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Preface

This analysis report presents the current status and out-

fook for commercial nuclear generating units for all,

countries in the world with free market economies
(FME). Information regarding operable reactors. in
countries with transitional and centrally planned econ-
omies is also presented.
this report documents the U.S. nuclear capacity and
generation projections through 2010 for all cases pre-
sented in the Energy Information Administration re-
port dAnnual Energy Ouitlook 1990. Long-term projec-
tions of U.S. nuclear capacity and generation for three
different scenarios through the year 2030 are provided
in support of the Department of Energy’s activities

The No New Orders case of

pertaining to the Nuclear Waste Policy Act of 1982

(as amended in 1987), and are used to produce the pro-
jections of fuel cycle requirements and spent fuel dis-
charges contained in World Nuclear Fuel Cycle Require-
ments 1990, These projections also support the Energy
Information Administration’s annual report, Domestic
Uranium Minivig and Mitling Industry: Viability Assess-
ment, and are provided to the Organization for Eco-
nomic Cooperation and Development (OECD) for

preparation of the NEA/OECD rcpor(. Summary of

Nuclear Power and Fuel Cycle Data in OECD Member
Countries.

The World Integrated Nuclear Evaluation System
(WINES) model, used for calculating the long-term
nuclear capacity projections in this report, is docu-
mented in Model Documentation of the World Integrated
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Nuclear Evaluation System, Volumes 1, 11, and 11 (E.H
Pechan and Associates, December 1984). The Interna-
tional Nuclear Model (INM), used for calculating the
genceration values in this report, is documented in In-
ternational Nuclear Model, Volumes I, I, and 11, pre-
pared by System Sciences, Inc. (Bethesda Maryland).
Information on obtaining the documentation and a
computer tape containing all the programs, data input
files for this report, and instructions for use of the mod-
els, allowing users to reproduce the results of the study,
are available from the National Energy Information
Center, Room 1F-048, Forrestal Building, Washington,
DC 20585 (202/586-8800).

This yeuar the report (Appendix J) contains, for the first
time, information on nuclear plant construction costs
as reported on the Form EIA-254, Previously, this in-
formation was contained in Energy Information Ad-
ministration annual reports, the most recent of which
was, Nuclear Power Plant Construction Activity 1988,
DOE/EIA-0473 (Washington, DC, June 1989).

Since a model cannot fully address the complexities of
the real world, this report does not provide unqualificd
predictions of the future. The projections presented in
this report represent expectations of what could occur
under a given set of assumptions. If conditions change,
the projections will be affected accordingly. The un-
certainty inherent in the projections should be recog-
nized, so that they can be used in the proper context.
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‘Executive Summary

This report presents historical data on commercial nu-
clear power i the United States, with projections of
domestic nuclear capacity and gencration through the
year 2030, Country-specific projections of nuclear cu-
pacity and generation through the year 2010 for other
countries " in the world with free market cconomics
(FMLE)Y are also provided." Additionally, information
is presented regarding operable reactors and those un-
der construction in countries with regulated market
cconomies (RME) and centrally plunned cconomies
(CPE).

The Department of Energy is currently developing a
National Energy Strategy (NES). The NES process
includes a comprehensive review of the current energy
situation and an analysis of potential energy futures.
National Encrgy Strategy results are not included in
this report since they are yet 1o be officially released
by the Department. The reader is advised that NES
forccasts may vary from those found in this report.

U.S. Commercial Nuclear Power

In this report, U.S. nuclear capacity projections are
discussed for the intermediate term through 2010 and
the tong term through 2030. No New Orders, Lower
Reference, and Upper Reference cases are presented
for each of the projection periods. Sensitivity  cases
showing the effect of nuclear plant life extension are
also included.

Current Status: December 31, 1989

Three U.S. nuclear units became operable and one was
retired in 1989, This brought the total at the end of the
year 10 110 operable nuclear generating units in the
United States, totating 97.9 gigawatts of net clectrical
generating capacity (GWe)., These units generated 529
“net terawatthours (I'Wh) of electricity during 1989, or
17.8 percent of total US. electricity generation” (in-
cluding non-utility generation) and 19.0 percent of lo-
tal utility-gencrated electricity. The overall average
capacity factor® (utilization rate) for nuclear units dur-
ing 1989 was 62.3 percent, a decline from the excep-

tionally high 1988 rate of 63.5 percent, but still higher
than any other year since 1978,

Projections of Installed Capacity for the Intermediate
Term, Through 2010 ‘

Projections for all cases show an increase in operable
nuclear capacity to 104 net GWe through the year
2000. Most of the capacity in the construction pipeline
is projected to be completed by 1992, and only two
units are projected to retire. In 2010, the Upper-
Reference-case projection of operable capacity is 122
net GWe, the Lower-Reference-case projection is 103
net GWe, and the No-New-Orders-case projection is
100 net GWe, Ten more units are projected to retire
by 2010.

Projections for the Long Term, Through 2030

The Encrgy Information Administration’s fong-term
projections for the Lower Reference and Upper Ref-
erence cases assume that U.S, utilities will maintain a
diversified bascload electricity supply by continuing
to rely on coal and nuclear cnergy.

The projections of operable nuclear capacity for the
year 2010 are used as a point of departure for long-term
projections through 2030 in the Lower Reference and
Upper Reference cases. (It is assumed that newly or-
dered nuclear capacity will not become operable be-
fore 2006.) The projections of net nuclear capacity in
the Lower Reference and Upper Reference cases in-
crease to 134 and 184 GWe, respectively, in 2030, The
No-New-Orders-case projoction of 6 GWe in 2030 re-
sults from the assumptions that there will be no new
orders of nuclear reactors in the United States, and
that units in operation and under construction will re-
tire 40 years after the issuance of their operating li-
censes, with minor exceptions, In a sensitivity case
which ussumes that 70 percent of all U.S, capacity is
life-extended for 20 years, the projected capacity in
the No New Orders case in 203015 71 GWe. Depending
on whether it is assumed that life-extended capacity
displaces new orders, the range of projections for the

UFable 20 mcludes o complete listing of the EME countries considered in this report.
finergy Information Administeation, Aunual Quiook for U.S Electrie Power 1990, DOE/BETA 0474(90), pp. 2, 11 (Washington, DC, June 1990).

See the Glossary Tor the definition ol vapacity factor.

Energy Information Administration/Commercial Nuclear Power 1990 ix



Upper Reference case for total nuclear capacity is from
184 GVe to 202 GWe in 2030, ‘

Institutional and Technological
Developments

Institutional and techinological development issues are
grouped into three  categories. The  (irst
category--environmental issues--discusses  recent
‘progress on Clean Air Act legislation in the United
States and the status of the “greenhouse™ or global
elimate change  phenomenon. The  second
ategory--ULS, nuclear industry--includes a review of
U.S. nuclear technology anrd a discussion of nuclear
powet plant decommissioning, ‘The third category=-the
internationalization. ot the . unuclear  power
industry--discusses global nuclear rescarch and devel-
opment activities, .

International Commercial Nuclear
Power

Clurrent Status: l)pccmbcr 31, 1989

"‘l’wuni,\f M nations (including the United States)
produced clectricity from nuclear power in 1989, (Nei-
ther Ttaly nor Mexico generated electricity from their

'

nuclewr plants in 1989 Nuclear generation in these
cotntrics was approximately LSS7.7 net TWh in 1989,
aninerease of about 2.3 pereent 'rom 1988, The number
of aoperable nuclear units in FME countries increased
From 349 in JO8S to 355 in 189, Total operable nuclear
capacity increased by about 2.3 percent 1o 2706 nel
GWe by the end of 1989, Tn FMLE countries, excluding
the Unitedd States, the 1989 construction pipeline in-
¢luded 70 nuclear units, totaling about 65 net GWe,

Projections for FME Through 2010

In' the Lower Reference case, total operable nucelear
capacity for countries belonging to the OHCD? is pro-
Jjected 1o inerease frony about 285 net GWe at the end
of TORY 1o about 291 net GWe in the year 2010 (188
GWe when projected ULS. capacity is excluded). For
non-OECD FME countries, operable nuclear capacity
is projected to reach about 28 GWe in 2010, Tuable
EST summarizes the 1989 nuclear capacity for the
FME countries as well as the nuclear capacity projec-
tions in the Lower Reference case,

Table ES1. Lower-Reference-Case Projections of FME
Operable Nuclear Capacity

Countries 19892 '

1495

United Statosh S 98 104
Canada ... o U 12 14
tutope . . [P 1"y 122
Far Fast JRTTRRPT 41 o7
Other B SR P PP PP 3] 6
Total FME ... . B 274 294
OECD . [ET TR, 255 275
Non-OECD R .. 18 19

Capacity (Net GWe)

2000 2010 2020 2030

104 103 116 134
15 19 - .
123 19
59 66
8 H
a02 3149
281 201
21 28

4 Satus as of Docorbor 31, 1089

boUS capacity otals are based on net summer capabllity ratings. For all non-U.S units, capacity 1s the net dosign olectrical rating. Soo Glos-

sary lor defnions

OECDH  Organization for Econamic Goopotation and Developmant

FME freee Markol £ cononies

HNoter Totals may not equal sum of components due to independent rounding

Sourcer Table 8 and Table 24

eootnote S on page 39 sy the OFCD member countries,

X Energy Information Administration/Cammerclal Nuclear Power 1990
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'

Operable Nuclear Units in Countries
With Regulated Market and Centrally
Planned Economies ‘
In nations with regulated market ceonomics (RME)
and centrally planned cconomies (CPE), 66 nuclear
units with u total capacity of 43.8 net GWe were op-

crable as of December 31, 1989, compared with 43.0

net GWe® at the end of 1988, In 1989, nuclear gencera-
tion for these countries was 274.2 net TWh, or about
14 percent of their total electricity generation, The
U.S.S.R. had 43 units totaling 34.2 GWc of nuclear
capacity, or about 78 percent of the total nuclear ca-
pacity in the RME and CPE countries,

Allthe RMEand CPE countries with operating nuclear
plants or with nuclear plants under construction have

“Some nuctear units were rerated 1o reflect more cuvrent data.

expericneed chronie shortages of electrical power, Nu-
clear power, however, is likely to represent o smaller
fraction of total generating capacity than previously
planned, and in some countries nuclear construction
may be postpoued., This reevaluation of nuclear power
programs is duce (o a lack of available capital and op-
crational safety concerns,

Status of U.S. Plant Construction
As reported o, Form ETA-254, two units entered com-

mercial operation during 1989, The ‘units have a nel
sumuier capability of 2,3 GWe and a total construction

“cost of $4.2 billion. Five units remaining under con-

struction at the end of the year have a net summer
capability of 5.7 GWe and a total construction cost

©estimated at $21.7 billion,

Energy Information Administration/Commercial Nuclear Power 1990 «i



1. Introduciion

This report presents the status at the end of 1989 and
the outlook for commercial nuclear capacity and gen-
eration for all countries in the world with free market
economies (FME), The report provides documentution
of the U.S. nuclear capucity and generation projections
through 2030, The long-term projections of U.S, nu-
clear capacity and generation are provided to the U.S,
Departmer of Energy's (DOE) Office of Civilian Ra-
dioactive Waste Management (OCRWM) for use in es-
timating nuclear waste fund revenues and Lo aid in
planning the disposal of nuclear waste, These projec-
tions also support the Energy Information Administra-
tion's annual report, Domestic Uranivm Mining and
Milling Industry: Viability Assessment, and are provided
to the Organization for Economic Cooperation and
Development. The foreign nuclear capacity projec-
tions are used by the DOE uranium entichment pro-
gram in assessing potential markets for future enrich-
ment contracts, '

The Department of Energy is currently developing a
National Energy Strategy (NES). The NES process
includes a comprehensive review of the current energy
situation and an analysis of potential energy futures.
National Energy Strategy results are not included in
this report since they are yet to be officially released
by the Department. The reader is advised that NES
forecasts may vary from those found in this report.

The two major sections of this report discuss ULS. and
foreign commercial nuclear power, The U.S. section
(Chepters 2 and 3) deals with (1) the status of nuclear
power as ol the end of 1989; (2) projections of nuclear
capacity and generation at S-year intervals from 1990
through 2030; and (3) a discussion of institutional and
technical issues that affect nuclear power. The nuclear
capacity projections are discussed in terms of two pro-
jection periods: the intermediate term through 2010
and the long term through 2030, A No New Orders
case is presented for each of the projection periods, as
well as Lower Reference and Upper Reference cases.

The intermediate-term projections are derived from a
detailed review of nuclear units both operating and
under construction, The construction and regulatory
status at the end of 1989 of each individual nuclear
project and the progress toward its completion is as-
sessed. The Upper and Lower Reference cases include

differing amounts of capacity that is assumed to restarl
from u current indefinite deferred status, These cases
also assume the startup of some newly ordered units
between 2006 and 2010,

The intermediate-term projections of installed nuclear
capacity serve as a point of departure for the U.S. long-
term projections through 2030, The long-term projec-
tions were prepared, in part, using the World Inte-
grated Nuclear Evaluation System (WINES), WINES
is an aggregated cnergy demand model that derives
nuclear generation requirements (and installed capac-
ity) as a share ol clectrical generation, which is, in turn,
derived as a share of delivered energy. Delivered en-
ergy requirements are derived using a demand function
that incorporates demographic, cconomic, and energy
price fuctors, -

Chapter 4 consists of (1) a general discussion of the
status of nuclear power in the forcign FME countrics;
and (2) Lower Reference and Upper Reference case
nuclear capacity projections for individual FME coun-
tries for 1995, 2000 and 2010. Chapter S reviews com-
mercial nuclear power programs in free market, regu-
lated market and centrally planned economies, Because
of political developments in Easters Europe during
the Fall of 1989, EIA has eliminated a separate appendix
for discussions of commerciul nuclear power programs
in centrally planned economies, and incorporated the
information in the body of the report.

The report also contains a number of appendices, Ap-

pendix A is a map identifying the Federal regions of
the United States. Appendix B describes the reactor
construction pipeline analysis and the WINES model,
both of which are used in developing projections of
installed nuclear capacity. Appendices C, D, E, F, and
G contain detailed generating unit information for U.S,
and foreign nuclear units that are operable or in the
construction pipeline. Appendix H contains rosters of
nuclear units that are operable or in the construction
pipeline in countries with regulated market and cen-
trally planned economies, Appendix 1 containg annual
projections of U.S. nuclear capacity and associated
clectricity generation through 2030, Appendix J con-
tains U.S. construction cost data and milestones for
nuclear units in the construction pipeline. A Cilossary
is also included.

Energy Information Administration/Commercial Nuclear Power 1980 |,’



2. U.S. Commercial Nuclear Power

The commercial nuclear power industry in the United
States femains substantially unchanged from o year
ago. A varicty of uncertaintics remain concerning the
industry, many ol which could individually affect its
future., Some of the uncertainties, such as waste disposal
issues, operating and maintenance costs, and the pos-
sibility of extending operating lives, pertain to existing,
units, Others, such as capital costs, technology devel-
opments, regulatory environments, and the structure
of the industry. apply to anticipated new orders. Maost
of these issues were addressed in some manner during
1989, but, in general, their resolution will evolve over
a longer time period.

This chapter deseribes the status of the domestic com-
micreial nuclear power industry at the end of 1989, as
well as projections for the intermediate term (through
2010) and the longer tern (through 2030). The assump-
tions underlying the projections and the methodologics
[or producing them are described. Finally, the results
are compared with projections from other sources.

Status as of Dec2mber 31,
1989

The statas of U,S. nuclear power plants that were ci-
ther operable or in the construction pipeline at the end
of 1989 is shown in Tuble 1. There were 110 operable
units at that time,” with a l()tdl net capacity of 97.9
gigawatts-clectric (GWe),

As of December 31, 1989, there were T nuclear units
with a total net capncity of 13.1 GWe in the construc-
tion pipeline. Ol these, 1 unit had loaded fuel and was
undergoing low-power testing, The remaining 10 had
received construction permits, although canstruction
of 6 units has been indefinitely deferted. One unit was
retired during 1989, There were 121 nuclear units in
opueration und in the pipeline at year-end with a com-
bined net summer capability of 1110 GWe (see Ap-
pendices C and D for a complete listing of operable
nuclear units and those in the construction pipeline).

Table 1. Status of U.S. Nuclear Generating Units

as of December 31, 1989

Status

Operable?
In Commoercial Operation®
in Powor Ascansion
Total

In Construction Pipeline
In Low-Powar Tasting ...
Under Conslruction ...
Indofintoly Doferrode
Totald

Reactors on Order ..

Total? ...

Number of

Net Summer

Capabililty
Unlts (GWe)
109 96.8
| N
110 7.9
1 1.2
4 4.6
6 . 7.4
t 13.4
0 0.0
121 1.0

4 Operable units are those that have boon issued a (il power license by the Nue ar Rogulatory Comimission.  Relired units
aro not included  Shotoham receved a full powor livanso m April 1989, Sinco the unlcis not curtently scheduled to operato, it s

nol not mcludaod in tho tolal.
b Thrae Mile Istand 2 and Hanford-N are not included,

¢ Includes Bollelonte 1 and 2, Grand Gult 2, Forey @, WNP1 and WNP3,
4 Total capacity may not oqual sum of components due to ndependent rounding.
Sources: Capacily Data--Enurg  Information Administration, Form FIA-860, "Annual Eloclric Gonoralor Hoport™ (19689),
Status Data--Lnorqgy Information Adrministiation, Monthly Enoergy Fleview, Docornbar 1989, DOE/EIA-0035(89/12) (March 1990), p.

46,

“For the United States, an “operable® reactor s defined as oounit that has beensissaed a (ull poswer icense by the Nuolear Regulatory

Comnussion (NRCY

Energy information Administration/Commerciai Nuciear Power 1990
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During 1980, South Tesas 2 (1250 MW, Vogtle 2
(1,086 MWe)y, and Limerick 2 (1055 MW ey achieved
operable stitus, Ooe anit, ot St Veain' (217 M'WVe)
was retived during the yvear, Rancho Seco (873 MW e)
Ao shut down by the Sacramento Municipal Utility
l>|.\lmt following o referendum on its continued oper
ation, There are curvently no plans to operate it as o
nuelear anity however, it retaing an operating license
and it is included in the "operable™ category in Table
I. Shorchany, owned by Long island Lighting Co. in
New York State, is not inctuded in the totals, The unit
received a full-power licease in April 1989 however,
it is not cureently scheduled to operate, following an
agreement Lo transfer ownership to the State and de-
cotmmission it Appendis Lo contains o complete Hsting
of nuclear units ordered in the Unided States sinee

PS4 nclnding all units that were canceled before
completion.
Nuclear  plants produced a0 record 529 el

terawatthours CUWHD of electricity in 19894 0.5 per-
centinerense over TOBR 7 This generation was 19,0 per-
cent of the total ULS, eleetrictty generation by utilities
during the yvear--down from 19,8 pereent in 1988, 'This
peneration was 7.8 percent of 1otal UL, clectricity
seneration (incloding nonutility generation).®

The overall average capacity fuctor (utilization rate)
achieved by WS, nuclear anits in 1989 reached 62,3
pereent, whiclh is 1.9 perceent less than the 1988 value
and lugher than uny other year since 1978,

Table 2. U.S. Nuclear Generating Units Achleving the Best

Lifetime Performance Records

Ranking of Unit Operating Utility

Highest Capacity Factors

Notthorn Stales Power
Fonda Powor and Light
Wisconsin Public Savice
Alabama Powor
Wisconsin Glectie Powor

S Nottharn States Powaos
Union Eluctig
Connecticut Light and Powu
Losiana P&|

Praune laland &
¢ SL Lucie @
Kowiunoo .
4 Juseph M. Idlluy A
“u Point Beach 2
6. Praune lsland A
Callaway 1.
8. Haddam Nock
9 Walorford 3
10 Woll Crouk

.

~

Lowest Forced Outage Hates®

Wisconsin Gloctae Power
Wisconsin iloeclric Powor

Pomnt Beach ¢
Pomnt Beach 1

~e

3 Kowaunoo Wisconsin Public Survice
4 Diablo Canyon CPacific Gas and Elecinc
b Praine lsiand @ . .. Northern Slales Powor

. Omaba Public Power Distnet
. Union Eloctric
flonda Powor and Light
Northarn States Power
Alabama Powor

Fort Galhoun 1

Callaway 1

ST o 3

9. Monticeto T
10. Joseph M. Farley 2 ..

=~

CKangsas Galy P& and Kansas Gas-& Lioc

Litetiine

Reactor Year of Initial Average
Type Operation Value

(percent)
PWH 1974 84.3
PWH 1984 82,9
PWH 1974 81.6
PWHR 1081 815
PWR 1972 80.7
PWR 1073 80.6
PWH o84 79.4
PWHR 1967 174
PYIR 1085 16,2
PWR 1965 /6.1
PWH 1072 [
PWH 1970 (R
PWR 1974 o6
PWR 19834 SR8
PWR 1974 3.0
PWH 1974 3.0
PWR 1oad RIK!
PWH 1076 3.4
BWH 1971 4.0
PWR 1084 46

A Roprosents only unschedulad downtime (oxcludes rofuehng and schedulgd maintonance)

HWH Boling-Wator Roactor
PWH Prossurizod-Water Hoactor
Note: Only reactors thal had opatatod Tor at loast three cormplota fual eycles by Decembor 3t

Saeo

Pased o revised data from the Energy loformation Admnnstration,

metan, DO Jansry 1980)

“Eaerpy Intormation Adumstration, cbenwal Outloot for U8 Eeetric Power 1900, DOTZETAOGZH00), pp 200 (Washington, D
TThe capieity faetors shownare comsistent with those published i BYA'S Monthly fnerer Review,
“Monthly Poser Plant Report,”

capabilits ratings and generation data from Forme FTA 790,

Nucloar Hogulatory Gommission, Operating Status feport, NUREG-0020 (Washinglon, DC,

Monthly Enerey Review,

1989, are listod.
January 1990),

Janwary 1990, DOEZFTAO03590/01) (Wash

e touy,

They are bised on the net summer

& tnergy intormation Administration/Commercial Nuclear Power 1990



" Units achieving top operating performance (capacity
factors) during 1989 were Three Mile Island 1 (102
percent), Prairie Island 1 (99.7 percent), Hatch 1(97.7
percent), Wolf Creek (97.7 percent), Maine Yunkec
(97.0 percent), Davis-Besse  (96.0 percent), and
Sequoyah 1 (95.0 percent). Twenty-two other units,
the same number as in 1988, had annual capacity factors
above 80 percent.” (1t should be noted that a unit's
annual capacity factor is highly dependent on whether
or not it is refucted during a particular year.) Table 2
shows top performing U.S. units based on two
measures--cumulative capacity factors and cumulative
forced outage rates. The difference between 100 per-
~cent and the cumulative capacity factor for cach reac-
tor represents the time spent in refueling, scheduled
maintenance, and unscheduled downtime. The forced
outage rate represents only unscheduled downtime. In
general, the units with low forced outage rates also
~had high capacity factors. In 1989, (wo newer units,
Waterford 3 and Wolf Creck displaced older units on
these lists. Note that only one boiling-water reactor
(BWR) is on cither of the lists.

Outlook for the Intermediate
Term, Through 2010

Thiv section presents projections of domestic installed
nuclear capacity and net electrical genceration from
1989 through 2010 for the No New. Orders, Lower
Reference, and Upper Reference cases. These cases
describe a range of values, which vary as a result of
differing assumptions about the schedules for individ-
ual nuclear units that currently remain uncompleted as
well as assumptions about newly ordered units, These

cases shonld not be interpreted as exhausting, the range

of passible nuclear supply futures. Nuclear plant life
extension is not assumed to oceur in these cases but is
covered in a sensitivity case later in this chapter. No
effects of expected changes in the Clean Air Act are
included; however, a discussion is included in Chapter
3

Basic Methodology

The methodology used in deriving the intermediate-
term capacity projections was the same as that used to
prepare EIA analyses presented in the dnnual Energy
Outlook 1990 (AEO) and the Annual Outlook for U.S.
Electrie Power. In fact, the No New Orders case doe-
uments the U.S. nuclear capacity and generation pro-
jections through 2010 in all cases in the 1990 AFO. In

general, this methodology entails a detailed review of
units under construction and an estimate of the year
for- first operation. of ecach unit, a method often de-
scribed as “pipeline analysis™ (Appendix B), The
Lower Reference case is a limited growth case in
which Jead plants are assumed to operate *oginning in
20006. The Upper Reference case jncludes a supply con-
strained growth transition in which the new unit annual
ordering rate follows a trend from one GWe in 2006
1o 6 GWe in 2010, Projections of electricity generation
ior the No New Orders, Lower Reference and Upper
Reference cases are obtained  trom the International
Nuclear Model (INM),

Intermediate-Term Case
Assumptions

In addition to the reactor construction pipeline ap-
proach, the foliowing assumptions were used to de-
velop the intermediate-term projections.

Assumptions App/icable to All Cases

* It is assumed that nuclear units will operate for

40 years from the issuance of their operating
license even though prior to 1982 nuclear oper-
ating licenses were issued for 40 years, beginning
with the issuance of a construction permit.!" An
electric utility may, petition the Nuclear Regu-
latory Commission (NRC) for a redefinition of
the operating license for those nuclear units to
recover the construction time. It is assumed that
those licenses will be redefined. A current ex-
ception to this rule is the projected official re-
tirement of Rancho Seco in 1990,

¢ Nuclear units are assumed to supply bascload
power,

® The average cquilibrium cycle capacity factor
for existing units is assumed to increase (o 68
percent in 2010, The average capacity factor for
units in their first fuel cycle is assumed to be 55
pereetit. ‘

o Listimates of first operation dates tor the remain-
ing nuclear units under construction reflect his-
torical construction performance, any regulatory
or financial constraints, and regional electricity
demand considerations.,

UNuclear Regulatory Compaassion, Operating Status Keport, NURG-0020 (Washington, DC, January 1990),
i he average operating life Tor existing units with operating licenses for 40 years from the issuance of therr construction permits is about

L3 years,

Energy Information Administration/Commercial Nuclear Power 1990 S



The following assumptions apply to the Lower and
Upper Reference cases. ‘

o Utilities undertaking long-term investment are es-
“sentially assured a return on those mvcstmenls

¢ Some manner of turnkey pricing or nsk sharing
- is available to utilities,

* A high-level waste repository is constructed and
available to receive spent fuel by 2010. In the in-
terim, either legislation is passed which decouples
the construction of a Monitored Retrievable Stor-
age (MRS) facility from the siting of the repository
as is currently required by the Nuclear Waste Pol-
icy Act of 1982, or, tangible progress i$ made on
the permanent site.

* Nuclear power will be economically advanta-

geous over alternative baseload generating tech-

‘nologies in some regions of the country and con-
struction and licensing chdumcs are held to 6 to
7 years.

* Financial protection of the industry is available
through extension of the Price-Anderson Amend-

ments Act of 1988 or by some similar type of

liability coverage.

e New units are assumed to be improved or ad-
- vanced light-water reactors.

Assumptions Applicable to the Upper
Reference Case

The reactor licensing process becomes effec-
tively certain This includes legislated one-step
licensing, the availability of a preapproved stan-
dardized design, and advanced site certification.

e All units that are indcﬁnitc}y deferred, with the
exception of Grand Gulf 2, are completed and
become operable. (The llncnsw has announced
the cancellation of Grand Gulf; however, it has
not been ()Hlually removed from the NRC list
of reactors).

® New reactor orders resume in 1999 and initially
have a 7-year leadtimie. The ordering rate follows
a linear trend from | gigawatt (GWe) in the first
year to 6 GWe per year 4 years later. Operable
apacity from 2006 lluou;_,h 2010 reflects this
ordering rate,

‘(I! should be noted that, in anticipation of new nrdcr‘s,
the DOE planning basis for the advanced reactor pro-
gram is premised on the assumption that these orders
will commence in 1995 and begin commercial opera-
tion by 2000).

‘operable nuclear capacity is 0.5

Assumptions Appllcab/e to the Lower
Reference Case

The réactor licensing process becomes less con-
tentious, and includes administrative one-step hi-
densing, the av‘n)ablhty ol a preapproved stan-
dardized design, and advanced site certification.

® Three of the indefinitely deferred units are com-
pleted and become operable. Two new lead
plants are completed for operation during the
2006 through 2010 time period.

* The following units are assumed to be canceled:
Grand Gulf 2, Perry 2 and WNP 3,

Intermediate-Term Projections

The EIA projection for nuclear capacity in the period
from 1990 through 2010 is for continued completion
of units under construction and varying degrees of ac-
tivity toward the rmumptmn of orders for new units,
()pcmblc nuclear ¢ mdcllv, in all cases, is expected to
increase from 97.9 net GWe at the end of 1989 to 103.8
net GWe in 2000. The average annual growth rate in

1989 to 2000.

The Upper-Reference-case capacity, as shown in Table
3, increases from 103.8 GWe in 2000 to 122.1 GWe in
2010, a growth rate of 1.6 percent per year over the
10-year period. The capacity totals assume replacement
of about 6.4 GWe of retiring nuclear capacity with
new nuclear capacity by 2010." This case assumes that
five units for which construction is currently halted
are eventually completed. The Lower-Reference-case
capacity projections increase to 105.0 GWe in 2005
and decline to 102,9 GWe in 2010, This case assumes
that three units for which construction is currently
haited are eventually completed. There is a net decline
in this projection because of the retirement of 6.4 GWe
of capacity. Capacity projections for the No New Or-
ders case match the growth cases through 2000, then
decline t0 99.7 GWe by 2010. The regional breakdown
for the No New Orders case is shown in. Table 4. From
this it can be seen that most of the early retirements
(under the 40-year life assumption) occur in the North-
Cast,

Nuclear generation by region is shown for 1989 and
the No New Orders case in Table 5. The 1989 percent
share for nuclear ranges from 34 percent in New Eng-
land, to nearly zero in the North Central region. The
mldc.n share of generation in three regions--New
York/New Jersey, the South Atlantic and the Midwest

PThe 6.4 GWe of retirements is based upon the operable dates in Appendix Cand the assumed 40 year operating lives.

6 Energy Information Administration/Commercia: Nuclear Power 1990

percent per year {rom.

n



Table 3. U.S. Operable Nuclear Capacity at the End of the Year, 1989,
and Projections for 1990 Through 2010

Capacity (Net GWe)?

Year Co
No New Orders Case Lowor Releronce Caso Uppar Reforenco Caso
19890 97.9 97.9 ' : 97.9
1990 . 993 993 ‘ 99.3
102.8 102.8 ) 102.8
103.8 103.8 ' 103.8
103.8 . 1050 105.0

99.7 1029 122.1

a Capacity valuos are basod on nel summer capability ratings.
b Actual. : ‘
Sources: Capacities--No New Orders Case and Lower and Upper Reforence Cases through 2005--Energy Information Administration, Form
EIA-860, “Annual Electric Gonerator Report” (1989). Capacily Vaiuos for 2010 in Lower and Uppor Roforence Gasos include nowly ordored capac-
ity with unit capacities from reactor manufacturers. :

Table 4. U.S. Operable Nuclear Capacity by Federal Region, 1989,
and Projections for 2000 and 2010

Capacity (Net GWe)?

Federal Region Co N~ *.aw Orders Caseb
1969 ‘ ,

2000 : 2010
| New England 5.4 6.4 . 5.2
It New York/New 8.6 ’ 6.6 6.9
11 Middle Atlantic 13.8 13.8 13.8
IV South Atlantic 26.7 30.2 30.8
V Midwest 21.7 217 20.4
VI Southwest 6.2 8.5 8.5
VIt Cantral ... o 4.0 4.0 4.0
VIl North Central 0 0 G
IX Wesl ... 9.3 8.4 8.0
X Northweosl 2.2 2.2 2.2

Total ... e e 97.9 103.8 99.7

@ Capacity valuas are based on net summer capability ratings.
b Totals may not equal surm of components due lo independent rounding. ' .
Sources-- Capacities: Ener¢ Information Administration, Form EIA-860, "Annual Electric Generator Reporl' (1989). Projections-- Energy In-
formation Administration, Annual Cudook for Electric Power 1990, DOE/EIA-0474(90) (July 1990).

Table 5. U.S. Nuclear Generation in 1989 and Projections for 2000 and 2010

Actual , No New Orders Case
Federal Region 1989 . (Net TWh)*

Net TWha Percent Shareb : 2000 ! 2010
I NEW ENGIant ..o oo e 33.1 ©34.0 ‘ 37.6 34.3
I New York/New Jersey .. e . 45.9 26.7 44.0 36.9
I Middle AUANLC .. ..o 561 17.2 774 81.6
IV South AHantic ... o e 150.8 24.6 162.0 184.8
V Midwest ... o USRS . 130.6 25,0 119.4 120.2
VI Southwest ... 31.2 8.0 50.5 53.56
VIl Central ............ 29.3 20.5 . 21.6 ' 229
VIl North Central ... . 5 3 0 0
IX West o . . . 40.4 1F‘JAO 48.4 49.2
X Northwest ... 11.4 79 (R 1.8

TOlAl 529.4 19.1 : 571.7 5951

8 TWh, Terawatthours. One TWh is equivalent to one billion kilowatthours.
b Nuclear generated electrnicity as a percentage of electricity generaled from all sources.
Note: Totals may not equal sum of components due (o independent rounding.
Sources: 1989 Data-- Enorgy Information Administration, Form EIA-759, "Monthly Power Plant Report™ (preliminary data). Projections--Fnergy
Information Administration, Annual Qutlook for U.S. Electric Power 1990, DOE/EIA-0474(90), (Washington, DC, June 1890).
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is uround 25 percent. A modest projected capacity fac-
for improvement perniits an increase in generation by
2010 at an annual rate of 0.6 pexccnh in spite of the
slight capacity decrease,

Figure | summarizes domestic nuclear capacity from
1970 through 1989, projections through 2010, and the
status of nuclear projects at the end of 1989, The Up-

per-and Lower-Reference-case projections are coinci-
dent through 2005, This similurity among cases reflects
the inflexibility of construction schedules for nuclear
units that are nearing completion. The leveling off in
projected capacity in these cases reflects the fact that
only four units remain actively under construction and
only two-units that are currently indefinitely deferved
are assuraed to become operable by 2005,

Ble

Table 3

clrie Generator Report” (1989) Projections Aatus of Current Projects |.|l:lq

Energy Information Administration/Commercial Nuclear Power 1990

Figure 1. Domestic Nuclear Capacity, 1970-2010, and Status of Nuciear Generating
Units at the End of 1989 ‘
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Prospects for the Long Term,
| Through 2030

Long-term projections of mstalled nuclear capacity
and clectricity generation are used to estimate nuclear
wasie management needs and fuel eyele requirements
and for planning requirements of the nuclear industry
(utilities and ¢quipment suppliers). The Nuclear Waste
Policy Act of 1982, as amended in 1987, mandates the
establishment of a repository for the disposal of high-
level radioactive waste and the collection of fees from
utilities to finance this repository." The Office of Ci-
viliun Radioactive Waste Management uses the fore-
casts of capacity and generation over the long term to
plan for waste volume and to estimate the adequacy
ol the Tees, This section presents a range of nuclear
capacity projections for S-vear-intervals from 2011
through 2030, These projections result from alternative
sets of assumptions associated with a No New Orders
casee and  with  Lower-Reference-  and - Upper-
Reference-case nuclear supply scenarios,

® Upper Reference, A traditional demand-driven ca-
pacity growth case, produced by the World In-
tegrated Nuclear Evaluation System (WINES),
post 2010, The paurameter values which define
these projections assume a robust cconomic-and
clectrical denand growth and, following a tem-
porary plateau, restoration of a substantial nuclear
role in providing bascload  clectrical  power.
WINLES is a Jong-term aggregated model that de-
rives nuclear generation: requirements (and in-
stalled capacity) as a share of delivered energy.
Delivered energy s projected using a demand
function composed of cconomic growth and the
growth rate for the price of aggregate energy.
The WINES methodology is desceribed in detuil
in Appendix B

* Lower Reference. A case in which a limited num-
ber of introductory lead units provide assurance
of technical and cconomic feasihility of nuclear
power thus leading to additional orders. The ca-
pacity resulting from additional new orders is pro-
jected by WINES for the period after 2010, The
assumptions  for the  Lower-Reference-case
WINES projections assume a more modest eco-
nomic growth, a somewhat longer delay before a
resumption of sustained plant ordering, and a re-
duced share (from the present) of generation pro-
vided by nuclear power,

® No New Orders, A case in which capacity projec-
tions depend solely on the assumption of no new

orders and, in general, reactor retirements after
40 years of operating lfe.

Each ol these cases is discussed indetail in the following
section,

Long-Term Case Assumptinns

Major assumplions that govern the BEIA  Lower-
Reference-case and Upper-Reference-case projections
for the long term (2011 through 2030) are the same as
the assumptions stated for the intermediate term.,

The Lower Reference case is, for the most part, a
supply-driven case based on a detailed examination of
the ULS. nuclesr power equipment manufacturing in-
dustry. In this case, new capacity projections are de-
veloped from information and assumptions related (o
the limitations on the ability of the industry to respond
to new nuclear orders, The fact that no unit ordered
since 1974 has been built has caused a general retrench-
ment in the industry. ™ The larger companices, such as
reactor manufacturers and architect-engineers (ALL's),
have shifted into the service business, while smaller
companies, such as subticr supplicrs, have left the in-
dustry. Furthermore, the uncertainties of future costs,
regulatory treatment, and leadtimes translate into a
furge risk factor, and the manner in which this risk will
be borne is also uncertain. Resolution of the risk-
bearing issue may be the principal driver of the
industry’s restructuring. ' Such restructuring could in-
clude an inereased foreign component. Many utilitics
are expected to detay nuclear orders until one or more
industry leaders successfully complete a praject “on
time and within budget.™ ‘

e Lower Reference case assumes that only a limited
amount of newly ordered nuclear capacity will become
operable between 2005 and 2010, Assuming these new
orders are completed successtully, some other utilitics
are projected to begin ordering new units; however,
only those with successful nuclear programs would be
expected to replace retiring units with nuclear units,
The projected capacities for 2015 through 2030 are
produced by WINES based on the assumptions pro-
vided in Table 6,

In the Upper Reference  case--the  demand-driven
cuse--long-term demand for electric power (and con-
sequently nuclear power) is influenced by a number of
factors, These include the perecived level of fong-term

oeNuclear Waste Policy Amendments Act of 19877 sipgned mto law on December 22, TOR7 as part of the Bedger Reconcthiation Act o

Fiscal Year TORK (Pablic Taw 100201

M i detarled dhscussion ol this ssue, see Commercial Nuclear Power 19SS, pp 17-19, or dssessiment of the U5 Conmercial Nuclear Power
Lquiprrent Mantdacturing Indusery Geeport submitted o the Energy Fnformation Adminsstration by Science A pplications International Corporation,

Mol.can, VAL December 1987)

P Tuly 1090, @ pactoerslup consistings of Westinghouse Electee Corpsand Beehtel Power Corp. bought the Palisades nucleat power plant
from Consumers Power and swoll operate it as an idependent power producer

Energy Information Administration/Commercial Nuclear Power 1990 0]
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Table 6. Assumed Pa‘rameter‘Values of the WINES Model
for the United States, 2010-2030

Paramaeter

Labor-Age Population Growlh Rale

(POICONT POT YORAI) ©ivvivet i ieviiiaress oo e

Labor Forcé Participation Fraction Growth Rate

(POFCONE POI YBAT) oottt e

Labor Productivity Grewth Rate

(POTCONT POT YOAN i

Aygrogate Einol(jy Real i"m:o Growth Rato
(porcent per yoar)

Prce EIASUTIY i oo

Income Elasticity

Asymptolic Electiical Share of Total Daliverad Enorgy .

(POTCENT) oo

Asymplotic Nucloar Share of Total Electrical Generation

(PEICONL) oo i

Electrical Halving Factor

(YORATS) oo

Nuclear Halving Factor

(YQRIS) i

Nucloar Genoration Capacily Factor®

(POICENT) i

Assumed Vélues

L.ower Relerance Upper Reteronco

Case ‘ - CGaso ‘
-0.25 - -0.28
10 20
1.90 2.08
2.04 1.84
-55 -.50
.85 ' .90
30 a5
15.0 22.0
10.0 o ' - 100
25.0 ’20.0
75.0 75.0

? Value 1s assurned lo increase hnearly from 68 percent in 2010 to the value shown in 2030,

WINES World Integrated Nuclear Evaluation System.

Source: Devoloped by the stalf of the Nuclear and Alternate Fuels Division, Office of Coal, Nuclear, Electric and After-
nate Fuels, Energy Information Administration, as described in the text.

economic growth and its relationship to electricity de-
mand, and the cost and availability of electricity from
all sources. An examination of historical trends suggests
that the relationship between Gross National Product
(GNPY and clectricity consumption is much more sta-
ble than that between GNP and total energy. For ¢x-
ample, from 1979 through 1989, total energy consump-
tion per constant 1982 GNP dollar dropped by about
21 percent. The  consumption of  clectricity  in
kifowatthours (kWh) per constant 1982 GNP dollar
during the same period dropped by only 2.7 percenf).“'
Several features of electricity make it an attractive en-
ergy option, and this suggests that its fraction of total
energy demand will continue to grow as it replaces
other forms of energy. Among the advantages of clec-
trical energy are the following:

o It can be generated from many primary resources,
allowing for diversification of supply.

o [1 can replace most other forms of energy supply.

o It is clean, versatile, and efficicat at the point of

consumption.

The Upper-Reference-case projections assume that
there wit* be increasing electrification, and that utilities
will rely increasingly on coal and nuclear fuels in con-
structing new capacity to meet anticipated growth in
the demand for electricity. For this to occur, there
must be changes in existing economic and regulatory
conditions, new developments in the technology, and
greater public acceptance of nuclear power. The
Lower-Reference-case projections assume a sirnilar en-
vironment, however, with a longer delay before reac-
tor orders resume and more caution by utilities in se-
lection of the nuclear option,

The assumption that reactor orders will resume rests
on the proposition that changes in the factors described
above will make nuclear power an altractive option.
Political, environmental, and cconomic issues related
to the large-scale expansion of the use of coal, which
is the primary alternative to nuclear power for baseload
generation, could induce utilities to give stronger con-
sideration to nuclear power. Among these issues are
the movement toward stronger air quality control reg-
ulations (principally to address the acid rain issue), and

lnergy ntormation Adminstvation, fuinal Enerey Review 1990, 1DXOE/BEIA-0384(89), Table 8, p. 25 and Table 87, p. 201 (Washington,

YO, May 1900y
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uncertainties about the effects of the buildup of carbon
dioxide (CO;j) in the atmosphere (the “greenhouse ef-
feet™y due to the combustion of fossil fuels,

Fxactly when significant amounts of new baseload
gencerating capacity will be needed depends on retire-
ment schedules, changes in utility load fuctors, levels
of conservation, penctration of renewable energy and
cogeneration technologies, and rates of clectricity de-
mand growth, Considering these fuctors and current
utility construction programs, it is estimated that addi-
tional generating capacity may be needed in some re-
gions of the country by the early 1990's, Both reference
cases assume that new units will be improved or ad-
vanced light-water reactors, High-temperature gas re-
actors and liquid metal reactors are assumed to be
available for commercial ordering later in the projee-
tion period.

The parameters used in WINES and their values for
the Loweer Reference and Upper Reference cases are

presented in Table 6. Within the WINES model frame-

work, economic (GNP) growth is defined as the sum
of growth rates for the labor-age population, the labor
force participation fraction, and labor productivity,
The labor-age population growth rate is derived from
World Bank .population forecasts." It is projected to
grow by about 0.6 pereent annually from 1990 through
2010 and then to decline by about 0.3 percent per year
through 2030, The labor force participation fraction is
assumed to increase at annual Tates of 0.10 (o 0.20 per-
cent. Labor productivity is assumed to grow at a rale
ol 1.9 to 2.1 perecent per year. These growth rates im-
ply real (i.e., adjusted for inflation) GNP growth rates
of 1.8 and 2.0 pereent per year for the Lower Reference
and Upper Reference cases, respectively, for the period
from 2010 through 2030. The GNP growth rate for
the Lower Reference case is consistent with one being
discussed to support a draft National Energy Strategy
Reference scenario, and the growth rate for the Upper
Reference case is consistent with the Low World Oil
Price case of the dnnual Energy Outlook 1990.%

The function describing growth in demand for deliv-
ered energy uses these growth rates, plus assumptions
regarding growth in the real price of aggregate energy

aud the corresponding price and income clasticities of

demand for energy, to derive delivered energy require-
ments. The real price of aggregate energy s assumed
o increase at annual rates of 2.0 and 1.8 pereent for
the Lower and Upper Reference cases, respectively.
These price growth rates are derived from the DRI
Encrgy Model. The price elasticities are assumed to be

-0,55 and -0.50, und the income clasticities are assumed
(o be 0.85 and 0.90,

Theelectrical share of delivered encrgy and the nuclear
share of electricity are derived using market penetra-
tion functions, These functions require assumptions
regarding the long-run asymptotic shares and the halv-
ing factors," The halving factor determines how fust
the share from the base-yeur value approaches the
asymptotic value. The continuing uncertainty regard-
ing waste disposal, licensing, and safety verification
procedures makes it tikely that more time will be re-
quired to achieve the nuclear asymptotic share, This
is reflected in the nuclear halving factor values of 20
and 25 years for the Upper Reference and Lower Rel-
erence cases, respectively, The electrical halving fuctor
is 10 years in both cases. The asympltotic electrical
share of delivered energy is assumed to be 30 percent
in the Lower Reference case and 38 pereent in the
Upper Reference case, The 1989 actual eleetrical share
is about 147 percent of delivered energy. The.
usymptotic nuclear share of clectrical generation is as-
sumed to be 1§ percent in the Lower Reference case
and 22 percent in the Upper Relerence case; the 1089
nuclear share is 19.0 percent of utility clectrical gen-
cration and 17.8 pereent of total generation. The aver-
age capacity factor in both reference cases is assumed
to increase from current levels to 68 percent in 2010
and to 75 pereent in 2030,

Table 7 presents the WINES model results for the
Lower and Upper Reference cases in terms of growth
rates for GNP, projected nuclear capacity additions,
and energy variables over the projection period of
2010 through 2030, GNP is projected to increase at an
annual rate of L8 percent in the Lower Reference case
and 2.0 pereent in the Upper Reference case, Delivered
energy is projected to inercase at an annual rate of 0.6
pereent in the Lower Reference case and 0.9 percent
in the Upper Reference case. Similarly, projected
growth in total electrical generation is 1.8 and 2.0 per-
cent per year, respectively, The ratio of growth in
clectrical generation to GNP growth is projected to
be 1.0 in both the Lower and Upper Reference cases.
The time period for Tuble 7 has been changed from
the 1989 report, and thus the growth rates are not com-
parable. ‘

FThe electrical share of delivered energy in 2030 is pro-

Jected to react 27.0 and 32.0 pereent in the Lower and

Upper Reference cases, respectively, The nuclear share
of cleetrical generation in 2030 s projected to be 14,5
and 18.8 pereent in the Lower and Upper Reference
cases, respectively.

Pwarld Bank, World Population Projections, 1988 Short und Long-Term FEstimates by Age and Sex with Related Demographie Statistios, M1,

Vu (Washimgton, D, TORE).

nergy Information Administtation, tnaual Fnerey Outlook 1990, DOE/ELA-0383¢90) (Washington, DC, Fanuury 1990),

Mor further explunation of these factors, see Appendis B
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Table 7. EIA/WINES Model Results for U.S. Economic and
Energy Growth Rates, 2010-2030

Varlable

Roal Gross Nabonal Product (UN) )
Dolivotod Enorgy . s R

Eloctneal Gonoration .o
Inatallod ticloar Gapacity ... .

Lowor RHeleronco

Growth Rate (Mean Feroent per Year)

Uppor Releronco

Caso Caso
1.6 2.0
6 K]
1.8 "2.0
1.3 2.1

EIA/WINLS  Enorgy Information Admnistration/World Intogratod Nuclear Evaluation Systom,

Source. WINES Modol.

A No New Orders case was also developed. This case
depictsa scenario for which the following assumptions
apply.

Three of the indefinitely deferred 1|mt~. are cone-
plclcd and become operable.

o All units in the projection are assumed to huave
operating lives of 40 years from the date of issu-
ance ol an operating license (current and pro-
jeeted). An exception is Rancho Sceo, which is
assumed to officially retire in 1990,

o No new orders are placed for nuclear plants
through 2030, or those orders that are placed do
pot result in operable capacity during the projec
tion period.

Long-Term Projections of
Installed Nuclear Capac:ty and
Generation

Projections of installed nuclear capacity and generation
for S-ycur intervals, beginning in 1990, are presented
in Tuble 8. (Annual projections of capacity and gen-
cration are provided in Tables T and 12, respectively,
in Appendix 1), Nuclear capacity is projected to grow
at annual average rates of 1.3 to 2.1 pereent per year
over the long-term projection neriod (2010 through
2030y, resulting in capacity projections of 134 and {184

GWein (Iw vear 2030 for the Lower and Upper Rel-
erence eases, respectively, These pmwclmusuxcslmwn
graphically in Figure 2. The wide variations in the
long-term projections shown in this figure reflect the
inherent uncertainty of making such projections, The
No New Orders case projects 6 GWe of nuclear ca-
pacity in 2030, The projections resulting rom this cuse
are very sensitive to the reactor operating life assamp-
tion. For example, it a 30-year (instead of 40-year) op-
erating life is assumed, operable nuclear capacity s
reduced to about 6 GWe instead of 54 GWe in 2020,
Scveral utilities are hoping to extend the operating
fives of their reactors by as much as an additional 20
years, Ha 60-year operating life is assumed for all re-
actors, the amount of nuclear capacity in the No Mew
Orders case remaing constant at about 100 GWe
through 2030,

The average rate of total nuclear capacity additions
implicd by the Upper Reference case, when nuclear
repliccement capacity requirements are included, aver-
ages 7.1 GWe per year from 2006 through 2030 (Table
9). The rate of capacity udditions implied by the Lower
Reference case over the same time period is about 5.1
GWe per year--due mainly to a slower anticipated
startup of the nuclear supply industry and a slower
rate of new plant arders,

Nuclear generation is projected to grow at annual av-
crage rates ol 1.6 and 2.5 percent per year over the
period from 2010 through 2030 for the Lower and Up-
pur Reference cases, respectively, The No New Orders
cuse projects generation declining at an annual average
rate of 12,6 pereent per year,

12 Energy Information Administration/Commerclal Nuclear Power 1990



Tabie 8.

U.S. Operable Nuclear Capucity and Generation at the

End of the Year, 1989, and Projections for 1990-2030

Yoar

Capuolty (Net GWe)

No Now Lowor Uppaor No Now

Orcdors fReloronco Reteronco Otdory

Casa Caso Caso Caso
1989t 08 94 [S13) 629
1990 .. 00 94 99 Hd41
1095 10U 103 104 558
2000 .. 104 104 104 H7e
2005 . 104 106 104 Hoe!
2010 . 100 109 20 506
2015 . 0] 100 124 409
2020 . 54 116 146 320
2025 . 28 125 165 165
L2030 . 6 104 164 40

Qeneration (Net TWhyb

Lowor
Roloronce
Cabo

629
Hedt
HH4
672
608
620
H006
694
176
861

Uppor
Holoronce
Cage

CFLY
H41
H68
L72
608
714
AN
874
1,04
1171

* Capacily values are based on not summor capability ratings.

b Capacily valuos are rounded lo tho nearosl gigawatl. Genoration values aro roundud lo tho noarost tarawalthour

© Actual.

