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Abstract

In this report an international review of regulatory and
industry practices is provided in the area of nuclear power
plant staffing during the 1980s in Canada, France,
Germany, fapan, Sweden, and the United Kingdom. The
objective of this review is to highlight trends in staffing
regulatory approaches, industry practices, and issues of
concern in other countries that have potential relevance to
nuclear power plant staffing issues in the United States.

The decade of the 1980s was marked by a great deal of
growth in nuclear power operations internationally;
however, growth of nuclear power is not expected to
continue in the 1990s except in France and Japan A
continuum of regulatory approaches to staffing was
identified, ranging from prescribed regulations that are
applied to all licensees (Germany i1s most similar to the

1t

United States in this regard), to indirect staffing
regulations where the regulatory authority oversees plant
operating practices that are agreed to in the plant
operating license (most notably, France and the United
Kingdom). Most of the changes observed in staffing
regulations and practices in the early 1980s were made in
response 1o the accident at the Three Mile Island Unit 2
nuciear power plant (TMI) in 1979. These changes
included the widespread issuance of new operator and
licensing requirements and the establishment of national
training centers. After the post-TMI changes were
implemented, a period of relative stability followed.
Changes in the latter half of the 1980s have focused on
continuing improvements and additions to training
curricula and methods, most notably increased reliance on
simulator training.
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Executive Summary

In this report an imternationdl review of regulatory and
industry practices s provided n the arca of nuclear power
plant staffing in Canada, France, Germany. Japan,
Sweden, and the United Kingdom, The objective of this
review is 1o highlight staffing regulatory approaches,
industry practices, and issues of concern in other
countries that have potential relevance for the continued
development of nuclear power plant staffing policy i the
United States. A review was conducted of the published
Werature and of available government and industry
documents. Subject matter experts in the countries of
interest were contacted whenever possible 10 suppiement
the wnitten information.

First. a briel description of the role of nucleur power in
cach country is presented, followed by a discussion of the
wdustry and regulatory bodies and functions. Then,
following a discussion of regulatory approaches to
personnel and staffing, a description of regulations and
practices i the areas of operator qualifications (including
licensing. education, and tratning ), selection and career
progression, and shift composition 15 presented. The
implications of these findings for the United States are
discussed in terms of specific approaches, practices, and
experiences that are relevant to staffing policy in the
United States.

International Trends in Nuclear Power
Development

The decade of the 1980s was marked by o great deal of
growth in nuclear operations wternattonally. The
following trends were seen i every country's nuclear
power industry:

» the number ol operntimg nuclear power plants
ingreased;

* the use of nuclear energy in companson with other
energy sources increased; and

« the total amount of electncal capacity in operation
from nuclear power increased.

As of 1990, the percent of electrioity derived from
nuclear energy ranged from 13% i the Umited Kmgdom
10 75% in France; by way of contrast, the United States
abtains approximately 19% of us electricity from nuclear
sources, Owverall, the rapid mtermational growth of
nuclear power in the 19805 s expecied 1o level off in the
19908, except tin France and Jupan. where nuclear power
plant construction continues

International Comparison of Industry
Organization and Regulatory
Framework

Reviews were conducted of the nuciear industry
orgamization and the regalatory approach in the six
countries i the study. Three types of nuclear industry
structure were identified i this report: (1) countries in
which electrical production is government owned and
operated (France, Canada, and the United Kingdom); (2)
countries in which private and pubiic entities are
involved, even though the government provides
significant investment and support (Japan), and (3)
countries that are similar to the United States, where
utthity ownership and operation is highly diverse in terms
of public and private ownership and operation (Germany
and Sweden), There have been no major changes during
the 1980s in terms of industry organization, with the
exception of the United Kmgdom. In the United
Kingdom. state-run utilities were privatized, even though
the government remains the largest shareholder.

A continuum ol regulatory approaches to staffing was
identified by g regulatory review of the countries in the
study. This continuum ranges from prescribed regulations
that are applied to all heensees, (o indirect regulation
where the regulatory authority oversees plant operating
practices that are agreed 1o in the plant license. Germany
1s most similar 1o the United States in that there 1s a
greater emphasis on generic or industry-wide prescriptive
staffing requirements that apply to all licensees and
relatively less emphasis on plant-specific requirements
contained n the plant license. Canada, Japan, and
Sweden lie 1o varying degrees in the middle of the
continuum because they rely more on plant-specific
staffing requuements contained in the plamt hicense and
less on generic prescriptive requirements than the United
States or Germany. France and the United Kingdom are
least siilar to the United States because their staffing
requirements are contained exclusively i the plant
license. There have been no sigmificant changes to these
regulatory approaches over the past decade.

International Trends in Staffing
Regulation and Practice

Several changes in staffing regulation and industry
practices were implemented in response to the accident at
the Three Mile Island Unit 2 nuclear power plant (TMI)
in 1979 These changes ranged from the issuance of
specific regulatory requirements (for instance, new
requirements i operator licensing and training) to the

NUREG/CR-6123
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Executive Summary

establishment of new international standards in utility
practice (for mstance. the widespread the use of national
traning centers and simulators for accident scenanos).

In the first half of the 1980s a number of new
requirements and practices in nuclear power operator
licensing, education, training, and shift composition were
implemented in the countries reviewed. Some of the
changes in staffing requirements were:

o new licensing requirements for shift supervisors;

o new operator educational requirements,

* the establishment of simulator training and retraining
requirements for operators:

» the formaton of national training centers; and

* the addition of engincering expertise on shift.

The former Federal Republic of Germany made the most
extensive changes in regulatory reguirements. imotivated
partly in response to an accident at a nuclear power plant
in Germany as well as in response to TML

In the latter half of the 1980s. there has been no
dereguiation or decrease in staffing standards.  Some
additional changes have been made i regulatory
requirements. A number of new staffing practices were
also identified. The most sigmificant changes to stafling
regulations and practices in the latter half of the decade
have been:

» educational levels for operators have risen;

« utility training programs and their effectiveness are
receiving increasing regulatory oversight: and

« the average number of operating shifis on rofation
has risen from four to five, and at some sites may go
as high as seven shifis.

Although significant staffing changes were made 1n the
carlier part of the 1980s, some arcas of nuclear power
operator staffing have remained essentially unchanged in
the latter half of the 1980s:

s there has been little activity in operator ficensing
reguirements:

e new operators are hired primarily into entry level
positions and provided with extensive in-house
training 1o prepare them for operations:

* apenior carecr progression involves enlering ot the
auxilary operstor level, progressing 10 reactor
operator, and then working up to the position of
semor reactor operator or shift supervisor;

NUREG/CR-6123

« the average number of operators on shift has
remained stable. with most single-unit sites
employing seven to ten operations personnel on shift.

Conclusion

After TMI a great deal of altention was given to naclear
power plant operator staffing in the arcas of operator
qualifications. licensing, traming, and shift composition.
After a number of changes were implemented, a period of
relative stability has followed. However, one staffing
area that continues 1o receive international attention is
operator trmmng, This attention parallels the situation n
the United States nuclear industry.  Unlike other
countries, however, the United States has no national
traaning center,

While many countries, including the United States, were
prompied 1o consider instituting new educational
recements for operators after TMI, Germany was the
only country 1o adopt such regulations. Other countries
responses (o the post-TMI concerns about operator
guahfications have focused on recruiting new operations
stalf with some post-secondary education and upgrading
traiming programs,

.

Another issue of relevance to carrent United States
nuclear power staffing policy is the provision of
engineening expertise on shift. In France, the safety
engineer has been introduced on shift, similar to the shift
technical advisor in the United States, Engineering
expertise on shift has been addressed m other countries
by mcreasing tramning and education requirements for
shift supervisors,

The conclusion drawn from this analysis is that the same
key staffing issues are experienced in all countries
studied: individual countries vary in their responses to
these 1ssues,
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Technical Committee on Radiology (Normenausschuss Radiologie) (Germany)
Nuclear Installations Inspectorate (United Kingdom)

Technical Committee on Nuclear Engineering (Germany)

Nuclear Regulatory Commussion {United States)

Nuclear Safety Commission (Japan)

Nuclear Steam Supply Systems

Nuclear Utilities Resources and Management Council (United States)
Office of the Prime Minister (Japan)

Pressurized (light-) water reactor

Pressurized heavy-water reactor

Nuclear Safety Board of the Swedish Utilities (Raadet fir Karnkrafissakerhet)
Reactor Safety Commission (Germany)

Swedish Plant Inspectorate

Service Central de Sareté des Installations Nucleaires (France)

Swedish Nuclear Power Inspeciorate

South of Scotland Electric Board

National Institute of Radiation Protection (Sweden)

Swedish State Power Board

Radiation Protection Commission (Germany)

Science and Technology Agency (Japan)

Technical Supervisory Inspectorates (Technische Uberwachungsvereine) (Germany)
United Kingdom Atomic Energy Authority
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1 Introduction

I this report, an overview of regulatory and industry
practices is provided in the area of nuclear power plant
staffing i selected foreign countries. The purpose of
investigating practices in forcign countnes is two-iold:

{1) to consider the range of approaches and practices used
in the area of nuclear power plamt staffing, and (2) to
draw from this review common itermational themes as
well as insights that are potentially relevant fo the
continued development of nuclear power plant staffing
policy in the United States. At the same time, care must
be taken to understand (he situational context of stulffing
policy in each country: umgue government, utility, plant,
and operating practices afiect the potential apphcability of
certain policies and practices (o the Unued States nuclear
industry,

In guthering information for this study. a review was
conducted of the published Inermure and of wviilable
government and industry documents from a sample of
foreign countries. The countrics for this study were
selected based on thewr potential refevance for appheitions
to the United States nuclear power wndustry.  Sumlarities
in level of industrialization, national political system. and
expenience with commercial nuclear power were used as
the principal selection critenia, On this basis, Canada,
France. Gemmany, Japan, Sweden, and the United
Kingdom were chosen for review. The review of
Germany is limited (o the nucledr power industry in the
farmer Federal Republic of Germany. Changes 10 the
unified German nuclear power industry are Likely due 10
the decommissioning of East Germun nuclear power
facilities (Nuclear News, Mach 19914). Total integration
of the former Federal Republic of Germany's and East
Germany's nuclear power industries 1s expected o Geeuy
by 1996, The unification of the German nuclear power
indusiry in 1990 15 beyond the scope of this review: the
former West German nuclear power industry is used for
the review of Germany i this report.

In conducting this comparative review of nuclear power
staffing expenence, several sources of information were
used: (1) the published literature: (2) the Nuglow
Regulatory Commission (NRC): (3) the b -udional
Atomic Energy Agency (IAEA): and (4) mdividuals who
are knowledgeable about the nuclear indosiry staffing
regulations and practices m their respective cownrnies,
The Nuclear Regulatory Commuission (MRC) repoat
enttled Survey of Foreien Keadtor Operaior
Qualification, Trainmg, and Staffing Keguirenicnts (Au,
Di Sadve, and Merschoff, 1982) and o Batielle study of
staiting regulation and practice changes i response 1o the
1979 accident af the Three Mile istand Unir 2 nuclear

power plant (TMI) were particularly useful in providing a
basehine of information for the countries discussed 1n this
study. 1n addition, information from the published
literature was drawn from international conference
proceedings and from mternational journals and
newsletters covering issues in the nuclear industry.
Comparative mformation on rining experience across
the counines ol interest was also obtained from the
TAEA. Finally, the NRC Office of Regulatory Research
and Office of International Programs provided contacts
for additonal information,  Contacts were made with
individuals who had experience in their country's nuclear
industry, The information provided by these individuals
was used o complement the literature review.

In order 10 provide a comparative perspective on staffing
proctices. it 18 necessary 0 understand the role of nuclear
power as an energy source and the context of the
regulitory frumewaork for cach country. In this report, a
briel description of the role of nuclear power in each
country is presented first, followed by a discussion of the
country s nuclear power industry and regulatory bodies
and thew functions, Then, following a discussion of
regulatory approaches to personnel and staffing, a
description of licensing. education, and training is
presented, along with a discussion of operator selection
and carcer progression and shift composition.  Finally, the
findings are discussed i terms of specific approaches,
practices. and experiences that are relevant to nuclear
power stafling policy i the United States.
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2 Role of Nuclear Power in Selected Countries: 1980-1990

In this section nuclear power development is described
for selected countries from 1980 through December 31,
1990. The purpose of this discussion is to present the
context under which commercial nuclear power plants
operate within each country. The rate of growth of the
industry and the significance of nuclear power as an
energy sowce can affect the economic situation of
utilities and the availability of qualified personnel. In this
review, the countries of interest are Canada. France,
Germany. Japan, Sweden, the United Kingdom, and the
United States. Similanities in level of industrialization,
ratonal political system, and commercial nuclear power
expenience were the major selection cniena. Particular
emphasis 1s given 10 comparative nuclear power industry
growth patterns during the 1980s and future directions for
the role of nuclear power.

Nuclear power development in the 1980s is summarized
below for each country of interest,

2.1 Canada

Canada used nuclear energy moderately in the 1980s and
1s expecied to continue doing so in the 1990s. While the
number of Canadian nuclear power plants in operation
almost doubled in number since 1981, nuclear energy
continues 10 represent approximately one-fifth of
Canada's total electrical supply. One new Canadian plant
{Darlington-2) started operation in 1990 (Nuciear News.
February 1991). Three Canadian nuclear power plants
were recently completed and started commercial
operation,

2.2  France

France pursued nuclear energy developient aggressively
in the 1980s and is likely to continue doing so at least
through the early 1990s. The number of French nuclear
power plants has almost doubled since 1980, with France
now obtaining 75 percent of its electricity from nuclewr
power. France is by far the heaviest user of nuclear
energy worldwide. In terms of experience, France has a
somewhat "middle-aged" nuclear industry, in the sense
that the age of its plants is average among the countries
surveyed (23 years of calendar expenence). One new
plant started operation in 1990 (Penly-1). France plans to
continue pursuing an aggressive nuclear energy policy
this decade, and an additional six plants are expected to
come on-ling in the early 1990s,
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2.3  Germany

Germany pursued an aggressive nuclear energy
development policy in the 1980s. with a total of 21
nuclear power plants supplying almost one-third of the
country’s electricity.  Germany's nuclear energy
development is likely to remain stable in the 1990s, As
discussed previously, the review of Germany is limited to
the former Federal Republic of Germany's nuclear power
industry. The unification of the German nuclear power
industries is beyond the scope of this report.

2.4 Japan

Like Germany. Japan obtains almost one-third of its
electricity from nuclear energy. Unlike Germany,
however, Japan is continuing to pursue nuclear energy
development aggressively in the 1990s. Two new plants
in Japan started operation in 1990: Kashiwazaki Kariwa-
2 and -5. Cumently, Japan has the largest number of
plants v the pipeline among the countries surveyed, with
eleven plants being planned or constructed. It is likely
that Jupan will obtain close to one-half of its total
electricity from nuclear energy once these plants come on
line,

2.5  Sweden

Sweden has the smallest nuclear power industry in terms
of output (MWe produced) of the countries surveyud.
However, Sweden relies heavily on nuclear energy as a
principal source of electricity, Currently, almost one-half
{(45%) of Sweden’s electricity is generated by nuclear
energy. As a result of the 1980 Swedish Nuclear
Referendum, no additional nuclear units will be
constructed and the existing twelve nuclear power plants
will be decommissioned by the vear 2010. However,
recent initiatives recognize the lack of energy alternatives
in Sweden so there 1s continuing debate about the long-
term pros:w s for the Swedish nuclear power industry.

