101 0.0685 0.090 0.118

: UNKO0 : 0.001 0.000 0.000 0.000 0.002 :

8* TOTAL ENERGY AVAIL. LOSS *8 0.383 0.460 0.392 0.398 0.374

88 ENERGY AVAIL. FACTOR ** 0.617 0.540 0.608 0.602 0.626
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Table 2.27 - (Continued)

NIaRGY AVAIL. LOSSES IT REACTOR AGE
1975 - 1984

UNITED STATES
ALL PWR'S

04/11/86 DATA:(38) (35) (34) (29) (26)

: AGE: 6 7 9 10
:-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - :

FORCID : NSSS : FUlL 0.000 0.000 0.000 0.000 0.000
: : RCS 0.022 0.032 0.014 0.016 0.014 :

so 0.005 0.005 0.014 0.012 0.024
: : REFUEL 0.000 0.000 0.000 0.000 0.000
: : OT7B 0.011 0.012 0.005 0.006 0.008
: : . ....................--- -... .:

: : 0.038 0.049 0.033 0.034 0.046 :

: O : TUR31Il 0.013 0.019 0.014 0.010 0.002
: : G 0.001 0.030 0.004 0.009 0.006
: : C 0.015 0.014 0.014 0.010 0.009
: : C/SW/CCV 0.004 0.000 0.001 0.000 0.001
: : O 0 .003 0.002 0.001 0.002 0.001 0.002 0.001

: :------ ------ --- ----- ------ :
0.036 0.065 0.034 0.031 0.019

CORONiC 0.018 0.019 0.016 0.011 0.015

: UNA 0.003 0.000 0.002 0.004 0.004

: OT73S 0.002 0.002 0 0.0040.04 0.002

TOTAL

SC3I3eLlb l3S :

I

0.09 O0.141 0.010 0.012 0.081

FUL

REFUEL
07T11

0.000
0.001
0.006
0.105
0.003

0.115

0.000
0.010
0.026
0.126
0.001

0.163

0.000
0.006
0.015
0.114
0.001

0.136

0.000
0.012
0.024
0.097
0.003

0.136

0.000
0.005
0.018
0.101
0.002

0.126

30P : 7TUB1I 0.006 0.011 0.008 0.010 0.002
: aOl 0.000 0.001 0.000 0.001 0.000
:COwD O.00S 0.003 0.006 0.002 0.001
C: CW/S/CCW 0.000 0.000 0.002 0.000 0.000 :

: OtltR 0.001 0.000 0.000 0.000 0.001

: O.O1Z 0.012 0.015 0.016 0.013 0.004

ICONONIC 0.006 0.009 0.005 0.006 0.013

UNAs 0.000 0.002 0.000 0.000 0.000

073T3 0.017 0.011 0.009 0.025 0.023

TOTAL 0.149 0.200 0.16 0.179 0.165 :

0.134 0.112 0.132 0.094 0.106~--------------_________________________________________L_______
0.001 0.001 0.001 0.001 0.001

** TOTAL EIERGY AVAIL. LOSS t* 0.382 0.454 0.388 0.36 0.357

*8 ENlROT AVAIL. FACTOR 0.618 0.546 0.612 0.634 0.643
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: REGULATORY :

': UWlKNOWN

------- ------ - - -- ------ - - - ----- ------ ------

---------------------------------------------------------------- -

---------------------------------------------------------------------



Table 2.27 - (Continued)

ENERGY AVAIL. LOSSES Y REACTOR 0G
1975 - 1984

UNITED STATES
ALL PR'S

04/11/86 DATA:(15) (11) ( 6) ( 5) ( 3)

3: : 11 12 13 14 15 :

FORCD : NSSS : FUL 0.000 0.000 0.000 0.000 0.000
: : : RCS 0.015 0.01 0.048 0.001 0.000 :
so: : 0.01 0.033 0.063 0.007 0.011
: : : R L 0.000 0.000 0.001 0.000 0.000 :
: : : OTER 0.003 0.001 0.002 0.037 0.000 :

.: : : 0.034 0.050 0.114 0.045 0.011

: SOP TURBINE 0.007 0.002 0.006 0.004 0.002
: : Ga 0.010 0o.005 0.000 0.00 0.01 :
: : : COnI 0.013 0.011 0.009 0.005 0.006

: ~: : CW/S#/CC# 0.010 0.000 0.000 0.000 0.000 :
: : OTI 0.002 0.00 0.000 0.011 0.008

: :0.042 0.021 0.011 0.027 0.032

CONONIC 0.017 0.013 0.004 0.009 0.012 :
-------- --------------------------------- - ------------- :

: U8A 0.006 0.006 0.003 0.000 0.001

OT: : 0.004 0.003 0.001 0.004 0.001

TOTAL 0.102 O.0 0.133 0.08 0.06 :

:SCUODULI : s : fuL o0.000 .000 0.000 0.000 0.000
: : 0.005 0.002 0.000 0.001 0.000

: : :SG 0.00 0.000 0.016 0.182 0.012
: : EFUL 0.083 0.123 0.137 0.090 0.054

: : : O1813 0.000 0.001 0.000 0.001 0.000
: : : ------ ------ ------ ------ ------ :
: : : O.101 0.12 0.153 0.274 0.06 :
: : ------------------------------------ ---- - ----------- :

S:O : T I : U 0.001 0.001 0.002 0.003 0.002 :
: : : l.000 0.000 0.000 0.000 0.000 :
: : : CO 0.003 0.002 0.002 0.001 0.000
: : : C//CC 0.000 0.000 0.000 0.000 0.000

: : 6 : OTIN 0 .00.001 0.000 0.000 0.000 0.000
::: ------ ------ ------ ------ ----- :

: : : 0.005 0.003 0.004 0.004 0.002 :

: : COOC 0.007 0.003 0.000 0.000 0.001
: :......------------------------------------------------ -:

A: : 0.000 0.000 .000 .000 0.000

: : ~OT13 0.022 0.039 0.000 0.005 0.000 :

: TOTAL 0.13 0.170 0.158 0.283 0.070 :

: REGULATORY : 0.084 0.048 0.263 0.141 0.288 :

:.U O003 0.002 0.0023 .002 0.002 0.001 0.001

t* TOTAL ENWRGY AVAIL. LOSS ** 0.324 0.315 0.556 0.510 0.415

*8 ENERGY AVAIL. FACTOR * 0.676 0.685 0.444 0.490 0.585
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Table 2.27 - (Continued)

ENERGY AVAIL. LOSSES SY REACTOR AGE UNITED STATES
1975 - 1984 ALL PWR'S

04/11/86 DATA:( 2) ( 2) ( 0) ( 0) ( 0)

tAG: 16A: 17

: FORCED : SS : FUEL 0.000 0.000
: C: : S 0.002 0.025: : 0.000 0.000

: : : REFUEL 0.000 0.000
:OTER 0.000 0.001

: : : 0.002 0.026

SOP : : URIE 0.000 0.000
: : : all 0.000 0.004

COMD 0.002 0.000
: : : CW/SV/CCW 0.000 0.000
: : : OTNS 0.000 0.000
:. : : ... . .... . ...........- - ---- :

: : : 0.002 0.004

: ECON O.IC 0.010 005

lUNAl 0.000 0.002
0----7333-e--e 0.--e01 0.006---------------------------:
OTtI O.001 0.00 :
----------------------- ---------------------------------

TOTAL 0.016 0.0 :

SC!EDULE : 1 : fUL 0.000 0.000: : 0.000 0.000: : 0.000 0.000: : lL 0.079 0.077
: : O 0.000 0.000

: : 0.079 0.077

SOP : TUrllO 0.017 0.001
Gan 0.000 0.000: C: 0.000 0.003

: : cW/SW/ 0.000 0.000
: : 07 0.000 0.000

: : ..------.------ ------ ------ ------ :
0.017 0.004

Oh------------C 0.000 0.0-------------- ---

:ICOONC 0.000 0.016

1UNAM 0.000 0.000

T07:1 0.000 0.040

TOTA 0.096 0.136 :

: REGULATOR : 0.517 0.40 :

: UNKOW : 0.000 0.001
: ------------------- ------- ------- ------- ------- ----- :

** TOTAL NROYT AVAIL. LOSS * 0.629 0.634

* ENERGY AVAIL. FACTOR t* 0.371 0.366
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Table 2.28
U.S. BWR Energy Availability Losses

By Year

EWERGY AVAIL. LOSSIS
1975 - 1979

UNITED STATES
ALL IWR'S

04/11/8 DATA:(13) (19) (21) (21) (22)

1975 1976 1977 1978 1979
----------------------------------------------------- ---- --- ---

FORCID 1: B : FUlL 0.032 0.034 0.024 0.014 0.012
: eCS 0.032 0.032 0.019 0.025 0.016

.: : S
: : t 0.000 0.001 0.000 0.000 0.000
: : OT 0.012 0.010 0.010 0.012 0.004

: : 0.076 0. 077 0.077 0.054 0.051 0.033

: op : 1TU11S 0.004 0.010 0.016 0.007 0.004
: : 0l002 0.0002 0.014 0.003 0.004
: : COD 1 0.031 0.013 0.023 0.014 0.014
: CW/S3/CCW 0.018 0.009 0.004 0.000 0.001

0: : OT 0.102 0.066 0.006 0.012 0.017
::: ------ ------ ----- ------ ------ :
: : 0.157 0.101 0.062 0.037 0.039 :

CONONIC 0.017 0.019 0.020 0.021 0.016 :

IUMN 0.004 0.006 0.006 0.001 0.009
------------ …------ ------------------

: 01 0.007 0.006 0.011 O.016 0.010

TOTAL 0.20 0.201 0.123 0. 2 0.101 :
:------ -------- …----- ----- 

C3s3ULz : 1f3 l : FUEL 0.014 0.017 0.016 0012 0.00 :
: : 0.o 0.01 0.00 1 .004 .00

: : l L .07 0.09 0. 0896 .165 0.064 :0.04
: : O 0.0236 0.028 0.007 0.006 0.007* :------ ------ ------ ------ ----- :

0.156 0.155 0.196 0.113 0.105 :

* : a0P : TUlS In 0.000 0.002 0.002 0.000 0.000 :
0: : 0.000 0.005 0.004 0.000 0.001

: : COlD 0.004 0.007 0.00 0.004 0.004
: : CW//CC 0.001 0.001 0.000 0.000 0.000 :

: : OTlI 0.001 0.001 0.000 0.001 0.002* : : .------ ------ ------ ------ ------ :
0.007 0.015 0.010 0.00 0.007 :

: : 8C~O-----------------------------------------:
001NONIC 0.001 0.002 0.011 0.012 0.018 :

O : U 0.000 0.001 0.000 0.000 0.000

: OT 0.00 .00 0.00 4 0.004 0.002 0.003 :

TOTAL 0.169 0.180 0.221 0.131 0.133

REGULATOR : 0.074 0.013 0.024 0.059 0.083 :

UNKNOWN 0.001 0.000 0.000 0.006 0.005

** TOTAL 3W13T AVAIL. LOSS t* 0.506

** 1W3OT AVAIL. FACTOR *8 0.494

0.446 0.399 0.325 0.329

0.554 0.601 0.675 0.671
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Table 2.28 - (Continued)

IINEtY AVAIL. LOSSIS
1980 - 1984

04/11/86
: ------- _______.---

: FORCID 1: 53S
i : :0?

* : : :O

. ru

. tr~

.06

: sCIsaU Na3g

FUEL
RCS
SO
RtUIL
07T33

: T
: 01I
: Ct
: C1
_ 0

tIC
mecm

_..ea

___,

___.e,

ri

ilII
I
B1m
/S#/ill

MEL
cSrs
33VIE!

DATA:(22) (22) (22)

1980 1981 19382

0.003 0.010 0.005
0.036 0,034 0.073

0.000 0.007 0.000
0.017 0.029 0.014

0.061 0.079 0.097

I3 0G00S 0.019 0.023
0.003 0.000 0.004
0.018 0.010 0.013

/CC# O.001 0.004 0.001
0.006 0.003 0.002

0.033 0.051 0.041

0.011 0.011 0.010

0.004 0.006 0.012

0.006 0.009 0.008

0.114 0.156 0.173

0.007 0.010 0.001
0.006 0.002 0.007

; 0.113 0.070 0.049
0.004 0.037 0.003

0.134 0.119 0.060

(23)

1983

0.00
0.02

0.00
0.01

0.03

0.00
0.00
0.00
0.00
0.00

0.02

0.01

0.00

0.00

0.030.01

0.00
0.02

0.01
0.01

0.13

UNlTID STATIS
ALL WR' S

(25)

1984 :

16 0.004
11 0.015

I1 0.000
0 0.009

7 0.027

17 0.024 :
4 0.001
I 0.01 :
1 0.002 :
i3 0.006

4 0.050

I 0.001

7 0.011

32 0.002

3 0.098

17 0.003
4 0.022 :

I1 0.01 :
12 0.010

14 0.116 

mor

BOP TUD711S 0.012 0.023 0.017 0.011 0.007
Glx 0.001 0.000 0.000 0.004 0.000
CO1l 0.004 0.004 0.001 0.015 0.002
CW/SW/CCW 0.000 0.000 0.000 0.001 0.001
Oll 0003 0.00 3 0.003 0.000 0.000 0.002

0.021 0.030 0.011 0.031 0.012

1COO1XC 0.024 0.015 0.037 0.024 0.022

3B6M2 0.000 0.000 0.000 0.002 0.000 :

0O333 0.001 0.001 0.004 0.019 0.050

TOTAL 0.180 0.166 0.120 O.t09 0.199 

RIGGLATORT 0.114 0.09 0.121 0.137 0.218

UNKNOW 0.001 0.001 0.002 0.003 0.001

--------

m_______

_______-

·lm,____

m*l,____

mmmm

m01e,____

I:- -__________.