Sources: Capaoity Data-Enorgy Information Administration, Form EIA-860, “Annual Eloctric Gonotalor Roport' (1989) Post-2010 Capaocity

Projections--WINES Model. Historioal Generation Data--Energy Informalion Administration, Monthly Enorgy Feview, Docombor 1089, DOE/EIA-
0035 (89/12) (March 1990). Generatlon Projections-- 1890-2000 fiom Energy Information Admimstration, Annual Enorgy Qutlooh, DOL/EIA-

0aB3(90), January 1990 and International Nucloar Modol (1890).

Figure 2. Domestic Nuclear Capacity, 1982-2030
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Table 9. Nuclear Capacity Build Rates Implied by Projections

(Net Glgawatts-Eloctric per Year)

Cuse Poriod
Loww Hoferonce - 20061030
Uppor Hotoronce 2006-2030

Average Annual

Average Annual Total Implied

Netirementst Additions Bulld Rate
40 12 54
HY . e /A

a Assurios a d0-yoar e from dale of watial oporation,

Source Table 8, "U.S Oporable Nucloar Gapacily and Gonoralion at tho End ol tho Yeoar, 1089, and Projochons for 1090-2030," and cal-
culations by the stafl of the Nuclear and Altormato Fuels Division, Olhice ol Coal, Nucloar, Eloctic and Altarnate Fuoly, Enorgy Information Ad

mnistration

Sensitivity Cases

Nuclear Plant Life Extension

Nuclear power plant life extension (NUPLEX) refers
to the extension ol the operating lili: of commercial
power plants by the renewal of their operating licenses
wpon expiration of their original or revised H0-vear -
cense term. !

The Atomic Lnergy Act of 19542 provided the original
set ol regulations regarding commercial nuctear power
plant licensing, which included setting a statutory Timil
of 40 years tor the duration of licenses issued to electric
atilities that operate commercial nuclear plants, The
selection of a 40-year limit was not based on the antic-
ipated useful Hife of the nuclear plants but rather on
finangial and cconomic considerations,

Otiginally, the 40-year license for w plant began with
the date of issuance of the plant constraction permit,
In 1982, however, the Nuclear Regulatory Commission
(NRC) determined that plants could be licensed Tor 40
years as of the date ol issuance of the plant operating
license, and this became standard practice Tor the li-
censing ol subseguent commercial nuclear plants, Many
older units livensed belore this vevision have sinee been
granted licensing adjustments or extensions to allow

operation for 40 years from the date of issuance of

their operating lieense, Mostof the remaining, anits arce
expected (o follow suit, and as stated previously, this
is assumed for these projections,

As of Decenmner 3y, 1989, u total of 11O ULS, commer-
ciul nuclear units have operating licenses. A total of
32 units licensed before 1982 have not upplied for li-
cense adjustments to recover the construction time and
allow a Tull-term operating license of 40 years.” 1
these units are granted their corresponding license ad-

Justnents, expiration dates witl shift to later years, as

shown in Figure 3,

Four units (Dresden 2, Oyster Creek, Palisades, and
San Onofre 1) have provisional operating Heenses und
have appled for full-term licenses, Fourteen additional
cormmercial nuelear units formerly licensed to operate
have already been shut down, Two  other units,
Shippingpert and the Hanford-N reactor, were never
licensed. ™

The Atomic Energy Act explicitly permits the license
rencwal of commercial nuclear plants; however, the
regulatory requirements for the scope and content of
license renewal applications, the eriteria for evaluating
such applications, and the procedures for submitting
and reviewing them have not been defined.

The NRC started a progrum to develop a regulatory
process for license renewal in 1986 with the issuing of
a Federal Register notice requesting public comments
on the license renewal policy development effort and
indicating its intent to develop a commission policy
statcwment,

In an August 1988 publication the NRC expressed its
intention to move direetly to rulemaking ona “slightly
aceclernted schedule rather thanissuing a policy state-
ment prior toa rale as previously planned,

U B disersston i tihen, e part, from Nuelear Plane Life Exteasion (eeport sabautied 1o the Energy Information Aduinistration by Decision

Atadyvsis Corporation of Virginia, Vienna, VAL Juoe 290 1990)

SAtomic Enerey Act of 1984 Cliapter 10, Section 103, Part ¢

YElectre Power Researeh tustitate, LR Plane Lafe Exiension, EPRENP-0S002 (Pado Alto, Calitornia, Junuacy 1987)
Decision Analysis Corporation of Nginta, Nwclear PMant Lite Extension, Drafi DO Contract Noo DE-ACOLRTEL 19801 (Vienna, VA,

Aprl 1oudy,
b

TS Nucler Repalatory Connmisston, “Request Tor camments on the development of poliey for nuclear power plant Heense renewal,”
Federal Register, Vol ST Noo 2125, 403, Novo o, [9KG

S Nuckewr Reputatory Compission, “Regulatory option for nuclear plant ieense reneseal,™ NUREGE T, Dt for comment, Augusl
1OXK
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Figure 3.
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In July 1990, the NRC' published the proposed rule for
comment.?” Publication of draft regulatory guidance
is expected (o begin in mid-1991 with review of the
fead plants license renewal applications. Completion
of final regulatory guidance is anticipated in carly 1994,
shartly after the completion of the lead plant Heense
renewal applications review.

Electric utility industey elforts to analyze life extension,
began in 1978, when the Fleetrie Power Research In-
stitute (BEPRD) undertook a series of studies which sug-
gested that extending the operntion of current units
beyond their nominal 40-year license term was both
technically feasible and ceonomically attractive,

Since 1085, under the sponsorship of utilities, EPRI
and the Department of Energy (DOE), plant-specific
studies have been in progress to identify and evaluate
potential critical components, systems, and stractures
that would influence life extension decisions,

1350, Vol

In 1988, the nuclear industry created the Nuclear Mun-
agement  and  Resources Council  (NUMARCH
NUPLEX Working Group to coordinate wtility sup-
port for plant life extension and to serve as the atility
interfuce with the NRC management, The group em-
phasis is on developing recommended positions con-
cerning license renewal policy, regulation, procedural
framework, guidelines, criteria, and tming, In addition,
the industry has been undertaking studies to evaluate
the aging of hardware und its effect on plant relinbility
and sarely.

Following the plant-specific studies, the industey and
DOE have initiated the Lead Plants Project. This dem-
onstration project is intended to support the NRCs
development of a license renewal process and confirm
the viability of the approach through lead plant appli-
cations reviews, The lead plants are Yankee Atomic
Fleetric Company's Yankee Rowe and Northern States
Power's Monticello,

STUSNRC, "Nuclear Power Pluat Ticense Renewal Proposed Rule,” Federal Register, Valo 85 Noo 137, Jaly 17, 1900, pp. 20041 20062
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The Department of Energy's effort to assist the nuelear
industey o nehieve o viable Ticense renewal aption s
new coordinated under w nugor progreass entitled Plant
Litetizae bmprovement Program (MLIMD The DOL
PEAIM program's objective has been sammarized as
fotlosws: “Hstablish wrd demonstrute the license res
neswal process by working cooperatively with the {u-
dustry to develop the technology and information
needed to support the preparation of tead plant ficense
renewal applications by 1991, and the review and ap-
proval of the applications by the NRC by foudmes

Two dilTerentnterpretations of NUPLEX are that:
(D decisions o estending the lives of nuclear units are
idependent of nesw-order decisions; and (2) that u fife-
eatension decision would be made in place ol o new

order decision, Combining the two situations with the
pssumption thut 70 perceent of nuclear capacity will be
lifesestended for 20 years yiclds (wo  distinet ap-
proaches. These two approaches define o range or en-
velope of possibilities for projected cupuclty with
NUPLEN Table 10 presents the No New Orders case
with 70 percent of the capaeity Hre-extended and the
Upper Reference case with and swithout displacement
of new orders by ife extension, Note that in the casce
with displacement of new orders by tife-esten led cu-
pacity, the preojection s the basic Upper Relerence
cuse sinee the amount of capaeity that can be tife-
extended s less than that projected 1o be ordered,
Whure the e extension is added 1o new oreders, the
projected capacity in 2030 s 202 GWe or ubout 10
pereent more than in the busic Upper Reference case,

Table 10. U.S. Operable Nuclear Capacity Assuming 70
Percent Plant Life Extension 1990-2030 ‘

{Nel Gigawatls-Eloctric)

Your Mo Mow
Chrdors
Casie
1990 0y
1o, , 104
2000 104
RAGI Cl0d
20t 100
SO 40
SO0 "6
s "
SN /1

Capacity (Net GWe)

Uppon Uppot
Holoronce Hueloronce
With Withaut
Diplacormont Dispiacomont
a4 BiY
103 103
104 104
104 105
100 104
124 141
14t 157
Hih 1He
184 Q00

*apacity valuos are based on nel stmmor capability talings

Sowce Y norgy Indormation Adimostration, Office of Goal, Nucloar, Dloctne and Altbanato Faoels, Nuclowr and Allar

nate b uvls Division Stalt

SANDEA Satonal Dabonatory, Saraeement Blan tor the Farhe Water Reacton Fant D detme Smprovement Poogranm,” Ly 1940
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Comparison With Other
Projections

The long-ternt projections ol instulled nuelear capaeity
for the Upper Reference case in this year's report are
fower than those presented o tie 1989 jseae of Com-
mercidl Nuclear Power (CNPROY, There are u variety
ol changes inthe WINES buseline datne One important
fuctor is that the population purwmeter, which previ-
ously was defined as total population and was projected
using, labor-uge population growth rates, s been
changed 1o project Tabor-uge popualation using the
lubor-nge population growth rate, (Labor ageis defined
as 15 1o 6d years) The bulge in the ULS, population
due to the “baby boom™ results in o drop in growth
rad s in the uter years ol the projection. This chunge
has a small negative effect on the nuelewr capaeity pro-
jection, Another change was to initialize the model in
1985 rathier than 1980, cuusing chunges in several pa-
rateters, Typicatly, one ol the more sensitive param-
clers is the growth rate of Gross National Product
(CGINT. (While this is o model result, WINES s coli-

brated to yleld pssumed GNP growth rates) A com.
pavison ol GNP projections Tor stimilar periods in
CNDPRO shows ahinost no change for the Upper Refer-
enee case nned aomodest decrease in the growth e for
the Lower Reference cases This GNP change, ulong
with o slight ineeense nenergy price growth, is the
primary  cuuse ol the decrense o the  Lower-
Reference-case capuclty projection. The decrense in
the Upper-Reference-case projection, however, s pri-
murily due to the change in the number of constrained
periods, so that the model was not allowed to operate
Feeely until after 2010, compared with 2008 jin the 1989
report,

Tuble T compurees the projections made in this report
and in the 1989 peport with simitar foreensts und pro-
jections prepared by other organizations, Generally,
the forecasts and projections from non-ElIA sources
fall within the range of the EIA progections, 1t s ap-
parent that fow organizations forecast nuclear genera-
ton und capucity beyond the year 2000, The DRI fore-
cust asstnes that no new nuclear plants will be builg
beyond those currently on order orunder construction,

Table 11. Comparison of Projections for U.S. Nuclear Capacity
at the End of the Year, 1990-2020

Source
(]
Energy Information Administration

Y990 Commmereial Nuclear lower
Mo Naw Ordens Gasio uoy
| owor Holorenco Laso a4
Uppor Holoroneo Casio gl

FaBO Commerciad Nuclear Power
o Mow Ordors Caso B}
Lowor Raeleronce Gase . 100
Uppor Holotonce Gase 101
DRI 101
NERCS 101
NACH ‘ 104
NEI¢ 108
NUKEM! 10¢
WEFAY . oy

Capaolty (Net GWe)?

10094 2000 2010 2000
104 104 100 Ha
103 104 104 116
103 104 od 146
101 102 0/ He
104 104 104 120
104 104 146 1He
104 105 100

10 .

104 106 104

109 104

104 104

10y 103

A Capacily valoes arg basod on not surmmaes capability rabngs
boDIE - Date Hosouces, 1o Enorgy Heview (Wintor 1089-90)

tONE R Hoth Atoncan Eloctoe Boliability Counal, 1989 Flectne Supply and Oomand
d NACG - Nucloar Assurance Gorp, Nuctoar Mogawaltl Genoralion Status Hoporl (February 1990),
o WET - Nucloar Engmoonng intomational, andbook 1990 NEL projoctions aro hasod on gross. capacily dida

UNUREM  Adarked Fiepont on Nacloar Foeel Ceele (Apl 1989)

0OWEEA - The WEEA Group d negy Aoalyses Quartody (Winter 1990).
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3. Institutional and Technological Developments

Introduction

This chapter discusses five topics that provide a contest
wilhin which the projections ol domestic and fordign
nuclear capacity are made, Although they are not ex-
plicitly factored into the projections, their eventual
resobution has the potential to affeet the projections,™
Phe first two topies wre environmental in nature, spe-
Cefically, Clean Air Act legistation in the United States
and global climute chunge. The second two topices dis-
cuss the status of ULS. nuelear technology and ULS,
nuclear posver plant decommissioning cost estimatus,
The Tt topic is a discussion of the internationalization
of the nuclear posver industry.

Environmental Issues

Clean Air Legislation

For the fiest time sinee passage of the Clean Air Act
Amendments (1.1, 9595y in 1977, both Chambers of
the LIS, Congress have passed wide-ranging legislation
on air poltution. ‘The bitls, while not identical, are sim-
ilur in aim and structure, Both bills contain sections
that seek to reduce annual SO emissions by 10 million
tons from 980 levels and annual NO emissions by 2
mittion tons from the level careently projected Tor 2000
from stationary sources, principally electric power
plants. Another key feature is the permanent limit of
8.9 million tons per vear of 807 emissions from electric
generating plants after the year 2000, These requires
ments could indirectly encourage @ new assessment of
nuclear power production in the United States,

The Senate bill (5. 1630) was passed in April 1990, The
provisions in ‘Title IV, **Acid Deposition Control,™ are
atmed at reducing SO» and NO emissions from fossil-
steam plants, The bill requires emissions reductions in
two stages, beginning January 1, 1995 and January 1,

2000, respectively, Bssentially utilities are (o be issued
permits allowing them o emit o given quantity of SO,
cach year, These pertmits are tradeable, especially dur-
ing the second phase, 'The number of permits issued 1o
cach utility is based primarily on the T98S 50 ¢mission
rate and 1985 through 1987 Tuel consumption of thelr
fossil-steam plunts, During cach phase, a utility's plants
cunnol emit SOy ineseess of the permits it was issued
unless it has purchased additional peemits from others.

The House bill (HLRL 3030y passed in May 1990 is very
shmdlar incits treatment ol electric power plants, As in
the Senate bill Title 'V, “Acid Deposition Control,™
the House bill requires emissions reductions in two
stages. However, in the House bill the stages begin
one year Jater than those in the Senate bill, December
31,1995 and December 31, 2000, for phases Tand [,
respectively, The Senate bill uses the reduction es-
pected to oceur between January 1, 1995 and Decem-
ber 31, 1995 as bonus permits that are distributed (o
certain units. A second difference is that the House bill
creales two trading regions (Bast and West) for esisting
plants, bat the Scenate bill has one region. A Conlerence
Committee between the House and the Senate has been
formed to work out the differences between the two
bills, However, because the acid rain sections of the
bills are so similar in their objectives, it is expected
that there will not be major changes in the proposcd
treatment of power plant cmissions in the compromise
hill,

Through 2000, clectric utilities have several options
available for reducing their SO, emissions 1o comply
with the allowance constraints, The three major op-
Hons ave decrcasing theie use of unils that use medium
to high sulfur coal without pollution control equip-
ment, switching units using high sulfur coul 1o low
sulfur coal, and retrofitting plants that use high sulfur
coal with flue gas desulfurization equipment. Utilitios
will make use of all three options to minimize the cost
of complying with the allowance constraints, The re-
gions that will be alfected the most as utilities cither
add pollution controls or purchase allowances, are the
Midwest and the Sontheast, These are also the same
regions that currently have the greatest amounts of
nuclear capacity (see Table 4, p. 7).

S e disensstons of plabind climate Climge and the wternationalizanion of the vaelear poswer industry are taken, e part, from Npelear Fower
Jopres whille the diseussion of decotnmissionmng s tahen, e part, frome cbwessenent of Nuclear Power Plant Decoinrissioning Policies and Cous,
Flese reports were submitted (o the Faergy Information Admmistration on May 7, 1990 and October 30, 1989 respectively, by Decision
Analysis Corporation of Virgtga, Vienma, VA and Science A pplicanens tnternationad Corporation of Ml ean, VA
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Between 2000 and 2030, clectric utiltties must be able
to add a significant amount of new capacity to replace
retired units and savsty mereasing demand Tor electrie
ity and sl maintae: the 8. amllion-ton cap on SO,
emissions. SO emissions from new coel-fired power
plants must be offser by reductions i emissions from

existing capacty through retirements, increased use of
B A t

low sulfur coal. o retrofitting plants with Tue gas
desulfurization (FGD) equipment. A new pulverized
‘coul-fired plant with FGD equipment can remose 90
to 95 percent of the SO» New clean coil technologies
remove 97 (0,99 pereent of the SOL. Therelore, many
of the coul-fired capacity additions will most likely be
new cleanscoal generating technofogios, Among the
new echnologies are atmospherie ftuidized bed come
bustion units (AFR), pressurized {Tuidized bed com-
bustion units (PEB). integrated gasification combined
cyele units (GO, itegrated steam-injected gesitica-

tion units (ISTIGY, and fuel cells. However, there is

uncertainty about the costs, eavironmental impacts,
and performance of the new technologices now under
development, Utilities may reevaluate the nuclear op-
tion as an alternative to coal for bascload generation,

Global Climate Change and the
Future of Nuclear Power

[ the 1989 issue of Commercial Nuclear Power an over:
view of the environmental and energy policy in 21
cotuntries wits provided. At that time. no approved leg-
islation addressed both global climate change and cen-
ergy policy responses, It was sugpested that, with the
exception of a fow environmentally progressive coun-
tries (the Netherlands, Sweden, and West Germauy),
global climate change coneerns would notsignificantly
alfect fuel choices, especially in the short term.

The findings in that report continue to be supported.
The international policy climate is becoming further
defined. Although scveral environmentally progres-
stve countries have made recent statements regarding
energy responses (o climate change, these countries
have relatively small growth in clectricity demand,
thereby reducing the significance of their fuel choice
decisions on worldwide nuclear capacity. '

The effect of climate change concerns on nuclear ca-
pacity cannot be fully determined until response strat-
cgivs are clearly defined and then implemented through
policy decisions. Three factors are requited Tor new
nuclear capacity: (1) aceeptance of nuclear power, (2)
growth in clectrictty demand, and (3) finaneing for
plant construction. Global climate chanpe concerns
may altect cach of these factors,

Background

Global climate change Galso referred toas global swarm-

ing. or the “greenhouse effect™) resalts primarily from
the combustion ol organic  watter  and — other
anthropogenic practices. These activities produce cer-
tain gases termed Mgreenhouse gases™ because of their
ability (o trap solar heat reflected from the carth, just
as heatis trapped ina greenhouse. Continued aceumu-

~lation of thése gases in the atmosphiere could alter the:

planet’s climate. "This temperature increase may be sul-
fictent (o create dislocations in agriculture, precipita-
tion patterns, population distributions, forestry, fishing,
and health,

A major difficulty for policymakers addressing climate
change is scientific uncertainty regarding the timing
and magnitude of climate change. Opinions differ
within the scientific community about the capacity of
greenhouse gas sinks such as the ocean, possible atmo-
spheric coaling  effects from  cleud . cover, and
biofeedback as a result of incercased atmaospheric car-
bon dioxide and higher temperatures. These uncer(ain-
tics prevent clear definition of the impact of climate

chahge onsocietyy thus, itis also unclear to what extent

policy responses are requived. The benefits of govern-
ment action on climate change are as {1 defined as the
costs of inaction. Scientific resolations of climate
change uncertainties will take years il not decades.
However, there is growing public opinion that in-
creased climate change risks as a result of inaction are
unacceptable,

The discussion of policy responses to climate change
centers on the emission of the five principal greenhouse
gases: carbon dioxide (CO»), nitrous oxide ( N>O) chlo-
rinated fluorocarbons (CFCs), azone (O5), and meth-
ane (CHy). The single largest contributor (o the pro-
liferation of greenhouse gases is the combustion of fos-
sil fuels, chicfty coal,

Nations Mast Likely to Unilaterally Alter
Nuclear Policy

Three countries, The Netherlands, Sweden, and the

Federal Republic of Germany (FRG), have the great-

est potential to alter unilaterally nuclear energy policy
in response to climate change concerns. Characteristics
of this group are: (1) they are among the most progres-
sive countries in implementation of stringent stationary
source air emissions standards; (2) they have begun
development of energy policies in responsce to climate
change concerns: (3) they have both the technology
and financing for nuclear power; and (4) they have
marginal public acceptance of nuclear power. None of
these countries is expected to alter its nuclear policy
in the carly 1990's,
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The Netherlands, Sweden, and the FRG are among

the most progressive countries in their treatment of

< stationary emission sources as a result ol environmental
considerations, Continuing in their nstorical patterns,
these same three countries have been very active both
nationally and internationally in addressing climate

change. In addition to United Nations-related policy

discussions ol global climate change, these countries
have been very active in the promotion of parallel pol:
icy negotiations such as the Declaration of the Hague
(1989), the Ministerial conference at Noordwijk (1989),
and the Bergen Conference (1990). In view of the more
environmentally  progressive  nations, i the . ULN,
Intergovernmental Panel on Climate Change (1PCC)
process (see following section for discussion of this
process) fails to promote sulficient policy responses to
“climate change, then the parallel policy process may
become more significant. The role of the Netherlands,
Sweden, and the FRGin parallel policy negotiations
further supports the resolution of these countries (o
address climate change with pohey responsces.

Multilateral Policy

CThe TPCC s the single most important international
forum for multilateral” discussions ol ¢limate change,
It was established in 1988 by U.N. General Assemibly
Resolution 43/33 (o provide internationally coordi-
mated seivntific assessments of the magnitude, timing
and potential environmentzl and socio-cconomic im-
pact of climate change and realistic response strate-
gies.”" The TPCC operates under the auspices of two
U.N. bodiws, the World Metrorological Organization
(WMO) and  the  United  Nations  Environment
Programme (UNEP),

The 1PCC is divided into three working groups: (1)
science, (2) impacts, and (3) response strategies. The
third group is of most interest Yor this discussion and
is chaired by the United States, This group tries 1o
assess the magnitude of Tuture greenhouse gas emis-
sieas, the impacts of changing techaologies, green-
houst gas sources and sinks, adaptations (o climate
change, strategies to reduce emissions, and social and
ceonomic implications. Additionally, this group is to
consider Iégal matters, including the appropriateness
of u climate convention or other forms of international
cooperation to address potential climate change.

The TPCC's Response Strategies Waorking, Ciroup i
capected to recommend an international policy process
for deading with climate change. Its final dralt report
is 10 be presented at the Fourth Plenary Session of the
1PCC scheduled to meet i Sundsvall, Sweden, in Au-
gust 1990, The TPCC draft action plan will be presented

at the UNL General Assembly in September and at the

WMO-sponsored Sccond World Climate Conference
scheduled for November.

Aftes reviewing the IPCC recommendations, the UN,

General Assembly isexpected to determine who should
be churged with the task of drafting a global climate
change convention for presentation at the 1992 ULN,
Cooference on Environment and Development, Tt is
expected the General Assembly will, to a large oxtent,
follow IPCC recommendation on the policy process
for multilateral address of chimate change, Dralt re-
ports of the IPCC Response Strategies Working Group
have teaned toward a two-step policy process similar
to that used to address ozone depletion, the first global
environmental issue te reecive multilateral policy at-

Stentjon. The policy process for response to this issue

is thought to represent a precedent for future address
of global ¢nvironmental problems, including climate
change. The first step in this process was the establish-
meit of the Vienna Convention for the Protection of
the Ozone Layer in 1985, This convention set down a
formal statement o commitment by governments (o
future action with regard to ozone depleting chiemicals.
In 1987, these commitments were translated into re-

“guirements for reductions of specific chemical classes

in the Montreal Protocol on Substances that Deplete
the Ozone Layer.

The 1992 U.N. Conlerence on Eovironment and De-
velopment s likely (o use a framework on climate
change similar to the one used at the Vienna Conven-
tion. The issue of whether to set numerical goals (or
emissions reduction will be a key negotiating point at
this conference. For acceptance of this convention
among developing nations sach as India and Brazil, it
will probably include statements regarding the promo-
tion of technological and financial assistance to devel-
oping nations for sustainable development. (*Sustain-
able development™ is an overriding political concept
at international forums addressing global environmen-
tal concerns, The World Conunission on Environment
and Development defines “sustainable development™
as development which meets the needs of the present
without compromising the ability ol future generations
to meet ther own needs.)

The second phase of the multilateral policy process
will cither develop separate agreements for cach of the
magor greenhiouse gases or a comprehensive multilat-
cral agreement ou many differeot specific geals.

At international mectings and conferences, such as
IPCC mectings and the Toronto conference on the
Changing Atmosphere (1988), hriel statements have
been made on the nuclear option. 'The Toronto Con-
ference Statement suggests a “rethinking™ of the nu-
clear option. At these conlerences, nations such as
Sweden, Norway, and the Netherlands question the
acceptability of the nuelear option on safety grounds
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Potential Impact of Glcbal Climate
Change on Nuclear Power Financing in
Developing Nations

A multilateral policy statetent acknowledging the nu-

clear option will not, by itself, increase the ability of

developing nations 1o obtain finuncing for nuclear de-
velopment, However, such a statement could provide
an indication of the acceptability of the tradeoff be-
tween greenhor se gas cmissions and nuclear power
with its associated problems,

Nuclear Power Lending Policy at the World Bank

The primary multilateral lending institution s the
World Bank. This institution was set up under the UN,
to sid developing countrics, The World Bank has
granted toans for power plants but never for a nuclear
power plant. The Bank's policy is founded on least-cost

principles, However, concerns over the adequacy of

the infrastructure to support nuclear power construe-
tion and operation in developing countries may also
effect the Bunk's lending policy.

If the environmental impacts of Tossit plant construc-
tion are Fully internalized, it is possible that nuclear
power will become more competitive with other power
sources in cost comparisons. An indication that the
World Bank may be giving more weight to environ-
mental values is seen in the recent development of an
organization within the World Bank specifically for
the purpose of promoting natural gas rather than coal
and oil in developing nations. The impetus for devel-
opment of this organization stems from eriticisms that

the Bank is not doing enough to counter the threat of

climate change,

The Bauk has established alinison to the 12CC process,
and is currently preparing an internal policy guidance
paper addressing climate change concerns. In the fu-
ture, the Bank will likely address COy stabilization fur-
ther with the primary emphasis likely 1o be placed on
etficiency improvements and biomass development.
Traditionally, funding has been predominantly for
proven power systems with relatively litthe lending for
new fechnologies,

At the present time, the World Bank is not expected
to alter its least-cost policy. Bank representatives assert
that in many countries the large cost differential be-
tween nuclear power and other energy alternatives
places a heavy burden on the nuclear option, 1 a mul-
tilateral policy were developed that acknowledged a
nuclear component to climate stabilization programs,
the Bank would likely adapt its policy to reflect inter-
national consensus. The Bank would be unlikely, how-
ever, to alter current policies on its own,

Regardless of lending policies, it is expected that eligi-
bility for nuclear development Joans and technology

would remain contingent upon the borrowing nation
signing an  International  Atomic  Encrgy Agency
(IAEA) Sufeguurds Agreemuent. These agreements al-
fow Tor TAEA inspection of nuclear facilities and fuel
cycles to confirm that no products of the plant are
available for military purposes.

Summary

No nation is Hikely to respond to climate change with
nuclear policy alterations in the next few years. Severud
nations (the Netherlands, Sweden, and FRCH appear
o be more likely to alter nuclear policy unilaterally as
a response to climate change, This assessment is based
largely onthe historicul environmental progressivencess
of these countries with regard to stationary source
ciissions and their current address ol climate chanye,
However, cach ol these countries has, at best, marginal
acceptance of nuclear power,

Given that in the next decades, a lavge amount of new
clectric capacity will be constructed in developing na-
tions, increasing nuclear power financing to these coun-
tries could be o significant effect of climate change
concerns on worldwide nuclear capacity.,

U.S. Nuclear Industry

U.S. Nuclear Technology Review

This section discusses the new nuclear reactor technol-
ogies that are emerging as candidates for commercial
use in the United States. The leading candidates for
new orders in the carlier part of the projection period
are large (L0001 MWe) and mid-sized (600 MWe)
light-water reactors (LWRs), The larger units incor-
porate changes (o existing designs; the smaller units
incorporate passively safe design features, 'T'wo non-
LWR technologies are expected to be commercially
available for new orders later in the projection period.
These  are the  helium-cooled modular high-
temperature gas reactor and the sodium-cooled liquid
metal reactor,

Light-Water Reactrrs

Light-water reactors use ordinary waler as a coolant.
These designs are by far the most common in the
world, forming the basis of operations in every major
nuclear power generating country  except Canada
(heavy waler) and the United Kingdom  (carbon
dioxide and helium).
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Currently, most of the commercial effort is on changes
to today's LWRs, These changes fatl into two primary
groups: (1) evolutionary design changes to lurge, con-
ventional  boiling-water  reactors  (BWRs)  and
pressurized-water reactors (PWRSs) and (2) major sys-
tems simplifications, use of pussive safety systems and
extensive modularization and prefabrication ' (facili-
tated by their smaller size), for mid-sized BWRs and
PWRs, Most of the design work is in the United States
and Japan,

InJune 1989, the U.S. Nuclear Regulatory Commission
(NRCO) staff concluded that the General Electric Ad-
vanced BWR (ABWR) design satisfactorily addressed
concerns over severe accidents, Final Design Approval
and Certification was expected by late 1991 (o carly

1992, The Westinghouse Advanced PWR (APWR)'

was expected to receive final design certification in
1993, This design is an advanced version of the most
recent Westinghouse PWRs, such as Callaway and
Wolf Creek. Scheduled just behind the Westinghouse
design for final design certification by the NRC is the
Combustion Engincering System 80+, based on the
System 80 design of the operational Palo Verde units.
In June 1990, the NRC voted on a review process that
could result in up to a 2-year delay in these design
certifications. Another uncertainty that could lead to
adelay is the level of design required for standardiza-
tion,

Still evolutionary but less so than the 1,000+ MWe
reactors are the mid-size advanced reactors. These re-
actors, generally 600 MWe or less, arce at the detailed
design stage. The reactors feature a modular nuclear
plant design that can be built within 4 years (not in-
cluding licensing), using factory-produced construc-
tion modules that will be assembled on the site of the
nuclear power plant. The passive safety system uses
natural physical forces--such as gravity, convection,
evaporation and condensation--to cool the plant in the
unlikely event of an accident. The relatively small ca-
pacity of the reactors, increased design marging, and
large supplies of passively invoked and gravity-fed
emergency cooling water provide a higher degree of
passive safety. In 1990, DOE awarded Westinghouse
and GE $50 million cost-sharing contracts for design
and development work on the AP600 PWR and the
Simplified BWR (SBWR), respectively. It is antici-
pated that the NRC will issue final design certifications
for the AP600 and the SBWR by 1998, Commercial
prospects for these units await further expressions of
utility interest.

Gas-Cooled Reactors

The commercial modular high temperature gas-cooled
reactor (MHTGR) being developed in the United
States is a nuclear power system capable of providing
clectricity and process heat. Tt uses a graphite core,
refractory-coated particle fuel, and helium gas as the
coolant. This unique system can potentially provide

safety, investment, and environmental protection mar-
gins through use of naturul phenomend and properties.
A muajor objective of the MHTGR s to preclude the
need to evacuate or shelter anyone beyond the site
boundary because of an accident,

The proposed commercial design climinates the con-
ventional contpinment structure found in LWRs, In-
stead, the fuel particles function as containments for
the fission products. Also, the refractory-coated luel
an relain fission products under even severe condi-
tions,

With the MHTGR design, shutdown heat can be re-
moved from the core by radiation to the ground with-
out rellance on a heat removal system that could fail,
removing the potential for the fuel to overheat,

The department is funding design and development of
the commercial MHTGR, The Preliminary Safety
Evaluation Information Document was presented to
the NRC for review. Based on this design documenta-
tion and a series of comprehensive technical meetings,
the NRC issued a draft safety evaluation report in Feb-
ruary 1989, that is being fuctored into the Department's
plans for continued development of the concept.

The commercial MHTGR is focusing on the develop-.
ment of improved low enriched uranium (LEU) fuel
fabrication processes, advanced methods of assuring
the quality and performance of the fuel, proving the
inherent heat removal capability of the design, and
proving the safety features of the design. Efforts are
underway to evaluate LEU fuel performance and fis-
sion product behavior, and to develop, verify, and val-
idate analytical models and codes.

The Department. has  cooperative  international
MHTGR technology development programs with the
Federal Republic of Germany, France, Switzerland,
and Japan in the areas of fuel performance, physics,
metals, graphite fission product behavior, safety and
analytic modeling, and code development, that are fa-
cilitating and supporting commercial MHTGR devel-
opment, The Department is deveioping a plan for the
commercialization of a lead MHTGR plant.

No utility orders or commercial demonstrations of gas-
cooled reactors are planned, but the design is one of
two recommended for construction as a new weapons
production reactor, (The other is a heavy-water reac-
tor,) If the MHTGR is constructed for weapons mate-
rial, it would be a step toward demonstrating the com-
mercial potential of the design. Although successful
operation of a MHTGR for weapons production would
advance the commercial prospects of the reactor, util-
ities and the NRC would impose additional demonstra-
tion and test requirements on the design of a commer-
cial version. Public aceeptance of the design without
a containment and cost effectiveness of the design with
a containment are important open issues.
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vSodlumfcooled Reactors

Sodium is the coolant of choice in a class of reactory
known as liguid metal eedetores (LMR8) These reactors,
which have substantially different characteristics and
capubilities from the water and gas reactors, are oper-
ating in most of the leading nuclear countries, Ad-
vanced designs are on the drawing board in the United
States and Europe.

The use of a liguid sodium coolant has certain advan-
tages und disadvantauges over water or helium, Favor-
ing sodium is its extremely high heat-transfer capacity
and its extremely high boiling point. A large pool of
sodium takes a long time to heat up, a long time to
cool down, and requires .o great deal of heat (o boil.
This means that the sodium coolunt provides much
more theemal stability than water or gas, On the other
hand, sodium is chemically reactive, corrosive, und es-
plosively flammable in the presence of axygen. This
means that sodium is much more difficult to work with
thun cither water or helium,

Sodium-cooled reactors, however, have certain favor-
able characteristics for tong-run success. The primary
characteristic is their ¢capacity (o breed fuel (as in the
term Liguid Metal Fast Breeder Reactor). The use of
sodium as a coolant permits efficient breeding of U-238
into Pu-239. Although the generation and reprocessing
ol commerdcial plutonium is contentious and currently
very uneconomical, the long-run encrgy potential is
very high, The second characteristic of somue (but not
all) metal-cooled reactor designs is the use of metal
(versus oxide) fuels, Metal fuels, ie., using uranium in
its metallic form rather than its oxide form, offer a
greater potential for passive safety than any other re-

actor type (including water und gas, which cannot use

metal fuels), The possibility of on-site reprocessing,
thus confining the plutonium, and reductions in the
type and radioactivity of waste products, thus simpli-
fying the waste disposal problem, are other advantages
of the proposed metal-fueled, sodium-cooled reactors,

In the United States, the Department of Energy is con-
tinuing to fund development of the Power Reactor In-
novative Safe Module (PRISM)concept led by General
Electric. In 1989, DOE awarded GE a 3-year contract
for $46.7 million for design work, including resolution
of NRC licensing issues, und a 2-year optional follow-
on for $44.4 million for preliminary design. DOFE docs
not plan individual funding for a commercial demon-
stration, DOE has thus far not been successful in en-
listing utility or foreign support for the ron-DOLE fund-
ing required for a demonstration. With the selection of
the PRISM as DOE's reference LMR, work has ceased
on the Sodium Advanced Fast Reactor (SAFR), an
alternate [.MR designed by Rockwell International,

One ol the more promising approaches to resolving,
the issug of long-lived waste products Is the fissioning
ol the uetinide elements® in u Haguid metal reactor.
LMR fuel can be designed o aecept the actinide waste
products from LMRs as well us LWRs, The neutron
flux in a liquid metal reactor can be designed to fission
the actinides, The result is an LMR waste product that
s lurgely free of actinides, Sinee the waste product has
only fission product characteristics, the waste streanm
cuant be processed for storage over hundreds of years
rather than hundreds of thousands of years. Such an
approuch to fuel cycele management simplifies high-
level waste storage, It also recluims the fuel value of
the uranivn and plutionium discarded in the original
LWR fuel eycle, provides part of the feed for the LMR
fuel cycle, ereates a common LWR-LMR fuel cycle-
waste stream process, und has the potential to reduce
plutonium proliferation problems,

The leading advocutes of uetinide control in the United
States (and the world) are the developers of the Integral
Fast Reactor (TFR)Y at Argonne National Laboratory,
The TFR Tuel cycle is being designed with an integral
electrochemical reprocessing techuigue that isolates
actinide wastes, maintains the isoluted wastes in an in-
tensely radionctive form (to make off-site diversion of
nuclear material impossible), and reforms the waste
and fresh feed into a metal fuel (rather than an oxide
fuel) Tor insertion into a liquid metal reactor. This de-
sign is gaining increasing attention around the world,
both as a means of addressing waste problems and as
a potentinl competitor in the market for reactors de-
signed with passively safe features.

Nuclear Power Plant
Decommissioning: Cost Estimates
and Estimating Methodologies

Introduction

One issue of increasing importance to the future of
nuclear power worldwide is plant decommissioning,
Recent experience has reduced the technical uncertain

ties associated with this activity; however, there is still
asubstantial amount of uncertainty about the costs and
ceonomics of dismantling u 40-yeur-old, large-scale,
commercial reactor, These uncertainties could affeet
the economics, as well as aceeptance by the public and
the financial murkets, of future nuclear power plants,
This section, thercfore, discusses some issues associated
with nuclear power plant decomunissioning costs, con-
centrating on the issues that drive the economics of
decommissioning,

YACctimde isotopes, wineh are aphia emitters with ladl-hves of tens o thousands of years
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Cost Estimators

Fhere are two main sontees of detarled engmesrngs
reonomic decommesioning costestimates: Batielle Pae
cific: Northwest | aboratory SN and TG B
neermg, Ine CFECH The PNT estumates are the basis
for the officiad U8 Nuclear Regulatory Conmission
(NROY estimutes The T Gegpproach ases the Atomie
Industrial Forum National Eovironmental Studies
Program (ATE NESPYymetha b7 The THG and PN
estimates, erther on e penerie or astte speetfic: bas,
form the basis Tor aloost all of the cost estimates usel
by e utibines and approved by pubbe utdiy 'commis.
stons, Other estimators melude Nuoclear Enerpy Ser

vices, Ine, Beehtel Power Corporation, and Stone and
Webster Eagineering Corp

Background on Principal Cost
Estimates

The PNLE estimates are based on studies originally
done Tor the NRC in 1978, These studies provide de-
tailed engineering/cconomie estimates on every aspeet
of physical decommissioniug. ™ ' PNL's (st major
apdade of the 1978 cost estimates was reported in a
T9RS Blectrie Power Rescearch Institute (PR D study.
Table 12 sumiarizes the oviginal and updated (to 1984)

Table 12, Summary of Reevaluated Decommissioning Costs

for Light-Water Reactors
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costs for the two reference LIOO-MWe single-unit
power plaits, The total cost for immediate dismunntle-
ment (DECON) of a PWR and o BWR iy estimated at
$94 und $120 million (1784 dollars), respectively, as-
suming contractor stalfing, Total costs for SO-yeur safe
storage and deferred dismuntlement (SAFSTOR) are
estimated 1o be o few mittion dollars higher.

Subsequent updates to 1986 dollars are contained in
NUREG/CR-0130  Addendum 4 and - NURFEG/
CR-0672 Addendum 3; they are the basis for the NRC's
L08R rulemaking estublishing the reguived decomimis-
sioning funding levels of $108 million for an average
LI0G-MWe PWR and $135 million Tor an average
FAO0-MWe BWRL ower funding, levels are specified
Forsmaller reactors. Tuble 13 shows details of the most
recent PNL updates for the immediute dismantlement
(DECON) case for the reference PWR and BWR. The
tatals tor the 30-year SAFSTOR case are similar to
the ones for DECON and for purposes of brevity are
not shown.

Future cost estinates (not NRC funding requivements)
can be estimuted over time by adjusting the base case
physical decommissioning requirenients for elinnges in

arious cost categories, ¢.gn low-level waste disposal
and radintion exposure Himits, These issues are dis-
cussed later,

Ina roughly paeallel chironological and echnica! track
with PNLTLG has been deseloping sepurate decom-
missioning cost estinmates, The detailed procedures und
puidelines nvolved in the TLGE estimates were pre-
pared for the ATF-NESE. The most recent estiniates
done under AN auspices were published in 1986, In-
dependent of the ATFCNESE projects, 'THG has con-
ducted numerous sue-specific cost estimates for indi-
vidual utilities, Table 14 is o General Accounting Of-
fice (GAO) comparison of "TLGS site-specilic esti-
mates to NRCs estimates. The TLGE estimates are
uniformly higher than the NRC estimaltes, sometimes
significantly so. For the 25 nuclear units shosen, the
NRC estimates averaged 29 pereent tower, or $45 mil-
lion pee plant, Ieshould be noted, hoswever, that GAO's
version of NRC's estimates (the vight column of Table

14) is the result ol simple scaling, according (o size, of

the reference BWR and PWR analyses rather than any
detailed, plant-specific analysis, GAO also lowered the
TLG estimates to exclude demolition and site restora-
tion, since the NRC does not include these costs in its
decommissioning estimates,

Table 13. Summary of the Estimated Cost For Immediate
Dismantlement of a Reference PWR and Reference BWR

(Millions of 1986 Dollars)
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Table 14. Comparison of TLG Site-Specific Estimates to NRCs Cost

Estimates

Plant Description? Slze of Plantv Type of Plant

1986 Estimates

Plant A . .. e - PWH
Plant 8 ... ... . ... . PWR
Plant G . PWH
Plant b ... [P PWR
Plant £ . .. ... e PWR
Plant ¥ .. PWH
Plant G . . R PWR
Duane Amold ... . . Hae BWH
Porry o . 1,205 BWH
Rivor Bood ... . 946 BWR
Crystal Fover 0 . B2 PWH
Diablo Ganyon ... - R : PWH
Diablo Ganyon  * . . 1,166 PWR
1986 Estimates®
Plang H B 1,150 PWR
Plant 1 R 610 BWR
Plant J 1,084 BWH
Palo Verda . 1,270 PWR
Palo Vorde ... . 1,270 PWR
Palo Vorde . , . 1,270 PWHR
Voglie , , 1,157 PWR
Vogtle ... . IREY PWHR
1987 Estimates
Brunswick . . . B2t BWR
Brunswick . 6821 BWR
HB Rohimson . /70 PWR
Shearon Hams . 900 PWH

Inflation Rate Assumptions Usod®

NRCs
J-Potconl 10-Porcont 15-Porcont Eatimatoa

120 130 136 a6
120 130 136 06

29 133 190 v6
(KN 144 thiy 105
(KE) ) 146 152 105
147 154 166 105
146 157 ©0d 1045
127 17 140 118
202 218 208 136
164 160 174 120
135 140 152 07
164 177 104 109
107 210 428 104
174 NA NA ‘ 105
170 NA NA 120
206 NA NA 133
150 NA NA 104
146 NA NA 105
159 NA NA 105
162 MNA NA 105
133 NA NA 106
150 141 135 126
174 164 167 126
104 96 94 06
150 141 13h 94

& Some plant namos could not be used becauso nformation s considored propnoelaty.

b Eapressed in megawatts ol olectneity.

¢ Ditferont inflation rato assumphions wore used to convert 1985 and 1987 TLG ostimales to 1986 dollars.  The consumor price indox rate used
avoraged 3 percent. Tho 10-porcont rate and the 15-parcont rate used wore prosoentod during testicnan s belero the Galiformia and Arizona public util-
ity cormisaions, rospoctively  No adjustmonts wore made i TLG eslimatos woro in 1986 dollars.
¢ Lalmatos have been adjustod Lo refloct loss thaa 1,000-megawatl plants  Tho astimates roflect 1666 dolars
e Figures shown in the “3-Petcent” column represent TLG ostimales in 1986 dollars.
Source  Governmont Accounting Othco, NRC Docommissionng Cost Estimates Appoar Low,AQ/HCED-B8. 184,

NA not applicable

Basis for Cost Estimating

The PNL and TLG cost=estimating techniques are sim-
ilar. In cach case, the physical aspects of decommis-
sioning, including planning, staffing, operations, an
waste disposal, are divided into work onits, Measure-
ments of time, worker radiation exposure, equipment
requirements, and component removal are made for
cach task, Difficulty factors are applied to cach task.
The task estimates are then summed to yield a *bottom-
up' engineering estimate,

PNL and THG agree on what technical activities are
necessary to complete cach type of decommissioning,
Both cost estimates include engineering, planning, con-
tractors, labor, wasle transportation, waste disposal,
power consumption, and other processes necessary to
return the site 1o a releasable, nonradioactive state.

Important assumptions implicit in the cost estimates
are:

o No expectation or adjustment for bottlenccks in
labor or materials

e Sufficient lead time to manufacture all required
cquipment and abtain all required labor and ma-
terials

¢ All special equipment casily produced
* Labor supplicd by existing building trade unions

* No problems meeting the ALARA (As Low Ag
Reasonably Achievable) radiation exposure lim-
its,

Some important costs associated with the physical ac-
tivity of releasing a nucleur site for unrestricted use
are not part of the decommissioning cost estimates,
The removal, packaging, shipping, and disposal of
spent fuel, including pool-stored fuel, fuel in casks, und
the final core, are not decommissioning costs but plant
operating costs, The ultimate disposal of the spent fuel
poses a polential problem for some units, however,
because the long-term high-level waste disposal repos-
itory is currently projected to be available to accept
waste in 2010, and 12 of the 110 operable units (year
end 1989) are scheduled to be retired before then, Un-
less o temporary site, such as the monitored retricvable
storage, becomes available, utilities have the following
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optious il the plant s retired before 2010:

¢ Leave the fuel on sites Thus, utilities that leave
everything on site could drop far down the Hst
for repository shipping.

e Use onssite casks, This option s realistic for
cooled fuel but not realistic for het fuel (less than
ghout § years out of core), Shipment of casks to
other sites owned by the utlity s possible for ¢
few but not many, Shipuent to other sites is un-
likely.

o Ship the spent fuel to Franee for reprocessing, 1
is nat clear 1 this is legal, but some ULS. utilities
have proposed it

o Life-estend the unit,

* Ship the fuel to o monitored retrievable storage
(MRS) facility, il one is available,

The most likely outcome is that fuel will be left on-site
in the storage pool or in dry storage. This scenario s
called “cold shutdown.™ Every wility is aware of this
possibility, but none is necounting for it or preparing
olficial estimates of fts cost, TLG has developed an
unpublished estitmate that a 4-year delay in beginning
decommissioning at one smull BWR would cost $28
million (1988 dollars) for minimum utility stalf labor
alone during cold shutdown, The cost of the energy
necded to decommission the unit was estimated at $1
million o $1.5 million per year. No contingencivs,
O&M, repairs, decommissioning contractor {DOC), or
extra security was included,

Neither the demolition and remaoval of nonradioncetive
structures nor the restoration of the site to a greeaficld
condition is part ol the deconunissioning cost estimates,
since there is no NRC requirement for these tasks,

An important additional aren of agreement in cost es-
timating is on the use of current actual costs rather
than projected costs, even though the decommissioning
petivity itserfis not scheduled for many years, und the
[uture costs are certain to be higher than current costs,
Thus, the cost of Tow-tevel waste disposal, a key cost
component, is based on current waste disposal charges,
not the much higher projected charges under the forth-
coming regional compaets. Y

Sources of Disagreement over Cost
Estimates

TLCG and PNL disagree on the treatiment of o number
ol cost-estimating issues ™ Tmpoetant diferences in as-
stmptions fnclude the following:

o Slze und composition of utility and contractor
stafts

o Single versus double shifting

o Application of difficulty factors
o Pipe-cutting usstmptions

o Steam genertor removal

e Demolition,

Stze nnd Composition of Utility and Conteactor Staffs

Table 15 shows PNL's estimute of PNL's and TLGs
cumilative stafl Jubor requirement at the referenee
BWR, PNL maintains that TLG has furge numbers of
extra stall fn several arcus, including engineers and
technicinns and additional staft time for security per-
sonnel and others, TLG fundamentally disagrees on
fubor requirements, arguing that the utility cannot turn
over complete respousibility to the Decommissioning
Operations Conteuctor and that w sizeable utility staff
will be required. TG believes that PNL'S estimate of
the man-hours reguired to complete the job is too low.