2.6  United Kingdom

The United Kingdom has the oldest nuclear power
industry in terms of calendar year experience (35 years).
The United Kingdom continued using nuclear energy
moderately throughout the 1980s, and its nuclear power
industry is not expected to grow substantially in the
1990s. Currently, the United Kingdom draws about one-
fifth of its total electricity from nuclear energy. One new
plant is scheduled for commercial start in 1994,
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2.7 United States

With almost one-third of the world’s nuclear power
plants, the United States has the largest nuclear power
mdustry and the most experience in terms of number of
operating nuclear power plants (111 plants). MWe
capacity in operation (aimost 100,000 MWe), and
cumulative reactor years of experience (about 1,500
years). in the 1980s, the use of nuclear energy in the
United Suates grew from 11% of total electricity produced
to approximately 20%. 1In 1990, three United States
nuclear power plants came on-line: Comanche Peak-1,
Limerick-2, and Seabrook (Nuclear News, February
1991). Further nuclear energy development will
undoubtedly abate in the 1990s; only two plants are
currently scheduled for commercial start in the 1990s

Table 2.1 presents an overview of the role of nuclear
power in each country. The following topics are
addressed:

» number of nuclear power plants in operation (1981
versus 1990);

« percent of total electricity generated by nuclear
energy (1980 versus 1989),

« megawatts of electricity (MWe) capacity in operation
{1981 versus 1990);

o date of initial commercial operation, 1.¢., calendar
years of experience;

« redctor operating years of experience (1981 versus
1989); and

+ principal reactor types used.

The number of nuclear power plants expected 1o come on
line in the 1990s is discussed later in this chapter,

2.8 Number of Nuclear Power Plants
in Operation

Comparing the number of operating nuclear power plants
across countnes in 1981 and 1989 indicates the relative
size and growth of each country’s nuclear industry during
the 1980s. Figure 2.1 presents a graph comparing the
number of plants in operation by country for 1981 and
1990.

In 1981 the United States had 76 nuclear power plants, a
far greater number of piants than any other country. The
United Kingdom followed with 32 operating plants, one-
half the number of United States operating plants. France
had 29 operating plants, almost as many as the United
Kingdom, and Japan had 23 operating plants. Germany,

Role of Nuclear Power

Canada. and Sweden had similar numbers of nuclear
power plams, with 11, 10, and 9 plants, respectively.
Each country added operating nuclear power plants during
the 1980s ranging from 3 new plants in Sweden to 35
new plants in the United States.

The German and Canadian nuclear power industries
showed the greatest growth, almost doubling the number
of operating nuclear power plants in the past decade
(about a 90% increase). France and Japan also increased
their number of power plants significantly, with growth
rates of 83% and 74%. respectively. The United States
(with a 46% increase), Sweden (with a 33% increase),
and the United Kingdom (with a 16% increase) showed
relatively modest growth,

2.9  Percent Nuclear of Total
Electricity Generation

The percent of electricity produced by nuclear energy
indicates a country’'s reliance on nuclear power.
Comparing nuclear electricity production with available
data for 1980 and 1989 shows which countries
aggressively pursued nuclear energy develupment in the
1980s and which countries pursued nuclear enesgy
development at a more moderate pace. Figure 2.2
presents a graph comparing the percent of total electricity
generated by nuclear power by country for 1981 and
1989.

In 1980 the proportion of total electricity generated by
nuclear power ranged from 11% to 29% among the
countries surveyed. In 1980 Sweden generated the
highest proportion of electricity from nuclear energy, with
29% or almost one-third of the country’s total electricity
generation.  France's nuclear power industry produced a
relatively high proportion of electricity (25%). second
only to Sweden. Japan followed next, obtaining 16% of
115 total electricity from nuclear energy. Germany
produced a moderate proportion of the country's total
electricity (12% of total electricity generation), similar to
the United States and Canada (both 11%--the lowest
proportion of nuclear energy produced among the
countries surveyed).

Throughout the 1980s. the proportion of total electricity

produced by nuclear power increased significantly across
all countnes.

NUREG/CR-6123
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Table 2.1 Role of nuclear power in the 1980s
Percent Nuclear of Date of Initial Years of Reactor

Nuclear Plants in Total Electricity MWe Capacity in Commercial Experience as  Reactor Years of Types

Country Operation(n) Generation Operatiou Operation® of 12/90 Experience Used™™
1981' 199¢° 1988’ 198¢° 1981' 1990° 1981° 1989° 0

Canada 10 16 i 16 6.106 12,799 1 20 84 224 PHWR
France 29 53 25 75 20,118 51,938 4/67 24 176 543 PWR (GCR)
Germany 1i 21 12 34 8,576 22,408 3/69 22 104 3 PWR (BWR;
Japan 23 40 16 28 15,047 30317 3770 21 149 432 PWR (BWR)
Sweden 9 12 29 45 6400 9769 2712 19 45 147 BWR (PWR)
United 22 37 13 22 8.648 12,620 10/56 35 559 850 GCR (AGR}
Kingdom
United 76 i1 11 19 57874 99,559 761 30 620 1371 PWR (BWR)
States

BMOJ RPN JO 90y

Compiled from 12/90 dats in Nuclear News. February 1981 "Waorld List of Nuclear Power Plants.” 34(2):53-72

Compiled from 1989 data in Nuclear News. June 1990, “Worddwide Nuciear Capacity, 1989 38361

Second most common type of reactor is parentheses

13533

Advance Gas Cooled Reactor
Boihng Water Reactor

Gas Cooled Reactor
Pressunzed Heavy-Water Reactor

Pressunized Water Reactor
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Figure 2.1 Nuclear power plants in operation by country:

1981 versus 1990
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Table 2.2 Percent increase in MWe operating capacity
by nuclear power industry by country: 1981 to 1990

MWe Capacity In

MWe Capacity In

Country Operation: 1981 Operation: 1990 Percent Increase
Germany 8576 22408 161
France 20,118 51.938 158
Canada 6,106 12,799 110
Japan 15.047 30,317 101
United States S7.874 99,559 72
Sweden 6.400 9.769 53
United Kingdom 8,648 12,620 46

date of initial commercial operation of March 1970.
Cunada’s and Sweden’s nuclear power industries are 20
and 19 years old, respectively, and represent the youngest
nuclear power industrics surveyed; their dates of nitial
commercial operation are July 1971 and February 1972,
respectively,

2.12 Reactor Years of Experience

Reactor years of eaxperience provides a comprehensive
measure of cumulative nuclear power plant experience,
Reactor years of expenence for cach country is calculated
by determining the age of cach country’s nuclear power
plants at a specified time and determining the cumulative
total reactor years of experience. Comparing reactor
years of experience between countries provides an
absolute measure of nuclear power plant experience.
Figure 2.4 presents a graph comparing reactor years of
experience by country for 1981 and 1989

The reactor years of experience for 1981 were calculated
as of December 1980, Based on these calculations, the
United States had 620 reactor years of experience, slightly
more than the United Kingdom’s 559 reactor years of
experience; both countries share relative semionity over
their counterparts, France followed behind the United
States and United Kingdom with 176 reactor years of
experience, followed by Japan with 149 reactor years of
experience. Germany had 104 reactor years of
experience,

9

As of December 1980, Canada and Sweden had the
fewest reactor years of experience, with Canada having
84 and Sweden having 45 reactor years of experience,
respectively.

The 1989 reactor years of experience were calculated as
of Decerber 1989, Based on these calculations, the
order from the country with the most reactor years of
experience to the country with the least reactor years of
experience remaned constant.  However, there were
minor variations in relative experience levels: some
countries rapidly increased the size of their nuclear power
industry, while other countries expanded at a slower rate.

This directly affected reactor year experience, as well as
the number of reactors installed during this period. For
instance, 1if iwo countnes were planning 1o install the
same amount of MWe operating capacity, and one
couniry installed many small reactors while the other
country mmstalled a few large reactors, ultimately the
country with the smaller yet greater number of reactors
would gain more reactar operating experience (assuming
roughly equivalent capacity load factors).

Althongh it has the least overall experience. Sweden
showed the greatest growth i reactor year experience.
Sweden more (han tripled iis reactor year expenence to
147 reactor years, an increase of 227%.

NUREG/CR-6123
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By the end of 1989 France had more than tnpled is
reactor yeas experience since 1981 10 543 reactor years of
experience; this was an increase of 209%, Germany
reached 303 reactor years of experience (an increase of
191 %),

Japan reflected a similar percent INCrease n reactor years
of experience, going from 149 reactor years of experience
in 1981 to 432 reactor years of expenience in 1990, an
increase of 190%. Canada more than doubled its reactor
year experience o 224 reactor years, an increase of
167%. The United States and the United Kingdom
continued sharing relative seniority over other countries i
terms of reactor year experience, although their
experience levels increased at a slower rate than their
counterparts. In 1989 the United States had 1,371 reactor
years of expenience, over twice its 1981 reactor year
experience level (an increase of 121%). At the same
time. the United Kingdom reached 725 reactor years of
experience, representing the smallest increase among the
countries surveyed (52%) in reactor year expenence.

2.13 Principal Reactor Types Used

All countries in the survey, except the United Kingdom
and Canada, use light-water reactors for gencrating
nuclear energy (Le., ordinary witer is the neulron
moderator and primary source of reactor coolant). The
United Kingdom uses gas-cooled reactors (GCRs) and
advanced gas-cooled reactors (AGRs). Canada uses
pressurized heavy-water reactors (PHWRs) and 15 the
only country to use this reactor design.

Light-water reactors include both boiling water reactors
(BWRs) and pressurized water reactors (PWRs); these are
the principal reactor types used by France, Germany,
lapan, Sweden, and the United States. Germany, Japan,
and the United States rely principally on PWRs: BWRg
are the second most commonly used type ol reactor,
France relies principally upon PWRs, but also uses gas-
cooled reactors (GCRs). Sweden rehies principally on
BWRs for commercial operation, followed by PWRs.

cted
990s

2.14 Nuclear Power Plants Ex
to Come On-Line in the

in this section the comparable descriptive information
regarding nuclear power planis i the pipeline is
discussed; in this context, "in the pipeline” means nuclear
power plants in the: planming stage, under construction, of
operable. but not currently operating.  This information is
presented in Table 2.3. The information presented here

11
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provides the most recent information available as of June
30, 1993.

Canada has no nuclear power plants in the pipeline.
Commercial operation of three plants began in the early
1990¢  On December 19, 1989, Ontario Hydro released
its 25-year plan. The plan calls for at least B new units
and 7,000 MWe of new clectricity generation to come on-
line from 2002 to 2014. The high-growth scenano
requires as many as 22 new nuclear units to be operating
by 2014 (Nuclear News, February 1990).

As of June 1993, France had six plants under
construction, all of which were expected 10 come on-line
in the 1990s. Two of these plants have achieved initial
criticality. The Creys-Malville plant generated power, but
commercial operation was postponed indefinitely pending
remedial work (Nuclear News, February 1991).

Germany is currently planning no additional new plants.
A liguid metal fast breeder reactor. a high temperature
reactor, and a nuclear matenals reprocessing plant faced
numerous regulatory obstacles and strons, public
opposition 1o their operation (Rippci. 1989; Nuclear
News, July 1989). Due 1o public opposition aganst
further nuclear power development, and because of
moderate energy consumption projections, it is unlikely at
this time that the German nuclear power industry will
expand within the next several years (Beckjord et al.,
1987; Nuclear News, June 1990; Nuclear News, March
1991a).

apan has the greatest number of plants planned, under
construction, or expected to come on-line shortly. As of
June 1993 eleven plants were in the pipeline. Al of
these nuclear power plants are expected to come on-line
in the 1990 According to past projections issued by
government agencies, Japan will require 122 additional
nuclear units by 2030 in order to satisfy the country’s
growing electricity needs (Nuclear News, Seplember
1986). The Mmistry of International Trade and Industry
(MITI) wauts to add 40 new nuclear power plants by
2010 (Nuclear News, July 1990).

Japan has several nuclear units that have been in service
for 15 yrrs or more, with additional plants between 10
and 15 ars old. Plant aging is an increasingly

impor  concern for the nation’s utilities. especially if
newe ol nis are not constructed in hght of public

conc. . regarding nuclear power. Assuming a 40-year
commercial lifespan, 1 plant will close before 2010,

NUREG/CR-6123
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Table 2.3 Nuclear power plants operable but not operating, under construction,

or on order (36 MWe and over) as of June 30, 1993'

REACTOR  CONSTRUCTION INITIAL COMMERCIAL
COUNTRY (N) PLANT TYPE STAGE (%) CRITICALITY START
Canada (0)
France (6) Creys-Malville LMFBR 100 9/K5 Indefinite®
Golfech 2 PWR 100 1292 1003
Chooz B PWR 7 7/958 2/96
Chooz B2 PWR 65 2/96 7196
Civaux 1 PWR 15 12M6 a/97
Civaux 2 PWR S 7/98 11098
Germany (0)
Japan (11} Hamaoka # BWR 08 1282 9pm3
Shika 1 BWR 99 112 793
Genkai 3 PWR 9ty 5/93 /94
Gienkai 4 PWR 39 79
Ikata 3 PWR 82 5/94 3ps
Onagawa 2 BWR 79 1194 705
Kashiwazakt Kariwa 3 BWR 97 1002 793
Kastuiwazeki Kariwa 4 BWR 83 . 7794
Kashiwuzaki Kartwa 6 BRWR 27 M6
Kashiwizaki Kariwa 7 BWR Y 7197
Moniu LMFBR 09 194 95

. HWR
LMFRR:
PHWR:
PWR:

Compaied from data i Naclear Noews, June 1090,

Hoiling Water Reactin
Light Metal Fast Breeder Redctor
Pressunaed Heavy Water Reactos

Pressurized Water Reactor

NUREGATR-6123
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Table 2.3 Nuclear power plants operable but not operating, under construction,
or on order (30 MWe and over) as of June 30, 1993 - (cont.)

REACTOR  CONSTRUCTION INITIAL COMMERCIAL
COUNTRY (N) PLANT TYPE® STAGE (%) CRITICALITY START
Sweden (0)
United
Kingdom (1) Sizewell B PWR 9() 1/94 31/94
United States
(%) Watts Bar | PWR B6 35 94
Waitts Bar 2 PWR 70 = Indefinite
Commanche Peak 2 PWR 100 303 8/93
WNP- | PWR 65 - Indefinite
WNP-3 PWR 75 - [ndefinite
Belletonte | PWR K0 -- {ndefinite
Belletonte 2 PWR 45 = Indefinite
Perry 2 BWR 57 - Indefinite

Compiled from data in Nuclear News, June 1983, "World List of Nuclear Power Planis,” 17(9)43-62

RWR Bailing Water Reactos

PWER Pressunzed Water Reacior

13 NUREG/CR 6123
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however, between 2010 and 2020, 18 units face closure,
MITI wants to add 40 new reactors by 2010 1o allow for
this lost capacity, to limit fossil-fuel consumption, and o
keep pace with nising energy demands (Nuclear News,
December 1989; Nuclear News, June 1990; Nuclear
News, July 1990; Nuclear News, December 1990),

Sweden has no new plants scheduled for construction or
commercial start in the 1990s; & plan 1o close several
plants beginning in 1995 was recently dropped (Nuclear
News, Aprid 1988; Nuclear News, June 1990, Nuclear
News, March 1991b).

The central issue facing Sweden's nuclear power industry
is the resull of the 1980 Swedish Nuclear Referendum:
no additional nucles: units will be constructed and the
existing 12 nuclear power plants will be decommissioned
by the year 2010 (Beckjord et al,, 1987).

Recent technical studies have highlighied the
undesirability of decommissioning these plants, i terms
of the economic costs involved and in terms of the well-
established safety record of the industry. Public opinion
polis also show that the majority of Swedes do not
believe that nuclear power will be phased out in Sweden
by 2010, and that increasingly more people are in favor
of nuclear power. Sweden’s high level of reliance on
nuclear power and an excellent performance record are
strongly influencing public acceptance, especially in the
absence of alten.ative energy sources, Financial concems
are also apparent. The Sydkraft utility announced that it
would seek damages estimated at $2.5 billion if it was
forced to shut down a reactor before the end of its
planned life (Beckjord et al., 1987: Pershagen and Nilson,
1984; Nuclear News, April 1988 The Economist, March
1990; Hoegberg, 1988).