---------------------------------------------------------------------

II

I
II

___.

I·

t· TOTAL XIRPGT AVAIL. LOSS 

** INNNOT AVAIL. FACTOR $8

0.408

0.592

0.413

0. 587

0.413 0.452 0.517

0.585 0.548 0.483
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Table 2.28 - (Continued)

INRGYT AVAIL. LOSSES
197 - 1984

04/11/86 DATA:25 PLANTS

UNITED STATES
ALL B#E'S

215 PLANT-TEARS

AVERAGE OVIN ALL TEARS

: ORCEID : SS : FUEL 0.014
: : ' C05 0.031 :

: : : REFUEL 0.001
: : :OTNEE 0.013
: : , ----- :
: : : 0.0 :

: : BO : TURBIN 0.013 :
: : : OtG 0.004

: : : COID 0.017 :
: ' : : C#/sw/CCw 0.004 :
: : : OTl01 0.020
: : : ------ :

: : EICONONIC 0.014 :

: : UAN 0.007
: : ---------------------------------------

O : OITE 0.00 
: ,------------- ---------------- - ------------

: ~TOTAL O. 144 :

: 35: lies 0.014
: : : : RI L 0.090 :

: : : !l0T1 O. 014 :

: : : --------------------------------------- :

: : OP : TUItlF O.003 
: : : all 0.001
: ' : 0 coi 0.00 :
: : : C1/S/CCW O0.001 :
: : : OtER O. 001 :

: : : 0.016 :
: : : O. 017 :

: : ICONmIC 0.01? :

: : hEUAN 0.000

: : O01l 0.010
: -------------------------

: TOTAL 0.171 
:- -------------------------------- - -------

: EGULATOT : 0.104

U: NUIOWlNl 0.002
:--------------------------

*s TOTAL 1r36T AVAIL. LOSS **

8ts 10OT AVAIL. ACTOR t*

0.420

0.810
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Table 2.29
U.S. BWR Energy Availability Losses

By Reactor Age

ENERGY AVAIL. LOSSES Y REACTOR AGE
1975 - 1984

04/11/86

UNITED STATES
ALL R'S

DATA:(14) (12) (17) (19) (20)

AGE: 1 2 3 4 5

: FORCED : SSS : FUEL 0.020 0.026 0.028 0.029 0.022
: : : RCS 0.043 0.040 0.033 0.020 0.016

*: so: : s 
: : RIFUIL o 0.000 0.000 0.000 .001 O.00

OTRt 0.012 0.010 0.011 0.006 0.011

: 0.075 0.076 0.072 0.056 0.050

OP : TURXINE 0.005 0.015 0.015 0.005 0.006
: : 0.022 0.004 0.004 0.004 0.002
COND 0.026 0.016 0.022 0.015 0.016
: : C/S/CC# 0.003 0.001 0.015 0.007 0.004
OTHRI 0.122 0.096 0.014 0.003 0.004

0.178 0.132 0.070 0.034 0.032

: CONONIC 0.020 0.021 0.020 0.016 0.016

0.012 0.009 0.006 0.006 0.010

: OTIE 0.000 0.007 0.00l 0.011 0.009

TOTAL 0.293 0.246 0.177 0.124 0.118

.

.

: OP :

FUEL
ROeS
SOT

OltII

TuRDla
Gin
COMD
CU/SV/CCW
OTESi

0.010 0.012 0.020 0.014 0.014
0.001 0.010 0.036 0.028 0.009

0.000 0.121
0.039 0.011

0.050 0.154

0.000
0.000
0.001
0.001
0.001

0.003

0.002
0.002
0.003
0.000
0.000

0.007

0.112
0.012

0.180

0.001
0.000
0.004
0.000
0.001

0.006

0.139
0.011

0.192

0.001
0.005
0.006
0.001
0.003

0.016

0.094
0.033

0.150

0.001
0.004
0.007
0.000
0.002

0.014

: CONOMIC 0.001 0.006 O.005 0.006 0.016

: UmN 0.000 0.000 0.000 0.001 0.000

O: OtE 0.031 0.007 0.003 0.006 0.002 :

: TOTAL 0.035 0.174 0.192 0.220 0.182

: REGULATORY : 0.122 0.073 0.066 0.091 0.072

: UxNNOWN : 0.001 .005 0.004 0.002 0.001

* TOTAL EN EGYW AVAIL. LOSS ** 0.501 0.497 0.439 0.437 0.373

$* ENERGY AVAIL. FACTOR *8 0.499 0.503 0.561 0.563 0.627
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Table 2.29 - (Continued)

ENERGY AVAIL. LOSSES BY REACTOR AGE
1975 - 1984

04/11/86 DATA:(21)

UNITED SATES
ALL SWR'S

(21) (21) (19) (16)

AGE: 6 7 8 9 10

:FORCD : NSSS : FUEL 0.014 0.009 0.010 0.004 0.003
: : : RCS 0.027 0.031 0.018 0.017 0.022
: 
: : : REFUEL 0.000 0.000 0.000 0.000 0.000

: : : OTi 0.029 0.008 0.012 0.008 0.017

0.070 0.048 0.040 0.029 0.042

~:~ ~ S : O : TRBINS 0.012 0.026 0.005 0.014 0.004 :
: : : 0.001 0.002 0.003 0.001 0.004
:CONS 0.020 0.012 0.017 0.009 0.010
: : : C/S/CCW 0.003 0.003 0.001 0.002 0.001
:OTtER 0.008 0.011 0.016 0.004 0.004: : : .------ ------ - ------ ------ :

0.042 0.054 0.042 0.030 0.023

ICONOIC 0.017 0.013 0.011 0.011 0.009

: : MA 0.005 0.006 0.014 0.003 0.006

X: : OR 000.011 0.00 0.00o 0.00 

: TOTA 0.14 0.12 0111 0.80 0.083 :

s: CSrDUL : ngs : MrUl 0.014 0.006 0.001 0.005 0.002
: : : 0.006 0.015 0.011 0.014 0.014

: : : EFUL 0.014 0.096 0.086 0.016 0.01 :
: : : O 0.005 0.006 0.011 0.019 0.004: : : ------ ----- ------ ------ ------:

0.109 0.123 0.116 0.123 0.101

:op : : UINE 0.014 0.019 0.009 0.002 0.015 :
:0a 0.000 0.000 0.000 0.005 0.000
:COI 0.003 0.014 0.002 0.008 0.006
: : : C/S/CCW 0.000 0.000 0.000 0.000 0.000
: : : O 0.002 0.003 0.001 0.001 0.001: : : ------ ------ ------ ------ ------ :

0.019 0.036 0.012 0.014 0.022

COIlOIC 0.016 0.015 0.023 0.017 0.053

: : IN 0.000 0.002 0.000 0.000 0.000: :- .........---------------------------------------------- :
: : O 0.001 0.005 0.012 0.022 0.009

: ---------------------------------------------------- :

: TOTAL 0.144 O.181 0.183 0.174 0.1 :

: REGULATOR : 0.089 0.076 0.107 0.172 0.087 :

: UmO 0 : 0.002 0.002 0.002 0.001 0.001

*8 TOTAL ENXlRG AVAIL. LOSS ** 0.380 0.387 0.383 0.427 0.357

*t ENERGY AVAIL. FACTOR ** 0.620 0.613 0.617 0.573 0.643
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Table 2.29 - (Continued)

ENERGY AVAIL. LOSSES BY REACTOR AGE
1975 - 1984

UNITED STATES
ALL BWR'S

04/11/86 DATA:(10) (10) ( 5) ( 3) ( 2)

AGE: 11 12 13 14 15

: NSSS : FUEL 0.003 0.002 0.002 0.000 0.000
: : CS 0.043 0.013 0.193 0.097 0.010
: : S
: : REFUEL 0.013 0.000 0.000 0.005 0.000
: : OTHE 0.014 0.018 0.014 0.003 0.000

: : 0.073 0.033 0.209 0.105 0.010
: -------------------------------------------- __________

: 10P:
: :

: :
: :
: :
. .

. .

. .

. .

111
COmD
C#/Sv/CCW
07333

0.025
0.008
0.021
0.001
0.005

0.060

0.010
0.000
0.023
0.002
0.003

0.038

0.073
0.000
0.024
0.000
0.001

0.093

0.001
0.000
0.000
0.000
0.000

0.001

0.004
0.000
0.014
0.008
0.023

0.049

CONONIC 0.011 0.006 0.004 0.003 0.003

: U .004 0.004 0.006 0.003 0.000 0.009 :

3 Ot o .0 0o.003 . 0.002 0.002 0.000

TOTAL 0.151 0.089 0.318 0.117 0.070

semOus! : ss : z
D L3 : : Res

: so
: : REFUEL

: : OTI0 3

0op : 7,TUS33
: GIN
: COD
:Cv/sv/CC
: OtlR

0.003 0.002 0.000 0.001
0.003 0.003 0.003 0.011

0.08
0.002

0.094

0.022
0.000
0.005
0.002
0.000

0.029

0.107
0.002

0.114

0.003
0.000
0.003
0.003
0.001

0.010

0.031
0.000

0.034

0.017
0.000
0.001
0.000
0.000

0.018

0.144
0.057

0.213

0.029
0.000
0.002
0.000
0.000

0.031

E: CONOMIC 0.025 0.015 0.049 0.026 0.008 :

: IMM 0.000 0.000 0.000 0.000 0.000

0: OT 0.001 0.002 0.000 0.028 0.128
:-- -------------------------------------------------- :

TOTAL 0.149 0.142 0.103 0.298 0.372

REGULATORY : 0.101 0.181 0.210 0.148 0.192

UNNOW : 0.002 0.003 0.001 0.001 0.000
:--------- ----------------------- ---------- :-

8 TOTAL lENERG AVAIL. LOSS t8 0.403 0.415 0.630 0.564 0.634

8* ENERGY AVAIL. FACTOR * 0.597 0.585 0.370 0.436 0.366
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0.004
0.141

0.079
0.003

0.234

0.000
0.000
0.001
0.000
0.000

0.001

-------------------------------------------------------- ::.



Tab 1 e 2. 34 A. Ca acit Factor* Distributions

* Data

27
30
36
39
40
41
46
47
49
52

# Data

37
36
41
37
38
38
35
34
29
26
15
11
6
5
3
2
2

BWR

Mean

0.494
0.554
0.601
0.675
0.671
0.592
0.587
0.585
0.548
0.483

a # Data

0.177
0.176
0.129
0.125
0.147
0.130
0.142
0.190
0.213
0.261

18
19
21
21
22
22
22
22
23
25

BWR

Mean

0.499
0.503
0.561
0.563
0.628
0.621
0.614
0.617
0.573
0.643
0.597
0.585
0.371
0.436
0.366

a # Data

0.180
0.180
0.112
0.139
0.174
0.120
0.181
0.188
0. 184
0.166
0.169
0.225
0.295
0.295
0.312

14
12
17
19
20
21
21
21
19
16
10
10

5
3
2

191

PWR

Mean

0.664
0.623
0.696
0.670
0.563
0.550
0.580
0.566
0.568
0.602

0.132
0.150
0.104
0.168
0.209
0.208
0.213
0.220
0.236
0.234

By

Year

75
76
77
78
79
80
81
82
83
84

By

Age

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

PWR

Mean

0.617
0.540
0.607
0.601
0.626
0.617
0.546
0.612
0.634
0.642
0.675
0.686
0.445
0.490
0.585
0.371
0.366

0.156
0.201
0. 183
0.201
0. 187
0.202
0.230
0.202
0.214
0.189
0.132
0.154
0.206
0.309
0.326
0.371
0.292

Distributions

.

.

.

Table 2.30 -U.S. Capacity Factor
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Performance Losses by Category

In this section the capacity factors and performance

losses for each of the categories presented in Section 1.4.1

are compared for all of the countries. All comparisons were

done as a function of calendar year and reactor age for both

PWR's and BWR's. Some guidelines and notes to be used when

making data comparisons and examining the figures in this

report are given below. The guidelines presented in

Section 2.0 should also be kept in mind. An understanding

of the composition of the data for each country is also

necessary to prevent misinterpretation of the data.

Information on the data composition can be found in

Section 1.4 and in Appendix C.

In the guidelines presented in Section 2.0, two tables

were provided to aid in the determination of the statistical

significance of the data. The tables contained the number

of plants over which the data was averaged. These tables

are reproduced as Tables 3.1 and 3.2 for convenience.

Again, it is up to the reader to determine the statistical

significance of trends and observations made in this report.

As mentioned in Section 1.4.4, two slightly dissimilar

performance indices were used in this study, capacity and

energy availability. Since energy availability eliminates

the influence of economic and non-economic grid losses

(externally caused losses), the actual performance of a

plant may be less than what the energy availability
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Table 3.1 - Number of Nuclear Plant Data Points by Year

Year

75 76 77 78 79 80 81 82 83 84Country

France
PWR

Germany
PWR
BWR

Japan
PWR
BWR

Sweden
PWR
BWR

Switzerland
PWR
BWR

United States
PWR
BWR

0 0 0 0 0 0 0 19 19 24

3 4 5 5 6 6 6 7 7 7

1 1 2 2 3 4 4 4 4 4

4 5 6 6 8 8 9 10 10 11
3 5 5 9 10 10 10 11 11 13

1 1 1 1 1 1 2 2 3 3

2 4 4 5 5 5 7 7 7 7

2 2 2 2 2 3 3 3 3 3

1 1 1 1 1 1 1 1 1 1

27 30 36 39 40 41 46 47 49 52
18 19 21 21 22 22 22 22 23 25

Table 3.2 - Number of Nuclear Plant Data Points by Rx Age

Ate

Country 1 2 3 4 5. 6 7 8 9 10 11 12 13 14 15 16 17

France

Gaera

Japan

Swede

PWR 8 14'14 13 6 5 2 0 0 0 0

Iny
PWR 5 5 5 5 5 4 5 5 3 3 2

BWR 4 4 4 4 4 3 2 2 1 0 0

PWR 9 9 10 9 8 7 6 5 4 2 1
BWR 11 10 10 9 10 9 5 5 5 3 2
in

PWR 3 2 2 2 1 1 1 1 1 1 0

BWR 5 6 6 6 5 5 5 4 4 3 1
Switzerland

PWR 1 1 1 2 2 2 2 2 2 2 2
BWR 0 0 1 1 1 1 1 1 1 1 1

0 O O O O 0

22 1 1 1 0

0 O O O O 0

10 0 0 0 0
1 1 10 0 

0 O O O O 01 10 00 0
2 2 1 10 0
1 0 0 0 0 0

United States
PWR 37 36 41 37 38 38 35 34 29 26 15 11 6 5
8WR 14 12 17 19 20 21 21 21 19 16 10 10 5 3

3 2 2
2 0 0
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indicates. For the countries in which capacity was used,

it can be assumed that the grid losses are small and the

difference between capacity and energy availability

negligible. However, in the countries where energy

availability was used, the difference can be significant.

There are two areas where this difference appears. The

first is in the category of economic losses since this is

the category where most of the grid losses are placed. The

other is in the comparison of the capacity and availability

factors which include the economic losses in their

calculations. When comparing economic losses as well as

capacity and energy availability factors, the index used

for each country as well as the difference between the

indices ust be considered.

Another important item that needs to be addressed when

making comparisons is the composition of the Swiss data. As

discussed in Section 1.4.4, for two of the three Swiss PWR's

the refueling maintenance losses were not included with the

refueling losses but were placed in the appropriate systems

or operations category. The result is that these categories

are somewhat larger than they would be had all the refueling

maintenance losses been placed under refueling losses. When

examining the figures care ust be taken not to misinterpret

as a trend something that is a result of this discrepancy.