Single Versus Double Shifting

PNL estimates are based on two shifts per day. T1.G
estinmtes are bused on a single shift, Disagreement on
this issue is declining as PNL includes certain cost tae-
tors that TLG has already included, "ULGE singde-shifts
everything except cutting and packaging the reactor
vessel Teargues that the second shift provides no sav-
ings since additional costs are created by extra man-
agement stalf, the second-shift wage differential,
SO-percent premitm on eguipment rental, and reduced
efficiency. PNL, however, argoes that ‘T1.G's large
wility/DOC overhead staft costs are inflated due 10
(he length of the decommissioning period under a
single-shilt approach,

UStephen S Bernow and Bruee B Riewald, " Nuclear Power Plont Decommissioning Cost Estimation for Planmng and Rute: Making,”

Public Utilines Fortmghily, October 29, 1987, pp. 14220,

“Personal commumcation with Richard [ Sewth (PN, Thomas S0 LaGianedia CHLGH, Francis W Seymore CFLG, and William A
Cloutier CLLGY and Comparison of Two Decommissomng Fstimates for Dhe Same Reactor Stadon, R Smnthy seminar paper, Apnl 1, 1988
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Tablé 15. PNL Comparison of Staff Labor
Estimates Without Demolition

at Reference BWR

(Stalf-Years)
Ontegory TLQ PNL
Utily ... e e 494 (WA
DOC Overhoad ... dbe? 14
OC Workors H00 Kl
Total . L4 idd
Tumo Span (yoary) q 4

Source K1 South (PNL), Prolimineary rosalis,

Final tonalts to bo pubilished in lotheoming  Toching!-

Ay, Sately and Costs of Decomnussiomng o Hefeconee Boilling Watdr Hoaclor Fower Station, NUREG/GR-

0672, Addondum 4

Diffleulty Factors

Difficulty fuctors are used to adjust busic time esti-
mates. " The difficulty factors are helght, respivatory
protection, radiation, protective clothing, and work
bredks, TLG applies its difficulty fuctors to the upper
bounds in unit fuctor cost development, resulting in
higher estimates of the cost of u job thun NI

An example used by PN s TLG s application of dif-
ficulty factors during the eotire time a decontamination
rig is inoperation and the workers arve lurgely waiting
for the decontumination solution to complete its cireu-
lation, PNL wrgues that the difficulty factors apply
only (o the set-up/tesr-down/move-time and not (o
the solution circulation time, TLGougreed with PNIL
that its work difficulty fuctor estimation for the decon-
tamination rig example may be highe However, 'T1LG
cimphasizes that there are very few other decomniis-
sioning aperations where the stafl sets up some equip-
ment (subject to work difficulty fuctors) and then waits
while the equipment works by itself,

Pipe-Cutting Assumptions

The pipe-cutting dissgreement is over the average
length of w cut pipe and the average difficulty factor,
PNL estimates that o cul is necessary, on average, ov-
ery 7 feet, TLCGE estimates S feet, TLG ulso applics
higher difficulty Tactors to the task, According to
PNIL., the combined effect of fewer cuts and less diffi-
culty is a significant cost reduction. THG argues that
5 feet ‘s appropriate but disputes the notion that it is
possible to specify the average pipe cut preeisely with-
out inspecting every pipe. [a the pipe-catting area and
in certain other arcas, TG notes that PN, did not
restate its 1978 requirements in the light of post-TMI
backlits, other backlits, increased  complesity, and
other operationad changes, According to TLG, these
changes, by adding lots of bending pipe, adding new

structures that interfere with pipe and other structures,
and reducing the clearanee around pipes mukes the
avernge pipe-cutting nsslgnment more difficult and less
productive, TLO also emphnsizes that difficulty fuctors
are an average of the availuble working spuce in good
and bad plants,

PNL states that its review of backfitted plants shows
minimal impact on decommissioning costs, PNE, esti-
mates the cost impact on BWRs and PWRSs rom post-
TMI buckfits to be about $100,000 and $260,000, re-
spectively, PNL also disagrees with what it describes
as TLG's method of taking the totad pipe length for
the plant and dividing by five to arrive at the average
number of pipe cuts,

Steam Generutor Removal

TG believes that PNL's estimate of 16,000 man-hours
to remove four steam geoerators s low, TLG notes
that removal at Surry took 24,000 man-hours per steam
generator, (The Surry removal ook pluce after PNLL
made its 1978 estimates) PNL provides an estensive
summary of steam generator removal issues (mostly
from the perspective of occupationnd dose) Inits
NURLECG update. Although PNL acknowledges un-
certuinty over steam generator dose effeets, it notes,
that recent experience al Sweden's Ringhals PWR sup-
ports its belief tud the operation can be done mueh
more quickly and simpty than TLG believes,

Summary of Cost Differences

PN caleulates that the cost-estimating difference be-
tween PNL and 'TLG on the veference BWR amounts
to 5504 million, excluding  demolition/restoration,
This figure is calenlated ns follows;

e lgher the difficulty fuctor, the farger will be the Tuctor used to seale the basie time estimane.
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Category C'ost

(Millions)
Siee of Uity /DOC Stalt h2a.5
Decommidssioning FLabor S
Other 188
Totud $50,4

The NRC stunds by the PNTL estimates and teehnigues,
Fxperts ure split on whether the NRC esthnates wre
too low, According (o the Government Accounting
Oftice (UAO), most experts (whom GAO did not iden
iy by numie) belfeve that the NRC estimates (and
henee the PN estintes) are toa low

Independent of the aecurney of the PN estimates, @t
s NRC's posidon that the tunding levels o iy
rulemuking do not represent netual costs and that they
should net Wl used Tor blds or ratenaking,. Rather, the
estimates reffect the level at which MRC would feel
the compuny has made o good faith estimating effor
and provided reasonable assurance that the funds will
he availuble, The NRC does not want to do site-specific
roviews or cheek the utilities” costs, TEwants the utilitios
to revise costs periodically ruther than rely on some
NRC mumber as the single valld estimate,

Sources of Cost Escalation

PR 1084 und TR0 apedates of deconunissioning costs
are hased on cost inerenses for new reguleements and
esctdation of exdsting costs, Among the new require-
ments, the most styndficant nerecases aee in the stadt
necded to reduce average radlation dosuge, use ol wn
esternal deconunissiontng  contractor, and o pre-
deconmissioning engineering, 1t is worth noting that
the cost impuet of stringent dose reductions s muaeh
more important I the DECON case thun s the
SAFSTOR cuses Shoutd doses at aehunl decommission-
Irg operations tuen out highy thus Toecing more stein
gent dose reductions or enforcement ol regulutions,
the differentinl cost fmpact can be espeeted 1o widen.

For cast oscalation lactors, Tables o und 17 show the
P adjustment from 1978 1o TOR4 by major cost cat-
cpory in the DECON cases CThese costs and cost cat-
cgories can be compared diveetly ta those i Tuble 12
o see the cost eseadation (o 1986, Tubles 18 and 19
show the SAFSTOR case, The Tollowing discussions
primarily concern the DECON cuse (Pables 120 13,
[ and T The Ggaees show that the lnegest esendation
to TO84 fook place in the categories ol radioactive
waste disposal and onssite encrgy, but that sinee 1984,
energy costs have dropped while waste disposal costs
hve soured.

Table 16. PWR: Adjustment of Estimated Costs for Immediate
Dismantlement to 1984 Cost Base

Extimatod
1074 Costs
{milllon dollara)

Cont Category

Disposal ol Radioactivo Matonal

Moutron-Achvilind . P raa
Conlannitad . IRTIK]
Hatoachive Wastos G
Folal Eaposal Conty . el
Slatt Lubor oo o #0006
L noryy . WH00
Tools and Equgunont . . B
Miscollanoous Supplivs . |60
Spoclally Contractors hdd
Muclow Insuranco ) nou
Liconao ) ooy 0
Subtotal RUNI
Comingoney G 104
Fostal Conts . 3006

Cost Eatimatad
Adjuatiment

Peroont of
Total Estimated

1904 Cosls Costn Before

Faator (million dollnra) Contingenoy Allowanoe
ol Laah
40 [EARINY
H (KUK
e Q0064 ad
| 6 I 470 ar
ot 0100 ar
I h {IHK] 1]
P h HIRRIY an
)6 Ho 17
' 4 | |
3] 0
Hit 04 100 0
(R
KN 6 (04

Nolo Cout adjustimont tactors are raundod 1o nearost ooaths

Sourco  Fioctue Power Hosoarch instiluto, Updatod Cogts for Docormmssonitig: Nucteas Powet D aediiosn UREERE Q0D (Ralo Allo, © AL May

1OHh), po b

WS Gienerad Aceounting OTee. NROY Occammussioninge Cosds Appear Fow, TES GEACEROTDRSTRE (Wishgton, DO Tuly 988
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Table 17. BWR: Adjustment of Estimated Costs for Immediate
Dismantlement to 1984 Cost Base

' ! Roroont of
Estimntod Cost ) Estimated
Gosl Catogory 1070 Cuute Adjustment 1004 Conts ng‘gtg“ét"‘g:gd
{mllllon dollars) faotor (million dollare)

Contingenoy Allowanoe

[nsposul of Hatdiodehve Matonal

Noutron Activilod 2000 0o | A0e
Contaminatod : 4 B0y e 15,000
Hadhoactive Waslos ' Vday a0 L0778
Totad Dngposal Costs no/u ] KT dd ¢
Stall talwn 1/.h04 1.0 28,008 KAL)
[ norgy KRN L 10,64t 174
Tools and b eupmont 2010 bh 1.094 Xl
Miscoll inepas Supphios . (L] ) 16 a8y 44
Spucitly Comtactors . RN 16 neo 1.7
Nuctoar Insurance . Hoo 1.4 1o N
Liconno | oo i 05 a b () il
Subtotal . . d4.840 60.000 100.0
Gontingoney C i #./10 VAl
Tolil Gouly . A4.H00 @0 w7080

A Coul adiustmenta tor onargy wee basod on aost adjuattnont faclors of 2.6 for clootneity and 3.4 tor tuel oll.
b ot includod in conly
Noto - Cost adjustmont faclors are roundod 1o noarost tonths,
Source  Loclne Powor Hosvareh Inatitule, Updatod Costs for Oocommussionng Nuctoar Power £ acitiea, EPRENF-A010 (Palo Alto, CA, May
198, o1y

Table 18. PWR: Adjustment of Estimated Costs for Preparations
for Safe Storage to 1984 Cost Base

Entimated Cosl Estimatod Poroont of

Gost Gategory 1070 Cosla Adjustmont 1004 Conty ng‘;i“&'{:‘,‘g:g"
milllon clollars noto on dollars
(mifllon rlaliare) Faotor (milllon dollirs) Continganoy Allowanoe
Disponal of Hadioactive Meatonal
(Hathoneivo Wasitas) 0O g4 | |.ete "7
Sladl b abs SN 16 Huag 40.09
f norgy | H6 Q6 4.044 a49.0
Toots and £ guipmon 04 [ (RN H
Miscollanuous Suppiies e 14 (IR 04
Spocialty Gomtraclons 04 16 A8H KR
Hucloat Trsatance L4 14 A1 ARt
Preonse Foos, §}
Suldetal 7 uet 14,004 1000
Conlingency 1 a0/ KR
folal Tosty, IR 14 17 880

e [P

Hotos Those ostinatos do not nchido dismantling costs Cost adjpstinont Taclars roundod 1o noarost tanths
Source Ploctne Powor Howearad Instilide, Opdated Casle tor Docormmussioning Nucloae Poswor Faciitios b PRENP-A01E (Pala Alto, GA, May
[CUYITE
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Table 19. BWR: Adjustment of Estimated Costs :» Preparations
for Safe Storage to 1984 Cost Base

Eatimated
1070 Qosls
(miillon dollars)

OCost Category

Uiaposad ol Hadioactive Midorial

(Hudiouchiva Wantos) - ... ... [T
St Labor . [T 110
EROIOY o . . B
fools amd Eguipmont . 0 L . RION
Miscollnnoous Supphios . o 1301
Spagially Conttuelots . o Ao
Nutloar [eUrance oo e 500
Liconso Faot o b
Sublotal . JE TR PR PR 17.048
Conlingeney . e 4,400
totg Conts ... . B . &.008

Paroont of

Cost Eatimatocd . .
Ad[ustmant 10684 Contn TgLﬂJlﬁlﬁl‘l’}lg:gd
fno : '
notor {milllon dolinra) Oontingoenoy Allowatioo
&0 @AM 70
(i 1,008 fald
i (.07 IRl
(R4 e (s
1.4 S04y 6.4
16 KIK] 1O
1.4 Jou K
10 s |
KRR 100.0
7 581
(Hl) 47906

- Cost aduatmants for onorgy aro basad on cost adjustinont factors of 2.6 tor oloctieily and &4 for faol ofl.
Notus Thoue ostitnalos do nol inolude disaantiing costs. Cost adiustiment factors roundaed to nearost tlenthy
Gourn. Eloctie Powor Hosoargh Instituto, Updatod Conts tor Cocommnssioning Nucloar Power Faciliios ILPRENE 4012 (Palo Alto, CA, May

Tans), g b9

For the PWR case, the weighted-nverage escalation
multiplicr of 2.7 Tor waste disposal for the 6-year period
o TORE implics u nominal nnnual rate of inereuse of
Just under I8 percent? Foro the BWR case, the
weighted average esculation waltiplicr of 2.4 implics
anannual inerease of just under 1o percent. From 1084
to 1986, waste disposal costs increased ut 4 nominal
annual rate of 17 percent inthe PWR case and 23 per-
cent in the BWR cuses Apart from the increases in
disposal costs and the itemized cost adders (Tuble 13),
the differences between PNLS 1984 update und its
FORo update for DECON and SATSTOR for BWRs
and PWRs wre minor.

The costinervases in the waste disposal citegory cover
the casts ol containers, transportantion, and burial, The
fJurgest component in the cost ealegory--burinl--has
been inereasing al more than (wice the wvernge for the
catepary,

Projected inereases in Jow-level waste (1.1 W) disposal
costs are cqual to or greater than the inereases that
acenmulated over the past decade. For example, the
current charge Tor LTW disposal at the Barnwell,
South Caroling, site s approgimately $36 per cubic
foat, excluding surchurpes and tages. One estimate
projects the following disposal costs (1988 dollura) for
mid-1990" chisposal ot o newly developed TEAY dis-
ponad site

Disposal Volume (1t 3 $/0t 9
50,000 240
100,000 {40
150,000 100
200,000 00
SO0,000 060

Beenuse the typical size of o disposal site al the new
compuets is in the middle range of thase shown above,
constant-dollar disposal costs of $100 per cubic fouol
or more can be considered realistic,™ Sinee the volume
ol LEW from a typical reactor is on the order of
350,000 (o 500,000 cuble feet, with the rger volunes
assoctuted with BWRs, burinl costs adone could exeeed
$50 million in constant dollars, The cost of containers
und transportation, taking into account their lower rate
ol escalation, would add 30 (o 40 percent (o the total,
Disposal costs in the range of $50 10 70 million (1988
doltars) are thus not unrealistic Tor mid-1990s decom-
missioning, These figares compare with current PN
estimutes of $31 10 35 mitlion (1986 dollars),

Anatherissue is the impact of these cinrges on volume
compaction andincineration, As costs go up, incentives
to compact ar ineineride gaoape But it volume goes

Halmost all of the waste s ow Tevel, Chass © and below . Bosees e some of the swaste i carrenthy clivadtiod iy “above Cligs (0
bl Bradburs, Mangger, Fowsbevel Radioactive Waiste Disposal Progtims, Bechtel Natonal, Tnes Oude Ridge, TN Paper prvented

the (SME Decompivionung Course, Prisburgh, AL September [USK

Sk conty are progected by others See Stephen S Dernoss and Brocee B iewald, “Nuclens Power P Decommmssoning Cast
Fonmnation tor Planng and Rate Nakang™ Pubdic Cobies Fortnehtle, Octaber 20, 1?ppe 120
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dosen, shte costs have to be amortized over smaller
volumes and the cost per cubic foot inereases,

Actual Versus Projected Costy

The dilTerenee between the PNT Gand FHCH estimates
andd estinides bused onespectations ol muedr higher
burind und other costs raises an important guestion,
The question is whether decommissioning estimates
should be bused onactual or projected costs, Decom-
missioning studics aniformly base their estimates on
actugh costs, Fach estimitor, os well as e NRC Y makes
icelear that the estinutes reflect current conditions and
thut us conditions change the sstimates shoudd be ap-
dated, For a variety of reasons, the use ol setual costs
wdd current conditions has resulted in deconunissioning
estinnes that appear very Tow over time.

According to one study, current decomunssioning cost
estimles typieally assume:

o A precively defined seope of work

o No Mture evolution of regulution or unforseen
technological problems

o Noorcal price escilation

o Liypathetical Facilities Tor the disposal ol radiogne:
five wiste

o No additions of cquipment to the power plant
during its opuerating life. "

This study continues by saving that, “Inoeffect, the
current overnight cngineering estimates Tail (o recogs
mize both foresecable future developments and the e
evitable surprises that will cmerpe as full-seale nuelear
plant decommissioning 1 actaally attempted ™ The nu
thors go on to recommend w contingeney factor ap-
proach 1o cost estinition,” A precise scope ol work
is reasouably certnin todny. However, a contingeney
factor applicd 1o the scope of wark s indeed reason-
able, For the assumptions that relate o future changes,
even known changes, such as imeecased TEW disposal
charges, the use of future costs in current estimates s
inappropriate becinse ratemaking requires historical
or current costs (plus inflation, in some cases), not fu-
ture costs or esealated costs, Even thougd there is lintle
doubt that the charge Tor TEW disposal will escalate
at g rapid orates the Ingher future costs cannat be
churged 1o cueeent vatepayers untl they are certam
coste. While it may be possible to chirge future disposal
costy today throueh o long term levelized payment
weheme, itis inconceivable that futare ehianges inwork
seope, regulation, and capital additions conld be s

Mhermoss and Mesald, b

lurly levelized, Moreover, iU s impossible to charge
current ratepayers today for the possibility: that cold-
shiutdesen will be required in 2000 or that secondary-
slde contamination swill add millions to the cost ol de-
commisstoning, The resultis it futiree costs must be
teorporated through futuee adjustoents,

Totheestent that future costinercases are not cureently
captured through commission-aceepted escalation fae-
fors contingencey fuctovs, and other variables, the de-
Conansioning cost estimutes provided by PN, TG
or others (which include contingencies but exelude os
calators) will understute the future costs of decommnis-
sioning, The estinators, the utilities, the NRC, and the
State commissions Know this. As a conseguience, mosl
orall State commissions are requiring periodic updates
ol decomissioning costs for ratemuking purposes and
including an inflation (but not escalution) tactor for
estinating future value. The overall coneept appears
to be one of Teegquent updates tominimize the size off
the catel-up required at any given time, Should esca-
latton be modest, this approactt will succeed, U esea-
Tation picks up.especially i0i0 picks up just betore de-
cotmmissioning is to ke place, the update approach
will require Targze revenue inereases ut that tinme, by the
overadl context ol woutility system, however, the
rilepayer impact will be modest,

Future Developments

For the nest fese vears, cost estimates for decommnis.
stoning will be based onincreasingly detailed studivs
ol exasting: plants, some information from demonstra-
Hon deconumissioning projects, notably Shippingport,
und some foreign information. Preliminary indications
of the trend in decommissioning costs are mised.

On the optimistic side, there is little doubt in the in-
dustry about the technical feasthility of decommission-
mg and the exact methods for physical removal of the
decommissioning materinl, Some recent evidened in
steam generator replocement suggests that the industrey
is Tearning to control exposures through carelul oper-
ations. Although the regional LW conmpacts have nol
opencd, there is reduced conceern about their eventual
eaistenee™ One the pessimistic side, there dis coneern
aboul the costs of waste disposal, including transport,
buriad, and site release. One important coneern s that
a larpe amount of materid will be estremely low in
radioactivity but will not be losw enough to meet NRC
stundurcds Tor release. The resulting requirement for
disposal o material that had not been considered i
dioactive will he costly,

Under e comtineen s factor approach, te Chaseline™ costeow b st beestumnted 3 hen, the estimator soll ase a0 ontimeeney faetor,

meastred i percent, toonerease the haseline™ estonates Both ENT e THGonse @ 25 percent contimgency actor These continpency tactors

are used o capture the eflec b ol uptorescen factars, s feas hind Weinthier

O Gould be noted thiae the comstitaionality of the T ow Fevel Waste et the Jepasintion establednne the revional compaets, has recently
heen challenyed A rahimge by dee court. that dhies fegastanion s asconstitutional condd alfect decomunssionims costs,
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Another issue is the widely recognized but unpubli-
cized difference between meeling State standards for

dccmmniwioning,, e, site restoration, and meeting

NRC standards, i.e., site release. The post-relense costs
for decommissioning, which are not pdll of the NRC
estimates, wuld be sn&,mﬁuant

A third pm«:n(iul problem is residual contamination on
presumably ‘nonradioactive structures and compo-
nents. According to TLG, the cost of disposing of such
material is not reflected in any PWR cost estimale but
could run into the millions.

A fourth issue is worker productivity, especially to-
ward the end of the decommissioning project.
Shippingport productivity declined sharply and work-
men's compensation claims increased sharply with 6
months to go on the project. It may be necessary to
increase sharply the pay of workers who would oth-
erwise want to avoid working themselves out of a job.

Global Nuclear R&[‘)'Activi‘ties

The nuclear industry is becoming increasingly inter-
national. This (rend is evident in both the commercial
and the governmental sectors. International and
intercorporate agreements, mergers, and cooperation
have led to sharing in research and developmen( (R& D)
activities as well as in other arcas. Many of the arrange-
ments are clearly commercial. However, cooperation
for marketing often leads to shared research or joint
development projects.

Commercial Cooperatlon in the
Private Sector

The move toward cross-country cooperation is evident
in the private sector. During 1989 and the early months
of 1990, a number of agreements and mergers were
announced. This process has permitted firms to achieve
economies by centralizing some of their major nuclear
CR&D projects and by climinating compelitive efforts.

One of the most active participants.in this pmccss has
been ASEA Brown Boveri, Ltd. (ABB), bused in Zu-
rich, Switzerland. ABB itself is the result of the 1988
merger of ASEA, o major Swedish clectrical equip-

ment manufacturer, with the Swiss concern of Brown

Boveri to form the largest electrical equipment supplier
in the world. ASEA-Atom, now a division of ABB
called ABB-Atom, has been prominent in nuclear re-
search and development since the 1950°s. During the
past year, ABB has pursued links to promote its nuclear
business. With Westinghouse, ABB formed ABB West-
inghouse Nuclear Services to supply nuclear services

to utilities in Burope, ABB and Westinghouse also
have a joint venture company to supply transmission
and distribution markets in the Americas and another
joint venture, Innovative lvdmoln;,u\ Incorporated,

to provide fuel and other services in the United States,
In November, ABB merged with Combustion Engi-
neering in anticipation of growth in the U.S. commer-,

- ciul nuclear plant market during the next decade. The

new U.S. nuclear division of the combined umnpamics
is now culled ABB Combustion Engincering Nuclea

Power. ABB also has a joint venture with United En-
gmcus. the LLS. architecture-engineering firm, to mar-
ket the ASEA-Atom PIUS reactor in the United States,
ABB and Sicmens (West Germany) recently formed a

joint marketing company, HTR-GmbH, to sell high-

temperdture gas-cooled reactors in Burope. In 1990,
ABB signed agreements or held discussions with power
generation companies and equipment manufacturers in
Haly, Spain, and Poland.

ABB is not the only forcign company lllll\lnb with U.S

manufacturers, Babeock and Wilcox has a joint vcnlmc
with Framatome (France) for services in North Amer-
ica and another with Nuclear Power International, the
PWR design and marketing joint venture formed by
Framatome and Siemens, for marketing nuclear tech-
nology. globally. General Electric and. its Japanesce
partners (lhlauln, Toshiba, and the Tokyo Electric
Power Company (TEPCO)) have developed an ad-
vanced  boiling-water  reactor  (ABWR)  design.
TEPCO has already placed an order for twao of these
1350-MWe ABWRS, General Electric is also engaged
with its international partners Ansaldo of Italy, Hitachi
and Toshiba of Japan, and KEMA/NUCON of the
Netherlands, in the design of a simplificd 600 MWe
boiling-water reactor (SBWR), Westinghouse and its
Japanese partners, Mitsubishi and Kansai Electric, are

Jmnlly developing a 1,300-MWeadvanced pressurized-

vater reactor (APWR). Although no orders have yet

‘ hct:n placed, a sale to Kansai is anticipated. Westing-

house and Mitsubishi are engaged in another joint
project to-develop an advanced simplificd reactor for
the Japan Atomic Power Company.

In Eastern Europe, Bechtel has a contract with
Transclektro Foreign Trading Company to supply in-
formation and materials for managing complex nucleat

activities to the Hungarian Electricity Board and the

Paks Nuclear Power Station Company in Hungary.
Siemens/Kraftwerk  Union (West Germany)  con-
tracted to supply reactor loose-parts monitoring tech-
nology systems 1o Atomcenergoexport (AEE) for
PWRs operating in the Soviet Union, Two West Ger-
min companics (Preussenclektra AG and Bayernwerk
AG) announced their intention to form joint ventures
with several organizations in the German Democratic
Republic  (GDR),  including ¥VE Kombinal
Kernkraftwerke Bruno Leuschner, operator of the
Nord nuclear plant in the Greifswald arca. Electricite
de France (BdF) signed aservice and engineering con-
fract with the Ministry of Nuclear Energy and Industry
of the Soviet Union, Skoda (Czechoslovakia) is secking
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a partner in Western Europe for two new units at the
Temelin nuclear site.

International Cooperation

Japan Nuclear Fuel Industries (JNFI) signed an agree-
ment to exchange information on low-level waste dis-
posal with the United Kingdom’'s Nirex radioactive
waste agency. JNFL also has agreements with the Eu-
ropean national agencies UKAEA (United Kingdom
. Atomic Energy Agency), CEA (Commissariat a
I'Energie  Atomique of France), and SKB
(SvenskKrnbralehantering AB of Sweden). Japan has
collaborated with ‘Belgium for a number of years in
research and development on nuclear fuels. Several
new projects are in the planning stage. The Soviel
Union signed a technology transfer agreement with
EdF in December (989, In November, the Soviet
Union signed an agreement on nuclear cooperation
with Brazil including technology transfer for small re-
actors and fast breeder reactors (FBRS). The cooper-
ation will be at the government level as well as between
engincering associations in both countries. The Soviet
Union and the European Community also signed a bi-
lateral agreement that includes exchange of scientific
and technical information on nuclear energy. West
Germany and Brazil will continue their agreement for
nuclear cooperation for S years. However, there was
opposition to this extension in both countries and Bra-
zil's financial problems will limit the scope of cooper-
afion.

European utilities are funding a common effort to de-
velop a European Fast Reactor (EFR). The collabo-
ration is coordinated lhmubh an informal operation
called EFR Associates. The participating utilities are
EdF, Nuclear Electric (UK); Preussenclektra and
Rheinisch-Westfaclisches  Elektrizituetswerk (FRG),
and Ente Nazionale per L'Energia Elettrica (Italy).
The French, British, and West German partners are
providing almost all the financial support since Italian
participation is limited by the current nuclear morato-
rium in Italy. An agreement signed early in 1989 calls

Energy Information Administration/Commercial Nuclear Power 1990

for collaboration on research and deveélopment, devel-
opment of a_joint reactor design, and sharing of other
scientific information. The shared R&D permits the
three active countries to realize savings because re-
search is split among the participants, The French are
working on core physics; the British are concentrating
on cofe mechanics; and the Germans are rcsponslblc
for work on core cooling,

Global Nuclear R&D Projects

The momentum continues toward mlunatunmll/nu,

. all nuclear research and development activities since

such wark is expensive. Shared projects and informa-
tion reduce costs and eliminate duplication of effort,
Public concern for safety in commercial nuclear oper-
ations demands extensive testing during each phase of
technical development. International cooperation can
allow accumulation and documentation of test experi-
ence more rapidly, which also can reduce costs.

The contraction of the market for commercial nuclear
reactors has reduced the number of uctive firms com-
mitted to nuclear development. Even a large firm hes-

~ itates on making a full commitment to risky investment

in nuclear R&D because of the uncertainties about a
revival in commercial nuclear plant orders and because
of the difficulty of proving a new plant or component
safe enough to be publicly accepted. By combining,
through mergers or joint ventures, companies can re-
duce their individual investments and insure that there
will be fewer competing new developments. At the
national level, the same economic considerations pro-
mote collaborative research. Western Europe, moving
toward economic union in 1992, is also moving toward
unified scientific and technical efforts, Japan wants to
link its nuclear research to international efforts in order
to make its nuclear industry internationally competi-
tive. U.S. companies want to maintain commercial vi-
ability in Europe and Asia where the commercial nu-
clear sector is likely to expand. Economics is driving
nations and firms to look at commercial nuclear power
in a global way and is promoting international R&D.
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4. International Commercial Nuclear Power

Introduction and Current
Status

The 1990 edition of this report has been organized
somewhat differently than previous CNP reports due
to political developments in Eastern Europe during
the Fall of 1989, The countries in this region are now
attempting to create, within a revised political struc-
ture, an economy that embodics at least some features
of western market economies. Therefore, EIA has elim-
inated a separate appendix for discussion of commercial
nuclear power programs in countries that have or had
“centrally planned cconomies and combined them with
other foreign countries in Chapter 5 of this report,
However, the countries added to Chapter S are not
included in the projections of Chapter 4 because of
insufficient data. ‘

For the countries with free market cconomies (FME),
nuclear-generated  electricity continued to grow in
1989, The number of operable nuclear generating units
in FME countries increased from 340 in 1987 (o 349 in
1988 und 355 in 1989, Total FME nuclear generation
in 1989 reached a level of 1,557.7 net terawatthours
(TWh), compared with 1,523.2 net TWhin 1988 (Table
20). This represents an increase in generation of 2.3
percent. (Neither Italy nor Mexico generated clectric-
ity from their nuclear plants in 1989.)

Twenty FME countries produced nuclear-generated
electricity in 1989, The United States, France, Japan,
West Germany, Canada, and United Kingdom ac-
counted far over 80 percent of the total FME produc-
tion. Three countries produced 50 percent or more of
their electricity from nuclear power: France (74.6 per-
cent), Belgium (60.7 percent), and South Korea (50.2
percent), o

The United States led all FME countries in bringing
new units on line in 1989 with three units entering ser-

vice, Six countries followed with one unit each, Total
FMIE operable nucledr capacity increased by 2.3 per-
cent over the level in 1988, 1o 273.6 GWe at the end
of 1989." Table 21 shows that in 1989 U.S. nuclear
capacily accounted for about 38 percent of the total
operable nuclear capacity in countries belonging to
the Organization for Economic Cooperation and De-
velopment (OECDY™ and about 36 percent of total op-
etable nuclear capacity in all FME countries. (Outside
the United States, operable units are defined as those
that have generated electricity to the grid.) In 1989,
the overall nuclear share of net electricity generation
in the OECD countries was 22.8 percent, compared
with 23.5 percent in 1988.%" Appendix F lists all the
operable foreign FME nuclear units as of December
31, 1989.

Table 22 shows the status of the forcign FME nuclear

construction pipeline as of December 31, 1989, One
unit was added to Japan's construction pipeline since
last year's report. Even as total nuclear operable’ ca-
pacity was increasing, the amount of capacity in the
construction pipeline continued to decrease, from 84.9
GWe in 1987 to 74.8 GWe in 1988 and 64.5 GWe in
1989. The decline can be attributed mostly to the com-
pletion of six units and very few new orders.

Figure 4 shows the extent of completion of nuclear
units in the foreign FME construction pipeline for the
end of years 1985 through 1989, In 1989, 54 percent of
the units in the construction pipeline were 25 percent
or less complete. The proportion of units that were
between 26 and 75 percent complete incereased from
15 to 21 percent. The proportion of units in the pipeline
that were 76 percent or more complete decreased (o
17 percent.

The continuing decline during the past several years
in the number of units in the construction pipeline is
due to several factors. First, countries continue to re-
view the role of nuclear power in their energy plans,
in the wake of the 1986 Chernobyl 4 accident in the

VAN capacity ratings in this chapter represent net capacity. The T988 aperable capacity was revised (0 267.5 net GWe from the 268,10 net

GWe published in last year's report.

P e OBECH countries considered in this study are Belgium, Canada, Finland, France, West Germany, Haly, Japan, the Netherlands, Spain,
Sweden, Switzerland, Turkey, the United Kingdom, and the, United States. Ausiria, another OECD country, is not included  since
Giemeinschatftskraftwerk Tullnerfeld Gmblt owner of the canceled Tullaerfeld-T unit at Zwentendorf, moved o liguidate all remaining nuclear
assets i 1989 and neared a formal deciston to convert the plant to a gas-fired station, )

YNuclear Energy Ageney, Organization for Economice Cooperation and Development, Sununary of Nuclear Power and el Cyele Data in

OFCD Member Countries, Provisional (Paris, April 1990),
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Soviel Union. Second, some countries huve overbuili to conservation programs. Thus, most countrics have

generating capacity, due to highty optimistic forecasts delayed the construction of ctrrent projects and the
of demand. As a result of slower than expected eco- placement of new nuclear orders, Appendix G lists the
nomic growth in the 1980's, those forecasts have not units in the nuclear construetion pipeline in foreign
been realized. Third, some countries with sulficient FME countries, inoluding information on the stage of
cupacily to meet near-term demand are reassessing completion for cach unit as of December 31, 1989,

their future expansion plans, particularly with respect

Table 20. FME Operable Nuclear Power Plant Statistics, 1988 and 1989

N(;J&?;L‘Z' Net Capacltys Amount of Electricity .
- Unite? (MWe) from Nuolear Units ; 1989
Country : : ‘ . Nuclear
‘ " i . Sharet
‘ Nat TWh b pote
1968 1949 19680 1089 : orcont {peraent)
1988 1949 Chango
* United States ... ... 108 110 95,091 07,869 527.0 529.4 0.4 17.8
*Canada ... 18 18 R11,872 11,872 78.2 76.2 -2.6 15.9
Europe )
"' Belgium . 7 7 R%,500 5,500 40.9 38.8 -5 60.7
* Finland . 4 4 2,310 2,310 18.4 18.0 -2.2 3.4
* France . . 55 55 52,588 52,588 260.2 289.0 (R 74.6
¢ Germany, West .. 21 22 21,461 22,686 137.8 139.7 1.4 33.9
flaly 2 2 Ri120 1,120 0 0 O 0
* Netherlands ... 2 2 H497 497 3.4 3.8 11.8 5.0
* Spain ... . 10 10 RE06 7,606 . 44,3 530 ' 10.4 37.6
¢ Swedeon ... . 1e 12 R9,817 9,802 66.4 63.0 =51 45.3
¢ Switzerland ... 5 5 2,930 2,966 1.9 21.5 0 41.6
* Unitad Kingdom .. 40 34 11,921 11,8042 530 59.2 111 20.8
Yugoslavia .. ... ' | 632 G20 BRCAS 4.5 15.4 5.2
Sublotal ... 1549 159 R116,382 116,927 6541 690.8 56 414
Far East
tJapan Lo a8 BReE] HaB,2h3 29,265 174.8 168.3 -3.7 25.5
Korea, South ... 8 9 R6,270 7,220 38.0 45,0 18.4 50.2
Tawan ... 6. 51 14,924 4,924 29.3 271 =75 35.2
Subtotal ... .. he o 54 R39,447 41,409 2421 240.4 -7 29.1
Other
Argontina ... ... o P [SKI 934 51 4.6 -9.8 11.4
Brazil ... A ! 626 626 6 1.7 183.3 7
India TP G 7 1,154 1,374 5.4 3.4 ~-37.0 1.6
Mexica . . 0 | 0 tiha 4] . §} 0 0
Pakistan e | { 125 126 .2 A -50.0 2
South Africa . 2 2 1.840 1.840 10.6 (] h.7 7.4
Sublotal .. ... 12 14 14,680 5,554 218 20.9 -4 .4 3.0
Total QECD ... ... 422 325 H250,966 265,310 1,430.2 1,460.2 2.1 228
Total Non-OECD .. 27 il R 16,506 8,318 3.0 97.5 4.8 10.4
Total FME ... .. 349 365 He67 472 213,631 1523.2 1657.7 2.9 227

2 For all non-United States unils, operable units are those that have genarated electricity lo the grid. An operable unit in the United States is one thal
has been issuod a full power license from the U.S. Nuclear Regulatory Commission. For all non-United States units, capacity is the net design electrical
rating. For United States units, capacily is net summer capability. Capacitios of individual units are subject to reralings from year to year. Soe definitions
of capacities in glossary.

b Neot oloctricity genarated from nuclear power generating units as a percontago of net olectricity gonorated from all sources.  The sources for nu-
clear generation are the OECD and the 1AEA for the OECD and non-OECD countries, respectively.  The nuclear share of utility-gonerated oloctricity for
the Uniled States was 19.0 percent

¢ Some nuclear units were rorated to refioct more current data

FME Free Market Economies

‘ Membaer of the Organization for Economic Cooperation and Development

NA, Not Available.

R, This figure is a roevision of the hgure published n Commercial Nuclear Power 1989: Prospects for the United States and the World, DOE/EIA-
0438(89) (Washimgton, DC, Seplember 1989) ‘

Sourcos: 1988--Energy Information Admimistration, Commercial Nucloar Power 1989: Prospects for the United States and the World, DOE/EIA-
0438(89) (Washington, DC, Septernber 1989). 1988 United States Capacity--Enorgy Information Administration, Monthly Energy Review, December
1988, DOE/EIA-0035(88/12) (Washington, DC, March 198Y), and Decomber 1988, DOE/EIA-0035(88712) (Washington, C, March 1989); 1988 Opera-
ble Units and Capacity-- Appendices C and [ of this teport; 1989 Generation--The source of niclear generation is tho Organization for Economic Co-
operation and Davelopmont (OECD), Nucloar Enorgy Agency (NEA), Summary of Nuclear Power and Fuel Cycle Data in OECD Momber Countries, Provi-
sional (Paris, France, April 1940}, The source of nuclear genaration for non-OECD. countries is the International Atomic Energy Agency (IAEA), Nuclear
Power Reactors m the World (Vienna, Austria, Apnil 1990).1989 Nuclear Share--1he source ol nuclear sharos is the OCCD, NEA, Summary of Nuclear
FPower and Fued Cycle Data in OFECD Member Countries, Prowsional (Parns, France, April 1990). The source of nuclear shares for non-OECGD countrios is
the |AEA, Nuclzar Powor Reactors in the Workl (Vienna, Austroia, Aprit 1990),

s
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Table 21. FME Operable Nuclear Capacity as of December 31, 1989

: Net Nuolear Peroent ot Peroent of
Colintries . Capaolty . Total OECD Total FME
(GWe) Capaoity Capuoity
QECD ‘
United Statos 97.9 38.3 46.8
Foraign ...

167.4 61.7 57.%
Tolal OEC 266,34 - 049

Non=OECD ... i 18,3 - ' 6.7

Total FME ........ e 273.6

OECD - Organizatlon for Eoonomic Cooperalion and Development.
FME - Free Markot Economies.
Source: Tablo 20.

Table 22. Status of Foreign (FME) Commercial Nuclear Generating Units
in the Construction Pipeline as of December 31, 1989

l

Percentage of Construotion Completed
| i

Country 0lo 25 : 26 'f) 50 ‘ 51 t? 75 ‘\ 76 lo[ 100 \ ‘ Tollal
No. of Net No.of ' Not = No.of I Nel  Noof | WNet  Noof
Units  + MWe Units MWe . Units | MWe | - Unils ‘ MWe | Units -
H i i I
* Canada ... 0 0 | 681 | 881 ¢ 1,762 4
Europe

* France 1 1,455 0 0 4 5,550 4 6,240 9

* Germany, West .., 0 0 0 0 0 0 1 206 |

* taly .. 0 0 0 0 2 1,964 1 40 3

* Spain ... . ] 4,002 0 0 1 975 1 975 6

* Switzertand ... ! 1,140 0 0 0 0 0 0 I

* United Kingdom ., 1 1,200 1 1175 0 0 0 0 P
Subtotal ... 7 7,797 1 1175 7 8,489 7 6,560 22

Far East '

Cdapan e 20 20,748 3 3,100 1 280 2 1,646 26
Korea, South .. 2 1,850 0 0 0 0 0 0 2
Taiwan ... 2 1,900 0 0 0 0 0 0 2
Subtotal . 24 24,498 3 3,100 1 260 2 1,646 30

Other
Argantina 0 0 0 0 ! 692 0 0 1
Brazil 0 0 1 1,229 1 1,229 0 0 2
EQYP oo, 2 1,800 0 0 0 0 0 0 2
india ... . 4 880 1 220 1 220 1 220 7
Mexico ... 0 0 1 664 0 0 0 0 |
Pakistan ... . 1 300 0 0 0 0 0 0 i
Subtotal ............... 7 2,980 3 2,108 3 2,144 1 220 14
Total OECD .............. 27 28,6456 5 5,156 9 9,650 11 9,968 He
Total Non-OECD ...... 11 6,730 3 2,103 3 2,141 i 220 18
Total Forelgn FME .. 38 35,275 3 7,259 12 11,79 12 10,178 70

Neol
MWe

3,524

12,245
205
2,004
5,062
1,140
2,375
24,011

25,774
1,850
1,800

29,524

692
2,458
1,800
1,540
654
300
7,444

53,309
11,104
64,503

' OECD country member. }

OECD - Organization for Economic GCooperation and Development.
FME  Froe Market Economios

Source; Appendix G.
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Status of Foreignh (FME) Commercial Nuclear Generating Units in the

Figure 4.
Construction Pipeline as of December 31, 1989
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In 1989, the Organlzation for Economic Cooperation
and Development (OECD) published the results of u
study Jointly undertuken by the OECD Nuclewr Fn-

ergy Agency and Tnternational Encrgy Agency on the

projected costs of generwting electricity.™ Eighteen
OECD countries and five non-OBECD countries (under

the ausplees of the International Atomic Energy

Agency) participated in the study, Using common ref
grence assumptions of g 30-year life and a 72 pereent
levelized lifetime cupaeity factor, und an annual dis-
count rate of § percent, the following results were re-
ported. For lifetime bascload operation, nuclear power
plants were projected (o have an economic advantage
over alternative baseload generating options in Japan,
a majority of countries in OECD Europe, in regions
of North America distunt from coalfields, and in the
non-OECD countries, exeept in the low-cost coul re-
gions of Brazil, China, and India.

The number of operable units in countries with regu-
luted market and centrally planned cconomics, RME
und CPE, respectively, decreased feom 72 in 1988 Lo
66 in 1989 (Table 21, Total RME and CPE nuclear
generation, in 1989 reached a level 0f 274.2 gross TWh
compured with 276.3 in 988, This represents a decrense
in gencration of 0.8 percent,

Four RME und one CPE countrics produced nuclear-
generated clectricity in 1989, The Soviet Unjon ac-
counted for over 75 percent of the total RMEuand CPE
production, Three countries produced 25 pereent or

moro of thelr electricelty from nuclear power: Hungary
(50 percent), Bulgarla (33 percent), und Czechoslovakla
(28 pereent),

Outlook for Countries with
Free Market Economies

Methodology

Operable nuclear capacity for foreign FKME countries
through 2010 is projected in two steps, Initially, u *con-
struction pipeline' unalysis, as discussed in Appendix
B, is used to project capacity on the basis of units in
operation and those under construction or planned that
can reasonably be expected (o be completed during
the projection period. Beeause the construction pipe-
line is exhausted in different years for different coun-
tries, the first step in the projection process involves
identifying the vear through which current and
planned nuclear construction projects could be com-
pleted for cuch FME country, Appendix G lists these
years and containg unit-specific information and csti-
mates of operable dates within the S-year projection
intervals for cach of the projection scenarios,

Table 23. Nuclear Capacity and Generation in Countries with
Regulated Market and Centrally Planned Economies
as of December 31, 1989
N(;‘";t::{“gf Net Capacity Amount of Eleotriolty
e (MWe) from Nuclear Units 1989
Country Nuolear
0SS Share®
aross TWhH P (
1988 1989 1988 1989 Gpreon {peraent)
1988 1969 ‘hange
Bulgana ... b 5 2,505 2585 16.0 146 4.8 329
Czechoslovakia B 4] 3,864 3,264 217 22.9 55 276
Giormany, East . 5 6 1,702 2,102 10.9 (AN 1.8 10,9
Hungary ... 4 4 1,645 1,645 12.0 13.0 8.4 49.8
USSH .. 50 43 34,384 34,166 2157 212.6 1.4 12.3
Total RME ... 22 23 9,196 9,506 60.6 61.6 1.7 24.1
Total CPE ... 50 49 34,364 44,186 215.7 212.6 1.4 12,0
Total oo e 66 40,580 49,760 2763 274.2 A 13.8

* Oporable unils ara thoso that havo goneraled olectricity to the grid. Gapacity ol Individual units aro subjoct 1o rorating from yoear to yoar. Soo doli-

nitions of capacities in glossary.

b Net elactricity gonorated from nuclear power generating units as a percentago ol not olectricity gonetatod fram all sources.
Sourcos: 1988-<Energy Information Admimstration, Commercial Nuclear Power 1989: FProspocts for the United Statos and the World, DOE/EIA-

0438(89) (Washington, DC, Septembor 198Y).

(1940)

1988 Operable Unlits and Capacity-- Appondix H1 of this roporl; 1989 Generation--Intarnational Atomic
Ernwgy Agency (IAEA), Nuclear Power Fleaclors i the World(Vienna, Austiia, April 1990),

1909 Nualear Share--IAEA,  Nucloar Power in the Warlkd

MOrganication for Economic Cooperation and Development, Nuclear Eacrgy Ageney/Internations) Fnergy Ageney, Projected Cosy of
Generating Blectricity From Power Stations for Commissioning in the Period 19952000 (OLCD, Paris, France, [989),
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L the second step, projections for time periods beyond
those derived from the construction plpeline analysls
are based on the World Tutegrated Nuclear Evaluation
System (WINES) (Appendis 8 deseribes the reactor
vonstruction pipetine methodology, the structure of
the WINES model und supporting dato sources,) Table
24 shows projections of operable nuclear capaeity in
the Lower and Upper Reference cuses through 2010
for FME countrics.

The projections of forcign FME operable capaclty
based on the construction pipeline approach result
from a thorough analysis of cach country's nuelear
program, similar to the method used o derive ULS,
capacity projections through 20100 Chapter § bricfly
reviess active nuctear programs in individual M
countries und presents availuble information on coun-
tries with regalated market cconomies (formeely coun-

tries with centrally  planned ceonomles); centrally
planned economles, and potentinl or lnaetve nuelent
programs in other conntrles, For the Tatter natlons,
HIA has projected possible nuclear capaclty o 2010
only for Egypt because we belleve that the politicul
and/Zor ceonomic elmute fn the countries not ineluded
e Tuble 24 makes it unlikely that they will have op-
eruble nuclear units durlng any portion of the projec-
tion period.

The sear term projection i the Lower and Upper Ref-
erence cases are based on alternative estimates of com-
pletion dates for units under construction or in ad-
vaneed planning stages, The eapected completion dates
for cach unit under the (wo scenavios aee bused on
assutptions about the ability of cach country toadhere
toits nuclear proguram,

Tabie 24. 1985, 1989 FME Operable Nuclear Capacities and Projected
Capacities for 1995, 2000, and 2010

(Net Gigawatts-Electric)

1996 2000 2010
Country 19842 1909v L owor Uppen Loweor Upper L owor Uppot
' Hetoranco Reloronce Foturonce Holotonce Huloronco fleloronco
Cane {lanu Case Caso Cavo Gaso
* Unlted States 794 974 1088 1oey 1ous e 102,90 1ee
* Conada 100 thy 144 144 1h 4 V7.5 [RUN 270
Europe
* Bolgum Ry LAY Hh Hh O IR ht 6.0
* Finfand 2.4 2.0 a4 20 od 2.0 KA 3.4
' Franco . 3/7.4 He b HO.6 61 604 hea 623 68,4
* Gormany, Wosl 164 Y @u.0 23.0 2a0 24.0 29.0 oD
* laly td [ I [ ¢ e a4 34
¢ Nothorands b b h B b 5 [ 1.0
* Spin N 5 76 /K 8.6 8.6 0.6 104 1.0
t Swodon 4.4 Rt G99 0.8 8.6 9.8 0 o.u
¢ Switzortand . el a0 40 3.0 30 3.0 4.0 3.3
 United kingdom 17 e a9 a4 8.4 L] 76 0
Yugoslavia 6 § 6 fs k3 6 G 7
Sublotal qu [RIIRY] 122 4 12hh 1276 1e7 4 119.0 tdld
Far East
¢ apan R 20U ahot KA KA AN/ 440.9 Ly
Kot South o I e 7. ¢ 949 10.2 105
Teuwan 49 4.9 44 4.9 409 5.9 6.3 0.
Sublotal 410 414 Al H1.e He 0 he. 7 6.4 s
Other
Argonting q 0 ¢ 16 1.6 1.6 1.8 a4
Hral t 6 6 e 1o 94 91 ad
Faymt §] 0 0 0 0 3 ¥ 2
Inicha (s 14 6 1.t 1.6 oh 2.0 3.
Muaico 0 / 7 14 1 1.4 [ [}3
Pakistan [ A ) | ! [ ¢ Kl
Somh Alnca il K |R3 (R [t} 1.4 [ 2.1
Subiotal 46 H6 A B 84 108 1.0 12.8
Total OECD S04t b KYATE “HeY B U R 2005 4y 7
Total Non-OECD o (RN 1H4 a0 1 260 281 aa
Total FME FRERY EFRNY 2006 KITHRA G002 RIVAT YT V2R
aStatus as of Docombor 311085
boSLatus as oF Docombor 31,1980
' OF GL country b
OFLCH Orgameation lor T eonatae Gooapaiation aikd Dovelopinont
I Mt Froe Matket Eeotiomios
Hote Totals may not vqual surm of compononts due to ndapandont rounding
SOUTGOsS  1985-<Commercial Nucloar Power FProspocts for the Umitod Statos and e World, DOEZEFIAOAGH(0G), Tabla 1h p A6 1988--Ap-

pondices Cand b Table 200 1990-2010-- WINES modol fur vanous yoars Soeo Tablo Geopo 122
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WINES Model Parameter
Assumptions

The ussumptions for all cconomie purameters (Table
25) in the WINES model, except capaedty fuctors, are
bused on three groupings: (D OLECD countrivs; (2)
Asian countries (OLECD member Jupan, South Korea,
and Tuiswan); and () non-OLCD FME countries, Ta-
ble 26 shows energy parameter values used for the
projections while Table 27 lists the capacity factor val-
tes used in the WINES model, The assamptions re-
garding parameter values are judgmental und generally
full within the ranges found in the literature,™

The cconamic growth rate, as measured by the inereuse
in gross domestic product (G, s defined as the sum
of growth rates [or the lubor-age population, the tlubor
force purticipution fraction, and lubor productivity,
The growth rates for the labor-age population are de-
rived from World Bank projections.™ The fractional

growth rate of tubor foree participation forall countries
I8 assumed to be O dn the Lower Reference case and
0.1 I the Upper Reference cases Labor productivity
is assumed to grow h the range o LE 1o 20 percent
antdally for alt OBEC countries eacept Jupun and
from 2.0 to 228 percent unnundly for the Asivn and
non-OFECHD PME countries.