The United Kingdom's nuclear power industry is not
expected to grow substantially in the 1990s. One new
PWR is scheduled for commercial start in 1994 (Nuclear
News, May 1990),

The United States has eight nuclear power plants in the
pipeline; two are expected 1o come on-line in the 1990s,
Commanche Peak 2 is expecied to come on-line in 1993
and Watts Bar 1 is expected to come on-line in 1994
The completion of six additional plants have been
postponed indefinitely.

NUREG/CR-6123 14
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2.15 Conclusion

The 1980s were marked by a great deal of growth across
the countries surveyed. reflecting a greater reliance
overall on nuclear energy. Although some countries that
were reviewed have stabilized their growth in terms of
nuclear power (the Umited States, the United Kingdom,
Germany, and Sweden), several others continue to
increase their reliance on nuciear power (France, Japan,
and 1o a lesser extent, Canada). The relative contribution
of nuclear power to overall electric production in all
countries surveyed should remam somewhat stable as
nuciear power industry growth projections are amed
toward consolidating the gains made by nuclear power in
the 1980s. Tt is likely that nuclear power will remain a
strong contributor to electric power production in all the
countries that were surveyed throughout the 1990s.
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3 Industry and Regulatory Framework in Selected Countries

In this chapter, the puclear power industry regulistory
framework in Canada, France, Germany. Japan, Sweden,
and the United Kingdom is discussed. The review of
Germany s lunited to the nuclear power industry in the
former Federal Republic of Germany. Presumably.
changes 10 the unified German nuclear power industry
can be expected in terms of decommigsioning and
decontaminating obsolete East German nuclear power
faciities (Nuclear News, March 1991a). Total integration
of the former Federul Republic of Germany's and East
Germany s nucleiar power industries is expecied (o occur
by 1996. The unification ot the German nuclear power
idustnes is considered beyond the scope of this review,

Following the discussion in Chapter 2 on the rofe of
nuclear power in these countnies, the purpose of this
chapter is 10 review regulatory practices affecting the
context of staffing regulation and practice. The
discussion focuses on wentifying common themes dniving
the context of staffing regulation and practice in the post-
TMI era and into the 19905, Table 3.1 provides an
overview of nuclear power industry ownership and
regulatory lramework by country. Table 3.2 describes
nucleidr power industry regulatory characieristics by
country. A country-by-country review of industry and
regulatory frameworks 1s provided in Appendix A

3.1 Function and Character of
Regulatory Bodies

In analyzing the chamctenistics and functions of
regulatory bodies in the countries that were surveyed, the
responsibilities for nuclear power safety, plant licensing,
regulation, research und development. and plant
ownership and operation were considered, Of the
countries that were reviewed, Germany and, 10 a lesser
exient Sweden, have the most comparable utility
ownership and regulmtory systems 1o the United States.
First the regulatory framewark in all of these countnes is
compared with that in the United States. Then the
regulatory frameworks of the two countries that are most
comparable o the United States are discussed further,

3.2 Government Power Production,
Operation, Regulation, and
anufacturing

In three countries--Canada, France, and the United
Kingdom--government bodies are exclusively responsible
for nuclear power plant operiations.

15

Although the United Kingdom privatized its two major
nuclear unlities, the government remains the majors
shareholder. In France, power production is federally
owned and operated, In Canada, nuclear power
operations are owned and operated by the state
(provincial) goverament in which they operate.

Government mvolvement in nuclear operations in these
countries also extends 1o plant design. construction, and
rescarch and development. In Canada and France these
activities are state run and operated, 1o the United
Kingdom these related activities are cammied out by a
statutory corporation. the United Kingdom Atomic Energy
Authority (UKAEA) and is managed by a government-
appointed board. In addition to research and development
penaining to nuclear power plant safety and reliability
research. the UKAEA alse operates several nuclear power
plants,

Regulation of nuclear power operations in these countries
is also carnied out by the federal or state government.
The French Parliament has called for greater separation of
responsibilities wmong agencies within the Ministry of
industry, which houses the power producing utility
iElectricité de France. or EDF), the principal regulatory
agency (Direction de la Stireté des Instaliations
Nudleaires, or DSIN), and the principal research and
advisory committees (Commissariit a UEnergie
Atomique, of CEA). This has resulted in major
reorganizations withun the Ministry. In the United
Kingdom. the privatization of the government power
producing utilities has also led to a greater separation
between the power producing and regulatory agencies.
Across countnes then, a major change has been a move
toward government decentralization of the state-run
nuclear power industry, albeit for different reasons (in
France, the prime motivator is the desire for greater
separation between nuclear research and regulatory
activities; in the United Kingdom, privatization is the
prime motivator),

3.3  Shared Government and Private
Power Production, Operation,
Regulation, and Manufacturing

Japan has significant government involvement in its
nuclear power operations, although many Japanese
nuclear unlities are also privately owned. Japan's ulilities
continge to remain investor-owned. However, stock may
he owned by the prefectural government in which the
utility 1s located.  As was the case in the early 1980s, the
federal government continaes to play an important role in
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Table 3.1 Nuclear power industry overview by country

Utility Structure/Ownership

Regulatory Framework

Single utility:  State owned and

Diverse: 16 utilines, publicly

Diverse: 11 utilitics, publicly

Diverse: Combination of state-

publicly/privately owned utilities

Small set of utilities (4); state-

Regulations carried out by AECB:
wsearch carmied out by AECL.

Regulations carried out by DSIN;
research carried out by CEA,

Complex: Federal and state
responsibilities shared between
public and private organizations.

Regulations carried oat by MITI
(with interagency reviews);
research carried out by AEC and
NSC,

Regulations carmied out by SKI
with Parhamentary and other
government agency oversight:
rescarch carned out by Studsvik
and Energiieknik.

Regulations carried out by NII;
research carned out by UKAEA,

Diverse: 52 utilities, publicly

Regulations carried out by NRC
(with other federal, state and local
involvement).

Country Industry Description
Canada Small nuclear power industry; Small set of utilities (3);
moderate growth expected. provinciaily owned,
France Large and growing nuclear power
industry, operated (EDF).
Germany  Moderate size and not expected
to grow further, and private!y owned,
Japan Large and rapidly growing
nuclear power industry, and privately owned.
Sweden Small nuclear power industry: no
growth expected. owned utility (1) and
(2).
United Moderate size and not expected
Kingdom 10 grow substantially, and privately-owned.
United Largest nuclear power industry;
States not expected 10 grow and privately owned.
substantially,
AEC Atormc Energy Commission
AECR: Atomic Energy Control Board
ABCL: Atomic Energy of Canada Limited
CEA. Atamic Energy Commission (Commussariat a I'Energie Atomigue)
DSIN: Direction de ls Streté des lostallations Nucleaires
MITL Ministry of Intemational Trade and Industry
NI Nuclear Installations lnspectorate
NRC Nuclear Regulatory Commission
NS Nuciear Satety Commission
SKi Swedish Nuclear Power Inspectorate
UKAEA United Kmgdom Atomic Encigy Authonty
NUREG/CR-6123 16
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Table 3.2 Nuclear regulatory characteristics by country

Country

Regulatory Control

Approach

Practice

Canada

France

Germany

Jupan

Sweden

United
Kingdom

Centralized (separate
regulation and research
agencies).

Centralized (separate
regulation and research
agencies),

Diffuse and Jiversified
(combination of federal,
state, private).

Centralized (separate
regulation and research
Agencies ).

Centralized (separate
regulations and research
agencies).

Centralized (separate
regulation and research
agencies .

Basic safety rules with specific
criteria and instructions; special
technical requirements applied

dunng licensing,

Basic safety rules with specific
criteria and instructions; special
technical requirements applied

during licensing.

Basic safety rules applic *
through industry standards
developed by KTA and
enforced hy State Licensing
Authorities

Basic safety rules with specific
critenia and instructions: special
technical requirements applied

during licensing,

SKI establishes general
guidelines and regulations, and
sets safety goals as well as
specific eriteria and instructions
(performance-oriented).

Basic safety rules with specihic
criteria and instructions; special
technical requirements applied

during licensing,

Case-by-case review of plant operating
practices; application of industry
standards in small industry (3 utilities,
18 plants).

Regulations (DSIN) carried out in direct
contact with the state-run utility (EDF);
both are in the Mimistry of International
Trade and Industry,

Regulations and standards coordinated
by State Licensing Authorities in each
state {variation n terms of regulatory

practices and enforcement).

Formal regulatory compliance process
between MITH and licensees.

Informal and formal group decision-
making process concerning plant
technical and safety issues: process
noted for simplicity and effectiveness
between key actors in small industry.

Formal regulatory compliance process
between NIT and licensees enforced
through site license; little reliance on
prescriptive regulation,

United
States

Diffuse and diversified
{(combination of federal
and state),

Basic salety rules with specific
critenia and mstructions; special
technical requirements applied

during licensing,

Formal regulatory compliance process
between NRC and licensees.

DSIN
EDF
KTA
MITI
Nil
NRC
SKL

Direction de la Someté des Installotions Nuclepres

Electnunté de France

Safety Standards Commussion

Ministry of Intemational Trade and Indusiry

Nuclear lnstallations lrspectorate

Nuclear Regulatory Commission

Swedish Nuckear Power Inspectorate
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utility affairs by providing direct financial assistance
through the Ministry of Trade and Industry (MITD. The
federal government also has the principal responsibility
for regulation, research and development, and
construction.  MITI is the principal regutiatory authornity
and works very closely with the utilities while controlling
their activities through its regultory functions. The
Japanese nuclear power industry 18 thios characierized by
a great deal of overlap between government and private
orgamzations m nuclear power production, operation,
regulation, and manutacturing,

3.4  Regulatory Frameworks
Comparable to the United States
in Power Production, Operation,
Regulation, and Manufacturing

Sweden and Germany have regulatory frameworks
comparable to that of the United States, in that power
production facihties are separately owned by both public
and private entities, construction is largely a private secior
responsibility, regulation is carned out by an independent
government agency, and vanous mdependent industry
groups participate i regelatory and research reled
activities.  As in the United Sunes, nuclear power plants
in Sweden and Germany are fully owned by both public
and private utilities. In the 980s construction activities
in Germany were cauried owl by privine industrial firms,
with indirect guidance from the government. In Sweden
power plant construction activities were carried out by
ASEA/ATOM, a joint venture between the Swedish
government and a group of Swedish industrial firms. The
consortium designed and built puclear power plants and
manufactured reactor components and nuclear fuel.

These countries are also sumilar 10 the United States in
that presently no new nuclear power piants are currently
planned for construction. There are similar reasons for
this, In Sweden and Germany as well as the United
States there 18 strong public opposition o increasing the
number of nuclear power plants. In Germany and
Sweden this opposition is largely motivated by
environmental concerns. In the United States this
opposition is motivated by fingncial concerns as well as
environmental concerns,

The German regulatory framework remains the most
complex of all countries that were surveved, Ths
complexity is the result of Germany's federalist system,
which requires that cach of the 11 state governments
license and regolate nuclear power plunt operations within
their jurisdiction. Although each State Licensing

NUREG/CR-6121% 18

Authority must follow broad regulatory guidance and
administrative guidelines issued by the Federal Minister
tor the Environment. Natare Conservation, and Nuclear
Safety (BMU), there is considerable variation between
staie enforcement practices. The State Licensing
Authorities are responsible for coordinating activities
hetween vanous public advisory groups. standards groups,
and state and regronal agencies. State Licensing
Authorities are also responsible for licensing nuclear
power plants, although the federal BMU must consent 1o
this action,

In Sweden, nuclear power utilities are hicensed and
regulated by the Swedish Nuclear Power Inspectorate
(SK1), which is within the Ministry of Industry.
Although SKI closely oversees nuclear power plant
operations, final responsibility for plant operation and
safety resides with the individaal uwtility, In addition, the
nuclear wtilities have an industry orgamzation, Raadet fir
Karnkrafissakerhet (RKS), which is active in several
aspects of operational safety, serves as a communication
channel, and represents industry views before SKI. This
arganization is similar in function to activities vanously
carried out by the Institute of Nuclear Power Operations
(INPO). the Electric Power Research Institute (EPRI), and
the Nuclear Utilities Resources and Management Council
(NUMARC). Unlike the German or United States
regulatory framewoik, Swedish nuclear power research
and development activities are largely carried out by a
statutory corporation, called Studsyik/Energiteknik.

3.5 Conclusions

Across the countries that were surveyed there have been
no major changes to their respective regulatory
trameworks in ferms of fundamental re-organizations or
rewriting of basic laws governing nuclear power
operations, In Germany, which has 4 nuclear power
regulatory framework simidar 1o that of the United States,
there has been a move toward greater centralization of
authority within the federal government. However,
Germany remains highly diverse in terms of regulatory
responsibilities between federal, state, and industry
organizations, and in terms of utihity structure and
ownershup,

France zad the United Kingdom have made some changes
1o their regulatory framework. In France, there has been
a move wward decentralization,  This change is the result
of calls by the French parliamnent and others for more
accountability and wnput into the nuclear power regulatory
decision-making process. In the United Kingdom, the



most significant change has been the privatization of s
state-run utilities: the Central Electric Generating Board
(CEGB) is now a private company called Nucloar
Electric. Similarly, the South of Scotland Electric Board
(SSEB) 18 now Scottish Electric. Canada, Japan, and
Sweden have remained relatively stable, A review ol
specific changes in staffing regulation and practice 18
discussed in the following chapter.

19

Industry and Regulatory Framework

NUREG/CR-6123



| s ———————— e L VR R

4 Trends in Staffin

Regulations and Practices:

Changes from 1980 to 1990

Several trends and changes in staffing regulations and
practices duning the 1980s are reviewed i this chapter
In response 1o the TMI accident, a number of countries
instituted major changes in regulatory requirements and
utility practices in the arcas of licensing, qualifications,
traning., and shift composition in the early 1980s. These
changes in Canada, France, the former Federal Republic
of Germany, Japan, Sweden and the United Kingdom are
discussed in this chapter.

A comparative review of recent changes in staffing across
the countrics of interest is provided in the following
sections.  First, the regulatory approaches to personnel
and staffing are discussed. Next, trends in regulation and
practices duning the 1980s are reviewed across countries
in the areas of education, training, and licensing. Then
personnel selection and carcer progression are discussed.
Finally, the last section discusses changes in shift
compaosition.  For comparative purposes, Appendix B
provides the executive summary from the survey of
staffing practices in the United States (Melber et al.,
1993),

4.1  Regulatory A groaches to
Personnel and Staffing

In order to understand changes in regulations and
practices across countries as well as across time, it is
necessary to compare the approaches to staffing
regulations within each country. [n this report, countries
were reviewed in terms of where they fall on a
continuum, ranging from direct regulatory control
enforced through specific prescriptive regolations, to
indirect regulation where the regulatory agency, through
its station Licensmg process, either approves or rejects
operating practices proposed by the utility, Table 4.1
provides @ summary of regulatory control aver staffing
and personnel issues by country.

Countrics with direct staffing control mechanisms are
characterized by having regulations that diciate specific
requirements, often in such areas as hicensing, education,
traning. and shift composition. Countries with indirect
staffing control mechanisms are characterized by having
plant licensing processes that give vtilities the discretion
to satisfy brogd performance requirements with a license
apphication that specifies how the utility will meet the
general safety objectives. Countries that fall somewhere
in between have some requirements set by regulatory
agencies through specific regulations as well as some
utility discretion in determining how to meet other safety

NUREG/CR-6123
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performance requirements of the regulatory agency, Of
the countnies in this study, Germany has the most direct
staffing control mechanisms in place, which specily
detailed, prescriptive regulations and guidelines, The
Umited Kingdom and France represent the least
prescriptive end of the spectrum. These countnes use
mdirect staffing mechanisms through the issuance of plant
licenses that conform to broad safety and operating
objectives. Canada, Japan, and Sweden fall in the middle
of the regulatory control continuum, with a mixture of
utility discretion and regulatory specifications.