The BWR data is not affected by this as the refueling

maintenance losses were reported as refueling losses.
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Most of the figures in this chapter are presented with

the forced and scheduled losses combined. However, for

France and Sweden disaggregate scheduled losses could not

be obtained. Therefore, in figures where specific forced

and scheduled categories are combined, the French and

Swedish data will not appear.

3.1 Capacity Factors

In this section the capacity and energy availability

factors are compared for the six countries. As mentioned

above, the difference between capacity and energy

availability must be kept in mind when comparing these

figures. Since the overall performance of a nuclear plant

is a complex composite comprised of the performances of the

all systems in the plant, it is not easy to identify the

causes of time or age dependencies. However, where

possible, trends and their causes will be given.

PIV performance capacity factors are plotted by year in

Figure 3.1. The Swiss have had the best PWR performance

with an average capacity factor of 85.8%. The curve shows

two periods of improvement: from 1975 to 1978, and from 1980

to 1985. The drop in 1980 occurred as a result of losses

for a new plant just coming on in that year. The largest

non-refueling loss contributor for the Swiss PWR's was the
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reactor coolant system with an average contribution of 23.9%

of the total losses.

German PWR's have had good performance with an average

energy availability factor of 78.2%. The figure shows that

performance dropped 18 percentage points between 1975 and

1979 and then rebounded 15 points to nearly return to its

1975 level. This occurred as a result of larger refueling

losses in those years. The biggest non-refueling

contributor to German losses was the generator, representing

an average of 1.0 percentage point or 4.6% of the total PWR

losses.

Although very little data was available for the French

PWR's, the data that was obtained shows that they have been

increasing performance steeply from 1982 to 1984. During

this period the average energy availability factor climbed

from 63.1% to 81.6*, yielding an average of 73.1% over the

three years. From 1982 to 1983 the improvement was caused

by reductions in forced NSSS OTHER losses, while from 1983

to 1984 it was caused by reductions in scheduled losses. It

should be remembered that the French load follow with their

plants and so their capacity factor is lower, averaging

68.5% over the same three years. It is not possible to

determine what the largest non-refueling loss was for French

PWR's.

Japanese PWR performance, as the figure depicts,

fluctuated from 1975 to 1979, with the low performance in

1979 the result of large refueling shutdowns for inspection
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and maintenance. These large losses for inspection and

maintenance may have been the result of the Three Mile

Island (TMI) accident that year. From 1979 to the present

the Japanese PWR's have raised their performance from a low

of 34.5% to a plateau of approximately 73% by reducing the

length of their refueling outages for inspections and

maintenance. The largest non-refueling loss contributor

over the last ten years in the Japanese PWR's has been steam

generator losses with a 10 year average of 1.6, or 4.4 of

the total losses.

The U.S. PWR performance has not been quite as high as

the performance of the other countries from 1975 to 1984.

The U.S. energy availability factors varied a few percentage

points from 1975 to 1978, but dropped 10.7 points in 1979 as

a result of the TMI accident. Performance has slowly

started to increase since that year but has not yet reached

its pre-TMI level. From 1980 to 1984, 3.5 to 5.0 percentage

points of the U.S. losses can be directly attributed to the

two out of service TMI units. The largest non-refueling

contributor to U.S. losses from 1975 to 1984 was regulatory

losses. The regulatory losses averaged 10.9%, representing

27.4% of the total U.S. PWR losses.

The only PWR's with a performance lower than those of

the U.S. were Sweden's, with an average capacity factor of

54.4%. Swedish capacity factors from 1975 to 1980 are from

only one PWR and vary as a result of several different

losses. From 1981 to 1984 two more PWR's went into
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operation in Sweden. The average capacity factors in these

years show a drop of 21.0 percentage points in 1981 and

1982 with performance returning to an even higher level by

1984. The causes for this decrease in performance were

several large outages for regulatory losses and steam

generator repairs. The regulatory losses may have actually

been for steam generator problems, making steam generators

responsible for the entire drop in performance.

In Figure 3.2, the PWR performance factors are plotted

as a function of reactor age. Swiss PWR's show a period of

increasing performance during the first five years which

then levels out as the plants get older. The lower

performance during the first five years was due to below

average performance of a new plant that was the only

contributor to ages 1 through 3.

German PWR's, with the second best performance record,

show a slight improvement over age with approximately ± 5

percentage points of variation from year to year. However,

this trend is probably not significant because of its small

magnitude and the low number of plants at each age.

The French reactor performance as a function of age

displays fluctuation from year to year with no age

dependency apparent.

The Japanese PWR's show no age dependency.

U.S. PWR performance improves slightly through age 12,

after which it decreases. The slow improvement over the

first 12 years is too small to accurately be identified.
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The decrease and fluctuation after age 12 is primarily from

large regulatory losses at the plants that make up those

ages.

The Swedish losses also show a slight age dependence

with performance increasing with age. However, the number

of plants contributing to this data is small and such a

trend may not have any significance.

BWR performance losses are plotted over time in

Figure 3.3. Switzerland's only BWR clearly has the best

performance, operating with an average capacity factor of

88.0%. The curve shows a small but steady improvement over

the ten year period. The improvement exhibited was a result

of decreasing turbine and economic losses.

Swedish BR's have the second best performance with an

average capacity factor of 71.9X. Substantial improvement

over time is visible with the capacity factor increasing

from below 60 to over 70X. The cause of this improvement

was the reduction of forced balance of plant losses.

Further identification of the cause is not possible.

The Japanese BWR's follow the Swedish plants in

performance with an average capacity factor of 61.OX.

Performance fluctuated greatly prior to 1978 as a result of

large variations in refueling losses. From 1978 on,

performance has continually improved, increasing from 50% in

1978 to 72% in 1984. Most of this improvement was from

reductions in refueling outage losses.
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The U.S. is next with an average BWR energy

availability of 58.0% The curve shows a peak of 67% in 1978

and 1979 with performance falling off to less than 50 on

both sides of the peak. Prior to 1978, the increase in

performance was caused by decreased losses in several

systems including OTHER BOP. The decline after 1979 was the

result of substantial increases in regulatory losses.

The German BWR performance has been the lowest with an

average energy availability factor of 51.1%. The plot of

performance over time shows a steep drop of 58 percentage

points from 1975 to 1979, and then a steep climb back to an

energy availability of 79%. The cause of this large drop

was RCS pipe replacements made under the Basis Safety

Concept and some large regulatory outages. No time

dependence is apparent in the German BWR performance.

Figure 3.4 plots the BWR performance by reactor age.

The Swiss plant shows a small increase in performance with

age as this curve duplicates the one in the previous

figure. Swedish BWR performance exhibits an age dependency

with performance increasing with age. The cause for the

improvement is difficult to pinpoint, but examination of the

data indicates that reductions in several areas contributed,

including forced BOP losses. Japanese performance

fluctuates, showing a slight age dependency with performance

decreasing. This trend may be insignificant because of the

small magnitude of the trend and the fluctuation present.

U.S. BWR performance plotted over age does not display any
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consistent age dependency, however, there is a period of

improvement during the first few years. The drop in

performance after age 12 is from large steam generator and

regulatory losses at only a couple of plants. Finally,

German performance as a function of age shows large

variations as a result of the pipe replacements that were

time, not age dependent.
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Nuclear Steam Supply System (NSSS)

In this section the Nuclear Steam Supply System losses

are presented and compared for Germany, Japan, Switzerland,

and the United States. Losses for France and Sweden could

not be compared because they were not available in

sufficient detail. The total NSSS losses are compared

first, followed by fuel, reactor cooling system, steam

generator, and refueling losses. PWR's and BWR's will

be discussed separately in each category.

3.2.1 Total NSSS

PIR Nuclear Steam Supply System losses are plotted by

year in Figure 3.5. All the countries have relatively

constant NSSS losses except for Japan, which shows

fluctuation prior to 1980. The Japanese losses were the

largest with an average of 34.6* attributable to the NSSS.

Beginning in 1980 the NSSS losses decreased over time. The

high losses resulted from mandatory inspection and testing

requirements that require the plant to shutdown for long

refuelings. These extended refuelings made up over 93 of

Japanese NSSS losses. The decline after 1980 was the result

of reductions in refueling losses. The second largest

contributor to the Japanese PWR NSSS losses was steam

generators with 4.6 of the total NSSS loss. The U.S. was
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behind Japan with an average PWR NSSS loss of 18.0X.

Refueling was the largest loss component, contributing 59.4%

of the total NSSS loss, while the reactor coolant system and

steam generators contributed 18.3% and 13.9% respectively.

German PWR NSSS losses were almost as high as the U.S. with

an average of 17.2%. Refueling was the highest contributor

with 88.4% of the loss. Reactor cooling system losses made

up another 4.7% of the total NSSS loss. The Swiss PWR NSSS

losses were the smallest of all the countries with an

average of only 11.0%. The largest fraction of this loss

was refueling at 42.7% of the loss with the reactor cooling

system contributing 30.9%. The true contribution of

refueling is larger since four-fifths of the maintenance

work done during refueling was not reported in the refueling

losses. The Swiss curve shows two periods of declining

losses from 1975 to 1978 and from 1980 to 1984. No specific

system was responsible for the trends. The peak in 1980 was

caused by increases in several categories, partially as a

result of a new plant going online.

The NSSS losses are plotted by reactor age in

Figure 3.6. The losses, while relatively constant, show

slightly more fluctuation than those in Figure 3.5. The

Swiss data appears to show an age dependency but this is due

to the refueling discrepancy mentioned above.

BWR Nuclear Steam Supply System losses are illustrated

in Figure 3.7. This figure depicts more variation in

losses than existed in the PWR data. This is particularly
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apparent for Germany and Japan where there were large

peaks in several years. The Japanese BWR NSSS losses were

the highest with an average of 34.8%, which is nearly equal

to the average for PWR's. The largest contributor to the

loss was refueling with 95.1%. Fuel losses were the second

largest contributors with 3.7%. From 1978 to 1984 the

Japanese NSSS losses declined from 45.4% to 27.2% as a

result of a similar decline in refueling losses. The German

BWR NSSS losses were almost as high as the Japanese with an

average of 32.2%. Refueling losses accounted for 36.6%

while reactor coolant system losses were 54.3% of the total

NSSS loss. The higher contribution of the RCS was the

result of the Basis Safety Concept, discussed in

Appendix C. U.S. BWR NSSS losses average 18.6%, which is

slightly more than that for PWR's. Approximately 48.9% of

these losses were attributed to refueling while another

24.2% of the total NSSS loss was assigned to the RCS. The

U.S. NSSS losses show slight improvement over time, as a

result of the drop in fuel losses which is discussed below

in Section 3.2.2. The Swiss again had the smallest average

NSSS losses averaging 9.4% with their only BWR. Refueling

was the largest component of the NSSS loss with 93.6% of the

total. The remainder of the NSSS losses were contributed by

the RCS. Swiss NSSS losses have remained relatively

constant over time.

The BWR NSSS losses are shown graphically as a function

of reactor age in Figure 3.8. Similar to the PWR's NSSS
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losses in Figure 3.6, the BWR losses exhibit more variation

by age than by year. Only the Swiss and the U.S. show

any consistency by age. The U.S. BWR's exhibit a trend

towards slightly less NSSS losses with age. This occurred

as a result of reduced losses in several categories. The

peak at ages 13 to 15 is from high RCS losses at several

plants during those ages. The Swiss losses are identical to

those in Figure 3.7.
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3.2.2

PR fuel losses are shown over time in Figure 3.9.

Fuel losses in general have been very small, under 1.0.

There are no trends visible for any country. The German

losses are all centered around 1979 and result from losses

at a single plant in each year. The Japanese show an

insignificant peak in 1976 which is due to an outage at one

plant. The Swiss PWR's show losses starting in 1980,

peaking in 1982 and falling off to zero in 1984. All the

Swiss fuel losses are from the same plant each year and

occurred over the first three years of operation. Since

fuel cycles are generally one year in length, with three

years needed to completelyburn the first batch of fuel, the

Swiss fuel problems appear to have occurred only in the

initial batch of fuel at one of the three PWR's. This is

not representative of all PWR's as the other two plants have

run without problems since 1969 and 1972 respectively. Fuel

losses in the U.S. BWR's have been negligible with the only

discernable losses in 1975 and 1979.

PWR Fuel losses as a function of reactor age are not

plotted since the fuel is cycled through the core every

three years. Any age dependency exhibited would have little

meaning.

BIR fuel losses, shown in Figure 3.10, are generally

such larger than PWR fuel losses. German and Swiss BWR's

have had no reported fuel losses since 1975. The U.S. and
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Japanese plants both show losses with averages of 2.3% and

1.3% respectively. In addition, each country shows a

significant improvement over time. The U.S. losses drop

from 5.1% in 1976 to 0.6% in 1984. At least half these

losses and in some years almost all the losses were from the

Preconditioning Interim Operating Management Recommendations

(PCIOMR) developed by General Electric (GE). The PCIOMR

losses have also shown the same improvement as the total

losses, dropping from 3.7% in 1976 to 0.6X in 1984.

Similarly, the Japanese BWR fuel losses have dropped from

3.2* in 1978 to 0.4* in 1984. The Japanese have been using

some imported U.S. fuel and have been strictly following the

GB PCIOMR with all their fuel. Despite this, the Japanese

losses have been almost half that of the U.S. However, the

Japanese and U.S. fuel losses have been approximately equal

since 1978. This may indicate that the Japanese did not

start using the PCIOMR until 1978. In both countries the

losses were evenly distributed over nearly every commercial

BWR so that the improvements indicated have significance.

The graph of fuel losses by reactor age is also not

plotted because of the fuel cycling mentioned above for

PWB's.
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Reactor Coolant System

PWR reactor coolant system (RCS) losses are displayed

by year in Figure 3.11. Both the U.S. and Switzerland show

much higher losses than Germany or Japan, at a cumulative

average of approximately 3.3% with losses tending to

decrease over time. The high Swiss losses may be the result

of maintenance performed during refueling outages. If this

is the case, then the losses would most likely be comparable

with German and Japanese losses. The German RCS losses are

relatively small except in 1975, 1978 and 1979 when they

were more than double the average. This was primarily the

result of relatively large outages at one or two of the

plants operating at that time. Japanese losses have been

small, arising from losses at only one of the several plants

in operation in each year.