Feonomic growth is combined with the aggregate cen-
ergy price growth rate in the form of @ demand for
delivered energy™ function, The clasticity values used
in this function ure based onesthimates of fong-run price
and income clasticities, Energy price clusticities are
penerally considered to be grenter (in absolute valae)
for the devetoped countries tan for developing coun-
trics, reflecting the premise that high-income countries
luve better opportunities Tor adjustment (substitution)
thut do countries with refutively low incomes, Simi-
Jarly, income elasticities are generully considered o
be lower for high-income countries, due to their greater
technological opportunities and greater as ailability of
capital for investment in cnergy-saving alternatives,

Table 25. Economic Parameter Values Assumed in the WINES
Model for Different Country Groups

) ’ 2 Non-OECD
Parameter OECD Europe Asin EME Countrios
Labion Forco Participabion
Fracton Girowth Hate
Lowor Nolorsnce Gase 00 nao 00
Uppon Holotonce Gage | ! 1
Labor Productivity
Cirowth Rate
towor Holoronee Gaso Y 20 a0
Uppar Rotoronce Gaso ) ddh fad
Aggrogate tnorgy Raal
Frice Crowth Hate
L awor Holotenon Cagie &0 2.0 a0
Uppoe Hedoranes Caso bh th [

Price Elasticity (¥
I owor falotonce Case
Hppor Heteronce base

Income Elasticn®
Lowar Helornon Cose
Uppuar Baforonoe: Gage

(4, 040,06
03 055, 0

L0, GRG0
Fhoron o

A dncinder Japan, Booth Voo, and Tavan

b Choee of valoo doponds on por capita CGhoses Domaestic Product (oo oxd)
OLCD Organzation for Feonomie Cooparalion and Dovolapmont,

b Froer Matket [eonoming

Hource Propared by gtall of the Nuctoar aedd Allomalo Puaols Divisson, Otfice of Coal, Nucloar, Eloctne and Altomate

Fuols, Enotgy Informaton Admimsteation

" Choes A T abertin, o P Pollab, Clodad Eoergy Prospeces (OWGrkd Bank Stadt Workmg Paper Mo 890 Augas 1oxh W Haelele,
fonerpy o Linde World 1 Cidobal Fagergy Systemy Inalysis (ntecnantional - Institate for Applied Systems Analyse Ballanper, 1980, Eaepy
Information Admnnstiation, Horld Faergy Forecasting Methodoloewes and Reconpnended Straregies, ORNTSaby BV T (W ashigton, D,
Aarch 1980 OB Chy Nuchear Bneney Apeneys Nuclear Baerevand s Fuel Cveles Prospects o 2005 (s, Branee, 1982 World Bank, e
Prospect. for Magor Prongee Commodities, Volume 5 Faerps, Report Noc 8 1E7RG (Washigton, DO Seplember T84

SNV N w Short Lerm Popadation Progection, TOS0-20000 anid Lone - Lerme Progecton, 200000 Stationary Stage by e and Se for HEConntres

of the Worlg (World Hanl, Washmueton, DO, December 19:85)
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Table 26. Energy Parameter Values Assumed in the WINES Model for
Ditterent Country Groups

OEOD Buraps N"Q,ﬁg"“
Paramaotor : © Adlab
Hobual , United Waual .
Muclenr Ganada uly Kitgedosm Gornany Othur Othor

Avymptotic Cleclneat Share
of Total Dolivorod Enorgy

Lowor Hofotonso Guse ) 20 20 Al Al P44) 1} 16

Uppor Relotoneo Case . 40 40 a4 30 a0 44 40 0
Agymiptotic Nuclow Sharo of
Tolal Elootrical Qonoration®

Lowar Hoforonge Case Ha 20 14 *h 10 @b fid ih

Uppar Buloronoo Caso 03 30 20 00 14 0 67 “0

* nctudos Bolgiwn, Fmland, Franco, and in the Uppar Rolotonco easo Swodon,
b ncludos dapan, South Kotoa, and Taiwan
O Tho asymplolic values du not apply o thotso ceuriioy that tro projuctod (o oxeood thu mdicatod nucluar shartos as a rosult of the compiolion of
o currantly 1 tho construction pipoline,  Tho nueloar shatas for these counttios romain oongtant, at thoit projoetud basu-yoar lovols (oo Appondix Q,
Tablo G2), through 2010,
OECL  Wrganteation for Leanomie Cooporalion and Duvolopmont
WINES  World Intogratod Nucloar Evaluation Systom
FME Froo Markel foonomios
Source Proparod by stall of the Nucloae and Altornale Fuuls Division, Offico of Coal, Nuolear, Eloctne and Alternate Fuols, Enorgy Information Ad-
mintslration

Table 27. Capacity Factors for Commercial Nuclear Power Plants
in FME Countries

(Porcent)
Anntal Capaolty Factora? Projections
Country ‘ for the
108G 1001 (DI 1ond 144 1oih 1086 1087 1984 1980 Yoor 2010
Argontina I (8} H0 41 40 6l 64 [§13} 57 44 1))
Bulgium My tl e /6 iY3 He 17 1K} HeH 81 74
Braz ‘ . b b a6 L0 ¢ i/ f) a8 06
Canada ay H e 7 ¢ 173 I 12 {7 i 14
tgypt h h b b b a6
ke Y e He N v a0 # 0 a1 an 76
{ranee HO Hiy LR} (314 70 71 G/ [300] HH SV 70
Gormany, Wost . b 6/ 0 10 I8 H/ 1) " 74 69 70
Inch . . 44 Al 20 4 43 44 i) LYs He 34 @ih
Iterly / o hHi i G [{[¢0] /4 ¢ 18] 4] (313}
Japrin . . 6 G0 (1] 6a 70 /1 76 144 Al 7\ 70
Kotoia, Soumh 6/ HIN /4 60 70 6 " He 67 /4 6h
Moxicn . b b b h b 5
Nethordands . ae t 4 /t 8y |1¥4 [{H] 14 Be 8o 43}
Pakistan . / 19 7 19 ad K] a4 20 16 6 G5
South Afnica N . b . h 69 KV 0 KU [§%3 3] (153
Spame . B Hi 65 49 a7 tid 64 4 8o I 1] tih
Swoedon SN . . fih 6d 61 60 76 Al 18} /7 7 74 /0
Switzerdand . . . 80 Hh "4 {73 HH Hh {81 #h ui 04 (313
[atwan P . R, ) (it H4 il 10 (31 60 74 (313} 6 ($13)
Turkoy ) . o . h b . [0 b » 65
United Kingdom .. . 47 49 ht He L6 L6 ol Hd Ly hh 64
United Statos . e » a6 4] 1Y) Hd 6 L [V 0y G [t 8
Yugoslavia . ~ NA NA NA NA 4Hi6 6o (19 /7 Al " (418
Average EME ‘ S0 6 41 e G tibs Gt 64 G2 61 0

# Annual Capacity factors of ndmvidual countrios it caleulatod as avorages of monthly capacily factors. Annual FME capacily faclors aro caloutitod as
the avotago of tha ndividual coutios
b Mo oporablo commmetal nucloar capacily
FME Froo Markol foconotieg
NA, nol avatabldo
Mol Traquontly uloctnedy gonoration: aceamulatod dunng procormmorcial oporation (e, duniog stantupl 18 toportod as a lumgp-sam valio at tho imo
thi utit s fiestUinclodord i tgbulaons ol monthly goneration In moest casos, oxact disaggrogation ol such fump-sum values into monthly componants is pol
pussthle Thoroors, such sumes havo boen tisagarogatod an thes tablo on the basis of histoncal starlup pattors for corparable units.
Sourcos 1940-1989-1 oragie basod on data o Nucloonies Weeh (Npw York: MceGraw-Hill), vanious issuns; United Stalos: Eoorqy Informeation Admints.
tration, Monthiy Fnergy foview, Docombor 108G, DOEZEIA-DUOGEG/12) (Washinglon, D, Match 1990). 2010--Nuctoar and Allomate Fuels Division, Offico
of Goal, lucloar, [ loctue and Allornate Fuola, Unare Inotmation Adninstration

a4 Energy Information Administration/Commerclal Nuclear Power 1980



For developing  voantries, the Income elastieltios
greater than 1O o the Upper Referenee case are due
to the potentlal for energy-ntensive Tndastreinlization
s dncome inereases, The price and income elasticities
vary over tie for counteles that chimge from low to
middle- or from mdddle- (o high-income ceonomices
(hased on World Bank detinitions).* "The clusticity
runges presented for cach seenario in Table 25 corpee
spond Lo per capita GO below $HHO (TOBS LS, dol-
Tues), between $1410 and $4,500, and above $4.500 for
low nidddies and high-income  counteies, respec-
tvely ™ The encregy price growth rates which is as-
stined to be the sume for all countries, ranges from 2.0
to 1S percent per vear, The order is reversed, becuause

Sthe Lower Referenee case relers o Tos enerpy grosth

und s associnted with higher price increases,

The electrical and nuclear penctration models require
an assumption vegarding the market shares that cach
technology will attain in the long run, The assumptions
vary tor cach seenario (Lower Reference and Upper
Reterencer, For the OECD countries sith robust nu-
clear programs (selected countries with w current nu
clear share ubove 38 pereent) the asymptotic electricul
share of delivered energy is assumed Lo range from 28
o 3O pereent, while the asymptotic nuclear share of
electrical generation runges from S84 1o 57 pereent,

For most of the other OECE countries (eseept Japun,
the asymptotic electrical share ranges from 20010030
percent The asymptotic nuclear share for Canads, the
United Kingdom and “Other™ OBECD Europe coun-
tries s assumed to be 25 to 30 pereent. For the Asian
cotntries, the asstmed asyviptotic electeical and nu-
clear share ranges are 28 10 Mand S4 to 87 pereeat,
respectively. For the non-OECH FME countries the
asymptotic clecteical and nuetear shares are cach as-
stmed to ranpe from 15 1o 20 pereent,

The cupucity factars shown in Tuble 27 were devel-
aped i twosstep process. Fiest, nuelear capacity and
generation information from a Nuclear Eiergy Agency
(NEA) survey®™ was used Lo develop eapacity factors
by country Tor the WINES base year (e, the final
veur of the construction pipeline). Second, capacity
factors for 2010 were based  on historical vadues
achicved and eapreetations regarding cach country’s
construction program and the operating performance
ol pencrating units, Table 27 shows the historical ca-
pacity factors achicved by FME countries during the
198O through 1989 period, as well as the projected ca-
pacity factors for 20010 that were used in the WINES
model to develop the present forecust. For the devel-
oped countries, nuelear power programs are generally
expected 1o be more mature, with a snadler fraction of

SWorkd tank, World Developaent Report, 1987 (W ashington, DC, 1987)

s i e frest wnd second refuciing eyeless s e
st uverage cupaelty fuetorsure projected tabe higher
for countries well fnto thelr constraction progeams,

Fhe Uppers and Fower-Referenee-case prajections of
totul prinmuey energy requivements and electrleal gen-
eration for the constradned perfod (hey the petiod prior
to the WINES forecast) were oblained from the OECH
Nucheur Boergy Ageney (NEA)Y For non-OECD
countries, Upper-Reference-case esthmates for totad pri-
mary energy and clecteieal generntion for the con-
stratned period were obtudned from the tnternational
Faerpgy Apeney (THEA) Lower-Rueference-ciase esti-
ey of totad primary energy requieements and elee-
trical generntion for non-OBECT countrios were pen-
crited from the TEA datu using aowidentog range off
uneertwinty amounting (o =28 percent age points per
Sevear interval calminuting with a ditferential of -10.0
pereent from the THA estimate for the year 2005,

WINES Model Projections

The Tollowing  discussion focases on the Lower-
Reference-cuse projections. Tuble 20 and Figure 8
shiosw operahle nuelenr capaeity in 1989 und the F1A
projections of capavity through 20000 This vear's pro-

jection of total FME nuclear capacity for 1995 is 0,5

puereent lower v in the T989 report, The lower pro-

Juetion is due primarily to deleys in the projected con-

straction start dates or completion dates of units ruther
than o reduction in the number of units in the pipeline. ™

Table 28 shows the projected growth rates ol real
gross domestic produet, electrical generation, nuelear
citpaeity, and the ratio of electrical generation (o gross
domestic product associuted with the capocity projec-
tions Tor aetual or planned nuclenr power programs,

Fotal operable nuclenr capaeity for the OECD coun-
tries is projected in the Lower Referenee case ta
inerease fromeits TORS level of 2050 at o compound
avernge nninuad growth rate ol about L percent, reach-
g 290,85 net GWe in 2000, This compares with o
prowth rate of 2.0 pereent in the Upper Referenee
cuse. Nuclear share associated with the projection for
the Lower Reference case represents 238 percent of
total electrical generation for OLECTY countries in 2010,
Electricity generation Tor the ORECD countries is pio-
Jected torinerense at aorate of LR pereent per year over
this period,

o the OLRCTY Robust Nuclear categary, Candi i maost of the athet OFCT connteres, the elasticities do ot change over thine, sinee
these countries ate projec e o reman i e higdegceome range over the entire projection petiod,

“Ongatzntion for Feonomic Cooperation nd Development (OECT) Nuclear Bocrgy Spency (NP Sunare of Nuclear Power and
Ll Cyele Data i OFCH Menther Countries, Provigonal (Pae, Tonee, Apil 1990)

" tind
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Flgure 6. FME Operable Nuclear Gapacity at the End of the Year, 1889, and
Projectlons for 1990 Through 2010
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Prajected reguirements for delivered energy o the
non-OECH  FME countries  (which include  the
SOther country group, wlong with South Korea, Taui-
wint, nnd Yugoslavia) incrcase in the Lower Reference
case at a rate of about 03 percent per year from 1988
threough 2010, The electrical share of this requirement
increases from 182 percent to 238 pereent during the
FORS through 2010 period. Tn the Lower Reference
case, operable nuelear capacity for the non-OBECD
FME countries is projected taoinerease from the 1ORS
level of 130 GWe at an avernge rate of 2.2 percent per
year, renching 281 G We in 2010,

Total operable nuclear capacity for FME countries is
projected in the Lower Rueference case toinerense
from 2736 net GWe in 1989 1o 319 net GWe in 2010,
Laurope and Canada accounted for 47,1 pereent of total
FME nuctear capacity in 1989; this share decreases to
434 percent by 2000 (Figare S and Table 29), A similar
trend holds for the Upper Refercnce case (not shiown
inTuble 29) The US, portion of FMEnuclear capacity
in the Lower Reference case is projected to decrease
from the 1989 fevel of 38R percent to 32,3 pereent in
2010,

Comparison With Projections
From Previous Years

The 1990 EIA Lower-Rueference-case projection of
OECT nuclear capueity in the yeur 1995 i 0.7 pereent
lower than the 1989 projection. For the yenrs 2000 and
2010, the 1990 ELA prajections of OBECD nuclear cn-
pucity are 2.0 nnd 7.6 percent fower, respectively, than
the 19RO projections,

In the 1990 Lower Refercnce case, LR pereent less
FME capacity (ineluding ULS, capacity) is projected
to come on line in 2000 than was projected m the
Lower Referenee case in 1989, The shight decline can
he wttributed mostly to fonger construction tmes qud
Sweden's decision 1o begin phasing out nuclear power
starting in 1995, The LR pereent loss in BEME capacity
transtates to nhout 6 GWe less capacity.
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Table 28. EIA/WINES Model, Lower-ﬂeferencenCase, Economic
?ncﬂ Energy Growth Rates, for FME Countries,
985-2010

Growth Rates (moan pervent per yoar)

Hatlo of
’ Houl Qrovs Blvotrionl
Country Domoslic Eloetneal Nuolue G‘;g"é‘g:,“"
Product Qonotalion Capac
(i : apiuolly Growth Rato
*Unlted Blatos ... ... . ) 20 1 0.9
CQanada L Co e i 14 g N
Evropn
SR 17 20 0 i.d
CEmland oo e (Y o 1.4 |
CEIMO00 e o e A Rt Q0 ]
¢ Gunmany, Won T [ 1 1.4 /
CHaly e V.7 a.u wh o
* Nothorlands . 0o 2.0 4 1.0
fEpain IR au & & [
CSwodon oo e ‘.7 4 NA B
Y Swittotand o e 1.6 11 A 0
CUnifed langdom e o ()] 14 .7 H
Yugoslavia ..o e & HAQ 1.0 N
Far Enat
tlapan .. P [ (KA AR 4
foren, South - - K 0.4 0. 4.6
Talwan oo IR 2.4 4.4 [ [N
Othor
Argonling . [P Wi a4 20 [N
Geaad F ) 4.0 4.4 6.6 1o
Egymt I L 40 ap NA !
Indi . . . . 4.1 70 o 3.4
Maoxico L . 4.0 a6 NA 1.0
Pakistan L . 4.4 fr.4 0 a7
Sounh Alrica . B 4.4 ah 0 /
OECD Avarage . ... . . [0 (R 14 o
Non-QEOD Average .. ... b hy o8 14

A Valuo shown s Gross National Product (ANP)
CORGH country mumbaot
EIA/WINES  Enorgy Information Administration/World Intogratad Nucloar Evaluation Systom,
FME Froe Markat Economios
NA  Nol Applicabla
Souroos. 1006 Values--Mathtoch, tnc., ooy Data Haso: World intorgratod Nuctoar Evaluation Systom (WINES), proparod undar DOL:
Contract No - DE-ACOS-BAOH21400, January 1085 Values for 2010-Basod on WINES projuctions.
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Table 29. Operable Nuclear Capacities, 1988-1989, and
Lower-Reference-Case Projections for
FME Country Groups, 1995-2010

' Cupaolty Parcent of
Your Country {Nol GWa) FME Totalt

[T T . . - Unitod Statos ob.y aba
Canada ARRRY] 4

f-uropo [RARELN] 40,5

Far Last [ERIN] 14,7

Olhor 4.7 (]

Tota FME Hi67.5 100.0

TOBD - Unitud Statoy 07,0 ak.0
Canada () A

Ewope 1160 a2,

Far Last 414 15,1

Othor 6.6 2.0

Total FME 273.6 100.0

TOOh e e Unitod Slatow 1080 a0
Canada 164 6.2

turopo 1224 a7

Far baat Aty 16.1

Othes Hit 2.0

Lotal | ML 2006 100.0

2000 0 L . s . Unilod Stados 1038 34,9
Ganadn 15,4 [}

Europe 122.6 40.6

far Cast 6.0 17.2

Ohen 8.4 o8

I'otal | ME a02.2 100.0

QOV0 L Unitod Statoy 1024 32.4
Canada 19.4 0.1

turupo 119.0 a7.4

far Ut 86.4 204

Othen 11.0 4.5

lulal FME 318.6 100.0

4 Some tolals may not ogual the sum of compononts due to indepandant rounding.
FME Froe Markol Economios,
H, This figure i a rovision ol the liguo publishad i Commorcal Nucloar Power 1989: Prospocts for the Unitad States and the
Wik, DOLEIA-0438(080) (Washinglon, DC, Soplomboer 1988),
Souroer Tablo 20 and Tablo 24
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‘Comparison With Other

Projections

Table 30 compares EIA nuclear capacity projections
with projections . from other organizations. for the
OECD FME countries. The 1990 EIA projections are
lower than the most recent projections of Nuclear As-
surance Corporation (NAC), Nuclear Fn&,muumg, In-

ternational (NEI) and NUKEM.

For OECD countries in the year 1995, the 1990 EIA
Lower-Reference-case and Upper-Reference-case pro-

jections of 275 and 282 net GWe, respectively, are

lower than the NAC, NEI and NUKEM projections
of 306, 301 and 282 GWe, respectively, For non-OECD ‘
countries ‘in the year 1995, the EIA Lower-
Reference-case and Upper-Relerence-case projections
of 19 and 21 GWe, respectively, are lower than the
NAC, NEI and NUKEM projections of 24, 25 and 22
GWe, respectively.

Table 30. Comparison of Projections of FME Nuclear Capacnty
at the End of the Year 1995, 2000, and 2010

i
Countries
Year

OECD .ovvvvns [ 19898
o 1989P

1989¢

1989e

1990

19009

1990n

1990

NON-OECD ..o, 1989
19890
10894
1989°
1990!
19909
19900
1990!

Total FME i 19898
. 1989b

19894

1989¢

1990!

19909

1990h

1990

Source

NAC
SNEI
NUKEM
ElA
NAC
SNEI

NUKEM

EIA

NAC
CNEI
NUKEM
EIA
NAC
eNE|

NUKEM

EIA

NAC
eNEI
NUKEM
EIA
NAC
°NEI
NUKEM

" EIA

§ ‘ Capacity (Net GWe)
\ | |
|

1995 L 2000 1 2010,
" 289 310 -
300 320 -
288 ‘ 309 -
277-289 287-300 315-388
306 ‘ 332 .
301 308
282 . 299 .
275-282 281-292 201-342
21 28
27 26
24 34 .
19-21 21-23 3447
24 31 .
25 27
a2 31 .
19-21 21-26 28-33
310 342
327 346
312 343 -
295.310 308-323 348-435
2682 301 -
327 335
304 330 ‘ .
294-303 302-318 319-375

a o oo

Nuclear Assurance Corporation (NAC), Nuclewr Megawatt Generation Status Report, February 1989.
1989 Nuclear Engineering International, *'World Nuclear Industry Handbook 1989."

Nuclear Engineering International projections are based on gross capacity dala.

NUKEM, Market Report on the Nuclear Fue! Cycle (April 1989).

e Energy’ Information Administration, Commercial’ Nuclear Power 1989 (CNP): Prospects for the United Slates and the World, DOE/EIA-
0438(89) (Waslington, DC, Seplember 1989). 1989 projections shown are, respectively, the Lower Referonce and Upper Reference cases for
2000 and 2010. The 1995 Lower Reference and Upper Reference case projections shown are part of the same projection series but were not

published in CNP 1989,
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5. Review of Foreign Nuclear Power Programs

| Introduction

This chapter concentrates chiefly on a review of nu-
clear power programs in foreign countries with nuclear
‘power plants that are either operational, under con-
struction, or planned. This chapter is organized into
three major. sections: (1) countries with free market
economies; (2) countries with regulated market econ-
omies (formerly countries with centrally planned econ-
omies); and (3) countries with centrally planned econ-
omies. ' ‘

‘Chapter 4 includes an explanation of the methodology
used in projecting operable nuclear capacity for coun-
tries with active, potential, or, inactive nuclear pro-
grams. Table 28 on page 48 lists the projected economic
and energy growth rates for each country for which
nuclear capacity is projected. Nuclear capacity is not
projected for countries with regulated market or cen-
trally planned economies. Table 20 on page 38 lists the
current nuclear share for countries with free market
economies. ‘

Projected nuclear share is documented in the archived
WINES model, which is available from the National
Energy Information Center. Excerpts from these pro-

jections are highlighted at the end of each country

writeup.

Information in this chapter was derived from diverse
sources,’” some of which cited project completion es-
timates obtained through unofficial channels. In con-
trast, the material in Appendix G was developed from
two principal sources using a consistent set of defini-
tions and project information based on official utility
estimates. The country-specific discussions in this chap-
ter focus on the Lower Reference case projections.

Countries With Free Market
Economies

OECD Countries

Belgium

Belgian nuclear generating capacity reached 5.5 GWe
with the 1985 completion of Doel 4 and Tihange 3, the
last two units in its nuclear construction pipeline. The
seven nuclear units, all pressurized-water reactors
(PWR), achieved an average capacity factor during
1989 of about 81 percent. The nuclear share of total
electricity generation in 1989 fell to 60.7 percent from
66 percent in 1988,

Belgium officially canceled plans for the 1,290-MWe
Doel 5 PWR in December 1988, and government of-
ficials proposed a cogenerating gas-steam plant for the
équivalent capacity. Belgian authorities have issued a
report stating that the country will need at least 3,500
MWe of new capacity before 2000, with about 725

-MWe expected from the 1,455-MWe Chooz reactors

in France. The Chooz PWRs are to supply 25 percent
of their power to Belgium starting in 1992, French
vendors were {0 receive construction contracts for
Doel § in reciprocation for the contracts that France
gave the Belgian industry in constructing the Chooz
Bl and B2 units. ‘

The Belgian government studied the country's nuclear
industry in 1989 and was expected to issue recommen-
dations calling for a single government regulatory
agency. Parliament would ultimately discuss the rec-
ommendations and decide, possibly in 1990, on the
structure and control of such an agency. Currently
both public and private bodies are involved in Belgian
nuclear regulation: (1) two government ministries con-
trol nuclear safety and ambient radiation; (2) three pri-
vate compunies award commercial licenses for nuclear

Primary sources of information in this chapter include various issues of Nuclear Engineering International (Surry, United Kingdom: Business
Press, Ltd.), Nuclear fiurope(Switzerland: Buropear Nuclear Society); Nuclear News (LaGirange, Hlinois: American Nuclear Society); Nuclear
Iuel and Nucleonics Week (New York: MeGraw-1ill); 1989 Aanual Review (Denver, Colorado, Nuexco), Nuclear Status in Countries With
Centrally Planned liconomies (report submitted to the Energy Information Administration by Decision Analysis Corporation of Virginia, Vienna,
VA and Science Applications international Corporation, McLean, VA, June 29, 1990). Most of the sources reflect information reported through
April 30, 1990, but a few sources include information reported through May 1990,
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power plants and derive income from those plants; and -

(3 other national and regional authorities approve the
counstruction of nuclear plants, Depending on the out-
come of the parlinmentary debate on the mutter, there
might be one public ageney ultimately controlling all

aspects of nuclear seeurity and safety, including com-

mercial licensing and coordination of waste disposal.,
I such an agency were created, the three licensing
compunies would be dissolved. Other government of-
ficials propose letting the licensing companies survive
but with tighter control by the government regulatory
body.

Three private utilitics control 95 pereent of the Belgian
electricity market and generate most of their power
from nuclear plants. The three utilities plan a merger
in 1990 to prepare tor a deregulated European Com-
munity (EC) energy market in the mid-1990's,

Projections for 2000 assume no additional nu-
cloar capacity. In the Lower Reference case
installed capacity will remain constant at 5.8
GWe by 2010, The nuclear share of Belgian
clectricity generation inthe Lower Reference
case is projected to decrease from nearly 60,7
pereent in 1989 (o 385 percent in the year
2010. EIA projects clectricity genceration 1o
grow at a yearly rate of 2.2 pereent from 1985
through 2010, These projections are based on
an cconomic growth rate of 1.7 purcent per
yeur.

Canada

Canadian nuclear policies and regulations are under
the jurisdiction of two different authorities. Atomic
Energy of Canada, Lid. (AECL) is responsible for
promoting and developing nuclear energy, and the
Atomic Energy Control Board (ALRCBH) is responsible
for its regulation. The role of the AECHR is similar to
that of the US. Nucleur Regulatory  Commission
(NRC). The major difference is that Provincial gov-
ernments may direetly participate in the regulatory
process, and may require safety assessments as a con-

dition for the construction and continued operation of

nuclear plants. Such an assessment progran was un-
dertaken  in Ontanio Provinee,  where  nuclears
generated electrictty already accounts for a significuant
portion of total clectricity generation. The safely as-
sessiment program was instituted by the Ontano legis-
lture in reaction to concerns, raised by the accident at
Chernabyl in April 1986,

Canada has been developing heavy-water reactor tech-
nology since the end of World War 11 In contrast to

other reactor types, the heavy-water reactor is fueled
with natural (nonenriched) uranium. The development
of the Canadian pressurized heavy-water-moderated
and cooled reactar (PHWR), the Canadian Deuterium-
Uranium (CANDU) reactor, began in 1962 with the
construction of the 22-MWe NPD demonstration unit,
which was decommissioned in 1988, This was followed
in 1968 with the Douglus Point 220-MWe prototype
CANDU reactor, now shut down, One advantage of
the CANDU reactor is improved operating perfor-
mance due to on-line refucling capability, and lower
temperature and pressure parameters. All operating
and planned Canadian reactors are CANDUS,

Canada has 18 units presently in operation with an in-
stalled nuclear capacity of 11,9 GWe, Work on the
four Darlington units with 3.5 GWe of capacity con-
tinued during 1989, The Darlington 2 unit was shut
down halfway through'its precommercial testing pro-
cess i February 1990 due to a cracked rotor that could
take 2 years 1o replace if the erack resulted from a fault
generie to rotors in the three other Darlington units,
If the rotor can be replaced from Unit 4, which is the
last unit scheduled for service, testing could resume
around Muy 1990, ‘

In December 1989, Ontario Hydro (OH) submitted its
25-yeur plan to the Ontario Minister of the Environ-
ment. The plan includes proposals for new hydroclec-
tric facilities, natural gas-fired plants, nuclear power
plants, conservation, cfficiency improvements and
power-purchases from independent power producers
aid neighboring provinees to meet the electricity needs
of Cunada’s most populous province, The largest por-
tion ol new clectricity is expected to be nuclear gen-
crated.

The proposed schiedule calls Tor the atility 1o begin
work an the first of four CANDU-A reactors in 1995;
the units would come on-line between 2003 and 2006,
An environmental assessment for the first of four
CANDLU-B reactors would be submitted to the pro-
vincial government in 1996; they would come on-line
between 2009 and 2012, The first two of four CANDU-
C units would go on-line by 2013, with the other two
units to be completed after the 25-year period of the
O plan. (The CANDU-A B, and C series represent
evolutionary design improvements in CANDU PHWR
technology.) The OH proposal states that the addi-
tional nuclear capacity must arrive in large quantities
so that O can meet its projected demand, The OH
fow-prowth scenario expects demand growth averag-
ing 1.5 pereent per year, with 2.2 pereent per year
assumed for the middle-growth seenario, and 2.7 per-
cent per yvear for the high-growth scenario. The atility
notes that by 2014 approximately 8,500 MWe of capac-
ity will have been shut down because of aging,

The Canadian and Sovicl governments have signed a
comprehensive nuelear cooperation agreement  that
could end 25 years of on-again, off-again technical dis-
cussions on fulb-seale nuclear trade. The new nuclear
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cooperation agreement will enable Canadian compa-
nies, notably OH and AECL, 1o respond to Soviel
interest in acquiring Canadian nuclear safety equipment
and technology. ‘

In the Lower Reference case, Canadiare nu-
clear capacity is projected o grow to 15,4
GWe by 2000, and to reach 193 GWe in (he
year 2010, The nuclear share of clectricity
generation is projected to inerease from 15,9
pereent in 1989 to 18,0 pereent in 2010, EIA
projects electrical generation o grow at a
rate of 1.8 percent per year from 1985 through
2010. These projections are based on an cco-
nomic growth rate of 2.4 percent per year,

'

Fiiifand

Under Finland's Nuclear Encrgy Act, which became
effective in- March 1988, a new Advisory Commitiee
on Nuclear Energy was attached to the regulatory
body, the Finnish Centre for Radiation and Nuclear
Safety (STUK), that was established in 1984, The gov-
ernment sets down general safety regulation, while
STUK prepares detailed regulatory guides, Finland
has three stages to its procedure for licensing nuclear

power plants: a decision in principle; a construction:

license; and an operating license. The Parliament is
involved in the first stage which includes siting, envi-

ronmental aspects, and arrangements for nuclear fuel”

and waste management, The Government issues the
two licenses.

Finland has four operable nuclear units with a total
capacity of 2.3 GWe, but it has no nuclear fuel cycle
industry. The Soviet Union supplied the two reactors
for the Loviisa nuclear power plant that is operated
by the Finnish state utility. Imatran Voima Oy (IVO);
it also provides the reactors’ fuel assemblies under
fong-term contracts and agreements, Sweden supplied
the reactors tor the Olkiluoto nuclear plant that is op-
erated by the private utility Teolisuuden Voima Oy
(TVQ), which currently obtains uranium, enrichment
services and fuel assemblies from supplicrs in Australia,
Canada, China, West Germany and the USSR,

A 1989 report by the Finnish power industry projected
increasing clectricity consumption in the 1990's (o ex-
ceed supply by 1994, Demand for power was estimated
to increase at an annual rate of 2 to 3 percent through
1998, ‘To build more conventional power plants would

conflict with the country’s commitments to reduce air

pollution. Finnish companics are contracting (o import
sizable amounts of natural gas and clectricity from
Norway and the USSR,

Although the current government promised in 1986 to
suspend any decision on the {ifth nuclear unit during

its term of office, it now uppears thut planning for such

a reactor may begin after the 1991 clections, Expan-
sions of coal- and peat-fired plants would conflict with
party support of a cleaner environment that advocated
reducing by 1993 the sulfur and carbon dioxide emis-
sions to half of their current levels, Tt is doubtful that
Finland could expand its hydroeleclric power capacity
because of the country’s law on preserving natural wa-
terways, Also, Sweden or the USSR may not have
surplus clectricity available for export in the late 1990's
or after 2000, Finnish industry hopes that a decision to
construct the fifth nuclear unit will be made before
1992, A company, Perasvoima, hus been set up to plan
and build such a reactor and has informed the govern-
ment that it must decide by 1992 to build the plant that
could be generating clectricity by 1998, A Perusvoima
official has stated that, if Finland purchased a nuclear
plant now, it would buy this plant from ABB Atom,
now part of Asca Brown Boveri, whose salety stan-
dards and technical requirements are in line with those
in Finland.

In the Lower Reference case, Finland's nu-
clear capacity is projected 1o remain constant
at 2.3 GWe through 2000 and reach 3.1 GWe
in 2010. The nuclear share of clectricity gen-
eration is expected to decrease from its 1989
level of 35.4 percent to 27,3 percent by 2010,
Electrical generation is projected to grow al
a rate of 2.1 percent per year from 1985
through 2010, These projections are based on
a yearly economic growth rate of 1.9 percent.

VO International Ltd. and Atomenergoexport plan

to cooperate on oplimizing the cconomics and verify-
ing the safety of Soviet VVER-1000 PWRs. The USSR
has offered to supply its VVER-1000 to Finland which
would be able to assist in the development of the re-
actor. A Finnish safety expert believes that the current
design does not meet the advanced requirements of the
regulatory agency STUK. Specialists at IVO Interna-
tional think that by 1992 the VVER-1000 will be com-
pelitive with reactors offered by ABB Atom and Nu-
clear Power International, the Sicmens/KWU  and
Framatome partnership, which are the other alterna-
tives for a fifth Finnish nuclear unit.

France
The French nuclear power pmgmni began in 1986

with the operation of a 2-MWe experimental reactor,
and in the late 1960's PWR technology became the
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foundution of the French program. Framatome, the
French supplier, has developed and manufuctured a
standard-design PWR based on o Westinghouse Corp.
license, thereby ereating substantinl savings in the costs
of engincering and production, This stundardization
has helped the national wility, Electriclte de France
(EdE), to build its nuclear reactors in an average con-
struction time of less than 6 years,

In December 1989, the National Assembly debated
various aspects of French energy policy, The Assembly
apparently will become more involved in developing
the nations's energy policies, especially the back end
of the fuel eycle and the breeder option. One tople
debated was a proposed 1986 bill to create o nuclear
safety organization thut would be independent of the
federal government and might have veto power over
construction permits or operating licenses for nuclear
facilities.

France has §S operable nuclear units with a capacity
of 52,6 GWe, No units went into service during 1989,
but three PWRSs were connected to the grid in Febru-
ary 1990 - the 1,300-M We Cattenom 3, the 1,310-MWe
Golfech | and the 1,330-MWe Penley 10 Another six
units with 83 GWe of capacity remain in the construc-
tion pipeline, Although these six units create a tempo-
rary period of overcapacity for EAF, the utility expects
that future increases in domestic business demand and
exports will eliminate any excess reserve capacity by
1992 or 1993, EdF plans to shut down its Saint Laurent
A1 GCR (gas-cooled reactor) it 1990, The remaining
GCRs (Saint Laurent A2, Chinon A3 and Bugey D
are scheduled for closing between 1990 and 1994, with
the Saint Laurent A2 to be decommissioned after work
is completed on the first unit. These reactors will not
be dismantled until several decades after their decom-
missioning,

EdF’s nuclear gencration rose S percent in 1989 to 285
hillion kWh, which wis 75 percent of the utility's total
power generation. [t exported 42 billion kWh, 12 per-
cent of its 1989 production, and signed firm contracts
to export an additional 6 or 7 billion kWh annually
slarting in 2000, EdF might attain yearly exports of 50
billion kWh to neighboring countries in 1991 or 1992,
and its Chairman indicated that his ultimate goal was
to export 8O billion kWh per year if the European
transmission network can be improved sufficiently.

The utility’s 900-MWe PWRs averaged an 8 -pereent
availability, while the 1300-MWe reactors averaged
only a 62-percent availability. Since EdF, unlike most
other countries, uses ils nuclear power plants for foad-
following as well as for baseload generation, the avail-
ability factor is a more appropriste measure than av-
crage capacity factor, especially when comparing the
performance levels of French plants to those noted tor
other countries in this report,

EdF plans to repair its 1,300-MWe reactors in the next
2 years by inspecting the steam generator tubes on

both operating units and those under construction,
plugging problem tubes, and performing  chemical
cleaning, There will be lower avallubility from these
reactors during the repate owtages, und the lost nuclear
generation will be repluced by power from more costly
luels,

Nuclear capucity in France is projected in
the Lower Reference case to inercuse from
52.6 GWe in 1989 1o 62,3 GWe in 2010, Nu-
clear capacity is expected 1o grow at a rale
of 2.0 percent per year, EIA projects the nu-
clear share of clectricity to decrease slightly
from 74.6 percent in 1989 to 70.5 percent in
2010, Electrical gencration is projected to
grow at a rate of 2.0 percent per year from
1985 through 2010, These projections arce
based on an economic growth rate of 2,1 per-
cent per yeat.

In August 1989, government officials issued a permit
allowing the Superphenix fast breeder (Creys-Malvilie)
to operate for 405 full-power equivalent days or until
the current fuel load is exhausted. The Superphenix
had been reconnected to the grid in April 1989 but
was again taken out of service in the fall of 1989 after
a bubble of argon gas was detected in the core of the
250-MW prototype Phenix fast breeder. Subsequent
tests disclosed that, should u simitar bubble develop in
the Superphenix reactor, it would not ¢ause any sig-
nificant problems, The large FBR returned to service
in Spring 1990.

The Hungarian Electricity Board (MVMT)and EdF
have agreed (o prepare a joint study during 1990 on
the possibility of EdF supplying two 900-MWe PWRs
for the Paks nuclear power station, EdF would provide
70 percent of the construction costs and be repaid by
transmission to western Europe of power generated
by these units. New transmission lines would need to
be constructed, possibly in Austria, with sales of power
beginning in 1997 or 1998, "The French would supply
the uranium, take back the spent fucl, and provide op-
erating assistance to the Hungarians for up to S years,

EdF and a French institute signed agreements in 1989
and 1990 with Soviet organizations for cooperation in
various nuclear fields, Possible arcus of cooperation
might be the safety of operating nuclear power plants;
accident recovery based on actions taken after (he
Chernobyt accident; the design, construction, and de-
commissioning of nuclear facilities; and envichment of
reprocessed uranium,
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Frenehr organizations huve also continued or started
nuclear cooperation with Czechoslovakio and Mo-
rocea, Comisariat a 'Energle Atomique (CEA)Y offi-
cinds met in April 1990 with Ceechoslovakion officials
and plan to improve thetr nuelear cooperation in four
arcas: (1) reactor safety, including component aging
and updated operating procedures; (2) design ol new
types of reactors as well as studies related to fuel und
accident prevention; (0 the fuel eyele, especianlly the
worage of spent fuel and decommissioning: and (4D ad-
vieneed tradning in nuclear enginecring, Since 1984, o
CEA/ZFAE subsidiary has been aiding Moroceo ina
study ol patential power genecation in that nation,

Germany, West

As of December 3, 1989 West Germany had 22 op-
erable nuclear units with o total capacity of 22.7 GWe,
The units generated 300 percent of al) the electricity
produced in the  Hederal  Republic in 1980,
Neckarwestheim 2, a 1L300-MWe PWR designed and
built by Kraftwerk Union (KWL of Siemiens AGH was
connected 1o the grid in 1989, The government of
North Rhine-Westphalin (NRW), the federal govern-
ment, and the operating company  Hocchtemperatur
Kernkraftwerk GabH (HHKG) have agreed to decom-
mission the THTR-300. The three partners witl con-
tribute jointly to finance decommissioning without
secking w further 2 years of operation,

Nuclear capacity in West Giermany is pro-
jeceted in the Lower Reference case (o in-
crease fromits T9RY total of 22,7 GWe to 23.0
GWe in 1995, Capacity in 2010 will remain
constant at 23,0 GWe. EIA projects the nu-
clear share of clectvicity generation (o de-
crease slightly from its 1989 level of 339 per-
cent to 28.8 percent by 2010, Electrical gen-
cration is projected to grow at a rate of 0.9
percent per year from 1985 through 2010,
These projections are based on an ¢conomic
growth rate of 1.3 percent per year.

The country has ouly one nuclear anit, the SNR-300
FBR in Kalkar, remaming inits nuclear construction
pipeline, The German Supreme Court in Karlsruhe is
expected to rule in July 1990 on the constitutionality
of a federal order (o step up licensing of the anit, The
Court is ta rule specifically whether state licensing of-
ficials may continue to study the safety of the SNR-300
before issuing an operating license, The pending Court
verdict will be significant, because i1 is expected 1o
draw the boundary between federal and state powers
in licensing of all nuclear facilities in West Germany.,

T carly 1990, Bast and West Germany planned (o set
upan Energy Commission to discuss ways of expanding
nuctenr power production it the Gerngn Demoeratic
Republic (GDR)Y. The Commission of esxperts from
government ministrics in both countries will mect seyv-
eral times during the vear. Bust Creeman alficials have
stated that they want more nuclear generating plants
to repluce mntiquated lignite-fired plants. At present
consumption rates, that country will huve exhuusted
its lignite resources within 30 yeurs, Presently, lignite
supplics about 85 percent of the countey's eleetricity
production. Also, a plan to complete o 380-K'V truns-
mission line from West Giermany through Berlin and
to the GDR huas already been approved, ‘The fiest leg
ol the two-leg transmission line was completed in Sep-
tember 1989, One thousand kilowatthours of electricity
will be delivered from Preussenclektra AG in West
Germany to the GDR,

Italy

The Halian commercinl nuclear power program began
in the 1950° with the ovdering of three nuclear units
by the state electrie utility,  Ente Nuzionale per
UEnergin Electtrica (ENEL). Two operable nuclenr
units remained us of December 3, 1989, with u total
apacity of 11 GWe Three additional units, totaling
2.0 GWe, are currently under construction,

The Ttalian government had approved an ambitious
nuclear construction program that called for un addi-
tional 10 GWe of nuclear capacity before the year
2000, The 1986 accident at Chernobyl, however, re-
newed anti-nuclear sentiment and a referendum on the
government's nuclear power policy was called by pop-
ular petition and held in November 1987, this resalted
in a S-year suspension of the planned expansion,

The government later proposed o nonnuclear policy
in its 1988 through 1992 energy plan. This policy calls
for the mothballing of the Caorso plant, and the de-
commissioning of the Trino Latina and Garigliano
plants, with the nuclear seetions entombed for 30 years
and the remainder of the units converted to gas-fired
units, (Trino 1 and Caorso are still on standby loaded
with fuel, ENEIL has stated that Trino | s ready to
restart on demand, whereas some backfits are necessary
to restart the Caorso reactor.) The 70-percent complete
two-unit Montalto di Castro plant will be converted
to un oil-, gas-, ar, coul-fired plant with four 640-MWe
units going intoservice in the 1995 through 1997 period.

Due to the shutdown of all its nuclear plants and pro-
longed delays in construction of conventional power
plants, the country currently imports about 14 percent
ol its clectricity from France, Switzerland, and West
Giermany, ENEL had projected an annual rate of
growth of 3.2 percent in electricity generation; how-
ever, demand has been running well over 4 pereent
for the past fesw years,
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The Dalian nuelear sector is currently plunning for g

renaissanee of nuclear power when the country's nu-

clear constructon moratorivm expives in 1992, When
the government put a S-year ban on the construction
ol nuclear stations, the government left rootn for the
nuclear sector to esplore new solutions aimed wt on-
huancing the safety of any future Ttnlan plants, “To char
the country's future course in nuclear power the gov-
crament approved, under the ercation of a “munuge-
ment commigtee,” the current Nationad Energy Plan,
Although its repott has not been relensed, the comnit-
tee recommended that Haly puarticipate in various ine
terntional nuclenr development projects, choose an
appropriate reactor type, carry out o detailed design,
and construct w plant at an appropriate time,

LNEL is active in the working groups of international
organizations involved in nuctear safety, including the
World Associntion of Nuclear Operators and its work
onadvanced reactor conceplts, such as gas- and sodium-
cooled reactors, The atility has contacted major ven-
dors and s colluborating on three ongoing reactor
projects, two sponsored jointly by the U.S, Depart-
ment of Energy and the Electric Power Research In-
stitute, and one with Ascas Brown Boveri (ABB). 1o
addition, BENEL has conducted In-depth studies on
ABB'S Process Inherent Ultimate Sulety (PIUS) reac-
tor,

The LETA expects Haly's installed nuctear ca-
pacity in the Lower Reference case to total
1.2 GWe by the vear 2000, Talian auclear
capacity is projected to reach 31 GWe in the
year 2010, The nuclear share ol electricity
generation is projected o be 4.7 percent in
2010, Electricity generation is projected to
prow al a rate of 3.3 pereent per year during
that period. These projections are based on
an cconomic growth tate of L7 pereent per
year.,

Japan

Japun's set up its nuclear inlfrastrueture in 1956, placing
responsibility for nuclear energy under lwo govern-
ment organizations. The Scicnce and Technology
Agency (STA) is cesponsible for all vescarch and de-
velopment activities, and the Ministry of Internationul
Trade and Industry (MITTyis responsible for commer
cial and induastrial activities, The Atomic Energy Com-
mission (AEC) and the Nuclear Safety Commission
(NSC) of the Prime Minister's Office provide overall
coordination of nuclear activities. The NSC establishes
safety regulations, and the ARC provides policy guid-
ance for nuclear encrgy development. One of the main

orgunizations under STA s the Jupun Atomie Energy
Rescarch Institute (JAERD, which swas estublished in
1956 1o handle resenrch and development for LWRs,
high-temperature reactors, and fusion reactors, STA
also incarporites (he Power Renctor and Nuelear Puel
Developent Corporatian of Jupan, which s respon-
sible for developing plans to complete the nuelear fucl
cyele and continuing research on breeder reactors,

Soue years ngo the fupanese government and domestic

reactor manufucturers began collnborating in the de-
velopment and construction of advanced thermal and
(st breeder reactors (FBRS). The prototype 148-Mwe
Fugen ATTR cunuse various fuels, including plutonium,
and was loaded with milsed oxide fuel in [9BR, The
three manufucturers of the prototype 250-MWe Monju
FBR are developing various designs for these reactors,
The Monju FBR s about 75 percent complete and s
expected 1o be operable in 1993,

EIA projects that Jupan's nuclear capucity in
the Lower Reference case will inerease at an
average rate of about 2.9 pereent from 1985
through 2010, The nuclewr share of electricity
generation is projected (o increase from its
[98Y Tevel of 25,5 pereent (o 32,3 pereent in
2010, Electricity generation is projected to
prow at u rale of Lo percent from 983
through 2010, These projections are based on
an- cconomic growth rate of 2.4 percent per
yeir,

Kashiwazaki Kariwa 5 was connected (o the grid in
September 1989 and began commercial operation in
April 1990, bringing Japan's nuclear capacity to 29,3
GWe, The country has 39 operable nuclear units wnd
vanks thivd among FME countrices in terms of installed
nuclear capacity, Jupan has 26 units with 25,8 GWe of
capucity in the nuclear consteuction pipeline,

Japan's nuclear generating units had an average capac-
ity factor of 70 percent for the year ending March 3,
1990, the lowest in 7 years. The PWRSs had the highest
average capacity factor of' 75 percent, with the Tomari
it operating at 100-percent capacity. Largely be-
catise of Fukushima Daini 3 being off-line virtually all
af 1989, the BWRs operated at an average capucity
factor of 67 pereent during the same period.

The ABC stated fna late 1989 paper that Japan's best
energy mix calls for nuclear power generation (o play
akey role Tewas felt that the country needs to become
less dependent on petroleum than in the past, particu-
larly in view of potential global environmental damage;
its rupidty increasing demand for energy; and poor
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prospects for renewable energles such as solar and
wind.

The JAERTand the United Kingdom's Atomie Energy
Authority signed a J-year agreement in March 1990 to
exchange scientific and techunleal information on GCRs
and PWRSs, France und Jupan have extended thelr au-
cleur cooperation agreement o 2017; Japan's cooper-
ative agreement with the United States also runs (o
2017 Jupun has used largely French technology to de-
sign its Rokkashomura commerclal reprocessiung plant
now under construction,

The Netherlands

The Dutch nuclear power program began in the carly
1960s with the ordering of a 55-MWe BWR al
Dodewaard, which became operational in 1968, A sce-
ond unit, the 445-MWe Borssele PWR, beguan commer-
cial operation 5 years later. After 2 yeurs of public
debate, the Duteh government in 1984 approved the
construction of at least two more nuclear units, ench
of 900- to 1,300-MWe cupacity, The coalition govern-
ment reached its decision after review of a report from
the Economics Ministry, which concluded that 4,000
MWe of nuclear capacity would be required by the
end of the century, assuming a 1.0 percent annual
growth in ¢lectricity demand during the intervening
period, The Parliament approved the government plan
in June 1985,

EIA projects that nuclear capacity for the
Netherlands inthe Lower Reference case will
remain constant at 0.5 GWe through 2010,
The nuclear share of electricity gencration is
projected to decrease to 3.7 percent in 2000
and remain constant through 2010, Electrical
peneration is projected Lo grow at an annual
rate of 2.0 percent from 1985 through 2010.
These projections are based on an cconomic
growth rate of about 2.0 pereent per year.

The plan to construct additional nuclear capacity was
shetved, however, in May 1986 because  of the
Chernobyl accident, At that time the government man-
dated a full study of the salety ol and alternatives to,
nuclear energy. The Duteh government has postponed
a decision on building additional nuclear capacity until
after nutional clections are held i carly 1990, The
safety study was not completed in tinie for the resulls
to be considered in the country's mid-1989 long-term
planning review of clectricity needs, The next such
review will be made in mid-1991, Tn planning the future
energy prograta, the government has ciphasized cost

effectiveness and remaining competitive with industrlal
rivaly in Burope,

Spain

Spuln currently has 10 operable nuclear units totaling
7.6 GWe and has 6 other units with 6,0 Gwe of nuclear
cupaclty inits construction pipeline, In 1984 the Span-
ish government approved its 1983 Nutional FEnergy
Plan forbidding — completion  of  the  two-unil
Valdecaballeros nuclenr plant, which wus scheduled
to go on-line before 1989, The moratorium was im-
posed because of apparent overcapucity of electricity
in the country.

In 1989, the Encrgy Secrctary realfirmed that the Nu-
tional Encrgy Plun to be published in 1991 will include
a revision of the nuclear moratorium, bul said no de-
ciston will be made on the future program before then,
Muany nuglear industry officials are confident, however,
that construction on the two units will resume in the
near future, Valdecaballeros 1 is 80 percent complete,
und Valdecaballeros 2 is 60 percent complete,

In the Lower Reference case, Spuin's nuclear
capacity is projected to increase to 8.6 GWe
i 2000, and 10.3 GWe in 2010, BIA projects
the nuclear share of clectricity generation to
decrease from the 1989 level of 37.6 pereent
to 238 percentin 2010, Electricity generation
is projected to grow al a rate of 2.8 percent
per year from 1985 through 2010, These pro-
jections are bused on a yearly economic
growth rate of 2.3 percent,

In April 1989, Endesa began purchuasing stock in |
Sevilluna de Electricidad and other Spanish utilities,
The move is thought to be part of a major rearrange-
ment of the Spanish electricity industry to prepare for
the opening of the European single market in 1992,

Speculation about the future shape of the industry has
centered on o three-way split said to be favored by the
Ministry o Industry. Under the new arrangement,
Endesa and Ideduero, another Spanish utility, would
sich control 38 percent of the market with the remain.
ing 30 percent held by Hidrocleetrica Espanola SA.
Smaller companies would be absorbed by the new
groupings, which, it is hoped, would be lurge enough
to compete in the new climate of a Buropean encrgy
mirket in the 1990,
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Sweden

The Swedish nuclear power program began In the
[960"s, and its Mrst commercial unlt, Oskarshamm |,
went into operation fn 1971 Currently, Sweden'’s in-
studted nuclenr capaelty s 9.7 GWe Nuclear plants
and hydropower cach supply about 50 pereent of the
cotntey's electricity,

During the 1970 Sweden experienced increasing op-
position to nuclear power, primartly beeause of con-
cerns over salety. In 1980, a referendum was held and
the nuclear expunsion program was allowed to con-
tinue, However, in the following year the Paeliament
used the referendum as a basts Tor deciding to close all
of the country’s nuclear plants by 2010.

In reaction to the 1986 Chernobyl aceident, the Soclal
Democratic government proposed in 1987 and 1988
that the phaseout of nuclear power should be speeded
up by permanently closing two nuclear uaits in 199§
and 1996 (presumuably one each at Bursebacck and
Ringals), The proposal was later aceepted by the Par-
linment, In June 1988, Sweden's Parlianment denjed the
Minister of Energy and Enviconment the freedom to
decide which units would be closed in 1995 and 1996,
ruting that no decision wilt be tuken before the autumn
ol 1990, At that time details of boch the timing and
implementation of nonnuclear alternatives will be eval-
nated, and a study will be made of how a nuclear
phascout might altect the country’s ceononmy, employ-
ment and environment.