Germany has established minimum requirements
pertaining to the education, training. and experience of
control room personnel, Training guidance and course
content. for instance, are prescribed by the Federal
Minister for the Environment, Nature Conservation, and
Nuclear Safety (BMU). German utilities mast submit
their retrmining programs to the BMU for approval and
must report the results of retraining testing. Training and
retraining are supported by Germany's national training
center, the VGB, which is utility-operated (International
Atomic Energy Agency. 1980),

France and the United Kingdom have regulatory
mechanisms enforced through the issuance of a broad
plant operating license, In France, the state-run national
utility, Electnicité de France (EDF), determines
recruitment, education, training, and promotion standards
for operators.  The regulatory agency, Direction de la
Sireté de Installations Nucleaires (DSIN), does not
license operators individually. Instead, it reviews EDF's
management plan for assuring the compeience of its
personnel. Authorization 1o operate the plant indicates
that the management policy for personnel is acceptable to
DSIN (International Atomic Energy Agency, 1980). This
framework is supported by the highly centralized nature
of the French nuclear power regulatory framework, where
EDF and DSIN are housed within the same government
minisiry.

The United Kingdom shares some characteristics with
France. In the United Kingdom, the Nuclear Installations
Inspectorate (NID) either appraves or denies the plant’s
proposed plan according to compliance with broad
regulatory requiremments such as conditions for plant start-
up, operation, and shut-down. This is in contrast to the
United States approach in which regulations, regulatory
requirements, and licensing requirements specify
acceptable operating practice. The formerly state-run
national utility, the Central Electricity Generating Board




ET19-¥/DFANN

Table 4.1 Nuclear staffing regulatory characteristics by country

Government
Minimam Requirements Agency
Country: for Education, Personnei License Administers/ Prescribed Training’ Retraining
Regulatory Approach Training Experience Required Supervises Exams Course Content Requirements
Canada: Mixed system: Positions have set Yes. Shift supervisors, shift Yes. No. No. but subject
direct staffing control and qualification levels: plant operating supervisors and to regulatory
utility discretion. license implies acceptance authonzed nuclear operators approval (AECB).
of personnel. (ANOs).
France: Indirect regulation Utihity discretion (EDF). No requirement: utihify No. No. No.
through plant license. management responsible for
competence of personnel.
Germany: Direct staffing Specified by regulatory Yes. Yes Yes. Programs must be
control, agency (BMU). approved by
regulatory
agency (BMUY.
Japan: Mixed system; No. Administrative Yes. Supervisory heense No No, training provided No, retraning
direct staffing control and guidance provided by MITL.  mandated. u part through BWR offered by the
utility discreton. and PWR Traming BWR and PWR
Centers. Training Centers.
Sweden: Mixed system: Uulity discretion; plant No. but SKI has monitoring No. No, but norms imposed  No.
direct staffing control and hicense inplics acceptance system to review the by relatively small
utility discretion. of personnel. competence of operators number of educatonal
and supervisms. msiutons.
United Kingdom: Indirect Unility discretion. No. No, No, but Natonal No, but retraining
regulation through plant Training Center run by courses proved by
license. the state utility National Training
estabiishes norms. Center.
United States: Direct Specified by regulatory Yes. Semior reactor Yes. Yes. Programs must
staffing control. agency (NRC). operators and reactor be approved
operators. by regulatory
agency (NRC).

See Abbreviations listing on page xii.

MO JRIONN JO 0N



r-————l-——— el e e A
i

Trends in Staffing

(CEGB). renamed Nuclear Electric after recent
privatization of this utility, interprets these broad
regulatory requirements into specific plans and practices.
The plant manager is responsible for setting standards
related to recruitment, education, trimng, and promotion
standards for operators (V. Madden, Nuclear Electric,
Personal Communication, June 1991 Courvorsier et al
1981; Au et al., 1982), However, there are certain Limits
to this discretion,  For instance, as in France, education
and tramning standards in the United Kingdom's nuclear
power industry are developed by the state-run national
trauning center (Myerscough, 1980a).  Also, by vintue of
operating experience. Nucicar Electric and NIT have well-
established norms for acceptable plant practices,

Canada, Japan, and Sweden have systems in common that
hive a mixture of dect regulation and utility discretion,
In Canada the regulatory agency. the Atomic Energy
Control Board (AECB), sets and enforces personne)
gualification standards.  Although the plant manager
recommends detaded plans for operator training
programs, (or instance, the AECB approves or denies
these recommendations. This approach s different from
the madels of France and United Kingdont in several
respects.  First, m Canada personnel qualification
requirements are established in the regulations and the
plant must comply with these requirements. The
exception (o this rule 15 cases where individuals with
special backgrounds or qualifications may be considered
on a case-by-case basis. The AECB then approves or
denies the assignment of the individual to his or her
position.  Second, the candidate must meet AECRB
examination requirements as well as plant requirements
Third, the AECB must license shuft supervisors, shift
operating supervisors, and avthonzed nuclear operators
(ANOs), a position similar to the licensed reactor operator
in the United States (Howey, 1980; Gammer, 1982),

The Japanese regulatory system is comparable 1o that of
Canada n that the Ministry of Intemational Trade and
Industry (MITI), Japan’s nuclear regulatory authority,
1ssues few wntlen prescriptive regulations.  Instead,
informal administrative guidance is directed at utilities,
usuaally based upon annual reviews of licensee
performance. Since MITI also sets power-production
rates, this guidance is followed carcfully. In the carly
1980s, MIT1 moved toward making more specific
directives 1o utilities. In particular, Japan added a
qualifications certificate regulation requiring that shift
supervisors be licensed (Thermal and Nuclear Power
Engincering Society, 1981; Tokuno, 1981),
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The Swedish system is sumilar to Canada and Japan:
licensees are regulated indirectly through the issuance of
a plant operating license that signifies acceptance of the
plant’s selection, traming, and qualification personnel
program. coupled with more direct regulatory control over
personnel selecuon and traning. In 1980 the Swedish
nuclear regulatory authority, the Swedish Nuclear Power
Inspectorate (SKI), issued a set of regulations specifying
recruitment, training and competence evaluation cnitena
and procedures for operators, Due 1o the relatively small
industry, professional norms are also shared; most of the
nuclear operators in Sweden have received training in the
same educational institutions (Backstrom, 1982). No
major changes in overall approach to regulatory control of
staffing were found over the past decade. These
regulatory deseriptions will be useful in interpreting the
changes or stability that have taken place in each of the
couniries in the areas ol hicensing, education, and {raining,

4.2 Operator Qualifications:
Licensing, Education, and
I'raining

Alter the accident at TMI, regulators throughout the
countries discussed in this study immediately took a
number of steps in the area of nuclear power plant
statling requirements. These steps were witnessed in the
adoption and expansion of several licensing programs,
educational regulations, and training programs, However,
i recent years. such changes have become less common,
Licensing and educational regulations in particular have
expenienced few changes. Three of the countries
currently have personnel licensing programs; changes that
were made 1o these programs in terms of adoption or
expansion were primarily made prior to 1985, In
confrast, training continues o receive a high level of
regulatory oversight and industry attention.  The role of
simulator traming using generic or plant-specific
stimulators ncreased during the 1980s across all countries
surveyed.

4.2.1 Operator Licensing Regulations

Over the decade covered in this study there has been only
a shight increase in nuclear power operator licensing
activities within two of the countries that were studied.

In the early 1980s. Japan adopied a program to license its
shift supervisors. Canada expanded its exisung licensing
program to require bicensing of authorized nuclear
operators (ANOs), who are similar to reactor opersors in
the United Stes. Licensing programs in the other
couniries have remained stable.
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Prior 1o 1980, Germany and Canada required supervisory
operations staff to be licensed. In Germany, guidehnes
were written in 1974 specifying that shift supervisors,
their deputies, and reactor operators pass a writien and
oral examination (Martin, 1988). The tederal nuclear
regulatory authority in Germany, the BMU, also
administers or supervises the administration ol positon-
specific licensure examinations. This is more exiensive
than Canada's regulation requiring that shift supervisors,
shift operating supervisors, and authorized nuclear
operators (ANOs) be "authorized,” which is functionally
equivalent to licensing (Howey, 1980; Gummer, 1982),

The third country to require personal licensing of
operations staff was Japan. [t began licensing supervisors
in the early 1980s. Its license examination is sumlar ©
that of senior reactor operator in the United States, Prior
to this time, only the nuclear reactor chiel engineer was
required to pass an exam administered by the Safety and
Technology Agency (STA). By June 1982 all utihities
were also required by MITI 10 have one licensed shiit
supervisor per shift. The Thermal and Nuclear Power
Engineering Society (TANPES) was designated by MITI
as the organization responsible for testing and hicensure,
with MITI specifying only that license certificates be
reactor specific, and be himiled to terms of three yewrs
(Thermal and Nuclear Power Engineering Society, 1981
Tokuno, 1981).

Adtitional information about Japan's licensing program is
provia=a as an example, In Japan, the operator is
qualified for three years by the issuance of a certificate.
To receive a license, candidates must pass a wrilten
exam, take several technical seminars, and pass an oral
exam. The written examination tests a candidate’s ability
1o conduct normal and emergency operations in the
presence of an instructor who is designated by TANPES
at cach training center. The seminars are provided by
TANPES and provide knowledge and skills for the
operation of nuclear reactors. The oral examination tests
candidates on their practical knowledge essential fo
fulfilling their duty as an operating supervisor. Oral
exams are given after the candidate has taken the written
test and received the technical seminars (H. Nishimura,
MITI, Personal Communication, September 1992),

Twelve months before the license expires, gqualification
ficensing certificates may be renewed and relicensed after
operators receive the technical seminars tramning and
simulator training (simulator training 1§ discussed
greater detail in Section 423 below). If the applicant
has been away from operations within the term of the

Trends in Staffing

liceuse certificate, he or she may be required to retake the
oral and written tests (H, Nishimura, Personal
Communication, September 1992),

France, the United Kingdom, and Sweden do not require
that reactor operators or their supervisors be licensed. As
indicated carlier, the French nuclear wtility, EDF, is
responsible for all decisions relating to the competence of
its personnel, with the nuclear power plant
supenntendents asthorizing individuals o perform
specific functions (Courvoisier et al., 1981: Intermational
Atomic Energy Agency, 1980). In the United Kingdom,
it is the responsibility of the British national utility,
Nuclear Electric, and the Scottish national utility, Scottish
Electric, to translate that authonzation into particular
practices.

Although the Swedish nuclear regulatory authonty, SKI,
currently does not examine or license individual
operators, plans were made in the early 1980s to
inplement a system 1o monitor operator competence
{Backstrom. 1981). This monitoring system has since
been implemented and is discussed further w the review
of traning programs,

4.2.1.1 Summary

Few changes in licensing have occurred over the past
decade. Currently, three of the countries in this study
(Germany, Canada, and Japan) require personnel to be
licensed via regulatory requirements. Of these, Germany
and Canada had existing licensing programs prior to the
1980s, Only Japan adopted a new operator licensing
program within the time frame of this study. However,
Japan made this change in the carly 1980s, Thus, no
additional countries have adopted a hicensing program
since 1985, Overall, then, there has been a slight
increase in operator licensing requirements in the 1980s.

4.2.2  FEducational Regulations

Over the past decade, few countries have adopted or
changed regulations dictating minimum educational
requirements.  Germany, which introduced a regulation in
1979 for shift supervisors to be university graduate
engineers, is an exception. In Sweden, from the early
1980s to the present, the minimum educational standards
are reguluted in the form of plant technical specifications.
All plants in their technical specifications have committed
to operators having two years of post-high school
training.  SK1 reviews plant hiring requirements to ensure
that utilities have minimum educational standards in
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place. These technical specifications were implemented
after TMI as a result of a review of post-TMI training
requirements.

Canada, France, Japan, and the United Kingdom do not
have regulations specifying educational requirements, In
cach of these countries the utilities are responsible for
establishing educational criteria for operators us opposed
to complying with prescriptive regulatory requirements.
In the United Kingdom, as in France, edication and
training norms are established de facts through the
national training center run by the sta e utility. The
United Kingdom continues to have no formal regutations
dictating specific education requirements. There are no
planned changes in education or experience (wquirements
(V. Madden, Nuclear Electric . Personal Communication,
June 1991). Sinvilarly, Japoa does not have regulations
specitying educatonal midmum requirements (H.
Nishimura, Personal Communication, September 1992),

4.2.2.1 Summary

There appears to be hitle change in educational
requirements across the six countries that were studied.
Germany requires that shift supervisors be graduate
sngineers. Sweden added the requirement for operations
personnel to have an associate degree,

However, the maionty of countries studied do not have
educational regulations.  In Canada, France, Japan, and
the United Kingdom utilities are responsible for
establishang educational criteria for operators.

4.2.3 Operator Training

Several trends in operator traming among the countries
surveved are reviewed in this section.

4231 Training Program Structure and Oversight

In France, Canada. and the United Kingdom, nuclear
power training programs are highly standardized because
there is one primary utility m cach ol these countries that
has one or two major fraining centers (e.g., EDF in
France, Ontario Hydro in Canada, and Nuclear Electric in
the United Kingdom). In Gennany. lapan, and Sweden
there are national training centers that are jointly owned
and operated by utilities. National traming centers were
established after TMI in the former Federal Republic of
Germany and the United Kingdom. There has been more
artention to operator training in regulation and practice
throughout the 1980s.
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4.2.3.2 Simulator Training

Simulators are a central component of these national
training programs.  All of the countries that were
surveyed have used simulators in their training programs
since TMI and continue 10 do so. In Sweden and
Germany, the use of training simulators is required. In
Canada. Japan, France. and the United Kingdom, the use
of simulators is determined by the utility. Simulators are
usually housed at the national training centers, although
plant-specific simulators may also be used  In Japan, for
instance. utilities use the national training centers (the
BWR Operator Training Center for BWRs and the
National Power Training Center for PWRs), as well as
on-sile compact simuators and computer-assisted training
facthnes. In Canada, only licensed operators receive
regutar simulator training, although unlicensed operators
who supervise other unlicensed operators such as
auxilary operators are beginning to receive simulator
traening. In 1984, the former Federal Republic of
Germany nuclear regulatory authority, the BMI, increased
operator semulator training requirements (Martin, 1988),

In countries that use a combination of direct and indirect
regulatory mechanisms, such as Canada and Sweden,
there has been a move toward greater oversight of utility
training programs.  The Canadian nuclear regulatory
authority, the AECB. has in recent years placed more
etnphasis on training programs that allow trainees 1o be
tracked through their development. [n the early 19805 the
Swedish regulatory authority, SKI, was developing a
moniforing system for nuclear operator training. In 1980
SKI issued the first regulations for operator training. In
1UR6 the regulations were revised. and SKI eliminated
some detailed demands on ulility training organizations.
In 1989 SKI expunded training requirements for all plant
personnel and expanded the training requirements for
control room personnel (Jende, 1989). These regulations
specity the trning elements for control room personnel
(shift supervisor, assistant shift supervisor, reactor
operator. assistant reactor operator, and turbine operator).
Utility tramning program elements such as course
structure, evaluation, course descriptions and records,
general competence levels, and retraining are monitored.
SKI annually reviews training and gualificat.on
regulutions with Swedish utilities,

42,33 Training Content
In the carly 19808 a number of countries immediately

responded to TMI by improving their operator training
programs, Training requirements implemented in the
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former Federal Republic of Germany most closely
reflected regulatory changes instituted at that time in the
United States. The regulatory agency, BMIL. specified the
content angd duration of operator simulator training and
retraining, recommended that licensing examinations be
given at simulators, and proposed additional training in
thermodynamics and thermohydrauhes. The BMI also
issued training guidelines for non-operating personnel and
developed retraining programs for supervisors and
training staff, Similarly in Sweden, special courses on
heat transter and thermohydraulics were implemented
(Pfeffer and Kraut, 1985), These fundamenials of nuclear
operator tramning are well established among all of the
countries that were reviewed. Table 4.2 provides a
summary of operator training courses at the BWR
Operator Training Center in Japan 1o illustrate o typical
operator truning program.