Examination of the RCS losses as a function of reactor

age in Figure 3.12 yields several trends. The curve showing

the Swiss losses indicates an age dependency with larger

losses being incurred in the later ages. The peak at age 14

arises from losses at only one plant. The U.S. losses

fluctuate with a general trend towards smaller losses with

greater age. The cause of these trends cannot be determined

from the data. The German losses are relatively uniform

except in the early ages where there are two peaks

corresponding to outages mentioned in the previous

paragraph. Japanese operating experience ranges to age
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12 but all the RCS losses occur in the first 5 years, again

with only one plant contributing to each average loss.

BWR RCS losses are plotted by year in Figure 3.13. The

figure shows that Germany had very large losses in 1977 and

1980 through 1983. These losses were from large outages for

pipe replacement at one and four of the operating BWR's

respectively. The large German pipe replacements were

performed under a policy known as the "Basis Safety Concept"

which is discussed further in Appendix C. The Japanese and

the Swiss reactors exhibit small uniform losses that

averaged less than 0.5% each. The Swiss losses were from

their only BWR. RCS losses in the U.S. have been constant

at around 4.0% except in 1975 and 1982 when they were

doubled as a result of outages of greater than 10% at five

and six reactors in each year respectively. This is almost

ten times the losses at Japanese and Swiss plants.

Figure 3.14 plots RCS losses by reactor age. No RCS

age dependencies are indicated. The German data shows

several peaks that correspond to the pipe replacement peaks

in Figure 3.13. The Japanese and the Swiss plants have

their losses uniformly distributed over age with an average

of 0.3* and 0.5X respectively. The U.S. losses were fairly

constant at approximately 4.0% with only a couple of plants

showing large outages above age 12.
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3.2.4 Steam Generators

PR steam generator (SG) losses over time are

illustrated in Figure 3.15. In general, the figure shows

that all countries except Germany had large variations in SG

losses. German reactors, with a ten year average of 0.5%,

have had considerably smaller SG losses than have Japan,

Switzerland and the U.S. Japanese losses occurred mainly in

1976, 1979, 1981, and 1983 as a result of outages at a

single plant in each year. The Swiss plants have had the

largest SG losses over the ten years with a large peak in

1975 from both PWR's. However, the large SO losses

indicated were most likely the result of SO maintenance

work done during refueling which were assigned to this

category. The U.S. losses, with an average of 2.5%, have

been almost as high as the Swiss and have generally

increased with time.

Figure 3.16, which plots SO losses by plant age, shows

a definite age dependence in SO losses for Switzerland and

the U.S. The German and Japanese plants show no trends.
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3.2.5 Refueling

PWR refueling losses by year are illustrated in

Figure 3.17. As shown, the Japanese plants have had

significantly larger refueling outages than any of the other

countries. The large outages were the result of annual

inspections and maintenance that are required by law every

year. These annual inspections average approximately 100

days. The aintenance work performed during these outages

results in fewer outages later because equipment is better

maintained. A fairly substantial peak occurred in 1979

which may correspond to the Three Mile Island accident that

year. Whether or not this is the cause of the peak is

unknown. German losses have averaged 15.2% with a peak

occurring in 1980. This peak resulted from larger than

average refueling losses at two plants. U.S. refueling

outages have been relatively constant at 10.7%. Tbe Swiss

refueling losses are the lowest at an average of 4.7%, with

an increase occurring in 1980. This is misleading because

maintenance work done during refueling outages was not

always reported as a refueling loss. Up until 1980, the

reported refueling losses were for actual refueling work

only, while after 1979 some refueling maintenance work was

included in the reported losses. This accounts for the rise

in 1980. If one considers only those plants reporting

maintenance done during refueling as a refueling loss, the
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average is approximately 10.1%, which is comparable to the

U.S. rate.

Figure 3.18 plots PWR refueling losses as a function of

reactor age. Japanese losses, as shown i.n the previous

figure, are the highest. The low refueling losses at age

1 are probably caused by less stringent inspection

requirements for plants just starting up, and because the

core contains relatively new fuel, reducing the need for a

full refueling in the first year. The 5.0% refueling loss

for age = 12 was from a single plant that had a very small

refueling and inspection outage for an unknown reason that

year. The German refueling losses fluctuate 5.0X around

an average of approximately 14.0* with no other apparent

trend. The Swiss refueling losses appear to show a decrease

as the plants get older. As in Figure 3.17, the trend

indicated is misleading as it arises from the inconsistent

reporting of refueling losses. The U.S. refueling losses

were fairly uniform with no increasing or decreasing trend

obvious. The lower refueling losses for ages 1 and 2 were

most likely the result of less fuel movement being done

during the first two refuelings because the fuel was

relatively new.

WR losses as a function of calendar year are plotted

in Figure 3.19. As with the PWR refueling losses, the

Japanese losses are the largest of all the countries.

Comparison of this figure with 3.18 shows that the PWR and

BWR refueling losses are almost identical, which is what
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should be expected when the mandatory inspections and

maintenance are critical path. The losses decreased with

time starting in 1977. The remainder of the losses shown in

Figure 3.19, for Germany, Switzerland, and the U.S., are

almost equal with the three countries averaging

approximately 10.0% refueling losses. No other trends are

visible in this figure.

The BWR refueling losses by reactor age are shown in

Figure 3.20. None of the countries exhibit any trends as a

function of reactor age. The U.S. and Germany do show a

peaking for the first several years after start-up. The

cause for this is unknown.
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Balance of Plant (BOP)

This section presents and compares all Balance of Plant

losses for Germany, Japan, Switzerland, and the United

States. Losses for France and Sweden could not be compared

because they were not available in sufficient detail. Total

BOP losses are compared first, followed by turbine,

generator, condenser, and CW/SW/CCW losses. As with the

NSSS losses, PWR's and BWR's are discussed separately.

3.3.1 Total BOP

PWR Balance of Plant losses are plotted over time in

Figure 3.21. The U.S. has had the highest BOP losses with

an average of 5.9$. This is more than double the losses of

any other country. The largest part of this loss is from

turbine and condenser problems which represent 33.9$ and

20.5% of the total BOP losses respectively. The Swiss have

the second highest overall losses with an average of 2.2%.

Of this, 81.8% percent is from turbine losses and 13.6X is

from CW/SW/CCW. As the figure illustrates, the Swiss BOP

losses appear to be improving. However, because of the

inconsistent reporting of the refueling losses, one of the

PWR's did not have any scheduled BOP maintenance as did the

other Swiss PWR's. Since this plant went into commercial

operation in 1980, the decrease in BOP losses from 1981 on
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occurred because the losses that were reported were averaged

over an additional plant. The German PWR's exhibit the

third highest BOP loss with an average of 1.9%. The large

yearly variations were from generator problems that

contributed an average of 52.6% of the total BOP loss.

Japan has had the lowest BOP losses with an average of

0.5. The large amount of inspection and maintenance that

is performed during refueling outages results in better

maintained equipment. Such equipment is less likely to

cause an outage, hence, the low BOP losses. As the figure

shows, what little BOP losses the Japanese PWR's have been

experiencing has been decreasing since 1975. Improvements

in turbine and CW/SW/CCW losses over the ten years were

responsible for the decreasing BOP losses.

Balance of Plant losses for PR's are plotted as a

function of reactor age in Figure 3.22. Consistent with the

previous figure, the U.S. has the greatest losses by age.

The U.S. BOP losses exhibit an obvious age dependence,

decreasing with age. This age dependence was primarily the

result of similar trends in condenser and turbine losses.

The Japanese PR's also exhibit a slight decline in BOP

losses by age as a result of improvements in turbine

performance. The remaining countries exhibit variation and

do not show any age dependencies.

BVW Balance of Plant losses are shown graphically by

year in Figure 3.23. Consistent with Figure 3.22, losses

average 1 to 3, with the exception of the U.S. The
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U.S. losses were again the largest, averaging 7.3%. This is

two and a half times the German BWR losses, which were the

second highest. The U.S. losses show an interesting trend,

decreasing steeply from 1975 to 1978 and then gradually

increasing from 1979 to 1984. Examination of the data

identifies OTHER BOP losses as responsible for the steep

decline in BOP losses from 1975 to 1978, while turbine

problems are responsible for the increasing BOP losses in

BWR's since 1979. German losses averaged 2.7% over the 10

year period with variation in the magnitudes of the losses.

Turbine problems contributed 40.7% of the average total BOP

loss with condensers responsible for another 33.3% of the

total. Both the Japanese and the Swiss have average BWR

balance of plant losses of under 1.0X. The Swiss BWR losses

show a slight improvement with age. This was due to

decreases in the turbine losses.

The BWR balance of plant losses are plotted by reactor

age in Figure 3.24. The U.S. losses show a steep decline

during the first several years of operation as a result of

decreasing losses that were attributed to OTHER BOP. The

losses then level out and fluctuate after age 5. German

BOP losses also decrease as a function of age in BWR's.

This trend, however, is a statistical occurrence resulting

from the combination of all data and cannot be attributed to

a single system. The plot of the Swiss data is identical

to that in Figure 3.23 because the Swiss have only one BWR.

Japanese BWR BOP losses show no age dependent trend.
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3.3.2 Turbines

PWR turbine losses are illustrated by calendar year in

Figure 3.25. For all of the countries shown there is a

common trend of decreasing losses with time. The losses of

Switzerland and the U.S. were approximately six times the

size of the German and Japanese losses. The reason for this

is unknown although it may be hypothesized that the Japanese

losses were low as a result of the extensive inspection and

maintenance that occurs during refueling outages. The

magnitude of the Swiss losses is deceiving because of the

inconsistency in the reporting of maintenance performed

during refueling.

Figure 3.26 plots the PWR turbine losses as a function

of reactor age. The Japanese losses, which were relatively

small, decrease with age. The U.S. losses show an unusually

high peak for the first two years of operation due to

outages at three plants lasting from two and a half to six

months. German and Swiss losses exhibit no age

dependencies.

BWR turbine losses are plotted by year in Figure 3.27.

The plot of the Gerran losses shows a small peak of 2 in

1976 and a larger peak of 6.2% in 1979. In both cases the

peaks were primarily the result of losses at a single

plant. The peak in 1984 was from larger losses at three of

the four German BWR's. Japanese turbine losses were almost

negligible, averaging 0.2%, and showing a slight decreasing
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trend with time. Like the Japanese curve, the losses from

the only Swiss BWR also decreased with time. If all

Swiss PWR refueling maintenance losses had been reported

under refueling, the Swiss turbine losses would most likely

average out to zero, based on the aggregate refueling losses

reported by the one PWR that did so. U.S. turbine losses

were on average nearly twice that of any of the other

countries. The peak in 1981 and 1982 was a result of larger

losses at 4 and 6 of the plants reporting turbine losses.In

addition, U.S. losses appear to be increasing in recent

years. The reason for this increase is unknown.

BWR turbine losses are shown by age in Figure 3.28. In

this figure all countries except Switzerland exhibit

fluctuation in the turbine losses with no significant trends

identifiable. The Swiss curve is identical to that in

Figure 3.27. The U.S. curve, although it has a large amount

of variation, appears to show a tendency for BWR turbine

losses to increase with reactor age. Examination of the

data shows that ost of the losses can be attributed to

large outages at only one or two individual plants. As a

result, the data does not show a trend representative of all

the plants in the U.S.
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3.3.3 Generators

PWR generator losses are plotted as a function of time

in Figure 3.29. The Japanese have not had any generator

problems in their PWR's while the Swiss have had negligible

losses. Germany and the U.S. show losses averaging

approximately 1.0% with matching peaks in several years.

Examination of the data indicates that the majority of the

losses in the peaks were from a minority of the plants. The

U.S. peak in 1976 was from one plant with a 59.9* outage and

another with a 12.4% outage, averaged over 30 commercial

PWR's. Together the two plants represent almost 90.0 of

the total generator loss for 1976. The U.S. peak in 1981

was caused by three out of forty-six plants contributing

80.0* of the loss. Again in 1983 the U.S. peak was caused

by four out of fifty-two plants contributing 90.0S of the

losses. The German peak in 1977 is a significant peak with

three out of five plants contributing. The large German

peak in 1983 has one out of seven plants contributing 84.4%

of the total generator loss. Since the majority of the

large losses were from a small minority of the plants, these

curves do not show losses that are representative of all the

plants. However, the nuclear industries in both Germany and

the U.S. have in general shown substantially more generator

losses than have Japan or Switzerland.

The PWR generator losses by reactor age are given in

Figure 3.30. Since the peaks in this figure correspond to
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the peaks in Figure 3.29, generator losses as a function of

age do not indicate anything further.

BWR generator losses are plotted by year in

Figure 3.31. Averaged from 1975 through 1984, BWR generator

losses have been almost negligible, averaging 0.5% or less.

Compared to the PWR generators, the BWR's have performed

better. The fact that BWR generators spin slower than their

PWR counterparts may account for this. The Swiss have had

virtually no problems with their generators while the German

and Japanese losses have also been small with only a couple

of plants contributing to the losses shown. The U.S. has

had more generator losses than the other countries,

averaging 0.5X, which is five times the averages of the

others. In comparison with the data for the U.S. PWR's, the

BDR's have had less than half the generator related losses.

As with the P's, the majority of the generator losses in

U.S. BWR's has come from only a fraction of the operating

plants. In 1977, 83.3% of the losses were from only one of

the twenty-one BWR's, while from 1978 to 1980 at least half

the losses reported were from a small number of plants. In

1983, two plants contributed 90.2% of the generator losses.

The BR generator losses are plotted as function of age

in Figure 3.32. The U.S. losses are predominant over the

losses from the other countries. The age dependent trend

shown by the U.S. curve is misleading. The relatively high

loss in the first year is from one plant which contributed

81.7 of the total loss. If this plant is removed from the
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data the loss for the first year is around 0.3% which is
consistent with the rest of the data. The peak at age 11

for the U.S. was also one plant out of ten causing 86.7 of

the loss. The Japanese BWR's range in age up to 14 but all

of their generator losses have occurred in plants younger

than age 7. This age dependent trend may or may not be

significant as the number of data points is low and the

first several years of data is missing from the older

plants.
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3.3.4 Condensers

PWR condenser losses are shown as a function of time in

Figure 3.33. As mentioned previously, data for condenser

losses was only available for Germany and the U.S. The

U.S. losses, averaging 1.8%, were six times higher than the

average of the German losses. Many plants contributed to

the averages in the U.S. so the data is not as sensitive to

outages at individual plants. In Germany there are far

fewer PWR's and the contributions were evenly spread over

most of the plants with losses. The exception to this was

in 1975 and 1977 when one plant contributed 66% and 78%

respectively.

The same losses as a function of reactor age are shown

in Figure 3.34. Both the U.S. and German condenser losses

show an age dependence, with the older plants having smaller

losses. It is not possible to determine with the data

collected whether the losses are decreasing with age, or

whether there is a technological reason why the older plants

generally have fewer losses.