The BIA Lower Reference case projects that
Swudish nuclear capacity will decline to 8.6
CrWe by 2000, Tn accordance with the current
policy for a total nuclear phaseout by 2010,
the nuctear share ol clectricity gencration is
projected (o fall from its 1989 value of 45,3
percent to O pereent in 2010, Flectrical gen-
cration is projected to increase atl o rate of (1.2
percent per yeur from 1985 through 2010,
These projections are based on a yearly ceo-
nomic growth rate of 17 pereent,

Public discussions held in August 1989 on Sweden's
encergy palicy have made it elear that the ruling Sociul
Democratic Party is divided on the nuelear phascout
isstie. A Social Democratic working group, formulal-
ing the party’s policy for the coming decade, has con-
cluded that Parliament made three decisions that are
incompatible unless it is possible to reduce rapidly re-
Jeases of carbon dioxide, especially those from traftic,
The three Parliament decisions are: (1) the phasceout of
nuclear power shall start with one unit in 19958, a see-

ond untt in 1996, and the remalning unlts by 2010: (2)
the tatal wmount of CO; emlssions should not Inerease;
and () no additional large-seale hydraelectele plants
can be constructed,

InJandary 1990, Rune Molin,u trade union leader, was
appointed Sweden's new Minlster of Tndustry, and re-
sponsibility Tor energy policy was transferred from the
Ministry off Environment to the Minlstry ol Industry.
This transfer of responstbility has led some crities to
believe that Sweden’s nuclear phuscout might be mod-
ified in 19901 it becomes apparent that carly shutdowns
of nuclear power plants will lead 1o high celectrieity
costs, Tis already evident that higher prices will posc
difticultios Tor clectriclty-intensive industries, located
mubnly in northern Sweden, Undonized Industries ac-
count for one-third of Swedish exports, Opposition to
an carly, orany, phuscout of nuclear power is growing
among the trade unions, who claim that the country's
energy policies in general, and the nuclear plans in
particular, will result incu loss of Sweden's traditional
competitive advantage based on low-cost electricity.

Switzerland

Switzerland currently has five operable nuclear units
totaling 3.0 GWe und the 1, 140-MWe Graben unit un-
der construcetion, In 1989, hydropower accounted for
about 57 pereent of the total electricity produced, with
nuclenr power contributing about 42 percent and oil-
fired generation contributing the rest.

In TOBE the Swiss federal government and Parlinment

canceled the 950-MWe Kaiseraugst nuclear unit, The

decision to terminate the project was based mostly on
its site in the Canton of Aargaa, which is very close
to the major population center of Basel. Since na pe-
tition was filed within a 90-day period foru referendurm
agiinst the Kaiseraugst decision, the owners ol the ter-
minated nuelear unit will be compensuted $225 million
as approved by Parliument. Similarily, the Nationalrat,
the lower house of Parliament, moved to terminate the
Citaben project in the Bern canton, and is sceking a
similar compensation plan that wus awarded (o the
Kuaiseraugst consortium members, ‘T'o help offset po-
tentinl electricity shortages due to the government'’s
decision, the Swiss utility in Baden will import an ad-
ditional 100 MWe of nuclear power from France, be-
ginning in 1996, Nordostschweizersche Kraftwerke
(NOK), which distributes clectricity to nine cantons
(districts) tn northeastern Switzerland, expeets to he
some 30 pereent dependent on imported eleetricity,

The Nationalrat rejected two antinuelear initintives in
February 1990, One initiative was o [0-year morato-
rivm on all nuelear activity, while unother initiative
demanded a ban on further nuctear construction and
the phased shutdown ol operating nuclear units as
guickly as possible. Parlimment members” arguments
centered primarily on the need 1o keep the nuclear
oplion alive for cconomic and environmental reasons,
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The Foderal Fxecutive Councll (FEC)Y also recom-
mended that both inltiatives be rejected: u national
vole on the dssue will likely be seheduted Tor late 1990
ar early 1991,

BIA forecnsts Swiss nuclear eapaeity in the
Lower Reference case (o remain constant
tirough 2010, The nuelear share of electricity
generation is prajected to full to 35,1 pereent
in 2000 from its 1989 level of 46 pereent,
Electricity generntion is projected to grow at
arate of L1 opereent per yvear from [UBS
through 2010, These projections are bused on
an annual cconomic growth rate of 1.6 per-
coent,

United Kingdom

The United Kingdom  Atomic Encergy Authority
(UKAEA) was estublished in the 1950°s 1o develop the
auclear program in Gireat Britain, Scotland, and North-
ern Treland. The nuclear industey in the United King-

dom (U.K,) began in 1953 with the construction of

four SO MW experimental units at Cudder Hall, which
were connected to the clectrical grid between [956
and 1950, From 1956 1o 1963, the Central Electricity
Gienerating Board (CEGRB) of Great Britain ordered
cight stations with two units cach.

In 1989 British nuclear capacity decreased to 1.2 GWe
with the shutdown of the Berkeley 2 and Hunterston
A2 units, One new unit, Torness Point 2, a 625-MWe
advanced-gas reactor (AGR) was connected to the
grid in 1989, The completion of this unit leaves Sizewell
Band Hinkley Point Cas the sole projects in the British
construction pipeline, Tn 1989 nuclear power plants,
performing at an average capacity fuctor of 55 percent,
supplicd about 21 percent of the UK s total electricial
generation, Flecetrical demuand in the UKL is currently
rising about 3 percent annually, higher than the
CECGR's estimated average growth of 2 percent used
to caleulute its investment needs,

In November 1989, the UK, government announced
that the entire nuclear power sector ot the electric util-
ity industry would be withdrawn from the govern-
ment’s clectricity supply industry privatization pro-
gram, The original privatization program, announced
in carly 1988, has evolved into a plan to break up the
CEGH mto four companies, Operating as private en-
titivs, National Power, Power Gien and National Girid
Company will handle non-nuclear operations, The pub
lie Nuclear Electric Company will be responsible for
the nuclear market i Eoglund and Wales, Scottish Nu-

clear, o sabdivision of SSED will remain a publle come
puny wnd wil' direet the Scattish market,

Nutional Power was ovlginally Tntended o tuke over
all the nuctenr plants In Bnglind and Wales; however,
the compuny sought government  gunrantees  that,
among other things, would shield it row uny cost over-
rung, constraction delays, or required changes to e
prove safely and protect the environment. Energy Sce-
retary John Wakceham stated that the government
would not provide such unprecedented guara. tees to
a private company and that all of the nuclear plans
would be hield in the public seetor because the high
costs ol nuclear power would not attraet private in-
vestment,

At the Hinkley Point C public inquiry in July 1989 the
CEGB announced that it would continue with its build-
ing application for the unit rather than cancelling it as
some had expected, [t did, however, withdrawe the ap-
plication for the renaining PWRs, Wylfa B and
Sizewell C

EIA projects UK, nuclear capacity in the
Lower Reference case o deerease (rom its
1989 fevel of T2 instalied GWe to K4 GWe
by 2000, wnd to 7.6 GWe in 2000 The nuclear
share of electricity gencration is projected to
decrease from 208 percent in 1989 to 12,6
pereent in 2010, Electricity generation is pro-
jeeted to grow at a rate of 1S pereent per
year from 1985 through 2010, These projec-
tions are bused on a yeurly cconomic growth
rute of 1.9 pereent,

Non-OECD Countries

Argentina

Argenting established a National Atomic Energy Com-
mission (CNEA) in 1956 1o direet the country’s national
energy plan and conteol all aspects of its nuclear tech-
nology. It currently has twao operating nuclear units
with a total net capucity of 0,9 GWe as well us the
092-MWe Atacha 2 under construction, The Atuchu 2
it is about 66 percent complete and is now cxpected
to go on-line in 19955 its completion has been delayed
by a targe Torcign debt wnd hyperinflation.

Both Argentine operating nuclear units, Atucha | and
Cordoba 1, have experienced problems. The Atucha
Funit was restarted in January 1990 after a 17-month
ottuge for repairs, Apparently in the T980's, the reactor
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wits operated without undergotng required full main-
tenanee cheeks, but the current CNEA director has
pledged that hds adminlstention will give the highest
priority to nuctear plant mabitensnee. Sotme deslgn
chunges are being tide on the Atucha 2 unlt so that
o shmttur problem with broken fuel tubes can be
uvoided.

Although Argenting's total Installed generating capue-
ity 1s 12,643 MW, the system has been plugued with
problems, Because Cordobu | generated 10 to 18 per-
centol Argentine buseload power In 1989, {ts shutdown
i July 1989 for long-detayed maintenance led to ros
tuting clectricity bluckouts in Buenos Adres und other
large cities, The Government had delayed its seheduled
October 1988 shutdown beeause of widuspread power
shortages caused by Atucha | obeing off-lne and re-
duced cupucity at other gencrating plants, Cordoba |
wis returned (o service in September 1989,

LA projects Argentine nuclear capaeity In
the Lower Reference cuse to be 1.8 GWe by
2010, The nuclear share of clectricul genera-
tion is projected to fall from its 1989 level of
L pereent (o about 9.5 percent by 2010,
Electrical generation is projected to grow at
ar annual rate off 3.5 pereent, These projec-
tions are bused on an cconomic growth rate
ol 13 percent per year,

Argenting is conlinuing its eftorts to develop an inde-

pendent tuel eyele and become o major supplier of

nuclear fuel services and materials to third world coun-
tries, Tt has signed bilateral nuclear agreements with
al least twenty nations, including Algeria, which re-
portedly isinterested in the  Argentine-designed
IBO-MWe Argos PHWR. An agreement with Brazil
extends o nuclear development pact that could lead to
joint construction of the PHWR or other nuclear
power plants in both Argenting and Brazil, However,
the heavy debt burdens of Bruzil and Argentina pre-
clude any near-term progress in nuclear power plant
construction.

Brazil

The Bruzilian nuclear power program began in 1972
with the ordering of its only operable nuclear unit, the
626-MWe Angra dos Reis o Angra 1 began its second
refueling outage in October 1989, and the state-owned
nuclear wtility, Furnas Centrais Electricns SA, planned
to restart it in December 1989, However, on a petition
from local Green Party politicians, a lower court Judge
barred the restart on grounds that satety was inude-

quate, even though the unit reeelved a favoruble report
by the IABEA' Operatlonal Safety Review Tenm, On
January 3, 1990, o Wgher court ruled (hat Angra |
could be resturied, which the utllity did Tmmediagely,

Angrn I's checkered history began with its long
precommercial testing period from Apell 1982 10 Jun-
uury 1985 and included w to-month shutdown sturting
tn 1987 Tor extensive repalrs to the cloetde generator
and modifications to the steam gencerators, Furnas hes
sued the plant's supplier, Westinghouse, elalming tens
of millions of dollars In danuges for poor workmanship,
The case remudng unsettied,

Brazil curvently has two nuclear units (Angra 2 and 3)
totaling 2.5 GWe in ity construction pipeline, Furnas,
which is responsible for construction of Angra 2 and
3 the reorganized Bruzdlinn nuclear program, has
announced that the Brazilian Congress authorized the
company (o Invest $200 willion on the Angra plants
during 1990, The government believes that power
shortages are likely In the 1990's without rapid com-
pletion of the Angra fucilities, Angra 2 reportedly s
69 pereent complete, and Aungra 3 is 28 pereent com-
plete,

EIA projects Brazil's nuclear capacity in the
Lower Reference case o Increase from its
1989 fevel of 0.6 GWe to 1Y GWe in 2000
and to reach 3.1 GWe by the year 2010, The
nuelear share of ¢lectricity generation s pro-
Jected to reach 3.4 percent in 2010, Blectricity
generation is projected o grow at a rate of
4.4 pereent per year from 1985 through 2010,
These prajections are based on an cconomic
growth rate of 4.0 pereent annually,

The 1,245-MWe Angra 2, originally planned to be gen-
erating by 1993, is now cexpected to start operating in
(995, according  to the  lalest  evaluations by
tleetrabras, the Brazilinn public clectrie sector hold-
ing compuny, Most of the equipment for Angra 2 s
already purchased, ‘The unit was supplicd by Siemens
AGs Kraltwerk Union division, and the 1990 budgeted
funds arc to be used on equipment installation,

[ August 1989, Argentina signed o number of cooper-
utive agreements with the Brazilian government, in-
cluding an extension of an existing nuclear develop-
ment pret that could eventually lead to joint nuclear
power plunt construction in both countrics.
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Indla

Ll currently hus seven operating nuclear generating
units totaling td GWe as the Narora 1 unit swas cone
neeted o the geld fn July 19890 10 has seven nuelenr
units with 1.5 GWe of copuenty fn the construaetion
pipeline, all of which are PHWRs similur 1o the
CANDU design, Construction of Narora 2 began in
1976, wud the unit iy sehieduled (o begin aperation in
1990, Kakrapar 1 and 2, cach with o capacity of 220
MWe, are expected o be in commeraiul serviee by
1991 and 1992, respectively, and construction s pro-
gressing on Kaiga Uand 2 and Rujusthan 3 and o,

Muny fuitures and deficiencies in the cquipmeuat and
cotponents at the Farapur and Rajasthun cenctors dur-
g the 1970 led to Tengthy shutdowns of these units,
but repuirs to and replacement of defective puets and
equipment during the 1980y generatly seem o have
resolved most ol the problems, While numerous design
atd engineering ehianges were made in the later Madras
renctors to improve their performunce and velinbility,
there still have been operating problems causing un-
plunned outages and oceasions! operation of the anits
at hulf their design capacity,

fndian nuclear capacity in the Lower Reler-
cnee case iy foreenst 1o inerease to 1,6 GWe
by 2000 and reach 2.0 GWe by 20000 EIA
projects o noaclear shivee of vleetricity gener-
ation of LE pereent in 2010 Electricity gen-
cration is projected to grow al o rale of 74
pereent per year frone JUES through 2000,
These projections ure based onan econone
growth cate of 4.1 pereent per year,

The Nuvora reactor site hias required more estensive
seismic engineering than was necessary wt other Indisn
nuclenr sites, and numerous design changes have
caused construction delays and cost inereases. Fnvi
ronmental groups have opposed the Narorn project
because ol its prosnmity toa large popalation center,
There also has been envirommental opposition 1o the
planned nnclear plant gear the Nagarjunnsagar hydro-
clectrie project i Andhra Pradesh; over 40,000 people
five nenr the proposed plant site. I 1989 an official
contmittee of the Indinn government stated that muclear
power plants should not be Tocated within o radius of
about 10,5 miles in preas with populiations esceeding
10,000 people,

The country's clectriend generating capacity totaly
abott 88,000 MWe, and the Central Electricity Aue
thority of Indin has projected that this amount will
triple by 2000, with about S.K pereent (10,000 MWe)

behng ouclear Phe remaining plant types are expeeted
1o be coulsy s and ollfred, wnd hydroceetric,

Preime Minister VP Singh appointed wnesw AEC chadr-
man tncarely 19900 who wants to aeeelerate nuelear
poser genvrntion in Indins The chaieman, P K.
[yengar, is upprehensive about | WRs but thinks theie
use might be necessary 1o reach Tudin's target of an
additional 10,000 MW e ol nuclear capaeity by 2000,
e will not aevept foreipgn offers of tuenkey nuclear
plant constraction ad, in diseussions seith Fronee und
the USSR, he has insisted on substantal Tndian partie-
ipation in the desipn and consteuction ol addidonal nu-
clewr reactors b bndine Tyengan also believes that Tndin
cun suceessiully envich its own wranium since initial
eapertments bave gone wells He recently said that nu-
clenr power is environmentally benign wnd well suited
for densely populated states like Kerala where the
ALC hns been secking wsuitable plast location,

Indin's urnnium resourees are safTicient to sustain about
L0000 MW ol naelear capacity, Sote of the new nu-
clewr tnits will be 220-MWe PEHIW RS, swith others ex-
peeted o be larger PHWRS The S00-MW e Rajusthan
S through 8 PHWRs have estimated dates of conimer-
cinl operation i 1997 wnd 1998, Tndin hopes 1o Ty
these units in commercind operation within 97 months
atter receiving approval for their construction.

Indin nses indigenous natureal weanium to fubricate fuel
for its PHWRs at the Nuclear Fuel Comples (NFC)
in Hyderabud, The NEFC also fubricates fuel elements
for the twe BWRs ot Tarapur from Prench enriched
uranivm.

Korea, South

The Republic of Korea (ROK) cureently hus nine op-
erable nuclear units totalling 7,2 GWe, In 989, one
anit, the V20-MWe Uljin 2, was connected (o the grid,
Construction of Yonggwang 11 and 12 950-MWe nnits
that wre scaled-down versions of Combustion Engi-
neering's [I00-MWe PWR, was seheduled to begin in
1989: however, the construction permit was delayed.
Completion of Youngpwang Hoand 1208 currently
scheduled for 1995 wnd 1996, respectively,

Nuclenr power hos made o significant contribution to
the ROK'S rapid wednsteialization and  cconomic
prosvth in the past two deades, Nuclewr power now
accounts Tor halt of South Korea's clectricity produce-
Hon,

[ September 1ORO, Koren Electrie Power Corporation
(KEPCO)Y announeed thae the utility will order two
more PWHRs i addition 1o the new CANDUD ot it
pluns 1o order Feom Atomice Fuergy ol Canada, Tad.
The new PWRs, Korenn nuclear units P4V and T4 are
expected to be completed during the lnte 1990° and
will Torm the basis for o standardized series-Koreg
Stundard Nuclear (KSN DL AL Teast siv units sre es-
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peated tobe ordered Belfore 20000 T he advaneed PW R
ot the KSNT serfes wlll be based on the Y onggswang
Junc 4 renctor design, Aswith the esisting Yonggawang,
project, the KSN T project will be onnaged - by
KEPCOD with mujor components munulactured by
Koren Heavy tndastries and Constraction: Compuny;
Advameed Energs Resenrey Tnstitute designing the nu
clene stenm supply system and Tuel, Korew Power B
gineering: Compuny fundog the arehiftecture und en
ghicerings and Korea Nuclear Fuel Company fubreicat:
ing the tuel,

A second stundiedized series, KSNC2 based ane pas:
sively sufe designs, is schedaled to begdn constraction
e Tote 1990, The pew iuetear anits will be needed
o meet expected electricity demand growth of § to 8
pereent per yuar.

A South Korean povermment commitiee approved a
KEPCO plan (o import about 40 netric tons ol e
riched veantum annually feam the Soviet Unjon, The
Soviets will necept constmer electronic goods us pur-
tiad puynent for the materinl, This decision may clear
the way Tor South Korea and the USSR, whicly cur:
rently do not huve Formal diplomatic relutions, ta begin
cooperation in commercinl nuclear power ventures,

Uhe South Korean Atonue Bonergy Conission {A1:C)
hus endorsed KEPCOS plan for aosecond PHIWR
the Wolsong sites Bids for Wolsong 2 were (o have
boen invited in lnte 1989, bat the invitniion was post-
poned tocarly 1990 hecause plans to privatize the state-
owned Korea Heavy Tondustries and  Construction
Company, w potentinl bidder for the project, were un-
sueevssiul,

LA projects South Korea's Fower Refer.
cnee cnse puelear capacity o inerease to 10,7
CGWe in 2010, The nuelear shnre of electricity
generation is projected to decrease rom 80,2
percent in JORY ta V74 percent by 20100 Blee
tricity generation s projected 1o grow al o
rate of 6.9 pereent per year from TO8S through
2000, These projections are based onan eco-
nonnie prowthe rate of 3.2 pereent par year,

Mexico

Mexica's troubled ceonommny and public apposition to
nuclear power foltoswog the Chernoby b accident bave
heen prisnarily responsihle for the downseard revisions
ol the cauntry's original prograom to build twenty nue
cleae wits by the yer 20000 The Comision Federad de
Flecetricidad s Tirst two nielear units at Lagunn Vende
were ortginal e seheduled to come an line i TORS and

PORS, but were deayed due to Timmeind constralits,
The 65EMWe BWR Fagunne Verde T owas ordered
frome Gleneral Electrie In 1072 wnd wis contiecied 1o
the prid i Al 19890 Work on wiit 2 iy about S0
pereent cotmpletes with fuel loading seheduled for Dee
cember 199 T gnd connection to the geed in April [0S,

For Mexico the nuclear capueity projection
for 2000 i the Lower Relerenee case Is 10
W e The naclear stare ol dlectrical pener
ation s eapected o reach 2 pereent by XHO,
Llectrieity geneeation is projected to prow w
Worte ol b pereent per o vear Trom 1984
through 20100 Phese prajections aee based on
an eeonomie prowth rute of Lo pereent an-
iy,

Pakistan

Pukistun’s sole nuelear poser plunt (Kanupp) is o
FXSMWE PHIWR that was ordered from Canudian
Cicneral Electriv. 10 is owned by the Pakistan Atomic
Foerpy Commission (PAEC) and began operation in
1971 However, because Pakistan s declined tosign
the NPT or aceept full-scope TABEA safeguards on all
it naclenr faetities, the Canadinn government sus-
pended ity teehmical assistunce and supply ol spare
purts/fuel for Kanupp in 19760 Theretore, the PATC
his expericnead some difficnlties in operting Kanapp
at tull eapueityy to the cnd of TORY the plant’s Titetime
availability fuetor was 508 pereent,

As of September 198O, Pukistan had 7,220 MW of
clectricnt genernting capucity and of this total, 2,900
MWewas hyvdroclecetrie, 195 MW ewas gas-Zoil-fired,
and 128 MWe was nuclear, By 2006, the government
estimates that the conntry will need 35,100 MWe of
copueity, of which about 4,600 MWeis expected to he
nclear.

China is selting Pakistion o 300-MW e PWR that will be
under TAEA salepunrds; the reactor will be an -
proved version of the Chinese Qiashan Tt is sehed-
wled to beghn initinl operation in December 1990, Chi:
nese compinics ee expected oostart constraction ol
the Pakistun wnit in 1900 and complete the wark by
the end ol 19960 Pakistani Tivms are manulaeturing,
about 7% peceent ol the plant's cquipment, with the
remainder ta e mported T he anit will be buitt al the
Chushia site in noethern Punjabowhere the RPAEC has
acquired extensive aereage Tor o planoed nucleanr com-
ples that was (o include o reprocessing plant and a
OOO-MAC T Do bt Ao st
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[ fuety Inearly 19900 pluns were officlully approved
Tor nequdring sty muclenr unlts with a capactty of 2,400
MWe, swith one of the renctors Hkely to be w 900-M We
PWR (rom Prance, Hoth Poakistan and France clabn
thut financing construction of the reactor at the
Chastim she Bs the only inportant obstaele although
the two countries huve yet toresolve theie dispute
over o contract for o Pukistani reprocessing plant that
a French company canceled o 1976, The Pakistan
povernment wants Belgiuon as well as French partlel-
pation in bullding the D00-MWe PWR sinee the Hel-
plans bad eartier nsslsted the Pakistant nuelear progean,
South Korew and the Soviet Undon also have expressed
aterest insupplylug nuclear power plants to Pukistan,
but no agreements on such plants have been made to
dute.

LA projects nuclear capueity in Pakistan for
Hie Lower Reference ease to remain constant
at 01 GW e througde the yene 2000, This see-
nario asstmes that the Chashima stetion will
not come on line before the end of that pro-
Jeetion period, Bleetricity pencration s pro-
Jeeted togrow at o rate of U percent annually
from 1985 through 2000, These projections
are bused onan cconomic growth rate ol <L
pereent poer yeur,

Tn 1984, Pakistun approved a 20-year plan for domestic
manulicture of nuclear senctors, possibly sturting with
a duplivite of Kanupp, since no operating 300-M\We
LWR s availuble as o relerence. Subsequently, the
country swould strive to develop o 300-MWe version
of Katupp and eventually 0 600-MWe PIHTWR or PWR,
depending on ceonomies, 'Fhe program for expanding
nuclear power generution in Pakistan by 2010 involyves
private Pukistani companices collaborating in reactor
developaent with foreign firms, so that Pakistan's fail-
ure to sign the NPT shoald not be wnissue, The PALC
projects that the country might have about 6,000 MW
ol instnlled nuclenr generating cupacity by 2000,

South Africa, Republic of

The Republic of South Africa is the anly country in
Atrica with an operable nuclenr power plant, Tts nu-
clear poswer progrinm hegan in 19605 with the operation
of an experinsental research reactor, the Safari 1, a
20-MWeunit supplicd by o LES, reactor vendor, Sev-
eral other rescarch reactors have sinee been instnbed.
Iu 1976, South Afvica ordered its fiest commereial no-
clear power plant near Capetown, The Kocherg [and
2 units, supphed by Framatome, became operational

e LOR4 und TORS, respectivelys they give South Africa
L8 GWe of nuelenr capacity,

The Blectrielty Supply Commlssion of South Africu
(ESCON) has built conl-fired plants in recent yeurs
but plans to arder another nuclear power plunt by the
mdd= 190", T hus been examining, vurlous coustal sitey
for tuture nuclear plants and has aequired one site ot
Cupe St Franeds,

Niutelewr capaclty n South Afvicw s projected
(o remubn constunt at it 198O level of 18
GWe through 2010, IA projects the nuclear
share of cleeteicity generation 1o reach 37
pereent by 2000, BElecteical generation s pro-
Jeeted to grow ab aorate of 38 percent per
year from L98S drough 20000 These projec-
tions nre based on an cconomic growth rule
ol 4t percent annuully,

Talwan

Taiwan's mast recent operable nuclear unit, Maasnshon
2oentered service In 19850 Sis units are presently in
operation with an installed nuclewr capaelty of 4.9
CiWerthey produce about 40 percent of Taiswan's total
clectrical gencration nnd have averaged o 08-percent
cupieity factor over the pust 3 years, With no available
cceonomically uecessible reserves ol fossil fuels, the
country's only pritary souree of indlgenons enerpy s
hydroelectrie power,

With time nearing for a decision on “Taiwan's long.
stadled nuclear power construction program, governs
ment und political leaders huve begun to take sidey
over the desirability of increasing nouclear capacity,
Both the Premier und BEconomic Minister of Taiwan
have come oul publicly for a resumption of pluns by
the state-owned Taiwnn Power Company (Taipower)
to build its seventh and cighth nuclear units, The Pre-
micr believes that Talwan's cconomic development re-
quires expiunsion ol nuclear generating capueity be-
catse new sourees for hydro power are limited, and
overrelinnee on fossil-ficed plants would place oo
preat a burden on the environment, The Democratic
Progressive Purety and, in particular, the newly elected
Taipei county esecutive, however, have hardened their
resistance to puclear poser,

Four of the sis nuclenr units in operation are located
in Taipet County, at Shimin Hsiang and Kuosheng,
and the prospective site for the two planned units iy
also within this county. Although the plaet was (o be
sited at Yenlino, it may now be relocated near the ex-
L | N O AALY
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units. were to have been in operation'in the early 1990's,
but an cquipment contract was canceled in 1982, Gov-
ernment officials cited a decline in electricity consump-

tion forecasts as the basis for the.r decision and said

they would revive the project in a few years. Antinu-
clear sentiment grew in Taiwan during the 1980's, {u-
eled by the Chernobyl accident and suspicions about
Taipower's safety capabilities.

Taipower plans o campaign to win greater support for

nuclear power, as it believes the two units need to be .

operating by 1998 and 1999 to avoid serious power
shortages. The utility may take several steps to win
public support, such as subsidies to local communities;
provision of free electricity in the region near plant
-sites; and upbmdmg the safety, reliability, and avail-
ability of existing nuclear plants.

EIA projects that Lower Reference case nu-

clear capacity in Taiwan will remain constant

at 4.9 (3We through 2000 and grow o 6.3

GWe by 2010, Taiwan generated 35.2 percent
of its clectricity from nuclear reactors during

1989, This percentage is expected to fall to

21.3 percent between now and the end of the

projection period in 2010. Electricity gener-

ation is projected to grow at a rate of 44~
percent per year from 1985 through 2010,

These projections are based on an economic

growth rate of 3.3 percent annually.

Yugosflavia

Yugoslavia's only nuclear unit, the 632-MWe Krsko
PWR, wuas ordered in 1973 and began operation in
1981. The more industrialized republics of Yugoslavia
have been forced to meel encrgy demands by importing
large quantities of oil and electricity. Experts have
been concerned that existing fossil-fuel generating fa-
cilities would consume all of the country’s coal reserves
in a short period of time. Revised government plans
for encrgy development apparently will emphasize do-
mestic resources, chicfly coal, oil, and gas, and will
forecast reduced energy demand. The plans do not be-
come official policy until adopted by all Yugoslav
provinces and republics. Currently, Yugoslavia plans
1o add 5,000 MWe of hydroelectric capacity by 2000,

In June 1989 the Federal Chamber, the upper house
of the Yugoslavian Parliament, revised a bill drafted
by the Federal Exccutive Council (FEC) that had
called for a moratorium on construction of nuclear fa-

cilities until 2000. The new bill specifically prohibity
for.an indefinite period the construction of nuclear
plants, the preparation of nuclear-related investment
programs, and technical documentation lor nuclear
plant construction. The FEC draft allowed site studies
and other preparatory work leading up to but not in-
cluding a final investment decision,

The current law allows but does not define “scientific
rescarch and development research.” While it permits
mining-geological exploration, geological-seismic re-
search, and nuclear waste management activities, the
law terminates federal funding of research related to
nuclear energy safety, The new law does not refer to
the operating Krsko nuclear power plant; rather its
intent is to block government-supported plans to con-
sttuct four 1000-MWe nuclear units by 2002, Although
3 years ago an electric utility consortium asked for
international tenders on these units, no final vendor
recommendations were announced because of the con-
struction program’s suspension,

EIA projects Lower Reference case nuclear
capacity in Yugoslavia to remain constant at
its present level of 0.6 GWe through 2010,
The nuclear share of electricity generation is
projected to decline to 1.6 percent by 2010
Electrical generation is projected to grow at
a rate of 3.6 percent per year from 1985
through 2010. These projections are based on
an economic growth rate of 2.2 percent per
year,

Countries With Potential or
Inactive Nuclear Power
Programs

This section explains briefly the present status of coun-
tries with potential or inactive nuclear programs,

Bangladesh

In ¢arly 1990, the president of Bangladesh ordered the
country’s Atomic Encrgy Commission to determine
the availability of loans from Islamic couniries for the
construction of a 300- to S00-MWe nuclear power plant
m Rooppur. Demand in the region is projected to reach

200 MWe by 1995, 5o that new baseload (apauty is
nwdtd in western Bangladesh,
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Egypt

Egypt and Argentina signed a nuclear cooperation
agreement in November 1988, This pact may give an
edge to Argentina’s proposed Argos design for a
380-MWe PHWR if Egypt decides Lo order a nuclear

unit. Egypt had previously been negotiating with

Kraftwerk Union of West Germany for a 1,000-MWe
PWR unit.

Indonesia

In 1986, three consortia of reactor vendors submitted
proposals to the Indonesian government for construc-
tion of a 600-MWe nuclear unit. The proposals called
for build-operate-transfer (BOT) arrangements which
have yet to be used in bringing nuclear power to less
developed nations. Indonesia has never accepted any
of these proposals: In early 1990 it made a third request
to the Japanese government for financing a feasibility
study and site determination for an.Indonesian nuclear
reactor; this request reportedly is for $9.3 million. The
feasibility study could take 4 yecars to complete. The
Japanese government is expected to decide on the
grant request by July 1990,

Iran

In 1979, the Iranian revolutionarv government can-
celed contracts for two 1,300-MWe PWRs at Bushehry
the contracts had been signed with Siemens/KWU in
1974. Since 1984, Iran has been trying to reactivate the
project with foreign assistance, In e irly 1990 the USSR
agreed to build two 440-MWe nuclear units in Iran dlld
10 assist that country in completing the Bushehr reac-
tors. The Soviet-Iranian agreement, it is reported, also
includes Iranian export of natural gas to the Soviet
Union beginning April 1, 1990,

Israel

Israel has never signed the NPT but is willing to allow
IAEA inspection of any nuclear power plants built in
that country. Isracl has also negotiated with Canada
to purchase a CANDU reactor that would be con-
structed at Shivia in the Negev desert. Israel expects
its next power plant to be nuclear; the capacity of that
reactor apparently will depend on which vendor sup-
plies the unit.

Philippines

The Philippine government has, for political reasons,
never authorized startup of its 620-MWe PNPP-1,
which was completed in 1986, despite prolonged power
shortages in the Manila arca. 'S lawsuit against West-
inghouse, the PNPP-1 vendor, has continued, and may

not be settled for some time although most of the
counts have been referred for settlement (o an interna-
tional arbitration body. The litigation charged West-
inghouse with plant deficiencies and bribery in its con-
struction,

Turkey

The Turkish government still wants to bulld a nuclear
power plant at Akkuyu but has postponed a final de-
cision in the matter. It is no longer negotiating with
Atomic Energy of Canada, Ltd., for a 600-MWe
PHWR, However, in May 1989 it was reported that
Turkey expected to sign a letter of intent with an
Argentine firm, Investigaciones Aplicadas, for a mod-
ular 25-MW Carem 15 LWR. The unit would be sited
near Ankara and used for baselor power, If the small
reactor works well, Turkey may ultimately decide to
buy the Argentine Argos PHWR,

Countries With Regulated
Market Economies (RME)

Over the past year the Eastern European countries of
Bulgaria, Czechoslovakia, East Germany, Hungary,
Poland, and Romania have experienced dramatic po-
litical changes. In each case the change is away from
central economic planning and toward a market driven
economy. This is a critical change from recent practices
and will influence the direction and pace of nuclear

power in all non “western’ countries. The changes or

shifts in the decision-making criteria include incressed
considerations for:

Safety and risk

o Environmental impacts

Public preferences

Availability and cost of capital

“The changing political climate in Europe

Economic costs/benefits

Balanced power supplies.

In RME countries, cach at a different stage on the path
toward a free market economy, the role and status of
nuclear power is being systematically reevaluated. The
outcome of the reevaluation will influence the opera-
tion of existing power plants (nuclear and conven-
tional), and the completion of planned power plants.

Allthe regulated market economy (RME)and centrally
planned economy (CPE) countries with operating nu-
clear plants or with nuclear plants under construction
have critical shortages of electric power, and coal gen-
erates most of their power. In many cases coal s
burned in inefficient, highly polluting plants with little
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or no pollution control equipment. Other sources of
electric power include hydropower, natural gas, and
imported clectricity,

In many of these countries, however, nuclear power
is likely to represent a smauller fraction of the clectrical
power capacily than previously planned, and in some
of them nuclear power may be completely eliminated,
This is due (o several factors: (1) the lack of capital;
(2) the know-how to construct and operate nuclear
power plants and (3) the 1986 Chernobyl accident.

This section summarizes nuclear power programs in
countrics with RMEs, Only those countries with nu-
clear capacity that is operable or scheduled to be con-
structed are consitdered. Tubles HT and H2 list the op-
erable nuclear generating units and those under con-
struction for RMEsand CPEs (sce next section), Every
effort has been made to assure that the best available
information is incorporated into this section; however,
the reader is cautioned that data sources for these couti
trics are not as religble or as prevalent as those used
for the market countries covered in the beginning of
this chapter. . ! ‘

This chapter is compiled from various sources that
rresent their data differently and may contradict infor-
mation in other publications. ™ Four RMEs and onc
CPESs had operable nuclear capacity in 1989 and pro-
duced a total of 274.2 net terawatthours (TWhy) from
66 units, This was 13.8 percent of their total electricity
generation, ™

Bulgaria

Bulgaria currently has five nuclear generating units in
operation totaling 2.6 GWe and another 4.8 GWe of
nuclear capacity in its construction pipeline. The four
" 408-MWe and one 953-MWe Kozloduy VVIER PWRs
produced 35.0 percent of the country’s clectricity in
1989, "The units operating or under construction were
supplicd by Atorencrgoexport of the Soviet Union,
Kozloduy 6, another 953-MWe PWR, is scheduled for
connection to the grid in 1990,

In 1988, Crzechoslovakia’s Skoda Works was awarded
the contract for the first 953-MWe nuclear unit to be
constructed at the Belene site. Constructinn has heen
delayed, with the startup for Belene T schedualed for
1992, and the other three units seheduled to be opera-
ttonal at Y0-month intervals therealter However, na
nuclear components have yet been delivered for the
Belene | ounit, and little construction work has been
done on Belene 20 After demonstrations against the
nuclear ptant in carly 1990, the Bulgarian government

suspended construction work and appointed a parlin-
mentary committee (o study the need for power and
the safety of the Belene plant, The parlismentary com-
mittee will study: (1) whether increased efficiency can
sufficiently reduce energy consumptiony and (2) the
probabile seismic risk in the Belene aren which suffered
astrong earthquake in 1974, After that carthquake, the
Soviet Union improved the seismic resistance ol its
later VVERSs, The committee expects to discuss the
seismic issue with nuclear experts in western countries,
To date, these foreign experts have judged that the
Bulgarian design containment at the Belene plant pro-
vides more than adeqguate sufety, Bulgarin believes that
the Soviet VVER-1000 reactors have a large margin
of safety.

Czechoslovakia

Crechoslovakia® operates the four-unit Bohunice and

Dukovany nuclear plants with an installed capacity of

3.3 GWe. These eight VVER-440 PWRs produced 30
pereent of the country’s clectricity in 1989, Among
countries that formerly had centrally planned econo-
mics but are now evolving into new. political and eco-
nomic structures, Czechoslovakia is second only to the
Soviet Union in both operable nuclear capacity and
nuclear capacity under construction. The current
Crechoslovak energy plan calls for tnstalled nuclear
capacily (o increase (o 10,300 MWe by 2000, a total
which would exceed coal-fired capacity for the first
time and would generate 61.8 million kWh, or, 59.7
pereent of expected clectricity generation in that year,

The  Crechoslovak  Atomic Fnergy  Commission

planned to decide in carly 1990 on the basic safety of

the Bohuaice Tand 2 units that are similar o the East
Gierman VVER-440 units in the Greifswald region,
Two of the latter reactors were shut down in carly
1990 after a safety review, However, work on the
Bohunice units began 4 years after construction started
on the BEast Gerniin Nord 1 and 2 PWRs, so that (he
Crechoslovak reactors incorporated improved compo-
nent design and manufacture, including higher quality
Crechoslovak materials and better quality assurauce
than in other Soviet-design VVERs,

Siemens/KWU diagnostic systems (o improve safely
lave been installed at the Dukovany PWRs and will
he placed at the Bohunice plant by 1991, The West
Gierman company has oftered to improve reactor safety
in Czechoslovakia, and a West German official planned
to visit the country in April 1990 (o discuss further
technotogy transfers,

FPeimary sonrees of mformation i countoes with Regulated Market Feononues include various msatees of Nuelear Fngincering International
Soctery (Surey, United Kingdom: Busivess Press, Ly Nuelear News (L Grange, hinois American Nuclear Society ), Nueleonies Week, and

Nuclear fuel (New York MeGiraw - Hilh

“Internanonal Atomic Bnergy Apency, Nuclear Power Reactors in the World, April 1990 Fdition (Vieana, Austria, April 1900),
Ut Aprl 1990, the country's namse was officidly changed o the Ceecland Slovak Federal Republic,
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Crechoslovakian and other Fastern European officials
agree that the Soviet-design instrumentation and con-
trol (1&C) systems in all VVERs prosent a salety probe
lem. Modernelectronies as well as safety improvements
to their pressure vessels are needed in these reactor
systems to ensure proper operation.

The 380-MWe Mochovee | unit had been scheduled
to begin operation in the Fall of 1989, but its startup
was first delayed to September 1991 and then delayed
again to 1992, The unit's [&C system nay undergo a
complete examination and potential reconstruction,
Czechoslovak officials insist that the deluy was unre-

lated to recent 1&C problems at the East German Nord

units. The Czechoslovakian 1&C system was designed
jointly with the Soviets, and is unique to the second-
generation VVERS under construction at Mochovee,

The Czechoslovak energy minister suspended  con-
struction work on the Temelin 3 and 4 units in January
1990, However, work is to continue on the 'Femelin |
and 2 units that are scheduled for completion in 1992
and 1994, respeetively, Austrian experts will be in-

volved in studies designed to bring the safety of

Temelin 1 and 2 up to Western standards, Lnviron-
mentalists in Czechoslovakia have eriticized the coun-
try's nuclear program in general and the four proposed
VVER-1000 reactors at the Temelin plantin particular,

A Czechoslovak official in the fuel and energy ministry
believes that the Temelin 3 and 4 units will cither be
canceled or redesigned o incorporate western tech-
‘nology. The Czechoslovaks have discussed the possible
participation of Western reactor vendors in completing
these Temelin units. Because of other priorities and
1990 ¢lections, the new government may not decide
on the future of the Temelin plant for some lime,

Crechoslovakian firms have been actively involved in
the effort of the Council Tor Mutual Fconomic Assis-
tance (CMEA) countries to share in the manufacture
of hardware in Soviet-designed nuclear reactors.®
They supplicd 80 percent of the hardware for the
Temelin units as well as some heavy nuclear compo-
nents for reactors e the USSR and other nations in
Eastern Europe.

Electricite de France contracted with Czechoslovakia
in 1989 1o supply software for its nuclear units, The
French Commissariat o UEnergie Atomigue (CHA)
pluns to strengthen its cooperation with Czechoslova-
kia in four general arcas: (1) salety, including compo-
nent aging and updating procedures for reactor oper-
ation; (2) design of new, improved reactors; (3) the fuel

cycle, especially spent fuel storage and disoantling of

nuclear facilities; and (4) training programs for Crzech-
oslovakian students at Freneh nuclear engineering

schools and rescarch laboratories, The CEA programs
with Czechoslovakin are to be defined during 1990,

Germany, East

Fust Germany currently has six operable nuclear gen-
erating units totaling 2.1 GWe (Nord  1-8 and
Rhcinsberg) and has nine other units with 6,6 GWe of
nuclear capacity in its construction pipeline. Nord 6
through 8 are Soviet VVER-440s, while the six Stendal
wnitsare VVER-1000s. All these reactors were initinlly
scheduled to become operational in the carly 19901,
but their construction has been delayed for a variety
of reasons, The East Germans' highest nuclear priority
will be to coniplete the remaining Nord units, In 1989
nuclear energy supplicd about 11 percent of Bast Ger-
many's clectricity. ‘

Electricity demand in the GDR is estimated to increase
by 2 pereent per year, and possibly more as a result of
closer political and cconomic ties (o West Germany.
East Germany will need about 8,000 MWe of new and
replacement generating capacily in service by 2000, at
least half of which is likely to be nuclear.

The German Democratic Republic (GDR) held elee-
tions in March 1990 to establish a carctaker government
that could govern the country prior to its ultimate re-
unification with West Germany. There is an uncertain
Muture for VEB Kombinat Kraftwerksanlagenbau mbH

(KAB) that built the Nord 1-4 units. A reunified Ger-

many will privatize the KAB and other statesowned
entitics in the GDR. The KAB is awaiting a Sovict
decision to supply heavy components for the Stendal
I and 2 units by the Spring of 1992 although a West
Gierman nuclear official believes that Sicmens AG/
KWU will step into the picture if the USSR fails to
act expeditiously. Also, the new German government
may decide that the Stendal reactors should meet west-
ern safety standards, '

A January 1990 ggreement between West and East
Cierman officials provided for expert panels to cooper-
ate in four arcas: (1) harmonizing the nuclear fuel eyele
of the two countries; (2) unifying German nuclear law

con the basis of the West German Atomic Act: (3) nu-

clear materials transport; and (4) waste management.
The first panel is responsible for unifying non-
commercial fuel eyele policy and regulation although
the ultimate role of industry in waste management pro-
prams is expected to be discussed in the near future,
West German officials are anxious to have one set of
wiste conditioning practices throughout a unificed Ger-
man state. They also want to learn the details of Soviet
araniin supply agrecments with Bast Germany, in-
cluding the teansfer of spent fuel 1o the USSR,

e following coumtres are members of the CMEA or COMEBCON: Halgari, Culb, Crechostovakia, Fast Germany, Hungary, Poland,

Romante and USSR
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LEust Germany and the USSR currently have a fuel
cyvele ngreement that commits the Soviet Undon to sup-
ply fresh fuel for the litetime of the Nord and Stendal
reactors and to accept all their spent Tuel for Soviet
reprocessing, This agreement applics uppareitly (o the
ten Soviet-design PWRs in operation and under con-
straction ut the Nored and Stendad sites, However, sinee
the GIDR wantsits future units to be of Western design,
it hopes that the Soviets would ugree to furnish fresh
fuel for Western reactors and take back their spent
fuel, so that East Germany does not have to mvest in
aspent fuel waste management plan for a small number
of Western reactors.

Incarly 1990, & West German reactor salety agency
reparted embrittlement to the pressure vessel on the
Nord tand 2 nuclear units in East Germany, which
are carly Soviel-design VVER-440s, The safety agencey
advised shutting down both reactors uatil technical
questions on their salety are resolved. The GDR reg-
ulators subsequently closed the Nord 2 reactor and
planned also to shut down Nord 3. Although the USSR
anncaled the pressure vessel on the Nord L anit in 1988
to correctan carlicr embrittiement problem, West Ger
man safety experts may ultimately recommend also
closing that reactor, IALEA nuclear safety officials also
examined the Nord nuclear plant and found that its
deliciencies were targely attributed to o few repetitive
causes, particularly failures in the 1&C equipment and
poor refiability wnd maintenance of the safety systems.
The ageney plans to reeruit an expert team to advise
plant personnel on correcting these problems.

Intra-Gierman nuclear salety cooperation has been im-
peded to date because West Giermany and the USSR
havean agreement to share wwide range of information
onnuclear safety, while the limited GDR-USSR agree-
ment does not include reactor salety, Some West Gier-
mans believe that the Soviets restricted their distribu-
tion of daty relating to nuclear salety (o COMECON
nations so that the design deficiencies in VVER reactor
systems or components would not be revealed. Beeause
ol the evolving political climate in East Germany, the
USSR may agree to include GDR officials in West
Cierman-Soviet exchanges of nuclear safety informa-
tion that could pertain to the GDR'S puclear program.

GDR officials state that the latest problems at the Nord
plant will delay by up to 6 months the commercial
operation of the Nord 5 unit for expensive backflitting
to the T&C systems, The officials believe that design
and construction of Sovict RMBEK or VVER reactors
reflect a lower level of nuclear technology compared
to Western nuclear technology. They claim that the
USSR's nuclear establishment has Largely caused Hast
Gierman nuclear power problems because of insuffi-
civnt Soviet attention to tnproving safety standards,
instituting design changes, and assuring quality control
onits reactor components and materials.

The Bast Crerman State OFfice for Radiation Protection
& Nuclear Safety (SAAS) has issued new safety re-

quirements for the first four Nord nuclear reactors,
These units probubly will undergo some backlitting
along with improved management o inerease safety
over the reactors” plunned 28-year lifetimes, There also
will be o thorough examination of reactor materials in
these units as well as probubilistic risk asscessment of
the PWRs 1o determine what other safety improve-
ments should be made,

The first two VVER-T000 units at Stendal are not ex-
pected to go on line until after 1995 although their
officinl startup had been seheduled for 1992, West Gier-
man sufety experts are to eximine these 1wo reactors
and recommend any needed safety fmprovements,
some of which might be provided by western supplicrs.

The pdot 02-MWe Rheinsberg PWR will be decom-
missioned in 1992, 1 has been used Lo train operators
from virious countries and (o test fuel assemblics,

A energy commission was 1o be set up in carly 1990
thit would include experts from govermnent ministries
inboth Eastand West Germany. The comuiission prob-
ably will meet several times cach year, and one of its
tasks reportedly will be possible expansion of nuclear
power generation in the GDR, Senior East Germun
officials hope to replace the country’s old lignite-fired
plants with more nuclear power plants which they
consider their chief option as the GDR'S lignite re-
sources will be exhausted within 30 years, They would
like to begin decommissioning some fignite-fired power
plants in 1990 and reduce the country’s annual con-
sumption ol lignite by up (o 100 metric tons,

Three West German atilities and the reactor vendor
Sicmens/KWU may be involved in plans to construct
future nuclear reactors at Stendal and Leipzig, The
Fast Germans currently want their nuctear reactors to
reflect modern Western technology and safety stan-
dards, I sach projects are undertaken, the cash-rich
West German atilitics probably would lurgely finance
reactor construction, with possible development loans
from the federal government. The utilities might su-
pervise reactor construction and assist GIDR officials
in obtaining nuclear steam supply systems from a re-
actor vendor such as Sicinens,

The West German government has approved a plan o
complete a I80-kilovolt transmission line between the
two Germanies. The first leg ol this line is ready to
transmit 500 kWh from Preussenclekira AG to the
GDRin 1990 and 1991, By 1992 when the lwo German
grids are fully linked, Fast Germany will be able 1o
abtain as much as 1 billion kWh per year from the
West Gierman grid.

Hungary
Hungary operates four Soviet VVER-440 reactors at

the Paks nuelear plae on the Danabe River, The plant
has i net capacity of 1.6 GWe and in 1989 supplied
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about 13 percent of the country's electricity. Although
four other VVER-440s were originally planned for the
site, the Paks 7 and 8 units were eliminated because of
cooling water limitations, In November 1989, the Hun-
garian government canceled the plans to build the Paks

S and 6 units with Soviet-design reactors; those units

were initinlly - scheduled to be operational in the
mid-1990's, The government ordered an end to all pre-
paratory work on those units as it suspended its 1986
agreement with the Soviet Union for their design and
constraction, Hungary cluimed to have canceled these
plants becuuse of lower than expucted growth i en-
ergy demand rather than concern over the Soviel-
design reactors; however, neither the USSR nor Hun-
gary could currently finance construction of these
units, '

Hungiry's peak clectrical demand currently s 6,521
MWe,with the country’s power plants providing 5,350
MWe and the USSR supplying 1,850 MWe, Much of
the imported electricity may be unavailable in the fu-
ture because of Soviet power shortages, although 1,100
MWeis under firm congracts.

The Hungarian Electricity Board (MVYMT) hopes 1o
obtain foreign capital for construction of & major new
power station before 2000, Several foreign utilities
have indicated to the MYMT that they would be in-
terested in building cither nuclear or lignite power
plants, with about half of the electrical output exported
to Haly and other Western Furopean nations, A jointly
owned utility might be established with Hungary hold-
ing 30 (o 35 percent of the shares, Tt would pay about
one-third of plant construction costs and 8O (o 90 per-
cent of operating costs, while its foreign partner would
finance its contribution through western capital mar-
kets, The project would rely on the BOT principle
(build, operate, transfer), and 1s estimated to cost 52 to
$3 billion. To date, feasibility studies are underway
only with the French utility BEdE and the Canadian
utility Ontario Hydro.

Both the French and Canadian offers include fuel sup-
ply for the nuclear plantand return to the foreign coun-
try of the spent fuel, but the latter presents a problem
because of the need for transportation through third
countrics. [talso is uncertain whether Hungarian ura-
niunemight provide a portion of the fuel supply through
continued operation of the Meesek mine, a heavily
state-subsidized operation, that is now scheduled to
shut down i December 1990,

Ontario Hydro and MVYMT have been studying the
feasibility of Canadian aid in the constraoction of one
or more CANDU nuclear reactors in Hungary, A
prefeasibility study was completed in December 1989,
and the feasibility study was Lo be completed by July
1000, Discussions held incarly 1900 included MVYM'T,
Ontario Hydro, the Talian wtility Ente Nazionale per
I'nergia Blettrica and the Canadian reactor vendor
Atomic Energy of Canada, Ltd, (AECL). The partic-
ipants considered alternate proposals for one or two

O680-MW CANDU units or four 450-MWe CANDU'S
that could transmit ¢lectricity from Hungury to West-
ern Barope, possibly throagh Austein, Such powercan
only be exported alter Hungary's pencerating plants are
connected o the West European grid.