During the 1980s, several new training content issues
arose throughout the countnes that were surveyed. In
Canada, plant aging concerns and increasing automation
have changed the traming methods and objectives 1o
accommaodate these complexities, The United Kingdom
and Germany have increased trining requirements in the
arcas of emergency planning and accident management

In the United Kingdom the NII requires the national
utility, Nuclear Eleciric, to define new duties and
responsibilities for staff in the area of emergency
planning. This requirement has entailed the development
of new training requirements for these designated staff by
Nuoclear Electric (similar changes were made by Scottish
Electric, Scotland’s national utiiity). In Germany,
accident management measures were introduced in the
mid- 1980s as pant of utility training requirements (Martin,
1988).

Among several of the countries that were surveyed, an
emerging concept affecting the philosophy and practice of
nuclear power plant operator training has been the
expansion of trairing into non-technical areas. As
discussed above, training programs in the early- and mid-
19805 focused on techmical compelency requirements for
operntors and supervisors, New programs in the Jast
several years have been established to ensure that these
skills are adequately communicated to subordinates and
colleagues through improved supervision and team
interaction.  Although shift supervisor training has
traditionally involved traning in communications,
direction, and oversight, new emphasis on team skiils
training is evident in Canada, France, Japan, and the
United Kingdom. For instance, n Japan, "family
training” 18 provaded o shift crews to improve their team
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work. Problem solving in the simulator is used to
facilitate team solutions.

As of 1991, the M1 in the United Kingdom was in the
process of developing 4 new site licensing document that
may entail new requirements for supervisory training and
teamwork. The United Kingdom's national utility,
Nuclear Electric, has been developing training
specifications in support of these anticipated requirements
in the areas of management skills, interpersonal skills
(such as sell-awareness. communication, and how to
recommend a course of action), problem solving/decision
making skills, stress management. tcam work and team
building skills, and financial and commercial awareness
of nuclear operations, (V. Madden, Nuclear Electric,
Personal Communication, June 1991),

4234 Summary

in many of the countries that were surveyed, training is
highly standardized because of a large utility with one or
two major trpining centers (e.g., France, Canada, and the
United Kingdom), or national training centers thal are
utility-owned and operated (e.g.. Germany, Japan, and
Sweden). This means that training program standards are
well establishied industry wide and the overall impact of
training is monitored closely. Simulators, a relatively
new taming aid prior to TMIL, are now used extensively
across all of the countries that were surveyed. In the
1980s new training issue arcas emerged, especially in the
arcas Of supervisory skills training, team skills training (o
complement existing technical programs, and emergency
planning and management. Many of the changes to
training programs in these countries build upon the initial
training focus that was set after TML namely, to establish
andl ensure operator competency.

4.3  Selection and Career Progression

A dominant approach in the early 1980s that has
continued into the 19905 is the practice of developing
operations staff in-house by hiring at the entry level
position (e.g., auxiliary operator or equivalent’ and
offering in-house (raining programs. All countries
provide considerable specialized training for recruits fo
the system.

NUREG/CR-6123




Trends in Staffing

Table 4.2 BWR training courses (Japan)

Course Title

Description Duration

Standard Operator Training Degigned for personnel experience as suboperators (auxiliary 12 weeks
operators) with basic skills and knowledge of nuclear operations.

The purpose of this course is 10 develop Irainees 1o become

operators,  The course consists of lectures, plant observation, and

stmulator training

intensive Operator Training Same as above except that course focuses on developing 4 weeks

operational skills in the simulator

Operator retraining Simulitor refresher training for ¢urrent operators 9 days

Advanced Operator training Designed for tugher ranking operators and is designed 10 upgrade 5 days
sapervisory skills and knowledge 1o emergency situations.

decision making, management, supervision, and direction

Family training Team skills training designed 1o improve crew compelence and | day
teamwork
Basic lecture Course desigred for those taking the standard or intensive training 2 weeks

course and pravides basic knowledge about nuclear technology

Saurce: MITI (1992,

Utilities in the majority of countries in this study continue
1o hire recruits at the entry level position.  The maionity
of these countries provide a carger progression that
extends from an entry-level position 10 a supervisory 431 Recruitment Into Operations Positions
position (e.g.. shift supervisor or equivident), An
exception to this i Germany, which established a
requirement in 1979 that shift supeérvisors be graduate
engineers, Entry-level recruits who do not have graduate

management positions in operations and other plant
depariments.

All af the countries in this study hire operations staff at
an entey level assistant operator position and promote
(hese operators after they have acquired specified

engineenng degrees cannot be promoted bevond depuly
shift supervisor,

Sweden, Japan, and the United Kingdom currently of fer
apportunities for shift supervisors lo move to higher
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experience and traiming,  For instance, Sweden, the
Unned Kimgdom, France, and Germany typically bring
fures into operations at the technician or equivalent level
and provide training and expenence opportunities (o
become reactor operators,  Germany uses the apprentice

o Al




maodel 1n which workers are brought in al the beginner's
level and trained for a panticular specialty (Farber, 1988).

In the post-TMI peniod, three countries created paths 1o
allow individuals who met specified criterio o enter
operations at a higher level. Germany added this career
path due to the regulation initiated in 1979 that shift
supervisors be graduate engineers. France added this
additional carcer path in the early 1980s due o labor
shortages that existed within the senior operator position.
Shortly thereafter, Japan added an additional entry route —
hiring individuals with requisite experience directly into
the reactor operator position, then promoting them to
senior operator (Au et al., 1952).

In the carly 1980s more labor supply sources were used
to hire operations staff than are used currently, The labor
sources for entry into reactor operaior positions differed
considerably by country, although the majority of
countries provided multiple routes for entry info
operations.  The basic streams of labor in the carly 1980s
came from the following sources:

« conventional power plant personnel;

» high school level vocational background:

technical training programs equivalent 1o an associate
degree; and

o umversity level degree.

In the carly 1980s, operations staff were hired primarity
from educational institutions, Specifically, five countries
used entry-level operators from high school programs,
To a Jesser extent, hires were {rom technical schools and
umversities, In Sweden operators were recruited who
held a two-year technical degree, this degree appears to
be equivalent to an associate degree in the United States.
The United Kingdom recruited associate degree level
individuals, and tended toward hiring university degree
level individuals in the early 1980s (Backstrom, 1982),

Recently, there has been a dechning rehance on
individuals with conventional power plant or other
industry experience as a sowrce from which 1o recruit
operations personnel.  On occasion, plants in Sweden will
hire operators from other process industries or refinenes,
such as paper plants (1. Blom. SKI, Personal
Communication, July 1992),

Today, as in the early 1980s, the pnmary source of
recruits to entry level positions is educational mstitutions.
In the 1990s, technical schools are the primary source. as
compared 10 high schools in the carly 1980s. Five
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countries in the carly 1980s hired new operators at the
high school level. Just one country (Japan) currently
relies on high schools as a source. In contrast, Canada,
France, Sweden, and the United Kingdom hire from
technical schools, The United Kingdom has increased the
required number of technically qualified engineers from
one per shift crew 1o all operator positions in newer
stations (P. Gardner. NII, Personal Communication,
1992). Germany currently hires individuals with ten
years of elementary school training plus three years of
practical and theoretical vocational training, Thus four
countries currently hire from technical schools, which are
broadly defined to include engineering schools and
community colleges.

Universities continue 1o be a less central source from
which to recruit operations staff. Germany recruits
individuals with four-year degrees for entry 1o the shift
supervisory position.  Sweden hires individuals with four-
year degrees on accasion.

In the carly 1980s, labor supply. recruitment, and
rétention problems were significant, particularly in
Germany and France: the same was true in the United
States al that time. Work conditions (e.g., shift work,
limited advancement opportunities, required
requatification) and the nature of the job (boredom, lack
of challenge) were seen as significant contributing factors
1o this problem. Labor supply issues are currently not
regarded as problematic in France, Sweden, Japan, or the
United Kingdom. As discussed in following sections,
labor supply issues have been ameliorated in part by
increasing operitor relention either through promotion or
transfer into other departments such as training. In
France in particular, nuclear operations 1s regarded
favorably as an occupation due to its monetary and career
benefits. In Japan, lifetime employment at corporations,
including wtiliues, is common practice. Thus, across all
of the countries in this study operator labor supply docs
not appear (o be the problematic issue it was in the early
19805,

4.3.2 Operator Career Progression

All countries except Germany have promotion systems
that enable entry level hires 1o work their way up to the
shift supervisor position. In Sweden, the United
Kingdom, and France, there are four levels from entry
level to shift supervisor level. A typical career
progression proceeds as follows: auxiliary operator,
reactor operator, assistant shift supervisor. shift
supervisor. In Sweden newly hired workers start as
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station technicians and advance (o shift supervisors within
a period of 11 to 22 years. In France, it takes slightly
longer--from 15 to 25 years--10 become a shift supervisor,
Differences in the time it takes to advance to the next
level are often based on educational level. As an
example, in Canada college graduate recruits would be
required to obtain four years of experience prior o being
promoted to supervisory positions, whereas high school
graduates would be required to obtain 12 years of
experience (Gummer, 1982), Currently, the professional,
qualified staff from universities or other places in the
United Kingdom typically qualify as desk operators in
three to four years (similar to reactor operators in the
United States), with possible advancement to supervisor
within five addiional years.

In contrast, the careers of operators in Germany who do
not have a graduate engineer degree (e, crallsmen) are
hmited. Craftsmen can only be promoted o deputy shifi
supervisor. The 1979 education regulation served to
shorten their career path.  This regulation wis o
significant change from pnor practice. partiaily m
response 10 an accident in the Brunsbuttel power plant in
1978, In some cases implementation of this regulation
has required the demotion of existing shift superyisors
who do not hold the required degree (Au et al, 1982)
Some German states. such as Bavaria, already had thiy as
established practice prior to the 1979 change. In 1980,
approximately 40 percent of shift supervisors were
graduate engineers: the completion date for the transition
to shift supervisors with graduate engineering
backgrounds was January 1984,

The majority of countries continue fo use a single career
path for promoting operators.  These countries mnclude
Sweden, the United Kingdom, Japan, and Germany.
Typically, recruits are hired and trained to become
auxiliary operators or an equivalent. Following sel
training and experience Criferia, operators move up u pre-
determined path,

Two exceptions to this are Canada and France, which
offer a choice to the operator in terms of the roles they
will occupy as they advance. Operators in France have
four possible routes from which to choose: (1) from
assistant shift supervisor to shift supervisor or wrainer: (2)
from shift supervisor 1o trainer; (3) directly o truner; or
(4) directly to another departmend, such as mantenance
(Y. Dien. EDF, Personal Commuanication, October 1992,

In Canada there are essentially twao career paths an
operations hire may pursue, Both paths start out from the
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Nuclear Operators-in-Truining (NOIT) position.
Foliowing approximately two years of training, NOITs are
promoted 1o Nuclear Operators (NO)--the equivalent to an
auxiliary operator in the United States. At this point, two
separate paths may be chosen. One path advances the
NO 10 the position of Supervisory Nuclear Operator
posttion (SNO)--an unlicensed position, charged with
supervising the work of the NOs in the field. SNOs are
pasd nearly as much as a licensed operator. From here
individuals may move into planning or other departments.
The other path advances the NO 10 the Authorized
Nuclear Operator (ANO) position, a licensed position,
that is the equivalent of a reactor operator n the United
States. To become an ANO, one must receive training
and pass an examination for a license. ANOs may
advance to Shift Operating Supervisor (SOS). or make a
lateral move to training, planning, or other departments.

Germany. France. and Japan continue to offer career
paths that begin at higher (non-entry level) positions. At
this time Germany is the only country that has established
an exclusive route {via engineering degrees) to the shift
supervisor posinon.  Due to this vegulation, engineening
graduates--those with a university level engineering
degree--are eligible for the shift supervisor position after
obtaming one and a half years of nuclear power plant
experience,

4.3.3  Shift Supervisor Progression
Opportunities

Three countries offer career advancement or piacement
options 1o shift supervisors, typically in the form of
lateral moves to other managerial positions within the
plant or advancements to more advanced managerial
positions, These countries are Sweden, Japan, and the
Urited Kingdom. Sweden offers flexibility to shift
supervisors by allowing them to be managers for other
departments within the plant. Although shift pay is much
higher than pay for regular day jobs, some people want to
20 10 & day job after many years of shift work (I, Blom,
SK1. Personal Communication, July 1992).

As in Sweden, Japan currently has many opportunities for
movement from aperations into supervisory positions or
into other plant depariments. Japanese utilities have a
“life-long employment system” that bases promotions
from operations into supervisory positions on “devotion 1o
duty and ability” (H. Nishimura. MITI, Personal
Communication, September 1992).




In the United Kingdom. shift supervisors with
backgrounds from universities are viewed us a hiring pool
from which station senior masagement are selected.

Unlike in Sweden and Japan, Canadian shifl operating
supervisors are not able o move to the position of
department manager or other equivalent positions if they
do nat have college degrees.

4.3.4 Summary

Currently, educational institutions continue 10 be the
primary source from which personnel are recruited. This
wrend could be seen starting in the early 1980s. Technical
schools, more than high schools or universities, continue
o be primary sources from which personnel we recruiled

The continued practice of traning and educating newly
hired workers seems fo be a way to achieve and mantain
a quality workforce, as opposed o hiring individuals with
related work experience or with four-vear degrees.

There ts considerable vanation in the educational
background of those individuals who are selected for
reactor operator positions.  Canada, France, and Japan
followed a pattern sunilar 1o the United States in the early
19805 of hiring at the high school level, while Sweden
and the United Kingdom tended 1o recruit from
institutions of higher education at the associate depree,
and sometimes, university degree levels. During the
19805, there has been a clear trend toward hiring more
highly educated workers, ie., those with vocational o
higher post-secondary education.

Most countries that were reviewed provide for career
progression from assistant operator 10 shift supervisor, the
highest level of advancement. This is the common career
path in the United States. The following examples are
several exceptions that have developed since TMIL In the
United Kingdom, progression bevond shift supervisor 1o
operations management appears to be @ common practice
In France, Canada, and Japan, multiple career paths are
available to operations staff 1o progress into other plant
departments such as training or mainienance. Germany
introduced the engineering degree requirement for shily
supervisors, limiting the career path for typical entry level

2
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recruits, Germany's response was made due to an
accident in the Brunshiittel Nuclear Power Plant in 1978,

4.4 Shift Composition: Regulations
and Practice

in the early 1980s there was little vanation across
counries concerning shift organization, The shift
complement generally included the positions of shift
SUpErVIsor, assistant or deputy supervisor, reactor
operators, auxiliary or equipment operators, and some
additional support personnel. The major differences at
that tme were the extent to which the shift complement
was augmented by other support staff such as
mainienance, health physics, and engineering staff
(Pictfer and Kraut, 1985).

Today the operations shift complement remains largely
unchanged. France was the only country 1o add a new
position on shift. Following TMI, a safety engineer was
added 10 advise the shift during emergencies or other
incidents. This position s similar to the shift technical
advisor m the United States.