BWR condenser losses are given by year in Figure 3.35.

Again the U.S. losses were higher than the German losses

although the difference is not as great as it was for the

PWR's. The U.S. losses show a slight improvement from 1975

to 1984. The improvement is significant because nearly all

of the U.S. BWR's contributed condenser losses each year.

The German losses show a curve that peaked in 1981 as a
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result of an 11.6X loss at a single plant averaged over four

plants. Unlike the U.S., where nearly every BWR had

condenser losses each year, only about half the German BWR's

had condenser losses in any given year.

In Figure 3.36 the BWR condenser losses are plotted by

reactor age. The U.S. losses were relatively uniform as a

function of age. In Germany, however, the figure shows an

age dependence with the older plants contributing fewer

losses than the younger plants. The peak at age three was

from the 11.6% outage mentioned in the preceding paragraph.
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3.3.5 CW. SW. and CCW Systems

PWR losses as a function of time are shown in

Figure 3.37 for the circulating water, service water, and

component cooling water systems (CW/SW/CCW). For all of the

countries shown the average losses were quite small, less

than 0.3%. Germany has the lowest losses of any of the

countries, showing negligible losses. Japanese losses show

an improvement over time as not only the fraction of plants

affected by losses drops, but also the magnitude of the

losses decreases. The peak in 1975 was primarily due to a

large outage at one plant. The U.S. and Switzerland both

had the highest CW/SW/CCW losses averaging 0.3% each. Each

had a peak that was from larger losses at one or two plants.

Figure 3.38 shows the PR CW/SW/CCW losses as a

function of reactor age. Fluctuation can be seen in the

losses but this is insignificant since the magnitude of the

losses is small. Japanese losses show an improvement over

age with no losses being contributed by plants over seven

years of age. The Swiss peak at age 1 was from a single

outage at one plant and is not significant. U.S. losses are

spread over all ages and do not exhibit any trend.

BIWR CW/SW/CCW losses are plotted by year in

Figure 3.39. As with the PWR's, the average losses are

almost negligible. U.S. losses were the largest, averaging

0.4% and showing an improvement with time. German losses
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appeared in 1979 and have improved since then. Swiss losses

were small and occurred in only three years.

BWR CW/SW/CCW losses plotted in Figure 3.40 as a

function of age indicate that none of the countries exhibits

an age dependence.

273



0O§)o

0 0

L f a 3 -

0 °I I I01
C)

C )

, 3

>O
,. o
O .

\
O \

LOL

0 ' 1 ' 0 e N a 0 V 0
3 N N( N " - _ O O O0
0 0 0 0 0 0 0 0 0 0

(A4.odoO liHn ;o uoqo..)

ssol !0odoo

274

O

L.

Ie(

^ -.4-

4

rE)I
rn

Q)
L
31

aJ
0-,

do

0o

0

U,

- - -

I



c f

o io :

( I I .

1

(o

In

4,

(L

" 0

O0

0

It

N

I-

0 0 0 ' N 0O 0 4 ' N O
N - ,- ,- - O O O O
O O O O O O O O O O

(Aodo3 Ilinj o uo poJ)

ssol p!oodD3

275

Q)

<~

0
-U

0

,4-J

I
w
o
L
0

e
0

0

00

- Q)
L

0'CJI

LL

> U)
m ,,

I)
U)

(0 O
TO

3 I

0U

a)



* Coo
%. >1 I .

0 OioO iH
enL V 

N O N 0 O 1 Nr O
N N N - - - - O O O O
O O O O O O O O O O O O

( oodo lln lo WO.JP )

ssol 4p!odD

276

>% 
m 

4-i

m (nn 0 >
n CO

0 JO

O\L

L U
Lf

0 -
x

3
m

Pi
0

0

0

0 L.

0

(0NN

_ __ I_ _ __ _ __ __



C

Z)- c I

D I I

O I II :

0 0 (0 N O 0 (0 N 0
N g VI - P O O O O0o 0 0 0 0 0 0 0 0 0

(A.od3 jlnj ;o uoqooJ)

ssol p!:DdDo

277

0

rr

Q)
L
J
C0I

0-,

0
0

mV)

4..IV

U)

Ir

no 

flU

0
UCL 

x

m

N

'-

, O

g-m
U)

10,£ 0
L

N 
4i C
a,

Ir a

N



3.4 Economic

In this section the economic losses are compared. As

mentioned in Section 3.0, economic losses are dependent upon

the performance index used. The main difference in economic

losses between capacity and energy availability is that

economic grid losses are included when capacity is used.

This must be considered when examining the figures below.

PWR economic losses are plotted by year in

Figure 3.41. Sweden, with capacity as the performance

index, had the highest average loss of 4.5%. The losses

fluctuate because Sweden had no more than three commercial

PWR's in any given year. U.S. economic losses, using energy

availability as the performance index, were slightly more

than half the size of the average Swedish losses and show

little fluctuation. In addition, the U.S. losses also show

a slow improvement with time. Since almost all the

U.S. PWR's contribute to the average loss each year the

improvement has significance. Swiss economic losses,

averaging less than 1.0% using capacity as an index, also

show very little fluctuation. The Swiss losses appear to

be increasing slightly in recent years. The German economic

losses, with energy availability as the performance index,

show some fluctuation with no indication of a trend. Most

of, the German economic losses were from fuel cycle

extensions. The large peak in 1979 was the result of fuel
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conservation and fuel cycle extension at two plants. The

Japanese have had negligible economic losses.

The economic losses are plotted by reactor age in

Figure 3.42. The German and Swedish losses fluctuate and do

not show any dependence upon age. The U.S. and Swiss

economic losses show very little fluctuation. In addition,

the U.S. economic losses appear to decrease with age.

BWR economic losses are shown by year in Figure 3.43.

The U.S. and Sweden have had the highest BWR economic losses

with averages of 3.1X. In both countries the losses

increased with time. The Swiss, with only one BWR, have

averaged 1.8% losses, a little more than half that of the

U.S. and Sweden. The Swiss losses have been slowly

decreasing with time. German economic losses, mostly caused

by fuel cycle extension, started in 1979 and have shown no

increasing or decreasing tendency. The Japanese have had

insignificant economic losses averaging 0.2%.

BWR economic losses are plotted by age in Figure 3.44.

The German, Swedish and U.S. data fluctuate without obvious

trends, although the U.S. may have a slight increasing age

dependence. The peak in the U.S. data at age 10 is

statistically significant while the peak at age 13 had one

plant that contributed 80.6X of the total loss. The one

Swiss BWR has shown decreasing economic losses as a function

of age which is consistent with the time dependency observed

in Figure 3.43.
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3.5

PWR losses caused by human error are plotted over time

in Figure 3.45. Losses for all countries were generally

small, averaging 0.5X or less. The U.S. has had the highest

losses with an average of 0.SX. Although there is

fluctuation in the U.S. losses, the peaks in 1978, 1981, and

1984 were the result of losses at a significant number of

plants, and not from large outages at one or two plants as

in the peak of 1976. Thus, human losses in U.S. PWR's are

generally increasing. Whether this is actually a trend or

whether the industry is admitting to more of their mistakes

is unknown. The Swedish PWR's have shown the second largest

human losses with an average of 0.2%. All of the losses

prior to 1984 were from one plant in each year. The French,

Japanese and Swiss PWR's have had little or no human

losses.

The PWR human losses as a function of age are shown

graphically in Figure 3.46. No trend is apparent for the

U.S. plants as the peak in the second year corresponds to

the single outage mentioned above in 1976. Human losses in

the Swiss PWR's have only occurred during the first six

years of operation. The Swedish data shows only fluctuation

with no trend.

BVR losses caused by human error are plotted over time

in Figure 3.47. The U.S. is the only country showing

significant losses with an average of 0.7. In addition,
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human losses in U.S. BWR's have been increasing since 1975.

As with the PWR's, this may be caused by less reluctance on

the part of the industry to report outages resulting from

human error.

The BWR human losses are plotted as a function of plant

age in Figure 3.48. In this figure the U.S. losses appear

to improve with age. The peak at ages 1 and 2 is comprised

of outages from many plants and is therefore significant.

The peaks at ages four, eight, and fifteen all had one plant

contributing a large fraction of the losses. The trend

indicated could be the result of the greater personnel

experience at the older plants.
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3.6 Regulatory

PWR regulatory losses are plotted over time in

Figure 3.49. The French, Japanese, and Swiss plants have

reported no regulatory losses. Germany, Sweden and the

United States have all had regulatory losses with averages

of 0.9%, 4.4X, and 10.9% respectively. The reported German

regulatory losses have generally been small, never amounting

to more than 2.8% average per year. In all years except

1976 and 1984, when there were relatively large losses at

single plants, average losses have been less than 0.8X.

Swedish regulatory losses have been only 40* as high as the

U.S. losses. From 1975 to 1982 the losses shown were from

single plants. The large peak spanning 1982 and 1983

affected only two units. The specific issue requiring the

shutdown of the plants is unknown. Regulatory losses have

been the highest in the U.S. From 1975 to 1978 U.S. losses

were less than 5.3X. In 1979, after the accident at Three

Mile Island, regulatory losses jumped to over 16% and have

not dropped below 10* since. Both TMI reactors have been

included in the losses. The inclusion of the damaged

reactor adds at most only 2.2% to the total regulatory loss.

PWR regulatory losses are plotted as a function of

reactor age in Figure 3.50. Generally one would not expect

regulatory losses to exhibit an age dependence since

regulatory issues are time dependent. However, certain

issues may affect older plants more severely than the
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younger ones. The German losses are spread out over all

ages and show no age dependence. The Swedish losses have a

peak at ages two and three which corresponds to the large

losses in 1982 and 1983 that were mentioned above. The

U.S. regulatory losses show an average of approximately 9%

from ages 1 through 12, with several large peaks occurring

at ages 13 and 16. The peak at age 13 is composed of large

outages at four out six plants, while the peak from age 16

to age 17 is from lone units contributing over 96 of

the loss for that age. Regulatory losses from increased

regulation in the wake of the TMI accident were generally

spread over reactors of all ages. The abrupt age dependency

shown may be the result of this regulation having a greater

impact on older plants with technologically inferior

design and/or equipment.

BWR regulatory losses are shown graphically in

Figure 3.51. German regulatory losses were the largest with

an average of 11.3%, just exceeding the U.S.'s average of

10.4%. The German data exhibits two large peaks, one in

1976 and the other in 1979 and 1980. The first peak was the

result of a single large outage at the only BWR commercial

at that time. The second peak arises from a very large

outage at one plant that was spread over two years. The

plot of the U.S. data shows that the BWR regulatory losses

have been steadily increasing with time, from 7.4% in 1975

to 21.8% in 1984. Sweden reported almost negligible losses

with an average of 0.7X. Swedish losses doubled in 1980
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most likely as a result of TMI. Japan and Switzerland

reported no BWR regulatory losses.

BWR regulatory losses as a function of reactor age are

plotted in Figure 3.52. The German losses are all clustered

about the ages 3 and 4. This peak corresponds to the

peaks exhibited by the German data in Figure 3.51. The plot

of the U.S. losses shows some fluctuation in the older

plants with a general trend of increasing losses with age.

Again, this could have been the result of a differential in

the impact in regulation between younger and older plants.

As in. the previous figure, the Swedish losses are fairly

evenly distributed over age.
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Discrepancies in Performance

In this chapter the discrepancies in nuclear power

plant performance will be discussed. Using the results of

the data analysis in Chapters 2 and 3, the performance of

countries that performed well will be compared with that

from countries that performed poorly. The result of this

chapter will be the identification of the systems and

operations that have been causing low performance. PWR and

BWR performance will be discussed separately and unless

otherwise stated, all averages given are over the entire

study period from 1975 to 1984.

4.1 Pressurisaed Water Reactors

Table 4.1 contains a sumary of the average PWR

performance over 1975 to 1984 for each category. The

countries are ordered from left to right by decreasing

overall performance; The losses shown are for combined

forced and scheduled losses. The exceptions to this

are France and Sweden where the data shown is only for

forced outages. The Swiss data shown is for all three

PWR's. However, the Swiss reporting of maintenance

performed during refueling was inconsistent with that done

in the other countries. Therefore, the data for the one

Swiss PWR that reported maintenance performed during
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Table 4.1 - Summary of Average PWR Performance
(Percent of Full Capacity)

Category

Fuel

RCS

SG

Refuel

NSSS
Other

Turbines

Generator

Condenser

Cw/ SW/CCW

BOP' Other

Economic

Human

Regul.

Capacity
Factor

Switz.

0.1

3.4

2.7

4.7

0.0

1.8

0.0

0.3

0.1

0.7

0.0

0.0

(0.7)

(0.3)

(0.1)

(12.5)

(0.0)

(0.1)

(0.0)

(1.0)

(0.1)

(1.2)

(0. 0)

(0.0)

85.8

Ger.

0.1

0.8

0.5

15.2

0.6

0.3

1.0

0.3

0.0

0.2

1.5

0.2

0.9

78.2

Fra. *

0.0

0.5

0.5

0.0

2.6

0.6

0.7

0.3

0.1

1.2

0.0

0.1

0.0

73.1

Jap.

0.0

0.2

1.6

32.5

0.3

0.3

0.0

0.2

0.0

0.1

0.0

0.0

63.3

U.S.

0.0

3.3

2.5

10.7

1.5

2.0

1.3

1.8

0.3

0.6

2.5

0.5

10.9

60.2

* Forced outages only.
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Swe. *

0.1

0.0

8.4

0.0

3.1

0.5

1.1

2.9

4.0

4.5

0.2

4.4

54.4



refueling consistent with the other countries is given in

the parenthesis. The data in parenthesis will be used in

the comparisons made below.

As is indicated by Table 4.1, the overall PWR

performance separates the countries into two distinct groups

with approximately a 10% gap in performance between them.

The Swiss, German, and French PWR's are in the high

performance group, while the Japanese, U.S. and Swedish

PWR's are in the low performance group.

Reactor coolant system losses have been reported by all

the countries except Sweden. The losses have been generally

small, less than 1X, and have not differed substantially

with the exception of the U.S. In the U.S. PWR RCS losses

have averaged 3.3%. Thus, while RCS losses have not

contributed to the performance discrepancies of the other

low performance countries, they have contributed to the

U.S. discrepancy.

Table 4.1 shows that steam generator losses have

differed between the high and the low performing countries.