B signed anagreement in carly 1990 to collaboruate
with the MY M T on building two 900-MWe PWRS at
the Paks nuctear plant that would replace the canceled
Soviet VVERS initiatly planned as the Paks § and 6
units. Edl would provide 70 pereent of the construg-
tion financing, a possible investment of $2 billion, that
waould be paid off over 20 years, beginning in 1997 or
1998, with sales of electricity to the Western Furopean
grid over new transmission lines to be constructed in
Austria. The French would supply the uranium for the
plunt, take buck the spent fuel, and supply operating
assistance (0 MVMT for up to S yvears, Beelitel, an
Amcrican company, contracted with the Transelektro
Foreign Trading Company to supply the Hungurian
Eleetricity Board and the Paks Nuclear Power Station
with tools and processes for such present and future
activities as scheduling and project management of nu-
clear power operations and radioactive waste disposal,

Poland

Like most of BEastern Lurope, Poland relies on coal for
much ofits clectric power generation, and demand for
power far exceeds supply. Because of this situation,
the country cmbarked on anaggressive nuclear course
in the curly 1980's. The plan was to complete four
950-MWe nuclear power plants by the mid-1990's and
an additional 2,000 to 4,000 MW by the end of the
century.

Construction on the fiest of two Soviet VVER-440
PWRs (Zarnowice 1 and 2) is about 40 pereent com-
plete. About 70 pereent of the reactor compaonents for
the first unit have been manufactured and delivered to
the site. Construction on the Zarnowice 3 and 4 units
never hegan and has been officially deferred. On De-
cember 27, 1989 the Polish Council of Ministers or-
dered a year-long halt to construction at the Zarnowice
nuclear site near Gdansk, The government cited a “dif-
ficult cconomic situation' as the reason for the inter-
ruption; presently no funding will be allocated for the
Zarnowice project until 1991, In the meantime, a new
cnergy policy is to be formulated and public opinion
about nuclear power surveyed.

During 1990, ¢xperts from two Belgian companies, the
West Gierman reactor vendor Siemens/KWU, and the
TAEA planned 1o review the past construction on the
Zurnowice nuclear plant and decide whether and how
construction of Zarnowiee 1 oand 2 should be com-
pleted. The TAEA studies were (o emphasize two
safety-related aspects of the project - absence ol a con-
tainment and the perecived seismic risk ol the site, IF
itis decided that the two nuclear anits showld be com-
pleted, the Polish nuclear establishment wants the re-
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actors upgraded with western technology to the extent
possible while stll retaining the basic Soviet desiga.

Romania

Romunia has no nuclear power plamts in operation but
is building the Cernavoda plant of five 625-MWe
PHWRSs that were ordered from Canada's AECL, De-
spite the presence of AECL personnel at the site, con-
struction of this nuclear plunt has proceeded slowly.,

However, the caretaker Romanian government signed.

contructs in carly 1990 to obtain the AECL's aid in
reorganizing construction at the plant, The Canadian
waork foree will be quadrupled, and Romania now
plans 1o have Cernavoda T and 2 producing eleetricity
by 1994, ALCL officials claim that the first unit is less
than 50 percent complete, but possibly could be fin-
ished in 2 years with improved work conditions and
better management ut the plant site along with @ re-
newal of Canadian credit to expedite early delivery of
additional components for the unit

The former government had planned to build thirteen
units with 12,000 MWe of nuclear generating capacity,
“wnd officials of the carctaker government later made
some policies on nuclear energy. After the May elee-
tions, a new, extensive nuclear energy progrant can be
estublished although environmental groups could de-
lay its implementation or cause major changes thevein,
If the newly clected leaders view nuclear power as a
continuing priority, and with Canada’s further support,
the remaining Cernavoda units might be completed by
1996. Morcover, another six-unit plunt could be con-
structed by the end of the 1990's, possibly in western
Romania, and a third site in the castern region might
be exploited by avound 2014,

During Navember 1989, the former Romanian gov-
ernment put into cffect an cnergy conservation law
that sharply reduced the availability of ¢lectricity for
businesses and private homes. Therefore, the successor
governments have had to Tace a large increase in the
demand for power and expect to pursue the country’s
nuclear power program. They probably will continue
nuclear cooperation with their past pactners Cunada
and the USSR, but possibly also engase in new ven-
tures with Western nations such as France or Spain,
However, Romania docs not plan to import turnkey
Soviet nuclear plants, and has canceled the Moldavia
VVER-1000 plant that was to be built with Soviet
assistance.

The carctaker government has claimed that only nu-
clear power can solve the country's huge energy prob-
lems. A Romanian official has noted that the public is
opposed on envitonmental grounds to fossil-fired plants
but not to those using nuclear fuels. He stated that the
country's energy sector must be completely reorgan-
ized to produce greater efficiency. The energy minis-
try, which is being reorganized, has signed an agree-
ment with BdE o modernize it coal-fired power

plants, Romuania’s encergy consumption s likely to rise
by up to SO percent in futare years, but no aew plant
could go nto serevice for § years, Power imports from
Bulgurin, West Germany, Franee or the USSR cither
are searce or require improved or new transmission
lines. Romania's current total generating capacity s
17,000 MWe,

The former Atomic Encergy Commission has been dis-
solved, und a new Energy Minister is responsible for
the country’s nuclear energy program, A newly estib-
lished National Conumnission for Nuclear Activities,
Control aspires to promote internationul cooperation
in sufeguards, physical protection sufety, quality assur-

canee, and rudiofogical protection, Under the new conm-

mission, the regutation, licensing and enforcement of
nuclear controls will be separated from the promotion
of nuclear energy development under the Ministry of
Electrical Encrgy and other research activities of the
Institute of Atomic Energy.

Countries With Centrally
Planned Economies (CPE)

The People’s Republic of China

The Peoples Republic of China's nuclear policy has
been largely unaffected by the events in Bastern BEu-
rope; however, the events at Tiananmen Square in
1989 and o worse than cxpected balance of payment
problem have slowed international cooperation. Al-
though it is more difficult now to assess the future of
China’s nuclear program, the country’s need for elec-
tricity continues to drive its aggressive program for
nuclear power development,

In the carly 1980, China planned five 2,000-MWe nu-
clear power plunts along its populous castern coast
but, because of a shortage of funds and insufficient
fabrication capacity, st:elved its plans for all but the
three units now being built. China now appears coms-
mitted to the development of four 600- to 1,000- MW
nuclear units by 2000, These projects include the
Qinshan 1, the two French-designed PWRS at Daya
Bay, another project propaosed tor Jiangsu provinee in
the cast, and a plant in northeastern Linoning provinee,

The country's first nuclear unit, Qinshan 1, is more
than 80 percent complete; it is mostly of domestic de-
sigh and is being constructed by Chinese firms.
Siemens/KWU of the Federal Republic of Giermany
is providing construction management services, Only
a few key components are foreign, among them the
reactor vessel from Japan and the main pumps from
West Germany. Qinshit 1 should generate its first elee-
tricity by late 1990,
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China's second nuclear power project is located at the
Guangdong site near Daya Bay, The project conslsts
of two 900-MWe units that were scheduled to operate
in 1992 and 1993, Work wus halted, however, in late
1987 und resumed dn curly 1988 after correction of de-
slgn deficiencies, The units, supplicd by Framatome,
are a jolnt venture by the Gluangdong Nuclear [nvest-
ment Company (75 percent) and the Hong Kong Nu-
clear Investment Company (28 pereent). Ching Power
and Light (the utility serving Hong Kong) will take 70
percent of the power gencrated by the units,

The Beljing lInstitute of Nuclear Engincering wus
awarded the design contract for the second phuse of
the Qinshan 2 and 3 600-MWe PWR's that are expected
to be completed later this year, The  Sietens/
Framatome joint venture, Nuclear Power lonterna-
tional, has recently reconfirmed its offer to help build
the 600-MWe units, but the issue of price remains un-
certain,

In 1988 China announced plans to construct nuclear
units on Hainan Island, located at the extreme southern
end of the mainland, and in Fujian Province, Hainan
hus been declared a “special economic zone,™ similar
to what Hong Kong will become when it reverts to
Chinese control in 1997, The development program
for Hainan calls for electricat generating capacity, now
al about 200 MWe, to increase tenfold, Power plants
of several types would be built to satisly the expected
growth; however, only one is currently slated (o be
nuclear,

The Fujian project is at an earlier stage of considera-
tion, It is located on the southeastern coast between
Shanghai and Hang Kong, an arca deemed likely to
experience considerable cconomic growth in the near
future, Other potential sites for additional plants are
near the Daya Bay nuclear plant and in the Taishan
District.

In November 1989, Ching agreed to supply a 300-MWe
PWR to Pakistan, A formal agreement (o begin con-
struction on the Chashma unit in the Mianwali District
of northern Punjab is expected shortly, according to
the Chairman of the Pakistan Atomic Energy Commis-
sion, The Pakistan reactor will be an improved version
of the Qinshan unit, and its construction would involve
bilateral cooperation with China supplying most of the
technology and expertise as well as fuel and spare
parts, In addition, Ching would supply Pakistan with
its own indigenous enriched uranium supplies. The
plant would be operated under TAEA safeguards and
is scheduled to be completed by 1996,

Cuba

The Cuban Government is now building its first nu-

clear power plant, the two-unit Juragua, located at

Cienfuegos. In 1986, Cuban leader Fidel Castro dis-
closed his nation’s intention to construct a third wmnt

I castern Cuba onee the Juragua plant Is completed,
However, the twin 408-MWe PWR station, supplicd
by the Soviet Union, hus been delayed due to the ad-
ditfon of new safety features, Unit |is now scheduled
for connection to the grid in 1992, Cuby also Is estab-
lishing a duclear regulatory infrustructure,

North Korea

In 1985, the Peoples’ Democratic Republic of Koren
signed the Nuclear Non-Proliferation Treaty (NP'T) as

-4 prerequisite to reeeiving o planned four-unit nuclenr

power plant from the Soviet Union, Although the So-
viet Union announced that it would help North Korey
to construct the four PWRs between 1986 and 1990,
no construction has ever begun, Ina report submitted
to the National Assembly for review by the govern-
ment's National Unification Board, North Korea had
yel to select o site for the four Soviet VVERS which
would have a combined capucity of 1,760 MWe, The
delay in the nuclear project could be attributed to the
country’s deteriorating financial situation,

Soviet Union

The USSR connected two 950-MWe PWRS (o the grid
in 1989 - South Ukraine 3 and Zaporozhe S, It currently
has 43 operable nuclear generating units with 34,2
MW of capucity; another 53 units with 55.5 GWe are
in the construction pipeline, The development of nu-
clear power is considered very important in the Soviet
energy picture since it is difficult and expensive to
bring cnergy from the country's fur northern and cust-
ern regions to the many consumers in the European
Soviet region. Also, the power industry reportedly ac-
counts for about onc-quarter of Soviet industrial pol-
lution. However, some citizens and public officials
have opposed nuclear power projects in certain arcas
of the USSR because of safety considerations,

The USSR plans to replace the steam generators on
all of ity VVER-1000s that have operated for more
than 40,000 hours; it will backfit the nuclear units with
shorter periods of operation. Investigations have de-
termined that the steam generators suffer from both
poor design and defective manufucturing, The gener-
ators have already been replaced on three reactors,
while those on cleven other nuclear units will be re-
placed in coming years. Generators on the VVER-440s
are arranged differently than on the VVER-1000s and
do not need to be replaced.

The Soviets have developed a program to anneal pres-
sure vessels on the VVERs that have been built in the
USSR and supplicd to Comecon countries in castern
Hurape, Western safety experts have been skeptical of
the program’s credibility since the Soviets had pro-
vided little information about it; however, the USSR
was cxpected to provide consideruble data about the
program at a 1990 international mecting on resctor
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pressure components, Investigations have revealed that
the Soviet annealing procedure may not have solved
the crnbrittlement problén i the pressure vessels, und
possibly needs to be improved.

The USSR permanently closed down its Beloyarsk 2
unit in October 1980, 10 will shut down  the
Novovoronezh 2 unit In 1990 and decommission the
renctor in 1991 These two old units were judged not
worth backfitting to modern safety stundards, During
the nest 10 to 20 years the Saviet Union plans to de-
commission nuclear units that cannot be modified to
muet the aeeepted eriterin of sufe reacter operations |t
will replace them with newer und sufee reactors, Other
nuclear power plants will be maodified to meet the
salety eriteriie Ty February 1990 the Soviet Union an-
nounced a defay in the commissioning of the Rostov
950 MWe PWR near Volgodonsk so that an environ-
mentul study could be undertaken,

The Avmenian republic has suffered energy shortages
since the clostre o its two VVERs in carly 1989, und
new nuclear units are being considered, presumably
sites more distant from carthquake-prone arcas, Also
in 1989, the USSR halted construction of the Atkash
nuclear plant with four 950-MWe nnits. There had
been concerns about possible seismic risk in the region,
and the Atkash site is to be converted to other uses,
Cieological investigations were suspended for the nue
clear power plantat the Muyezerkasite in the Karelian
arca nearthe Finnish border, and no further work s
to be done there until after enactment of a new Soviet
fawe on nuclear regulation.

Io carly 1990 the prototype BN 350 FBR was being,
repaired but has recently been used only for water
desalination rather than to gencrate clectricity. ‘There
are no current plans to shut doswn this unit although it
is uncertadn how much tonger it witl be operated after
repairs are completed,

The USSR repuorted to the IAEA in T98Y ou the details
of 1957 accident at the Kyshtym military nuclear
facility in the southern Urals that prodaced plutoniom.
Failure of a cooling system in o ik containing high-
level waste resulted ina chemical explosion und a re-

lease of radioactivity that was roughly 4 percent of

that released in the 1986 Chernobyl aceident. The ex-
periences aequiced by the Sovier Uaton from its 1957
and 19RO nuelear uecidents ave been compiled into o
guide for use by the crvilian and military nuelear in-
dustries in the USSR The guide provides planning and
iplementaiion measures designed to reduce the radi-
ological and radio-ccological consequenves of radio-
activity releases to the covironment resulting, from une
expeeted accidents, The investigations careied out in
the southern Urals aided the Soviets inpredicting the
fong-term effects of the Chernobyl accident, and in
developing methods to reduee Tand and water contan-
mation in the Ukraine and Bycelorassia,

A feasibility report in expected (o be completed in
1990 on micthods to lmprove the long-term effective-
ness of the sarcophugus enclosing the Chernobyl 4 pe-
actor that was destroyed in the 1986 secident, After
detadled planning is done, the work might start by
1992, The containment structure probably will be of-
fective for at least 30 years although internat compo-
nents may need additional reinforcement, A processing
plant Is planned (o condition and puckage the large
amounts of contuminated muterind that have aecumu-
lated within the 18.5-mile zone around the Chernobyl
plunt,

In March 1990 the Ukrainian government announced
that the Chernoby! nuclear power plant will be phased
out dursia the nest S years and then closed. Also, it
does 1o want any more nuclear plants within its bog-
ders, The central Soviet government has exerted final
control over such decisions in the past but, as power
is shifted gradually to the republics, it may allow the
Ukrainian decision to prevail, While some Ukrainians
believe that the three remaining Chernobyl reactors
are dungerous, authorities tn Moscow and the Ukraine
insist that the nuclear units ure needed to avoid energy
shortages in the region as well as to provide power for
Eastern Burope, The Ukrainian republic currently has
twelve other operating reactors plus cight nuclear units

tnder construction, In August 1989 the President of

the Ukrainian Academy of Sciences catled for a halt
to all current construction of nuclear power plants in
the republic until new, saler reactors can be desighed
and built. He also suggested the development of alter-
native energy sourcees,

Although Byclorussia reccived most of the nuclear

fatlout from the Chernohyl 4 accident in 1986, few of

its residents have been permanently relocated, Tt is os-
timated that 4 million people are living on contuminated
lnd; however, no more than 200,000 people are now
scheduled tor ultimate resettlement by 19958 in clean
arcas, There also will be some resettlement of peaple
living in certain portions of the UKrainian and Russinn
republics. Opinions differ on the level of radioactive

contamination in the food and water supplies of

Byclorussia, the Ukraine and the Russian republic, and
whiether the govertment officials are properly moni-
toring such contamination. The TAEA announced in
May 19900 its plan to seud 100 specialists to the USSR
for a study of the tong-term consequences of the
Chernobyl accidentas well s anevaluation of planned
Soviet responses to any future nuclear emergencies,

The Soviet Unionis considering two possibile ap-
proaches for its VVER-Q2 project to design an cco-
nomic PWR that incorporates passively safe features.
Oue approach would be o L000-MWe reactor based
on the VVER-88 design, while the other approach
would involve o S0O-MWe reactor that would have a
lower capital cost and fit better into the Soviet grid.
The Orst VVER-O2e might be commissioned in the late
1990«
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The Soviet Unlon has reorgunized 1ts nuclear burcnug-
racy. ‘The nuclear committee has been merged with
the committee supervising general industrial safety to
become a regulutory body than Is more coneerned
with nuclear plant licensing than with superviston of
operating nuclear units, Under consideration is o four-
stuge proceess, ranging from licenses for nuclear plant
construction sites to those for actual construction and
operation up through ficenses for decommissioning,

I 1989 and carly 1990 the USSR signed nuclear co-
operation ugreements or contracts with visrious forelgn
compunies und governments, An agreement with the
U.S. Depurtiment of Encrgy involves the assistance ol
the ULS Institute of Nuclear Power Operations in run-
ning ¢ new program to improve the operation and min-

agement of Soviet commercial nuclear power reactors; -

the program will inidally focus on the first-generation
Soviet PWRs at the Novovoronezh plant. An ugree-
ment between the USSR and BdF, the French utility,
includes possible cooperation in such fields as opera-
tional safety; design, construction and decommission-
ing of nucleur facilities; and established or improved
procedures to recover from nuclear power plant deci-
dents, A agreement between the Canadian and Soviet
governments relates to cooperation on fucilities for
fuel fabrication, uranium isotope seporation, and pro-
duction of heavy water us well as certuin technology
transfers pertaining to nuclear power generation in
both countries. Au agreement between the Soviet
Union and Nuclear Power International, a partnership
ol West German and French reactor vendors, provides
for cooperation in the development of future PWRs in
the USSR, possibly including assistance in the design
and development of the VVER-92,

T'he Soviet Union has signed contracts with Sjemens/
KWU of West Germany for certain services and prod-
ucts, including the following: (1) scismic analyses of
VVER-1000s under construction in the USSR; (2) de-
livery of control systems during 1990-1991 (o bring
aperating Soviet PWRs up to western standards; and
(3) supplying reactor monitoring systems for Soviet
PWRS,

The USSR also has discussed possible procurement or
sade of nuclear reactors with other foreign nations,
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which Include the following:

Lo An agreement to build two 440-MWe nuclear
units In Lean and ussist in completing that ¢oun-
try's (wo L196-MWe¢ Bushehr units, Tran es-
peeted (o begin exporting nutural gas to the
USSR 1 April 1990 in purtinl exchange for the
Soviet uld.

2. Negotiutions with Indin about supplying Soviet
VVIER-88s for the Kudankulam nuclear project
in which these PWRs would be talfored to Indian
grid requiremients and antleipated operating pro-
cedures,

o Discussions  with China on the sale of a
2,000-MWe nuclear plant that would be con-
structed  near Jlangsu in the  provinee  of
Lianoning, -

>

Continuing negotiations with o West German
consortium for joint design and construction of
un 80-MWe HTGR at Dimitrovgrad, USSR,

S, Plans to supply nuclear technology to North Ko-
rea after 1994 ut a site yet to be selected.

Over o number of years the Soviet Union designed
both light water reactors (VVERS) und tight water
cooled, graphite-moderated reactors (RMBKs) for the
USSR but supplicd only VVERs to its COMLECON
purtners. However, those Eastern European countries
are now cven more coneerned about the safety and
relinbility of Soviet nuclear reactors, and it is likely
that many of the nuclear units in their construction
pipelines will be built cither with redesigned Soviet
reactors or entirely with western technology.

In June 1989, a Soviet official annonnced that the coun-
try's latest power development program calls for under
100,000 megawatts of nuclear generaling capocity by
2000, ondy two-thirds of the minimum goal set in earlier
lang-term plans, Future nuclear plants are to be built
in remote areas with the latest reactor technology, The
draft of the new progriun waus to be released for public
debates Although the program emphasizes the VVERS,
it also includes reactors for district heating and nuclear
cogeneration, By 2010 nuclear power might supply
about 25 pereent of the total energy in the Soviet Union,
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Appendix B

Notes on Projection Methodology

Reactor Construction Pipeline
Methodology

As o general ride, the BTA anulysis beging with o care-
ful ussessiment of the carrent statas of cach individual
reactor project and the momentum or progress toward
its completion. Data collected for cach project include
reported constraction completion dates, cureent and
projected licensing netivities, utility financiul status,
prajected regional electricity demund, and other per-

Sraent information, The date wre derived fromn variety

ol sources, including the following: Nuclear Regula-
tory Commission (NRC) construetion and licensing
reports; Form BEIA-254, "Seminnnual Report on Stutus
of Reactor Construction; utility announcements; trade

journals: newspuper reports: and conversations with

knowledgeable individuals, Frome these data, cach
project is evaluated a8 o its position in the overall
planning, leensing, or “construction pipeline,”

Timing estimates for cach project are based on recent
progress or forward movement in licensing ov con-
straction rom the position ot o previous foreeast, This
includes such indicators us changes in pereent of con-
struction completed, anticipated or completed licens-
ing uctions, und unnounced delays, Average constrie-

tion and Heensing times derived from an analysis of

Form EIA-254 data show that nuclear units that began
commercial operation in 1971 1o 1973 were consteueted
in 4 to 6 years. By the mid-1970s, 1974 through 1977,
the averuge construction time had increased to 7 to 8
years, By 1077, the average time from stuart of construe-
tion to commercinl operation hud exceeded 9 years,
and by 1982 the average time had renched nearly 12
years, For nuclear units currently in the construction

pipeline, electric utilities estimute the avernge tine
from the start of construction to commerciul operation
will be approximately TS years, The totul construe-
tion lead-time for these units, From the application for
a constraction permit o commercial operation, is pro-

Jeeted o be ) venrss Howoever, there are some reeent

extmples of shorter construction times,™ and leglslution
designed o deerease lieensing lead-times, proposed by
the DO and the NRC sepaeately, has been introduead
in Congress.

Table B presents statistics on the expeeted average
wnd medinn times between milestones for 38 nuclear
units in the construction pipeline, estimated by the util-
ities in thelr fourthsquarter (December 3 1984 sub-
tmission of the TForny BIA-254, The median times are
reported because for some of the milestones the wide
range of variation in the estimates is due to only o few
tnits, For purposes of estimating operable capacity, it
is asstmed that w unit becomes opersble approxinmtely
hulfway between the date of fiest eriticality and the
commercinl operation date.

Criven the lead-times shown in “Tuble B other fuctors
refative to atility planning, scheduling, and construe.
tion are introduced into the projections, For example,
woutility's sehedule may call for a project contpletion
date which is later than that indicated by the historical
duta analysis. Utilities with multiple units usually have
u prefereed sturtap sequence and specific time intervals
for phasing in luter units. Where the historical duta
anubysis may indicate a longer constrection time than
wility plans for carlier units, subsequent units may also
be delayed according to the utility sequencing sched-
wes. ALl of these factors are considered in the projec-
tions for the Lower Reference and Upper Reference
CUSUS,

S e Elordn Poseer and Fight St aee D amit, o example, had o construction: peciod of guder toyears
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Table Bi. Average Estimated Times Between Milestones for

U.S. Nuclear Units in the Construction Pipeline in 1984 ‘ ‘
' Estimated Yimes In Months
Milestones ‘
Averago Meodian Minimurn Maximum
From Application for Construction Pemnn ‘ )
to Start of Constraction .. e 19.7 18 4 47
‘From Start of Consll‘uchon
to Application : , )
for Operating LICense ... R 4y 30 132
From Application for Opemtmq llcmwo .
to First Criticality .. ST 7549 70 29 148
From First Criticality '
to First Operation at Full Powor P 6.6 6 1 23
From First Operation atl Full Powor
to Commercial Operation ... . 2.7 2 | 1"
161 ' 122 ' 266

Total Construction Leadtime ... 168 4

Source: Energy Information Administration, Nuclear Power Plapl Construction Acivily 1984, DOE/EIA-0473(84) Washington, DG, July 1985).

World Integrated Nuclear
Evaluation System (WINES)

The World Integiated Nuclear Evaluation System
(WINES) has been developed (o project long-term nu-
clear generating capacity worldwide.* * % Energy
projections can be made for each of 125 countries and
can be aggregated by regions or by economic and po-
livical groupings. WINES is a relatively simplistic
model, utilizing a “top-down™ aggregated approach.
The model is of a partial equilibrium nature, in that
there is no feedback from the energy sector to the rest
of the economy, such as is typically found in more
detailed microeconomic models. The primary objec-
tive of the model is to produce projections of long-
range world energy, electrical generation, and nuclear
sapacity.

The driving variables of the WINES model are eco-

nomic growth and growth. in the price of energy.

Labor-age population and participation rates, as well
as labor productivity, provide the basis for projecting
economic growth, which is then combined with the

price of aggregato energy to form a demand function

“(with constant price and income elasticities) for deliv-

ered energy. The growth rate for delivered energy is
combined with a beginning-year initial value of deliv-
ered energy to develop a projection of delivered energy
in the long term,

The electrical share of delivered energy and the nuclear
share of clectricity are derived using market penetra-
tion (logistic) models, which adjust the respective
shares from current values to anticipated asymptotic
values over time. Electrical generation for each year
of the projection periad is derived by applying the
clectrical share to delivered energy for that year, In
the same manner, nuclear generation is derived by ap-
plying the nuclear share to the electrical generation
for cach year. Nuclear capacity is calculated from nu-
clear generation, assuming that sufficient capacity will
be constructed to satisfy the generation requirement,
utilizing an assumed average capacity factor. The
model is specified in terms of growth rates up to the
point at which absolute delivered energy demand is
derived. From that point on, absolute amounts are cal-
culated (i.e., electricity, nuclear generation, and nu-
clear capacily) A flow chart dcqcribing the WINES
methodology is shown in Figure B1.

o3 1. Pechan and Associates, Model Documentation of the World Integrated Nuclear Eveluation Spstem, Volume 1, Model Documentation

(Washington, DC, June 1U85),

64 . Pechan and Associates, Madel Documentation of the World Integrated Nuclear Evaluation System, Volume 2, Model Description (Wash-

ington, DC, June 19RS).

OS50 H Pechan and Associates, Madel Documentation vj the World Integrated Nm lear Evaluation System, l’u/umr 3. Executive Summary/Model

Abstract (Washington, DC, June 1985),

X2 : Energy Information Administration/Commercial Nuclear Power 1990



Figure B1. Flow Chart for the WINES Methodology
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Although WINES is conceptually simple, o number of
varfables and parameters are required to generate nu-
clear capacity projections. One key data set, labor-age
population growth rates, s derived {rom the World
~Bank population projections by evaluating'the change
in the population between the ages of 15 and 60 years
(inclusive) for each country over S-yeuar intervalsbe
Another major source of duta for the OECD countries
and several others is the OECD survey conducted in
1980 and updated in 1983, 1984, and 198547 % For
each country, an estimate is provided for 1980 and for
Seyear lutervals (0 2000 (for most countries) for the
following variables:

e Total primary energy requiretuents
e Llectricity generation requirements

o Nuclear generation requirements

Nuclear capacity,

The survey. responses in most cases provide the base-
year values for these variables and those derived (rom
them (e.g., delivered energy, electricity share, nuclear
share). If values of the energy data for individual years
are not reported in the OECD survey, these are inter-
polated lincarly, where possible, from previous and
subsequent periods. The survey is supplemented in sev-
eral cases by the "pipeline’ analysis method described
in this report.

The energy data used mthe WINES model are docu-
mented na recent repoct by Mathtech, foe™ Primary
sources of data for non-OBECD countries are the United
Nations Yearbook (1982) and the World Bank 7982
World Development Report. For several non-OBECD
countries that are expected soon to initiate nuclear pro-
grams, ORECD survey data are used in place of the
United Nations statistics. For some countries, total pri-
mary energy vilues are derived from the Central 1n-
telligence Ageney  Handbook of  Eeonomic Statistics
(19%3), ANl other parameters (ake on assumed values,
based upon other empirical wory, or are combinations
ol assumedand survey values,

Mathematical Description

The model s specified interms of growth rates up to
the point at which absolute delivered energy demand
is derived, From that point on, absolute amounts are
caleulated (e, clectricity, nuclear generation, and nu-
clear capacity). ‘

“world Bank, Shore-Terme Population Projection, 1980-2000 und Long-Term Projection, 2000 10 Stationary Stage by Age and Sex Jor Al Countrivs

of the World, MT. Vu (Washington, DC, Juty [984),

GNP Growth

Economic theory suggests that cconomic activity, in
the long run, is primarily influcneed by the size and
productivity of the labor force. Labor foree size is
determined by the labor-age population (the potential
lnbor force) and labor participation rates. GDP growth
(GNP is used for the United States; see the Glossary
for a definition of these terms) is specified as the com-
bination of the growth rates of these three fuctors:

g LAP 4 PART § PROD | (1)

where:

g, is the GDP growth rate in year ¢ of the
forecast period,

LAP is the labor-age population growth rate,
PART is the labor force participation growth rate,
and

PROD is the labor productivity growth rale.

Delivered Enérgy

The growth in delivered energy is then calculated us-

ing an energy demand growth function:

dyooyeg o mop (2)

n

where:
d,is the delivered encergy growth rate,
wy s the income elasticity,
r is the price elasticity, and

peis the growth rate for real aggregate cnergy prices. -

The price and income elasticities are discrete functions
of per capita GDP, That is, they change over time
wheunever countries move from low to middie or mid-
dle (o high income cconomics according to Waortd
Bank categories. Energy demand is generally consid-
ered to be more price clastic and less income elastic
for higher income countries. The shift in clasticities
reflects the commonly accepted premise that high in-
come countries have greater opportunities for adjust-
ments of energy consumption than do lower income :
countries.

"

The actual level of delivered energ v (D) for cach year :
is derived by applying this calculated growth rate to
the base year and cacl subscquent year:

D, D, (Lt d) (3)

N

INLEL

ST Organization for Feonomic Cooperation and Development, Nuclear Energy Agency, “Fabualation of WPNFCR Ouestionnaire Responses
fror . OBCH Member Countries,” FCRDOC (8084 (Paris, France, December 1980 '

BOrganization for Beonomic Cooperation and Development, Nuclear Energy Agency, Summary of Nuclear Power and Fuel Cvele Data in

OLCD Member Countries (Parts, France, March 1983, March 1984, and April 1U8S) ) -
“NMathteeh, tne., tnerey Data Base: World ntegrated Nuclear Evaluation System (Arlington., Virginin, Jommry JURS),

K4 Energy Information Administration/Commercial Nuclear Power 1990



Electrica! Share

The electricul share of delivered cnergy is derived us-
ing a logistic curve penetrdtion model:

1
|y o atfn

JE “)

where:
s the electrical share in year ¢,
2 is the clectrical share asymptotic limit,
a and B are the parameters of the logistic curve,

s -,/{,")] .

~
~

B (/[0 /) 7 SE]
./(’,". is‘thc base year electrical share, and
i is the halving factor for the logistic curve.
The total electricity generation for each year (f) is

calculated by applying this share to total delivered
energy: ‘

k7D, (5

Nuclear Share of Electrical Energy

The nuclear share of electrical generation Is also de-
tived using a logistic penetration function:

N
/;'V . ...__Lj_’-__,__ v (6)
[ 4 e«r(‘r N )

where:
}V i§ the nuclear share of electricity in year ¢,
Y ;he asymptotic nuclear share,
T z‘md poare the logistic curve parameters,
T == In [j{)\/ YA »~/6V)] . zu;cl
VR [T R B

Again, nuclear generation (V) is calculated by apply-
ing the nuclear share to total electricity for each year:

N

N, =/ i (M

S

Finally, nuclear generating capacity 1s calculated using
an average capacity factor (CH):

C,= N/(CF-365-24) (8)

Energy Information Administration/Commercial Nuclear Power 1990 ‘ v xﬁé
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Appendix C

U.S. Nuclear Generating Units Operable as of
Decenber 31, 1989

S

Vidiwnn Vi

Table C1. Roster of U.S. Nuclear Generating Units Operable as of December 31,
1989, by Federal Region and State

Capae iy ¢

Reacton

T Supplier

—

| yate

Site Uit Nae (Ne AWe) Uity Lype Opetible
Reglon 1+ New England
Connecticut '
Huddim Neck Haddam Neck hIh} Comnecticut L&Y PWR W K67
‘ CConnectivut Yankeot
Wit ford Millstone ) (DA Connecticat &P BWR Gl 11770
Waterford Millstone ! aht Connectiout &P I'WR (S} 11778
Waterfurd Midlstone 3 [IER Connectnut TP PWR W | Kt
Muine '
Wicisset Mame Yankee s Matne Yankoe Atotmne Powe PWR -1 (R
Maussachusetts
Plymouth Py | [ Hoston |dison HWR Gl 172
Rowe Yanhee Roswe | 1! New Englamd Praser PWR W IRGH
Vermont .
\ernon N et N ankaer 4un \crtnong Yoanbee Soncfear Poser HW R (4] vo7y
Totul Region | FRCTR
Region L1 - New York SNew Jersey
New York
Hue hitan Indwn Pomt 2 Rt Comalidated Fdison PWHR W 6/
Buchianan Tndin Porar 3 RIT Porwer Authongy ol I'WR W 4. 76
e State of New York
R hiester Robert b Criinna 470 Rochester s & Flecnm PWR W 1) 69
Oswepn Nine Mide Point i 610 Nupita Mohgwk Power BWR Gl 169
[T Nine Mile Pognt ) 1,072 Niagatas Mohawh Powes HAW it il 1/87
Scniba Fames A Bitepitnck o Povwer Authaniy of HWR Gl /78
the State of Ness York
/
|
New Jersey |
Forked River Onvsfer Creeh ) 020 Jersey Central P&l BWR Gt 9/649
Sulem Sabem | 1106 IPublic: Service P& PWR W 2770
and Philndetphae Fiectne
Salem Salem 2 1106 Public Service B&G PWR w 6/81
and Philadetphin Electrne
Salem Hope Creck | 1,03] Public Servie 1.&G HBWR [§1M 7/86
Totu) Reglon 1 8,629

See footnotes at end of table

Energy Information Administration/Commercial Nﬁclear Power 1990
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Table C1. 'Roster of U.S. Nuclear Generating Units Operable as of December 31,

1989, by Federal Region and State (Continued)

Reactor ©

Capacity @ Ly Date
Site Unit Nume (Net MWe) Utility " Type L Suppliet Operable
Reglon U1 - Middle Atlantie
Mauryland -
Lushy Calvert Clifty | #25 Haltimore G&1: PWR (A} 1775
Lushy Cadvert Cliffs 2 825 Baltimore Gkl PWR - 12776
Ponnsylvanln
Herwick Susguehunng | 1,050 Pennsylvania P&L HWR (%18 LIy
Berwick Susquehanng 2 1,050 Pennsylvanin P&l BWR (€18 /84
Middlelown Three Mile Island 1 808 Metropolitan Edison PWR H& W 6/74
Lancaster Peach Bottom 2 1,081 Philadelphia Electriv HWR e 270
) ‘ wind Public Service E&G
Lancuster Peach Bottom 3 1,035 Philadelphin Electric HWR G 9/74
and ‘Public Service &G
Pottstown Limerick | 1,085 Philadelphia Electric BWHR (§13 B/8S
Pottstown Limerick 2 1,088 Philudelphia Electric BWR ak K789
Shippingport Beaver Valley R10 Duguesne Light PWR 1% 0/76
Shitppingport feaver Valley 2 LAR Ohio Edison PWR w R/87
Virglnig
Surry Surey | 781 Virginia Electric & Power I'WR W /71
Surry Surry 1 781 Virginin Electric & Power PWR oW V1
Minera North Auna | a1s Virginin Electric & Power PWR W 4774
Minerat North At 2 1S Virginu BElectric & Power PWR w B/780
Total Regton U 13,749

Reglon 1V - South Atlantic
Alubumy
Decatug Hrowns Fetey ) 1,065 Tennesser Valley Authority HWR Gl /714
Decatuy Browns Feiry 2 Loos Tennessee Valley Authority. HWR Gl 8/74
Devat Hrowns Ferry 3 1,068 Fennossee Valdley Authority HWR Gl 0/16
Dothan loseph M Tarley K1t Alabama Powes I'WR W ®/17
Dothan Toseph M Farley 2 K2S Alabina Pasver PWR W 5/8)
Florida
Florda City lurkey Pomt d [ Flonda P& PWR W 1172
Flonda €y Turkey Pomt 4 Ho0 Flotda P& L PWR W 6©/73
Ft Pierce St Luewe | Ry Plonda P& L PWR B S/
ft Prerce Stobgese ! B4 Florda P& PWR (G D 6/83
Red Teyel Crystal Haver 8 6l Florda Power Corp PWR HEW 1773
Georgla
Rualey Hateh 760 Cicarg Power BWR Gl 11/74
Harley Hateh 2 m Cieorgia .« wer HWR GE /78
Waynesharo Vaoptle | 1LOKG Cicorgin Power I'WR W A/R7
Waynesharo Vogtle 2 LO¥6 Creorgin Powey PWR W 3/RY
Mississippi
Part Cithson Girand Gulf | 1142 System Energy Resourees, o, BWR il /R4

See footnotes at end of table.
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Table C1.

Roster of U.S. Nuclear Generating Units Operable as of December 31,

1989, by Federal Region and State (Continued)

Site

Unit Name

Capuetty ¢
(Net MWe)

Utihity

Reactop ©

Type J Supplicr

Date
Operuble

Reglon 1V <« South Atlantle (continaed)y

North Cyroling

Cowens Ford
Dam

Cowens Ford
Datn

New Hill
Southpart
Seatthport

South Curoliog

Clover

Cloves
Hantsalle
Tenb e ille
Sepeca
Seneed

St

fennessee
(RIS

IRIICSS

Fotal Region 1V

Regton v - Midwest

Hhinois

Hiartwon

Hrandw o
Huron
Hyron
it
Condona
tonden
Morne
Mo
Sene.
S
i

S

Michigan
Hivdeman
Hridarma
Charlevin
N pgt
South Haven

MeGare
MeGue 2

Shearon Harn |
Hounswick |

Brunwg ek 2

Catawha |

Catambg 2

HEB Raobisaon )
Summer |
Oconee |
Choapee 2

Oconee

Sequoyah |

Sequoyah 2

Heanda ood )
Hraidw ool
R
Hyion

¢ lintog |
Caad Cynies |
Ovrad s 2
e don

[RIFENITRTIR

I asalle |
basalle !
Jion |
VAN

Dronglid € Caok |
Dronald € Caok
Hie Rk Pt
fermg )

Palisades

See fontnotes atb end ot table

Khl)
)
4

A2

A2
Hirh
KES
Bt
Rdb

LR TN

114X
B

26,607 ¢

F.oun
§ 080
by
N
90

N

IEEEN
Lk
1,040

1040

1.0
1100

h?
1.02s

795

Dake Power
Duke Power

Curobinn P&l
Carohing P&
Curohimg P&l

Natth Carohng Electri
Membershig Corporation

Narth Caroling Mumeipal Power
Carohing P&l ‘

South Carohna B&ci

Duke Power

Dake Power

Duke Power

Pennessee Valley Authanty

Fennessee Vadley Authoniny

Coammonwealthe Fdion
Conpmanw ealth Fdison
Cammonw eanlth | diseon
Commomwealth | dion
Hhinons Pawer

Cammonwealth Fdmon
Conumonweadth Fdion
Commenswendth Bdison
Conunonwealth Fdisom
Conpmonsealth Fdison
Commmonwealthe Edison
Copmmonwealth Fdison

Copnmionealth Fdison

Indiana & Michian lecn
Indiana & ScChgan Flectn
Copsumers Powey

Lietrott Falion

Consuimers Power

PWR 3
PWR W
BWR Gl
HWR Gt
BWR Ot
PWR W
PWR W
PWR w
PWR W
PWR W
PWR B w
PWR & W
PWR Y
'WR W
PWR W
PWR W
PWR W
PWR W
HWR il
W R il
BWR Gil
HW R Gil
AR i
HWR il
HWR il
PWR W
WK W
PAWR W
PR W
HWR Gil
HAWR Gl
PWR o

Energy {nformation Administration/Commercial ! uclear Power 1990

/81
S/8)

1/R7
12/
4/75%

/85

§/Kb
G4/
11/82
§/71
12/
G474

1/80
2781

278

[N
7K8
12471
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Table C1.

Roster of U.S. Nuclear Generating Units Operable as of December 31,
1989, by Federal Reglon and State (Continued)

Renvtor ©

Capuelty ¢ b e
Site Unit Nume (Nt MWy Lility Type Supplicr Operable
Reglon ¥« Midwest (continued)
Miunesotn
Maonticello Montjeelo Sl Naorthern States Power HWR [§10 1
Red Wing Prutric Island 1 504 Northern States Power P'WR W 12/73
Red Wing Prafrie sland 2 S04 Naorthert States 'owe PWR W 127714
Ohlo
Oak Harboi Dauvis-Besse | K5t Clevelwnd Elee Ham PWR N&W £
North Perry Perry 1 1185 Ohio Edison HWR al: I
Wisconsin
Curhon Kewuunet S0 Wiseonsin Public Serviee I'WR W o
P Creeks ot Beach | ARS Wisconsin Electrie Power PWR W 11770
Iwo Creeks P'onnt Bheneh 2 4RS Wiscotsin Flectrie Fower PWR W R/
Total Reglog W 21,679
Reglon V1 -« Southwest
Arkansus
Russelivible Arkansus Nuclear KO Arkansas P&l PWR H&WwW ERT
Russellville Arkansas Nuclear 2 b Arkansas P&l PAWR (W] 12778
Louisinog
St Franessalie fiver Bend 1 Ui Cinlf States Unhges HWR Gl (R
] alt Waterford 3 1.u7s fowsiana P&l PWR Cl VKRS
leaus
By oty South e |} 1.8 Houston | &P P'WR S VRN
flay €ty South Jewn 2 250 Houston 1 &P PWR W LR
Latal Reglon V1 6,200
Roegion V11 -+ Central
lown
Palo [uang Amold 500 fova Blecine L& HWR [ LYA X
Kunsns
Hurhyton Wolt Creek 112K Kitnsis City P& 1L PWR W h/%S
and Kinsas Cians & Llectie
Missuurd
Fulton Callinwiy 11X Union Electre "WR W 10/ K4
Nebrasku
Hiownwille Caoper 178 Nebraska Public Power Distriet HWR (ik /14
Fort Cathoun Fort Cudhoun ) 47 Omaha Public Fower District PWR [QA N RATY
Total Region VI 4,000

e ———ss} po e o it S s

Seve footaotes at end

of tuble
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Table C1. Roster of U.S. Nuclear Generating Units Operable as of December 31,
1989, by Federal Region and State (Continued)

Reneton ©
Cupacity ¥ P Dty
Sie Unit Nume (Net MW Utility Type Supplic Operable
Reglon [N -« Weyt
Arleonn
Wintersburg ol Verde | ' | Arizonu Public Serviee W (S8 D /8%
Wintersburg Il Verde 2 122 Arizonn Public Serviee PWR ol 4780
Wintersburg ulo Verde 3 22 Arizong Fublic Service PWR B 11/87
Californiu
Aviln Beach Disblo Canyon | 1071 Pacifie Qs and Eleet e I"WR W 11784
Avtln Beach Diablo Canyon 2 Lo Pacitic s and Eleetrie PWR W N/RS
Cluy Station Rupeeho Seco LYR Sucramento Municipal PWR H& W 10,74
Uity District
San Clenente S Onolre | 430 Southern California Edison PWR % /07
\ Sun Clemente Sin Onolbre 2 1,070 Southern Californie Edison PWR [QH S WK
‘ San Clenente Sun Onohie 3 1.ORO Southern Californme Edwon "WR (G B /R
Futul Reglon IN 9,274
Reglon X+« Northwest
Oregon
Preseutt Tron o4 Parthund Glenerad leetie I"WR W 12778
Washington
R hiland WHNI L WIS Washington Public Power W Gilkg A/84
Supply System
Totud Region N 2,204
Totul United States (10 Units) 97,809

INCUsummer capability

"Poncipal owne:

CReactor Type BWR, bothigewater reactor. HEEOR, high temperature gas-conded tenctor, $GR, Jight watercooled,  gaphite-maderated  renctor,
PWRL pressutized water teactor Reacton Supphier: BEW, Habeoek and Wileon Cos CFL Conbustion: Engancering, lies GE, General Electrie, W, Westimghouse
Corp Plecton Corporation

Clotads may oot equal s of components due o mdependent counding

Sourer Capicity shown sonet apmer capabthey, s reported o the Boergy Informanon Admmgsoation (ETAY i the Jantney T989 Foem LA RO syrvey

- Energy Information Administration/Commaercial Nuclear 'ower 1990 4 \/qq(,
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Appendix D

U.S. Nuclear Generating Units in the Construction
Pipeline as of December 31, 1989

Table D1.

December 31, 1989, by Federal Reglon and State

Roster of U.S. Nuclear Generating Units in the Construction Pipeline as of

Statuy !

Eatinuted Cperablo Date

)
—

Reacton ¥
Net Suine “ LAY
Capability Sup- Coame 11
Sie Vot Nume (Nt MWe) Uity Y Lype et plete cense llltllny I.R LR
(
Reglon - New Fagland
New Humpshire /
Seabronk Seabrook | | 180 Public Service Co PWR W 1X) .1 0G0 6. 00 Lol
ol Ness Haumpshure
fotul Reglon | 1,150
Region 11 - New Yurks New oh
Jersey
Region 10F - Middie Athuntie i
Region IV South Athatie
Abihamn
Seottshoarn Helletonte | (AN Fennessee Valley PWIR D& W 85 (18] T3] 6000 67 2000
Authotiy
Seottsbono Wettetonte 2 1o Femnessee Valiey IWR HeW Y 1 19 RN e MK
Anthorsty
Mississippi
Pon Cibaon Crrand Gl ) 1060 Middle Soath HWR til ¥ 1 m
Uilitees
Lennesaer
Sprine s Mot Par | 1L I enpessee A alley PWHR W y4y P Ho0) 000 00)
Authory
Spone Cily AWty Har 1110 Fenmessee Nalley I"'WR W ol op [€0] 108 198
Authoniy
Fotul Region 1Y 6,014
Region V- Midwest
Ol
Nowth Peeey ety 2 Li7a Cleveland Blectig HWR CHE R tH 19) 62 2000
Hhnmatig
Foval Riglon 1,179

See foatnotes al end of table
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Table D1. Roster of U.S. Nuclear Generating Units in the Construction Pipeline as of

December 31, 1989, by Federal Reglon and State (Continued)

. Status ¢ Pstimuted Opetable $ue ¢
Rewetor
Net Summe | “h HEL
Capubility Sup- Cone [N
Sile Unit Nuine (Net MW Ualiey Iype pha pete vonse l‘lll,ny 1R W
[{

Reglow VL« Southwest

Tesuy

Ulen Rowe Comanehe Peuk L 150 Feans Uhilities Clen "WR W u e 1189 4700 400
crating Co,

Clen Rose Comanehe feak 2 1,150 Feaas Utilites Qlep- I"WR W K7 op 1400 (W) ay
crating Co,

Totul Reglon V1 1,300

Regton V1T« Centend u

Reglon VT« North Central ]

Roghon LN < Wt ]

Reglon X o Nuorthwest

Wiashington

Hichiand WNIMI 1,280 Washinglon P'WR H& AWV 0d H () O/ MK 0/ 200
Public Powes
Supply System

Sutop WNP L 1250 Washington PR (o} 14 18} (W . 07200

Publie Power
Supply System
Total Reglon X 2,800

Totul United States (41 Unlts) IRRERK

O

Y Prmcpal owne

" Reactor Type BWR, bodingswater renctor, BWR, pressutieedswater reactor, Reactor Supplierss B&EW, Babeock and Wilcoy Co ., CF, Combustion
ngineenng, tnc . OF, General Blectne Corporation; W, Westinghouse Conp.,
C 1 icense Status: CP constracton permit issued, 1O, mdetinely deferved; 1.0 Tow poser operiating license ssied.
O Represents the approximate aidpomt between te fiest fued Toud date und the commercial operation dute, as ceported o Farm BEALIS, second hult 1980
LA estimates fon the 1 ower Reference (8 Ry and Upper Reterenee (UR) cases, as deseribed i the et
D Seatirook teeerved o Bl Bower Dieense i Mareh ol 1990
YN cammereal aperation dite has been estimated by the aniiy
A Ghoretim recerved o tull poawer leense e Apod T9RO Shnee the wit s ot curretly sehedided o operte, 1t hins oot been meluded i the total for umits tn
the constraction pipeline ar operahle units

CComanche Peak teceived a b ow Poswer Dreense e Bebromyand a FallPower Lieense e April ol 1990,

Sourees: Nuclew Regnhitory Conunisston, Lacensed Operating Keactors, NURECG0020 (December T8 Noclewr Rupulitory Commssion, Regudatory £ eensing,
Stutiy Stommary Report, NURECHOSRO (linuary 1985 and Energy Snforaation Admistiation, Forme BLA2S4 "Semtwnninl Repott on Snus of Reacton
Comstrachion” (19KR%)

Energy Information Administration/Commercial Nuclear Power 1990
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Nuclear Generatmg Umt Reactors Ordered in the
United States, 1953-1989

Table E1,

by Year of Order

Appendix E

Nuclear Generating Unit Reactors Ordered in the United States, 1953-1989,

Yearly Total

Individua) Reactors

Year No. of Design Design
of Units Capacity Cupacity Reactor Current Status
Order Ordered (MW Unit Name (MWe) Suppher ¢ (December 31,1989 )
" 1953 1 60 Shippingport 60 w Shut down, 1974, Resumed operation
: : in 1977 as a light-water breeder reactor.
Retired in 1982,
1955 2 465 Indian Point | 265 B&W Shut down, 1974,
) Operating license withdrawn in I‘)R()
Dresden | 204) GE Shut down, 1978,
Decommissioning being planned.
1956 i 175 Yankee Rowe ! 175 w Operating,
1958 1 65 Humboldt Bay 68 GE Shut down, 1976,
Decommissioning being planned.
1959 1 - 12 Big Rock Point n GF Operating.
1962 : 632 Fa Crosse 50 A-C Retired 1987,
Haddam Neck 582 W Operating.
(Connecticit Yankee)
1963 5 3,018 Malibu 462 w Canceled, 1972,
San Onofre 1 436 % Operating,
Hanford-N 850 GE Shut-down. ?
Nine Mile Point | 620 | GE Shut down. Restart planned for /89,
Oyster Creek 650) Gl Operating.
1965 7 4,475 Dresden 2 794 GE Operating,
Fort St. Vrain 330 GA Shutdown 1959,
Robert . Ginna 470 W Operating,
Pilgrim | 055 GE Operating.
Millstone | 660 GE Operating,
Inchan Point 2 K73 w Operating,
Turkey Point 3 693 w Operating,

See footnotes at end of table.
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Table E1. Nuclear Generating Unit Reactors Ordered in the United States, 1953-1989,
by Year of Order (Continued)

Yeurly Total Individual Reactons
Year | No. of Design Design
ol Units Capacity Capacity Reactor Clurrent Status
Order Ordered (MW¢) Unit Name (MW Suppher a ) (Precember 3, 1989)
1966 o 16,514 Dresden : 104 Gils Operating.
Palisades 808 C-F Operating,
H.B. Robinson 2 700 W Operating,
Point Beach | 497 \Y Operating.
Mouaticello ' ' S48 CGE Opernting,
. Quad-Cities | 789 G Operating,
f Browns Feiry | 1,065 Gk Shut down. Restart unknown.
Browns Ferry 200 1,065 GE Shut down. Restart planned {or 9789,
Oconee | BR7 B&W Operating,
Oconee 2 . 887 B&W © Operating,
Quad-Clities 2 789 GE Operaling.
Peach Bottom 2 ) 1006s GH ‘Shut down. ¢
Peach Bottom 3 . 1,065 Gl Shat down. ¢
Sulem 1,000 W Operating,
' Vermont Yankee 514 . Gl Operating,
Fore Calionn | . 478 CaE Operatig,
Surry 1 188 W Operating.
Surry 2 788 w Operating.
Diablo Canyon 1,084 w Onperating.
Three Mile Island 1 &19 B&W Operating,
1967 ) 31 26,470 Bell LR B Canceled, 1972,
Hatly 044 SGE Canceled, 1981,
Crystat River 3 ' K28 B&W Operating,
Kewiaunee 538 ' W Operaling,
Maine Yankee 825 C-E Operating
Prairie Islund 1 S30 W Operating,
Point Beach 2 497 % Operating.
Shoreham . B0 Gl Operating leense ssued,
Zion | 1,040 W : Opeiating.
Three Mile Istand 2 906 ) B&W Shut down due to 1979 accident
Arkansas Nuclear | 850 B&W Operating,
Cooper 778 Cil? Operating.
Iadian Point 3 968 W Operatiag,
Turkey Point 4 693 W Operating,
Calvert Cliffs t LR C-1 Operating.
Calvert CHfls 2 84S [ DI Operating,
Oconee 3 ‘ RR7 B&W Operating.
Salem 2 ' 1LES W Operating.
Browns Ferry 3 1,068 ' GE Shut down. Restart unknown.
Prarrie Island 2 530 w Operating,.
Donald €. Cook | 1,030 W Operiting.
Donakd ¢ Cook 2 1,100 W Operating.
Zion 2 1,040 w Operating.
Riuncho Seco 1 aI8 B&W ')pcrnling.-/
Beaver Valley | . 835 w Operating,
Limerick | 1,065 GE Operating,.
[ imerick 2 1,068 ' GH Operating.
North Anna | 907 w ()hu:‘ulillg.
Hateh | 7 Gl Operating,
Millstone 2 ) ‘ K70 B Operating,.
SLLucie | ‘ K0 Cob Operating.