441 Number of Operations Staff on Shift
The typical full operating shift complement (on shift at
the plant. but not necessanily in the control room) for a
single unit plant ranges from six (o eight staff in the
United Kingdom: from eight 1o ten staff in Germany and
Sweden; from mine o twelve staff in Japan; and from
eleven to thirteen staff in Canada. Canada maintains the
Largest shift staff, pomarily due to maintenance being
organized on a shift basis. Two countries that were
reviewed provided additional engineering expertise in
response 1o TMI: France added the safety engineer, the
eqguivalent 1o the shift technical advisor position in the
United States (Melber and Schreiber, 1983; SECY-92-
0261 Germany added the irterim shift engineer (which
has since heen replaced by the degreed shift supervisor,
as discussed previously in Section 4,3). The addition of
engineering cxpertise was intended o provide an
additional sufety measure in the event of emergency
events; staff on-shift with engineering expertise can assist
the operating crew in diagnosing a problem and
recommendimg a course of action. The French safety
engineer s also responsible for taking control of the plant

during an accident.
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Current typical shift complements for each of the
countries surveyed are provided in Table 4.3, Al one
Canadian utility, one shift crew provides coverage for
four units. This configuration includes maintenance siaft
on shift. The mtegration of maintenance staff n
operations is due to the reactor design used in Canada
(CANDU), which allows continuous refueling and
maintenance during operation.

In 1980, France had three operators for two 900 MWe
units. Today there are four pnincipal operators and more
auxiliary operators. A second assistant shift supervisor
has been added to the shift complement. A safety
engineer (ISR), similar to the shift technical position in
the United States, is also assigned to each shift. At 900
MWe dual-unit sites, the shift supervisor and assistant
shift supervisor are simultancously responsible for both
units. Techmcal personnel are not assigned 1o one
specific unit. Specific unit assignments are made only at
the unit operator and assistant unit operator levels.
Overall, the shift complement in France is higher than it
was in the carly 1980s,

In Germany, shifts are composed of a shift supervisor, a
deputy shift supervisor, a licensed reactor operator, non-
licensed operators, and equipment or field operators
(Farber, 1988), In the control room, the regulated
minimum of personnel must include one shift supervisor,
one assistant shift supervisor, and one reactor operator
(Pfeffer and Kraut, 1985).

In Japan, most plants have the same shift compasition as
shown in Table 4.3; the main difference between plants is
the number of auxiliary equipment eperators (AEOs).
There may be one, two, or three AEOs, depending on the
utility's operating practice. MITI has no requirements for
the mimmum number of operators required on shift,
However, MITI holds a meeting with each utility every
year and confirms the shift crew composition according o
the plant license and technical specifications,

Sweden requires utilities to esi.blish the minimum
number of shift operators in its technical specifications.
In the shift composition there is no shift engineer and no
senior reactor operator. However, Sweden does have an
engineer who is on call within the plant, not in the
control room, and who is in charge of external
communications in the event of an incident until plant
management armives (Pleffer and Kraut, 1985).

In the United Kingdom, the control room crew 1s
supported on shift by engineering, maintenance, and
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health physics staff. A dedicated relief engineer is now
under the control room supervisor. Table 4.3 shows the
typical statfing for a two-unit/one control room plant,
with engineering. maintenance, and health physics staff
on shift.

In several countries that were reviewed, engineering
expertise is used 1o analyze complex technical problems
at hand in case of an accident or event (Melber and
Schreiber, 1983), In some cases (the former Federal
Republic of Germany, Sweden, and the United Kingdom),
engineering expertise was integraied into the requirements
for the shift supervisor, France introduced a safety
engineer on shift as a post-TMI requirement. This
position 15 also responsible for health physics (Pfeffer and
Kraut, 1985). Thus, across the countries that were
reviewed, the importance of engineering expertise (0
complement the operating crew is apparent either in
established engineering skill requirements for senior-level
operators, or in the addiion of a safety engineer on site
during operations.

4.4.2 Number of Operating Shift Crews

The number of shift crews maintamed at nuclear power
plants ranged from four 1o seven in the early 1980s.
Japan typically maintained four shifts, Federal Republic
of Germany power plants ranged from four 1o six shifts,
with five shifts being the most common; Canada and the
United Kingdom maintained five shifts; and Sweden used
seven shift crews, In comparison, the United States
maintained from four to six shifts. Across countries, a
six to seven shifl crew rotation means that one shift was
assigned 1o training.

In France, plants were previously operated on a six-shift
cycle, which left Tittle time for training. Now. for all
sites there are seven shifts (six on shift while a seventh is
n training) (Nucleonics Week, June 28, 1990). In
Germany, a five-shift rotation pattemn is common,
although a few plants use six shifts. For example, at the
German utility, RWE, a five-shift roiation pattem is used:
three eight-hour shifts six days a week, and two twelve-
hour shifts on Sundays. From Tuesday to Friday, an
additiona! day shaft is available. Retraining time is made
available for the day shift (Pfeffer and Kraut, 1985). In
Japan, plants now usually operate on a five-shift system
instead of on four shifts, which was more common in the
early 1980s.
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4.4.3 Support Staff

It appears from the avaulable information there have been
few changes made 1o the way support stafl are integrated
with shift operations. Canada was the only country i the
early 1980s to have an extensive maintenance crew on
shift at all plants, This was due 1o the CANDU reactor
design, which allows maintenance work and refueling
during plant eperation. In the United Kingdom, a
maintenance crew was on shuft.  However, maintenance
was penerally separate from shift operations. In bath
Canada and United Kuigdom, shift organizaton in regard
to support staff remams largely uncianged. Maintenance
staff on shift also vaned across plants in the Federal
Republic of Germany.  Again, no fundamental regulatory
changes or new practices in this regard have been
reported over the past decade.

In the early 1980s health physics was represented on shift
in France, Sweden, and the United Kingdom. as in the
United States, and the same remains largely true today.
Canada, however, is unigue in that operators are trained
in radiation protection and are responsible for monytoring
their own radiation levels. In Sweden. an electrical
technician, chemical engineer, and radiation protection
engineer are on shift. while an enginecr 15 on call,

444 Summary

Shift composition and scheduling practices in the
countries that were studied are similar o practices in the
United States. However, there are several noteworthy
differences. Canada maintains the largest shift crews due
to maintenance and refueling activities being carried out
during plant operation. France and Germany require an
engineer with a university degree to be on shift. In
France, the safety engineer position is similar 1o the shift
technical advisor position in the United States. In
Germany. the shift supervisor must hold an enginecring
degree. The other countries that were reviewed do not
require a untversity-degreed engineer on shift. wlthough
Sweden and the United Kingdom have access to
engineering expertise either through an engincer on call,
or, through shift supervisors who hiold engineenng
degrees (even though this is not a regulatory
requirement).  The number of operating shifts overall has
expanded slightly in the 1980s. Overall, fewer plams
among the countries that were reviewed appear 10 use a
four-shift rotation pattern anymore. France added an
additional shift for waining and now has seven shifts.
Swoedish nuclear power plants also operate on a seven-
shift rotation pattern.  German nuclear power plants use
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five to six shifts. Canada, the United Kingdom, and
Japan usually employ a five-shift rotation, Japan has
expanded s average number of operating shifts from four
to five. The average number of shifts used appears o be
between five and seven, The integration of support staff
does not appear (o have changed. The number of
operators on shift appears to have remained largely stable,




5 Summary and Conclusions

A number of changes in staffing requirements and
practice were implemented immediately following the
accident at TMI in 1979, A summary of key findings in
operations staffing regulation and practice during the
period from 1979 1o 1990 is provided below.

5.1  International Trends in Nuclear
Power Development

The decade of the 19808 was marked by a great deal of
growih across all of the countries in bath the number of
nuclear power plants that began operating and the
growing reliance of each country on nuclear energy as a
proportion of their total electrical production, During the
19805 the total amount of electricity produced by nuclear
energy doubled in four of the six countnes reviewed.
Taday, the percent of electricity produced by nuclear
power varies widely internationally. In the countries that
were studied, the percent of electricity derived from
nuclear energy ranges from 13% in the United Kingdom
10 75% in France; by way of contrast, approximately 19%
of the United States electncity is from nuclear sources.
Although the United States remains the world’s largest
producer of nuclear energy, France, Germany. and Japan
expanded their nuclear power capacity at a faster rate
than the United States during the 1980s. Japan and
France will continue building nuclear power plants in the
1990s. Canada and Germany recently finished
constructing several plants, and their industries are not
expected to grow in the near term, The United Kingdom
is expected to construct few if any new plants and
Sweden is not expected to construct any new plants in the
19905, The rapid international growth of nuclear power
in the 19805 thus, 18 not expected to continue in the
19905,

5.2 International Comparison of
Industry Organization and
Regulatory Framework

Three types of nuclear industry organization were found
in this intemational comparison: (1) countries i which
electrical production is government owned and operated
(France, Canada, and the United Kingdom), (2) countrics
with private and public ownership but with significant
government investment (Japan), and (3) countries similar
to the United States, where utilities are highly diverse in
terms of public and private ownership and operation
(Germany and Sweden). Aside from in the United
Kingdom, no major changes have been made 1o each
country's regulatory framework in terms of fundamental
re-organizations, rewriding of the basic laws and statules
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governing nuclear power operations, or utility ownership
and operations.  In the United Kingdom, where state-run
utilities have been privatized, there have been some
changes in station licensing requirements and utility
operation.  Although the nuclear industry in the United
Kingdom is privatized, the government remains the
largest sharcholder.

A continuum of regulatory approaches to staffing was
revealed by a regulatory review of the countries in this
study. This continuum ranges from direct regulatory
control enforced through specific prescriptive regulations,
to indirect regulations where the regulatory authority uses
the station licensing process 10 either approve or reject
operating practices proposed by the utility. Germany is
most similar to the United States in that it regulates its
utilities through specified regulatory requirements,
Canada, Japan, and 10 a lesser extent, Sweden, use a mix
of direct prescriptive cequirements and agreements
contained in the station license.  France and the United
Kingdom are regulated primarily through the station
license where staffing practices are agreed to between the
wility and the regulatory agency. No major changes in
overall approach to regulatory control of staffing were
found over the past decade.

There appears 10 be an association between industry type
and position on the regulatory continuum, Countries with
histonically government-owned and operated nuclear
industries tend 1o use the indirect regulatory approach
(e.g.. France and the United Kingdom before
privatization). The direct, prescriptive regulatory
approach is associpted with a highly diverse nuclear
industry organization, as in Germany and the United
States, Because nuclear industry and regulatory
approaches are hinked, the best sources of regulatory
lessons learned for the United States may be countries
with a similar nuclear industry and a similar regulatory
approach. While a country's approach to and
implementation of new requirements is determined by the
configurmion of its nuclear industry and regulatory
approach, regulatory issues are commaon across all
countries that were siudied.

5.3 International Trends in Staffing
Regulation and Practice

Since the TMI accident in 1979 there has been a clear
trend toward increased regulation and oversight of nuclear
power plant staffing practices in the six countries that
were studied. This experience 1s similar to that in the
United States, Most of these changes in requirements and
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practices were instituted in response to TMI in the first
half of the 1980, Several changes n regulation in the
penod immediately following TMI include the following:

« The former Federal Republic of Germany nstituted
new operator educational requirements.

» Jupan required licensing of shilt supervisors.

« National training centers were formed in the former
Federal Republic of Germany and in the United
Kingdom.

» A salety engineer position was added to the shift
complement in France.

« Canada and the former Federal Republic of Germany
established simulator training and retraining
requirements for operators,

« Sweden began monitoring operator competency
requirements,

The former Federal Repuablic of Germany made the most
extensive changes in the period following TMI. For
example, shift supervisors were required to have an
engineering degree, and a number of new training
requirements were instituted. These changes were
motivated in response (o a nuclear power accident in
Germany and to TML

Throughout the 1980s the increase tn staffing regulation
was most pronounced immediately following TMI, and

levelled off as a number of post-TMI requirements were
implemented, (There has been no decrease in staffing

standards or deregulation since TML) There have been
only a few changes in regulatory and industry practices
regarding operations staff in the latter half of the decade
of the 1980s. Several changes have (0 do with uzining

+ In two countries, Canada and Sweden, there has been
a trend toward more direct oversight of utility
training program effectiveness.

+ National training centers (all utility-operated) have
been developed, with highly standardized training
programs that make extensive use of simulators,

» New training issues have emerged within operations,

especially in the area of supervisory skills and team
skills training to complement existing technical
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programs, and in the area of emergency planning and
management,

These changes are similar to those that have ocourred in
the United States, except that the United States has no
national raining centers, Other changes include the
following:

+ Operator educational levels have risen. Prior to TMI,
a high school or equivalent level of education was
the norm for entry-level auxiliary operator hires.
Since then common practice is to hire entry-level
operators with two years of post-secondary training,

+ Several countries have established additional entry
routes at ligher level positions. In Germany, France,
and Japan, direct entry info operations at a higher
level has been established by allowing certain
applicants to go directly into operations without
working up through the auxiliary operator position.

» The average number of shifts on rotation now ranges
from five to seven shifts. Previously, most plants
employed four shifts.

Several staffing arcas have remained essentially
unchanged or have been modified shightly:

« There has been little activity in operator licensing
requirements,

« All countries continue to rely heavily on recruiting
entry-level operators and providing extensive in-
house training to prepare recruits for their job
responsibilities,

+ The typical career progression route for operators is
essentially unchanged for entry-level hires, New
hires enter operations at the auxiliary operator or
reactor vperator level (depending on educational and
experience level) and work up to the positions of
senior reactor operator and shift supervisor.

+ The average number of operators on shift appears to
have remained relatively stable. Most countries that
were reviewed have 7 to 10 operations personnel for
a single-unit site. In Canada, a four-unit site has 11
to 13 operations personnel on shift.
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gppendix A: A Comparative Review of
uclear Power Regulatory Frameworks

This appendix provides a comparative review of nuclear
power regulatory frameworks in Canada, France,
Germany, Japan. Sweden, and the United States. Each
section begins with a brief description of the number of
nuclear utlities within the selected country to indicaie the
relative complexity of the nuclear power regulatory
framework. Legislation, regulatory agencies and theu
regulatory philasophy and practices are described.  Major
changes in any ol these arcas in the 1980s are discussed
where appropriate.

Canada

Canada has a small set of naclear utilities (three total).
Ontano Hydro s the largest ptility with 16 of Canada’s
18 nuclear power plants, and 15 owned by the Ontano
provincial government. The other two Canadian utilities
with nuclewr power plants are also provincially owned:
Hydro Quebec and New Brunswick Electnie Power
Commission.

Atomic Energy Control Board (AECB)

The Atomic Energy Control Act authonizes and defines
the powers of the Atomic Energy Control Board (AECB)
and Atomic Energy of Canada Limited (AECL). The
AECB, within the Mimistry of Energy, Mines. and
Resources, 15 the Canadian nuclear power plant licensing
and regulatory authorty. The AECB consists of 4 §-
member board, one of whom is appointed President and
Chicl Executive Officer. The AECB is supported by
several hundred staff members at headquarters, and at
plant sites through @s Reactor Regulation Directorate
(Atchison, Boyd, and Domariekt, 1983)

The AECB 1ssues general, skeletal regulations: the
Atomic Energy Control Regulations wre procedural with
the exception of the basic radiation paotection regulations,
Specific plant safety requirements are apphed during the
licensing process, and are based principally on
probabilistic nsk assessment (PRA) methods.

The AECH issues relatively few regulatory documents
related 10 nuclear power plant safe . Case-by-case
review and reference o industry standards are the
preferred regulatory practices. The Canadian regulatory
framework allows noclear power plant designers a large
amount of discretion in desigming plants to meet the basic
regulatory criteria. These designs are submitted to the
AECR for approval on a case-by-case basis. This has led

A-l

to the gradual establishment of acceptable safety-related
design standards which are evaluated against each new
plant design. The second, more common regulatory
safety approach is to apply detatted industry-wide
standards, In Canada. nuclear power plant safety
standards are produced by the Canadian Standards
Association (CSA), one of a few Canadian standard
development organizations. Some CSA nuclear standards
adopt United States standards such as the American
Society for Mechanical Engineers (ASME) Boiler and
Pressure Vessel Code. Generally, these standards are
supported by the AECB with few exceptions (Atchison,
Boyd, and Domaratzki, 1983).