Losses in the high performance countries have averaged 0.5%

or less. All of the low performance countries have reported

much higher losses. The Japanese have reported losses of

1.6, while the U.S. and Sweden have reported losses of 2.5%

and 8.4X (forced only) respectively. As a result, steam

generator losses are a significant contributor to the

differences observed in PWR performance between countries.
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Differences in refueling losses have not contributed to

the low performance observed in the U.S. or Sweden. The

Japanese PWR's, however, have had large refueling losses for

mandatory inspections and maintenance which have

significantly affected performance. From the view point of

overall performance, these large losses have not helped to

significantly reduce other losses. The German PWR's have

had losses very similar in magnitude with those of the

Japanese PWR's. However, the German plants have had 17.3X

less refueling losses than the Japanese. This accounts for

all of the difference in the overall performance between the

two countries. This does not say, however, that the

Japanese have not benefitted in plant reliability and safety

as a result of the large amounts of maintenance performed.

Turbine losses do not appear to be a major factor

in PWR performance as the losses in both groups have been

low. U.S. losses have been somewhat higher and have

contributed to the lower U.S. PWR performance.

Condenser losses were available only for the U.S. and

Germany as condenser losses in the other countries were

assigned to BOP OTHER. Examination of the BOP OTHER

category in Switzerland and Japan indicate that any

condenser losses that do exist are small. In France or

Sweden the losses could have been as high as 1.2% and 4.0%

respectively, or higher. It is not possible to absolutely

conclude whether condenser problems have contributed to low

performance. However, condenser losses do represent 1.5 of
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the discrepancy in performance between the U.S. and German

PWR's.

Losses in the circulating water, service, and component

cooling water systems (CW/SW/CCW) have been small in almost

all the countries, averaging 0.3% or less. The exception is

Sweden where the losses in the CW/SW/CCW have accounted for

at least 2.9 percentage points of the difference in

performance between Swedish PWR's and those in other

countries.

Economic losses in general have been larger in the low

performance countries with the U.S. and Sweden averaging

2.5X and 4.5% respectively. The high performance countries

have averaged 1.5% or less, resulting in a minimum

difference of 1. As a result, economic losses account for

at least 1% of the performance difference observed between

the high and low performing countries.

Regulatory losses have clearly been the most

significant cause of low performance. Of the high

performance countries, the Swiss and the French have had no

regulatory losses while the Germans have reported less than

1%. Regulatory losses in the low performance countries have

been considerably higher with 4.4% being reported in Sweden

and 10.9% in the U.S. The U.S. regulatory losses from the

undamaged TMI unit account for only 1.3 percentage points of

the U.S. regulatory losses.

Fuel, generator, and human losses have been distributed

relatively evenly across the PWR's in both the low and the
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high performance countries. Therefore, they are not major

contributors to low performance.

From the above discussion of the PWR data, it can be

concluded that regulatory, steam generator and economic

losses are the common causes of low performance in PWR's.

For the U.S. the difference in losses in these three

categories and the French losses amounts to over 15X. This

is greater than the total difference in the U.S. and French

PWR performance.

4.1 Boiling Water Reactors

Table 4.2 contains a summary of the average BWR

performance over 1975 to 1984 for each category. The

countries are ordered from left to right by decreasing

overall performance. The losses shown are for combined

forced and scheduled losses. The exception to this is

Sweden, where the data shown is only for forced outages.

The division of the countries into the BWR high and low

performance groups is also based on a 10t performance gap.

The high BWR performance countries are Switzerland and

Sweden, while the low performance countries are Japan,

Germany and the U.S.

Fuel losses is one area where the high and the low

performance countries differ. The high performance

countries have had almost no fuel losses, while the U.S. and
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Table 4.2 - Summary of Average BWR Performance
(Percent of Full Capacity)

Category

Fuel

RCS

Refuel

NSSS Other

Turbines

Generator

Condenser

cw/sw/ccw

BOP Other

gconomic

Human

Regul.

Capacity
Factor

* Forced outages only.
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Switz.

0.0

0.5

8.8

0.0

0.6

0.0

0.1

0.1

1.8

0.0

0.0

88.0

Swe. *

0.1

0.2

0.0

1.9

1.1

1.5

2.2

3.9

3.1

0.0

0.7

71.9

Jap.

1.3

0.3

33.1

0.2

0.2

0.1

0.2

0.1

0.2

0.0

0.0

61.0

U.S.

2.3

4.5

9.1

2.6

2.1

0.5

2.2

0.4

2.1

3.1

0.7

10.4

58.0

Ger.

0.0

17.5

11.8

2.9

1.1

0.1

0.9

0.3

0.3

1.6

0.0

11.3

51.1



Japan have averaged 2.32 and 1.3% respectively. Part of the

reason for this is the General Electric PCIOMR fuel

recommendations that both countries follow. Thus,

differences in fuel losses have contributed to the

discrepancy in overall BWR performance.

Reactor coolant system losses has also been another

area where losses in the two groups have differed. The

high performance countries have had RCS losses averaging

less than 0.6. In contrast, two of the low performance

countries have had large RCS losses. The U.S. has reported

4.52 lost to RCS problems while Germany has reported 17.5.

Part of the reason for Germany's high losses has been

massive pipe replacements. The pipe replacements have

affected other systems as well but it was not possible to

separate out the losses for each system. Therefore the

losses were assigned to the CS, making it larger.

Refueling losses have generally not differed too

greatly between the groups with the exception of Japan. As

with the PWR's, the BWR's undergo large, mandatory

inspections and maintenance at each refueling that result in

an average of 33.1% lost to refueling.

Regulatory losses are the largest contributor to the

difference between high and low performance. In the high

performance countries regulatory losses were only reported

at the Swedish BWR's and averaged 0.7%. In the low

performance plants the U.S. and Germany had large regulatory

losses averaging 10.4% and 11.3X respectively.
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Turbine, generator, condenser, CW/SW/CCW, economic and

human losses have been distributed relatively evenly across

both the low and the high performance countries. Therefore,

they are not major contributors to low performance.

From the above discussion of the BWR data, it can be

concluded that regulatory losses, reactor coolant system

losses and fuel losses are the largest causes of performance

discrepancies in PWR's. For the U.S. and Germany,

differences in losses in these three categories accounts for

approximately 16 and 27.6 percentage points of the total

losses respectively.
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Summary and Conclusions

In this section of the report the major findings of

this study will be summarized. Three subsections will

cover the overall performance of the nuclear power plants,

discrepancies in performance, and trends in performance.

A final section gives recommendations for future work.

The definitions of forced and scheduled outages used to

compile the data varied from country to country. As a

result, meaningful comparisons of forced and scheduled

losses between countries could not be made.

5.1 Overall Performance

In this section of the conclusions; the overall

performance from 1975 to 1984 will be given for each

country. In addition, the average performance and visible

trends over the last three years from 1982 to 1984 will be

given. This information is given in list format by reactor

type. The numbers in parenthesis represent the ranking of

the performance with respect to that of other countries.

Unless otherwise stated, all averages are over the ten year

period from 1975 to 1984.
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The overall performance for the PWR's is listed by

country below:

Swiss PWR capacity factors have averaged 85.8%
(1). Over the last three years performance has
slowly been increasing, averaging 86.9% (1).

German PWR energy availability factors have
averaged 78.2% (2). Over the last three years
performance has fluctuated, averaging 82.4% (2).

French PWR energy availability factors have
averaged 71.3% (3) from 1982 to 1984. Over the
last three years performance has averaged 71.3%
(4).

Japanese PWR capacity factors have averaged 63.3%
(4). Over the last three years performance has
been approximately constant, averaging 73.1% (3).

U.S. PWR energy availability factors have averaged
60.2% (5). Over the last three years performance
has slowly been rising, averaging 57.9% (5).

Swedish PWR capacity factors have averaged 54.4%
(6). Over the last three years performance has
been increasing, averaging 53.4% (6).

The overall performance for the BWR's is listed below:

Swiss BWR capacity factors have averaged 88.0%
(1). Over the last three years performance has
been approximately constant, averaging 89.3% (1).

Swedish BWR capacity factors have averaged 71.9%
(2). Over the last three years performance has
fluctuated, averaging 77.2% (2).

Japanese BWR capacity factors have averaged 61.0%
(3). Over the last three years performance has
generally been improving, averaging 70.3% (3).

U.S. BWR energy availability factors have averaged
58.0% (4). Over the last three years performance
has been decreasing, averaging 53.6X (5).

German BWR energy availability factors have
averaged 51.1% (5). Over the last three years
performance has been increasing sharply, averaging
59.0% (4).
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Discrepancies in Performance

In this section the discrepancies in nuclear power

plant performance will be discussed. Using the results of

the data analysis, several categories were identified for

each reactor type that represent the areas that have been

causing the major differences in reactor performance.

For PWR's, it was revealed that low performance has

resulted primarily from three categories. The most

significant of these was regulatory losses which was very

high in both the U.S. (10.9X) and Sweden (4.4), the two

countries with the lowest PWR performance. Steam generators

was another category in which there was a considerable

difference in losses between high and low performance

countries. In the three lowest performing countries,

Japan (63.3%), the U.S. (60.2%), and Sweden (54.4*), the

average steam generator losses were 1.6%, 2.5X, and 8.4%

respectively. In the highest performing countries the

average steam generator losses were less than or equal to

0.5. conomic losses was the final category identified as

a cause of differences in PWR performance. Losses for the

low PWR performance countries were from 1 to 3 percentage

points higher than those reported for the high PWR

performance countries.

For the U.S., the differences in losses for these

categories represents 13.5% of capacity. Additionally,
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reactor coolant system and turbine problems account for

another 3.9% of the performance difference.

For BWR's, it was determined that low performance

occurred largely as a result of losses in three areas. As

with the PWR's, the most significant of these was regulatory

losses which were again high in the U.S. and Germany,

averaging 10.4% and 11.3X respectively. Differences in

losses in the reactor coolant system also contributed to low

performance, particularly in the U.S. and Germany, averaging

4.5* and 17.5X respectively. Finally, fuel losses were also

identified as another common cause of low performance, with

the U.S. reporting 2.3X and Japanese 1.3%. In both of these

countries the General Electric PCIOMR fuel limits are

used.

For the U.S. and Germany, differences in losses in

these three categories accounted for 16 and 27.6 percentage

points of the total losses respectively.

5.3 Trends in Performance

In performing this study many time and age dependent

trends were identified. As the causes for these trends are

presently unknown, the trends are presented below in list

format by reactor type.
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The trends in PWR performance are listed by country below:

French PWR performance has been improving over
time from 63.1% in 1982 to 81.6% in 1984.

Japanese PWR balance of plant losses have been
decreasing over time from 5.02 in 1975 to 0.0 in
1984.

Japanese PWR balance of plant losses have been
decreasing with increasing age as a result of
improvements in turbine performance. Losses have
decreased from 1.9% at age 1 to 0.02 at age 9.

Japanese, Swiss, and U.S. PWR turbine losses have
all decreased with time. For Switzerland and the
U.S., the losses have decreased from approximately
3.4X in 1975 to approximately 0.8% in 1984.

d Swiss PWR reactor coolant system losses have
increased with increasing age: from 0.0% at age 1
to approximately 5.0% at age 14.

U.S. PWR reactor coolant system losses have
decreased with increasing age: from 5.7% at age 1
to 0.2t at age 14.

U.S. PWR steam generator losses exhibit an age
dependence, increasing with increased age: from
1.2t at age 1 to 18.92 at age 14.

U.S. PWR balance of plant losses have been
decreasing with increasing age as a result of
reductions in condenser and turbine losses with
increasing age. Losses have decreased from 10.7%
at age 1 to 0.8% at age 17.

U.S. PWR condenser losses have decreased as a
function of reactor age. Losses have decreased
from 3.3% at age 1 to 0.32 at age 17.

U.S. PWR economic losses have decreased over time
from 3.1% in 1975 to 1.92 in 1984.

The trends in BWR performance are listed by country below:

Japanese BWR NSSS losses have decreased from 45.4x
in 1978 to 27.2% in 1984. This was caused by a
similar reduction in refueling losses.
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Japanese and U.S. BWR fuel losses have been
steadily decreasing over time from approximately
3% in 1978 to approximately 1 in 1984. In the
U.S. this resulted from similar reductions in
losses from the General Electric PCIOMR.

Swedish BWR performance has been improving over
time from 64.6X in 1975 to 80.9X in 1984.

Swedish BWR performance has been improving with
age from 62.8% at age 1 to approximately 77% at
age 13.

U.S. BWR human error losses have been increasing
with time, from 0.4% in 1975 to 1.1 in 1984.

U.S. BWR regulatory losses have been increasing
with time, from 2.4 in 1977 to 21.8% in 1984.

5.4 Recommendations for Future Work

In this section three recommendations are made for

future work.

The first recommendation is to enlarge the scope of the

database used in this study. The data provided and used was

insufficient. Missing data for the years prior to 1975

prevented meaningful comparisons of performance as a

function of reactor age from being made. Therefore, any

work done in the future should use a complete database that

includes data from the beginning of commercial operation for

each nuclear plant.

As mentioned in Section 1.4.3, the statistical analysis

of the observations made in this report was left for further

study. Now that the trends and discrepancies have been
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identified, a statistical analysis would be helpful in

determining the significance of these observations.

The last recommendation concerns the collection of

international performance data. Presently, the performance

data reported by each country is dependent upon the

definitions used for the outage types, plant systems and the

performance indices. As a result, international performance

comparisons are subject to inconsistencies in the data. To

eliminate this problem it is recommended that a standardized

set of outage type and plant system definitions be devised

to facilitate consistent reporting of performance data. As

each country has its own definitions, the standardized set

of definitions should be sufficiently detailed so that all

other definitions are a subset of the standard. This would

permit countries to continue using the definitions currently

in use, while still allowing consistent international

comparisons to be performed. To implement such a standard,

the data for each country would have to be reported with the

additional detail required by the standard definitions.

Each country could then examine the data with the

definitions it finds useful by aggregating the standardized

definitions.
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Appendix A - Definitions and Abbreviations

= Alabama Power Company

= Arkansas Power & Light

Badenwerk & Energie-Versorgung Schwaben
AG

BAY

BEC

BG8

BKW

BOL

BOP

BWR

Capacity
Factor

CCW

CIC

CF

CHB

CEIG

CPC

CPL

CW

CWE

DLP

DPC

EAF

= Bayernwerk AG

Boston Edison Company

= Baltimore Gas & Electric Company

= Bernische Kraftwerke AG

= Beginning of Life

Balance of Plant

- Boiling Water Reactor

= The ratio of the net electrical energy
generated in a period to the product of
net electrical rating and the period
length
= (NIG)/((NIR).(PL)]

Component Cooling Water System

= Consolidated Edison Company

Capacity Factor

Chubu Electric Power Company

Chugoku Electric Power Company

Consumers Power Company

Carolina Power & Light Company

Circulating Water System

-= Commonwealth Edison Company

Duquesne Light Company

Duke Power Company

Energy Availability Factor
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Appendix A - (Continued)

ECGL

EdF

Energy
Availability
Factor

EOL

FPC

FPL

GH

GKN

GPC

GPU

HEW

IEL

IMB

INPO

JAP

JCP

KEP

KGD

KWO

KYU '

MEC

MW

MWH

Externally Caused Generation Losses
(MWH.)