See footnotes at end of table
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Table E1. Nuclear Generating Unit Reactors Ordered in the United States, 195341989,
by Year of Order (Continued)

Yearly Total tndividunl Reactors
Yoar No. of Design ‘ ) Design
ol - Units Capacity Capacity Reacton ' Current Status

Order Ordered (MW0e) Uit Numie " (MW Supplicr Y (December V1989 )

1968 16 C 15,167 Verplanck | 1118 Gt Canceled. 1973,
Verplanek 2 ' LS Gl Canceled, 1972,
Brunswick | 821 Gk Operating.
Brunswick 2 K21 Gk Operating.
Duane. Arnold | S38 GE Operiting.
Sequoyah | 114K ) w Operating.
Seyuoyah 2 ‘ [NEH W Operaling.
Midland 1 EREN B&W Canceled, 1986,
Midlund 2 KX B& W Canceled, 1986,

- Susquehanna | 1,065 ) GE Operating.

Susquehanna 2 : 1,052 Gl Opcrating,
Diablo Canyon 2 1.ORs W Operating,.
Fermi 2 100} Gl Operating.
Davis-Besse 1 900 B&W Operating.
Trojsn 1,130 W Operating..
Jumes A Fazpatrick K21 GE Operating.

1969 7 o 7,203 Joseph M. Farley |1 C 829 W Operating.
Hope Creek | 1,067 Gl Operating
Hope Creek 2 1,067 GE Canceled, 198].
Zinuner | R10 Gl Canceled, 1984,
MeGiure 1 1,180 W © Operating.
Mc Giuire 2 1,180 W Operating.
Forked River |1 1.070 ¢ Cunceled, 1980,

1970 14 C 14272 North Anna 2 907 W Operating,
San Onofre 2 1,070 C-L Operating.
San Onofre 3, 1,080 C-H Operating,.
Hateh 2 784 GL Operating.
Arkansas Nuclear 2 012 C-BE Operating,.
LaSalle 1 1078 GE Operating.
LaSalle 2 ‘ 1,078 GE Operating.
North Coast ] RLR W Canceled, 1978
Bellefonte 1,235 B&W Indefinitely deferred.
Belletonie 2 ' 1,235 H& W Indefinitely deferred.
Watts Hur | 1,165 W Under construction.
Wiats Bar 2 1,165 W Under construction, 8
Waterford 3 1,151 QN Operating,
Joseph M. Farley 2 . 824 %% Operating.

1971 21 21,192 Crystal River 4 897 %% Canceled, 1972,
Stanislaus 1 ) 1,200 GE Canceled, 1979,
Stanislius 2 ' 1,200 GE Canceled, 1979,
Summer 1 ' RIS % Operating,
WNP 2 1100 Gl Operating,
Byron 1 1,120 %% Operating.
Byron 2 1,120 W Operating,
Shearon Harris | 91s W Operating.
Shearon Harris 2 a1s w Canceled, 1983,
Shearon Harris 3 900 W Canceled, 1981,
Shearon Harris 4 900 w Canceled, 1081,
North Anna 3 907 B&W Canceled, 1982,
Nordt Anna 4 u07 B&W Canceled, 1980,
Fulton | 1,160 GA Canceled, 1975, ‘
Fulten 2 1,160 (A Cunceled, 1975,
Beaver Valley 2 ' 852 W Operating,
Vogtle | 1,210 w Operating,.
Vogtle 2 1,210 W . Operating,
Nine Mile Point 2 ‘ 1,080 GE Operating.
St | 770 GA Caneeled, 1975
Surnit 2 770 (iA Canceled, 1975,

See footnates at end of tible
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| ‘Table E1. Nuclear Generatihg Unit Reactors Ordered in the United States, 1953-1989,
- by Year of Order (Continued)

Yearly Total Individual Reactors
Yeat Mo, of - Design Design
of Units Capacity ’ Capacity * Reactor ' Clurrent Status

Order Ordered (MWe) Unit Name (MWe) Suppligr ¢ (December 31, 1989)

1972 A 1 S 41,373 “Perryman | 845 C-E Canceled, 1972,
Perryman 2 845 (e 5] Canceled, 1972,
Fermi 3 : 1,171 " GE Canceled, 1974
Quanicassee | 1,150 w Cuanceled, 1974,
Quunicassee 2 - LIs0 w Canceeled, 1974,
Vidul t ) 770 GA Cunceled, 1974,
Vidal 2 770 GA Canceeled, 1974,
Grand Gulf | ' 1,250 GE Operating.
Grand Gulf 2 1,250 GE Indefinitely-deferred,
Pilgrim 2 1,150 C-E Canceled. 1981,
Greenwood 2 1,264 B&W . Canceled, 1980,
Greenwood 3 o L264 ) B&W ~ Canceled, 1980.
Perry 1 1,208 GBS Operating.
Perry 2 1,205 . GE Indefinitely deferred.
Scabroolk 1 . 1,108 ) w Operaling license issucd.
Seabrook 2 1,198 w Canceled, 1988,
Catawba 1 1,145 w © Operating,
Catawba 2 ‘ 1,145 ' w Operaling,
River Bend | ' 934 GE Operating,
Adtlantic | 1,150 w Canceled, 1978,
Atlantic 2 1,150 w Canceled, 1978,
Braidwood | 1,120 ‘ w Operating.
‘Braidwood 2 1,120 w Operating,
Douglas Point 1 1,146 GE Canceled, 1977,
Douglas Point 2 1,146 Ge Canceled, 1977,
Surry 3 859 B&W Canceled, 1977.
Surry 4 ‘ } 859 B&W Canceled, 1977,
Comanche Peak 1 1,150 w Under construction,
Comanche Peuk 2 1150 w Under construction,
Clinch River Breeder 50 w Canceled, 1983,
St. Lucie 2 804 C-E Operating. )
WNI' | 1,266 B&W Indefinitely deferred. !
Barton | 1,159 : GE Canceled, 1977,
Barton 2 1,159 GE Canceled, 1977,
Hartsville Al 1,205 GE Canceled, 1984,
Hartsville A2 1,205 GE Canceled, 1984,
Hartsville Bl 1,233 GE Canceled, 1982
Hartsville B2 ‘ 1,213 GE Canceled, 1982,

See footnotes at end of table.,
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‘Table, E1. Nuclear Generating Unit Reactors Ordered in the United States, 1953-1989,
by Year of Order (Continued) ‘

Yearly Total ' : . Individual Renctors
Yo No. of Design . Dyesign .
of Unity Clupucity Capacity Reactor Cureent Status
Order Ordered (MW¢e) Unit Naune ) (MWe) Supplier ¢ (December 31, 1989)
1973 41 46,975 Tyrone 2 1,150 W Canceled, 1974,
: Vogtle 3 Ly W Cunceled, 1974,
Vogtle 4 [HER! ) % Canceled, 1974,
Clinton 1 . 950 CGE Operating
Clinton 2 o 0so- Gl Canceled, 1983
- Blue Hills 1 ule -1 Canceled, 1978,
Millstone 3 1,156 w Opernting.
Pebble Springs | 1,260 ' B&W Canceled, 198,
Allens Creck | 1,150 G Canceled, 1982, -
Allens Creek 2 L 1s0 Gt Canceled, 1970,
Cherokee | 1,280 - Canceled, 1983,
Cherokee 2 ) 1,280 C-F Canceled, 1982,
Cherokee 3 1,280 B Canceled, 1982,
Perking | 1,280 } - Canceled, 1982,
Perking 2 1,240 C-E Canceled, 1982
: Perkins 3 128 CB Cunceled, 1982,
Y Jamesport | 1180 w - Rejected by New York State, 1980.
Calluway | 188 % Operating,
Callaway 2 ’ 1,120 w © Canceled, 1981,
Haven | . 900 N4 Canceled, 1980,
Haven 2 D00 W Canceled, 1978,
‘ . South Texas | ' ©L2s0 ‘ W Operating,
Sonth Texas 2 1,250 W Operating,
Sterling 1,150 W Canceled, 1980,
Tyrone 1 1,100 W Cunceled, 1979,
Wolt Croek 1,150 W Operuting. )
WNP 3 1,242 -5 ludefinitely delérred. !
River Bend 2 034 GE Canceled, 1984,
Palo Verde | 1,304 C-B Operating.
Paley Verde 2 1,304 C-H Operating,.
Palo Verde 8 1,304 C-E Operating,
Atlantic ) 1,150 w Canceled, 1978,
Atlantic 4 1,150 W Caneeled, 1978,
Black Fox 1 1,150 (€15 Canceled, 1082,
Hluck Fox 2 1,150 GE Cineeled, 1982,
Davis Hesse 2 900 B& W Canceled, 1980,
Plavin- Besse 3 906 R&W Canceled, 1980
Skagit-Hanford | 1,277 Gits Canceled, 1983,
South River 1 1,150 B&W Canceled, 1978,
South River 2 1,150 B&W Cunceled, 1978,
South River 3 1,150 B&wW Canceled, 1978,

Ser totnotes at end of wble.
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Table E1.

Nuclear Generating Unit Heactors Ordered in the United States, 1953-1989

by Year of Order (Continued)

Yearly Tatal

Individual Reactors

Yaur INuo. at Dyesign Design
al Uniits Capacity Capacity Reactor Current Status
Order Ordered (MW Uil Namie (MW¢) Supplier ¢ (December 3], 1989)
1974 24 33,205 Ornge | ‘ 1,300 Cn Cancelud, 1075,
‘ Opunge 2 T1LA00 e Canceled, 1975,
St Rosalie | ' 1,100 GiA Cunceled, 1975,
St Rosalie 2 1,160 GiA Caneeled, 1975,
Somerset | 1,200 GE Canceled, 1975,
Somersel 2 1,200 Gl " Canceled, (975,
Zimmer 2 . 1,170 GE Caneeled, 1978,
. Jamesport 2 1,150 W Rejected by New York State, 1980,
Blae Hills 2 agg [ Canceled, 1978,
Nees | 1150 w Cungeled, 1979
Nees 2 1,150 w Cuneeled, 1979,
Pebble Springs 2 1,260 B&W Canceled, (982
Cireene County 1,212 B&W Canceled, 1979,
Montague 1,150 Gl Canceeled, 1980,
Montague 2 1,150 Gl Cunceled, 1980,
Skagit-Hanford 2 1,277 (§10) Cancelerd, 1983,
CWNP A 1218 B&W Canceled, 1982,
WNP S ) 1,240 -1 Caneeled, 1982,
Fort Cathoun 2 1,136 % Canceled, 1977,
Marble Hill | 1130 W Cuneeled, 1988,
Murble Hill 2 1,130 W Canceled, 1985,
Phipps | 1,233 Gh Caunceled, 1982
Phipps 2 ) 1,201 [S1L Canceled, 1982,
Yellow Creek | 1,285 - Canceled, 1984,
Yellow Creek 2 : 1,288 (G &} Canceled, 984,
Harton 3 } 1,150 Cils Canceled, 1975,
Barton 4 1,150 Gl Caneeled, 1975,
Sears Isle : 1,150 w Canoeled, 1977,
1975 4 4,148 South Dude 1 1,100 W Canceled, 1977,
' South Dade 2 1,100 w Caneeled, 1977
Sundesert | 074 \\% Caneeled, 1978,
Sundesert 2 ' 974 W Cuneeled, 1978,
1976 3 3,804 Vandalus (lowa 1) 1,270 H& W Canceled, 1982,
Eorie 1 () H& W Canceled, 1980,
bire 4.‘. 1,267 B& W Cunceled, 1980
1977 4 5,040 NYSH&G T b 250 B Regected by New York State, 1980,
NYSE&G 2 1,250 -1 Rejected by New York State, 1980,
Palo Verde 4 1270 [N Canceled, 1979,
Palo Verde S 1,270 OB Caneceled, 1979,
1074 2 2,240 Cartoll Coumy | f120 W Cuneeled, TOBN.
Cartoll County 2 1,120 \% Canceled, 1988,

IReactor Supplices: A-C, Allis-Chalmers; B&W, Bahcock & Wilcox Cos C-F, Combustion Engineering Inc. GA, General Atomic Compuny;
Gitr General Electric Co o W Westinghouse Corp

U placed mcold standby statas by the Department of Encegy, February 988

CResumed operation, June 1989

PRestart authorized

CA tentative apreeiment has been made between the State of New Yark and Long Island Lighting Conguiny (o close the plant,

Shutdosen by referendun, June 1989

U0 e an indefinte stowdown Noschedule exists Tor s completion.

/’(‘nn\nm non permit expired ain October, TORK

Fatension of Canstraction Perant requested

Sousees bBnccey Tnformanon. Admmstzation, 858 Commercial Nucloar Power, DOEZEIAAOIS (Washington, 1C, November 1984, Energy Information
Admistration. Nuclewr Plane Cancellanony Cames, Costs,and Consequenc s, DOEZETADIY (Washington, DO, Apnl [983); Energy Inforwation Adnunistration,
Form FEA XS Seminnnual Report on Status of Reactor Construction s Nuclear Reguladory Commission, Licemsed Operating Reactors, NURECG-0020 (Novembe
IR
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Appendix F

Forelgn FME Nuclear Generating Units Operable as
of December 31, 1989

Table F1. Roster of Nuclear Generating. Units Operable as of December 31, 1989, in
Foreign Countrles with FME

Country Unit Name 9 {.ocation Cuapacily b Uty © Reacton Reuctor ‘Pate of
(Net MW¢e) Iype supplicr © Operation -
Argenting Atucha | Lt Buenos Adres RRR CN PHWR SIEM/K WU } 1974
Eimbabwe Cordoba, Rio Tereero O CN PLHAWR AECTH tusy
Total 2 Ulnits 935 ‘
Belgium Doel Antwerp . 400 o PAWR ACE 1974
Dacl 2 Antwerp 400 1D PWR ) ACEH 1975
Docl 3 Autwerp (K Il PWR FFRAM ) 1982
Dot 4 Amtwerp Lo10 I PWR ACEC 1UKS
Ihange | Huy, Laepe %70 SE PPWR ACLY 1078
[hange 2 Huy, Licge K I'l PWR FRAM 1942
I hange J Huy, Licge 1.020 ' PWR ACEC 19K
Tota) 7 Units 5,500
Bruzil Angra | [taorna 620 BZ 'WR WEST 1082
Fotal 1 Unht 626
Cunada Bruce 1 Livertan, Ontaro 764 ON PHWR ALCL 1977
Hruce 2 verton, Ooturo To4 (N PHWR ABCL. 1976
Bruce 3 Liverton, Ontario 764 ON PHWR ALCH 1977
Hivee 4 Tiverton Ontaro 700 ON PHIWR ALCL, 1978
Hruce S Coliverton, Ontario 860 ON PHWR ABCL 1984
Bruce o (ivertan, Ontaro LR ON PHWR ABCL 1uk4
Hruce 7 Fiverton, Ontario L] ON PIHIWR ABCT 1086
Hinee B Liverton, Ontario LRy, ON PHWR ABCL 1ug7
Cientiily 2 Hecaneour, Quebec TR} HQ PHWR AL 1oR2
Piexering Piekenng, Ontario S1S ON PHWR ALCT Lot
Pickenng 2 Pichenng, Ontaro 518 ON PHWR ABCI 1971
Prhenng 3 ke, Cntaro 515 ON PHWR AbC 1972
Prekering 4 Piekering, Ontanao S1S ON PHAWR ALCL 1073
Piekerg S ekening, Ontano Sth ON PHWR ALCE 1982
Pekermy o Pickenng, Ontane St ON PHWR ABCT (IR
Mekermg 7 b enng, Ontatio 516 ON PHWR ALCT 1984
Pekerng & Mchenng, Ontiio Si6 ON PHW R ALCT 1085
Pomt T epreau Hay of Fundy, o Ni IPHAWR ALCI 1982
New Brunswick
Totul I8 Units 11,872
Finlund Lovisa [ovimi 4445 Ay PWR ALLE 1977
fovisa 2 [ ovia 445 IRY "WR ALt 1980
Ofkduotns | O tluato Tio (BY BWR AA 197K
Ofbaluoto ! Olkluoto T 'y HWR . A A 1980
Lotal 4 Units 2,310
See Jaotnotes at end ot table
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Table F1. Roster of Nuclear Generating Units Operable as of December 31, 1989, in

Foreign Countries with FME (Continued)

‘ Cnpaeity b Reactar Rueactor Duate of
Country " Unit Nume Location (Net MW Utiliey © Uype ¢ Supplict ¢ Operation

France Belleville 1 Cher 140 &k PWR FRAM LY
Belleville 2 CCher Lato (Bl I"WR IFRAM 108K

Hugey | A (enr Lyom sS40 BB GOR VAR (RN

- Bugey & Aln 920 L ['WR IFRAM 1978

Bugey 3 Ain 920 B PWR . FRAM 19784

Bugey 4 Aln av0 B PWR FRAM 1079

Bugey § Aln 900 B PWR FRAM 1079
Cattenom | Musclle 1,.3%) (B0 PWR FRAM 1986
Cuttenom 2 Muselte 1300 | PWR FRAM 1987

Chinon Al Indre-et-Laoire RIS L GCR VAR 1966

Chinon Bl Tndre-el-Laire 870 B PWR FRAM 1982

Cliinou B2 Indre-et-Loire 870 BE PWR I'RAM 1983

Chinon B3 Indre-et-Loire 908 (Ml PWR FRAM 1086

Chinon B4 [ndre-et-Loire 908 Er PWR 'RAM 1087

Chove A Ardennes 308 SN PWR ACL 1967
Creys-Mabville Isere 1,200 L LMIBR NOVA 1986

Cruas | Ardeche 880 Ll PWR | FRAM 1083

Cruas 2 Ardeche 015 (M8 PWR FRAM 1984

Cruas 3 Ardeche BRO LE 'WR FRAM {ugd

Cruas 4 Ardeche BRO EF 'WR FRAM 1084
Dampicrre | Laojret RO BF PWR FRAM 1980
Dampierre 2 Lioiret 890 B PWR FRAM 1981
Dampierre 3 Laoiret 890 Er PWR I'RAM 1981
Dampicrre 4 Lairet RUG) B PWR FRAM 1981
Fessenheim 1 Haul-Rhin RBO EF PWR FRAM 1077
Fessenheim 2 Haut-Rhin REO Lt PWR "FRAM 1977
Flamanville | Munche [IRR] B PWR IFRAM |uRS
Flamanville 2 Manche 1,330 LF CPWR FRAM 1086
Ciravelines Bl Nord aio (B0 PWR FRAM 1os0.
Ciravelines' B2 Nord 910 By PWR FRAM 1980
Giravelines B3 Nord 910 By PWR RAM 1ag |
Gravelines D4 Nord 010 L PWR FRAM 1981
Ciravelines C§ Nord a10 (M8 PAWR FRAM 1984
Ciravelines C6 MNord 910 ey PWR FRAM 1aRS

Le Blayais 1 Gironde v10 BN PWR IFRAM 1981

Le Blayais 2 Ciivonde a10 IR PWR FRAM 1983

Le Blayais 3 Ciironde 910 e PWR F'RAM 1981

Le Blayais 4 Crironde 910 (B0 PWR FRAM 1083

Nogent sur Seine | Aube 1,310 (B8 PWR FRAM 1987

Nogent sur Seine 2 Aube L3O i PWR FRAM logy

Paluel Scine-Muritime 1,330 £ PWR FRAM 1984

Paluel 2 Scine-Marititue 1,330 11 I'WR FRAM 1984

Paluel 3 Scine-Maritime 1,330 Bl PWR FRAM 1ORS

Paluel 4 Seine-Maritime 1,330 By I'WR FRAM 1986

Phenia Crard 23 By [.MF'HR CHEM 1973

St Laurent Al [Loir-et-Cher 190 [ GCR VAR [RI

Si Laurent A2 L.oir-et-Cher 450 e GCR VAR 1971

St Laurent Bi [oir-ct-Cher a1s 1 PAWR FRAM 1981

St Laurent B2 Foir-et-Cher 880 BB PWR FRAM 1081
Suint-Alban 1 Isere 1,338 L P'WR FRAM [UKS
Suint-Alban 2 Isere 1,338 [N PWR FRAM 19RO

Tricastin | Drome CAR EF PWR FRAM 1980
Tricastin 2 Drome 918 DS PWR FRAM 1980

T'ricastin 3 Drome a8 SN PWR FRAM 1OR1
Tricastin 4 Drome 915 £ PWR FRAM 1og1

Total 55 Units 52,588

Germany, West Biblis A Worms/ Rhein 1,146 RW PWR SIEM/K WU 1974
(Federal Hblis B Worms/Rhein 1,240 RW PWR SIEM/KWU 1976
Republie Brokdott Rrokdorf 1,307 RW PWR SITEM/K WL 1986
of Germany) Hrunsbuertel Brunsbuettel 771 K(i BWR ALG 1977
Emsland KKE [ingen 1,242 KN PWR KWL luRY
Girafencheinfeld KKG Girafenrheinfeld 1,238 "y PWR SIEMS/K WU 1082

Cirohnde (KW() Cirohnde 1,300 GG PWR SIEMS/K WU 1984
Ciundremmingen B Ciundremmingen 1,240 Ki HWR SIEM/K W1 1984
Ciundeemmingen C Ciundrenmingen 1,246 Kh BWR SIEM/KWU 1UR4

lsar KKIT 1 Ohu (lsar) K70 Kl BWR SIEMS /KW 1977

lsar KK12 OQhu (Isar) 1,285 Kl HBWR SIEMS/KWU 1URR
Kruemme! KKK Gieestacht-K ruemmel 1,260 KK BWR AL [O8 Y

110

See fuotnates at end of table.
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Table F1.

Roster of Nuclear Generating Units Operable as of Decemben 31, 1989, in
Foreign Countries with FME (Continued)

b

Capnenty

eactor

Rencton

Date of

Countiy Uit Nane ¢ Locution INet MW Uttty ¢ Fype ¢ Supphier ¢ Operanion
Geemung, West Mulhein-Kacrheh Mulheam-Kaerheh [N SK I MIFHR 1hN 10RO
teontmued) Nechinwesthetm | Neckarwesthenn 95 GK - I"VR HIEMS/KWU 1u76

Neckurwesthenn 2 Neckarwestheim 1,228 Gk PWR SIEMS/K WU 1084
Obrigheim KWO Obrighenn 40 KO PWR SIEM/KWU 1oas
Philippsburg KKP 1 Philippsburg, Rod K BWR SHEM/KWU 1970
Philippsburg KKP 2 Philippshurg 1,268 K P'WR SIEM/ZK WU 1984
Stade KKS Stude 640 KS PWR StEM/K AW U (O
FHTR M0 Hamm-Ventrop 204 HK HTGR HRD 10RS
Unterweses Fasephamm 1,230 Kl PWR SIEMS/KWU 1078
Wilergassen (KWAW) Waergassen 040 I'R BWR Al 1971

Total 22 Units 22,686
Indly Mudrus ! Kalpukkan, Tamil Nuada 20 A PHWR 1.1 1084
Mudrias 2 Kalpukkam, Tumil Nadu 220 (12 PHWR L1 1URS
Nurora | Narorea, Uttur Pradesh 220 tA PHWR Wit {ugh
Rajasthan | Kota, Rajasthan 207 1A PIHIWR Cal 1072
Rajusthan 2 Kota, Rajusthan 207 1A PHWR [ 1u80
Turpur | Hombay 150 LA HWR il 1069
Tue pun 2 Barabay 150 A HWR Gk C1o00

Totul 7 Units 1,374
Laly Citorso ¥ Cuorso, Piacenzn Rt 1l HWR AM/OEFTSO 1978
Frino Vereellese Vereelli 200 1l PWR WEST lo64

Total 2 Unlts 1,120
Japun Fugen A'TR Tauruga 148 P LWCHWR HI'l 1078
Fuhushimu Danchi | Fukushima 430 e BWR Gl 1970
Fucushima Duichy 2 Fukushimu 760 p HWR Gl 1973
Fukushima Dagichy Fukushima J60) e HWR TO8 1074
Fukushima Duichy 4 Fukushima o0 e BWR Hrr 1078
Fukushoma Daiehy S Fukushinia 760 p HWR TOS 1977
Fukushima Datichi 6 Fukushinma 1,067 e BWR Gk o4
Fakusbima Dane 1 Fukushima 1,067 Iy BWR oS 1081
Fukustoma Daine 2 Fukushima 1,067 it HWR " 10K
Fukushima Dami 3 Fukushimu 1,067 1p BWR TOS 1984
Eubushuma Dani Fukushima 1,067 TR HWR nrr 1uR7
tienkan 1 ' Cienkai, Saga 529 KY PWR NI 1978
Cienkai 2 Cienkai, Sugn 5249 KY PWR ML 19K
Humuoka | Hamunokn-cho, Shizuoka SIS (@] HWR TOS 1975
Flamaoka 2 Hamaoka-cho, Shizuoka BiS CH HWR TOS tu7y
Hamaoka § Humaoka-cho, Shizuoka 1,066 (&] HWR TOS 1087
HP] tkitn-cho, Ehime 538 sp PWR MU 1977
hata 2 Ikuti-cho, Ehime AT Sp PWR MHI 1K1
Kashiwazakt Kariwa | Nitgala 1,067 Rl HWR TOS 1985
Kashiwazakt Kariwa § © Niigata 1067 (NN HWR Hrr 1aRY
Ml | Mihamu-chio R0 KA PWR WEST 170
Mihang 2 Mihama-cho 470 KA PWR ML 1972
Mibama 4 Mibama-cho TR0 KA PWR M 1976
Obu | Ohi-cho 1120 KA PWR WEST 1977
Oy 2 Ohi-cho 1120 KA IP'WR WEST 1478
Onagawa Oshikagun 4497 e BWR 1'OS [UER]
Sendin | Sendai, Kagoshina R46 KY PWR MHI 1083
Senglan 2 Sendin, Kagoshinma 846 KY PWR (1IN 10KS
Shimane | Kushima-cho, Shimane 430 CK BWR N jo7i
Shimane ! Kashima-cho, Shimane 191 CK HWR ML 108K
Fakahama | Takahama-cho T80 KA IPWR WEST 174
Lukahamu 2 lakithaima-cho 780 KA PWR Mii 1975
Fakahama 3 Takabuna-cho %10 KA PWR M 1084
Lakabama 4 Takahuma-cho 830 KA PWR MHI 1084
Foka F'ohit Mura 129 n GOR [S1KS 1068
Lok 2 Fokin Mura 1,050 i HWR (il 1978
| omart Tamary Hokkaido S50 Hb "W R M [BhH
Tsuruga | Tawruga Lo ip HWR Gl [RIE]
Paurupa 2 Isurnga 1, HiS Ip PWR M 19RO

Total 39 Units 29,2605

ser footnotes e end of tabie
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Table F1.

Roster of Nuclear Generating Units Operabl’e as of December 31, 1989, in

Foreign Countries with FME (Continued)

Capaety

Reicto

Reacton

(e of

Countty Unit Nae ¢ Location (Net MWe) Uity ¢ Type ¢ Suppher © Opernhion
Koren, South Ko-Ri | Ko-Rio Kyongnei 550 KR PWR WEST jry
Ko-Ri 2 Ko-Ri, Kyongnum (oS KR PWR WESI oK.
Ko-Ri d Ko-Ri, Kyongnam KOS KR IMVYR WEST 19806
Ko-Ri Ko-Ri, Kyougnam LOR KR PWR WEST ugs
Ulehin | Ulchin, K yongbuk 920 KR 'WR FRAM 1U8Y
Ulehin 2 Ulehin, K yongbuk a0 KR PWR FRAM [CE
Walsong Kumipo, Kyongbuk 629 KR I'HAWR ALCT jug?
Yonggwang | Yonggwang, Chonnam 9tk KR PWR WEST 1980
Yonggwang 2 Yongaswang, Chonnam QK) KR PWR WEST 187
Total 9 Units 7,220
Mexleo Lagung Verde | Laguna Verdye, Vernerue 054 ¢ BWR uk 9RY
Total 1 Unlt 654
Netherlunds Borssele Horssele 4d2 7. PWR STEM/ZKWU 1974
Dadewnard Dodewanrd, Betuwe 5S UN HWR RDM 1968
Total 2 Units 497
Pukistan Kanupp Kurachi 125 PA MIWR Cut a7y
Tata 1 Unlt 125
South Africa Kocherg | Capetown a0 SA PWHR FRAM [RLR]
Koeberg, Capelown 0920 SA PWR FRAM 1083
Totul 2 Units 1,840
Spaln Almarae | Almarae, Caceres a0y S PWR WEST 1081
Almaras 2 Almaraz, Caceres 900 (& PWR WEST [RLR
Asco | Asco, Tarrngons RUR Cr PWR WEST 1083
Asco 2 Asce, Tarrugons KUk Cr PWR WEST JORS
Caofrentes Cofrentes ask HE HAWR Gr 1984
Jose Cabreen Madnd 15} Ut PWR WEST 19068
Santa Maria Sunta Marin de Glarona, 440 o BWR GE 1971
de CGarong Burgas
Frilfo 1 Frillo, Guadnlupe w7 Uk PWR SIEM/KWLU 108K
Vadellos | Turragong 4R0 Hi GUR SEAC 1972
Vaundellos 2 Turragony 982 BEM PWR WESY 1987
Total 10 Units 7,606
Sweden Baursebnek | Malmohus 6u0 SY HAWR A-A 1075
Barseback 2 Malmohus SRS SY HWR A-A 1077
Forsmark | Uppsala a0 sn BWR A-A 1080
Farsmark 2 Uppsala 470 s BWR AA (R4}
Forsmark 3 Uppsala 1,000 SH HAWVR AA [CEE]
Oskarshamn | Osharshwmn 44 OK BWR A-A 1o
Oxkarshamn 2 Oskurshamn 608 OK HWR A-A 1974
Onkarshamn 3 Oskurshamn 1,160 OK BWR A-A [GI
Ringhals | Vaurberg 750 5B HWR A-A 1074
Ringhals 2 Varberg BOO SH PWR WEST 174
Ringhals 3 Varberg uls SH PWR WS [CR]
Ringhals 4 Varbery 915 Sh I'WR WEST 1082
Total 12 Units 9,802
Switzerland Hesnan | Duocttingen 350 NK PWR WEST (0]
Beznan 2 1) ettingen V50 NK PWR WENT 1971
Cioesgen Daniken, SO 940 Gl PWR WU 174
Lethstadt |eibstadt oY) I K BWR GETSCO 1084
Muhleberg Herne A6 HR HWR GLETSCO 1971
Total S Unlts 3,956

See foatnotes at eud of yhle
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Table F1.

Roster of Nuclear Generating Units Operable as of December 31, 1989, in

Foreign Countries with FME (Continued)

Capacity b i Reactor - Reaeton Dy of
Country Uit Nane ! b ocation (Net MWe) Uty © I ype Supplier © Operation /
Tulwan Clunshan | Shimin Hainng 604 W HWR Gk 1077
Clanshun 2 Shimin Hsiang 004 I'\wW HWR it 1078
CKuosheny Kuosheng Os| W HWR g 1081
kuosheng 2 Kuosheng AN ARL% HWR e 1082
Muanshan | Muanshan o7 W COPWR 1084
Munstun ? Muanshan a7 Iw 'WR WS JORS
Totul 6 Uity ‘ 4,924
United Wadwell 1 Fasen [RR} Nt CICR TNPG 196
Kingdom Bradwell 2 [SUIVON [BR! Nt GCR INDPG 1962
Cabder Tl | Curibir S0 b CHCR UKAL 1980
. Calder Hadl 2 Cumbrig S0 ik GCR UKAL {957
Culder Tl Cumbrig 50 i GUR UKAL {USR
Calder Hall 4 Cumbria S0 i OCR UKAL tnsg
('hup('| Cross Dumfriesshire 48 I (iR UKAL tosg
Chapel Cross ! Dumtnesshise 48 118 GUR UKAL [CA
Chapel Crosg 3 Damfricashire 48 B GCOR LUKALE 1050
Chapel Cross Dumbricsshie 48 e GUCR UkAL 1960
Doanreay PER Hightand pRY] UK I.MEBR LUKAL |08
Dungeness Al Kemt M2 NE GCR NG 1965
Dungetiess A2 Kent 212 NE CICR TN 1965
Dungeness Bl Kent o0 NI AUR APC 083
Dungeness B2 Kent Aot NI AGR AbC 1OKS
Hartlepool R Cleveland 420 NE: AGR NNC o83
Hiethepool R2 Cleveland 420 NE AGR NNC 1ok
Heysham | R L ancashire 420 NE: AGR NN (ELR]
Hoysham 1 R2 Lancashire 420 N AGR NN 1084
Hevsham 2 R Lancashire 018 N AGR NNC 1948
Heysham 2 RD { uncashire [N Nt AGR NNC 1988
thnkley Paint A Somerset RN NI GUR BT 1968
Hinkley Paint A2 Somersel 218 NI GCR e 1965
Hinkles Poi B Sometset S00 Nt GOR NpPC 1976
Flinkles Pomt B2 Somerset 560 Nt CHOR NP 1978
Hlunteeston A Aveshire, Seotland 150 SC GOCR GEC 1964
Flunterston Bl Avrshiie, Sceotland §78 SC AGR INPG 1076
Huuterston B2 Avyrshire, Scotlad 575 SC ACIR TNPG {77
(Mdbury | Ciloucestershire 27 NI GCR TNPG 1967
Oldbury 2 Gloweestershire 217 NE Gl TNPG 1908
Sizewell Al Suftolk 210 NE GOR Ry 1960
Sreewell A Sulfolk 210 NI R IR 1966
Tornesy | Dranbar ast [ othan, 028 S¢ ACIR NNC 198K
Scotlaml
[omess 2 Dunbar fast othan, IRE N AGR NNC 1ORY
Scothund ' B
Trawstvodd | C Wales B N¥ GOR AP 1965
Feawsfyndd 2 Wales 1us NE GCR ApC 1965
Winfrith SCGHIWR Dorset N UK HWLWR UKALL 1907
Wil | Anplesey 420 NI CiCR EBT 1971
Welta 2 Angleses 420 NI GCR Bt 19714
Total 30 Units 11,242
Yugoshivia Ksku Krsko, Stovenia 620 Y PWR WEST tur1
Tutul 1 (it 620
175,762

Fotal Operable Capuelty tn Forelgn FMSE Countrdes (245 Units)

ELA S review of the fatest data soueees s eesubted o evistons of names, capactties, and grid operation dates for some of the anns hsted i this table,

e

some nuclear untls were rerated o reflect more corrent data

hee Table B2 for key to abbresiations of utility names

‘/I(\-mh-r Typess AGR, advanced gas-cooted reactors ATWR botdinge hghtwater reactor; BWR, boiling-water reactor; FUR, fast breeder reactor;, GICR,
gas-cooled teactor, HTGR, Bgh-temperature, gascooled reactor, HWEWR, heavy water-moderated, hotling fight-wager-cooled veactor, LMEBR digoid metul
tust breeder reactor T WCOHWR, light-witer cooled, heavewater-moderated reactor, PHWR, pressuezed heavy wator-moderated and cooled reactor; PWR,
pressuszed waler reacton

e Bable B4 Tor key o abbreviaions ol ceactor snpphier names

Mlon all fareen countiies, operable umits are those that has e vencerated electreity to the g,

VL he Cangso umit shut doway sinee T87 s cunrenthy inothhalled, that s mamtaimed i stde of “aenve proacervation.”

(B Free Narket b eanomes

Sourees Nuelear News, “Waorkd st ol Nuclear Power Plans™ (Bebraary 1990), ppo 03:-RE Nuelear Fngimeering International, *World Nuclear Tndustry
Hunabook 1907 ppe 2540 Intemational Atonne Laerey Avency, Nuclear Power Regetors i the Wordd (Viennn, Austein, Apal 1990y, ’

Energy Information Administration/Commercial Nticlear Power 1990 IR



Table F2.

Key to Utility Codes for Rosters of Forelgn FME Commerclal

Nuclear Generatmg Units

Country

Code Name of Utility

BF British Nuclear Fuels ple United Kingdom
BK Kernkeaftwerh Brokdort Gmbtl West Germany
BY Bayernwerk AG West Germany
Bz Furnas Centruis Eletricts SA Brazil

CH Chubo Electric Power Company, I'nc. Japan

CE Fuerzas Electricas de Cataluna SA - Spain !
CK Chugokn Blectric Power Company Jupan

CN Conision Nacional de Energia Atomica Argentina

©ws Compunig Sevillana de Electricidad SA Spain

T Centrales Nucleares del Norte SA Spain

1 Smnlua Reunies d'Energic du Bassin de I'E scaul Belgium

L France

G Lgypt

M Empresis Nacional Hidroclectrica del Ribagorzana SA Spain

Fe Comision Federat de Electricidad Mexico

(B Fuerzas Electricas del Noroeste SA Spain

GG Gemeinschaftskernkraftswerk Grohinde West Germany
GK Gemeinschaftsiernkraftwerk Neckar West Germany
GN Gemeeschappelijhe Kernenergiceentrale Nederland NV Netherlands
GP Kernkraltwerk Goesgen-Daeniken AG Switzerland
HD Hokkaido Bleotric Power Company Japan

HE Hidroclectrica Espannba SA Spatin

HI Hispano-Francesca de Buergin Nuclear SA Spain

HK Hochtemperatur Keenkraftwerk Gmbltd West Germany
HQ Hydro Quebes Canatla

HU Hokuriku clectric Power Company, Inc. Japan

A Indian Atomic Energy Commission India

i3] Iberducra SA : ~ Spain

1D Indivision Docl } Belgivm

19 Ente Nazionale per FEnergia Blettrica Ttaly

I Soctete lnteeccommunicale Belge de Gar et d'Bleetricite Belgium

v tmatran Voima Oy (1VQ) Finland

Jp Japan Atomic Power Company ~Jupan

KA Kansai Electric Power Company Japan

KB Kerakraftwerk RW-Bayernwerk Ginblt West Giermany
KG Kernkraftwerk Brunsbuettel West Germany
K1 Kernkraftwerk Isar West Germany
KK Kerkraftwerk Kruemimel Gobll West Germany
KN Kernkraftwerk Lippe-BEmstand Gmbll West Germany
KO Kerakraftwerk Obrigheine Ginbli West Germany
Kp Kernkraftwerk Philippshurg West Germany
KR Korean Electrie Power Company Korea

KS Kernkraltwerk Stade CGimbH West Germany
KU Kernkraftwerk Unterweser Gmbld - West Germany
KY Kyushu Electric Powere Company, ne. Japan

ILK Kernkraftwerk 1 eibstadt Switzerland
NB New: Brunswick Electric Power Conmumission Canada

NI Nuclear Blectne United Kingdom
NK Nordostsehweizerische Kraftwerke A Switzerfana
NU Nuclear Electricity ple United Kingdom
OK OK G Akticholag Sweden

ON Ontario Hydro Corporation Canada

PA Pakistan Atomic BEnergy Commission Pakistan

P ' Power Reactar and Nucleay Fuel Development Corporation Japun

PR Prevssenclektra AG ‘ : West Germuny
Pz, NV Provinciale Zecuwse Energie-Muatschappij Netherlands
RW Rheinisch-Westluelisches Electrizitactswerk AG . West Giermany
SA Electricity Supply Company of South Africa . South Africa
SB Statens Vattenfallsverk Sweden

'S¢ Scottish Nuclear United Kingdom
SE Societe Belgo-Francaise d'BEnergie Nucleaire Monsane Belgium

SK Schnell-Bruter-Kernkraftwerksgesellschaft West Giermany
SN Societe d'Encrgie Sucleaire Franco-Belge des Arcdennes France

NE Shikoku Eleetrie Tower Conmpany o ) - Japan

SY Sydsvenka Kralt Al Sweden

Te Tohioku Electete Pover Company, Ine, Japun

e Tokyo Electric Power Company Jupan

v Teollisuuden Vo Oy (TVOY Finland

TW Taiwan Power Compuny Tauiwan

UL tUnion Eleetrici-Fenosa SA Spauin

UK United Kingdom Atomic Faergy Authority United Kingdom
Yii Savske Electrane and Bleetroprivreda Yugostavia

Energy Information Administration/Commercial Nuciear Power 1990



Table F3. Key to Reactor Supplier Codes for Rosters Qf‘Foreign FME Commercial

~ Nuclear Generating Units

Code Nine of Supphier Country
AA ASEA-Atom AR Sweden

ACH o ACEC with COP/TOST and Westinghouse Corp, Belgiam

ACHC . o Atehiers de Constructions Electrigues de Charleror SA Helgium

ACLE CACEC/COP/Creusor Foire/FRAM/WEST France

ALCL o Atomie Baergy of Canada, Lad. Canada

ABE Atdmuner goesport ) USSR,

AbG Allgememe Blektrizitaet-Gesellsehaft, AEG-Teletunken AG West Germany
AM/GETSCO ' Ansaldo Meccameo Nucleare SpA/ZGeneral Electrie Techmical Services Company Ity

AP ‘ Atomie Power Construction, Lad. United Kingdom
HHR Bubcock/Brown Boveri Reaxtor CimbH West Germany
CEM Compagnie Electro Mechanique France

Coik Canadian General Electric ' -Canadu
COP/TOS| Cockerill Ougree-Providence/Franco Tost SpA Belgium

Lur English Electric Co. Btd/Rabeock and Wilcon Co/Taylor Woodrow Construction Co. “United Kingdom
FRAM Framatome: Societe Franco-Amencaine de Constructions Atomiques SA France

(§1} Gieneral Blectne Campany (United States) ‘ United States
G Cieneral Electric Company (Unitéd Kingdom) United Kingdom
GEsCO General Electiie Technical Services Company United States
HIY Hitachi ) ‘ ) Jupan

HRY Hochtemperatur-Reaktorbau Gmbl West Ciermany
BN Internationale Nateium Brutreaktorbau GrbH/Hochtel AG West Germany
11 Larsen and Toubro, Lid India

M } Mitsubishi Heavy Industries, Tad Japan

NIRA Nucleare Ttahana Reattori Avanzat ltaly o
NNC National Nuclear Corporation United Kingdom
NOVA Novatome . ) France

NPC Nuctuar Power Company. Lid, United Kingdom
R&C ‘ . C Richardson & Cruddas India

RIDM Rottendamse Drookdok Madtdschippij Netherlands
SACM ' Societe alsacienne de Constructions Mecaniques France

SEFAC Societe des Forges et Ateliers du Creusol France

SHEMA KWU Stemens AG/ZKWU West Germany

I NP CThe Nuclear Power Ciroup, L, United Kingdom
TOS Toshiba Japan

UKAL United Kmgdom Atamie Encrgy Awthority United Kingdem
VAR Various suppliers ‘ Vutious countries
WEST Westinghouse Corp ) United States
Wil Walchandhagar Industrics, 1.td. India

Energy Information Administration/Commercial Nuclear Power 1990
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Appendix G

Foreignv FME Nuclear Generating Units in the
‘Construction Pipeline as of December 31, 1989

~Table G1. Roster of Nuclear Generating Units in the Construction Pipeline as of
December 31, 1989, in Forzign Couniries with FME

Lixpected Date of Operation
CCapaity : % I
(Net ) Reactor Coni- .
Country Ut Name ¢ Locution MWe) Utility ¢ Type d Supplier plete Published 1.R UR
Argenting Atucha 2 Lima, Buenos 62 N PHWR SIEMY/ 66 "()/UAI 2000 199§
‘ ' Atres KwU '
Total t Unit ' 692
Brazil - Angra 2 ltaoirna 1,120 137 PWR SIEM/ 69 "y /94 2000 ICEN
' Kwi
Anga b Iaorn 4,220 B7. PWR SIEM/ 28 By 2008 2%
KWu
fotat 2 Units 2458
Canada Dachngton 1 Neweastle 881 ON PHWR ALCL b6 20 1994 1990
Township,
. ‘Ontaro
Darhngton 2 Newceastie ¥81 ON PHWR AR 99 gy 1990 1990
R Fownship
i Daihngton 3 Neweastle K81 ON PHWR ALCT 75 "z taos 19958
Fownship
Dyarhimeton 4 Neweastle ' 881 N PHWR ALCT: 45 h 12792 1995 1095
Lownship .
Total 4 Unity 3,524
logy pt FlDubaa | FI-Dabia 900 @] PWR NA 0 NA 2020 2010
1 Dabaa 2 F-Dabaa 9(K) B PWR NA 0 NA - 2020
Total 2 Uity 1,800
: Prance Cattenom 3 Maoscelly 300 IHE PWR FRAM 94 fa 790 1990 194()
Cattenom 4 Muoselle 1,300 L PWR FRAM sl /‘(!/‘)I 1990 1990
Choos Bl Ardennes 1,455 MR PWR FRAM 70 hh/‘)H 1995 199§
Chong B2 Ardennes 1455 HE PWR FRAM 51 Moy 2000 1995
Civaun | Vienue 1,458 (B8 PWR FRAM 1 ’_4/‘)(\ 2005 200X
Cialtech | Tarn ot Lato (BN PWR FFRAM 93 200 1995 toas
Ciaronne ‘
Ciolfech 2 Farn ot 1,310 fr PPWR FFRAM 60) I'S/‘)_\ 1998 1995
' Ciaronne
- Penley | Seine 2 A30 el PWR FRAM 04 2700 1990 1900
Marstune
Penley 2 Semne- ‘ 1430 BE PWR FRAM 70 LRV, 1995 1995
Maritine
) Totu) 9 Units 12,245

See foatnotes at end of table.
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 Table G1. Roster of Nuclear Generating Units in the Construction Pipeline as of
‘ December 31, 1989, in Foreign Countries with FME (Continued)

Eapected Dute of Operastion

Capacity ‘ . EIA Y
INet Reacton Com- ' ]

Country Uit Name ¥ Location MWe) Utitity ¢ Type '/‘ Supplier © plete Published I.R I UR
Germany, Ka'tar' Kalkar 298 SK FHR IHN 1) o) 1995 1995
West SNR-300 ‘

Total 1 Unit 295
Indin Kaiga 1 Kaiga, 120 1A PHWR NA (% Miang, 205 2000
Karnatuka
Kaiga 2 Kaiga, 220 1A PHWR NA 1% /'l‘)')f\ 2010 2008
‘ Kurnataku
Kukrapur | Kukrupat 220 1A PHWR L-r 57 by gy 2005 L 2000
Kakrapas 2 Kakrapar 220 1A PHWR 1T 44 Iy NS 2006
Nurora 2 Nurora, 220 1A PHWR R&C RS Mg 1998 1945
Uttar
Pradesh
Rajasthan 3 Kuto, 220 NA PHWR NA 10 hyauy 2005 KK
Rujasthan ‘
Foajusthan 4 Kato, 220 NA PHWR NA 10 hiaus 2010 2005
Rajusthian
Total 7 Unlts 1,540 .