Atomic Energy of Canada Limited
(AECL)

Atomic Energy of Canada Limied (AECL), also within
the Minstry of Energy, Mines, and Resources, 1§
responsible for nuclear reactor design in Canada, and is
the principal nuclear research and advisory group. The
AECL imtially developed the CANDU design nuclear
power plant, and is currently the sole supphier of the
CANDLU reactor, twenty of which have been bought
exclusively by Ontario Hydro, The AECL's Advisory
Committee on Radiological Protection and Advisory
Commattee on Nuclear Salety advise the AECB on
generic issues. regulations, requirements, and specilic
problems, although these agencies are not directly
involved in plant licensing (Atchison, Boyd, and
Domaratzki, 1987%),

France

Nuclear power reguiation in France 1s based on a senes
of acts covening vanous nuclear power activities, which
were followed by a series of executive orders and
regulatory edicts,  There is no comprehensive atomic
energy bill. However, a Parliamentary report recently
recommended that the French government study the
possibility of drafting an atomic energy bill (/nside
N.R.C, December 17, 1990). Figure 1 illustrates the
French nuclear power industry regulatory framework,

Two essential charactenistics of the Frenoh nuclear power
industry ‘s regulatory framework are stacdardization and
centralization, In 1973, Electricité de France (EDF),
France's single national utility, embarked on developing a
standard series of basic piant designs. The majority of
plants are one of three PWR designs: 600 MWe, 900 to
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1000 MWe, and 1,300 MWe, Most recently, units with
1450 MWe operating capacity were added. Successive
plant designs build apon past experience and less
leamed in design, construction, and operation. EDD also
standardized its selection of vendors supplying balance-
of-plant equipment. Many advantages 10 the stndardized
plant type approach are cited, most notably, the
development of stable working relationships with
supphiers. cost effectiveness in all phases of nuclear
power plant planning, construction, and operation, and
effective performance momtoning and feedback (Beckjord
et al, 1987). Housed within the Mimsiry of Industry,
EDF has a monopoly on electrical production in France,
EDF is responsible for producing about 90 percent of
France's total electricity supply, 75 percent of which 15
obtained from ouclear power. In addition to is role as
nuclear power plant operator, EDF s the mugor architect
and engineer (A/E) of nuclear power plants in France.

As of 1987, EDF employed approximately 120,000
employees: 74 000 personnel are nvolved i distribution
relared activaties; 37,000 personnel are involved in power
generation and transmassion (nuclear and fossil); 6,000
personned are involved in construction; and 3,000
personnel arg mvolved in research and development
activities (Olson and Terrill, 1988).

The French nuclear power wdustry's regulatory
framework 1s also characterized by a high degree of
centralization.  The Manistry of Industry is primarily
responsible for regulating nuclear power operations in
France through its vanous agencies. The Mimstry also
plays a major role i auclear power plant research and
development, design, manufactuse of nuclear steam
supply systems (NSSS), construction, operation,
regulation. and safety research.

Direction de la Streté des Installations
Nucleaires (DSIN)

The former Service Central de Stireté des Installations
Nucleaires (SCSIN) which reported to the Indusiry
Division of the Ministry of Industry and Land Use since
its creation in the 1970s was recently elevaned i 1990 (o
the Division fevel {(MacLachlan, May 1991). 1 18 now
consequently called the DSIN.

The DSIN is responsible for nuclear power plant licensing
afier detailed technical assessments, establishing safety
criterin and regulatory guidance. and conducting
nspections. The DSIN also oversees the quality and
safety of primary pressure components. Currently the
Minister of industry and the Environment Mnister share
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responsibitity for issuing nuclear licenses in France. Both
agencies receive technical input from the DSIN,

Fhe DSIN Industry and Regearch Directors are
iespansible for regulating operating nuclear installations
within their regional jurisdiction.  Altogether, the nine
French regions are regulated by approximately 100 DSIN
mspectons al regionat offices. The regional offices f
represent both the Industry and Environment ministries in |
the field. At the beginning of 1991, there were I
approximately 70 permanent staff at the central office and |
ahout 100 fo1al siaff to regulate the French nuclear power
industry as well as & number of fuel cyrle facilities,
research reactors, and other nuclear instalictions
iMacLachlan, May 1991).

The DSIN inspectors report their findings to the DSIN's |
headgoarters i Paris. The DSIN then sends a letter to l
the EDF. describing its findings and secking a response. j
The majority of problems are solved using this approach, |
Depending oo the severity of the problem (local or "
general), the report may be sent 1o the site manager or (o |
headguarters. This process is usually noted for its :
cooperative Tather than punitive nature (Beckjord et al., ,
19875 Other agencies m charge of special areas of 1
nuclear safety are the Mimistry of Health for radioactive ]
releases, and the Mmmistry of Interior for emergency

preparedness. The Secretary of the Comité

Intermmnisteniel coordinates all regulatory actions

(Beckjord ¢1 al., 1987: Tanguy, 19K3). !

French nuclear power plands operate in accordance with ,
the provisions of Safety Analysis Reports (SARs) and J
techmcal specifications. The technical specifications are .
comparable to those used in the United States, and are |
based i part on United States standards (e.g., ASME 1
stundaids). The DSIN does not prescribe specific i
operating practices: instead, the DSIN either allows or

ermiinates cevtain plant practices,  Essen.ally, the DSIN l
uses what is referred 1o as a three-tiered regulatory :
struciurs, aad is similar 1o nuclear regalatory approaches
used in the United States and other countries surveyed
{Tanguy, 1983). albeit with more orientation toward
performance (ue., specific practices) as opposed 1o
compliance with applicable regulations. The basic safety
rles, which are risk-onented, comprise the first level of
this three-tiered approach.

Satety criterin and mstructions comprise the second level
of the French regulitory approach. These prescriptive
regulations are applied during design, consiruction,
1esting, and surveitlinee of pnmary plant sysiems.
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At the third level, special technical requirements are
issued, for example, as part of the plant construction
permii. For instunce, documents titled, Régles
Fondamentales de Sareté (RFS) provide gmdance on
compliance with French regulatory practice. Rules
regarding design and construction of nuclear power plants
are contained in a document titled, Kecuerl Des Régles de
Conception et de Consiruction (or RCC) (Tangay, 1983).

Atomic Energy Commission (CEA)

Sumilar to the DSIN, the Commussariat a 1'Energie
Atomique (CEA or Atomic Energy Commission) is also
housed within the Mimistry of Industry. Whereas the
DSIN is responsible for nuclear regulatory activities, the
CEA 15 the lead rescarch and advisory group responsible
for promoting nuclear energy through basic nuclear
research, research and development of commercial
reactors, salety evaluations, and basic nuclear traming.
The CEA 1s also a pnncipal shareholder in Framatome,
the sole manafacturer and supplier of nuclear steam
supply systems (NSSS) for French nuciear reactors. Unuil
1963, nuclear safety was the sole responsibility of the
CEA. After 1963, responsibility for issuing consruction
permits and operating licenses was given to the Ministry
of Industry by govermment decree. Today. the CEA is
the lead scientific and techuical advisory commattee for
the French nuclear power industry (Beckjord ¢t al., 1987;
Tanguy, 19R3).

The CEA houoses the Institut de Protection ¢t de Streté
Nucleare (IPSN). The IPSN is responsible for
performung safety analyses of French nuclear power plant
operations. The [PSN assists all government agencies in
hicensing, regulation, inspection, emergency planning,
public education, and documentation, and performs all
technical safety evaluations at nuclear instatiations.
Muclear regulatory decisions are based on evaluations
performed by the IPSN. Final decisions are made only
after special advisory expert groups are consulted. For
instance, the Groupe Permanent Reacteurs (GPR) may be
consulted (which is similar 1o the Advisory Committee on
Reactor Safety [ACRS]).

In the past, the CEA's [PSN performed safety analyses
for the DSIN nuclear regulatory board, and for the CEA
iself, in support of nuclear power plant design and
operation. In effect, the CEA, by assisting both the DSIN
and the IPSN, was responsible for promoting and
reguiating nuciear power aperations,  This was similar o
the role of the former United Staies Atomic Encrgy
Comumission.  In response. however, 1o parliamentary
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demands for greater separation of powers between the
two agencies. the IPSN is expected (0 become more
autonomous, if a proposed reorgamzation is adopted. A
new CEA reorganization plan moved some staff from
IPSN to other parts of the new CEA, and prevents people
from working on both technical support and licensing
support projects (MacLachlan, 1989, Inside NR.C.,
January 29, 1990).

Advisory Committees

Two separate advisory commitiees within the Mimstry of
Industry report directly 1o the Minister regarding matters
of nuclear energy development and safety: the Conseil
Supérieur de la Sireté Nucléare (CSSN) and the
Intermimisterial Commission for Nuclear Installations.
The CSSN, created in 1973, advises the Ministry on
scientific, technical, economic, social, trade union,
environmental, and administrative issues involved in
nuclear energy (e.g., nuclear power plant accidents, the
safety of uradiated fuel reprocessing plants, and waste
disposal). Members are chosen from the scientific
community, environmental groups, and labor umons. The
Intermimstenal Commission for Nuclear Installations is
responsible for defining the state’s role in promoting
nuclear energy, and reconciling this role with pubhic
security and the environment (Beckjord et al., 1987).

Parliamentary Oversight

The French Parhament has recommended significant
changes to the country’s nuclear regulatory structure,
Proposals include giving French regulators more
independence, money, and staff.  Another proposal calls
for allowing the DSIN (discussed previously) to directly
suspend plant aperating licenses -- this right 18 currently
reserved (o the Mimister of Industry. These and other
proposils were developed as part of an eight-month
parhiamentary study of nuclear safety control (Inside
NRC.. December 17, 1990). The Parliamentary Office
for the Evaluation of Science and Technology Options,
for whom the study was conducted, voted unanimously on
December 12, 1990 10 pursue a "mission” of monitoring
French nuclear power regulation as a permanent mandate
of the 32-member group,

Recently the French Parliament attenpted to secure
formal parliamentary oversight over nuclear regulation by
creating a High Authority for Nuclear Safety independent
from the execative branch (this attempt failed to gain the
required support for passage) (MacLachlan, 1989).
Legislators opposed the measare stating that it will
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The KTA was formed 1o take advaniage of experionces m
the early days of commercial auclear power development
in the Federal Republic of Germany, when detnied
standards were lacking and plant hicenses were eviluated
on an individual basis. Since the industry was expected
to grow rapdly, the KTA was intended to capture
industry experience and creale uniform written techmcal
standards to ensure high salety standards throughour the
industry. The KTA 18 typically compased of 50 members,
10 members from 5 industry groups. The group s
composed of scientists, engineers, and executives

in developing a safety stndard, Blerature and plant
expenence are reviewed. A proposal regarding the scope
and content of the safety standard 15 then dralied. The
safety regulations are reviewed and submitied for public
comment. After final review, the regulation s submitied
for approval. In order 1o pass, the regulation must be
approved by a 5/6 majonity vote by the KTA member
groups. After the safety standard is approved by the
KTA, it s passed on to the BMU, which publishes the
standard i the Bundesanzeper (Federal Gazetle). On
average, il takes approxamately § years to draft u satety
standard from time of commencement jo publication
{Freund, Philip, and Schwarzer, 1984

Other Industry Standards Development
Groups

In addition o the KTA, other idustry groups are
involved in developing nuclear power satety standards
most notably, the Deutsches Institut for Normung, or
DIN): the Technical Commttee on Nuclear Enginesrimg
(Normenuausschuss Kemteknik, or NKej: the Tochmical
Committee on Radiology «Novnmenausschuss Radiologie
or NAR). and Materials Testing (Fackmormenaosschuss
Meienalprufung, or FNM) (Chockie. et al., 195K)

Independent Oversight Organizations

The German federa) government relies extensively on
independent oversight organizations 1o eviluate nucleas
power plant safety, The Reactor Safety Company
{Gesellschaft Fur Reakiorsicherheut, or GRS) performs
technical studies of nuclear power plant safety using
probabilistic nzk assessments (PRAs). coordinates
international and domestic activities, and provides advice
on nuclear energy issues, 1t also participates
formulating guidetines and regulations.  The GRS a8 also
respoasible for Germany's hight water seacior safety
program (Beckjord et al., 19%7)

Appendix A

The Techmea! Supervisory Inspectorates (Technische
Uberwachungsvereine, of TUV) is another type of non-
profit organization with responsibilities similar (o the
GRS, There are eleven TUVs total. The TUVS, which
have operated as mdependent inspectars for over a
century, are similar o Underwriters Laboratories in the
United States, but with a much broader scope of expertise
and application. Although the TUVs act as independent
experts, focusing on inspection and control of in-plant
safety measares, they are supervased by the federal
government {Beckjord et al.. 1987).

State Licensing Authorities

The Atomic Encrgy Act requires each state to enforce
Liws goverming suciear power operations.  Consequently,
prinuary responsibility for regulating nuclear power plant
operations 18 locited At the state level wath a State
Licensing Authority n each of the 11 German states.
Staie Licensing Authorities also coordinate the
mvolvement of various public advisory groups and
relevant stute and regronal agencies. In practice, there s
broad latnude and vanation between State Licensing
Authories, both i terms of their authonty and
colorcement (Oson and Terrill, 198R8).

Japan

Ihe Tapanese ublity industry assumed ats current form in
1951 a5 o result of the United States occupation and
reorgamation of Jupanese government and industry
following Waorld War 11, This reorganization created nine
new regionally based, private utititics, Today a total of
cleven Japanese utilities operate nuclear power plants.
Japanese utilities are owned by both public and private
mvestons. Stock i some of the unlities 15 owned by the
prefectural (district) government ain which the utility is
locaied. Thus, some of the country’s utilities are partly
government owned and controlled.  Figure 3 dlustrates
Fapan’s nuclear power industry regulatory framework.

Ministry of International Trade and
Industry (MITI)

i the 19508 Japar  shated the use of nuclear power with
the creation of the Atomic Energy Act. The regulation of
commmercinl nuclear power in Japan is based on the
Electne Utdity Industry Law and the Law for Regulation
ol Nuclear Source Material, Nuclear Fuel Material, and
Reactors. These laws assign primary responsibility for
commercal nuclear power plant operation 10 the Ministry
of ternational Trade and Industry (MITT), MITI 15
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responsible for the following regulatory functions
(Matsuda, Suehiro, and Taniguchi, 1984):

« investigating accidents and situations that might
contribute (o hazardous operations:

« directing electric utility companies to take cifective
countermeasures against accidents and hazardous
sttuations;

= executing safety regulations based on preventive
mainienance; and

« steictly enforcing changes and modifications resulting
from annual inspections that last 3 1o 4 months,

MITI has overall jurisdictional responsibility during
planning, plant design. design alieration. plant
construction, preparation, and annual inspections.
Commercial nuclear power plants in Japan are shut down
annually for inspection by MITL. MITI also supervises
all ramning,

Similar (o the role of the now defunct United States
Atomic Energy Commussion (AEC), MIT! has
organizational units responsible for comoercizl nuclear
power safety regulation and nuclear power promotion
Many of the traditional safety regulation functions are
carried oul by the Pubhc Utilities Department of the
Natural Resources and Encigy Agency.

Divisions within this department deal with power plant
siting, licensing for construction, mspection, and
enforcement (Boegel ef al., 1985).