Electricite de France-

The capacity factor minus the ratio of
the Externally Caused Generation Losses
in a period of time and the product
of Net Electrical Rating of the plant
and the Period Length
= CF - (ECGL)/[(NER)-(PL)]

End Of Life

Florida Power Corporation

Florida Power & Light Company

Generator Hours Online

Gemeinschaftskernkraftwerk Neckar

Georgia Power Company

GPU Nuclear Corporation

Haburgiche lektricitats-Werke AG

Iowa Electric Light & Power Company

Indiana & Michigan Electric Company

Institute of Nuclear Power Operations

Japan Atomic Power Company LTD.

Jersey Central Power (GPU)

Kansai Electric Power Company, Inc.

Kernkraftwerk Gosgen-Daniken AG

Kernkraftwerk Obrigheim GbH

Kyushu Electric Power Company, Inc.

Metropolitan Edison Company (GPU)

Megawatt

Megawatt-Hours
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Appendix A - (Continued)

MYA Maine Yankee Atomic Power Company

NEG Net Electricity Generated (MWH.)

NER Net Electrical Rating (MW.)

NMP Niagara Mohawk Power Company

NNE Northeast Utilities

NOK Nordostschweizerische Kraftwerke AG

NPP Nebraska Public Power District

NSP - Northern States Power Company

NWK = Nordwestdeutsche Kraftwerke AG

OKG OKG Aktiebolag

OPEC-2 Operating Plant Evaluation Code - A
database containing the U.S. performance
data

OPP Omaha Public Power District

PR - Preussische laktrisitats AG

PEC = Philadelphia Electric Company

PEG Public Service Electric & Gas Company

PL = Period Length (Hours)

PNY z Power Authority of New York

PPL Pennsylvania Power & Light Company

PSC Portland General Electric Company

PWR = Pressurized Water Reactor

RCS = Reactor Coolant System

RGE Rochester Gas & Electric Company

RH = Reserve Hours or the number of hours the
plant was available but not operating

RWK = Rheinisch-Westfalisches
Elektrizitatswerk AG
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Appendix A - (Continued)

Rx

SAB

SCE

SCG

SG

SHI

SMU

SSP

SW

TIC

TEP

TAT

Time
Availability
Factor

TOH

TVA

VBP

VYA

WMP

WPS

= Reactor

= Sydkraft A.B.

Southern California Edison

= South Carolina Electric & Gas Company

Steam Generators

= Shikoku Electric Power Company

= Sacremento Municipal Utility District

= Statens Vattenfallsverk

Service Water system

Toledo Edison Company

Tokyo Electric Power Company

Time Availability Factor

The faction of time the facility was or
could have been operating = ( +
RH)/(PL)

= Tohoku Electric Power Company, Inc.

Tennessee Valley Authority

= Virgina Electric Power Company

2 Vermont Yankee Nuclear Power Corporation

* Wisconsin Electric Power Company

S Wisconsin Public Service Corporation
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Appendix B - Sample Calculations

Calculation of Capacity and Energy Availability Factors

[ECGL]
CF + ----------------

(NER] [PL]

(NEG]

[NER] [PL]

= Capacity Factor

Energy Availability Factor

Externally Caused Generation Losses
(Megawatt-Hours)

= Net Electrical Generation
(Megawatt-Hours)

= Net Electrical Rating (Megawatts)

- Period Length (Hours).
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CF

where:

CF

EAF

ECGL

NBG

NBR

PL



Appendix B - (Continued)

Calculation of Weighted Averages and Standard Deviation

z w(i) · x(i)
x(ave) -------------

Z w(i)

1/2

z w(i)

where:

w(i) = weighting factor for the ith data
point. The ratio of the number of
hours as a commercial plant in a
given year, to the number of hours
in that year

x(i) = value of ith data point

x(ave) = the average of all x(i)

a = standard deviation of all x(i)
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Appendix C - Data Information

This appendix contains information pertaining to the

collection of the data used in this study. This includes

the source, scope, and assumptions and limitations of the

data. Each country will be discussed individually.

Several tables are provided for reference. Table C.1

is a listing of the system category assignments that were

used for the collection of the U.S. data. Deviations from

these assignments in the data for the remaining five

countries, if known, are indicated in the appropriate

section. Table C.2 and Table C.3 list the number of

reactors or data points that make up the data each year and

age respectively. These numbers are the same as those found

in parenthesis in one of the data tables in Chapter 2.

This table should be consulted when examining the figures in

this report to insure the significance of any observations.

Table C.4 is a listing of the data breakdown provided by the

sources given below and is needed to determine which

comparisons can and cannot be made.
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Table C.1 - Listing of System Category Assignments

Condenser

Auxiliary Feedwater System
Condensate System
Condenser
Feedwater System
Makeup Water System

CW/SW/CCW

Circulating Water System
Component Cooling Water System
Service Water System

Economic

Fuel Economic
Coastdown to Refueling and Fuel Depletion
Fuel Conservation

Grid Economic
Load Following
Low System Demand and Spinning Reserve

Thermal Efficiency Losses

Fuel

BER PreConditioning Interim Operating Management -
Recommendations (PCIOMR)

Fuel Densification
Fuel Failure
Fuel Failure - Off Gas Limits
RCS Activity

Generator

Human

Maintenance Error
Operator Error
Personnel Involvement Suspected to Have Precipitated

Event
Testing Error

· (no penalty for energy availability)
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Table C.1 - (Continued)

Other BOP

Auxiliary Systems
Auxiliary Boiler
Off-Gas Systems
Fire Protection Systems
Instrument/Service Air or Nitrogen Systems
Meteorological Systems
Process Computer
Radioactive Waste Systems
Seismic Instruments

Electrical
Cable Routing
Cable Splices and Electrical Connectors
Cable and Cable Insulation Fires

Electrical Systems
Safety Related Equipment
Switchgear/Buses

Structures
Auxiliary Building
Control Building
Main Steam Tunnel

Other NSSS

Chemical & Volume Control System
Containment System
Core Cooling System
Main Steam System
Reactor Core

BWR Control Rod Changes
Burnable Poison Problems
Core D/P
Control Rod Guide Tube & Nut
Control Rod Repatch
Foreign Object in Core
Poison Curtain Changes
Poison Curtain Vibrations
LPRM Vibrations

Reactor Trip System
Reactor Water Cleanup System
Safety Injection System
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Table C.1 - (Continued)

Other (non BOP OTHER or NSSS OTHER)

Initial Plant Startup/Operator Training
Paired Unit Impact
Refueling Maintenance
Utility Grid (Non Economic)*

Grid Maintenance
Loss of Offsite Power or Other Electrical

Disturbance
Loss/Rejection of Load

Reactor Coolant System

Refuelin

Core Physics Tests
Refueling
Refueling Equipment Problems

Regulatorv

BWR Fuel Limits
Maximum Critical Power Ratio
Maximum Average Planer Heat Generation Rate
General Thermal Limits

EPA Discharge Limit
Excessive ish Kill
Licansing Proceedings and Hearings
Regulatory/Operational Limit
Regulatory Requirement to Inspect for Deficiency
Regulatory Requirement to Modify Equipment
Safety Restrictions

ECCS Peaking Factor (PWR)
ROL Scram Reactivity/Rod Worth Restrictions
Core Tilt/Xenon Restriction
BWR Thermal Limits
Thermal Power Restriction
Reactivity Coefficient

Unavailability of Safety Related Equipment

Steam Generators

Turbines

Undefined Failure

(no penalty for energy availability)
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Table C.2 - Number of Nuclear Plant Data Points by Year

Year

Country 75 76 77 78 79 80 81 82 83 84

France
PWR

Germany
PWR
BWR

Japan
PWR
BWR

Sweden
PWR
BWR

Switzerland
PWR
BWR

United States
PWR
BWR

0 0 0 0 0 0 0 19 19 24

3 4 5 5 6 6 6 7 7 7

1 1 2 2 3 4 4 4 4 4

4 5 6 6 8 8 9 10 10 11
3 5 5 9 10 10 10 11 11 13

1 1 1 1 1 1 2 2 3 3

2 4 4 5 5 5 7 7 7 7

2 2 2 2 2 3 3 3 3 3

1 1 1 1 1 1 1 1 1 1

27 30 36 39 40 41 46 47 49 52
18 19 21 21 22 22 22 22 23 25

Table C.3 - Number of Nuclear Plant Data Points by Rx Ae

Country 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

France
PWR 8 14 14 13 6 5 2 0 0 0 0 0 0 0 0 0 0

Germany
PWR 5 5 5 5 5 4 5 5 3 3 2 2 2 1 1 1 0

BWR 4 4 4 4 4 3 2 2 1 0 0 0 0 0 0 0 0

Japan
PWR 9 9 10 9 8 7 6 5 4 2 1 1 0 0 0 0 0
BWR 11 10 10 9 10 9 5 5 5 3 2 1 1 1 0 0 0

Sweden
PWR 3 2 2 2 1 1 1 1 1 1 0 0 0 0 0 0 0

BWR 5 6 6 6 5 5 5 4 4 3 1 1 1 0 0 0 0
Switzerland

PWR 1 1 1 2 2 2 2 2 2 2 2 2 2 1 1 0 0

BWR 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0

United States
PWR 37 36 41 37 38 38 35 34 29 26 15 11 6 5 3 2 2
BWR 14 12 17 19 20 21 21 21 19 16 10 10 5 3 2 0 0
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Table C.4 - Summary of Data Breakdown Available by Country

Category Fra FRG Jap Swe Swi USA

Forced NSSS Fuel X X X X X X

RCS X X X X X X

SG X X X X X X

Refuel X X X

Other X X X X X X

Total X X X X X X

BOP Turbine X X X X X X

Generator X X X X X X

Condenser X X X

CW/Sw/CCw x x x x x x

Other X X X X X X

Total X X X X X X

Economic X X X X X

Human X X X X X

Other X X X X X X

Total X X X X X X

Scheduled NSSS Fuel X X X X

RCS X X X X

SG X X X X

Refuel X X X X

Other X X X X

Total X X X X

BOP Turbine X X X X

Generator X X X X

Condenser X X

CW/SW/CCW x x x x
Other X X X X

Total X X X X

Bconomic X X X X X
Human X
Other X X X

Total X X X X X X

Regulatory X X X X X X

Unknown X X X X X X
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France

Source: The French reactor performance data was

compiled and provided by Electricite de France (EdF).

Scope. The data provided by EdF covered the 28 PWR

reactors for the years 1982 through 1985 representing 62.0

plant-years of experience. Data for years prior to 1982 was

not available in sufficient detail for use in this study.

Since the scope of this study was 1975 to 1984, the 1985

data provided was not included in the analysis. Table C.5

provides a summary and a list of the French reactors

included in the study.

Aaauaptiona and Zimitatioa. There are several

limitations in the French data which should be noted. The

most important of these is the extent of the disaggregation

of the data. Table C.4 lists the outage categories which

were provided by dF. Forced outages were provided in

disaggregate form whereas only the total scheduled outage

loss was provided. As a result, no systems comparisons were

made with the French data.

The definitions of forced and scheduled outages that

are used by the French nuclear industry are important when

comparing these losses to those in other countries. In

France, a scheduled outage may be of two types, either

planned or special. A planned outage is one that is planned

at the beginning of the year with a scheduled start date and
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a specified duration. Planned outages are for refueling and

maintenance. The duration of planned outages does not vary

from year to year. A special outage is for non-refueling

maintenance and is scheduled a minimum of three months in

advance. According to EdF, there are very few performance

losses associated with special outages. From the above

definition of a scheduled outage, a forced outage is then

defined to be any outage not planned at least three months

in advance. This is an important point as these definitions

are not the same as those used by other countries.

The economic losses for the French reactors consisted

of fuel cycle extension, load following, and load reduction

for optimum outage scheduling. Because the French load

follow with their reactors, and the breakdown of economic

losses was unavailable, the economic losses were not

included in the performance loss calculations. This

resulted in the energy availability data that was used for

this study.
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Table C.5 - List of French Reactors Included in Study

Summary:

Total Number of Reactors: 28
Plant-years experience: 62.0

Total Number of PWR's: 28
PWR plant-years experience: 62.0

Total Number of BWR's: 0
BWR plant-years experience: 0

Pressurized Water Reactors (PWR):

Name MWE Utility Commercial

BLAYAIS 1 910 EdF 12/81
BLAYAIS 2 910 EdF 2/83
BLAYAIS 3 910 EdF 11/83
BLAYAIS 4 910 EdF 10/83
BUGEY 2 920 EdF 2/79
BUGEY 3 920 EdF 2/79
BUGEY 4 900 EdF 6/79
BUGEY 5 900 EdF 1/80
DAMPIERRE 1 890 Ed? 9/80
DAMPIERRI 2 890 EdF 2/81
DAMPIERRI 3 890 Ed 5/81
DAMPIERR 4 890 EdF 11/81
FESSENEIM 1 880 EdF 12/77
FESSENBHIM 2 880 EdF 3/78
GRAVELINS 1 910 EdF 11/80
GRAVELINES 2 910 EdF 12/80
GRAVELINES 3 910 EdF 6/81
GRAVELINES 4 910 EdF 10/81
ST LAURENT BI 880 EdF 8/83
ST LAURENT B2 880 EdF 8/83
TRICASTIN 1 915 EdF 12/80
TRICASTIN 2 915 EdF 12/80
TRICASTIN 3 915 EdF 5/81
TRICASTIN 4 915 EdF 11/81

329



Germany

Source. The German data was compiled by Dipl.-Ing.

Ulrich Lorenz of the Technische Universitit of Berlin. The

data was obtained manually from plots of net reactor power

vs. time found in certain issues of the journal

Atomwirtschaft3- 19 over the specified years of interest.

Scope. The German data consists of performance data

for seven PWR's and four BWR's from 1975 to 1984. This

represents 54.6 and 27.7 plant-years of experience for each

plant type respectively. Table C.6 contains a summary and

listing of the German reactors included in the study.

Aasusptioas and isieations. The performance losses in

Germany were calculated by direct measurement of the power

vs. time plots found in Atowirtschaft. All losses for each

year were summed and the total loss was compared to

published values. Any discrepancy found was proportionately

spread over all losses. Table C.4 lists the outage

categories that were distinguishable in the above journal.