[taly Cirene Latina 40 I LLHWR NIRA 96 H KXY 1948
Montalto Momalto YR i BWR AMGE 75 I K05 2010
dt Castro § di Castro )

Montahto Montalto VK2 I BWR AMCGT 70 1 o 2008
dy Castro 2 i Custro
Total 3 Unlts 2,004

Jupan Ashihame 1 Ashibima 1,067 i BWR NA 0 AV 2020 2010
Ashihan 2 Ashihima 1.067 CH BWR NA ] J1aug 2010 2008
Ashihama 3 Ashibiama 1067 [t BWR NA 0 12001 2000 2010
Cienkat 3 Gienkat, Saga 1,127 KY PWR NA 42 13794 [ERN 1995
Cienkai 4 Gienkat, Saga 1,127 KY PWR NA 3 199 2008 2000
Hamaoka 4 Hamaoka-cho 10u2 CR BWR NA ] laray 2000 194§
Higastudori | Higashidon 1,067 T BWR NA 0 17720603 . 015
Houhoko | Houhoko 1,067 CK HWR NA 0 13000 2000 2008
Haouholko 2 Houhoko 1,067 CK BWR NA 0 12000 20H0 2008
Tkata 3 Shikoku LET) Sp PWR NA [ s 2060 1995
Kashiwazaki Nugata 1,067 e BWR TOS i Moo 1940 199
Karwa 2 '

Kiushiwazakn Niigata 1067 p BWR 1 OS RN 194 JINK) [aas
Karwa 3

Kashiwazaks Niigata 1,067 e BWR P [ 1704 200K) tous
Kaurnwa 4

Kashiwazaki Nitgata LAEs e ABWR G} h 1706 208 2K
Kiariwa 6

Kashuwiaziki Nigata 1,3s Iy ABWR 13} V] 7wy 2008 2HN)
Karnwa 7

Makt | Maki 828 . BWR NA h 71,2000 2000 010

Muki 2 Maki 1,067 1C. BWR NA 0 . . 2020

Maonju Tsuruga 280) P R TOS 75 TR 1995 1ous

Shika Shika SO0 Hu HWR NA 7 IRV 19495 1995
Noto 2 Suzu K(X) HU BWR NA 0] 2003 2010 2008

Ohi 3 Ohi-cho 1127 KA FWR NA 44 1120 1995 j9as

Oh 4 Ohi-cho L2 KA PWR NA 11 1293 faas 1948

Ohra | Ohra 1122 KA PWR NA 0 Y 2010 2005

Ohra 2 Ohra b122 KA PWR NA 0 12008 010 2008

Onagawa 2 Oshikagun KK ¢ BWR NA 5 17794 DR 20XX)

Taman 2 Tomats- S79 Hy PAWR M R ho fous 1aus

Hokkadao
Total 26 Units 25174

120)

See footnotes at end of table
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- Table G1. Roster of Nuclear Generating Units in the Construction Pipeline as of
- December 31, 1989, in Foreign Countries with FME (Continued)

' Fapected Date of Operation
Cupacly h e ElA Y
(Net ‘ / Reactor | Come . -
Country Ul Name ¥ L ocation MW ) Uniiny I'ype ¢ Supplier ¢ plete Published / I.R LR
Korea, Yonggwanp 3 Civaema, e 9K KR I"WR CH 0 hy s 2008 2000
South Kawang Ju
o Yonpgw ang Crvacma, nei 050 KR PAVR e §] : /’(»,"l(y 2008 0060
' ' Kwang-Ju
Fotul S2Uits 1,850 '
Mexieo ! agna L 0S4 1 BWR Gl S0 g 0.4 2000 [aus
Verde D Verde,
) Vernerue
Total 1 Unit : 054
Pakistan Chashna Kundun M PA P'WR ‘ NA 0 “|mm 2010 2008
Barrage i
Total E Unit Joo
Spain Caba Cope Cope, Murea ain 1 HWR Gl 0 /’ll)
Regadala 1 ugo 1,000 1 PWHR S1EM/ 0 iy
‘ kWU ‘
Savapo Sivago, 1,075 8 I"WR WEST 0 Tfoun
Zamora
Frille 2 Uil w7 L PWR SIENM/ s o4
Civundalupe Kwt!
Valde Biacdajor REN S HWR Gl 80 Jans TR 199S
caballeros 1
Valde Badayos u1s (G BWH Sl 6 Houy 2008 20060
caballeros 0 '
Totul 6 Uinits . 5,082
Switzeriand Girithen Citaben ' [(NE] R HWR aGEr ) 8] T 2000 2018
Totul 1 Unit 1,140
Tuiwan Yenlwo | Yenlao 980 I'\W PPWR NA 8] {I)/‘UH 2000 2000
' Yenhao 2 Yenliao 950 W I"WR NA 0 2au N0 K0S
Totul 2 Units 1,900 ‘
United ik ley Pomt Somerset 1,200 Nt PWR WEH . Naog 2008 2008
Kingdom {
Stzewelb H Sizewell L 175 G PWR NA 0 I’l"”‘l 2010 2008
Total 2 Units 2,378
Tatal Capneity in the Construction Pipeline
in Forelgn FME Countries (70 Ugpits) 64,503

GELA'S review of the tatest dati sources has resalted i revisions of names, capacites, and grd operation dates for some of the anits bisted moins able

Some nuctear units were rerated (o reflect more current dita

CSee Table B2 fon key o abbreviations of utility names

‘/szu tor Fvpess ABWR, advanced boting-water teactor; AGR, advanced pas-cooled reactor: BWR bothng-water reactor, FHRfast breeder reactar EMEBR,
ligqundd metal fast breeder reactor, THWRL hght-water-cooled, beavy-water-maderated reactor; PHWR, pressuazed heany water-moderated and cooled reactor;
PWR, pressurtzed-water reacton

CSee Table I3 for key to abbreviations of andity names

Tpabbished ddate s the estimated date of commercial opegation

SEOA projectons i the Tower Reference (LR amd Upper Reference (UR) cases, as desenbed methe testy refer to the precediog Soyear period duning wlneh
e lear umt s estiated 1o become operables Thits operable forall foreign countres are those that huve generated clectricity 1o the grids A dash o) idicates
that the estimated vear of operability s beyond 2000

ISonrce Nuclear News, “Workd Fist of Nuclear Power Plants™ (February 19903, ppo 03820 Naclear Engineermg Duernational, *World Nuclenr Industry
Handhook 1990 (Taly T98Q) ppo 25400 International Atonne Eoeegy Apency, Nuclear Power Reactors i the World (N eana, Austria, April (000)

Plhees umt was conmected to the pread on this date

ISonree Most of this mlonnation on foreen countries wis derived e eonsaltation with the DO Office of Urnmum Borichments a few dates were modilied
by HIEA

Note NA not available, 1D indefimety defereed ML Free Market Economies

Energy Information Administration/Commercial Nuclear Power 1990 121



Table G2. Fina! Periods of Pipeline Projections
for Installed Nuclear Capacity
in Foreign FME Countries

!

Final Perlod of Pipeline Projection

Country | Lower Relerence I Upper Reforence
’ Case . ! Case -
OECD Countries

Belgium 2010 - 20056
Canada ... 2000 1985

. Finland . 2005 2000
France ... 2010 2010
Germany, West . 2010 2005
ltaly ... 2010 2005
Japan ... 2015 . 2015
Netherlands 2006 2000
Spain ... 2005 2000
Swoden ... 2020 2015
Switzerland . 2010 2005

~ Turkey e . 201¢ ) 2000
Unlted Kingdom ... 2010 2005

Non-OECD Countries :

Argonting ..o 2010 2005
Brazil ... . 2015 2010
Egypt 2015 20156
India 2005 2005
Korea, South . 2005 2006
MEXICO oo 2015 : 2010
Pakistan ... 2010 2005
South Africa 2010 2005
Taiwan ... 2005 2000
Yugoslavia 2010 2005

OECD - Organization for Economic Cooperation and Development.
FME . Free Markel Economies.

Energy Information Administration/Commerclal Nuclear Power 1990
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Appendix H

Foreign Nuclear Genefating Units Operable as of
December 31, 1989 in Countries with Regulated
Market and Centrally Planned Economies

Table H1. Roster of Foreign Nuclear Generating Units Operable as of December 31,
1489, in Countries with Regulated Market and Centrally Planned

Economies

Capacily b

Reacton

Rencton

I'mte ol

Country Unit Name ¥ ocation (Net MWe) Unility ¢ Type Supplier © Operation -

Bulgurin Kaeluduy | Kozdoduy 0K 1 PAWR Al 1974
Kozloduy 2 Kozloduy JOK (B R PWR AbL 1075
Kozioduy 3 Kozloduy 408 11 PWR AL 1980
Koezloduy 4 Kadoduy 0K b I"\WR ALK 1u82
Koeluduy S Kosdoduy AR Il PWR ABE Ry

Totul 8 Units 2,588
Crechostuvukin Hohuwiee 1 Jastove, Bohunter JOR o/ PPWR ALl 1478
(Crech and Bohuniee 2 fuslove, Boheniee 408 (W PWR ALL 1980
Slowvah Hohuniee 3 Fastove, Bohumee JOR 7/ PWR Al 10R4
Iederal Hohunsee 4 Faslove, Bohinniee 08 7/ I"'WR ALL [BEN
Republc) Dakoiuny | Dukovany 40K (W4 PWR ALL 1OKS
Dukoviany |} Dhukon any A0 (@2 I"VR Al 1980
Pruhoviy 3 Duhoviany dOR o/ PWR ALl 19RG
Dakovany 4 hovany JO8 (Ve PWR AL 1087

Total 8 Units 3,264
Crermuny, bast Nond | | ubinn 40K [BIN] I"WR Al 7
{(Crerman Nod 2 | ubiin SOK 1 I'WR ABE 1ot
Dicmoctilic Nord 4 [ ubmin JOR [RIE] I'WR AL 1977
Repubho) Nord 4 { nhinin JOR [RIN] PWR ALK 1o
Notd 9 I ubimin JOK 1 PWR ALL 198y
Rhcsbery Rhetnsherg 62 i PWR ALK 19066

Total O Unity 2,102
FHungury Paks 1 Ik ! 1IN I'WR Abt 10K
Paks 2 uks 418 HN I"WR AL [T
Paky 3 PPaks 410 HIN PWR ALl 1080
1uhs < Paks 410 N IPWR ALL 1087

Total 4 Units 1,645
1.5.5.1, Halakovo o Haluhovao 950 (IR PWR ALl JURS
(Union of Halahovo ! Bk oo ] R "W R ALl 1oy
Soviet Hilabhovo A Hilahovo ushH IR PWR Al 108K
Soclulist Hoeloyvarsk ! Sverdhovah [RIN 'R LGiR ALl (Y
Republies) Beloyvarsh 4 Sverdlovsh Shi LR FHR Al L )
BN Al Shovehenko [ R FIR Ald (R
Chetnobyl Kiey s LR LOR ALl lur
C hernobyt ! Ky wrs R 1 (IR ALl 1978
hernobyl 4 INITRN e 1TR | iR Al tus!

Sev lnotnotes at eud of tahle
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Table H1. Roster of Foreign Nuclear Generating Units Operable as of December 31,
1989, in Countries with Regulated Market and Centrally Planned
Econcomies (Continued)

Capaeity h Reucton Reneno Date ol
Countey Unit Nume ¥ |.ocation (Net MW Ulility ¢ Lype ! Suppher ¢ Opetatton
'S8R [P lgadina, Lithuatig LARO LR LOR AV L 1UR23
(continued) Lyunling 2 Lgnaljnn, Lithuanin 1,380 tIR [ERILS ALl 1uK7
Kulinin | Kulinin ‘ 050 UR PWR AlLL 1084
Kalizin 2 Kalinin aso UR PWR AL LUKG
Kinnehnitsks | K hmelnitski, Ukraine a50 LR '\WR Alil RV
Kol Murmansk 41l (IR PWR ABE 1973
Kola 2 Murmansh 411 LR I"WR ALL 1074
Kol 1 Murmansh 411 ' UR PWR ALE [CE
Kolu 4 Murtmansh 41 UR P'WR ARE TORd
RKuisk |} Kursk urs UR 1.GR AL 1976
Kursk 2 Kursh a2s TR LGR ALl (R
Kuirsh 3 Kursk ©u2s UR - LAR AbE [UR3
Kutsk 4 Kursk axs UR LOR ! 1S
Lenmgrad | Leningral 02s UR LOR 1971}
Laotmgtud 2 Leningrad 028 UR [L.GR 1078
Lenmgrad 3 Lentngrad 028 LR L.GR 1979
Leningrad 4 Leningrad 925 UR 1 GR 19K 1
Novovoronesh 2 Voronesh RRI UR PAWR 1964
Novovoronezh Varonezh REN UR PWR 1971
Novovoronezh Vorpnesh REN UR PWR 1a72
Novoyoronezh § Varonezh 980 UR P'WR 1980
Rovno | ' West Ukraine ol UR PWR 19RO
Rovao 2 West Ukraine A4 UR PWR (CL]
Rovne West Ukraine Y50 UR P\WR [URG
Smolensk | Suolensk 938 UR O 1UK2
Smolensk 2 Smuolensh 928 UR 1LCIR 1URS
South Ukrwine | Nikolaiey 50 UR PWR [0R2
South Ukrwne 2 Nikolaiey 050 LIR PWR |URS
South Ukraine 3 Nikoluiev 050 UR PWR {08y
Zaporoshe | Fnergodar, Ukralne a50 UR PWR 1OR4
Zaporozhe 2 Energodar, Ukraine us0 UR PWR [UKS
Zapotoche Energodur, Ukrnine 950 UR PWR 10RGO
Zaporache 4 Funergodar, Ukrune us0 UR PWR 1087
Zaporozhe § Energodur, Ukraine 950 UR PWR [BLTY]
Totul 43 Units 34,186

Total Operable Capuelty in Forelgn Countrles
With Regulated Market and Centrally Planned Economies (66 Units) 43,782

'

ETAS review ol the Tatest data sorrees has esulted in revisions of numes, capucitios, and grid operation dates for some of the anits listed in this table.

Do noclear units were rerated B rellect more cnreeent data Uty €7, Crechoslovikin Power Works (Czechostovakiay, DO, VU
Eunergieversorgung (Bast Germany), BEState: Economie Union, Energeties and Coad (Bulgaria); N, Tungarin Electrieal Works, UR, Minstry of Power
Stations (USSR

CReactor Types BWR, boding-water renctor, FBR, st breeder reactor; GCHW, gas-conled heavy-water reactor; LOR, light-water-cooled, graphite
wmaderated reactor PWR pressurized-water reactor,

CReacton Supplicr AEE, Atomenergoeaport (LSS RO,

!t yperable s Toe atl forein countries are those that have generated eleetricity (o the grid.

Sources: tnternational Atomie Energy Ageney, Nuclear Power Reactors in the World (Vienna, -Austiig, April 1990), Nuelear News, “World Last of Nucelear
Power Plants™ (Febraary 1990), pp. 03K Nuclear Engineermg International, *World Nuclear Tndustey Fandbook 1990 (July 1089)," pp. 25-41

oo
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Table H¢2.

Roster of Foreign Nuclear Generating Units in the Construction Pipeline

as of December 31, 1989, in Countries with Regulated Market and

Centrally Planned Economies

Capetty

Reuctor

7

Rencton

Pereent

Published
Pate ol

Country Unit Nanie ¥ 1.ocution (Net MW Utitity © Type Supplier © Comiplete Operation
ulgurin Nelene | Helene usy [H] I'WR ALY 1943
Helene 2 Relene s (M "WR AL 1ouy
Helene 3 Helene usy (BN PWR AL
Helene 4 Belene usd (BN MWR AL -
Kozloduy 6 Kaeloduy 083 f:t W R AL fauq)
Total S Unlts 4,765
Chilon Chingdong | Dy Bay LRI R¢ 'WR FRAM 40 TULN
Guangdong 2 Daya Buy 930 RC PAWR FRAM 0 7703
(ishan | Shanghai J8E RC PWR NA af) 1200
Qinshan 2 Shnghai oK) Re IPWR NA
(inshun 3 Shunghui 000 RC PWR NA
North East China Northeast China UK RC PWR NA i
Naorth East Ching 2 Northeast China Rty RC I'WR NA IR}
Suhan | st China (K RC P'WR NA I
Sunan 2 st Ching 900 RC PWK NA 1]
Total 9 Uity 0,944
Cuby Jurngna | Cienfuegos 408 Cu I'WR i [CCM
Juragun 2 Clenluegos 08 cu PWR B
Totul 2 Units H16
Creclostovakin Mochovee Maochovee (L] (W4 WR 1092
(Ceech and Muochovee 2 Mochovee IR (2 PWR
Slovak Mochovee 3 Mochovee ARK (W2 PWR
Federal Maochovee Mochoyvee IRR 7 PWR .
Republic) Temelin | Temelin 892 (W4 PWR tisa)
Femelin 2 Temelin 802 (&4 PWR 004
Femelin 3 Temelin 842 (@4 PWR 11,98
Temelin 4 Tetrelin RO2 (W4 PWR 607
‘Totad # Unlty 5,120
Germany, Fast Stendul 1 Mag.deburg (X Dai PWR ALE 1ua2
(iermun Stendal 2 Mupdebury 90 D PWR ALK 1994
Democralic Stendal 3 Mugdebury 9(x) D I'WR AL 1
Republic) Stendal 4 Mugdeburg, a(K) 10 PWR ALl m
Stendal § Mupgdeburg a0 13 "WR ALl 19}
Stendal o Mugdeburg a0 DG 'WR ALY (1B}
Nonl 6 L.ubmin 408 G I'WR AL 1000
Nord 7 L ubmin 408 (RIQ] PWR AlLE
Nurd ¥ Lubimin 08 D I'WR ABL
Total 9 Uity 6,024
Humpgary Muk s S aks us0 HN PWR NA
Puky O Puks 4s HN PWR NA
Total 2 Units 1,900
Polund Kupawy | Ky 450 PO I"WR AL 1O
Kupuwy 2 Kujawy us( 1o P'WR AL 1
Kujawy Kugiwy 950 1O PWR AL (1B)
Kujawy Kunjawy 050 PO PWR AL i
Warta | Klempiee W50 WO PWR AL 1H
Warta 2 Klempies 950 WO PWR ALL I
Wit 3 Klempmers 450 WO "WR ALK thH
Wirta o Klempics 950) W) I"\WR Al IR}

See footnotes al

cnd ol table
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Table H2.

Roster of Foreign Nuciear Generating Units In the Construction Pipeline
as of December 31, 1989, In Coi'ntries with Regulated Market and -

Centrally Planned Economies (Continued)

Published
Lapaeity b llu‘wlu}' Reactor fereent Dule of
Cauntey Uit Nome @ Location (Net MW Utlity ¢ Type Supphier ¢ Complete Operation
Polund Zarnowiee | Zatnowiee LAY PO PAWR ABK 40 1
(eontinued)
Zurnowiee 2 Zarhowiee 434 PO IMVR AL 20 i
Zarmowiee Zarnowiee ERL} 0] I'WR ARE . (1.
Zurewice 4 Zarpowice 4 PO PR ALK T
Total 12 Unity €336
Romanis Revnunin 1 ol 440 CR PWR ABE - -
Cernuvoda | Certvoda 62s R PHWR CALC 00 170
Cernavoda 2 Cernavada 025 CR I"HWR Al 40 004
Cernavody 3 Certvodn 025 CR PHWR AU A 1797
Cermvodi ¢ Cernavoda 625 CR MIWR AL 10 0708
Cernavodu § Cernavoda 025 CR PHWR AU S u/04
Totul 6 Units 3,565
USSR, Halgkovo 4 Balakovo us0 UR PWR ABE v
(Unilon of Halukovo S Halakovo 950 UR PWR AL s
Suvlet Halukovo b Bulikova 950 UR PWR AL -
Sucinlist Dashibar | Bashkir ASSR 950 UR "WR Al 1900
Repubties) Bashiir 2 Hushkir ASSR 950 LR PWR ALl 1940
Bashkir ) Hashkir ASSR 0s0 UR P"WR ALE -
Bushki 4 Bushkir ASSR 050 UR 'WR ALK .
Heboyarsk < Heloyarsk 150 UR FBR AL tauy
HN- 160G Heloyarsk 1,500 UR FHR ALL
(goutling 4 Lamading, Lithuania 1,380 LR 1.OR Att .
Tgnalima 4 tenadina, Lithuania 1,380 LR LUR ALE 1]
Katinin Kalinin 95() UR PWR Al 1990
Kalinin 4 K.alinin a0 UR PWR AEL 199
Khnrkow 1 K harkov 450 UR PWR ALE 1B}
Kharkowv 2 Khurkoy as0 UR "WR ALLE 11D
K hmeluitsky 2 K hmetnitski, \5() UR "WR AL 1990
Ukraine
Khmelnitsk 3 K hmelnitski, 950 UR PWHR Allt 1990
Ukratne
K hmeloisks 4 K hmehitski, as() UR PWR ALl 1993
Uk raine
Kostronm | Kontroma 1,450 LR 1LUR ALL 199}
Kostrema 2 Kastroma 1,450 UR LLOR ALLE 1994
Kostrom 4 Kostroma 1,450 UR LCIR A 1790
Kostroma Kostroma 1,450 UR LLGIR AbE 1791
Kursh s Kurs, a5 LR PWR ABR -
Nizhtnehamsh Nizhinekamsh as0 R PWR ABE 1784
Niztnekamsh 2 Nizlinekumsk Q50 UR PWR ALE 1790
Nietntehannk Nizhinekamsk as0 UR PWR AbL 1791
Nizhinekamsk 4 Nizhinckumsk 980 LR PWR Al 1702
ivolzhskaya | Saratoy as0 UR PWR AL
Privolzhskaya 2 Saritov as0 UR PWR AEE
Privalzhakaya 3 Suratoy BRI UIR "WR ALl
'eivalehskaya Suratov R UR PWR AEL
Rostov | Rastoy- a5 LR PWR ABL
on-the-Don
Rustan, 2 Rostos - S0 UR PWR ALl
on-the-Don
Rontuy 4 Rostoy- 50 UR PWR ALt
vn-the-Don
Rawtonv o Rostov- as0 LR PWR AEL
on-the-Don
Koston § Kewtov- 950 R PWR Ab
on-the-Don
Roston 6 Ruostov 950 R PWR ALl
. onsthe-Don
Kiwno 4 West Ukraing 950 UR PWR At 1990
Raovno § West Ukraine 050 UR PAWR AL
Rovno b West Ukrame a8y UR PWR AL

St fnotnotes at end ol table
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Table H2.

Roster of Foreign Nuclear Generating Units in the Constriction Pipeline

as of December 31, 1989, in Countries with Regulated Market and
Centrally Planrec Economies {Continued)

. Pablished
Clapueity h |(t'm'|(‘v) Renetor P'ereent Iote of
Country Linlt Nune ¥ focation (Net MW Unlity ¢ Fype ¢ Supplicr © Complete Cipertion
tLSSR, Suredensh A Smalensh AR UK 1 GR ALl
teontinued) Smalensh § Suolensk 1450 IR 1R AbBD
Smolensh 6 Stielensh 1450 LR LLOR RYHE
South Ukroane 4 Nikhodaes usn LR PWR RYHE
Futn | Tutar ASSR uso UR PWR APl 1090
Tty 2 Fatur ASSR A1) R "R Al 1994
Fatun Titar ASSR R UK "W IR AbLLE 1994
Fatir lutnr ASSR usn LR PWR AL 10us
Fanmdyntesh | Volgadonsh aso LR PWR ALK
Ishmdsumsh 2 Volgodonsk 9s0 UR PAWR AbE
Ishinlyansh 3 Volgodonsk usa IR PWR Al
Istalyunsk 4 Voluodonsk 4s0 LR "WR AbE .
Zaporozhe 6 Inerpoda, us( R "W ALY vy
Uktiine
Totul 83 Units 85,400
Total Capuelty in the Construction Pipeline in
Forelgn Countrles Wit Regulated Murket and 944,334

Centrally Planned Economies (106 Ualts

YEIAS tesrew of the Tatest danti sourees has resulted smrevisions of nanies, capaeitios, and grid opettion dates for some of e tmts listed o this tble.

"Some nuclear units were rerated to teltect more current duta

Uity CRL Romatienergo (Rommming, CU, Operated by Cuban Goverpment; CZ, Czechosovakin fower Works: DG, VU Energieversongung
(st Gernmny ), EE Ste Econonne Union, Energetes and Canl (Hudgao: TN Hongarin Electiienl Works, PCL Northern Power Awthority and
WO, Western Poswer Authority (hoath Polundy, RC, Operated by Chinese Government;, URL Minstry of Power Stations (USSR

TReactor Ty pes FBRG ust reeder reactors EOGR ightwater-conleds graphitesnaderated reactor, PEIWR, pressinized heavy-watet reator PWR, pressarzed-

awaler reaeton

Reactor Supplier: ATC Atomie Pnergy of Coanada, Bud (Canndaos AEE Atomenergoeapornt (008 S RO, FRAM, Framatome (France).

Notes NaA - date not avalable, 11
Note: “Construction ppeling’

by 2010

mdetintety deferred
e this seport meludes units i operationand those under construction and plantied that cartently are expected o be completed

Sowrces tnternatonal Aramie Energy svgeney, Nuelear Power Reactors i the World (Vieona, Austiine April 1990% Nucefear News, *World List of Nuclew

Power Plans™ (Febraury 19901 ppe 6382 Nwelear Engoeeerng biernational. *World Nuelear ndustry Handbook 1990 (ruly 1989, pp. 2541
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Appendix |

 Annual Capacity and Generation Projections for
U.S. Nuclear Power Supply Scenarios

The projections contained in this appendix were de-

veloped in accordance with the assumptions detailed
in Chapter 2 of this report, Table 11 provides the an-
nual detail supporting the capacity projections for cach

nuclear power supply scenario shown in Table S and

Table 8 Table 12 presents annual net gencration pro-
jections for each nuclear power supply scenario,”

The post-2010 capacity projections are based on a lin-
ear interpolation of nuclear capacity requirements es-

timated at S-year intervals beginning in 2011 for the

Lower Reference and Upper Reference cases, There-
fore, these projections should be regarded as annual
averages. ‘

e values e this appendix are presented in terms ' of calendar years. The US. Department of Energy's Office of Civilian Radioactive

Waste Management, for its purposes, converts the generation projections to fiscal years.

Enerqy Information Administration/Commercial Nuciear Power 1990 133
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Table 1. Annual Projections of U.S. Operable Nuclear
Capacity at the End of the Year

(Net Gigawatts-Electric)

|
i
Year No New -
! Ordere
Case

19898 98

1990 ‘99
1991 99
1992 . 102
1993 . 102
1994 102
1995 . 103
1996 . 103
1997 . 103
1998 . 103
1999 103
2000 . 104
2001 . 104
2002 . 104
2003 ... 104
'+ 2004 104
2005 . 104
2006 104
2007 103
2008 103
2009 102
2010 . 100
2011 . 96
2012 at
2013 ... 82
2014 72,
2015 . 69
2006 63
2017 e 59
2018 ... 58
2019 .. R 58
2020 54
2021 e 51
2022 .. 45
2023 ... 41
2024 i 34
2025 28
2026 ... 22
2027 ... 14
- 2028 . 12
2029 ... 8
2030 6

Scenario

Lower Reference
Case

98
99
99
102
102
102
103
103
103
103
103
104
106
106
105
105
105
105
105
1085
108
103
105
107
104
100
103
102
105
109
114
116
121
122
124
125
126
126
124
128 -
130
134

Upper Heferonce
Case

98
99
99
102
102
102
103
103
103
103
103
104
105
106
106
1086
105
107
109
13
118
122
124
127
124
120
124
125
129
135
143
146 -
153
156
161
163
166
168
168
174
178
184

a Actyal,

Sources: 1989-2010--Energy Information Administration, Annual Energy Outlook,DOE/EIA-0383(90). Post-2010--

WINES Model
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Tal le 12. Annual Projections of U.S. Nuclear Generation
{Net Terawatthours) '

Scenario
Year : ‘NO Now Lowor Raolorenco Uppor Rolarenco
Orders - N

Gaso Caso Caso

19898 i 529 hrn 529
1990 541 C b - A4
1991 551 551 551
1992 554 559 559
1993 555 566 566
1994 . 557 585 565
1995 558 573 573
1996 562 575 Ch75
1997 566 578 578
1998 ... 572 583 580
1999 ... 570 582 6582
2000 . 572 586 586
2001 ... H79 595 598
2002 582 598 598
2003 . 586 601 601
2004 e 589 606 606
2005 . 502 608 608
2006 .. 595 611 619
2007 ..o 595 613 630
2008 ... o 595 616 642
2009 . 598 620 673
2010 .o 595 620 714
2008 . 567 603 706
2012 .. 544 612 726
2013 492 591 17
2004 e 425 672 700
2015 . 409 5496 717
C 2016 373 598 735
2017 363 616 763
2018 344 644 800
2019 e 342 680 844
2020 ... 320 6Y4 875
20219 PR 307 622 916
2022 268 738 932
2023 .. 244 760 963
2024 . 205 766 a7y
2025 ... . 165 776 1,024
2026 . ... . 131 7549 1,015
2027 ... T 84 749 1,016
2028 ... b 70 776 1,076
2029 ... 53 8oe 110
2030 .. 40 852 1171

# Aclual.

b Value from the AEO was replaced by the valuo from the International Nuclear Model.

Souwces: Historical Generation Data--Unergy Information Administration, Monthly Energy FHeview, Docember
1988, DOE/EIA-0035 (88/12) (March 1089). Projected Generation--No New Orders Caso--1990-2010, Annual Energy
Cutipok (1990), DOE/EIA-0383(90); 2011-2030, International Nuclear Model (INM) (1989).  Lower and Upper Refor-
ence Cases--1990-2030, INM
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Appendix J

Status of U.S. Nuclear Plant Construction

Introduction

This Appendix presents construction cost and mile-
stone datu for nuclear units in the construction pipe-
ling,”" canceled, or in comméreial operation as of De-
cember 31, 1989, The data in this appendis were col-
lected from nuclear utilities on Form ETA-2584, “Semi-
annual Report on Status of Reuactor Construction.™”
In some instances, the data presented here may vary
from that presented in the body of the report since the
source there for the comparable data is the U.S. Nu-
clear Regulatory Commission.

Discussion

The construction costs reported in Tables J1 and J2
comprise the total cost of the nuclear plant and can be
regarded as the fixed investment or capital costs of the
plant. The requested cost estimates are disaggregated
intodirect costs, indirect costs, contingency cosls, com-
mon facility costs, and Allowance for Funds Used Dur-
ing Construction (AFUDC). Estimates of direet costs
are further disnggregated into the following categories:

o [and und lund rights

e Structures and improvements

Reuactor plant equipment

Turbogenerator units
o Accessory clectric equipment
e Miscellancous power plant equipment,

For cach nuclear unit, the estimated cost data provide
an indication of the total expected constructinn costs

and w record of revised estimates, Reported costs are
in mised current dotars; that is, the costs are in current
dollars of & number of different years,

During 1988, 5 units entered commercial operution, 8
units were under construction, and 7 were defevred.™
The status as of Decemuoer 31, 198Y, s shown in Figure
J1.Of the 8 units under construction in 1988, 2 entered
commercial operation during 1989, and 5 units were
still under construction, One unit, Shorcham, was de-
ferred in 1989, and one unit, Grand Gulf 2, was can-
celed during 1989, Therc are currently 7 deferred units
in the construction pipeline.

During 1989, two nuclear units entered commercial
operation: Vogltle 2 (Georgia) and South Texus 2
(Texas)., These units entered commercial operation in
May and June 1989, respectively. These units have a
net summer capability™ of 2.3 GWe and a tatal con-
struction cost of $4.2 billion.

For the five units remaining under construction as of
December 31, 1989, the estimated net summer capabil-
ity is 5.7 GWe and the total construction cost is esti-
mated at $21.7 billion,

In Tuble J1, the five units actively under construction
as of December 31, 1989, are grouped by year of com-
mercial operation as reported by the uatilities in the
1989 survey. Commercial operation dates are estimates
by the utilities and are subject to change. These data
show that three of the five units under construction
were expected to be in conumercial operation by the
end of 1990, representing a total net summer capability
of 3.4 GWe and estimated total construction expendi-
turcs of $13.5 billion (in mixed current dollars)., Two
units are expected to enter commercial operation in
1991 representing a total net summer capabilily of 2.3

s referred 1o as being Min the constraction pipeline” are those in the process of power ascension, those actively under constraction,
those for which construction permits are ander review, and those that hive been suspended or defereed but not officially canceled
o discusston of uses of the data and o detailed deseription of the data, see Eonergy Information Administration, Nuelear Power Plant

Construction Aetiviry 1988, DOE/BETA-O473 (Waskington, DC, June T989),

e Tennessee Valley Authority revised its December 31 T98E, Form EIA 254 submisston o eefleet deferral of Watts Bar 2 in October

1985 1nstead of October 1980 as originally reported.

Nt Summer Capability is the steady hourly outpat that generating cquipment is expected to supply to steam oad, exclusive of ausilinry
power, s demonstrated by testing at that time of swnmer peak demand. Source of data o et summer capability: Energy Information

Administration, Form BIA-860, “Annual Electric Generator Report Jog9.

Energy Information Administration/Commercial Nuclear Power 1990 (R



GWe and estimated total construcetion expenditures of
$8.3 bitlion,

Table J2 shows reactor-specific data as of December
31989 Datu on nucledr power plant construction
activity are collected on Fornt ELA-254, “Scmiannual
Report on Status of Reactor Consteuction,” Results of

Table J1. Total Net Summer Capabilit

this survey were previously reported in a report titled,
Nuclear Power Plant Construction Activity. However,
because of slow construction nctivity and a diminishing
survey frame, this report was discontinned after pub-
lication of the 1988 version, The results of the survey
will be included in future issucs of Commercial Nuclear
Power,

y and Estimated Total Cost of U.S.

Nuclear Units Actively Under Construction, by Year Expected

by Utility to Enter into Com

mercial Operation

Expected Yoar bf

Entry Into Numbor of

, Jnits
Commerclal Operation Urit
1990 . [P LIN]
1991 . e ¢
Total . . e ) : 5

Total Not i

Summor %g"::;if(\lgf‘ft
Gapabllity i
(GWo) ‘ (billion dollars)
3.4 b g
2.3 8.2
67 M7

& All threw of those units actually ontored comimorcial operation in

b b stinatod total costs tor one unit include AFLIDC (Allowance lor
Note. Costs aro in mixod-curront doltars

Sources: Nol Summer Capabiity - Enorgy Information Adminisi

Enargy Information Admunistration, Form EIA-254, " Somiannual Ropor

tho first hall of 1990.
Funda Used During Conslruction) for the majority awnor only.

ration, Form E1A-860, “Annual Electic Genorator Report 1989, Cost Dala -
L on Slalus of Reactor Construction,' 1989.

Table J2. Reactor Specific Data for Nuclear Units as of December 31, 1989

Units That Entered Commerclal Operation In 1989 Canceled Units in 1989
Unit Name Commaorcial Net Summer Final Cost Date of Cancellatior
Operation Date Capability (MWae) (thousand dollars) ! !
voguo 2 May 1989 1,086 2,582,000
Soulh Tesas @ . Juno 19849 50 1,648,875

Crand Gult 2

. Soptambeor 1989

Units Remalning Under Construotion

Unit Name Estimatod Gommorcial Not Summer [islllma‘lod Dlsbt_us(l(l‘ (?lsbx!rs()ct
Opirahon Dale Gapability (MWa) Final Cost i AFUDC i Commilments
’ ' o ) (thousand dollars) (thousand dollars) (thousand dollars)
Limonck & January 1990 1,055 2,809,600 2,769,400 2,809,600
Comancho 1 . R March 1990 1,150 5,192,006 6,411,696 6,411,600
Seabrook | . R March 1990 1,150 5,490,549 5,400,549 5,490,549
Comancho ¢ ... o June 1991 1,150 3,599,752 2,681,056 2,681,056
Waltls Bar | . - Octobor 1991 1170 4,616,606 4,806,113 4,324,913
Deferred Units
Unit Name - Disbursod Disbursed
Dalo of Detorral (».,l,\])(,’l‘hm:mwu”) i AFUDC + Gommitments
sapatilily (thousand dollars) (thousand dollary)
WK Y o April 1962 1,250 2,158,000 2,007,000
WHNP ) . July 14683 1,250 A013,000 2.591,000
Forry & . August 1084 1,179 NR NR
Hallelonte Juno 1988 1,212 4,¢60,060 4,273,02%
Bolloinnte 2 . June 1H8g e 703,073 N
Waltts Bar o . . Octobor 1988 1,170 1,623,262 1,642,462
Shoroharm . . June 1084 HOY 5,549 546 6,549,546

Note AFUDC Allowance for Funds Usod During Construction.

N Not Ropotted
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Status of Nuclear Plant Construction as of December 31, 1988 and

Figure J1.
’ December 31, 1989

As of December 31, 1489

As ot December ai. 1988
In Commerolal Operation:
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+ —
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8 Unita (3) Disbursed
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L
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Deferred:
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Soles GWe means clectre sigawatte of net sumimer coapabirity
b because ot all funds

reflect the total cost of thers

"Ninount deshursed doces ol
Wyt drabnr=od ot the ans=el of commercial operatian
Thice nnils woercreported compleled bl net vel in compoercial operalion
e Tepnes—ce Valley Aathority revaised there Decerober 3ETO8H cabimivaon ol
Fovos 1A 20 whiveh reflects deferral of Watls Bar 220 Octoboer 198
Tl frewre e beden adpucted accordinels
woere reported completed bul ol an connercial aperation
o 1 OHY

Poeht gt
Sovrec Foeves Tnformation Sdmnnstration Foroe FIEA

1 1![41.
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Glossary

Availubility Factors A percentage representing the
number of hours o reactor s available (o generate
power (regardless of the amount of power) in u given
period, coimpared to the number of hours in the period.

Backfit: A term applicd to the installation of a new
system after an original system is in place, or the mod-
ification of the original system after it has been com-
pleted, This refers to changes mandated by the U.S,
Nuclear Regulatory Commission or by safety agencies
in forcign countries.

Balance-of-Plant: The components of o nuclear power
plant outside the Nuclear Steam Supply  System
(NSSS).

Baseload: The minimum amount of electric power de-
livered or required over a given period of time at a
steady state.

Bascload Capacity: The generating equipment normally
operated (o serve loads on a round-the-clock basis,

Baseload Plant: A plant, usually  housing  high-
efficiency steam-cleetric or nuclear generating anits,
which is normally operated to take atl or part of the
minimum load of a system, runs continuously, and pro-
duces eleetricity at an essentinlly constant rate. These
units are operated to maximize system mechanical and
thermal efficiency  and minimize system operating
COsls.

Boiling-Water Reactor (BWR): A light-water reactor
in which water, used as both coolant and moderator,
is allowed to boil in the core, The resulting steam can
be used direetly to drive o turbine,

Borated Water: Water containing a high concentration
ol horon, a nentron-absorhing element, The introduce-
tion of borated water into a reactor slows the reaction
rate by absorbing free neutrons,

Breeder Renctors A reactor that produces fissionable
fucl as well as consuming it, especially one that creates
more fuel than it consumes. The new fissionable ma-
terial is created by a process known as breeding, in
which neutrons from fission are captured in fertile ma-
ferials.

CANDU; Canadinn Deaterium-Uraniun reactor, A nu-
clear reactor of Canadlan design which uses natural
uranium as a fuel and heavy sater as a moderator and
coolant,

Capacity: The full-load capubility ol o generating unit
to produce clectrical energy for a given time period
and under specified conditions. The units of cupacity
are typleally kilowatls or megawalts, In this report,
U.S. “capacily™ refers to net summer capability (see
below), ‘

Capacity Factor: The ratio of the eleetricity produced
by a generating unit, for the period of time considered,
to the energy that could have been produced at con-
tinuous full-power operation during the sume period,

(Pl Centrally Planned Feonomies; (China, Cuba,
North Korea and the USSR).

Commercial Operation: The phasce of reactor operation
that beging when power ascension ends and the oper-
ating utility formally declares the nuclear power plant
to be available for the regular production of electricity.
This decluration is usually related to the satisfuctory
completion of qualification tests on critical components
of the unit.

Confinement; A reinforced building surrounding the
reactor vessel and most or all of the primary radio-
active circuits of u nuclear reactor, designed to with-
stand above-normal pressure and minimize radiation
release in the event of a leak or rupture in the system,
Less secure than a containment,

Construction Pipeline: The various stages involved in
the acquisition of & nuclear reactor by a utility, The
events that define these stages are: the ordering of a
reuctor, the licensing process, and the physical con-
straction of the nuclear generating unitc A reactor is
said (o be “in the pipeline’ when the reactor is ordered
and “out of the pipeline™ when it becomes operable,
(Sce Operable.)

Containment; A massive steel-and-concrete structure
surrounding the reactor vessel and maost or all primary
radioactive circuits of a nuclewr reactor; designed to
withstand extreme pressure and prevent the refease of
radiation in the event of a leak or rupture inside the
system,
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Control Rods: Rods Inserted into the core of a reaetor
to absorb free neutrons and slow the tate ol fission
reactions,

Coolanty Material used to condact heat away front the
reactor core Lo the steam eyvele of o nucledar power
plant, Liquids, gases, and Hgudd metals can be used as
coolunts,

Caret The heat-generating component of n nuelear re-
actor, inctuding the radionetive tuel, the fuel assem-
blics, und any otherintegral parts of the ieal-generating
mass (e the graphite blocks ina gus-cooled reactor),

Critienlity: The condition in which a nuclear reaction
is just selt-sustaining (i.c., the rate at which fissioning
OCeurs renmins constant),

Cycele Lengthy The tength off tioe o reactor is operated
between refuclings, inchuding the refucling time (typ-
jcally, 14 to 18 monthsy,

Destgn Flectefeal Rating (Capaelty), Net: The nominal
net electrical output of a nuclear vnit, as specified by
the utility for the purpose of plant design.

Elasticity of Demand: The ratio of the pereentage
change in demand for a product to the pereentage
change i another variable, such as price or income,
Demand is elastic when the absolute value of this ratio
exceeds VO,

Fguilibeium Cyeles Ananalytical term which refers to
fuel cyveles that oceur after the initial one or two eyeles
ol i reactor's operation. For a given type ol reactor,
cquilibrinny eyeles have similar fuel characteristics,

I'ust Breeder Reactor (FBR) A reactor in which the
fission chain reaction is sustained primarily by fust nea-
trons rather than by thermal or intermediale neutrons,
Fast reactors require little or no moderator to slow
down the neutrons from the speeds at which they are
cjected frow fissioning nuclei, This type of reactor pro-
duces more fissile material than it consumes,

Fertile Materelal: Material that is not itsell fissionable
by thermal neutrons but can be converted to fissile
material by ireadiation. ‘The two principal fertile ma-
terials are uranium-238 and thorinm-232,

Iissile (Fissionable) Material: Material that can be
sused o undergo atomic fission when bombarded by
neutrons, The most important fissionable materials are
wranium-235, plutonium-239, and uranium-233,

Fission: The process wherehy an atomic nucleus of

appropriale type, after capturing a neutron, splits into
(generallyy two nuclei of lighter elements, with the
release of substantial amounts of energy and two or
mote neutrons,

Fuel Cyeder The complete series of steps involved i
supplying fuel tor nuclear reactors, including mining,
refining, envlchment, the orelginad fabrication of fuel
clements, thelr use inoo reactor, and management of
spent fuel and radionetive wastes, A closed Tuel eyele
includes chemical reprocessing to recover the fission-
able materlal remaining in the speat fuel; an open fuel
eyele does not,

I'ME; Free Market Eeonomless ‘This group does not
include countries with centrally planned or regulated
market ceonomies,

Full-Power Operation: Operation of o unit at 100 per-
cent ol its design capacity, Full-power operation pre-
cedes commerclal operation, (Scee Opetable,)

Generation (Electrieity): The process ol producing elee-
trical energy from other forms of energy: also, the
amount of clectrical energy produced, espressed in
watthours (Wh).

Generation (Gross): The total amount of eleetric energy
produced by the generating units ina generating station
or stutlons, measured at the generator terminals.

Generatlon (Net) Giross generation less the electrical
criergy constmed at the generating station for station
use,

Gigawatt-clectric (GWerr One billion watts, (Sce Watt.)

Graphite: A ceystulline form of carbon used to moder-
ate nuclear reactions,

Gross Domestic Product (GDPY A measure of the total
final output of an cconomy within the geographic bor-
ders of the country by residents und nonresidents, re-
gardless of the allocation (o domestic and foreign
claims,

Gross National Prodact (GNP): A measure of the final
output of goods and services by citizens of a country,
whether living at home or in foreign countries, GNP
comprises GDP and factor incomes from abroad uc-
cruing to residents, less the income earned in the do-
mestic ceconomy aceruing to citizens of other countrics.

Halving Factor (Tlme): The time from the base yeur
required for a variable to reach the midpoint between
its busc-year value and its asymplotic value.

Heavy Waters Water containing o significantly g,rcnl‘vr
proportion of heavy hydrogen  (deuterium)  atoms
to ordinary hydrogen atoms than is found in ordinary
Uighty water, Heavy waler is used as a moderator in
some reactors beeause it slows neatrons effectively
and alsa has w low erosssseetion for absorption of neu-
{rons,
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Heavy-Water-Moderated Renctory A reactor that uses
heavy swater as s moderator, Heavy water is an es-
cellent moderator and thus permits the use of inexpen-
shve nataeal (anenelehied) urantun as fuel,

THgh-Temperature Gas<Cooled Reactor (HTGRY A re-
uctor that is coaled by heltun and moderated by graplh-
ite, The reactor s fueled with eneiched uranbnm and
with thorlum, that can be transfornted Into uselul fuel
when it s irradiated.

Inherent Safetyt Sufety that is provided by the physical
and cherticnd properties of g reactor system rather than
mechanical or hunun safepuards, For esample,
sodivme-cooled renctor using metal fuel may be inher-
ently safe beeause the reaction can be destgned 1o stop
itsell without mechanieal ar haman intervention in the
event of a disturbance to normal reactor operations,

Isotope: One ol 1wo or more atoms having the sume
nimber of protons but different numbers of neutrons,

Kilowatt-electrie (kW) One  thousand  watts, (Sce
Wautt.)

Kilowsatthour (kWhy One thousand watthours,

Lead-Tlme: The Tength of time from the start ol con-
straction ol anuclear unit until it becomes operable,

Light Waters Ovdibary water (11,0), as distinguished
from heavy water-or dedterium oxide (13,0),

Light-Water Reactor (LWR)Y A nuclenr reactor that
uses water as the primary coolant and moderator, with
Jightly enriched uraninm as fuel, There are two types
of commereral Hight-water reactors - the hoiling-water
reactor (HWR) and the pressurized-water resctor
(PWR).

Flquid Metul Fust Breeder Reactor (EMEFBR)X A nu-
clear breeder reactor, cooled by molten sodium, in
which fission is caused by fast neutrons,

Load Following: Regulation of the power output of

electrie generators within a preseribed area in response
to changes in system frequency, ticline loading, or the
relution of these to cach other, so o8 to maintain the
seheduled system frequeney and/Zor the established in-
terchange with other arcas within predetermined lim-
is.

Low-Power Testingt The period of time between
plant’s initial fuel loading date and the issuance ol its
full power license. The maximum fevel of operation
during this period is § percent of the unit's design ther-
mal rating,

Market (Logistio) Penetration Models Ao exponential
trend function in which the raute of growth begins at a
Jow Tevel, reaches a masimum, and then declines so

that the increasing quantity approachios o masimum
vilue (usymptote),

Muximum Dependable Capaclty, Netd The gross elec-
trical output measured at the output terminuls of the
turbine gencentor(s) during the most eestrictive sea-
sonal conditions, ess the stutlon service toud.

Mogawatt-clectrle (MWelr One million walts, (See
Walt.)

Megawatthour (MWh) One million wutthouts,

Metal Fuelt A fuel made from metadlic weandum cather
than o uranfum oxide. When overhieated, metal fuels
expand, producing o decline T reactivity, this expan-
stan forms the basis for certuin principles of inherently
sufe reactors,

Moderators A materind, such as ordinary water, heavy
witler, or graphite, used in o reactor to slow down
Igh-velocity neatrons, thus incerceasing the likelihood
of further fission,

Net Summer Capabllity: ‘The steady hourly outpat
which generating cquipment is expected Lo supply to
a system load exclusive of ausilinry power s demon-
strated by testing at the time of sammer peak demund.

Nuclear Power Plant: A single- or multi-unit fucility in
which heat produced inw reactor(s) by the lissioning
of nuctear fuel is used to drive w steam turbine(s).

Nuclear Reactors An appuratus in which the nuclear
fission chain reaction can be initinted, maintained, and
controlled so that encrgy s released ab aspecific rate,
The renctor apparatus includes fissionnble material
(fueh) such as wrnnium or plutonium; fertile material;
moduerating material (unless itis o fust reactor); a heavy-
wtlied pressure vessely shiclding to protect personnel;
provision for heat removal; and conteol elements and
instruraentation,

Nuelenr Steam Supply System (NSSS) The equipment
used ta supply nuelenr-generated stewn to the turbine-
generator, consisting primarily ol the reactor vessel
and all internals; the primary coolunt system and all
assoctled pipes, valves, and pumps; and the steam gen-
crator and pressurizer for pressurized-water reactors.

Operable: A nuclear unit for the United States is “op-
erable™ after it completes low power testing and s
issued a full power Hicense by the Nuclenr Regulatory
Commission, For all foreign nuclear units, operable
units are those that have gencraled electricity o the
grid.

Passive Safety: See “lnherent Safety,”

R

Plutonium (Puw); A heavy, fissionable, radionctive, me-
tadlic element (utomic number 94) that oceurs naturally
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I trnee wmounts, 1 can also result us o byproduet of
the fisston reaction inw uranium-fucled nuelest renctor,
el can be recovered Tor future use,

Power Aseenstont The period of thine between wplant's
indtiad Fuet londing date and fts dute of fiest commerelal
aperation (including the Tow-power testing period),
Plants in the first operating cyele (tie thme fronn indtal
fuet tonding to the fisst refucting) which lasts appros-
mately 2 years, operate at an avernge capaelty fuetor
ol ahout 40 perceent,

Pressute Vesselt A massive steel vessel sarrounding the
renctor core that s used inall Hght-swater reactors und
I maost other reactors,

Pressurized-Water Reactor (PWRY A nuclear reactor
in which heat s transfeered from the core 1o a het
exchunger vin waler kept under high pressure, so that
high temperatures can be maintained o the prinmary
system without boiling the water: Steam s generated
in u secondary cireuit

RME; Regulated Market Economles (formerly centeally
planned cconomices),

Senescence: Reactor nglng, with resulting deterioration
from wear and the effeets of w haesh internal coviron-
ment.

Separative Work Unit (SWU) The stundard measure
ol enrichment services, The effort expended in sepa-
ruting o mass £ of feed of assay v fnto o mass 2 of
product of assay xp and waste of muss Hoand assay vy

is expressed in terms of the nuber of separative work”

units  needed,  given by e expression SHU
W) 10 PEg) g, where P s the Uvalue
function,” defined as Fo (1 20 In[(l-x) Zx].

Spent Fuelr Treadlated Tuel that s permanently dis-
charged from e reactor Exeept for possible reprocess.
g thils Cuel must eventually be removed fromits teme
porary storage tocation at the reactor site and placed
o permunent reposttory. Spent fuel is typleally mea-
sured elther i metrie tons of heavy wetal (Les only
the heavy metal content of the spent fuei s considered)
or i metele tons of indtlal heavy metal (essentinlly, the
inftind miass of the fuel before ircadiation), The difter-
ence between these two quantities is the wetght of the
fission products,

Stenm Generators A component ol pressurized-water
reactors that transtfers heat from the pressurized,
nonbolling Mhdd clreult fn the core Lo a separite stemn
clredit that deives the turbines,

Terawatthour CI'Wht One (ritlion (I(l' ) watthours.,

Thortwa (Thor A feetile element (TH=-232) that can be
bred into o fissile isotope (U-233) in certain reactors,

Turbinet A muchine for prodacing rotury mechanical
power from the energy in a stream ol fluid (sueli s
water, stewm, or hot gas), Turbines convert the kietic
or thermal energy of the fluld to mechanical ciergy,

Uranlum (U A heavy, naturally radionetive, metallic
clement (atonte number 92) whose two prinelpal iso-
topes are uranivm-235 and uranfune-238, Urnnium-2348
(s Indispensuble to the nuclenr Industry, boecause s
the only isotope existing in nature to any appreciable
extent that s fissionable by thermal neatrons, Ura-
mum-234 is also importunt, because it absorbs neutrons
to produce a radionctive isotope that subscequently de-
enys Lo plutonium-239, aiisotope that ulso s fissionable
by thermal neutrons,

Watty The clecteical unit of posver, The rate of energy
transler equivalent to L ampere flowing under o pres-
stee of | volt at unity power factor,
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“Information from
the Federal Govern-
ment on subjects
ranging from agricul-
ture to zoology is
available at Depository
Libraries across the
nation.

You can visit these
libraries and use the
Depository collections
without charge.

To find one in your
area, contact your
local library or write:
Federal Depository
Library Program,
Office of the Public
Printer, Washington,
DC 20401.
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