MITI also houses the Machinery and Information
Industrics Bureau which is engaged in the praomotion of
nuclear power technology. MITI also uses several
advisory committees in the regalatory decision making
process such as the Advisory Commitiee on
Environmental Affairs and the Techmical Advisory
Committee on Nuclear Power Generation,

Other Advisory Agencies

In accordance with the Atomic Encryy Fundamental Act
amendment of 1978, extensive cooperation and advice 18
provided to MITI from various agencies within the Office
of the Prime Mimster (OPM), most notably the Science
and Technology Agency (STA), and its two agencies, the
Atomic Encrgy Commission (AEC), and the Nuclear
Safety Commission (NSC). Both the AEC and the NSC
advise the Prime Minister on issues of nuclear energy
policy. These agencies were created in 1978 as a result
of the reorganization of the old Atomic Energy
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Commission (AEC), The new AEC is responsible for
promoting nuclear power and the NSC is responsible for
overseeiny nuclear safety (Beckjord et al., 1987).

Sweden

The nuclear power industry i Sweden 1s & combination
of the state-owned Swedish State Power Board (SSPB)
atility and a number of privately owned utilities, The
SSPR 15 the largest unlity in Sweden, providing half of
Sweden's total electric generating capacity.  The other
two ubilities, OKG Akticholag and Sydkraft AB, operate
three and two nuclear power plants, respectively.

As noted by Beckjord et al. (1987), the Swedish nuclear
power regulatory framework has several distinguishing
Characteristics:

= The Swedish noclear power industry has an
uncomphicated legal tramework,

« Because the mdustry s small, safety committees can
be contacted and problems resolved quickly.

« Sweden's nuclear power dustry regulator, SKI, is
futly empowered by the Swedish government 10 make
decisions.

« The nuclear power plants are directly responsible for
plamt safety, not SKI.

« tHhgh concems for plant investment costs aze
reasonably matched with safety concerns,

«  Swedish atilities often tike the mtiative on solving
problems.

Figure 4 illustrates the Swedish nuclear power industry's
regulatory framework.

Swedish Nuclear Power Inspectorate
(SKI)

The Swedish Nuclear Power Inspectorate (Statens
Kiarnkrattinspektion, or SKI) is the regulatory body under
the Nuclear Activities Act. The Nuclear Activities Act,
in place since 1984, covers nuclear activities in Sweden.
It requires that a license be obtained from the government
(or a designee) to construct and operate a nuclear facility,
and that 2 nuclear power reactor may only be loaded with
fuel of the licensee can demonstrate that the spent nuclear
fue! wilt be disposed of safely. As a regulatory authority,
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Figure 4. Swedish nuclear power industry reguiatory framework

Source:  SK!, 1991
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SKI's principal duties are 1o oversee and promote nuclear
power plant safety. Direct responsibality for nuctear
safety resides with the owners who are required (0
comply with SKI's regulatory authonity.

The Swedish Atomic Energy Act of 1956 regulates the
basic rights 10 build, own, or operate nuclear reactors and
1o handle nuclear fuel materials, A special authority
called the Delegation for Atomic Energy Matiers was
created o advise the government on nuclear power plant
policy, licensing, and inspection.  This delegation was the
forgrunner of SKI (Pershagen and Nilson, 1984,
Hoegberg, 1988),

There have been no significant reorganization changes m
the Swedish nuclear power regulatory framework since
1981. However, in 1986 SKI was moved into the
Ministry of Enveeonment and Energy. The Swedish
government appoints members of the SKI Board and the
Director General, who acts as the Board Charman,  SKI
is composed of three advisory commitiees. all of which
report directly 1o the Director General: reactor safety:
safeguards: and research. The advisory members are
experts in various ficlds. not employees of SKI, and are
drawn from govermment, industry, and universities
(Beckjord et al., 1987). The SKI s similar to the NRC in
function. However, Sweden’s Atomic Energy Act assigns
tinal responsibility for plant operstion and safety to each
of the three individual utilities. The SKI issues general
gurdelines and regulations. and sets safety goals. The
plant owners propose designs and solve prablems as they
develop, with SKI oversight. During plant design,
construction, and operation, the SKI1 evaluates how
various jobs are performed and their influence on safety,
Finally, the SKI frequently conducts safety analyses of
plants. These activities are carried out principally through
two main offices: the Office of Inspection and the Office
of Regulation and Research. The Office of Inspection’s
principal duty 1s to supervise nuclear facilines and
safeguard fissionable material. The Office of Regulation
and Research is concerned with examining nuclear
facilities and regulating safety-related matters.

The SKI has a staff of approximately 90 personnel,
almost equally divided between the two offices. The
relatively small staff at the SKI reflects a gencial
principle of Swedish nuclear regulatory practice. namely,
o avoid overly detailed or prescriptive regulation. The
SKI's mmn objective 1s to establish general safety
performance standards, and (o ensure they are achieved
by the licensees rather than adhening to prescriptive
regulations. Due (o the small size of the Swedish nuclear
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power industry {3 uttlines, 4 sites, and 2 reactor
manufacturers), key personnel from the SKI and the
utilities can meet o resolve technical issues with the SK!
as they anse. Often this can be accomplished relatively
guickly i a small gathering of techmical expents who are
well acquamnted,  Beckjord and others (1987) have argued
that since this process is not encumbered by the legal and
formal requirements found i the United States nuclear
power industry regulatory system, resolution of technical
issues related to nucicar power plant operations and safety
is eapedued (Sce also, Pershagen and Nilson, 1984
Hoegberg, 1988).

Simply put, SKI's regulatory philosophy is onented more
toward performance than comphance with prescribed
standards. SKI's task 15 to ensure that utilities achieve
performance goais established jointly by SKI and the
utilities. as opposed to assuring comphiance with
preseriphive regulatory requirements.  For example, there
is no formal licensing of operators by SKI. Instead,
utilities are responsible for annually testing and evaluating
operator performance both i the simulator and on the
Job.

Raadet fur Karnkkraftsakerhet (RKS)

The Swedish utihities jointly own and operate several
industry organizations, Figure 5 illustrates the principal
Swedish nuclear power mdustry groups. In 1980,
following the accident at TMI, the Swedish nuclear
utiliies tormed an industry representative organization
called the Raadet fiir Kamkkraftsakerhet (RKS). The
RKS is involved i nuclear power plant operational
safery, and serves as a communication channel
representing industry views before the SKL The principal
tasks of the RKS are:

« Safety analysis and experience feedoock.

»  Education and training.

+ Quahty assurance,

« Emergency preparedness.
The RKS has cooperative agreements with the Institute of
Nuclear Power Operations (INPO) in the United States
and with nuclear utilities in other countries. The RKS
thus plays an important part in information exchange

between the Swedish plants and with other foreign
aperators. The RKS also cooperates closely with the
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standards or codes; plant-specific design crieria may
adopt by reference international standards such as those
issued by the British Standards Institution or the
American Society of Mechanical Engmeers.

Atomic Energy Authority (UKAEA)

The Atomic Energy Authority (UKAEA) is a statutory
corporation managed by a government-appoinicd board.

It i3 involved in nuclear power plam research and
development, safety and reliability research, and operation
of two nuclear power plants. (he UKAEA participates
divectly in designing and constructing commercial nuclear
power plants through its subsidiary (governmeni-owned)
corporations, the National Nuctear Corparation and the
Nuclear Power Company.

The nuclear site hcense 1 issued by the Health and
Safety Executive (a regulatory body). As a condition of
the site licenses. authorization of stall o operate a
nuclear power plant is given by the Central Elecine
Generating Board (CEGB) and not by the vegulatory body
(Madden, 1988).
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Appendix B: Executive Summary from NUREG/CR-6122,
"Staffing Decision Processes and Issues:
Case Studies of Seven U.S. Nuclear Power Plants"

Appendix B provides the executive summary from NUREG/CR-6122, "Staffing Decision Processes and
Issues: Case Studies of Seven U.S. Nuclear Power Plants" (Melber et al., 1993). This information is
provided for comparison with the information presented in this international review of staffing practices.
For detailed information pertaining to staffing practices in the 1J.S. nuclear power industry, the reader

should refer directly to NUREG/CR-6122.

The objective of this report is to identify how decisions
are made regarding staffing levels and positions for a
sample of U.S, nuclear power plants. In this report, a
framework is provided for understanding the major forces
driving staffing and the implications of staffing decisions
for plant safety. The focus of this report is on driving
forces that have led 1o changes in staffing levels and to
the establishment of new positions between the mid-1980s
and the early 1990s. Processes used at utilities and
nuclear power plants to make and implement these
staffing decisions are also discussed in the report. While
general trends affecting the plant as a whole are
presented, the major emphasis of this report is on staffing
changes and practices in the operations department,
including the operations shift crew

The findings in this report are based on interviews
conducted at seven nuclear power plants and their parent
utilities. A discussion of the key findings is followed by
a summary of the implications of staffing issues for plant
safety.

Changes in Staffing Levels and
Positions

Plant-wide, the most significant staffing changes are:
* an increase in overall staffing levels at all seven
plants;
* increases in operations, maintenance and engineering
staffing at all seven plants;
* increases in training staffing at six of seven plants

Departmental decreases in staff size were not typical

In the operations department, the major trends seen in
staffing are:

« addition of a sixth shift crew in six of seven plants;

B-1

« addition of coordination positions in five of seven
plﬂ!'w‘ ,

+ addition of administrative positions in four of seven
plants;

» addition of licensed operators on shift in three of
seven p'ants; and

= addition of supervisory - ff on shift in two of seven
plants,

Driving Forces

The general forces driving staffing changes are pressures
from external organizations, economics, and performance
issues.

External pressures include regulations and requirements.
Plant staff reported feeling pressures not only from the
Nuclesr Regulatory Commission (NRC), but from the
Institute for Nuclear Power Operations (INPO), the
Nuclear Management and Resources Council (NUMARC),
and the Public Utilities Commissions (PUCs) as well.
Specific examples of these pressures include increased
training requirements, the maintenance rule, design basis
reviews, and the NUMARC procurement initiative. In
most instances, new requirements or regulatory pressures
lead to new work initiatives that drive staffing needs
upward.

Economic factors tend to constrain staffing growth,
Pressures toward cost-effectiveness and increased
efficiency were cited by respondents at six of seven plants
as curbing staff growth.

Major performance issues include specific performance
concerns identified by the NRC or INPO and continuous
increases in performance standards in general. These
factors also tend to drive staffing levels upwards.
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Impact of Driving Forces on the
Operations Department

The general forces of extemal pressures, economics, and
performance issues atfect the operations department i
several specific ways. The external pressure (hat affects
operations staffing the most is the mitiative 10 improve
operator triwning programs, Other exiemal pressures
affecting operations stafling wclude design busis reviews
of plant systems and reviews of procedure upgrades.
Because a high level of regulatory atienhon s paid 1o
licensed operator staffing and 1o the centratity of
operations lo piant safety, coonomic pressures appear 1o
have less of an impact on operitions staffing than on
statling in other depariments.  Finally, plast petformance
congerns have led to additional admmistrative and
coorchnation demands on operations stall,  For example,
operations input ioto other depantments” planning and
work activities iy increasing

Processes for Staffing Decisions

Management af most plants in this stady rely on perodic
efforts 1o assess thesr deparimental vigamzation and
stafling patterns,  These assessments rosult i a
recommended organizational struciare and stalling levels
that are retained for several vears,

The most common justitications given for the addition of
new positions are increased workload due 10 new
programs of regulatory requirements, backiogs of work,
and overtime use,

Plant Staffing Mechanisms

A variety of stalfing policies and mechanisms are used al
plants to meet regulatory and perfonmance expectations
whitle curtimbing the expansion of econgmic vosts.  The
most commaon mechanisms seen o the e visits were
sometimes contheting:

rearganization of functionial groups, uspally based on
a utility-wide sntiative smed gl mereasmg olliviency
and reducing costs;

contractor ase, anctading both religsce on Contions
{0 augment authorized staffing levels ind replacement
of contractors with permanent stadf 1o reduce costa
hieing freczes of caps on hinng: and
overtime policies, including the us
meet workload demands and consiri...
use 1o reduce costs

-

averiime 1o
uvertime
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Shift Staffing Mechanisms

Mechanisms for stalfing the operations shift crew include
relenion programs, recraitment practices, and carcer
paths,

tn general, twmover in operations stalf at the plants that
were visited s relatively low, with rates estimated at
around 5-13% for 1991, At some plants, shift scheduling
policies wre viewed as o mechanism for addressing
trnover issues. with the 12-hour shift being offered as a
way to retan stalf

In terms A recritment practices, recruits for operator
posiion - are sought from a vanety of sources, including
the Nue ear Navy, regional technical schools, and
commurn ity colleges.

The most agnficant concern mentioned in terms of
carcer paths i limaied opportunity for advancement. In
pencail, operators ot the plints i tas study face fewer
promodion opporfunities and a longer time between
prosmolians than five years ago.

Staffing Issues and Plant Safety

The findings presented @ his report suggest several
imphicanions {or plint safety.  The following four issues
we addressed:

» the potential conflict between economic pressures and
sale opertions:

+ the mcreasmg workload demands on the operations
st crew.

+ the effort to mamtaim an appropriate sumber of
licensed operators; and

+ the impact of perdormance evaluations by the NRC
and industry review groups on staffing,

Fhe tenmion between econmmic consteants and increased
workload demands has been central to staffing decisions
atthe nuclear power planis i this study. To the extent
that ceonomic constramts host the plants” ability 1o meet
mereased work demands, there is the potential for an
adverse effect on the safe operation of nuclear power
plints. However, at this time. there 15 no evidence to
indicae that economic constraints faced by utilives have
taken precedence over meeting safety-related workload
demands, particulardy within nuclear divisions of utilities
and within the operations departments of plants.
Contineed attention by the NRC 1o utility responses 1o
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CCONOMIC pressures is important 10 ensure that ceonomic
consiraints do not lead to inadequate staffing in the
future,

The involvement of operators in special imtiatives such as
training program improvement and design basis reviews
has increased the responsibilities of the operations shift
crew. Increased participation of operators i a broader
set of tasks has the potential to negatively affect safe
operations if these new demands intertere with plant
aperations,  However, operator involvement in these tasks
also has the potential 1o enhance plant safety if staffing
levels are suificient to carry out plant operations and if
operator expertise on these tasks results in improved plant
functioning.

In staffing licensed operalor positions, management at
plants face the difficuity of maintaining enough licensed
stafl 1o cover uncxpected needs for operators (e.g., due (o
exarnination failures or illness). while not establishing an
oversupply of "back up" licensed stafl, Insufficient
numbers of licensed siaff can lead (o heavy use of
overtime to cover shift stalfing when regular shift
operators are not available, However, as the number of
licensed operators increases, there 15 a decrease in the
time these operators are assigned on shift with
responsibility for running the plant, Considerable
experience with on-shift responsibility 18 important for
ensuring safe operations, and a very large pool of
hicensed operators can reduce individual experience levels.

Plant performance reviews carried out by the NRC and
INPO have had a significant impact on stalfing decisions
at the plants i this study. These reviews can serve as an
important mechanism for ensuring that plant management
continues to emphasize safety-related needs as a basis for
staffing decisions,

Conclusion

The results of this study of seven nuclear power plants
mdicate that there are strong and OppPOsIng pressures on
staffing decisions. Pressures 1o reduce statfing levels 1o
be economically efficient are countered by regulatory and
industry pressures for new safety-related imtianves and
higher performance standards that add 10 workload and
increase staffing levels.

The dentification of the major forces driving staffing
decisions 15 useful for anticipating where imbalances
between workload and staffing levels are likely o occur
in the future. The ability of stafl in operations

Appendix B

departments to assume many additional responsibilitics is
limited. Regulatory attention that focuses on the extent to
which new activities are undertaken, the approaches to
carrying out these new activities, and the bases for
changes made in stalling levels con contribute to early
wentification of potential safety concerns,
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