Capacity losses resulting from human error were not

distinguished from other outages in the reference mentioned

above. This does not mean that they do not exist in

Germany.

In the Federal Republic of Germany a policy known as

Basisicherheit, or "Basis Safety Concept" was developed in

1977 and became a legal requirement in 1979.20 The policy
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was formulated after pipe cracking was detected in some

BWR's. It called for substantial amounts of safety and

non-safety related piping to be replaced. The areas

affected were the main feedwater and steam lines, parts of

the pressure suppression system, and the reactor cooling

system.21 All of the losses were placed in the RCS

category. The actual system breakdown of outage time was

not available so that the amount of time spent on systems

other than RCS is unknown. The plants affected by this were

the following BWR's: Brunsbuettel, Isar I, Philippsburg 1,

and Wurgassen. No PWR's have yet been affected by this

policy.

For the Brunsbuettel reactor, RCS piping and other

nuclear grade piping inside the containment were replaced

during a refueling outage in 1983 as a result of the

Basisicherheit policy. The outage amounted to a 64.7%

capacity loss. Because some of the outage was RCS pipe

cracking related, the outage was divided between REFUEL

and RCS. This was accomplished by assigning the average

refueling loss (16.5*) for 1981 and 1984 to REFUEL, with the

remainder of the loss (48.2%) placed in RCS.

Several utilities in Germany have made contracts with

the German coal companies which require them to burn a

specified amount of coal each year. In some years it was

necessary to reduce power at several nuclear plants in order

to meet this requirement. These losses were quite

substantial in some instances. Because these losses are
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external to the plant itself, and result from an oversupply

of electricity, these losses were considered load following

losses. Since energy availability was used as the

performance index, these losses were not included in the

calculations of performance losses.
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Table C.6 - List of West German Reactors Included in Study

Summary:

Total Number of Reactors: 11
Plant-years experience: 82.3

Total Number of PWR's: 7
PWR plant-years experience: 54.6

Total Number of BWR's: 4
BWR plant-years experience: 27.7

Pressurized Water Reactors (PWR):

Name MWEN Utility Commercial

BIBLIS A 1146 RWE 2/75
BIBLIS B 1240 RWE 1/77
GRAFENRHEINFELD 1235 BAY 6/82
NECKARWESTHEIM 1 795 GKN 12/76
OBRIGHEIM 340 KWO 3/69
STADE 630 NWK 5/72
UNTERWESER 1230 NWK 9/79

Boiling Water Reactors (BWR):

Name MWBg Utility Commercial

BRUNSBUETTIL 771 HEW 2/77
ISAR 1 907 BAY 3/79
PHILIPPSBURG 1 864 B-E 2/80
WUERGASSBN 640 PE 11/75
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Japan

Source. The Japanese data was provided by the Director

of the Nuclear Information Center at the Central Research

Institute of the Electric Power Industry (CRIEPI) in Japan.

The net electrical rating for the Japanese reactors was

obtained from the Nuclear EBnineering International "Power

Reactors 1985."22

Scope. The Japanese performance data spans 11 PWR's

and 13 BWR's from 1975 to 1984 representing 71.5 and 82.1

plant-years of experience for each reactor type

respectively. Table C.7 presents a summary and list of the

Japanese reactors included in the study.

Aaauptions and Zfiitationa. Table C.4 shows the

disaggregation of the Japanese data as provided by CRIEPI.

All refueling outages and economic losses are considered to

be scheduled outages. All human losses are considered to be

forced outages. Condenser losses were not distinguished

from the rest of the data and so their losses are included

in the "BOP OTHIR" category.

The performance index used for the Japanese data was

capacity. Since the Japanese do not use any of their

reactors for load following, the difference between capacity

and energy availability is very small and can be considered

negligible. Therefore, when comparisons are made between

Japan and countries that use energy availability as a
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performance index, no special consideration needs to be

given.

No information was available as to the exact

definitions of the data categories used in compiling the

Japanese data. It was thus assumed that the definitions

were the same as in the U.S.
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Table C.7 - List of Japanese Reactors Included in Study

Surnmary:

Total Number of Reactors: 24
Plant-years experience: 153.3

Total Number of PWR's: 11
PWR plant-years experience: 71.5

Total Number of BWR's: 13
BWR plant-years experience: 82.1

Pressurized Water Reactors (PWR):

Name MWE. Utility Commercial

GENZAI 1 529 KYU 10/75
GENKAI 2 529 KYU 3/81
IKATA 1 538 SRI 9/77
IKATA 2 538 SRI 3/82
MIHAMA 2 470 KEP 7/72
MIHAMA 3 780 KEP 12/76
OI 1 1120 KEP 3/79
ORI 2 1120 KEP 12/79
SENDAI 1 846 KYU 7/84
TAKAHAMA 1 780 KP 11/74
TAKAHAMA 2 780 KIP 11/75

Boiling Water Reactors (BWR):

Name MW1X Utility Commercial

FUKUSRIMA I-1 439 TEP 3/71
FUXUSHIMA I-2 760 TEP 7/74
FUKUSHIMA I-3 760 TEP 3/76
FUKUSHIMA I-4 760 TEP 10/78
FUKUSHIMA I-5 760 TEP 4/79
FUKUSHIMA I-6 1067 TEP 10/79
FUKUSHIMA II-1 1067 - TEP 4/82
FUKUSHIMA 11-2 1067 TEP 2/84
HAMAOKA 1 516 CHB 3/76
HAMAOKA 2 814 CHB 11/78
ONAGAWA 1 497 TOH 6/84
SHIMAN 1 439 'CHG 3/74
TOKAI II 1056 JAP 11/78
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Sweden

Source. The reactor performance data for Sweden was

provided by the Managing Director at the Nuclear Safety

Board of the Swedish Utilities (R.K.S.). The net electrical

rating of each reactor was obtained from the Nuclear News

"World List of Nuclear Power Plants."23

Scope. The Swedish reactor performance data covers

three PWR's and seven BWR's from 1975 to 1984 representing

14.2 and 52.2 plant-years of experience respectively.

Table C.8 presents a susary and a list of the Swedish

reactors included in this study.

Assumptioa and ifitatioa. The disaggregation of the

Swedish data as it was provided is shown in Table C.4.

Refueling was always assumed to be a scheduled outage while

human related performance losses were always forced

outages. Condenser losses were not distinguished from the

rest of the data and are assumed to be in "BOP OTRER". The

scheduled NSS3 and OP losses for Sweden were only available

as a total scheduled loss.

Capacity was used as the performance index for the

Swedish data. It is not known whether the difference

between capacity and energy availability is substantial, but

it is assumed to be negligible.
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Table C.8 - List of Swedish Reactors Included in Study

Summary:

Total Number of Reactors: 10
Plant-years experience: 66.3

Total Number of PWR's: 3
PWR plant-years experience: 14.2

Total Number of BWR's: 7
BWR plant-years experience: 52.2

Pressurized Water Reactors (PWR):

Name MWI, Utility Commercial

RINGRALS 2 800 SSPB 5/75
RINGRALS 3 900 SSPB 4/81
RINGRALS 4 900 SSPB 11/83

Boiling Water Reactors (BWR):

Name MWIN Utility Commercial

BARSKBICK 1 570 SAB 1/75
BARSEICK 2 570 SAD 7/77
FORISMARK 1 900 SSPB 12/80
FORISMAR 2 900 SSPB 7/81
OSKARSEAAMN 1 440 OKGA 2/72

OSKARSHAMN 2 595 OKGA 12/74
RINGHALS 1 750 SSPB 2/76
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Switzerland

Source. The Swiss data was provided by the Station

Superintendent at the Beznau Nuclear Power Station in

Doettingen, Switzerland.

Scope. The Swiss performance data covers three PWR's

and one BWR from 1975 to 1984 representing 25.0 and 10.0

plant-years of experience respectively. Table C.9 presents

a summary and list of the Swiss reactors included in the

study.

Assumptiona add Limitations. Table C.4 lists the data

breakdown for the Swiss data. Refueling losses were always

considered scheduled outages while human related losses were

always classified as forced outages. As with the Japanese

and Swedish data, condenser losses were not categorized and

are assumed to be in the BOP OTHER category.

One important discrepancy in the Swiss data is that

for two of the three PWR's, maintenance losses performed

during a refueling were assigned to the appropriate system

category and not to refueling. The refueling losses for

these two plants are just the losses arising from the actual

refueling of the core. The data for the other five

countries includes this maintenance work as part of the

refueling losses. It was not possible to obtain this data

in aggregate form with the refueling and refueling

maintenance losses combined.
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Capacity was also used as the performance index for

Switzerland. It is not known whether the difference between

capacity and energy availability is substantial, but it is

assumed to be negligible.
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Table C.9 - List of Swiss Reactors Included in Study

Summary:

Total Number of Reactors:
Plant-years experience:

Total Number of PWR's:
PWR plant-years experience:

Total Number of BWR's:
BWR plant-years experience:

Pressurized Water Reactors (PWR):

Name Utility
BEZNAU 1

BEZNAU 2
GOSGBN

Boiling Water Reactors (BWR):

Name

350
350
920

MWE,

NOK
NOK

KGD

Utility

4
35.0

3

25.0

1

10.0

Commercial

12/69
3/72
11/79

Commercial

MUHLBIRG 320 BKW 10/72
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United States

Source. The U.S. performance data was obtained from

the Operating Plant Evaluation Code (OPEC-2)24 database

compiled by the S.M. Stoller Corporation of Boulder,

Colorado. Access to the OPIC-2 database was provided by the

Institute for Nuclear Power Operations (INPO).

Scope. The OPEC-2 database contained performance loss

data on 52 PWR's and 25 BWR's from 1975 to 1984 representing

396.0 and 210'.8 plant-years of experience respectively.

Table C.10 gives a summary and listing of the U.S. reactors

included in the study.

AJsuaptioaa ad imtftatioan. Table C.4 lists the study

categories that were available from the U.S. data in the

OPIC-2 database.

Energy availability was used as the performance index

for the United States data. The difference between capacity

and energy availability in the U.S. amounts to approximately

2S or less.
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Table C.10 - List of United States Reactors Included in Study

Summary:

Total Number of Reactors: 77
Plant-years experience: 606.8

Total Number of PWR's: 52
PWR plant-years experience: 396.0

Total Number of BWR's: 25
BWR plant-years experience: 210.8

Pressurized Water Reactors (PWR):

Name MWEN Utility Commercial

Babcock and Wilcox:

ARKANSAS 1 820 APL 1/75
CRYSTAL RIVER 3 856 FPC 4/77
DAVIS-BESS 1 906 TEC 4/78
OCONEE 1 887 DPC 8/73
OCONEE 2 887 DPC 10/74
OCONEE 3 887 DPC 1/75
RANCHO SCO 917 SMU 5/75
THREE MILE ISLAND 1 819 MNC 10/74
THEII MILE ISLAND 2 906 NEC 1/79

Combustion Engineering:

ARKANSAS 2 912 APL 4/80
CALVERT CLIFFS 1 880 BGE 6/75
CALVERT CLIFFS 2 880 BOB 4/77
FORT CALHOUN 478 OPP 7/74
MAINE YANKEE 825 MYA 1/73
MILLSTONE POINT 2 870 NNE 1/76
PALISADES 740 CPC 1/72
SAN ONOFRI 2 1087 SCE 9/83
SAN ONOFR 3 1087 SCE 4/84
ST. LUCIE 1 846 FPL 1/77
ST. LUCIE 2 804 FPL 9/83

Westinghouse:

BEAVER VALLEY 1 852 DLP 3/77
CONN YANKEE--HADDAM 582 NNE 1/68
COOK 1 1054 IMB 9/75
COOK 2 1100 IMN 7/78
FARLEY 1 829 APC 12/77
FARLEY 2 829 APC 8/81
GINNA 490 RGE 4/70
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Table C.10 - (Continued)

Pressurized Water Reactors (PWR): (Cont.)

Name MWEN Utility Commercial

Westinghouse: (Cont.)

INDIAN POINT 2 873 CEC 7/74
INDIAN POINT 3 965 PNY 9/76
KEWAUNEE 1 535 WPS 7/74
MCGUIRE 1 1180 DPC 12/81
MCGUIRE 2 1180 DPC 3/84
NORTH ANNA 1 907 VEP 7/78
NORTH ANNA 2 907 VEP 1/81
POINT BEACH 1 497 WMP 1/71
POINT BEACH 2 497 WMP 5/73
PRAIRIE ISLAND 1 530 NSP 1/74
PRAIRIE ISLAND 2 530 NSP 1/75
ROBINSON 2 730 CPL 4/71
SALEM 1 1090 PEG 7/77
SALEM 2 1115 PEG 11/81
SAN ONOFRE 1 430 SCB 1/68
SEQUOYAH 1 1148 TVA 7/81
SBQUOYAH 2 1148 TVA 6/82
SUMMER 1 900 SCG 1/84
SURRY 1 788 VIP 1/73
SURRY 2 788 VIP 5/73
TROJAN 1130 PSC 6/76
'TURKEY POINT 3 693 FPL 1/73
TURKEY POINT 4 693 FPL 10/73
ZION 1 1040 CWI 1/74
ZION 2 1040 CWB 10/74

Boiling Water Reactors (BWR):

Na" MoW Utility Commercial

BD 2:

NINE MILE POINT 610 NMP 1/70
OYSTER CREEK 650 JCP 1/70

BWR 3:

DRESDEN 2 794 CWE 7/72
DRESDEN 3 794 CWE 1/72
MILLSTONE POINT 1 660 NNE 4/71
MONTICELLO 545 NSP 8/71
PILGRIM 1 668 BBC 1/73
QUAD CITIES 1 789 CWI 3/73
QUAD CITIES 2 789 CWB 4/73
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Tab le C. 0 - (Continued)

Boiling Water Reactors (BWR): (Cont.)

Name MWEN Utility Commercial

BWR 2: (Cont.)

SUSQUEHANNA 1 1065 PPL 7/83

BWR 4:

BROWNS FERRY 1 1065 TVA 8/74
BROWNS FERRY 2 1065 TVA 3/75
BROWNS FERRY 3 1065 TVA 3/77
BRUNSWICK 1 821 CPL 4/77
BRUNSWICK 2 821 CPL 12/75
COOPER STATION 778 NPP 7/74
DUANE ARNOLD 515 IEL 2/75
FITZPATRICK 821 PNY 8/75
HATCH 1 786 GPC 1/76
HATCH 2 784 GPC 10/79
PEACH BOTTOM 2 1065 PEC 8/74
PEACH BOTTOM 3 1065 PEC 1/75
VERMONT YANKEE 514 VYA 12/72

BWR 5:

LASALLI 1 1078 CWI 1/84
LASALL 2 1078 CVI 11/84
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